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Abstract

Background: Electronic screening and brief intervention (eSBI) has been shown to reduce alcohol consumption, but its
effectiveness over time has not been subject to meta-analysis.

Objective: The current study aims to conduct a systematic review and meta-analysis of the available literature to determine the
effectiveness of eSBI over time in nontreatment-seeking hazardous/harmful drinkers.

Methods: A systematic review and meta-analysis of relevant studies identified through searching the electronic databases
PsychINFO, Medline, and EMBASE in May 2013. Two members of the study team independently screened studies for inclusion
criteria and extracted data. Studies reporting data that could be transformed into grams of ethanol per week were included in the
meta-analysis. The mean difference in grams of ethanol per week between eSBI and control groups was weighted using the
random-effects method based on the inverse-variance approach to control for differences in sample size between studies.

Results: There was a statistically significant mean difference in grams of ethanol consumed per week between those receiving
an eSBI versus controls at up to 3 months (mean difference –32.74, 95% CI –56.80 to –8.68, z=2.67, P=.01), 3 to less than 6
months (mean difference –17.33, 95% CI –31.82 to –2.84, z=2.34, P=.02), and from 6 months to less than 12 months follow-up
(mean difference –14.91, 95% CI –25.56 to –4.26, z=2.74, P=.01). No statistically significant difference was found at a follow-up
period of 12 months or greater (mean difference –7.46, 95% CI –25.34 to 10.43, z=0.82, P=.41).

Conclusions: A significant reduction in weekly alcohol consumption between intervention and control conditions was
demonstrated between 3 months and less than 12 months follow-up indicating eSBI is an effective intervention.

(J Med Internet Res 2014;16(6):e142)   doi:10.2196/jmir.3193

KEYWORDS

alcohol drinking; intervention studies; Internet; computers; meta-analysis

Introduction

The hazardous and harmful use of alcohol is a global problem,
contributing 4.6% of the total global burden of disease, with
the highest rates reported in the European and American regions

(17.3% and 14.2%, respectively) [1]. It is well documented that
those with problem alcohol use seldom seek help [2]; this may
be due to problems accessing treatment, or an unwillingness to
do so, or failure of clinicians to identify their problem [3]. There
is a large body of research to support the effectiveness of
opportunistic screening and brief intervention (SBI) in reducing
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alcohol consumption and other alcohol-related outcomes in a
number of health care settings, including primary care [4,5] and
the emergency department [6,7]. A brief intervention typically
comprises a single face-to-face session, ranging from 5-30
minutes in duration, and up to a maximum of 4 sessions aimed
at providing information and advice that is designed to achieve
a reduction in hazardous/harmful alcohol consumption [4].
Despite the effectiveness of SBI, there are a number of barriers
to its widespread implementation in health care settings. Health
care staff report that they lack the time and resources to carry
out training and delivery of SBI in routine practice and that they
lack the skills and knowledge necessary to do so [8,9].

The widespread use of computers, the Internet, and smartphones
has led to the development of electronic systems to deliver SBI
that can potentially address some of the barriers to
implementation of traditional face-to-face SBI. Electronic SBI
(eSBI) has the potential to offer greater flexibility and anonymity
for the individual and reach a larger proportion of the in-need
population. For both adults and adolescents, eSBI (computer-,
Web-, and phone-based) can offer effective delivery of
interventions in both educational and health care settings that
may prove to be more acceptable than more traditional
(face-to-face) approaches [10-12]. Also, eSBI can offer a more
cost-effective alternative to face-to-face interventions. Previous
studies have shown that 1 in 8 individuals respond to SBI;
therefore, large numbers of people need to be screened to obtain
a time-limited effect in reduction in alcohol consumption [4,5].
With the advent of mobile and e-technologies potentially
increasing the population coverage of SBI, the potential cost of
delivery can be reduced because the main cost is incurred during
development of the intervention with limited additional costs
associated with its delivery [13]. Evidence from recent
systematic reviews has found eSBIs to be effective in reducing
alcohol consumption [14,15]. However, these reviews did not

address the effect of length of follow-up on alcohol outcomes.
Cunningham and colleagues [16,17] conducted a randomized
controlled trial of the effectiveness of an Internet-based
intervention for alcohol misuse. They found that at 3- and
6-month follow-ups, those who had received the intervention
had a greater reduction in alcohol consumption compared to
controls. However, at 12-month follow-up the beneficial effects
of the intervention were no longer apparent.

The current study aims to conduct a systematic review and
meta-analysis of the available literature to determine the
effectiveness of eSBI over time in nontreatment-seeking
hazardous/harmful drinkers.

Methods

Search Strategy
A systematic search of the literature was conducted to identify
randomized controlled trials investigating the effectiveness of
eSBI to reduce alcohol consumption. Relevant studies were
identified through searching the electronic databases
PsychINFO, Medline, and EMBASE in May 2013. The search
strategy was adapted from the search terms used for the National
Institute for Health and Care Excellence (NICE) guideline
systematic review for the effectiveness of
acamprosate/naltrexone [18], and the search terms used for the
Cochrane systematic review for the effectiveness of SBI for
alcohol misuse [4], combined with additional search terms
specific to electronic interventions to ensure a comprehensive
search of the available published literature. The search terms
used for this review are listed in Table 1. No date or language
restrictions were applied. In addition, the reference lists of
relevant review articles and key papers were hand searched.
Unpublished literature was considered to be beyond the scope
of this review.
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Table 1. Electronic database search terms.

Search termsSearch term topic

Terms for alcohol use

1. alcohol-related disorder.mp.

2. alcohol drinking.mp.

3. (alcohol and (use$ or abuse or misuse or dependen$ or drink$ or intoxication$ or disorder$ or consumption)).mp.

4. exp Alcoholism/ or (alcoholi$).mp.

5. ((hazard$ or binge or heavy or harmful or risk$) and drink$).mp.

6. 1 or 2 or 3 or 4 or 5

7. limit 6 to abstracts

8. (drinker$1 or (drink$ adj2 use$1) or ((alcohol$ or drink$) adj5 (binge$ or disorder$ or harm$ or hazard$ or heavy
or high risk or intoxicat$ or misus$ or problem$))). ti.ab.

9. 7 or 8

Terms for e-formats

10. exp Text Messaging/ or ((text-messag$) or (SMS) or (short message service) or (text adj messag$)).mp.

11. ((phone adj application$) or (phone adj app)).ti,ab,kw.

12. ((social-network) or ( social network) or (social-media) or (social-media)).ti,ab,kw.

13. skype.ti,ab,kw.

14. exp telemedicine/

15. facebook.ti,ab,kw.

16. ((personal adj digital adj assistant) or pda).ti,ab,kw.

17. (surf$ near4 internet$).ti,ab,kw.

18. (surf$ near4 web$).ti,ab,kw.

19. (virtual adj reality).ti,ab,kw.

20. Second life.ti,ab,kw.

21. User-computer interface/

22. (consumer adj health adj informatics$).ti,ab,kw.

23. ((e adj health) or e-health or (electronic adj health)).ti,ab,kw.

24. (interactive adj ((health adj communicat$) or televise$ or video$ or technolog$ or multimedia)).ti,ab,kw.

25. ((bulletin adj board$) or bulletinboard$ or messageboard$ or (message adj board$)).ti,ab,kw.

26. (blog$ or web-log$ or weblog$ ).ti,ab,kw.

27. ((chat adj room$) or chatroom$).ti,ab,kw.

28. (online or on-line).ti,ab,kw.

29. exp internet/ or ((internet adj based) or internet-based).ti,ab,kw.

30. ((web adj based) or web-based).ti,ab,kw.

31. ((world adj wide adj web) or (world-wide-web) or WWW or (world-wide adj web) or (worldwide adj web) or
website$).ti,ab,kw.

32. ((electronic adj mail) or email$ or email$).ti,ab,kw.

33. (((mobile or cellular or cell or smart) adj (phone$ or telephone$)) or smartphone).ti,ab,kw.

34. ((CD adj ROM) or cd-rom or cdrom or (compact adj dis$)).ti,ab,kw.

35. (decision adj (tree$ or aid$)).ti,ab,kw.

36. (Internet or (local adj area adj network)).ti,ab,kw.

37. (computer$ or microcomputer$ or laptop).ti,ab,kw.

38. exp Software-/

39. exp Computer-Graphics/
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Search termsSearch term topic

40. exp Public-Health-Informatics/

41. exp Audiovisual-Aids/

42. exp Decision-Support-Techniques/

43. exp Medical Informatics/

44. exp Computer-Systems/

45. (or/10-44)

Brief interventions

46. alcohol reduction.mp.

47. brief intervention.mp.

48. early intervention.mp.

49. minimal intervention.mp.

50. alcohol therapy.mp.

51. Harm Reduction/

52. screening.mp.

53. (counseling or counselling).mp.

54. controlled drinking.mp.

55. (brief counseling or brief counselling).mp.

56. physician based intervention.mp.

57. general practitioner intervention.mp.

58. Secondary Prevention/

59. general practitioner’s advice.mp.

60. brief physician-delivered counseling.mp.

61. brief nurse-delivered counseling.mp.

62. identification.mp.

63. intervention.mp.

64. or/46-63

Terms for randomized controlled trial

65. exp clinical trial/ or (crossover procedure or double blind procedure or placebo$ or randomization or random
sample or single blind procedure).sh.

66. exp clinical trial/ or cross-over studies/ or double-blind method/ or random allocation/ or randomized controlled
trials as topic/ or single-blind method/

67. exp clinical trial/ or (placebo or random sampling).sh.

68. (clinical adj2 trial$).tw.

69. (crossover or cross over).tw.

70. (((single$ or doubl$ or trebl$ or tripl$) adj5 blind$) or mask$ or dummy or singleblind$ or doubleblind$ or treble-
blind$ or tripleblind$).tw.

71. (placebo$ or random$).mp.

72. (clinical trial$ or controlled clinical trial$ or random$).pt. or treatment outcome$.mp.

73. animals/ not human$.mp.

74. animal$/ not human$/

75. (or/65-72) not (or/73-74)

76. and/9,45,64,75
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Selection Criteria
The inclusion criteria for this review were as follows:

1. Randomized controlled, parallel group trial comparing eSBI
with a control condition (ie, care as usual, assessment only,
nonintervention);

2. Participants were identified, through screening, as
consuming alcohol to a hazardous level;

3. Measured alcohol reduction by independent reports of
drinking quantity (eg, average consumption of alcohol per
specified time period), including self-reports or reports from
others of drinking frequency (eg, number of drinking
occasions per specified time period), drinking intensity (eg,
number of drinks per drinking day), or drinking within
recommended limits (eg, official recommendations per
specified time period), or levels of laboratory markers of
reduced alcohol consumption, such as serum
gamma-glutamyltransferase (GGT) or mean corpuscular
volume (MCV); and

4. Trial arms had at least 10 participants.

We defined eSBI as an electronic intervention aimed at
providing information and advice designed to achieve a
reduction in hazardous/harmful alcohol consumption with no
substantial face-to-face therapeutic component. SBI was defined
as a brief intervention comprised of a single session, ranging
from 5-45 minutes in duration, and up to a maximum of 4
sessions aimed at providing information and advice designed
to achieve a reduction in hazardous/harmful alcohol
consumption. Studies were not deemed eligible for inclusion if
participants were alcohol dependent, mandated to complete
eSBI, or a preselected specific group such as pregnant women.
There were no restrictions on age.

Identification of Included Studies
After each search, references were downloaded to the electronic
bibliographic management software EndNote and duplicates
were removed. Relevant titles were first identified and then
abstracts were screened against inclusion criteria. If insufficient
information was available in the abstract, the full text was
retrieved. Eligibility was confirmed by at least one other member
of the review group. The methodological quality of each study
was assessed using the Scottish Intercollegiate Guidelines
Network (SIGN) validated checklist [19]. Each question in the
checklist covers an aspect of research methodology and was
rated as present, absent or “can’t say” if inadequate information
was available in the research article. An overall rating of quality
was assigned to each article based on the checklist criteria:

1. High quality: Majority of criteria met with little risk of bias
and conclusions unlikely to change by further research.

2. Adequate: Most of the criteria met with some risk of bias
and conclusions may change in light of further research.

3. Low quality: Most criteria not met or significant flaws
relating to key aspects of the study design and conclusions
likely to change in light of future research.

Data Extraction
A Microsoft Word-based form was used to extract data from
eligible research papers. Data extraction was conducted

independently by 2 members of the research team and consensus
agreement reached by discussion between the 2 members if
discrepancies arose. An intention-to-treat analysis was used
wherever possible. If the study was a 3-arm trial, the control
group sample size was divided by 2; if it was a 4-arm trial, it
was divided by 3 to avoid double counting.

Data Analysis
For the continuous variable (grams ethanol consumed per week)
the mean difference was weighted using the random-effects
method based on the inverse-variance approach to control for
differences in sample size between studies. Alcohol consumption
data are often not normally distributed. Because of this, some
studies reported the sample median and range/interquartile range
(IQR) and not the mean and standard deviation (SD). If
appropriate data were not available in the published research
papers, to calculate an effect size (ie, the mean, SD, and sample
size), authors were contacted to request the required data. If the
authors were unable to provide this data, the mean and SD were
imputed from the median and range using the method proposed
by Hozo et al [20]. If only the median and the IQR were
available, the median was taken as an estimate of the mean and
the IQR was divided by 1.35 (the distance in SDs from the
mean). If appropriate data to estimate an effect size could not
be obtained or imputed, the trial was not included in the
meta-analysis. Some of the studies included in the meta-analysis
had more than one trial arm. The number of participants in the
control arm was divided by 2 for a 3-arm trial and by 3 for a
4-arm trial to avoid double counting and undue weighting.

Alcohol consumption, reported as the number of standard drinks
per week, was converted into grams of ethanol per week using
the definition for a standard drink reported in the research article.
If this was not reported, the established standard for the country
in which the research took place was used [21]. If alcohol
consumption was reported per month versus per week, it was
adjusted by multiplying by 52/12, or multiplied by 7 if reported
as grams per day [4].

To check for the consistency of effects across studies, Cochran
Q was calculated to determine the presence of heterogeneity

and the magnitude was measured using I2. The I2 statistic was
interpreted in the following way based on Higgins et al [22]:
Research studies that produce statistically significant results
may be more likely to be published than those with
nonstatistically significant results, resulting in a “file-drawer”
effect. Similarly, those studies that produce results in an opposite
direction to that hypothesized and have a small sample size may
be less likely to be published. This is referred to as publication
bias and it was assessed using funnel plots and Egger’s weighted
regression method. A significant Egger’s test indicates the
possibility of the presence of publication bias.

The length of follow-up period can vary between individual
studies and there may be more than one point of follow-up per
study. Therefore, subgroup analysis was performed for up to 3
months, between 3 and less than 6 months, between 6 and less
than 12 months, and 12 months or greater follow-up length
postintervention.
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Results

Study Characteristics
A total of 23 studies were deemed eligible for inclusion in this
systematic review [16,17,23-44] (Figure 1); Tables 2 and 3
present the study characteristics. Sufficient data was available
to allow analysis of just one variable: grams per week of ethanol
consumed. If sufficient data to calculate means and SDs for this
outcome were not reported in the published article, authors were
contacted. Data were provided by the authors for 3 studies
[17,39,41]. Data on alcohol consumption that could be
transformed into grams per week of ethanol were not collected
in 2 studies [25,27] and insufficient data to calculate the
weighted mean difference (WMD) in grams of ethanol per week
were reported in 4 studies [23,28,29,42]. Therefore, a total of
17 studies were included in the meta-analysis (1 study was

published in 2 papers [16,17]. Most of these studies were
conducted with student populations (13/17, 76%) and in the
United States (10/17, 59%). All study interventions were either
computer- or Web-based. The content of the interventions
included an assessment followed by personalized and/or
normative feedback. Control conditions generally consisted of
an assessment with no further feedback, but 4 studies included
general information on alcohol consumption for those in the
control conditions [25,28,33,35]. There was some variation in
the dose of the intervention with the reported time taken to
complete the intervention ranging from less than 5 minutes [34]
to 45 minutes [37]. The dose of exposure to the intervention
could also be increased through repeated access during the study
period [24] and/or a printed copy of the personalized feedback
provided [26,31,36,38,40,43]. The attrition rate was highly
variable between studies, ranging from 1% or 2% (eg, Hester
et al [30]) up to more than 50% [42]
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Table 2. Size and nature of study population and method of recruitment.

RecruitmentPopulationMean age (SD)Male, n (%)Study IDa

Not reportedJapan, employees of a manufac-
turing plant with available annual
health check-up data

24 (100)Araki et al, 2006 [23]

44.3 (7.2)eSBI (n=12)

43.8 (7.3)Control (n=12)

Visitors to the Collaborating Substance
Abuse Treatment (SATC) website

Netherlands, adult general popu-
lation

Blankers et al, 2011 [24]

41.1 (9.6)40 (58.8)eSBI (n=68)

43.7 (9.3)35 (50.7)Control (n=69)

Nationally representative online
household survey

Netherlands, adults in the general
population

450 (100)Boon et al, 2011 [25]

40.6 (15.2)eSBI (n=230)

40.3 (15.1)Control (n=220)

Not reportedUnited States, undergraduate
university students

Butler et al, 2009 [26]

20.6 (1.48)11 (36.7)eSBI (n=30)

20.4 (1.49)9 (34.6)Control (n=26)

Randomly selected from an on-going
general population telephone survey

Canada, adults in the general
population

Cunningham et al, 2009 [16];
Cunningham et al, 2010 [17]

39.5 (13.5)53 (57.6)eSBI (n=92)

40.8 (13.4)45 (48.4)Control (n=93)

Randomly selected using student email
addresses

Canada, university students22.6 (12.2)118 (52.5)Cunningham et al, 2012 [27]

eSBI (n=211)

Control (n=214)

Email invitation to all third-year stu-
dents

Sweden, third-year university
students

Ekman et al, 2011 [28]

N (%):18-20=43
(13), 21-25=264
(80), ≥26=23 (7)

152 (46.1)eSBI (n=330)

N (%) : 18-20=49
(15), 21-25=233
(72), ≥26=29 (9)

120 (37.0)Control (n=324)

Identified through the Danish Health
Examination Survey, those identified

Denmark, adults in the general
population

Hansen et al, 2012 [29]

as heavy drinkers were sent an email
invitation to take part

median=61271 (56.9)eSBI PFI (n=476)

median=59246 (54.7)eSBI PBA (n=450)

median=60244 (53.7)Control (n=454)

Identified through advertisements in
the college newspaper and around the
campus

United States, university studentsHester et al, 2012 [30]

20.5 (1.80)41 (63.1)Exp 1: eSBI (n=65)

20.3 (1.63)49 (62.0)Exp 1: Control (n=79)

20.0 (1.52)23 (54.8)Exp 2: eSBI (n=42)

20.3 (2.09)23 (57.5)Exp 2: Control (n=40)
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RecruitmentPopulationMean age (SD)Male, n (%)Study IDa

Identified through advertisements in
the media

United States, adult general pop-
ulation

Males=46.1 (13.8);
females=45.2 (9.4)

32 (52.5)Hester et al, 2005 [31]

eSBI (n=35)

Control (n=26)

Students were sent a letter by mail fol-
lowed by an email containing a Web
link to the study questionnaire; up to 4
email reminders were sent

Australia, random sample of un-
dergraduate university students

Kypri et al, 2009 [32]

19.7 (1.8)687 (54.9)eSBI=1251

19.7 (1.8)645 (54.5)Control=1184

Those leaving the student health service
reception desk were consecutively ap-
proached and invited to participate

New Zealand, users of a universi-
ty student health service

Kypri et al, 2008 [33]

20.167 (48.6)eSBI (n=138)

20.170 (47.9)Control (n=146)

Invited by email with up to 3 reminder
emails

New Zealand, Maori university
students

Kypri et al, 2013 [34]

20.2 (1.9)35.7eSBI (n=939)

20.1 (2.2)33.2Control (n=850)

Those checking into the reception of
the student health service were invited
to take part

New Zealand, users of a universi-
ty student health service

52 (50.0)Kypri et al, 2004 [35]

19.9 (1.4)eSBI (n=51)

20.5 (1.8)Control (n=53)

All students enrolled for first-year ori-
entation were invited to take part

United States, university students
enrolled in first-year orientation

18.5 (2.04)Lewis et al, 2007 [36]

eSBI specific (n=75)

eSBI neutral (n=82)

Control (n=88)

Students enrolled in introductory
classes were invited to take part

United States, university students18.6 (1.2)Murphy et al, 2010 [37]

eSBI (n=45)

Control (n=42)

Students attending psychology classes
were invited to take part

United States, university students
from psychology classes

18.5 (1.24)104 (41.3)Neighbors et al, 2004 [38]

eSBI (n=126)

Control (n=126)

Incoming university freshmen were
invited to complete a Web-based sur-
vey sent via email and post

United States, incoming universi-
ty freshmen students

208 (42.4)Neighbors et al, 2010 [39]

eSBI GSF (n=163)

eSBI GNSF(n=164)

Control (n=163)

Patients attending a trauma center were
invited to take part after provision of
initial care and resolution of significant
pain

Germany, trauma centerNeumann et al, 2006 [40]

median=30449 (80.0)eSBI (n=561)

median=31449 (78.1)Control (n=575)
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RecruitmentPopulationMean age (SD)Male, n (%)Study IDa

Students attending an introductory
psychology class were invited to take
part

United States, university students
attending an introductory psychol-
ogy class

18.6 (1.45)Palfai et al, 2011 [41]

eSBI (n=56)

Control (n=63)

Registered members of an open access
panel were invited to take part via
email

Netherlands, volunteer members
of an open access panel aged 15-
20

Spijkerman et al, 2010 [42]

18.2 (1.55)74 (38.5)eSBI NNF (n=192)

18.1 (1.54)82 (42.5)eSBI NF (n=193)

18.1 (1.59)69 (36.3)Control=190

Invited to participate via email using
an online participant pool management
system

United States, university studentsWagener et al, 2012 [43]

20.3 (1.67)18 (46.2)eSBI (n=39)

20.3 (1.49)19 (51.4)Control (n=37)

University students invited via email,
presentations, and posters at the univer-
sity

United States, university students19.8 (SD not report-
ed)

Walters et al, 2009 [44]

eSBI (n=67)

Control (n=69)

a eSBI: electronic screening and brief intervention; GNSF: gender-nonspecific; GSF: gender-specific; NF: intervention with normative feedback; NNF:
intervention without normative feedback; PBA=personalized brief advice intervention; PFI=brief personalized feedback intervention.
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Table 3. Characteristics of screening, experimental, and control interventions, and nature and timing of assessments.

Dropouts at follow-up, n (%)aControl groupeSBI detailsaScreening cutoffaStudy ID

2 mo: (1 participant was not in-
cluded in the analysis but the

Assessment onlyPersonalized feedback and advice sent
via 2 emails 1 month apart; encouraged
to ask questions via email

Abnormal levels of gamma-
glutamyl transpeptidase

Araki et al, 2006
[23]

group that they were randomized
to was not reported)

3 mo: eSBI: 20 (29.4), control:
18 (26.1)

Assessment onlyAccess to an online self-help program
based on motivational interviewing and
cognitive behavioral therapy principles,
suggested daily use for 4 weeks

AUDIT score ≥8 and reported
drinking average 14 standard
drinks per week

Blankers et al,
2011 [24]

1 mo: eSBI: 18 (7.8), control: 19
(8.6)

6 mo: eSBI: 22 (9.6), control: 25
(11.4)

Assessment and
educational leaflet,
instructed to read
the leaflet for 20
min and could
print the material

Single, 20-min brief personalized feed-
back session through website with the
opportunity to print the feedback

Exceeding Dutch guideline for
low risk drinkers (>20 alcohol
units per week or > 5 alcohol
units on a single occasion on at
least 1 day/week)

Boon et al, 2011
[25]

4 w: eSBI: 9 (30.0), control: 4
(15.4)

Assessment onlySingle, average 11-min session of com-
puter-delivered personalized feedback
and a paper copy to take home

≥2 binge drinking occasions
(≥5 drinks in 1 sitting for men
and 4 or more for women) and
2 alcohol-related problems in

Butler et al, 2009
[26]

the past 28 days Standard
drink=14 g ethanol

3 mo: eSBI=7 (7.6), control: 3
(3.2)

6 mo: eSBI: 7 (7.6), control: 8
(8.6)

12 mo: eSBI: 11 (12.0), control:
11 (11.8)

Assessment and a
list of possible
components to in-
clude in an inter-
vention

Single, 10-min session completing Check
Your Drinking online intervention of
normative and personalized feedback

Score ≥4 on the AUDIT-C
(standard drink=13.6 g ethanol)

Cunningham et
al, 2009 [16] and
Cunningham et
al, 2010 [17]

6 w: eSBI: 59 (28.0), control: 75
(35.0)

Assessment onlyAccess to the Check Your Drinking
University version online intervention
of normative and personalized feedback;

Score ≥4 on the AUDIT-CCunningham et
al, 2012 [27]

intervention could be accessed repeated-
ly

3 mo: eSBI: 125 (37.9), control:
113 (34.9)

6 mo: eSBI: 78 (24), control: 80
(24)

Assessment and
brief feedback con-
sisting of 3 state-
ments

Single session intervention of personal-
ized normative feedback delivered via
email

(1) Weekly alcohol consump-
tion >120 g ethanol (women)
or 180 g ethanol (men) in a
typical week in the past 3
months and/or (2) engaged with

Ekman et al,
2011 [28]

heavy episodic drinking defined
as consuming ≥48 g of ethanol
(women) or ≥60 g of ethanol
(men) on ≥2 occasions in the
past month

6 mo: eSBI PFI: 186 (39.0), eSBI
PBA: 171 (38.0), control: 150
(33.0)

12 mo: eSBI PFI: 109 (22.9),
eSBI PBA: 108 (24.0), control:
95 (20.9)

Assessment onlyPFI: fully automated, Internet-based
single session of brief personalized and
normative feedback; PBA: fully automat-
ed, Internet-based single session of brief
personalized feedback and advice

Above recommended max
drinking limit set by the Danish
National Board of Health of 14
drinks/168 g ethanol for women
or 21 drinks/252 g for men
(standard drink=12 g ethanol)

Hansen et al,
2012 [29]

Exp 1 (1 mo): eSBI: 2 (3.1),
control: 2.5)

Exp 1 (12 mo): eSBI: 6 (9.2),
control: 8 (10.1)

Exp 2 (1 mo): eSBI: 0 (0.0),
control: 1 (2.5)

Assessment onlySelf-guided College Drinkers Check-up,
delivered online, single session taking
up to 35 min to complete; assessment,
normative feedback, and advice

Met the National Institute for
Alcohol and Alcohol Abuse
(2004) criteria for heavy
episodic drinking of ≥4 drinks
per occasion (women) or ≥5
drinks per occasion (men) at
least once in past 2 weeks and

Hester et al, 2012
[30]

an estimated peak blood alco-
hol concentration of 80 mg%
or more (standard drink=14 g
ethanol)
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Dropouts at follow-up, n (%)aControl groupeSBI detailsaScreening cutoffaStudy ID

4 w: not reportedAssessment onlyComputer-based DCU, assessment,
feedback, and decision-making modules;
single session can take up to 90 min to
complete with the option of printing the
feedback

Score ≥8 AUDIT (standard
drink=14 g ethanol)

Hester et al, 2005
[31]

1 mo: eSBI: 288 (23.0), control:
237 (20.0)

6 mo: eSBI: 442 (35.3), control:
420 (35.5)

Assessment onlySingle online session of personalized
feedback

Score ≥8 on AUDIT and ex-
ceeding the Australian National
Health and Medical Research
Councils guideline for acute
risk (defined as 4 standard
drinks for women or 6 for men
in a single occasion in the last
4 weeks); standard drink=10 g
ethanol

Kypri et al, 2009
[32]

6 mo: eSBI: 22 (15.9), control:
22 (15.1)

12 mo: eSBI: 25 (18.1), control:
20 (13.7)

Assessment and al-
cohol facts leaflet

Single computer-delivered session of
personalized and normative feedback
taking a median 9.3 min to complete

AUDIT score ≥8; standard
drink=10 g ethanol

Kypri et al, 2008
[33]

5 mo: eSBI: 207 (22.0), control:
170 (20.0)

Assessment onlySingle online session of personalized and
normative feedback taking a median 4.3
min to complete

Score ≥4 on AUDIT; standard
drink=10 g ethanol

Kypri et al, 2013
[34]

6 w: eSBI: 9 (17.6), control: 12
(22.6)

6 mo: eSBI: 4 (7.8), control: 6
(11.3)

Assessment and al-
cohol facts leaflet

Computer-delivered single session of
personalized feedback

Score ≥8 on AUDIT and con-
suming >4 standard drinks for
men or >6 for women on ≥1
occasion in past 4 weeks (stan-
dard drink=10 g ethanol)

Kypri et al, 2004
[35]

5 mo: eSBI specific: 11 (14.7),
eSBI neutral: 15 (18.3), control:
10 (11.4)

Assessment onlyeSBI specific: gender-specific Web-
based personalized normative feedback;
eSBI neutral: gender-neutral Web-based
personalized normative feedback; feed-
back was read on screen and participants
were given printout to take home

≥1 heavy episode (≥4 standard
drinks in 1 sitting for women
and ≥5 standard drinks in 1 sit-
ting for men) in the previous
month; standard drink=14 g
ethanol

Lewis et al, 2007
[36]

1 mo: eSBI: 7 (15.6), control: 3
(7.1)

Assessment onlyInteractive, Web-based intervention, E-
CHUG (Electronic Check-up and Go),
assessment and personalized feedback
in a single session lasting up to 45 min
with a brief comprehension test on com-
pletion

≥2 heavy drinking episodes in
the past month (described as ≥4
standard drinks on 1 occasion
for women and ≥5 standard
drinks for men) or ≥1 heavy
drinking episodes for minority
students; standard drink=14 g
ethanol

Murphy et al,
2010 [37]

3 mo: whole sample: 53 (21.0)

6 mo: whole sample: 45 (17.9)

Assessment onlySingle computer-delivered session of
personalized normative feedback present-
ed on screen for 1 min plus a printout

≥1 heavy drinking episode in
the previous month (defined as
4 standard drinks in 1 sitting for
women and 5 standard drinks
for men); standard drink=14 g
ethanol

Neighbors et al,
2004 [38]

6 mo: eSBI GSF: 10 (6.1), eSBI
GNSF: 16 (9.8), control: 13 (8.0)

24 mo: eSBI GSF: 33 (20.2), eS-
BI GNSF: 25 (15.2), control: 31
(19.0)

Assessment and an
attention test (facts
about the universi-
ty students were
presented in the
same format as the
intervention)

eSBI GSF: single session delivered on-
line giving personalized gender-specific
feedback; eSBI GNSF: single session
delivered online giving personalized
gender-nonspecific feedback

≥5 drinks for men and ≥4
drinks for women on ≥1 occa-
sions in the past month; stan-
dard drink=14 g ethanol

Neighbors et al,
2010 [39]

6 mo: eSBI:=213 (37.9), control:
207 (36.0)

12 mo: eSBI: 252 (44.9), control:
224 (39.0)

Assessment onlySingle session of computer-generated
feedback and a printout to take home

AUDIT score ≥5Neumann et al,
2006 [40]
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Dropouts at follow-up, n (%)aControl groupeSBI detailsaScreening cutoffaStudy ID

1 mo: whole sample: 0 (0.0)Assessment and
health guidelines
for sleep and con-
sumption of fruit
and vegetables

Single computer-delivered session of
personalized, normative, and gender-
specific feedback

Hazardous drinkers who either
(1) consumed alcohol in the
past month and scored ≥8 on
AUDIT or (2) reported ≥2
heavy drinking episodes (de-
fined as ≥5 drinks for men or
≥4 drinks for women in the past
month; standard drink=14 g
ethanol)

Palfai et al, 2011
[41]

1 mo: eSBI NNF: 92 (47.9), eSBI
NF: 93 (48.2), control: 68 (35.8))

3 mo: eSBI NNF: 106 (55.2),
eSBI NF: 104 (53.9), control: 87
(45.8)

Assessment onlyeSBI NNF: single online session of per-
sonalized feedback tailored to age and
gender, took ~15 min to complete; eSBI
NF: single online session of personalized
normative gender- and age-specific
feedback, took ~15 min to complete

Age 15-16 y: engage in binge
drinking at least once a month;
age 17-20 y: engaged in binge
drinking ≥1/week; binge drink-
ing defined as drinking ≥4 alco-
holic drinks for women or ≥6
for men on 1 occasion; standard
drink=10 g ethanol

Spijkerman et al,
2010 [42]

10 w: eSBI: 2 (5.1), control: 3
(8.1)

Assessment onlySingle session using of computer-deliv-
ered assessment personalized feedback
using an interactive program (DRAFT-
CS), took ~45 min to complete; partici-
pants were given printout of their feed-
back

≥1 heavy drinking session (≥5
drinks on 1 occasion for men
or ≥4 for women), drinking ≥20
drinks/month on average and
experiencing negative conse-
quences of that use in the last
month (standard drink=14 g
ethanol)

Wagener et al,
2012 [43]

3 mo: eSBI: 9 (13.4), control: 6
(8.7)

6 mo: eSBI: 13 (19.4), control: 8
(11.6)

Assessment onlyeSBI: single session of personalized
feedback delivered through the online
Check-Up to Go

Reported ≥1 heavy drinking
session in the past 2 weeks de-
fined as ≥5 standard drinks for
men and ≥4 standard drinks for
women (standard drink=14 g
ethanol)

Walters et al,
2009 [44]

a eSBI: electronic screening and brief intervention, AUDIT: Alcohol Use Disorders Identification Test, PFI: brief personalized feedback intervention,
PBA: personalized brief advice intervention, DCU: Drinkers Check Up, GSF: gender-specific, GNSF: gender-nonspecific, NNF: intervention without
normative feedback, NF: intervention with normative feedback, FBO: feedback only, DRAFT-CS: Drinking Assessment and Feedback Tool for College
Students.
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Figure 1. Flow diagram of study selection and inclusion.

Grams of Ethanol per Week
Nine studies included data for a follow-up period of up to 3
months (mean 1.06 months, SD 0.18), 6 studies with a follow-up
period between 3 and less than 6 months (mean 3.86 months,
SD 1.07), 8 studies with a follow-up period between 6 and less
than 12 months (all included studies had a follow-up period of
6 months ), and 5 studies included data for a follow-up period
greater than 12 months (mean 16 months, SD 6.20) (Figure 2).
There was a statistically significant difference in pooled mean
difference in grams of ethanol per week consumed between
those who received the eSBI and controls for follow-up period
subgroups up to 3 months, between 3 and less than 6 months,
and between 6 and less than 12 months (Table 4). This

difference represents a significantly lower mean number of
grams of ethanol consumed per week at follow-up by those in
the eSBI group compared to controls. There was no statistically
significant difference between groups in pooled mean difference
in grams of ethanol per week for long-term follow-up. The
greatest difference was found at less than 3 months follow-up,
which decreased with length of follow-up (Figure 3).

There was statistically significant and moderate heterogeneity
between studies included at less than 3 months follow-up.
Heterogeneity was not statistically significant for any of the
other follow-up groups. Egger’s test was not statistically
significant for all follow-up periods, indicating an absence of
publication bias.
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Table 4. Results of meta-analysis including significance test and heterogeneity statistics.

Heterogeneity statisticMean difference

significance test

Sample size, nFollow-up period

I2PdfQPzControlExperimental

53.5%.03817.19.012.6713071305<3 months

30.4%.2068.62.022.3481112113-6 months

26.7%.21810.91.012.74175119216-12 months

41.1%.1358.49.410.82816899≥12 months

Figure 2. Forest plot for weighted mean difference (WMD) in grams of ethanol per week at follow-up between those in the eSBI group and controls.
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Figure 3. Mean difference in grams of ethanol per week at follow-up postintervention with 95% confidence intervals.

Sensitivity Analysis
Participants in the intervention arm of the study conducted by
Blankers et al [34] had access to the online self-help intervention
at any time, but it was suggested that they access it daily during
a 4-week period. This methodology is different from other
studies included in this review in that the other studies allowed
participants access to the electronic intervention for a single
session. Therefore, sensitivity analysis was conducted to assess
the impact of this study on the overall mean difference in
consumption of alcohol between 3 and less than 6 months.
Removal of the Blankers et al [34] study from the meta-analysis
had little effect on the mean difference in grams of alcohol
consumed per week for those in the intervention groups

compared to controls (mean difference -13.40, 95% CI -23.94
to 2.85).

The length of the intervention in the study conducted by Hester
et al [31] was on average 90 minutes; this is longer than the
definition of brief intervention for eligibility of inclusion in this
systematic review and meta-analysis. However, because the
intervention was completed in 1 session it was decided that a
sensitivity analysis would be conducted to explore the impact
of this study on the pooled mean difference in alcohol
consumption at up to 3 months. Removal of the study conducted
by Hester et al [31] had minimal impact on the pooled mean
difference in grams of alcohol consumed per week for those in
the intervention group compared to controls (mean difference
-29.53, 95% CI -52.50 to 6.56).
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Risk of Bias
The quality of the evidence reviewed was considered to be
acceptable with most studies included in this review assessed
as being adequate in terms of their methodological quality.
Three studies were considered to be of high methodological
quality [24,32,34]. The addition of future research may have an
impact on the conclusions of the review and meta-analysis.

Discussion

The results of this systematic review and meta-analysis suggest
that eSBI is effective in reducing alcohol consumption in the
follow-up postintervention period of less than 3 months, between
3 months and less than 6 months, and between 6 months and
less than 12 months, but not in the longer term follow-up period
of 12 months or longer. The overall mean difference in grams
of ethanol per week consumed between those in the intervention
and controls groups was 16.59 (Figure 2), which is equivalent
to 2 standard drinks in the United Kingdom (1 standard drink=8
g ethanol). This difference is somewhat smaller compared to a
previous review, which found an overall mean difference of
25.88 g of ethanol per week [14]. The current review did not
include studies of treatment seeking populations or those in
which individuals were randomized regardless of their drinking
status at baseline; this may account for some of the variation in
mean difference in alcohol consumption. Furthermore, there
may have been a variation in the length of follow-up for studies
included in the current research and Khadjesari et al’s [14]
meta-analysis. The inclusion of more studies with a shorter
follow-up length may have resulted in an inflated overall mean
difference in alcohol consumption between controls and those
who received the intervention.

The pattern of results found here are in-line with the results of
Cunningham et al [16,17]. They reported significantly lower
levels of weekly alcohol consumption in those who received a
Web-based brief intervention compared to controls at 3 and 6
months, but not at 12-month follow-up. Cunningham et al
[16,17] is the only eSBI study included in this systematic review
and meta-analysis to follow up participants over the 3 time
points: 3-, 6-, and 12-month follow-ups. Meta-analysis allowed
for replication of their results with a much larger sample size.
The magnitude of the effect in this study reduced with increasing
length of the follow-up period, from nearly 4 standard drinks
at a follow-up point of less than 3 months to less than 1 standard
drink at a longer duration of follow-up of 12 months or greater,
indicating a decline in the effectiveness of eSBI to significantly
reduce alcohol consumption. All the data included in this review
were from studies using a single eSBI session, although the
option of returning to the eSBI was available for one study [23]
and a printout of personalized feedback was generally offered
(see Table 3). Neighbors et al [39] found no compelling evidence
to suggest that multiple doses of electronic personalized brief
advice, administered every 6 months for 2 years, was more
effective than a single one-off intervention.

There was a variation in the extent of eSBI delivered between
studies included in this review with some interventions taking
substantially longer to complete and one study encouraged daily
use of their online self-help program [24]. It is possible that

more extensive interventions will have a greater impact on
alcohol consumption. However, a recent large cluster
randomized controlled study of face-to-face SBI in primary care
found no difference in effectiveness between an information
leaflet, 5 minutes of structured brief advice, or 20 minutes of
brief lifestyle counseling on proportion of individuals with a
negative AUDIT score (<8) at 6- and 12-month follow-ups [5].
Furthermore, a meta-analysis of face-to-face SBI found that
although the reduction in alcohol consumption (grams of ethanol
per week) was greater for more substantial interventions
(including those that were longer in duration and administered
in more than one session) compared to less intensive
interventions, the difference was not statistically significant [4].
To date there has been no comparable studies for eSBI.

A large attrition rate (up to 55%) has been noted in some of the
eSBI studies included in this review. High attrition rates are
common in electronic interventions for nontreatment-seeking
individuals and reasons for this are likely to be complex and
varied [45]. Attrition will have an obvious impact on the validity
of results obtained and introduce bias, for example, those more
committed to reducing their alcohol intake may remain in the
trial and inflate positive alcohol outcomes. This has led to
research into ways of reducing attrition using incentives.
Khadjesari et al [46] investigated whether attrition could be
improved in their study of a Web-based intervention (Down
Your Drink) for reducing alcohol consumption by incentivizing
study completion. Participants were randomized to receive no
incentive, a £5 Amazon voucher, £5 donation to Cancer
Research, or entry into a £250 prize draw. There was no
significant difference in response rate between any of the study
arms. A second study by Khadjesari et al [46] randomized
participants to receive a higher value incentive of £10 Amazon
voucher or no incentive. This resulted in a 9% difference in
response rate between the 2 groups, suggesting that appropriate
incentivization can reduce participant attrition. However, some
caution is required when considering the use of incentives to
reduce attrition in online interventions. In the previous study,
incentives were given on completion of the intervention and
follow-up, rather than on sign-up to the intervention; this
prevented individuals signing up who were only doing so for
the incentive not the potential benefits of the research. Further
exploration of the mechanism of action of incentives is required
in eSBI, socioeconomic status, cultural factors, and reasons for
attrition may all influence how effective incentives are at
improving attrition in research [45].

Seventeen studies were included in the meta-analysis and most
of these took place in the United States and with student
populations. Binge drinking among young adult and student
populations continues to be a concern. In the United Kingdom,
45% of males and 46% of females aged 16-24 years drink more
than twice the recommended amount of alcohol (3-4 units for
males and 2-3 units for females) in a single session in the
previous week [47]. Binge drinking can increase the risk of
behaviors that are illegal, violent, or risky (eg, unprotected sex)
[48,30,48]. Binge drinking at university may also lead to
long-term problems with physical and mental health [48]. This
may help to explain why the majority of studies included in this
systematic review and meta-analysis were conducted with
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student populations. Furthermore, the population of a university
is generally large with up-to-date information technology
facilities, which would be ideal for the implementation of an
eSBI. A culture of binge drinking is evident among student
populations; the pattern of drinking is likely to be somewhat
different to the general population. Because of the limited
number of relevant eSBI trials available, further analysis to
investigate the impact of population on the effectiveness of
eSBI is needed. Therefore, the generalizability of the current
findings for the general population is not known.

The studies included in this meta-analysis also varied in the
length, content, and theoretical basis of the intervention.
Although almost all the included studies incorporated an element
of personalized feedback as part of the intervention, there
remains variation in both the mechanism and the context of how
this was delivered. Further investigation into the effective
components of these interventions was not possible and this
should form an area for future research.

A comprehensive search strategy was used to identify relevant
published randomized controlled trials for inclusion in this
review and meta-analysis. However, it is possible that some

trials may have been missed because unpublished research was
not sought although an Egger’s test suggested that no publication
bias was present.

The results of this systematic review and meta-analysis
demonstrate significant reductions in weekly alcohol
consumption between intervention and control conditions at a
follow-up point of less than 3 months, between 3 and 6 months,
and between 6 and 12 months; as such, eSBI should be judged
an effective intervention, a recent review of effective
interventions targeting adolescent populations adds further
support for the use of Web-/smartphone-based technology [49].
Advantages inherent to eSBI, such as reduced cost of
implementation and wider accessibility compared to
conventional face-to-face SBI, should also be considered.
However, because of a lack of consistency in reporting of
alcohol consumption outcome measures, this review could only
report on grams of ethanol consumed per week. A greater
consensus in the reporting of outcome measures and more
uniform reporting of the content and theoretical basis of eSBI
would result in the ability to make more robust conclusions
regarding the effectiveness of eSBI in reducing alcohol
consumption and alcohol-related harms in the longer term.
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Abstract

Background: Youth mental health is a significant public health concern due to the high prevalence of mental health problems
in this population and the low rate of those affected seeking help. While it is increasingly recognized that prevention is better
than cure, most youth prevention programs have utilized interventions based on clinical treatments (eg, cognitive behavioral
therapy) with inconsistent results.

Objective: This study explores the feasibility of the online delivery of a youth positive psychology program, Bite Back, to
improve the well-being and mental health outcomes of Australian youth. Further aims were to examine rates of adherence and
attrition, and to investigate the program’s acceptability.

Methods: Participants (N=235) aged 12-18 years were randomly assigned to either of two conditions: Bite Back (n=120) or
control websites (n=115). The Bite Back website comprised interactive exercises and information across a variety of positive
psychology domains; the control condition was assigned to neutral entertainment-based websites that contained no psychology
information. Participants in both groups were instructed to use their allocated website for 6 consecutive weeks. Participants were
assessed pre- and postintervention on the Depression Anxiety Stress Scale-Short form (DASS-21) and the Short Warwick-Edinburgh
Mental Well-Being Scale (SWEMWBS).

Results: Of the 235 randomized participants, 154 (65.5%) completed baseline and post measures after 6 weeks. Completers
and dropouts were equivalent in demographics, the SWEMWBS, and the depression and anxiety subscales of the DASS-21, but
dropouts reported significantly higher levels of stress than completers. There were no differences between the Bite Back and
control conditions at baseline on demographic variables, DASS-21, or SWEMWBS scores. Qualitative data indicated that 49 of
61 Bite Back users (79%) reported positive experiences using the website and 55 (89%) agreed they would continue to use it
after study completion. Compared to the control condition, participants in the Bite Back condition with high levels of adherence
(usage of the website for 30 minutes or more per week) reported significant decreases in depression and stress and improvements
in well-being. Bite Back users who visited the site more frequently (≥3 times per week) reported significant decreases in depression
and anxiety and improvements in well-being. No significant improvements were found among Bite Back users who demonstrated
low levels of adherence or who used the website less frequently.

Conclusions: Results suggest that using an online positive psychology program can decrease symptoms of psychopathology
and increase well-being in young people, especially for those who use the website for 30 minutes or longer per week or more
frequently (≥3 times per week). Acceptability of the Bite Back website was high. These findings are encouraging and suggest
that the online delivery of positive psychology programs may be an alternate way to address mental health issues and improve
youth well-being nationally.
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Introduction

Background
Addressing mental health problems in young people is a major
public health concern [1]. Estimates suggest that 1 in 4 young
people between the ages of 16 to 24 years have experienced at
least 1 mental disorder in the preceding year [2]. Suicide,
typically associated with severe distress and mental health
issues, remains one of the leading causes of death among young
people [3-5]. Such concerns are further exacerbated by low
levels of youth help-seeking behavior for mental health issues
[6,7]. Concerns about stigma and confidentiality, shame or
embarrassment in discussing personal issues, financial costs,
and/or limited access to services are among the many barriers
to accessing help in this group [8].

In addressing the burgeoning issue of youth mental health
problems, researchers and clinicians have focused on childhood
and adolescence as a particularly fruitful area for targeting
preventative interventions [9]. Subclinical symptoms,
dysfunctional cognitive styles, and problematic behaviors which
increase vulnerability to later mental health problems usually
develop during this period, making childhood and adolescence
an ideal time to direct prevention and early intervention
programs [10-12].

To date, prevention programs for young people have tended to
yield inconsistent results because of a number of factors,
including the application of techniques originally developed for
the treatment of clinical conditions, poor methodology,
difficulties in measuring change in “normal populations,” and/or
lack of relevance to some subgroups within that population
[13,14]. Furthermore, programs that have been successful in
reducing psychopathology in adolescents have incurred high
financial costs and relied on scarce resources, such as teachers’
classroom time or researchers for program delivery [15]. A
paradigm shift in mental health prevention programs is therefore
required to ensure more effective and widespread delivery,
improved levels of overall well-being, and high acceptability
by young people.

Positive Psychology
Positive psychology is the study of well-being, engagement,
and optimal functioning and differs from clinical psychology
in that it conceptualizes mental health as more than just the
absence of mental illness. Positive psychology fits well with
the World Health Organization’s (WHO) definition of mental
health: “a state of well-being in which the individual is able to
realize their potential, cope with normal life stresses, and is able
to work and contribute in the community” [16]. Positive
psychology is best understood as a group of mental health

domains that contribute to an individual’s well-being. Although
researchers debate the validity and relative importance of the
various domains, a number have repeatedly been found to
correspond with optimal mental health, including gratitude,
mindfulness, positive social relationships, meaning, flow,
optimism, hope, character strengths, and a healthy lifestyle [17].
Attempts have been made to refine these domains, such as the
PERMA model proposed by Seligman [17], which stipulates
that happiness is made up of 5 key components: positive
emotions, engagement (similar to the concept of mindfulness),
positive relationships, meaning, and accomplishment.

Evidence has accrued that addressing specific skills in these
domains can promote overall well-being [18,19]. For example,
interventions that increase hope have been shown to predict
lower illicit substance use; lower levels of depression, anxiety,
and hostility; less behavioral problems; and higher academic
performance in adolescents [20,21]. Research has also linked
increases in gratitude—the state of positive reflection and
appreciation—to improved positive affect, life satisfaction,
improved social relationships, as well as lower suicidal ideation
and suicide attempts [22,23]. Longitudinal research has found
that, for students faced with the challenges of entering
university, higher optimism was predictive of higher well-being,
better physical health, better adjustment, fewer symptoms of
depression and stress, better social supports, higher levels of
academic achievement, and lower dropout rates [24-27].
Optimism in adolescence has also been found to be the best
predictor of life satisfaction in adulthood [28]. A meta-analysis
that reviewed 51 positive psychology interventions across a
spectrum of domains, found that positive psychology programs
significantly increased well-being (mean r=.29) [29] and led to
significant reductions in depressive symptoms (mean r=.31).
These findings suggest that positive psychology may lend itself
to early intervention programs targeting “normal” populations
of young people.

Online Delivery
Both eHealth and online programs provide a mode of delivery
which is acceptable to youth and are financially sustainable
[7,30,31]. Furthermore, users can maintain anonymity and
confidentiality, determine their own rate of progression through
a program, and use an online interactive format that is appealing
and engaging [7]. Most young people in Australia have access
to online facilities [32] as computers and Internet access are
available in most schools and libraries. Other information
communication technology, such as smartphones and tablets,
are also becoming increasingly affordable [7]. Young people
typically use online resources for dealing with distress, with a
report by Mission Australia [33] quantifying that 1 in 5 young
Australians (ages 11-24 years) ranked the Internet as an
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important source of information and support for sensitive
personal issues. Similarly, ReachOut, a national youth mental
health website, found that online avenues assist those who might
not seek help in more traditional forms. Based on the ReachOut
National Survey [34], up to 75% of young people experienced
high to very high levels of psychological distress at the time of
visiting the website and almost two-thirds of the sample had
never accessed face-to-face mental health services.

From the perspective of service delivery, using an online format
for a positive psychology program allows wider dissemination,
reduces costs that would be associated with clinicians, and
allows greater treatment fidelity [31,35]. Additionally, user
progress can be easily monitored and the data collection process
can be automated. At present, only online programs targeting
single positive psychology domains have been evaluated as
isolated exercises and there are no online multicomponent
positive psychology programs for young people.

The Current Study
This study aims to investigate the feasibility of implementing
an online multicomponent positive psychology program, Bite
Back (see Figure 1) developed by the Black Dog Institute, as a
well-being program for young people [36].

The specific aims of this study were:

1. To examine the feasibility of an online positive psychology
program for young people to improve the well-being and
address mental health problems of Australian youth;

2. To investigate rates of adherence and attrition among young
people who use this online positive psychology program;
and

3. To investigate the acceptability/appeal of this program with
young people.
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Figure 1. Screenshot of the Bite Back website.

Methods

Participants/Recruitment
Participants were recruited through schools and youth
organizations across Australia. Promotional information packs
advertising the How Do You View the World Study were
disseminated via mail and email and included a letter to the
organization, principal, and/or school counselor that detailed
the rationale, requirements, and participation incentives of the
study, and a series of flyers promoting the study to young
people. Organizations were asked to distribute the flyers or
directly promote the study to young people (aged 12-18 years)
in any manner they deemed appropriate (eg, notices in
newsletters, on websites, and announcements). Recruitment

was conducted from November 2011 to June 2012 when it was
ceased because of funding constraints. This study was approved
by the University of New South Wales Human Research Ethics
Advisory Panel.

Inclusion criteria were: (1) 12-18 years of age, (2) currently
living in Australia, (3) having a valid email address, (4) having
access to a computer with an Internet connection, and (5)
providing a signed parental consent form to researchers if under
16 years of age. No exclusion criteria were applied. Researchers
had no face-to-face contact with any of the participants in this
study. In cases in which duplicate email addresses or participant
names were found during the sign-up stage, the first application
was retained and duplicates discarded.
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Study Design

Overview
A 2-group pretest/posttest design was used with 2 independent
variables: time (baseline and postprogram) and group (Bite
Back and control conditions). Dependent variables were
psychological symptoms (depression, anxiety, and stress) as
well as a measure of well-being. Additionally, at
postintervention, usage data and qualitative feedback about the
websites were collected.

Positive Psychology (Bite Back) Condition
Bite Back is an online positive psychology website for
adolescents and uses a combination of interactive exercises and
information across 9 positive psychology domains: gratitude,
optimism, flow, meaning, hope, mindfulness, character
strengths, healthy lifestyle, and positive relationships.
Furthermore, the website provides information about the benefits
of increasing well-being, methods to develop skills in each of
the positive psychology domains, provides links to other relevant

resources, and allows for comments and online discussions. The
website is aimed at adolescents aged 13 to 17 years and is
premoderated with each comment and upload being monitored
and approved before becoming available for public viewing.

The Control Condition
The two control condition websites that were chosen, Australian
Broadcasting Corporation digital channel website, ABC3 (see
Figure 2), and Nine MSN’s entertainment website, The Fix (see
Figure 3), included features that would engage young people
and were similar to the Bite Back website (ie, games and/or
activities). ABC3 introduces young viewers to news, comedy,
drama, music, sports, and nature [37]. The Fix engages youth
in popular media news, music, and videos [38]. Similar to Bite
Back, both control websites are multicomponent, self-guided,
youth-oriented, and Australian-based, and each has the option
of contributing personal pieces of work, opinions, and stories
to the website. Neither of the control websites delivers positive
psychology or information about well-being.
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Figure 2. Screenshot of the ABC3 website.
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Figure 3. Screenshot of The Fix website.

Study Procedures
The study was advertised as the “How Do You View the World
Study: an investigation into how websites impact on the way
young people think, react, and interact with the world.” It was

important to conceal the clinical focus of this study and
participants’ allocated condition for 2 reasons: (1) to ensure that
control participants did not use the Bite Back website, and (2)
to minimize any expectancy effects. Participants were also
offered an AU $20 voucher for their participation in this study.
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Interested young people provided their email address, name,
date of birth, sex, postcode, and a parental contact email if they
were younger than 16 years of age. If eligible, participants were
emailed a link to the battery of baseline questionnaires.
Participants who completed the baseline questionnaires were
randomly allocated to one of two conditions through a block
randomization method. An independent researcher not associated
with this study used a random number generator in Excel to
allocate blocks of 10 participants to one of two conditions:

1. Bite Back Condition: participants were instructed to create
a log-in and to use Bite Back over 6 consecutive weeks.

2. Control Condition: participants were instructed to select
and use either of 2 youth websites over 6 consecutive weeks,
ABC3 or The Fix.

Following baseline assessment, an email was sent to participants
that included a link to their allocated website and instructions
on how to use it however and whenever they wanted over the
next 6 weeks, but “for at least an hour a week.” Participants
could access their allocated website from any Internet-enabled
device and from any location. Given that all websites were
open-access, it was not necessary to use the link to access the
website. Both Bite Back and control participants received
reminder emails once a week to encourage ongoing use and
engagement with the websites. Six weeks from their date of
commencement, participants were emailed the postintervention
questionnaire battery and told that they no longer needed to
access the website each week. Those who completed these
questionnaires were emailed an AU $20 voucher from a digital
media outlet.

Measures

Overview
Participants completed online questionnaires before and after
the 6-week intervention period. Demographic information was
collected at baseline to assess eligibility and participant
characteristics.

Adherence
Participant intervention adherence was measured by duration
of exposure to the program during the course of the trial [39].
Participant’s adherence was assessed by the question “How
much time did you spend actually using the website each week?”
In answering this question, participants had to nominate 1 of
the following categories: 0-10 minutes per week, 10-20 minutes
per week, 20-30 minutes per week, 30-40 minutes per week,
40-50 minutes per week, 50-60 minutes per week, or more than
1 hour per week. Those who reported usage duration of less
than 1 hour per week for their allocated website were provided
a supplementary open-ended question: “If you didn’t use the
website for an hour a week, was there a reason why?”

Self-reported frequency of site visits per week was also included
as a measure of adherence. Participants reported their frequency
of site visits by responding to the question “How many times
a week did you use the site, on average?” Response options
ranged from zero to more than 5 times per week.

Acceptability of Exercises
To determine the appeal and usability of the positive psychology
program, Bite Back, participants were required to respond on
a Likert scale (from 1 to 7 where 1=strongly agree and
7=strongly disagree) to 3 statements about the website: (1) “The
website was fun,” (2) “The activities are interesting,” and (3)
“The website was easy to use.” Intention to return to the Bite
Back website after the completion of the study was also
assessed.

Efficacy of the Program
Efficacy of the program was assessed by self-report
questionnaires at baseline and at 6-weeks via:

1. The Depression, Anxiety, and Stress Scale—Short form
(DASS-21) [40] comprises 3 symptom-based subscales.
Each subscale has 7 items which participants respond to on
a 4-point Likert scale (0=not at all to 3=most of the time).
Summed scores for each scale range from 0-42 following
conversion of scores to match the DASS-42; more severe
symptoms are indicated by higher scores. The DASS-21
has been used with adolescent samples and is reported to
have a Cronbach alpha of .87 for depression, .79 for anxiety,
and .83 for the stress subscales [41]. The DASS has also
been demonstrated to correlate closely with the Diagnostic
and Statistical Manual of Mental Disorders (DSM)
diagnoses of panic disorder, generalized anxiety disorder,
social phobia, simple phobia, and major depressive disorder
[42,43]. The DASS-21 was modified slightly to aid
comprehension of the wording for adolescents. These
changes were approved by the authors and the original
meaning of the items remained unchanged.

2. The Short Warwick-Edinburgh Mental Well-Being Scale
(SWEMWBS) [44] is a 7-item measure that assesses
participants’ experiences of subjective positive mental
health (well-being) over the past 2 weeks on a 5-point scale
(1=none of the time to 5=all the time). Psychometric data
of the measure on the original WEMWBS for adolescents
has indicated satisfactory to high internal consistency
(r=.87) and the short version has acceptable test-retest
reliability (r=.66, 95% CI 0.59-0.72) [44,45]. In an
adolescent population, the SWEMWBS has been
demonstrated to be negatively correlated with the Strength’s
and Difficulties Questionnaire, a measure of adolescent
psychopathology (r=–0.44, 95% CI –0.49 to –0.40),
negatively correlated with the 12-item General Health
Questionnaire (r=–.45, 95% CI –0.49 to –0.40), and
positively correlated with both the WHO-Five Well-being
Index (r=.57, 95% CI 0.53-0.61) [44].

Results

Attrition and Sample Characteristics
Of the 695 participants who expressed interest in the study, 235
met the inclusion criteria. The 235 participants who met the
inclusion criteria were allocated to either the Bite Back or
control condition and completed baseline questionnaires. After
the 6-week trial period, 167 participants remained in the study
and completed the follow-up questionnaires. A further 13
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participants in the intervention condition were deemed to be
noncompliant because they reported using the incorrect website
(see Figure 4) as per protocol [46,47]. Noncompliant participants
and noncompleters were excluded from the analysis. The
researchers who conducted the analyses were not blinded to the
allocated condition of participants. Figure 4 displays the
consolidated standards of reporting trials (CONSORT) diagram
for progression of participants at each stage of the evaluation.

There were no significant age or gender differences between
completers and dropouts. Furthermore, completers and dropouts
were equivalent on baseline scores for DASS-21 depression
(mean 9.0, SD 8.5 vs mean 10.3, SD 9.0), anxiety (mean 6.4,
SD 7.0 vs mean 7.5, SD 7.7), and the SWEMWBS (mean 24.8,
SD 5.0 vs mean 23.8, SD 5.1). A significant difference
(F1,211=4.22, P=.04), between completers and dropouts was
found on baseline stress scores (mean 10.7, SD 7.9 vs mean
13.2, SD 8.7).

The final sample of 154 participants was comprised of 104
(67.5%) females with a mean age of 15.4 (SD 1.7) years. At
baseline, both Bite Back and control condition participants were
equivalent in mean age, gender distribution, and mean scores
on the DASS-21 depression, anxiety, and stress subscales and
on the SWEMWBS (see Table 1).

Participants were divided into 2 groups based on the frequency
of visits to their allocated website: low frequency (less than 3
site visits per week) and high frequency (3 or more site visits
per week). There were no significant baseline differences in
DASS-21 subscales or SWEMWBS scores across conditions
for frequency of site visits. Participants were also divided into
2 groups based on the amount of time they spent on their
assigned website: low (30 minutes or less per week) and high
(30 minutes or more per week). There were no significant
baseline differences in DASS-21 subscales or SWEMWBS
scores across conditions for duration of site visits.

Figure 4. CONSORT diagram of participants.
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Table 1. Characteristics of the final sample (those who completed baseline and postintervention measures) for each condition.

Total,

n=154

Control,

n=92

Bite Back,

n=62

Characteristic

15.4 (1.7)15.3 (1.7)15.5 (1.6)Age (years), mean (SD)

104 (67.5)64 (69.6)40 (64.5)Female, n (%)

1398059Baseline DASS depression, n

8.9 (8.5)8.6 (8.7)9.4 (8.3)Mean (SD)

1398653Baseline DASS anxiety, n

6.4 (7.2)6.0 (7.3)7.2 (6.9)Mean (SD)

1398653Baseline DASS stress, n

10.6 (7.9)9.9 (8.7)11.7 (7.3)Mean (SD)

1458758Baseline SWEMWBS, n

24.8 (5.0)25.7 (5.4)24.1 (5.2)Mean (SD)

Adherence
There were no significant differences between the reported
duration spent using the websites each week between those
allocated to the intervention and control conditions. In the
intervention condition, 14 of the 61 participants (23%) reported
using the website for between 50-60 minutes, 6 (10%)
participants reported usage of between 40-50 minutes per week,
and 37 (61%) participants reported usage less than 40 minutes
per week. In the control condition, 26 of the 90 participants
(29%) reported using their website for between 50-60 minutes,
14 (16%) participants reported usage between 40-50 minutes
per week, and 46 (51%) of control participants reported usage
at a rate less than two-thirds of the recommended duration.

Participants in the Bite Back condition who reported using the
website for less than an hour a week were asked to provide a
reason for their underusage. In all, 36 participants responded to
the question “If you didn’t use the website for an hour a week,
was there a reason why?” Responses were analyzed to extract
key themes and coded to capture primary thematic components.
Four main themes emerged: time constraints, technical issues,
relevance, and website content.

Of the 36 participants who responded, 21 (58%) cited that the
reason for their underusage was time constraints. This related
to demands on time such as schoolwork, extracurricular
activities, hobbies, family commitments, and going away on
holidays. Technical issues accounted for 5 participants’ (14%)
underusage, predominantly issues with Internet access:

It was hard to complete certain tasks and areas of the
website as my data had run out on my Internet.
[participant 444, male, age 16 years]

Four participants (11%) reported that Bite Back did not seem
relevant for them:

Sorry I lost interest, because although I thought it
was a great site I didn’t think it was relevant for me.
[participant 352, female, age 17 years]

The site’s design was not appealing to me, it looked
directed at 10-13 year olds. [participant 115, female,
age 17 year]

Furthermore, 6 participants (17%) stated that the content of the
website was not sufficient to sustain their interest for an hour
a week:

Honestly the first week, the website was pretty new
to you, so to get around you had to learn your way,
therefore it was pretty cool yeah? But then afterwards
it was all too repetitive and much too the same, things
I knew already there. [participant 161, female, age
16 years]

The website was very similar each time I visited it
and thus lost the initial flair it once had. [participant
609, male, age 14 years]

Acceptability of Exercises
Participants in the Bite Back condition were also asked to
provide feedback on the appeal and usability of the positive
psychology program. Of the 62 participants who used the
program for 6 weeks, 49 reported that Bite Back was fun (79%
rated mildly agree to strongly agree), with 52 agreeing that the
activities were interesting (84% rated mildly agree to strongly
agree), and 56 reporting that the site was easy to use (90% rated
mildly agree to strongly agree).

Of the 62 participants in the Bite Back condition, 35 participants
(57%) responded yes and 19 participants (31%) responded
maybe. Only 7 participants (11%) responded that they would
not revisit Bite Back in the future (1 participant gave no
response).

Efficacy of the Program
To analyze the efficacy of the program, a series of 2-tailed
Wilcoxon signed rank tests were conducted to measure
differences in psychopathology and well-being scores before
and after the intervention. Nonparametric tests were employed
because of violations of the normality assumption for almost
all group cells (condition; condition × frequency of site visits;
condition × length of site visits). Only the postintervention
scores on the SWEMWBS did not demonstrate violations of
normality. All violations were because of skew in the data that
would be expected in a nonclinical population (ie, low scores
on the DASS-21 and high scores on the SWEMWBS).
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Participants in the Bite Back condition returned significantly
lower DASS-21 depression (z=–2.44, P=.02, r=–.22) and stress
scores (z=–2.14, P=.03, r=–.21) at 6 weeks postintervention. In
addition, they returned significantly higher scores on the
SWEMWBS (z=2.07, P=.04, r=.19). No significant differences
in DASS-21 subscales or SWEMWBS scores were found in the
control condition from preassessment to postassessment (see
Table 2).

Samples for each condition were dichotomized (high and low)
based on frequency of site visits and time spent on the site each
week to derive approximately equal numbers in each subgroup.
Two further Wilcoxon signed rank tests were conducted to
determine if frequency of use or length of time of use affected
postintervention levels of symptoms and well-being.

Participants who visited their corresponding site 2 times per
week or less were classified as having low frequency of use,
whereas those visiting their allocated website 3 or more times
per week were classified as high frequency of use. Participants
in the Bite Back condition who visited the site with high
frequency reported significant reductions in depression (z=–2.39,
P=.02, r=–.34) and anxiety (z=–1.98, P=.05, r=–.29) scores, as
well as significant increases in well-being scores (z=2.28, P=.02,

r=.34) from preintervention to postintervention. Participants in
this group also reported a reduction in stress symptoms that
approached significance (z=–1.80, P=.07, r=–.28) (see Table
3). No such differences were found in the control condition.

Participants who visited their allocated website for 30 minutes
or less per week were classified as low duration of use, whereas
those who used their website for 30 minutes or more per week
were classified as high duration of use. Participants in the Bite
Back group who visited the site for 30 minutes or more per
week (ie, in the high duration group) reported significant
reductions in depression (z=–2.57, P=.01, r=–.33) and stress
(z=–2.74, P=.006, r=–.37) scores at postintervention. This group
also reported a trend for lower anxiety (z=–1.92, P=.06, r=–.26)
and increased well-being scores (z=1.89, P=.06, r=.24), but
these differences failed to reach significance (see Table 4). A
significant increase in anxiety scores at postintervention (z=2.95,
P=.003, r=.35) was found in control condition participants who
reported low levels of time spent on their assigned websites. A
significant increase in well-being scores at postintervention,
(z=2.00, P=.05, r=.20) was found in control condition
participants who reported high levels of time spent on their
assigned websites.

Table 2. Preprogram and postprogram DASS-21 and SWEMWBS scores for each condition.

PPostBaselineVariable and condition

nMean (SD)nMean (SD)

Depression

.02596.68 (7.72)599.39 (8.26)Bite Back

.83808.28 (8.48)808.60 (8.73)Control

Anxiety

.27536.38 (7.26)537.17 (6.91)Bite Back

.09866.86 (8.61)865.98 (7.31)Control

Stress

.035310.08 (8.10)5311.66 (7.35)Bite Back

.42869.35 (8.69)869.88 (8.17)Control

Well-being

.045825.78 (5.35)5824.12 (5.16)Bite Back

.238725.75 (5.43)8725.17 (4.87)Control
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Table 3. Preprogram and postprogram DASS-21 and SWEMWBS scores by frequency of site visits for each condition.

PPostBaselineVariable, condition, and frequency

nMean (SD)nMean (SD)

Depression

Bite Back

.30337.09 (7.65)337.82 (6.31)Low

.02256.40 (7.98)2511.84 (9.91)High

Control

.69347.18 (7.96)348.24 (9.36)Low

.73458.80 (8.72)458.36 (7.64)High

Anxiety

Bite Back

.71297.17 (8.53)296.69 (6.57)Low

.05235.65 (5.38)238.09 (7.37)High

Control

.21365.33 (6.56)364.67 (6.40)Low

.24497.88 (9.84)496.86 (7.91)High

Stress

Bite Back

.183112.00 (8.75)3112.654 (7.82)Low

.07217.62 (6.38)2110.76 (6.28)High

Control

.81378.81 (8.27)379.46 (9.28)Low

.36489.58 (9.07)4810.13 (7.36)High

Well-being

Bite Back

.503425.24 (5.09)3424.65 (4.10)Low

.022326.30 (5.74)2323.04 (6.33)High

Control

.323725.59 (5.07)3724.81 (5.43)Low

.455025.86 (5.73)5025.44 (4.45)High
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Table 4. Preprogram and postprogram DASS-21 and SWEMWBS scores by duration of use for each condition.

PPostBaselineVariable, condition, and length of visit

nMean (SD)nMean (SD)

Depression

Bite Back

.52277.78 (9.37)278.22 (7.77)Low

.01315.94 (5.99)3110.71 (8.57)High

Control

.69359.49 (9.42)359.26 (8.42)Low

.34447.18 (7.66)448.18 (9.11)High

Anxiety

Bite Back

.72257.68 (9.07)257.04 (7.77)Low

.06275.41 (5.05)277.56 (6.14)High

Control

.003369.22 (10.74)367.11 (8.40)Low

.53494.90 (6.06)495.22 (6.44)High

Stress

Bite Back

.952411.67 (9.99)2410.83 (7.62)Low

.006289.00 (5.98)2812.79 (6.89)High

Control

.753411.35 (9.51)3411.29 (8.68)Low

.09507.84 (7.80)509.04 (7.92)High

Well-being

Bite Back

.362525.12 (5.75)2524.40 (5.38)Low

.063226.09 (5.04)3223.69 (4.99)High

Control

.873624.19 (5.65)3624.14 (5.37)Low

.054926.88 (5.13)4925.88 (4.47)High

Discussion

Principal Findings
This study examined the feasibility and challenges of an online,
open-access, positive psychology program (Bite Back) to
increase well-being and reduce mental health symptoms in
young people. Despite difficulties maintaining high levels of
adherence and low levels of attrition, positive qualitative
feedback from participants indicated that adolescents enjoyed
Bite Back and found it interesting and easy to use. In addition,
significant improvements in symptoms of depression, stress,
and well-being scores were observed for the Bite Back
condition.

Further investigation also suggested that those who visited the
Bite Back website more frequently during the intervention

period and for greater amounts of time each week gained the
most benefit. Participants in at least one of these high-adherence
groups reported lower depression, anxiety, and stress scores,
and higher well-being scores at postintervention. The beneficial
outcomes at 6 weeks are particularly noteworthy given the
short-term and entirely self-directed nature of this intervention.

However, the most beneficial outcomes were present among
participants who visited the website for 30 minutes or more
during each week of the intervention period or 3 or more times
during each week of the intervention. No significant changes
were found among Bite Back users who did not meet these
levels of adherence indicating that the program requires a certain
level of usage for a positive effect. Overall, these positive
findings suggest that further research into Bite Back’s
effectiveness is warranted, particularly if adolescents’
engagement with the site can be improved.
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Retention rates for the Bite Back condition were moderate. A
total of 167 of 235 participants who completed the battery of
questionnaires at baseline also completed the battery after the
6-week trial period: retention rates across time periods were
71% for the total sample and 58% for the Bite Back condition
alone (although only 66% of the total sample and 52% of the
Bite Back condition were used in the analysis because of the
exclusion of the noncompliant participants). A systematic review
of attrition rates from Internet-based treatment programs where
therapist contact was minimal found an average dropout rate of
35%, with a range of 2% to 83% [46]. Although that review
was based on psychological treatment programs for adults, it
suggests that the current trial returned an acceptable attrition
rate in the context of eHealth programs. One unexpected finding
was that the large discrepancy between the attrition and
noncompliance rates for the Bite Back condition compared to
the control condition. The only factor examined that differed
significantly between completers and dropouts were baseline
stress scores, with the attrition group reporting significantly
higher stress at the start of the program. Although the baseline
stress scores did not differ significantly between the Bite Back
and control conditions, the Bite Back condition reported higher
baseline stress scores. It is possible to speculate, therefore, that
the stress they were experiencing interfered with their ability
to stay engaged with the program.

Approximately half the participants’ self-reported usage was
below the prescribed 1 hour per week over the 6-week trial
period. However, these rates of usage were equivalent across
both the intervention and control websites. Therefore, it is likely
that these low levels of adherence are reflective of the more
general methodological challenges associated with open-access
trials [39], as opposed to a particular failing of Bite Back to
sustain participants’ attention.

This interpretation is further supported by qualitative reports
from Bite Back participants. Primary reasons cited for
underusage were time constraints (related to school,
extracurricular, and family commitments) and technical issues,
such as problems in accessing the Internet. In addition,
acceptability ratings of Bite Back were favorable: 79% agreed
the program was fun, 84% agreed that it was interesting, and
90% agreed that it was easy to use. Most users stated an
intention to return to Bite Back after the completion of the study.
Users who were disappointed (11%) with Bite Back cited
content relevance and lack of age appropriateness. Thus, it seems
evident that although logistical issues were primarily related to
low adherence rates, website content also affected users’
continued engagement.

Bite Back users who reported using the website for 30 minutes
or less per week or fewer than 3 times per week were
predominantly older than 16 years of age and stated that the
content had little relevance or was not sufficiently interesting
to sustain their attention. These findings suggest that Bite Back
may have more appeal for those 16 years of age or younger.
Developmentally, adolescence is a time of rapid change,
particularly emotional and intellectual. As such, there is
considerable heterogeneity across the age 12 to 18 years group
that makes it difficult to pitch activities and conceptual
explanations that are universally appropriate. Further data are

needed to assess whether age is a specific factor for content
relevance, which age groups most strongly identified with the
site, and which positive psychology domains or site activities
were effective at maintaining engagement for older adolescents.

Limitations of the Study
Despite the encouraging results from this pilot study,
methodological limitations preclude us from drawing definitive
conclusions. Our study may have been affected by measurement
sensitivity (ie, the psychopathology measure selected was
designed for a clinical population and so floor effects could
have impacted on our results). This problem may have been
exacerbated by the small sample sizes in each condition making
it less likely to obtain significant differences.

Furthermore, our usage data heavily relied on participants’
self-report which could have been affected by memory and
reporting biases [48]. In addition, adolescent samples may be
likely to underreport mental health symptoms [48,49], although
the anonymous nature of this study may have lessened this
likelihood. Utilizing corroborative evidence from teachers and
parents may have improved the accuracy of our measurements
of change in symptom alleviation and well-being and should
be considered for further studies in this area.

The study gathered limited information about participants’ use
of Bite Back, such as content accessed, uploads to interactive
activities, and time spent on the various activities. Because the
website was comprised of multiple components, including
videos, psychoeducational information, interactive exercises,
and community noticeboards, it is difficult to ascertain which
parts of the website were instrumental to the changes observed.
Information on usage patterns would have provided interesting
insights of how young people navigate the website and a better
understanding of the differential impact of its various
components. Further research into this area would shed light
on the way in which young people relate to specific online
positive psychology interventions.

The age distribution of our population was also an important
factor in considering the results of this study. Although a larger
percentage of those younger than 16 year expressed interest in
participating, fewer of the participants younger than 16 years
progressed through to actually participate in the study because
of the need for them to obtain parental permission. Given that
our qualitative responses suggested that Bite Back may be more
acceptable to the younger age group, this barrier to participation
by younger users may have excluded an important segment of
our target population in this trial.

Although Bite Back was developed as a preventative program
for youth, this feasibility study was primarily concerned with
obtaining feedback on users’ enjoyment and willingness to
engage in the site’s activities. As such, the preliminary pilot
data from this study is insufficient to demonstrate preventative
effects. Further studies utilizing a longer-term follow-up are
necessary to examine this important aspect of preventative health
in youth.
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Conclusions
This study explored the feasibility of an online, open-access,
multicomponent, positive psychology program for adolescents.
The findings from this study demonstrate that an online positive
psychology program (Bite Back) has the potential to reduce
symptoms of psychopathology and promote mental well-being.

However, issues of adherence and age appropriateness need to
be addressed for optimal outcomes. Nevertheless, the positive
findings from this study suggest that online positive psychology
programs may have a major impact on the emerging field of
adolescent-focused eHealth for improving well-being and
resilience.
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Abstract

Background: The high number of adult males engaging in low levels of physical activity and poor dietary practices, and the
health risks posed by these behaviors, necessitate broad-reaching intervention strategies. Information technology (IT)-based (Web
and mobile phone) interventions can be accessed by large numbers of people, yet there are few reported IT-based interventions
targeting males’ physical activity and dietary practices.

Objective: This study examines the effectiveness of a 9-month IT-based intervention (ManUp) to improve the physical activity,
dietary behaviors, and health literacy in middle-aged males compared to a print-based intervention.

Methods: Participants, recruited offline (eg, newspaper ads), were randomized into either an IT-based or print-based intervention
arm on a 2:1 basis in favor of the fully automated IT-based arm. Participants were adult males aged 35-54 years living in 2 regional
cities in Queensland, Australia, who could access the Internet, owned a mobile phone, and were able to increase their activity
level. The intervention, ManUp, was based on social cognitive and self-regulation theories and specifically designed to target
males. Educational materials were provided and self-monitoring of physical activity and nutrition behaviors was promoted.
Intervention content was the same in both intervention arms; only the delivery mode differed. Content could be accessed throughout
the 9-month study period. Participants’physical activity, dietary behaviors, and health literacy were measured using online surveys
at baseline, 3 months, and 9 months.
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Results: A total of 301 participants completed baseline assessments, 205 in the IT-based arm and 96 in the print-based arm. A
total of 124 participants completed all 3 assessments. There were no significant between-group differences in physical activity
and dietary behaviors (P≥.05). Participants reported an increased number of minutes and sessions of physical activity at 3 months
(exp(β)=1.45, 95% CI 1.09-1.95; exp(β)=1.61, 95% CI 1.17-2.22) and 9 months (exp(β)=1.55, 95% CI 1.14-2.10; exp(β)=1.51,
95% CI 1.15-2.00). Overall dietary behaviors improved at 3 months (exp(β)=1.07, 95% CI 1.03-1.11) and 9 months (exp(β)=1.10,
95% CI 1.05-1.13). The proportion of participants in both groups eating higher-fiber bread and low-fat milk increased at 3 months
(exp(β)=2.25, 95% CI 1.29-3.92; exp(β)=1.65, 95% CI 1.07-2.55). Participants in the IT-based arm were less likely to report that
30 minutes of physical activity per day improves health (exp(β)=0.48, 95% CI 0.26-0.90) and more likely to report that vigorous
intensity physical activity 3 times per week is essential (exp(β)=1.70, 95% CI 1.02-2.82). The average number of log-ins to the
IT platform at 3 and 9 months was 6.99 (SE 0.86) and 9.22 (SE 1.47), respectively. The average number of self-monitoring entries
at 3 and 9 months was 16.69 (SE 2.38) and 22.51 (SE 3.79), respectively.

Conclusions: The ManUp intervention was effective in improving physical activity and dietary behaviors in middle-aged males
with no significant differences between IT- and print-based delivery modes.

Trial Registration: Australian New Zealand Clinical Trials Registry: ACTRN12611000081910;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12611000081910 (Archived by WebCite at
http://www.webcitation.org/6QHIWad63).

(J Med Internet Res 2014;16(6):e136)   doi:10.2196/jmir.3107
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Introduction

Regular physical activity and healthy eating are key health
behaviors that contribute to reducing the risk of chronic disease
[1,2]. These behaviors and their impact on health are particularly
relevant for Australian males because the majority of Australian
males are physically inactive and have poor dietary behaviors
[3]. For example, approximately 48% of males are not
sufficiently physically active and most males do not meet the
recommended intake levels of fruit (54%), vegetables (85%),
low-fat dairy (63%), or foods containing high levels of saturated
fat and sugar (70%) [3-5]. Males are also less likely to
participate in behavioral and information technology (IT)-based
interventions compared to females [6-8]. In addition, many
males have low levels of health literacy, which is the ability to
understand and process health information and use this to assist
in changing behaviors [9-11]. Health literacy is an important
determinant of health; higher levels of health literacy are
associated with engagement in various health-promoting
behaviors including physical activity and fruit and vegetable
consumption [12]. Improving health literacy has been recognized
as key to assisting in improving the overall health of Australian
males [13]. The high prevalence of poor health behaviors and
low levels of health literacy in males combined with the low
levels of engagement by males in many behavioral interventions,
particularly IT-based interventions, highlights the need for
broad-reaching effective interventions specifically developed
for this population.

It is widely acknowledged that Web-based- and/or mobile
phone-based interventions (IT-based) provide a delivery method
that can be conveniently accessed by a large number of
individuals thereby increasing the potential reach relative to
other commonly used intervention modes, such as print-based
materials [14-16]. IT-based interventions have been used to
effectively change physical activity and healthy eating behaviors
and are viewed positively by males as an intervention delivery

mode [7,17-19]. A broad range of features and components can
be implemented in these interventions, including education
materials, social interaction/support tools, self-monitoring, and
goal-setting features, all of which have been associated with
increased behavior change [16,20]. Increased participant use of
and engagement with the intervention platform is also associated
with greater behavior change [21-24]. Mobile phones and
smartphones offer participants greater convenience to access
intervention materials, and intervention delivery via smartphone
and a website is associated with greater levels of self-monitoring
and behavior change when compared to self-monitoring via
website only [23]. Therefore, delivery of IT-based interventions
using a combination of website and mobile devices may be an
effective way to increase participant engagement with the
intervention and promote greater behavior change. Despite the
potential of IT-based interventions to change physical activity
and dietary behaviors, there have been few IT-based
interventions that have been specifically developed for and
targeted toward males [7,8]. Therefore, the purpose of this study
is to examine the effectiveness of a 9-month Web- and mobile
phone-based (IT-based) intervention to improve the physical
activity and dietary behaviors compared to a print-based
intervention [25]. A secondary objective is to compare changes
in health literacy between the IT- and print-based intervention
groups. It was hypothesized that the IT-based intervention would
be more effective in improving outcomes compared to the
print-based intervention.

Methods

Design
The rationale, design, and methods for the ManUp study,
including an outline of the intervention, are described in detail
elsewhere [25] and only summarized in brief here. The ManUp
study was a 2-arm randomized controlled trial (RCT) with
participants randomly allocated to either the IT-based (website
and mobile device) intervention arm or a print-based
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intervention arm. A print-based intervention was selected as
the comparison group because they are effective in improving
health behaviors [26,27]. All participants received written and
verbal explanation of the project requirements before providing
consent and provided informed consent before participation in
the study. The Central Queensland University (H10/07-131)
and the University of Western Sydney Human Research Ethics
Committee approved the study (H8605). The study was
registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12611000081910).

Participants
Males aged 35 to 54 years who (1) owned a mobile telephone,
(2) had access to the Internet, (3) did not have a mobility
impairment, (4) resided in the cities of Gladstone or
Rockhampton (Queensland, Australia), and (5) were classified
as low risk to increase physical activity according to established
guidelines were eligible to participate in the study [28]. A
combination of online forms and phone contact was used to
screen participants for eligibility criteria. To recruit participants,
advertisements in local newspapers, trading magazines,
face-to-face information sessions with local businesses, and
distribution of leaflets and posters to local businesses, medical
clinics, and offices of allied health professionals were used. No
participant incentives were provided in the study. Participants
(N=317) were recruited from October 2010 to September 2011,
and following initial screening for inclusion criteria, participants
were randomly allocated to 1 of the 2 intervention arms. Because
IT-based interventions are less frequently examined in male
populations [7,8], the number of participants allocated to the
intervention arm was maximized in a 2:1 ratio in favor of the
IT-based intervention arm. Randomization lists were generated
by one of the authors (MJD) using freely available software
[29]. Participants were advised of their group allocation via
phone. Participants in the IT-based intervention were emailed
details to access the intervention platform, including website
uniform resource locator (URL), username, and password;
participants in the print-based group provided their mailing
address to receive the print-based intervention materials.
Participants were blinded to group allocation until after baseline
assessments were completed. Given that participants completed

the assessment of outcome measures via online survey,
nonblinding of researchers to participant group allocation was
unlikely to bias outcomes.

ManUp Intervention
The ManUp study was informed by our reviews of published
physical activity and dietary interventions for males, our
formative research concerning barriers to physical activity and
healthy eating behaviors, and our research regarding males’
preferences for IT-based interventions [7,8,17,18]. Both
intervention arms provided participants with the same
intervention materials and capacity to self-monitor physical
activity and dietary behaviors. The IT-based intervention,
however, provided participants with the additional ability to
receive automated feedback on their progress toward completing
their physical activity and dietary behavior goals (ManUp
challenge), as well as the ability to interact with other
participants on the website [25]. Additionally, specific
components of the IT-based intervention (My Profiles, My
Mates, My Groups) were intended to foster social support
between participants via commenting on and viewing the
progress of others in-line with social cognitive theory. There
was little to no interaction between project staff and participants
in either intervention arm.

Both interventions arms were provided with educational
materials that were specifically designed to present information
on the benefits of physical activity and healthy eating and on
the volume and type of activity needed to achieve health
benefits. Materials provided to participants allowed daily
self-monitoring of physical activity and dietary behaviors and
highlighted the importance of self-monitoring as a way to change
behavior and keep track of the changes made. Participants could
record physical activity and dietary behaviors using any metric
specified in Table 1. Informed by social cognitive theory and
self-regulation theory. ManUp “challenges” were developed to
change target behaviors by providing a goal for behavior change,
having participants engage in goal setting and self-monitoring
behaviors, and also build confidence to make positive changes
to behaviors [25,30,31]. An overview of these theories and the
role of self-monitoring in changing behavior can be found
elsewhere [30-32].

Table 1. Description of the ManUp physical activity and healthy eating challenges.

Full strength (12 weeks)Mid strength (6 weeks)Light strength (3 weeks)Activity

3.5 hours/week or 12000
steps/day

2.5 hours/week or 10000 steps/day1.5 hours/week or 7500
steps/day

Walking

4 hours/week or 100 km/week2 hours/week or 50 km/week1 hours/week or 25 km/weekCycling

1.5 hours/week or 3 km/week1 hours/week or 2 km/week0.5 hours/week or 1 km/weekSwimming

2.0 hours/week or 20 km/week1 hours/week or 10 km/week0.5 hours/week or 5 km/weekRunning

1.5 hours/week1 hours/week0.5 hours/weekSport and recreation

Set 8 exercises 3× set (8-10 reps)
2×/week

Set 8 exercises 2× set (8-10 reps)
2×/week

Set 8 exercises 1× set (8-10
reps) 2×/week

Strengthening

≥7 healthy eating goals/day≥5 healthy eating goals/day≥3 healthy eating goals/dayHealthy eatinga

aThe ManUp healthy eating goals were: (1) eat 2 servings of fruit, (2) eat 5 servings of vegetables, (3) eat 1 serving of fish, (4) choose whole-grain
bread instead of white bread, (5) choose low-fat dairy products, (6) have a soft drink- (soda-) free day, (7) have an alcohol-free day, (8) have an red
meat–free day, (9) have an unhealthy snack-free day, and (10) have a fast food–free day.
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ManUp Challenges
The ManUp challenges consisted of 6 physical activity and a
multicomponent healthy eating challenge. Each challenge had
3 different “strengths” (light, mid, full), which varied the
duration and the amount of activity or healthy eating that males
were asked to achieve to complete the challenge. To complete
a challenge, participants had to record the required number of
minutes/distance/steps for activities or the number of healthy
eating goals before the end of the challenge period; failure to
do this meant the challenge was not completed. The variation
between challenge strengths was intended to provide participants
with an appropriate target relative to their current level of
physical activity or healthy eating, or to provide a progression
toward engaging in higher levels of physical activity or healthy
eating. The challenges could be completed in any order preferred
by participants and there was no requirement to complete all
the different strength challenges or different physical activity
challenges. The different activities selected for inclusion were
based on those activities frequently performed by Australian
males [33]. The ManUp healthy eating challenges were based
on achieving a maximum of 10 daily healthy eating goals. These
goals were informed by the dietary guidelines for Australian
adults that promote dietary diversity and encourage the reduction
of the intake of saturated fat, salt, alcohol, and foods that contain
added sugars [34]. Although the challenges were informed by
the sorts of physical activities frequently participated in by
males and the need to promote dietary diversity, they were not
intended to promote adherence to public health guidelines for
either physical activity or dietary behaviors. Rather, they were
designed to increase overall engagement in physical activity
and healthy eating. Further details on the types of different
physical activities and dietary behaviors targeted, the
requirements for each challenge, and supporting educational
materials are provided in Table 1 and elsewhere [25].

Intervention Arms

Information Technology–Based Intervention Arm
Upon completing the baseline assessment participants in the
IT-based intervention arm received access to the
password-protected ManUp website, which had 6 main sections
[25]. The 6 sections were:

1. My Profile where participants could review their current
challenges, record their progress toward any current
challenges, post personal updates to their profile, schedule
future activities, and view information on the groups they
were a member of and the list of their mates (online friends
on the website).

2. My Progress where participants could review their progress
toward their current challenges.

3. My Mates where participants could search for online friends
and view their mates’progress. Online friends were limited
only to participants allocated to the IT-based intervention;
participants could not view an online list of other
participants nor were they informed by project staff who
else was enrolled in the study because of privacy concerns,
but participants could search for other users by entering a
name or part of a name into the search tool provided on the
website.

4. My Groups where participants could create a group and
view the progress of groups they were part of.

5. My Weight, which provided participants with information
on the benefits of achieving a healthy weight, and allowed
them to record their height, weight, and waist
circumference. This section did not allow participants to
track these metrics over time; rather, it provided immediate
feedback on what category, such as body mass index (BMI)
category or waist circumference category, the respective
measure was classified as in comparison to established
categories for BMI and waist circumference [35].

6. Information Center, which provided educational materials
related to physical activity and healthy eating, and the
challenges [25].

As a form of online social support, participants could comment
on their mates’ My Profile page. In addition, participants could
also challenge their mates to complete a physical activity or
healthy eating challenge either in a one-on-one basis, or as part
of a larger group. A mobile phone Web application was
developed as an additional tool to facilitate quick and convenient
recording of progress toward the ManUp challenges. The mobile
phone Web application only allowed users to self-monitor
behavior and body weight, and to review progress toward
challenge completion. Any participant in the IT-based
intervention arm who owned a mobile phone capable of
accessing the Internet had access to the mobile phone Web
application. Figure 1 shows the My Profile section of the website
and Figures 2 and 3 display the app data entry screen for healthy
eating, the screen showing feedback information on the level
of activity needed to complete a particular challenge. Graphical-
and text-based feedback of progress toward the completion of
a challenge was automatically provided by both the website and
app, and was updated based on participant’s self-monitoring
entries of physical activity and health eating. Participants were
not provided with any detailed instruction on how to use the IT
platform or the frequency that it should be used. The initial
email providing log-in details suggested they should visit the
intervention platform and initiate a ManUp challenge. A short
video presenting the main features and functionality of the
website was available for viewing on the front page of the
website without having to log in to the website. This video was
viewed 243 times in total throughout the intervention period.
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Figure 1. Screenshot of the My Profile section of the ManUp website.

Figure 2. Screenshot of the healthy eating data entry screen of the ManUp app.
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Figure 3. Screenshot of the challenge progress feedback screen of the ManUp app.

Print-Based Intervention Arm
Participants in the print-based group received a hard-copy
booklet that provided the same educational materials (including
content from the My Weight section) and ManUp challenges
as those provided to participants in the IT-based intervention.
Participants in the print-based group were provided with
information about using the provided log sheets and could
self-monitor progress and/or successful completion of the
ManUp physical activity or healthy eating challenges using the
log sheets. Participants in the print-based group were not
provided with information regarding their peers who were also
part of this group. The hard-copy booklet was not collected
from participants and no information about the challenges

completed or self-monitoring was obtained. Hard-copy booklets
were not collected because of logistical reasons and to allow
participants to keep a record of their progress to assist in
behavior change.

Outcome Measures

Overview
Participants completed online surveys at baseline (0 months),
3 months, and 9 months to assess sociodemographic, behavioral,
and health literacy outcomes. Measures of satisfaction with the
intervention were also obtained at the 9-month assessment point.
All participants received up to 3 phone calls or emails at each
assessment point to remind them to complete their assessments.
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Physical Activity
Physical activity was assessed using the Active Australia
Questionnaire, a valid and reliable instrument that is also
sensitive to change in physical activity [36-39]. This
questionnaire asks participants to report the duration of
recreational and transport walking, moderate and vigorous
intensity physical activity in the previous week, and the number
of times (sessions) they engaged in these activities. Standard
scoring protocols were applied to provide 2 outcomes: total
minutes of physical activity and the total number of sessions of
physical activity [36].

Dietary Behaviors
Dietary behaviors were assessed using 19 items adapted from
existing instruments used to monitor dietary habits of the
Australian population [40,41]. These items have sound
psychometric properties [40]. Two separate items assessed the
daily number of servings of fruit and vegetables consumed in
the past week, response options ranged from zero servings (don’t
eat this food) to 10 or more servings. The frequency that red
meat, fish, meat products (sausages, salami, meat pies, etc),
cooked cereals, soft drinks, chips, takeaway foods, and sweet
or savory foods were consumed in the past week were assessed
using response options from rarely/never (don’t eat this food)
to more than 10 times. The type of milk (whole milk or full
cream, reduced fat, soymilk, condensed milk, don’t drink milk)
and bread (white, wholemeal, multigrain, rye, sour dough, other,
don’t eat bread) usually consumed were also assessed. Three
dietary outcomes were created: type of milk consumed (reduced
fat vs whole milk), type of bread consumed (higher-fiber
wholemeal, multigrain, white with high fiber, sour dough, rye
vs white) and an overall index of other dietary behaviors (the
dietary score). The dietary score was created by summing the
number of servings and number of times the following foods
were consumed: fruit, vegetables, red meat, fish, meat products,
soft drinks, chips, takeaway (take-out) foods, and sweet and
savory foods. Several items were reversed-scored so that higher
dietary scores (a better diet) reflected more frequent
consumption of healthy food and less frequent consumption of
less healthy foods. The dietary score reflected the fact that the
ManUp healthy eating challenge focused on maximizing
consumption of healthy foods and minimizing consumption of
less healthy foods.

Health Literacy
Health literacy in relation to physical activity was assessed using
the 5 awareness items from the Active Australia Questionnaire
[36]. Using a 5-point Likert-type scale from strongly agree to
strongly disagree, the items assess awareness of the benefits
associated with physical activity participation, and the intensity
and duration required to receive health benefits. Dietary behavior
literacy was assessed using the Nutritional Literacy Survey, a
valid and reliable 28-item instrument that assesses participants’
understanding of the type of foods that promote heart health,
and the fat and cholesterol content of different foods and portion
sizes [42].

Satisfaction
Participant satisfaction with the intervention platform and
challenge concept was assessed using 4 items. Using a 5-point
scale ranging from strongly agree to strongly disagree,
participants indicated if they would like to continue to use the
IT- or print-based materials, if the materials (print booklet or
IT-based platform) were easy to use, and if they liked the overall
concept of the physical activity and healthy eating challenges.

Information Technology Platform Usage
Usage of the IT-based platform was measured using in-built
tracking software measuring the number of times a participant
logged into the Web- and mobile-based platform, made a
self-monitoring entry, and the type and number of challenges
they initiated and completed.

Sample Size
Using established methods to estimate sample size [43], the
study was powered to detect a 60-minute change in
moderate-to-vigorous intensity physical activity per week from
baseline to 9 months using an alpha level of .05 and a power
level of 90%. Based on this calculation, it was estimated that
197 participants would be required. However, this number was
increased to account for the 2:1 allocation of participants in
favor of the IT-based intervention arm and the expected dropout
rate of participants (45%) [21,44]. A higher dropout rate was
used in the current study given the acknowledged difficulty in
engaging and retaining males in interventions [7,8]. As a result,
the estimated total sample size was 321: 107 allocated to the
print-based group and 214 allocated to the IT-based group [25].

Analysis
Comparisons between groups at baseline were conducted using
generalized linear models and chi-square tests. Comparisons
between those participants completing all 3 assessment points
(completers) and those completing less than 3 assessment points
(noncompleters) were made on age, education, physical activity,
dietary behaviors, and health literacy using t tests (where
parametric assumptions were met) or Mann-Whitney U for
continuous variables, and chi-square tests for categorical
variables. Generalized linear mixed models use all available
data at each time point allowing participants with missing data
at follow-up time points to be retained in the analysis. Therefore,
generalized linear mixed models with an unstructured covariance
matrix were used to examine change over time and differences
between intervention arms in physical activity, dietary behaviors,
and health literacy outcomes. All analyses were adjusted for
baseline age, occupation, and education because these variables
likely impact upon the physical activity and dietary behaviors
of males [45]. Outcomes of the generalized linear mixed model
analyses are reported as exponentiated coefficients (exp(β)).
To explore the impact of missing data, a sensitivity analysis
using baseline observation carried forward (BOCF) for
participants with missing data at follow-up time points was
performed for physical activity, dietary behaviors, and health
literacy outcomes; this analysis also adjusted for baseline age,
occupation, and education. Comparison of change in physical
activity, dietary behaviors, and health literacy with and without
BOCF revealed only small differences in the magnitude of these
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outcomes with the exception of consumption of higher-fiber
bread and low-fat milk consumption. For both of these
outcomes, the significant time effects present at 3 months in
the analysis without BOCF were in the same direction, although
not statistically significant in the analysis with BOCF. Given
these minor differences, only the results from the analyses
without BOCF are reported.

Analyses examining the relationship between usage of the IT
platform and change in behavior within the IT-based
intervention arm were conducted using generalized linear models
adjusted for age, occupation, education, and the baseline level
of the outcome examined. The specific model type, link function
used for analyses, and the total number of observations included
are listed in the footnotes of the relevant tables. All analyses
were conducted with SPSS version 20 (IBM Corp, Armonk,
NY, USA), followed intention-to-treat principles, and used an
alpha level of .05.

Results

Participants
The flow of participants through the study, including the number
of participants completing each assessment, is provided in Figure
4. A total of 327 males expressed an interest in participating in
the study: 10 males were excluded because they did not satisfy
eligibility criteria or were no longer interested in participating,
317 males were randomized to an intervention arm of which 16
withdrew from the study before completing a baseline

assessment (Figure 4). A total of 301 participants completed
the baseline assessment, 159 completed the 3-month assessment,
148 completed the 9-month assessment, and 125 completed all
3 assessment points. No significant differences were observed
between those who completed 3 assessment points (completers)
compared to those completing less than 3 assessment points
(noncompleters) on baseline minutes and sessions of physical
activity, dietary score, and type of bread consumed (data not
shown). Completers were significantly different from
noncompleters in terms of age (mean 45.11, SE 0.51 vs mean
43.32, SE 0.44; P=.01), the proportion working in professional
level occupations (66.4% vs 49.4%; P=.03), the proportion
reporting a university-level education (62.6% vs 41.5%;
P=.002), the proportion reporting to consume low-fat milk
(66.4% vs 49.7%; P=.01), the proportion reporting that at least
20 minutes of vigorous intensity physical activity 3 times per
week is essential to improve health (35.8% vs 64.2%; P=.01),
and nutritional literacy (mean 25.53, SE 0.16 vs mean 24.98,
SE 0.16; P=.02).

There were no significant baseline differences between the
print-based arm and the IT-based arm for any demographic
behavioral and health literacy variable, with the exception that
there were fewer participants who agreed that 30 minutes of
physical activity is enough to improve health in the IT-based
arm compared to the print-based arm (Table 2). In-line with the
eligibility criteria, all participants owned a mobile phone and
151 (73.2%) of the IT-based intervention owned a phone that
could access the Internet.
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Table 2. Sociodemographic, anthropometric, and behavioral characteristics of participants at baseline.

PIT-based n=205Print-based n=96Participant characteristic

.6644.17 (0.41)43.84 (0.59)Age (years), mean (SE)

.64Occupation, n (%)

118 (57.6)52 (54.2)Professional

16 (7.8)8 (8.3)White collar

37 (18.0)23 (24.0)Blue collar

34 (16.6)13 (13.5)Other

.72Education level, n (%)

45 (22.0)20 (20.8)Secondary school or less

61 (29.8)25 (26.0)TAFEa

99 (48.3)51 (53.1)University

.46Self-reported BMI, n (%)

19 (9.3)13 (13.5)Healthy weight

85 (41.5)41 (42.7)Overweight

101 (49.3)42 (43.8)Obese

.83286.12 (24.72)277.94 (29.15)Self-reported minutes of physical activity/week, mean
(SE)

.954.0 (1.0, 7.0)4.0 (1.0, 8.0)Self-reported sessions of physical activity/week, mean
(SE)

.3352.0 (47.0, 57.0)52.0 (46.0, 56.75)Dietary score, median (IQR)

.06195 (68.2)93 (57.0)Higher-fiber bread, n (%)

.83182 (56.0)87 (57.5)Low-fat milk, n (%)

Physical activity literacy (% agree), n (%)

.03144 (70.2%)79 (82.3%)≥30 min/day improves health

.14153 (74.6%)79 (82.3%)30 min brisk walking improves health

.05139 (67.8%)54 (56.3%)20 min of vigorous activity 3 times/week is essen-
tial

.69106 (51.7%)52 (54.2%)10-min blocks of activity are okay

.29177 (86.3%)87 (90.6%)Moderate activity can improve health

.6626 (24, 27)25 (24, 26)Nutritional literacy, median (IQR)

aTechnical and further education (TAFE) is a provider of vocational nonbachelor education up to level of advanced diploma.
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Figure 4. Flow of participants through the study.

Change in Physical Activity and Dietary Behaviors
There were no significant between-group differences or
group×time interaction effects in any of the physical activity
and dietary behaviors examined; however, significant main
effects for time were observed (Table 3). Self-reported minutes
(3 months: exp(β)=1.45, 95% CI 1.09-1.95; 9 months:
exp(β)=1.55, 95% CI 1.14-2.10) and sessions of physical activity
(3 months: exp(β)=1.61, 95% CI 1.17-2.22; 9 months:
exp(β)=1.51, 95% CI 1.15-2.00) were significantly higher at 3

and 9 months compared to baseline in both groups. Dietary
scores were significantly higher (improved) at both 3 and 9
months compared to baseline (3 months: exp(β)=1.07, 95% CI
1.03-1.11; 9 months: exp(β)=1.10, 95% CI 1.05-1.13) in both
groups. A significantly higher proportion of participants reported
consuming higher-fiber bread (exp(β)=2.25, 95% CI 1.29-3.92)
and low-fat milk (exp(β)=1.65, 95% CI 1.07-2.55) at 3 months
compared to baseline in both groups; consumption of
higher-fiber bread and low-fat milk were not significantly higher
at 9 months compared to baseline in both groups.
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Table 3. Comparison of self-reported measured health behaviors between intervention groups over the intervention period.

Model effects, Pexp(β) (95% CI)Health behavior

Group×timeTimeGroup

.66<.001.60Self-report minutes of physical activity per week a

1.03 (0.78-1.36)IT-based vs print-basedb

1.45 (1.09-1.95)3 vs 0 monthsb

1.55 (1.14-2.10)9 vs 0 monthsb

.55<.001.32

Self-report sessions of physical activity per week
a

0.97 (0.75-1.25)IT-based vs print-basedb

1.61 (1.17-2.22)3 vs 0 monthsb

1.51 (1.15-2.00)9 vs 0 monthsb

.09<.001.68Dietary score c

1.02 (0.98-1.06)IT-based vs print-basedb

1.07 (1.03-1.11)3 vs 0 monthsb

1.10 (1.05-1.13)9 vs 0 monthsb

.92<.001.05Higher-fiber bread d

1.60 (0.94-2.71)IT-based vs print-basedb

2.25 (1.29-3.92)3 vs 0 monthsb

1.89 (0.99-3.60)9 vs 0 monthsb

.90.002.54Low-fat milk e

0.88 (0.52-1.49)IT-based vs print-basedb

1.65 (1.07-2.55)3 vs 0 monthsb

1.41 (0.92-2.17)9 vs 0 monthsb

aModel (negative binomial with log link) included age, education level, and occupational classification as covariates. Number of observations=616.
bReference category for comparison.
cModel (negative binomial with log link) included age, education level, and occupational classification as covariates. Number of observations=608.
This outcome was examined as the change in the total number of times the food was consumed and the servings of a food.
dModel (binomial with logit link) included age, education level, and occupational classification as covariates. Number of observations=587. This outcome
was examined as the change in the proportion of participants consuming higher-fiber bread.
eModel (binomial with logit link) included age, education level, and occupational classification as covariates. Number of observations=542. This outcome
was examined as the change in the proportion of participants consuming low-fat milk.

Change in Health Literacy
A significantly lower proportion of participants in the IT-based
intervention arm reported agreeing that 30 minutes of physical
activity per day improves health compared to the print-based
arm (exp(β)=0.48, 95% CI 0.26-0.90); there were no significant
time or group×time interaction effects for this outcome (Table
4). A significantly higher proportion of participants in the
IT-based intervention arm reported agreeing that 20 minutes of
vigorous intensity physical activity performed 3 times per week

is essential to improve health (exp(β)=1.70, 95% CI 1.02-2.82).
There were no significant group or group×time interaction
effects for the proportion of participants reporting that blocks
of a minimum of 10 minutes physical activity are acceptable to
acquire health benefits; however, a significantly higher
proportion of participants reported agreeing with this statement
at 9 months compared to baseline in both groups (exp(β)=2.52,
95% CI 1.28-4.94). No other statistically significant differences
were observed in physical activity and nutrition literacy (Table
4).
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Table 4. Comparison of health literacy outcomes between intervention groups over the intervention period.a

Model effects, Pexp(β) (95% CI)Health literacy outcome

Group×timeTimeGroup

.28.11.17≥30 minutes/day improves healthb

0.48 (0.26-0.90)IT-based vs print-basedc

1.02 (0.50-2.09)3 vs 0 monthsc

1.37 (0.65-2.89)9 vs 0 monthsc

.13.01.9130 minutes brisk walking improves health b

0.63 (0.34-1.16)IT-based vs print-basedc

1.33 (0.58-3.06)3 vs 0 monthsc

1.51 (0.60-3.81)9 vs 0 monthsc

.88.99.0120 minutes of vigorous activity 3 times/week is essential b

1.70 (1.02-2.82)IT-based vs print-basedc

0.96 (0.49-1.87)3 vs 0 monthsc

1.08 (0.57-2.04)9 vs 0 monthsc

.58.001.3310-minute blocks of activity are okay b

0.89 (0.54-1.45)IT-based vs print-basedc

1.51 (0.83-2.72)3 vs 0 monthsc

2.52 (1.28-4.94)9 vs 0 monthsc

.51.44.78Nutrition literacy d

1.01 (0.99-1.03)IT-based vs print-basedc

1.01 (0.99-1.03)3 vs 0 monthsc

1.01 (0.97-1.05)9 vs 0 monthsc

aAnalysis of change in the physical activity literacy outcome of “moderate physical can improve health” is not reported as there was insufficient variation
in the outcome to allow the model to be accurately estimated. The proportion of participants agreeing with this statement at each time point in each
group is: Baseline: IT-based=86.3%, print-based=90.6%; 3 months: IT-based=88.9%, print-based=86.7%; 9 months: IT-based=100.0%, print-based=95.8%.
bModel (binomial with logit link) included age, educational level, and occupational classification as covariates. Number of observations=608.
cReference category for comparison.
dModel (negative binomial with log link) included age, educational level, and occupational classification as covariates. Number of observations=608.

ManUp Challenges
Because of the difficulty in obtaining records in logbook usage
and challenge completion in the print-based intervention arm,
data on the usage of ManUp challenges is only reported for the
IT-based intervention arm. Figure 5 demonstrates the number
of participants in the IT-based intervention arm who started and
completed light-, mid-, or full-strength physical activity and
healthy eating challenges over the 9-month intervention period.
A higher number of participants initiated physical activity
challenges compared to the healthy eating challenges, and no
participants completed a healthy eating challenge—this was
because of participants not completing the required number of
healthy eating goals in the specified time period (3-, 6-, or
12-week challenge duration depending on challenge strength
selected); thus, they did not complete the challenge. When

examining the number of challenges initiated and completed
over the 9-month period by all IT-group participants,
light-strength physical activity challenges were the most
frequently selected (n=147) and completed (n=137), followed
by mid-strength physical activity challenges (initiated: n=80;
completed: n=68), and full-strength physical activity challenges
(initiated: n=69; completed: n=53). Healthy eating challenges
were initiated at a lower frequency compared to physical activity
challenges but followed a similar pattern; light-strength healthy
eating challenges were the most frequently selected (initiated:
n=60; completed: n=0), followed by mid-strength healthy eating
challenges (initiated: n=28; completed: n=0), and full-strength
healthy eating challenges (initiated: n=14; completed: n=0).

Information on the type of physical activity challenges selected
by participants is provided in Figure 6. Walking was the most
frequently selected challenge type, followed by cycling and
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strengthening activities. Figure 7 shows the number of different
health eating goals selected; fast food–, soft drink–, and

alcohol-free days and eating 2 pieces of fruit were the most
frequently selected goals across all challenges.

Figure 5. Number of participants in the IT-based intervention who started and completed ManUp challenges.
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Figure 6. Number of physical activity challenge types completed by challenge strength.
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Figure 7. Number of healthy eating goals selected by challenge strength (based on goals logged via the website only).

Information Technology Platform Usage
The median number of log-ins to the IT platform per week at
3 months and 9 months was 2.00 (IQR 6.00) and 2.00 (IQR
6.50), respectively; the average number of log-ins to the IT
platform at these same time periods was 6.99 (SE 0.86) and
9.22 (SE 1.47). Median number of self-monitoring entries per
week at 3 months and 9 months was 1.00 (IQR 20.0) and 1.00
(IQR 21.5), respectively; the average number of self-monitoring
entries at 3 months and 9 months was 16.69 (SE 2.38) and 22.51
(SE 3.79), respectively. Participants who logged in 2 or more
times in the first 3 months of the intervention made significantly
more self-monitoring entries (median 18.00, IQR 38.00)
compared to participants logging in less than 2 times (median
0.00, IQR 0.00; U=1195.50, P<.001). Figure 8 shows the
number of users logging in at least once and making at least 1
self-monitoring entry each week over the intervention period.
Following the initial reduction in usage between week 1 and
week 3, usage continued to decline throughout the intervention
period. No measure of usage of the IT-based platform was
associated with any of the physical activity or dietary behaviors
examined (Table 5). Use of the Mate feature and posts to update
their progress was low; 21 participants used the Mate feature

and no participants using this feature had more than 1 mate on
the platform; 36 participants used the post feature (minimum=1
post, maximum=26 posts). Minimal reports of bugs or errors
(<10) on the IT-based platform were received during the
intervention period via the “report a bug” feature. Of the 33
participants who completed survey items regarding satisfaction
of the print materials, 33.3% (11/33) agreed or strongly agreed
that they would like to continue to use the ManUp booklet in
the future, and 75.8% (25/33) agreed or strongly agreed that it
was easy to use. Of the 60 participants who completed survey
items regarding satisfaction of the website, 25.0% (15/60) of
participants agreed or strongly agreed that they would like to
continue to use the website and 85.0% (51/60) reported it was
easy to use. Of the 139 participants who completed items
regarding satisfaction with the concept of the physical activity
and healthy eating challenges, 60.4% (29/48) and 52.7% of
participants (48/91) in the print and IT-based groups,
respectively, reported satisfaction with the physical activity
challenge with no significant differences between groups

(χ2
1=0.7, P=.34). There were no differences in the proportion

of participants in the print (60.4%, 29/48) and IT-based groups
(48.4%, 44/91) who reported being satisfied with the healthy

eating challenge (χ2
1=1.8, P=.18)
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Table 5. Associations between IT-platform usage and self-reported physical activity and dietary behaviors.

Model effects, PNumber of self-monitoring
entries, exp(β) (95% CI)

Number of log-ins, exp(β)
(95% CI)

Health behavior

Number of self-monitoring
entries

Number of
log-ins

Self-report minutes of physical activity per week a

.38.431.00 (0.997-1.01)1.00 (0.98-1.01)3 months

.10.251.00 (1.00-1.01)1.00 (0.99-1.00)9 months

Self-report sessions of physical activity per week b

.05.191.01 (1.00-1.01)0.99 (0.98-1.01)3 months

.16.411.00 (1.00-1.01)1.00 (0.99-1.00)9 months

Dietary score c

.76.651.00 (0.99-1.00)1.00 (1.00-1.00)3 months

.63.111.00 (1.00-1.00)1.00 (1.00-1.00)9 months

Higher-fiber bread

.25.591.02 (0.99-1.05)1.03 (0.93-1.13)3 monthsd

————9 monthse

Low-fat milk f

.71.331.01 (0.98-1.04)0.97 (0.90-1.04)3 months

.54.711.00 (0.99-1.01)1.00 (0.98-1.03)9 months

aModel (Tweedie with log link) included age, educational level, occupational classification, access to the mobile platform, and baseline minutes of
physical activity as covariates. 3 months: n=101; 9 months: n=100.
bModel (negative binomial with log link) included age, educational level, occupational classification, access to the mobile platform, and baseline sessions
of physical activity as covariates. 3 months: n=101; 9 months: n=100.
cModel (Tweedie with log link) included age, educational level, occupational classification, access to the mobile platform, and baseline dietary score
as covariates. 3 months: n=99; 9 months: n=96.
dModel (binomial with logit link) included age, educational level, occupational classification, access to the mobile platform, and baseline bread
consumption as covariates. Number of participants=93.
eResults are not reported for this time point as the model had partial or complete separation and parameters could not be reliably estimated.
fModel (binomial with logit link) included age, educational level, occupational classification, access to the mobile platform, and baseline milk consumption
as covariates. 3 months: n=82; 9 months: n=80.

Figure 8. Participant usage of the IT-based intervention platform each week over the intervention period.
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Discussion

This study examined the relative effectiveness of the ManUp
intervention materials delivered by an IT-based intervention
platform compared to a print-based intervention to improve
middle-aged males’physical activity and dietary behaviors, and
health literacy of these behaviors. Analyses revealed significant
improvements over time in self-reported minutes and sessions
of physical activity and self-reported overall dietary behaviors
in both groups. These changes did not significantly differ
between participants receiving access to the IT- or print-based
intervention materials. Three components of physical activity
literacy changed during the intervention period. First, a lower
proportion of participants in the IT-based intervention arm
reported agreeing that 30 minutes of physical activity per day
is enough to improve health. Second, a higher proportion of
participants in the IT-based intervention arm reported agreeing
that 20 minutes of vigorous intensity physical activity 3 times
per week is necessary to improve health. Finally, a higher
proportion of participants from both intervention arms reported
agreeing that accumulating physical activity in blocks of a
minimum 10 minutes are acceptable to improve health at the
9-month assessment point compared to baseline. Nutrition
literacy did not change over time or between intervention arms.

Print- and IT-based interventions have been shown to be
effective in improving physical activity, dietary behaviors, or
both behaviors in male populations in earlier research
[19,46-49]. These studies demonstrated positive intervention
effects on target behaviors for time periods ranging between 14
weeks and 12 months [19,48]. Consistent with this literature,
the current study demonstrated positive changes in both physical
activity and dietary behaviors over a 9-month period.
Notwithstanding the limitations of the self-report data in the
current study, the sustained nature of the changes is encouraging
given that poor physical activity and dietary behaviors are
prevalent and significant contributors to chronic disease risk in
male populations [3-5,13]. Most previous research has targeted
only 1 of these behaviors and comparatively fewer interventions
aimed at males have targeted both behaviors simultaneously
[7,8]. As such, outcomes of the ManUp study contribute to the
evidence that it is feasible to target and significantly improve
multiple health behaviors simultaneously in various populations
[50-52]. The ability of the intervention platform to improve
physical activity and dietary behaviors and the lack of
differences between the delivery modes suggests that IT-based
approaches are useful to improve males’ engagement in these
behaviors. This observation is useful given the large number of
males engaging in poor levels of physical activity and dietary
behaviors and the potential reach of IT-based interventions
relative to other delivery modes. However, as others have noted,
the challenge lies in attracting and engaging individuals to the
platform [15,53], particularly males who are an acknowledged
difficult group to engage in these types of interventions [7,8].

An advantage of IT-based platforms is that participant
engagement and usage can be monitored throughout the
intervention period. Figure 8 shows a modest level of
engagement and usage in the initial weeks of the intervention
period followed by a steady decline over time. The modest level

of initial usage may be related to the minimal instruction
provided to participants on usage of the platform; however, this
was intended to reflect the level of instruction provided in other
publicly available websites. Platform usage rates may also be
related to the levels of participant satisfaction reported which
were not as high as expected given the materials and intervention
platform were developed specifically for this population.
However, given the limited number of participants who
completed participant satisfaction survey items these results
should be interpreted cautiously. Analysis of the frequency of
user log-in and self-monitoring entries revealed no statistically
significant association with behavior at either the 3- or 9-month
assessment points. Although the pattern of declining participant
usage over time is similar to that of previous studies [45,54],
the absence of an association with behavior change is not
[22-24,45,55]. The lack of association could be because of a
lack of statistical power or the measures of engagement and
usage applied in the current study failed to capture real
participant engagement with the platform. Donkin et al [24]
suggested that more in-depth analysis of participant engagement
and platform usage is required to understand the relationship
between engagement and behavior change; the findings of this
study support the assertion that simplistic measures of usage
may not be the strongest predictors of behavior change.
Alternatively, it may be that participants received an adequate
exposure to intervention materials to promote behavior change
during their initial use of the platform. The suggestion that an
individual’s behavior can be changed following a single
exposure to an intervention is supported by previous studies
[50,56,57]. Several interventions now seek to maintain and
increase greater engagement through various IT-based strategies
to foster greater or more sustained behavior change, and
evaluation of these strategies to prolong user engagement are
in their infancy [45,58]. Given the consistently reported declines
in platform usage and engagement over time [15,45], and
evidence of effectiveness of repeated interventions delivered in
a booster style [59,60], comparing the effectiveness of these 2
intervention approaches to change behavior may contribute to
understanding the most effective way to change behavior.

Potential reasons for low engagement, usage, and satisfaction
could be a mismatch between participants’ expectations of the
intervention and intervention reality. For example, process
evaluation of participants in this trial revealed that many wanted
prescriptive and personalized information and feedback on their
progress [61]. Participants also expressed a desire to transfer
the print-based intervention to online platforms to increase
accessibility, and for the ManUp app to be usable without
requiring an Internet connection [61]. As such, it appears that
participants desired an increased accessibility to content above
that provided by the current intervention platform. These issues
may have adversely impacted engagement and satisfaction.
Managing the user expectations by providing a flexible
intervention platform that is highly accessible may improve
platform usage above that observed in the current trial [61].

One strategy intended to promote prolonged engagement is
social interaction among participants [58]. In the current study,
10% of participants had an online friend or mate, and website
statistics showed that all these participants had no more than 1
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mate. The number of participants with online friends is slightly
higher than that reported in a subsample of users of the 10,000
Steps website (4.3%), yet use of online friends appears to be
low by participants of health behavior change interventions
[22]. Low use of this feature in the current study could be due
to several factors, including a lack of awareness of this feature
on the intervention platform, the fact the platform required users
to search by name for a mate without knowing who else was
on the platform, a reluctance to befriend individuals online when
they are not “real-life” friends, and the limited number of
participants on the website (n=205) compared to other online
social networking sites (eg, Twitter, Facebook). The study did
not assess if participants knew the identity of other participants
also enrolled in the study. These issues should be considered
in the design of future interventions seeking to implement a
social support/interaction feature. Some of these restrictions
were imposed to preserve the integrity of the RCT design, which
poses interesting design issues for future studies seeking to
evaluate the effectiveness of social interaction within RCT
designs. These issues include how to foster online social
interaction between individuals who do not know one another
in real life, or allowing study participant’s real-life friends to
use the platform and maintain the integrity of the trial.

The ManUp challenges allowed participants to select from a
range of different challenges that varied in the length of
challenge and the amount of the behavior to be performed, and
analysis of the challenges selected by participants revealed some
interesting results. Figure 5 shows that light-strength challenges
were the most frequently initiated challenges for both physical
activity and dietary behaviors. This may be a function of
participants seeking to try a new activity or dietary change to
build confidence in their ability to change before committing
to longer-term change [25]. This aligns with behavior change
theory, which indicates that successfully completing a task is
useful in building confidence to complete subsequent tasks [30].
For the physical activity challenges, participant data indicated
that some users selected a variety of different challenge
activities, which may be one way users sought to introduce
variety to their physical activity regime to maintain interest over
a longer time period. The most frequently completed challenge
was walking; this is interesting because it has been suggested
that walking does not appeal to males in this age range [62].
Yet this does not seem to be the case in the current study, nor
does it appear to be mirror broader data for Australian males
that indicate walking is the most popular recreational activity
engaged in [33]. Figure 7 shows the number of each healthy
eating goal completed by challenge strength. The higher number
of full-strength goals completed reflects the longer duration and
higher number of goals required for this challenge strength. Fast
food-, alcohol-, and soft drink-free days and consuming 2 pieces
of fruit were the 4 most frequently completed goals overall,
which partly aligns with the objective of the healthy eating
challenges to incorporate positive changes to dietary habits to
improve overall dietary quality. That no healthy eating
challenges were completed indicates either poor compliance
with implementing changes or that the way in which a challenge
needed to be completed (specific number of goals over a
specified time period) could be improved. ManUp challenges
were designed to provide ready-made targets for males, yet

some males expressed a desire to have greater flexibility in
setting their own goals and recording progress in their preferred
metric [61]. Adopting this approach may have increased the
completion rate of the challenges.

Approximately three-quarters of participants in the IT-based
arm owned a mobile phone that allowed them to access the
Internet and, therefore, the mobile component of the
intervention. This is higher than previous reports in Australia,
and is likely to continue to increase as ownership of
Internet-capable mobile devices continues to increase [63]. Yet
only 21.8% of participants in the IT-based intervention who
had access actually logged in to the mobile phone platform. The
low-level usage of the mobile phone component may be related
to its limited functionality. Limiting functionality was a
conscious design decision to maximize potential use across a
wide variety of mobile phones, including some older mobile
phones that did not allow the navigation and functionality of
newer smartphone devices. Interviews with intervention
participants indicated that needing to be connected to the Internet
to use the mobile app was a limiting factor for some users and
this may have also contributed to the low usage [61]. Recent
growth in and expected growth of smartphone sales and
ownership, self-monitoring devices (ie, Fitbit, Jawbone), and
willingness of some males to use smartphone technology
[17,63,64] will allow future interventions to take advantage of
the greater functionality offered by these devices including the
ability to perform self-monitoring via installed apps without the
device/app requiring an Internet connection.

Health literacy allows individuals to use and apply knowledge
to process information and inform decisions concerning their
health and is identified as a priority for males [13]. ManUp
educational materials were designed to provide clear and concise
information on the rationale for changing physical activity and
dietary behaviors and how to achieve these changes consistent
with formative research and behavior change theory [18,25,30].
Study outcomes show mixed support for the effectiveness of
the materials to improve physical activity and nutritional
literacy. Nutrition literacy remained unchanged throughout the
study and may have been impacted by the moderately high level
of nutritional literacy at baseline [42]. Dietary educational
materials provided information on the amount and frequency
that particular food groups should be eaten consistent with
national guidelines and the benefits of consuming the particular
food group and an overall healthy diet [25,34]. Although the
nutritional literacy scale assessed some components addressed
by educational materials (eg, required servings of fruit and
vegetables, high-sugar foods contain a high number of
kilojoules), other components were much broader (eg, how to
prevent food poisoning from eggs, cost and weed control
methods of organic farms). As such, the discrepancy between
the educational materials provided in the intervention and the
instrument used to assess nutritional literacy may have limited
the ability to detect change in this construct. Alternatively,
participants may not have read these educational materials or
preferred a more prescriptive approach to the dietary information
provided [61]. Baseline physical activity literacy was lower
than previously reported, particularly regarding knowledge that
blocks of a minimum of 10 minutes of activity are acceptable
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to improve health [65]. This was the only measure to
significantly change over time with a significantly higher
number of participants agreeing with this at 9 months (68.9%)
compared to baseline (52.5%). Changes in the proportion of
participants agreeing that moderate intensity physical activity
can improve health were not statistically examined because
more than 95% participants agreed with this statement at 9
months, which resulted in insufficient variability for the analysis
to take place (Table 4). Although not statistically examined,
this may be viewed as an improvement in one component of
physical activity literacy. The significant between-group
differences in the proportion of participants agreeing that
vigorous intensity physical activity performed 3 times per week
is essential for health and that 30 minutes of moderate intensity
physical activity per day can improve health are likely because
of differing levels between groups at baseline. The reasons for
the baseline differences between intervention groups on the
proportion who agreed that 30 minutes of moderate intensity
physical activity per day can improve health are unknown,
particularly because qualitative research indicates that males
have a good knowledge of the volumes and frequencies of
physical activity needed to improve health [18,66]. Based on
these observations, the ManUp education materials may have
been more effective at improving physical activity literacy of
participants compared to nutritional literacy.

Males are acknowledged as a hard-to-reach population in the
health behavior intervention literature and this is reflected in
the low recruitment rate in this study (approximately 27
participants per month of recruitment). IT-based interventions
frequently report low participant retention rates, and in this
study the overall retention rate at 9 months was 49.2% with a
lower retention rate in the IT-based group (46.8%) compared
to the print-based group (54.2%, P=.24). Low retention rates
in IT-based studies are an acknowledged issue and the level of
retention in this study is comparable to previous intervention

studies [67-70]; as such, the low retention rate may not be an
issue specific to the target population. The low retention rate
limited the number of observations available for analysis over
time; however, analytic methods using all available data were
employed to minimize the impact of this potential limitation.
Consistent with study objectives to improve regular engagement
in physical activity and healthy eating, the ManUp study did
not focus on weight loss during recruitment which previous
studies have promoted in their recruitment [47,48]. This may
have contributed to lower than expected recruitment rates given
the prevalence of overweight and obesity in males.

Because of logistical constraints, it was not possible to assess
usage of the print-based materials and self-monitoring behavior
of participants in this intervention arm. The lack of this usage
data prohibits between-group comparisons of usage and behavior
change, which may contribute to better understanding the
relationship between platform usage and behavior change; this
is a limitation of the study. Other limitations of the study include
a reliance on self-report measures. Although a subsample of
participants (n=91) were provided with accelerometers to
objectively measure physical activity [25], poor participant
compliance with measurement protocols resulted in too few
participants providing valid data for meaningful analysis and
these data are not reported in this paper. The usage rate of the
mobile component and use and functionality aspects of the Mate
feature are also limitations of the current study.

This study evaluated the effectiveness of an intervention
delivered by IT- and print-based materials to promote
self-monitoring of physical activity and dietary behaviors and
health literacy of these behaviors. Although study outcomes
show mixed support for the intervention to change health
literacy, IT- and print-based modes were effective in improving
physical activity and dietary behaviors in middle-aged males
with no differences between delivery modes. This suggests both
may be useful intervention delivery modes.
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Abstract

Background: The US Centers for Disease Control and Prevention have identified a lack of encouragement, support, or
companionship from family and friends as a major barrier to physical activity. To overcome this barrier, online social networks
are now actively leveraging principles of companion social support in novel ways.

Objective: The aim was to evaluate the functionality, features, and usability of existing online social networks which seek to
increase physical activity and fitness among users by connecting them to physical activity partners, not just online, but also
face-to-face.

Methods: In September 2012, we used 3 major databases to identify the website addresses for relevant online social networks.
We conducted a Google search using 8 unique keyword combinations: the common keyword “find” coupled with 1 of 4 prefix
terms “health,” “fitness,” “workout,” or “physical” coupled with 1 of 2 stem terms “activity partners” or “activity buddies.” We
also searched 2 prominent technology start-up news sites, TechCrunch and Y Combinator, using 2 unique keyword combinations:
the common keyword “find” coupled with 1 of 2 stem terms “activity partners” and “activity buddies.” Sites were defined as
online social health activity networks if they had the ability to (1) actively find physical activity partners or activities for the user,
(2) offer dynamic, real-time tracking or sharing of social activities, and (3) provide virtual profiles to users. We excluded from
our analysis sites that were not Web-based, publicly available, in English, or free.

Results: Of the 360 initial search results, we identified 13 websites that met our complete criteria of an online social health
activity network. Features such as physical activity creation (13/13, 100%) and private messaging (12/13, 92%) appeared almost
universally among these websites. However, integration with Web 2.0 technologies such as Facebook and Twitter (9/13, 69%)
and the option of direct event joining (8/13, 62%) were not as universally present. Largely absent were more sophisticated features
that would enable greater usability, such as interactive engagement prompts (3/13, 23%) and system-created best fit activities
(3/13, 23%).

Conclusions: Several major online social networks that connect users to physical activity partners currently exist and use
standardized features to achieve their goals. Future research is needed to better understand how users utilize these features and
how helpful they truly are.

(J Med Internet Res 2014;16(6):e153)   doi:10.2196/jmir.2674
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Introduction

In 2006, it was estimated that direct medical costs in the United
States because of a lack of physical activity totaled more than
$188 billion annually [1]. The US Centers for Disease Control
and Prevention (CDC) have identified a lack of encouragement,
support, or companionship from family and friends as a major
barrier to physical activity [2]. Online social networks are now
actively leveraging principles of companion social support in
novel ways to overcome this barrier. For example, services that
facilitate step-count sharing between friends and allow users to
engage in fitness challenges with one another by sharing
workout routines have recently emerged [3]. Users have
embraced physical activity social networks, such as Fitocracy,
Spark People, and Run Keeper, which currently have an
estimated 1 million, 15 million, and 23 million users,
respectively [4-6].

With the boom of online social networks focused on physical
activity, new sites that directly connect individuals to physical
activity partners have emerged. The social support provided
through the discussion forums of these networks and the ability
to connect with users online likely increases physical activity;
the existing literature supports that having one friend to exercise
with increases the likelihood of doing so by 45% [7]. As the
industry for online physical activity social networks grows, it
would be helpful to characterize existing networks and examine
approaches taken by sites to leverage social support to increase
physical activity engagement.

As a first step toward understanding the potential that online
social networks have to increase physical activity and in an
effort to inform the development of future networks, we aim to
(1) describe established and emerging social networks that
connect users to physical activity partners face-to-face, and (2)
describe the functionality, features, and usability of these
networks.

Methods

Identification of Established and Emerging Social
Health Activity Networks
To identify the established and emerging social health activity
networks, we searched 3 major databases: the Google search
engine and 2 start-up news sites, TechCrunch [8] and Y
Combinator [9]. TechCrunch and Y Combinator
comprehensively cover online social networks, and these 3 sites
were selected with the expectation that they covered social
networks with sufficient popularity and exposure. Initially, we
identified established networks using a Google search for the
top 30 results from use of the common keyword “find” coupled
with 1 of 4 different prefix terms “health,” “fitness,” “workout,”
or “physical” coupled with 1 of 2 different stem terms “activity
partners” or “activity buddies” (ie, “find health activity

partners”). This produced 8 key phrase permutations with 30
results for each to give a total of 240 results.

Next, we identified emerging networks by searching
TechCrunch and Y Combinator for the top 30 results from use
of the common keyword “find” with the 2 stem terms “activity
partners” and “activity buddies.” Prefix terms were excluded
from the search to create a broader key phrase terminology with
increased sensitivity to capturing emerging sites on TechCrunch
and Y Combinator. This gave 2 key phrase permutations with
30 results for each of 2 start-up sites for a total 120 results.
Together the searches produced a final list of 360 sites. Searches
were conducted in September 2012.

For our review, we defined a “physical activity partner” as an
individual who engages in physical activities offline with
another user. Sites were defined as physical activity partner
social networks if they had the ability to (1) actively find
physical activity partners or activities for the user, (2) offer
dynamic, real-time tracking or sharing of social activities, and
(3) provide virtual profiles to users. We excluded from our
analysis sites that were not Web-based, publicly available, in
English, or free. Additionally, sites or applications that were
mobile only or lacked a social network facet were excluded.
The searches and determination of eligibility were conducted
by 3 individuals (authors AN, AS, and RP) by using personal
computers. Any discrepancies or conflicting opinions were
brought before the group to reach a consensus.

Analysis
We accessed and used each physical activity partner network
to analyze site functionality and usability. A total of 12 key
features (see Table 1 for descriptions of each feature) were
assessed using a binomial scale (1=site has feature; 0=site does
not have feature) for each site. Because there was sparse existing
literature on which specific social network features would have
an impact on physical activity, we looked to the existing sites
themselves to determine which features were being used,
developed, and incorporated into these sites with the goal of
connecting physical activity partners to determine which features
were important to analyze and characterize. Assessed features
were placed into 1 of 3 categories: communication, activity
optimization, and sophistication. Categories were picked to
represent domains that would influence change in physical
activity behaviors. The communication category broadly
represented networks with features such as messaging, chat, or
user updates. More specifically, this category included (1) ability
to input or update status, (2) group creation, (3) private
messaging, and (4) real-time messaging. The activity
optimization category broadly represented networks with
features allowing for tailoring of variables important in doing
physical activity. This category included (1) ability to create
activities, (2) activity creation customization, and (3) ability to
directly confirm or join activities. The sophistication category
broadly represented networks with advanced features that
enhance user experience, interactivity, and value. This category
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included (1) exclusivity to physical activity, (2) filtering
preferences, (3) interactive engagement prompts, (4)
site-suggested recommendations for best fit activities, and (5)

Web 2.0 technology integration (ie, with sites such as Facebook
and Twitter).

Table 1. Description of key features and categories.

DescriptionCategory/feature name

Features that focus on the specifications of physical activity events that users can create or participate
in

Activity optimization

The website enables users to post or generate a new physical activity eventAbility to create event

Meets at least 5 of 9 predetermined variables relating to the user’s ability to customize activity creation:
(1) the ability to customize according to specific activity type (eg, basketball), (2) time or day of
event, (3) location, (4) event privatization, (5) invitation of individual participants, (6) invitation of
groups, (7) skill level of participants, (8) maximum number of participants, and (9) the provision of
a free response text box for further event information

Activity creation customization

Users may view physical activity events and have the option of selecting which events they intend
on participating

Direct ability to join event

Features that promote interactions between usersCommunication

Users can submit text or media-based entries to describe their recent progress or activitiesAbility to input/update status

Users are able to create groups of common interest and have interactions within the group visible to
all members of the group

Group creation

The website provides direct one-on-one messaging of users visible only to the users involvedPrivate messaging of users

The website provides instant messaging for users to communicate directly with one anotherReal-time messaging (chat) of users

Advanced features that support functionality of the site and are in place to lessen user burden connect-
ing to the site and the physical activities offered

Sophistication

The website has a singular focus on physical activities and does not specialize in connecting users
based on nonphysical activities

Exclusivity to physical activity

Meets at least 3 of 5 predetermined variables relating to the user’s ability to filter activities: (1) spe-
cific activity type, (2) user availability, (3) location, (4) user skill level, and (5) keyword

Filtering preferences

The website interacts with users through prompts such as questions about their physical activity inter-
ests or availability with the goal of connecting them to new activities

Interactive engagement prompts

The website offers activity recommendations for users based on previous site activity and collected
user data

Site-suggested best fit activities

The website has some connectivity involved with other social media sites, such as Facebook and
Twitter

Web 2.0 technology integration

Of the 12 features, 3 were placed in the communication
category, 4 were placed in the activity optimization category,
and 5 were placed in the sophistication category. Of note, for
the “activity creation customization” feature, a score of 1 was
given if the site included at least 5 of 9 predetermined variables
relating to the user’s ability to customize activity creation. The
9 predetermined variables were (1) the ability to customize
according to specific activity type (eg basketball), (2) time or
day of event, (3) location, (4) event privatization, (5) invitation
of individual participants, (6) invitation of groups, (7) skill level
of participants, (8) maximum number of participants, and (9)
the provision of a free response text box for further event
information. Additionally, for the “filtering preferences” feature,
a score of 1 was given if the site included at least 3 of 5
predetermined variables relating to the user’s ability to filter
activities. The 5 predetermined variables were (1) specific
activity type, (2) user availability, (3) location, (4) user skill,
and (5) keyword. The features were reviewed by 3 individuals
(coauthors AN, AS, and RP) using individual personal
computers. Each reviewer created an online account on each
site and searched the site for the features of interest. All

discrepancies among the reviewers were discussed until
consensus was reached.

Examples for some websites meeting the requirements for such
features are represented in figures as follows. Sponduu meets
the criteria for the ability to create event as well as activity
creation customization by allowing users to create events and
customize them with parameters that include activity type, skill
level, title, free response text for description, date and time,
location, event privatization, and invitation of individual
participants (Figure 1). FitTogether offers group creation by
allowing users to create groups that share photo albums, videos,
events, and discussion visible to its users (Figure 2). CribSocial
meets the filtering preferences criteria by allowing users to
search for activities and filter by keyword, activity type,
location, and number of participants (Figure 3). RunKeeper
exhibits Web 2.0 technology integration by allowing users to
sign up and sign in using their Facebook or Google accounts
(Figure 4). Fitocracy offers interactive engagement prompts by
asking the user for information regarding their interests in
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fitness, and recommends friends, groups, and activities that are relevant to their selected interests (Figure 5).

Figure 1. Sponduu: Ability to create event and activity creation customization.
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Figure 2. FitTogether: Group creation.
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Figure 3. CribSocial: Filtering preferences.
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Figure 4. RunKeeper: Web 2.0 technology integration.

Figure 5. Fitocracy: Interactive engagement prompts.
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Results

Web Ranking
Of the 360 initial search results, we identified 13 established or
emerging online social networks focused on physical activity.
We arrived at these 13 sites after narrowing the search results
by excluding results that were not social networks, that were
repetitive or overlapping, or that were social networks but did

not meet the criteria defined in our methods. The main
characteristics of these websites are shown in Table 2, including
the website name, worldwide website rank according to Alexa
[10], and whether the site is established or emerging. The Web
ranking measures a site’s popularity based on website traffic
data; the lower the number, the higher the Web ranking and
popularity. In 2012, the networks with the highest Web rankings
were SparkPeople (2420), RunKeeper (5493), and Fitocracy
(26,490).

Table 2. Description of websites for online social networks that connect users to physical activity partners.

Web presence2012 Web rankWebsite name

Emerging (beta)n/aactivity8 [11]

Established3,138,866BuddyUp [12]

Established1,246,680CribSocial [13]

Established1,040,377ExerciseFriends [14]

Established26,490Fitocracy [15]

Established358,988FitTogether [16]

Established13,324,867Friendeavor [17]

Established5,556,996Meet in Real Life [18]

Established5493RunKeeper [19]

Established2420SparkPeople [5]

Established12,274,504Sponduu [20]

Established15,847,153The Activity Partner [21]

Emerging (beta)2,258,515ZoomPal [22]

Distribution and Frequency of Features
Table 3 shows the frequencies of 12 key features across the
networks, by whether they were prevalent (80%-100%),
common (50%-79%), or rare (0-49%). These features are placed
into 3 categories: communication, activity optimization, and
sophistication. Features that appeared almost universally among
these sites included the ability to create events (13/13, 100%),
and private messaging (12/13, 92%). Common features among
the sites were integration with Web 2.0 technologies, such as
Facebook and Twitter (9/13, 69%), direct joining of activities
(8/13, 62%), and group creation (8/13, 62%). Finally, highly
sophisticated features were generally rare and often lacking on
sites, such as filtering preferences (2/13, 15%), site-suggested
best fit activities (3/13, 23%), and interactive engagement
prompts that solicit user interaction (3/13, 23%).

Tables 4 and 5 display each of the 12 features (rows) for the 13
websites (columns) surveyed, along with the percent of features
included in each website overall. The percentage of features
that each website offered ranged from 25% to 75%. On average,
the 13 social networks had 6.08 (SD 2.00) or 47% of 12 features
assessed. The 2 social networks with the greatest percentage of
the listed features were FitTogether and Fitocracy, each with
75% (9/12 features). Two other social networks, Sponduu and
SparkPeople, had 58% or 7 of 12 features.

Among all sites, the activity optimization features category was
best represented. On average, the sites included 67% (2/3) of
the activity optimization category features, followed by 44%
(1.77/4) of communication category features, and 37% (1.85/5)
of sophistication category features.
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Table 3. Features of online social networks categorized according to frequency (prevalent, common, or rare; N=13).

Frequency of feature among sites,
n (%)

CategoryFrequency

Prevalent (80%-100%)

13 (100)Activity optimizationAbility to create event

12 (92)CommunicationPrivate messaging of users

Common (50%-79%)

9 (69SophisticationWeb 2.0 technology integration

8 (62)Activity optimizationDirect ability to join event

7 (54)SophisticationExclusivity to physical activity

Rare (0-49%)

6 (46)CommunicationGroup creation

5 (38)Activity optimizationActivity creation customization

4 (31)CommunicationAbility to input/update status

3 (23)SophisticationInteractive engagement prompts

3 (23)SophisticationSite-suggested best fit activities

2 (15)SophisticationFiltering preferences

1 (8)CommunicationReal-time messaging (chat) of users

Table 4. Features of online social networks that connect users to physical activity partners (A-F).

FriendeavorFit

Together

FitocracyExercise

Friends

CribSocialBuddyUpactivity8Feature

       Activity optimization

YesYesYesYesYesYesYesAbility to create event

NoYesYesNoYesNoNoActivity creation customization

YesYesYesNoYesYesNoDirect ability to join event

       Communication

YesNoYesNoNoNoYesAbility to input/update status

YesNoYesYesNoYesNoGroup creation

YesYesYesYesYesYesYesPrivate messaging of users

NoNoYesNoNoNoNoReal-time messaging (chat) of
users

       Sophistication

YesNoYesYesNoYesYesExclusivity to physical activity

NoNoNoNoYesNoNoFiltering preferences

YesNoNoNoNoNoNoInteractive engagement prompts

YesNoNoNoNoNoNoSite-suggested best fit activities

YesNoYesNoYesNoYesWeb 2.0 technology integration

75%33%75%33%50%41%41%% of Features
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Table 5. Features of online social networks that connect users to physical activity partners (M-Z).

ZoomPalTheActivity

Partner

SponduuSparkPeopleRunKeeperMIRLFeature

      Activity optimization

YesYesYesYesYesYesAbility to create event

YesNoNoYesNoNoActivity creation customization

YesNoNoYesYesNoDirect ability to join event

      Communication

NoNoNoNoNoYesAbility to input/update status

NoNoYesYesNoNoGroup creation

NoYesYesYesYesYesPrivate messaging of users

NoNoNoNoNoNoReal-time messaging (chat) of users

      Sophistication

YesNoNoNoYesNoExclusivity to physical activity

NoNoNoYesNoNoFiltering preferences

YesNoNoNoYesNoInteractive engagement prompts

NoYesNoNoYesNoSite-suggested best fit activities

YesYesNoYesYesYesWeb 2.0 technology integration

50%33%25%58%58%33%% of Features

Discussion

Principal Findings
In our investigation of 13 online physical activity social
networks that connect users both online and face-to-face, we
found that only half of these social networks contained more
than 6 (50%) of the 12 distinct features we evaluated. Features
related to activity optimization and communication were the
most common among the social networks, whereas features
related to sophistication were less common.

Today, more than ever, individuals are looking for easily
accessible, low-cost, online technologies to address their health
needs [23]. Currently, no particular website offers strong
capabilities across the board in the areas of communication,
activity optimization, and sophistication. This limits the extent
to which these technologies may be successful in engaging
individuals and, just as importantly, in fostering their behavior
change.

Depending on the needs of individuals, particular sites may be
of greater utility. SparkPeople and Fitocracy were the most
sophisticated options and would suit individuals with low
motivation levels who require a reduced-burden site and a more
user-friendly experience. Although motivation and
user-friendliness were not quantified in this analysis, the
increased interactivity of these services might reflect users’
perceived effectiveness and value of the service [24]. A recent
study tracked 1258 users of SparkPeople and found that those
who were more active on the site (ie, by posting comments and
messages to other users) saw the most significant weight loss
outcomes [25]. For individuals with very specific activity needs,
Sponduu offers the most tailored ability to optimize physical

activity preferences by allowing users to create activities and
customize them by using inputs such as activity type, time,
location, skill level, privacy settings, maximum attendees, and
a description text box. Additionally, its search feature allows
users to filter results by using 149 physical or volunteering
activities, location, and activity creator (friends, public,
volunteer organization). The main advantage of such
customization depth is that it takes into account user preferences,
which include how rigorous the desired activities may be, and
with whom the user would like to engage in the activity. Thus,
such optimization reflects user needs, offering enhanced ability
to interact with ideal target physical activity partners [26]. For
individuals in need of communicative social support,
MatchMySport and FitTogether provide an array of tools in the
form of messaging, chat, and sharing of life updates. In addition
to these features, certain websites, such as SparkPeople, also
offered additional benefits such as calorie counting and diet
tracking (ie, nutritional content beyond calories) features for
users who are also interested in diet monitoring.

Out of the 13 websites evaluated in our research, FitTogether
and Fitocracy had the highest percentage of the features at 75.0%
or 9 of 12 features. However, FitTogether was particularly weak
in the sophistication category, lacking 3 of 5 features (filtering
preferences, interactive engagement prompts, site-suggested
best fit activities). By lacking sophistication, user burden may
be elevated to the point that engagement with the service is
inconvenient and decreases over time. This is withstanding the
notion that some simplistic platforms may provide lesser
cognitive load and user burden. Here, we suggest that there is
the possibility of further reducing user burden through use of
more sophisticated software that aids in the automation of how
social networks are used. This type of technological
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sophistication may operate on the backend such that users would
only perceive the benefits of these algorithms or features without
viewing added complexity to the interface [27]. Fitocracy may
appear to have a more balanced collection of features than the
other social networks by lacking just 1 item from each of the 3
categories (activity creation customization, real-time messaging,
and filtering preferences), but among these missing features is
the ability to create events that engage and connect people in
their physical community. Fitocracy may not be able to sustain
user commitment to regular physical activity as effectively
without this option. Although it may not be impossible for users
to meet with one another offline, it would be much more difficult
for them to do so through the site.

Existing research has demonstrated both modest and significant
gains in physical activity and health through the use of physical
activity social network interventions [25,28-31]. Our study
addresses the larger movement of catalyzing behavior change
through online technologies and the need for scientific evidence.
Although there exists no one-size-fits-all solution to combating
physical inactivity today, the possibility of creating a scalable,
low-cost, and universally accessible intervention now exists.
Online social networks have already demonstrated effective
behavior change in the areas of smoking cessation and safe sex
practices [32]. Studies have shown that participants with access
to an interactive computer program were likely to achieve higher
smoking cessation rates [32]. Furthermore, study participants
who used the program accompanied by a stop smoking forum
were even more likely to retain progress than those with a less
complete program [32]. An additional feasibility study has
indicated that minimal contact/self-help interventions have
yielded a 20.7% rate in 7-day cessation, and a 75% increase in
participants’ reported intention to quit smoking [33]. What once
required resource-intensive clinical management or elaborate
public health strategy now may be possible with more simple
technological aids.

Strengths and Limitations
There are limitations to this work that are worth noting. First,
we only evaluated websites that aimed to connect its users both
online and face-to-face. We acknowledge that there are many
ways to increase social support for physical activity without
having to connect face-to-face, but these sites were not the focus
of this descriptive work. Additionally, given our exclusion of
certain networks from this analysis, we are limited in our ability
to describe features for mobile apps that are not Web-based (eg,
LoseIt!) or are sensor-driven networks (eg, Fitbit). Lastly,
because of the descriptive nature of this work we are able to
comment on the characteristics of sites, but are unable to
comment on which of these characteristics actually engage users
in physical activity. In principle, we analyzed features of
websites rather than the effects of these sites on health. There
are also several strengths of this work. First, these results may
help guide health professionals faced with patients looking for
online social support for their physical activity efforts.
Additionally, it provides a snapshot of existing features of sites
that aim to connect individuals both online and face-to-face for
physical activity. Lastly, we generate hypotheses about what
features of the online social networks reviewed might be helpful
in initiation and maintenance of physical activity.

Clinical Implications
Previous studies suggest that online social networks are good
platforms for intervention delivery especially among young
adults [34,35]. There is evidence that features such as tailored
content and goal setting assists in promoting the effectiveness
of physical activity interventions [36]. Further, it has been
hypothesized that interventions may yield more favorable
outcomes with the use of advanced features, such as automated
dialog and more personalized forms of communicating
information [37]. Participant dropout from physical activity
intervention programs has been a notable problem in this area
of research [38]. Certain features, such as email reminders,
supervision and contact through texting, and regularly updated
content, might be harnessed to help with adherence [39].

A major concern in this quickly growing area of research is the
extent to which technological creation is quickly outpacing
scientific evidence. Online services are adopted at a blazing
pace. For example, SparkPeople and RunKeeper were used by
over 15 million and 23 million users, respectively [5,6].

Moving Forward
The objective of this descriptive analysis was to characterize
the existing features of sites in play that connect users with
physical activity partners both online and face-to-face. In
principle, this analysis allows us to generate hypotheses about
why certain sites may help individuals initiate or maintain
physical activity behaviors, but it does not provide information
on the effect of these sites on physical activity or health. Moving
forward, research is needed to evaluate the impact of these
features on physical activity given the need for empirical
foundations for the continued use or elimination of features.
Currently, viral word-of-mouth and popularity impacts adoption
[40,41], whereas ideally this would be driven by data. The use
of a site’s popularity to increase user adoption is a precarious
path for those looking for genuine evidence-based health care
interventions because popular programs (eg, video games) have
been shown to be ineffective in promoting physical activity
[42].

We found that the distribution of features on each site varied
widely, with no single site including 100% of the features we
reviewed. Although it is not necessary to include every feature
to be effective in promoting physical activity, as a next step, it
is worth generating evidence about which features are most
important to users and which features are most effective in
promoting physical activity. It has been suggested that online
social networks makes forming groups easier than it has even
been, that there can be either positive or negative effects of the
easy collaborative nature of online social networks, and that a
that a critical mass of individuals is required for social networks
to be useful [43-45]. Moving forward, we suggest additional
research to explore several hypotheses. For example, we would
hypothesize that features such as communication, activity
optimization, and sophistication might be key contributors to
behavior change. We would also hypothesize that if sites had
more engaging user interfaces, including easier navigation,
simpler layouts, and refined esthetics, there would be greater
initiation of use and physical activity. Lastly, we would
hypothesize that the features we identified could potentially be
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used to overcome the challenge of requiring a critical mass of
individuals for social network sites to be useful. Although it is
promising to see the development and availability of public
physical activity social networks, research is needed that
includes other networks, such as those that are Web-based or

sensor-driven, as well as research that discerns which tools can
offer meaningful behavioral impact and guide effective public
health policy and clinical counseling. Many questions remain
around how users utilize these services and how helpful they
truly are.
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Abstract

Background: Although in its infancy, the field of e-mental health interventions has been gaining popularity and afforded
considerable research attention. However, there are many gaps in the research. One such gap is in the area of attrition predictors
at various stages of assessment and treatment delivery.

Objective: This exploratory study applied univariate and multivariate analysis to a large dataset provided by the Anxiety Online
(now called Mental Health Online) system to identify predictors of attrition in treatment commencers and in those who formally
withdrew during treatment based on 24 pretreatment demographic and personal variables and one clinical measure.

Methods: Participants were assessed using a complex online algorithm that resulted in primary and secondary diagnoses in
accordance with the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR). Those
who received a primary or secondary diagnosis of 1 of 5 anxiety disorders (generalized anxiety disorder, social anxiety disorder,
obsessive-compulsive disorder, posttraumatic stress disorder, and panic disorder) were offered an online 12-week disorder-specific
treatment program.

Results: Of 9394 potential participants, a total of 3880 clients enrolled and 5514 did not enroll in one of the treatment programs
following the completion of pretreatment assessment measures (pretreatment attrition rate: 58.70%). A total of 3199 individuals
did not formally withdraw from the 12-week treatment cycle, whereas 142 individuals formally dropped out (formal withdrawal
during treatment dropout rate of 4.25%). The treatment commencers differed significantly (P<.001-.03) from the noncommencers
on several variables (reason for registering, mental health concerns, postsecondary education, where first heard about Anxiety
Online, Kessler-6 score, stage of change, quality of life, relationship status, preferred method of learning, and smoking status).
Those who formally withdrew during treatment differed significantly (P=.002-.03) from those who did not formally withdraw
in that they were less likely to express concerns about anxiety, stress, and depression; to rate their quality of life as very poor,
poor, or good; to report adequate level of social support; and to report readiness to make or were in the process of making changes.

Conclusions: This exploratory study identified predictors of pretreatment attrition and formal withdrawal during treatment
dropouts for the Anxiety Online program.

Trial Registration: Australian and New Zealand Clinical Trials Registry ACTRN121611000704998;
http://www.anzctr.org.au/trial_view.aspx?ID=336143 (Archived by WebCite at http://www.webcitation.org/618r3wvOG).
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Introduction

Although e-mental health interventions for the treatment of
anxiety disorders have been shown to be effective [1-6] and
increasing in popularity [7,8], research tends to be limited by
high rates of attrition [8-10] and small to moderate sample sizes
reported by most trials (see [11]). In addition, there appears to
be little consensus regarding how attrition is defined in the
literature. This lack of consensus is largely a result of each
program offering different numbers of treatment modules and
each study setting a different minimum number of treatment
modules (or sessions) before a participant is considered a
completer of a treatment program. Despite high rates of attrition,
the majority of research published to date includes little or no
analysis of relationships between demographic variables and
attrition.

Attrition rates for e-mental health programs vary according to
definition and treatment variables. Researchers report attrition
rates for e-mental health treatment programs for anxiety or
depression ranging from as high as 99% to as low as 1% [10-14]
with the majority reporting attrition rates ranging between 20%
and 40%. In a review of the effectiveness of e-mental health
treatment programs for panic disorder, attrition rates for online
therapy ranged between 4% and 36% [15]. Along similar lines,
a recent examination of the efficacy of e-mental health programs
for major depression, panic disorder, social phobia, and
generalized anxiety disorder using a meta-analysis of 22 studies,
revealed a range of 48% to 100% with a median of 80% of
participants who began computerized cognitive behavioral
therapy (CBT) completed all stages of their program [12].

Attrition appears to be greater in studies of Internet-based
treatment that are open to the general public [16] and online
therapy in which there is no therapist involvement [17,18] than
in studies dealing with in-clinic samples and online samples in
which assessors and therapists are involved. For instance, a
study examining the usage and effectiveness of freely available,
nontherapist-assisted, Internet-based CBT for panic disorder
reported a very high attrition rate, with only 12 of 1161
registered users completing the 12-week therapy program [10].
In a study examining symptom change in people with anxiety
and depression, the general public users completed significantly
fewer symptom assessments than trial participants; out of 19,607
general public users, 12,141 (61.9%) completed at least 1
symptom assessment and 3055 (15.6%) completed 2 or more
symptom assessments, whereas 157 of 182 (86.3%) trial
participants completed at least 1 symptom assessment and 121
(66.5%) completed 2 or more symptom assessments [9].
Although demographic variables were collected, not many of
these studies examined these variables in relation to attrition.

In clinical practice, attrition rates for the treatment of anxiety
disorders vary by treatment setting and definition with a range
from 10% to 60% [19-21]. Although females and older people

are linked to greater participation [22], patients with milder
anxiety disorder-specific symptoms, patients with higher levels
of physical disability, women [23], and patients with a comorbid
diagnosis [24], greater age and lower income [25], and lower
level of education [26] have been linked to greater dropout rates.
However, other researchers have reported no significant effect
for all or some of these aforementioned variables [23,27-29].
Pretreatment attrition in clinic-based samples is typically higher
than during treatment attrition [22,30], with more severe
comorbid depressive symptoms and the presence of at least 1
or more children shown to be significant predictors of
pretreatment attrition [23]. On the other hand, years of
education, race, age, and employment status were significant
predictors of attendance at the initial interview for treatment
[31].

In summary, attrition rates have been reported for a large variety
of treatment programs. It appears that attrition rates in both
online and clinic-based samples are affected by treatment and
demographic variables and tend to vary considerably depending
on how attrition is defined. Although data on attrition rates for
online and clinic-based treatment are widely available, research
regarding the relationship between demographic variables and
attrition for individuals participating in e-mental health treatment
programs is inconclusive. Although more data are available
regarding the demographic variables associated with attrition
in clinic-based samples, the research that is available is
inconclusive.

In this exploratory study, pretreatment attrition and formal
withdrawal during treatment and their predictors are examined
using data from the Anxiety Online platform. Because we have
the number of participants who formally withdrew during
treatment only and do not have data on how many modules each
participant completed, this necessitated a different approach
from the one outlined in the literature. To avoid any confusion,
we elected to use the terms “formal withdrawal during
treatment” rather than attrition and “no formal withdrawal during
treatment” rather than completion.

Anxiety Online is funded by the Australian Federal Government
and is operated through the National eTherapy Centre at
Swinburne University of Technology. This open access online
service provides online assessment, including diagnosis of 21
mental health disorders in accordance with the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision (DSM-IV-TR), and self-guided and therapist-assisted
treatment programs for the 5 anxiety disorders ([32]; Figure 1).
It should be noted that the Anxiety Online platform was
upgraded in September 2013 and now uses the name Mental
Health Online [32].

This paper reports on one clinical measure and 24 demographic
variables that are potentially associated with pretreatment
attrition and formal withdrawal during treatment, in an effort
to identify individuals who are likely to refuse treatment and
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individuals who formally withdraw from treatment prematurely.
This is rather useful because identifying the characteristics that
are more likely to lead to attrition and formally dropping out of
treatment would make it possible to change aspects of the
program to make it more engaging for these particular subgroups

via tailoring and personalizing. In the absence of clear indicators
as to the direction of associations between pretreatment attrition
and formal withdrawal during treatment and demographic
variables, the null hypothesis for all associations shall be
assumed.

Figure 1. Homepage of Anxiety Online.

Methods

Procedure
The Anxiety Online (now called Mental Health Online) platform
consists of 4 centers: psychoeducational, assessment, treatment,
and training. The psychoeducational center is a website that
provides psychoeducational information about prevalence,
symptoms, and treatments of anxiety disorders as well as links
to useful resources. The assessment center contains the
electronic psychological assessment screening system (e-PASS).
The treatment center provides and manages the 5 anxiety
treatment programs. The training center provides the eTherapist
training programs and a health care practitioner portal. The
online psychological assessment and referral program, e-PASS,
includes a variety of demographic and personal questions,
including the Kessler-6 measure of psychological distress, as
well as the online diagnostic program. Individuals can access
the Anxiety Online service from anywhere in the world provided
they have an Internet connection. People complete the e-PASS
if they want a psychological assessment and/or if they are
interested in online treatment. Based on an individual’s response
to some of the e-PASS questions, a person may be given a
primary diagnosis and/or multiple secondary diagnoses. Those
adults (18 years old or older) diagnosed with panic disorder,
social anxiety disorder, generalized anxiety disorder,
posttraumatic stress disorder, or obsessive-compulsive disorder
are offered a 12-week self-guided or therapist-assisted treatment
program (the therapist-assisted program is only available to
Australian residents). To accommodate a formal withdrawal
during treatment, an opt-out button within each account is
provided. When this button is pressed, participants are asked
whether they would like to complete the exit survey (8 questions

about why they are withdrawing). Following the 12-week
treatment cycle, patients are asked to complete e-PASS again.
The posttreatment questions are essentially the same as the
pretreatment questions. Patients are also encouraged to complete
e-PASS at yearly intervals for 5 years following treatment
program cycle completion (see [14] for more details). Those
who wanted to undertake the e-PASS were first required to
register and consent to the Anxiety Online terms and conditions
[32]. The procedures for collecting and reporting of the Anxiety
Online data were approved by the Swinburne University Human
Research Ethics Committee. From the time of its launch to the
public in October 2009 until January 2012, the e-PASS program
had been accessed by 10,745 people.

Online Questions/Questionnaire: Self-Report
As shown in Multimedia Appendix 1, a total of 24 demographic
and personal questions and 2 items that screen for suicide risk
and psychosis made up the questionnaire that preceded the
online diagnostic program. After completing the questionnaire,
the person then completed the online diagnostic program, which
consisted of many questions and measures, including the
commonly used Kessler-6 [33] for clinical assessment of mental
health.

The Kessler-6 consists of 6 items measured on a 5-point Likert
scale, measuring nonspecific psychological distress over the
past 30 days. Normative data indicate that 71.7% of the
population report low distress scores of 6-11, 16.6% of the
population report moderate distress scores of 12-15, 7.16% of
the population report high distress scores of 16-19, whereas
2.5% of the population report very high distress scores of 20-30
[33,34].
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Participants
As shown in Figure 2, a total of 10,745 individuals completed
the pretreatment assessment phase between October 2009 and
January 2012. Some of those individuals were younger than 18
years (n=202) and some were professionals (n=45) who were
exploring the assessment instrument. These 247 individuals
were removed from the data leaving 10,498 valid completers
of the e-PASS program. In addition, 249 individuals did not
receive an e-PASS diagnosis and another 855 individuals who
did not receive a diagnosis of any anxiety disorders were also
removed from the dataset. This left 4771 (50.79%) with a
primary diagnosis and 4623 (49.21%) with a secondary
diagnosis of at least one of the anxiety disorders, for a total of
9394 e-PASS completers. All 9394 were offered a treatment
program, although it was recommended that those with a
primary diagnosis other than anxiety should seek help elsewhere.
A total of 3880 (41.30%) individuals accepted and commenced
a 12-week online treatment cycle, including 105 patients who
selected the therapist-assisted path; 5514 individuals did not
accept the offer of an anxiety treatment program. Of those who
commenced treatment, 2321 (59.82%) had one of the anxiety
disorders as their primary diagnosis, whereas 1559 (40.18%)
had at least one anxiety disorder as their secondary diagnosis.
Of those who did not commence treatment, 2450 (44.43%) had
one of the anxiety disorders as their primary diagnosis, whereas

3064 (55.57%) had at least one anxiety disorder as their
secondary diagnosis. The first part of the analysis in this study
investigates the differences between the treatment commencers
and those who choose not to start 1 of the 5 anxiety disorder
treatment programs in terms of the pretreatment assessment
variables described in Multimedia Appendix 1.

We considered treatment nonacceptance as pretreatment attrition
in this study. At the time of analysis, there were 539 individuals
still undergoing treatment; therefore, 3341 individuals either
had or had not formally withdrawn from the 12-week treatment
cycle. A total of 3199 individuals did not formally withdraw
from their treatment program cycle, whereas 142 individuals
formally withdrew during their treatment program cycle. Those
who did not formally withdraw from the treatment cycle
consisted of 1005 (31.42%) males aged between 18 and 78 years
with a mean age of 38.43 (SD 12.23) years, and 2194 (68.58%)
females aged between 18 and 81 years with a mean age of 35.81
(SD 11.87) years. The second part of the analysis investigates
the differences between those who did not formally withdraw
during treatment in comparison to those who did formally
withdraw on the basis of pretreatment assessment measures.
We defined the formal withdrawal during treatment rate as the
proportion of individuals who formally withdrew from their
treatment cycle relative to the total number of individuals who
commenced the treatment program cycle.
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Figure 2. Recruitment and enrollment rate of participants to Anxiety Online (AO) website.

Analysis
The same method of analysis was used for analyzing
pretreatment attrition and formal withdrawal during treatment.
The initial univariate analyses used chi-square tests of
association to determine which of the previously described
variables have a significant relationship with attrition. A
multivariate analysis was used to confirm the univariate results.
Multivariate binary logistic regression analyses were performed
with a forward selection approach used to identify the most
important predictor variables. The final model, using only the
most important predictor variables, was evaluated using a
Hosmer-Lemeshow test. All analyses were conducted using
SPSS version 20 (IBM Corp, Armonk, NY, USA).

Results

Pretreatment Attrition (Profile of Treatment
Commencers)
In this study, there were 9394 individuals with a valid
pretreatment e-PASS assessment who were offered a 12-week
Anxiety Online treatment program. Only 3880 of these
individuals actually commenced a treatment cycle, whereas
5514 individuals chose not to participate in any of the 5 Anxiety
Online treatment programs, yielding a pretreatment attrition
rate of 58.70% and a commencement rate of 41.30%.

As shown in Table 1, the chi-square tests of association showed
22 e-PASS pretreatment assessment variables were significantly
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associated with program commencement. Those who accepted
and commenced treatment tended to differ from those who did
not accept to enroll in the treatment program in several ways.
On average, it was more likely that the treatment commencers
had heard about the program through traditional media rather
than the Internet; were seeking online assistance with the
primary goal of finding a self-help program; were willing to
provide consumer feedback; were married; were living in
metropolitan areas; were employed full-time; had completed
grade 12 schooling; were postgraduates; were nonsmokers;

thought that they had adequate social support; rated their
self-confidence as good; rated their quality of life as good; were
prepared to take action or were in the process of making changes
to deal with their mental health issues; said that they learn by
reading; had lower pretreatment Kessler-6 scores; were slightly
older; and had expressed concerns about their anxiety symptoms,
but not about depression, eating disorders, or alcohol and
substance abuse. This last characteristic is to be expected
because individuals with a primary diagnosis other than anxiety
were advised to seek treatment elsewhere.
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Table 1. Predictor analysis for attrition categories for those who commenced treatment vs those who did not commence treatment (N=9394).

Test of associationAttrition categoriesVariables

PF 1,9392χ2 (df)
Commenced treatment
(n=3880)

Did not commence treat-
ment (n=5514)

.001134.4 (4)How did you hear about us?, n (%)

1694 (43.66)2712 (49.18)Internet

573 (14.77)781 (14.16)Health professional

272 (7.01)530 (9.61)Friend/family

878 (22.63)768 (13.93)Media

463 (11.93)723 (13.11)Other

.001657.8 (1)Reason for seeking online assistance, n (%)

2220 (57.22)1694 (30.72)To complete one of the self-help programs

.044.1 (1)1270 (32.73)1686 (30.58)Join research registry (yes), n (%)

.00122.8 (1)1932 (49.79)2444 (44.32)Provide consumer feedback (yes), n (%)

.00113.8 (1)Gender, n (%)

1232 (31.75)1555 (28.20)Male

2648 (68.25)3959 (71.80)Female

.00162.6 (6)Relationship status, n (%)

1389 (35.80)1599 (29.00)Married

1114 (28.71)1693 (30.70)Single

716 (18.45)1073 (19.46)Cohabiting

375 (9.66)669 (12.13)Not living together

217 (5.59)351 (6.37)Separated/divorced

23 (0.59)21 (0.38)Widowed

46 (1.19)108 (1.96)Other

.00128.3 (3)Setting, n (%)

2553 (65.80)3335 (60.48)Metropolitan

895 (23.07)1485 (26.93)Regional

398 (10.26)630 (11.43)Rural

34 (0.88)64 (1.16)Remote

.00419.4 (6)Employment status, n (%)

1611 (41.52)2121 (38.47)Employed full-time

930 (23.97)1359 (24.65)Employed part-time

280 (7.22)430 (7.80)Home duties

142 (3.66)223 (4.04)Disability support

396 (10.21)664 (12.04)Unemployed

101 (2.60)106 (1.92)Retired

420 (10.82)611 (11.08)Other

.00132.8 (5)Highest level of schooling, n (%)

37 (0.95)66 (1.20)None

24 (0.62)53 (0.96)Primary school

98 (2.53)157 (2.85)Secondary (grade 9)

343 (8.84)534 (9.68)Secondary (grade 10)

243 (6.26)490 (8.89)Secondary (grade 11)
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Test of associationAttrition categoriesVariables

PF 1,9392χ2 (df)
Commenced treatment
(n=3880)

Did not commence treat-
ment (n=5514)

3135 (80.80)4214 (76.42)Secondary (grade 12)

.001144.0 (6)Postsecondary, n (%)

492 (12.68)855 (15.51)None

155 (3.99)278 (5.04)Apprenticeship/trade

387 (9.97)754 (13.67)Certificate

395 (10.18)633 (11.48)Diploma

492 (12.68)869 (15.76)Undergraduate

840 (21.65)826 (14.98)Postgraduate

1119 (28.84)1299 (23.56)Other

.001314.2 (6)Mental health concern, n (%)

33 (0.85)73 (1.32)None

3040 (78.35)3445 (62.48)Anxiety

246 (6.34)465 (8.43)Stress

362 (9.33)885 (16.05)Depression

19 (0.49)74 (1.34)Substance abuse/alcohol

75 (1.93)378 (6.86)Eating

105 (2.71)194 (3.52)Other

.053.9 (1)1415 (36.47)2121 (38.47)Currently receiving mental health assistance (yes),
n (%)

.00212.5 (2)Number of doctor visits, n (%)

1690 (43.56)2310 (41.89)None

1732 (44.64)2416 (43.82)1-2 visits

458 (11.80)788 (14.29)3 or more

.00174.0 (1)632 (16.29)1300 (23.58)Do you smoke? (yes), n (%)

.00113.5 (1)1775 (45.75)2312 (41.93)Social support (yes), n (%)

.00137.6 (4)Self-confidence, n (%)

264 (6.80)511 (9.27)Very poor

997 (25.70)1577 (28.60)Poor

1460 (37.63)1990 (36.09)Neither

1008 (25.98)1239 (22.47)Good

151 (3.89)197 (3.57)Very good

.00128.7 (4)Quality of life, n (%)

126 (3.25)215 (3.90)Very poor

592 (15.26)1019 (18.48)Poor

1123 (28.94)1653 (29.98)Neither

1705 (43.94)2213 (40.13)Good

334 (8.61)414 (7.51)Very good

.00184.9 (4)Making changes, n (%)

23 (0.59)79 (1.43)Not interested

199 (5.13)533 (9.67)Neither

2089 (53.84)2808 (50.92)Prepared to take action
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Test of associationAttrition categoriesVariables

PF 1,9392χ2 (df)
Commenced treatment
(n=3880)

Did not commence treat-
ment (n=5514)

1118 (28.81)1440 (26.12)In process of making changes

451 (11.62)654 (11.86)Relapse

.00131.1 (3)How do you best learn?, n (%)

222 (5.72)361 (6.55)Hearing

1164 (30.00)1371 (24.86)Reading

707 (18.22)1065 (19.31)Looking

1787 (46.06)2717 (49.27)Doing

.001212.8616.89 (4.84)18.35 (4.73)Pre-Kessler-6 (total score), mean (SD)

.00177.3036.43 (12.07)34.23 (11.90)Age (years), mean (SD)

As shown in Table 2, the final binary logistic regression with
forward selection of predictors for pretreatment attrition
contained 10 significant predictors. The Hosmer-Lemeshow
goodness-of-fit test indicated an adequate model fit. When
statistically controlling for the other variables in the model, we
found significant odds ratios for the predictors reason, mental
health concerns, postsecondary education, where first heard
about Anxiety Online, pre-Kessler-6 score, stage of change,
quality of life, relationship status, preferred method of learning,
and smoking. We should note here that the same 10 predictors
were also found to be significantly associated with pretreatment
attrition using chi-square tests as shown in Table 1.

The odds ratios for enrolling in an Anxiety Online treatment
program cycle in order of significance were: 2.9 times higher
for individuals who gave “seeking to use one of the online
self-help programs” as a reason for joining the program relative
to all other reasons; 0.7 times as great for those who expressed
concerns about eating and weight issues as for those who
reported “none” for concerns; 1.29 times higher for those who

completed undergraduate degrees and 0.81 times as great for
those who hold other certificates as for those who reported
having no postsecondary education; 1.35 times higher for those
who heard about Anxiety Online from the traditional media
relative to all other sources that are not listed in Table 3; 3%
reduction in likelihood for each additional point an individual
scored on the Kessler-6 total score; 2.16, 2.21, and 2.29 times
higher for those who were prepared to make changes, reporting
that they were already making changes, and who reported being
in relapse and seeking further assistance, respectively, relative
to those who were disinterested or indifferent; 1.92, 1.35, and
1.26 times higher for those who rated their quality of life as
very poor, poor, and neither poor or good, respectively, relative
to those who gave a rating of very good; 1.55 and 1.53 times
higher for married and single individuals, respectively, relative
to those reporting some other relationship status not listed in
Table 3; 1.18 times higher for those indicating that they learn
best by reading relative to those who said they learn best by
doing; and finally, 1.19 times higher for those who identified
themselves as nonsmokers relative to smokers.
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Table 2. Binary logistic regression model for pretreatment attrition.

95% CIORPdfWaldVariables

.001434.59Heard (reference group: other sources)

0.85-1.130.98.7910.07Surfing the net

0.86-1.221.03.7810.08Health professional

0.67-1.010.83.0613.48Friend or family

1.14-1.591.35.001112.65Media

2.65-3.182.90.0011514.46Reason (online self-help)(reference group: other reasons)

.02615.27Relationship status (reference group: other relationship status)

1.05-2.271.55.0314.94Married

1.04-2.251.53.0314.65Single

0.96-2.101.42.0813.13Cohabiting

0.83-1.841.24.3011.07Not living together

0.86-1.971.30.2211.52Separated/divorce and not in relationship

0.92-3.951.91.0813.00Widowed and not in relationship

.001643.14Postsecondary education (reference group: none)

0.65-1.060.83.1312.28Apprenticeship/trade certificate

0.68-0.970.81.0215.45Other certificates

0.79-1.130.94.5310.39Diploma

0.80-1.130.96.6010.28Current undergraduate

1.10-1.521.29.00219.47Completed undergraduate

1.00-1.3481.16.0513.74Postgraduate degree

.0016201.96Mental health concerns (reference group: none)

0.88-2.141.37.1711.92Anxiety

0.53-1.370.85.5110.44Stress

0.49-1.230.78.2811.15Depression

0.26-1.020.51.0613.68Substance/alcohol abuse

0.18-0.500.30.001121.30Eating/weight issues

0.65-1.821.09.7510.11Other

1.06-1.341.19.00418.47Smoke (nonsmoking) (reference group: smoking)

.001421.72Quality of life (reference group: very good)

1.40-2.631.92.001116.64Very poor

1.09-1.671.35.00617.47Poor

1.05-1.521.26.0215.83Neither poor or good

0.93-1.311.10.2711.20Good

.001422.89Making changes (reference group: disinterested or indifferent)

0.92-2.621.55.1012.66Neither here nor there

1.31-3.582.16.00319.02Prepared to take action

1.33-3.672.21.00219.36Already in the process of making changes

1.36-3.852.29.00219.79Relapsed and looking for additional assistance

.02310.35Learning (reference group: doing)

0.80-1.170.97.7310.12By hearing

1.06-1.341.18.00219.36By reading

0.94-1.201.06.3510.87By looking/watching
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95% CIORPdfWaldVariables

0.95-0.980.97.001130.01Pre-Kessler-6

0.29.001110.35Constant
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Table 3. Predictor analysis for categories for formal treatment cycle withdrawal.

Test of associationCategoriesVariables

PF 1,3339χ2 (df)
Formal treatment
dropouts (n=142)

Not formally withdrawn
from treatment (n=3199)

.059.4 (4)How did you hear about us?, n (%)

71 (50.0)1344 (42.01)Internet

19 (13.4)475 (14.85)Heath professional

15 (10.6)227 (7.10)Friend/family

28 (19.7)761 (23.79)Media

9 (6.3)392 (12.25)Other

.191.8 (1)Reason for seeking online assistance

.910.0 (1)Join research registry

.630.9 (1)Provide consumer feedback

.780.1 (1)Gender

.870.7 (3)Relationship status

.085.1 (2)Setting

.234.3 (3)Employment status

.910.5 (3)Highest level of schooling

.902.2 (6)Postsecondary

.00911.7 (3)Mental health concern, n (%)

103 (72.5)2510 (78.46)Anxiety

8 (5.6)204 (6.38)Stress

13 (9.2)302 (9.44)Depression

18 (12.7)183 (5.72)Other

.820.1 (1)Currently receiving mental health assistance

.610.3 (1)Have you accessed mental health in last 12 months

.850.0 (1)Have you ever accessed mental health

.800.1 (1)Any diagnosed physical health condition

.890.2 (2)Doctor visit

.790.1 (1)Do you smoke?

.142.2 (1)Do you drink alcohol?

.053.8 (1)54 (38.0)1482 (46.33)Adequate social support (yes), n (%)

.712.2 (4)Self-confidence

.224.5 (3)Quality of life

.038.9 (3)Making changes (change), n (%)

15 (10.6)171 (5.35)Not matter

73 (51.4)1722 (53.83)Prepared

34 (23.9)936 (29.26)Already

20 (14.1)370 (11.57)relapse

.731.3 (3)How do you best learn?

.840.04Age in years

.920.01Kessler-6 (total scores)
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Formal Withdrawal During Treatment (Predictors of
Formal Dropouts)
There were 3880 individuals who commenced a 12-week
Anxiety Online treatment program cycle. The number of
individuals still undergoing treatment at the time of this analysis
was 539; therefore, 3341 individuals were included in the
analysis. A total of 142 individuals formally withdrew from
their Anxiety Online treatment program cycle; therefore, 3199
individuals did not formally withdraw and potentially completed
some or all of a 12-week treatment program cycle. The formal
withdrawal during treatment rate was defined as the number of
individuals who formally withdrew from their treatment program
cycle in relation to the total number of individuals who
commenced treatment. The formal withdrawal during treatment
rate was 4.25% (142/3341) with 95.75% (3199/3341) not
formally withdrawing during treatment. It is important to note
that this rate is an underestimate of the true attrition because it
relies exclusively on those who formally withdrew from the
treatment program.

As shown in Table 3, the chi-square tests of association showed
2 pretreatment variables, mental health concerns and stages of
change, were significantly associated with those who formally
dropped out of treatment. Those who formally withdrew from
the Anxiety Online treatment program cycle were, on average,
less likely to express concern about anxiety and were less
prepared to make changes in their lives to deal with their
conditions than those who did not formally withdraw from
treatment.

To simplify the interpretation of the odds ratios, we have
reported the odds for not formally withdrawing from the
treatment program. As shown in Table 4, the final binary logistic
regression with forward selection of predictors for not formally
dropping out of the treatment program contained 4 significant
predictors. When statistically controlling for the other variables
in the model, we found significant odds ratios for the predictors
mental health concerns, adequate social support, quality of life,
and stages of change. The Hosmer-Lemeshow goodness-of-fit
test indicated an adequate model fit.

The odds of not formally dropping out of the Anxiety Online
treatment program cycle in order of significance were: 2.34,
2.59, and 2.30 times higher for those who expressed concerns
over anxiety, stress, and depression, respectively, relative to
those who expressed concerns over other mental health issues;
2.62, 2.13, and 1.87 times higher for those who rated their
quality of life as very poor/poor, neither poor or good, and good
relative to those who gave a rating of very good; 1.70 times
higher for those who reported having adequate level of social
support; and 1.96 and 2.32 times for those who were prepared
to make changes and those reporting that they were already
making changes, respectively, relative to those who were
disinterested or indifferent. Conversely, these odds ratios suggest
that in general the likelihood of formally withdrawing from the
treatment programs decreased for those who expressed concerns
over anxiety, stress, and depression; viewed their quality of life
as very poor/poor, neither good or poor, and good; reported
adequate level of social support; and were already making
changes or prepared to make changes.

Table 4. Binary logistic regression model for formal treatment withdrawal.

95% CIORPdfWaldVariables

.02310.28Mental health concern (reference group: other)

1.38-3.982.34.00219.83Anxiety

1.09-6.132.59.0314.65Stress

1.09-4.862.30.0314.75Depression

1.16-2.491.70.00717.38Social support (adequate)(reference group: not adequate)

.0438.38Quality of life (reference group: very good)

1.33-5.152.62.00517.74Very poor and poor

1.16-3.892.13.0116.02Neither poor or good

1.08-3.241.87.0314.98Good

.0537.66Making changes (reference group: disinterested or in-
different)

1.09-3.531.96.0215.07Prepared to take action

1.23-4.382.32.0116.70Already making changes

0.75-3.051.51.2511.33Relapsed and looking for additional assistance

2.28.0613.58Constant

Discussion

In this study, pretreatment attrition was defined as not accepting
1 of 5 Anxiety Online treatment programs, whereas formal
withdrawal during treatment was defined simply as those who

formally withdrew from their 12-week Anxiety Online treatment
program cycle. The purpose of this study was to identify
predictors of pretreatment attrition and predictors of those who
formally withdrew or, conversely, those who did not formally
withdraw from the treatment program cycle.
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The results showed that the Anxiety Online program was found
to have a pretreatment attrition rate of 58.7%. There are few
studies that have reported pretreatment attrition for online or
face-to-face treatment. Only 1 study reported a higher
pretreatment attrition rate of 85% for individuals with social
anxiety [31], whereas 2 studies reported approximately half the
pretreatment attrition value of this study: Richards and Borglin
[30] for a study on anxiety and depression reported a
pretreatment attrition of 27% and Issakidis and Andrews [23]
for a study on anxiety disorders reported a pretreatment attrition
of 30.4%. Our higher pretreatment attrition may be because of
the fact that Anxiety Online is an e-mental health service,
whereas the other 2 studies were face-to-face clinic-based
services. This is not surprising because public e-mental health
treatment services tend to have higher treatment attrition rates
[16-18].

The Anxiety Online treatment programs were found to have a
during-treatment formal withdrawal rate of 4.3% (defined by
those participants who formally dropped out of a program after
commencement). This low rate could be related to our
too-inclusive approach. The fact that we used those who did
not formally withdraw during the 12-week treatment cycle may
account for this low attrition rate. We do not have the data to
show whether or not those who did not formally withdraw
accessed all 12 modules, but we do know that they did not
formally withdraw during the 12-week treatment cycle. It is
possible that all patients who did not formally withdraw
completed all 12 treatment modules, but it is equally possible
that they did not work through all the modules. Therefore,
further studies on the Anxiety Online data are required when
module completion data becomes available. It should be
emphasized that the diversity of attrition definitions in general
and the approach we used in this work make any comparison
of attrition rates problematic.

In this study, 24 demographic variables and one clinical measure
of psychological distress were used to predict pretreatment
attrition variables and formal withdrawal from treatment
variables. Chi-square tests of association and binary logistic
regression were used to relate these variables to pretreatment
and during-treatment formal withdrawal. Results showed that
the likelihood of enrolling in one of the Anxiety Online
treatment programs increased for those who were seeking to
use one of the self-help treatment programs; had an
undergraduate degree; heard about the program via traditional
media sources; were prepared to make changes, already making
changes, or in relapse and looking for additional assistance;
rated their quality of life as very poor, poor, or neutral rather
than very good; married or single; reported learning best by
reading; and those who identified themselves as nonsmokers.
In general, these results should be expected. People who are
seeking online self-help are likely to accept online treatment.
If we extend the recent findings by Dahlstrom [35] and Edwards
[36] that most undergraduates are comfortable with various
communication technologies and favor the use of virtual
communication in their education, then it is not surprising that
the probability of enrolling in the online treatment program was
greater for those who held undergraduate degrees; those who
hold undergraduate degrees are likely to be more familiar and

comfortable with the technology. It is not surprising that
individuals who are prepared to or are making changes would
enroll in treatment programs. The less people thought that their
quality of life was good, the more likely they were to accept
treatment. People who think they have a very good quality of
life, regardless of mental health concerns, perhaps do not believe
that treatment would further improve their lives. Because the
Anxiety Online service is online and largely text-based, it is
logical to find that the probability of enrolling in a treatment
program increases for those who learn best by reading.

The odds of enrolling in the treatment program decreased for
those who expressed concerns over eating and weight issues,
probably because individuals with these problems presenting
as their primary disorder were advised to find help elsewhere.
Finally, those who reported greater psychological distress as
measured by the Kessler-6 were less likely to accept the offer
to enroll in the treatment program, probably because patients
with higher scores may have felt too overwhelmed to commence
treatment at this stage and may have opted for face-to-face
treatment instead. Finally, it should be noted that some people
who completed the e-PASS measures were not interested or
ready to start treatment; rather, they just wanted an assessment.

On the other hand, results showed that the odds of formally
withdrawing from treatment increased for those who did not
express concerns about anxiety, stress, and depression; decreased
for those who rated their quality of life as less than very good;
decreased for those who reported having an adequate level of
social support; and decreased for those who were prepared to
make changes or were already making changes to improve their
mental health. Participants who commenced the online anxiety
treatment cycle would have received one of the anxiety disorder
diagnoses as either a primary or secondary diagnosis. As such,
it makes sense that those who expressed concerns about
symptoms (anxiety, stress, and depression) that were congruent
with their diagnoses would more likely not formally withdraw
from the treatment cycle than those who expressed concerns
about other issues that were not congruent with their diagnoses.
That is, those who were less concerned about symptoms of
anxiety, stress, and depression were more likely to formally
drop out. Individuals who reported adequate social support were
more likely not to formally withdraw from the program, perhaps
because their social support resources provided a good safety
net during times of stress. Moreover, such people may be more
likely to have a positive outlook on life and perhaps greater
potential for change.

As was the case in the pretreatment attrition predictors,
individuals who perceived their quality of life as less than very
good and who were willing or in the process of making changes
were more likely not to formally withdraw from their treatment
cycle. Individuals who reported a very good quality of life were
more likely to formally withdraw from treatment. This is
probably because participants who perceived their quality of
life as very good were unlikely to think that treatment could
further improve the quality of their lives. Finally, part of any
treatment program is to make changes in one’s life; therefore,
it is understandable why those who were not in the process of
making or were unprepared to make changes were more likely
to formally withdraw from their treatment program cycle.
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Comparison of attrition rates between studies is problematic
for 3 reasons. Firstly, definitions of attrition vary between
studies. For example, the definition of treatment attrition in the
literature varies from dropping out after one treatment session
to dropping out after several treatment sessions or, as in this
study, to those who formally withdraw during treatment.
Although it seems logical to define attrition as simply
noncompleters of a treatment program regardless of the number
of treatment modules (or sessions in some studies) attended, it
is often the case that only a few participants complete all
treatment modules or drop out without formally withdrawing
from treatment and, therefore, it becomes desirable to include
individuals who attend at least most modules in the completers
group. Moreover, some people may not need to complete all
the modules to acquire what they need to improve [37,38].
Secondly, the studies being compared may involve very different
treatments with very different durations of intervention. For
these reasons, comparisons with existing studies should be
approached with caution. The third problem with comparisons
of attrition studies relates to the paucity of such studies that
explain how attrition relates to demographic and treatment
factors.

Comparing the predictor variables found in this study with
previous findings is difficult because of the lack of studies on
predictors of pretreatment and formal withdrawal, during
treatment especially for online therapy, and the lack of
consensus regarding predictors of attrition. However, in general
our results are in agreement with Issakidid and Andrews [23]
in finding significant relationships between pretreatment attrition
and severity of symptoms. In relation to formal treatment
withdrawal, sex, age, income, educational level, and comorbidity
were not found to be significant predictors of formal withdrawal

during treatment, which is contrary to the findings of several
studies [22-26]. But these studies were conducted on clinical
samples receiving clinic-based face-to-face treatment rather
than e-mental health treatments and did not use our formal
withdrawal from treatment approach. Also, perhaps our group
of participants is more homogeneous in that the group is already
biased by virtue of selecting to engage in online therapy and
the group is likely to share the cluster of anxiety disorders. That
is, a group of this kind has more characteristics in common.
Consequently, formally dropping out of the treatment program
cycle by such a group may depend largely on only transient and
controllable attributes such as concern, or lack of concern, over
anxiety and depression, perception of quality of life, and
readiness, or lack of, to make changes, and characteristics of
the surroundings such as the availability of adequate social
support, rather than more permanent and less controllable
attributes.

Future research should examine the difference between the
characteristics of those who select online therapy and those who
prefer the more traditional method of face-to-face treatment. It
is likely that as a group, those who are more comfortable with
the technology and seek to do things online differ from those
who are less inclined to embrace technology on many attributes.
Future research should also examine the demographic profiles
of these 2 groups.

The lack of research and the inconsistent results on attrition
predictor variables is primarily because of the recency of online
therapy, the diversity of definitions of attrition, and the inclusion
or exclusion of a large number of potential predictor variables.
In the future and with the increase in e-mental health treatment,
more research on attrition and predictors of attrition specific to
online therapy is required.
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Abstract

Background: Older people suffering from frailty often receive fragmented chronic care from multiple professionals. According
to the literature, there is an urgent need for coordination of care.

Objective: The objective of this study was to investigate the effectiveness of an online health community (OHC) intervention
for older people with frailty aimed at facilitating multidisciplinary communication.

Methods: The design was a controlled before-after study with 12 months follow-up in 11 family practices in the eastern part
of the Netherlands. Participants consisted of frail older people living in the community requiring multidisciplinary (long-term)
care. The intervention used was the health and welfare portal (ZWIP): an OHC for frail elderly patients, their informal caregivers
and professionals. ZWIP contains a secure messaging system supplemented by a shared electronic health record. Primary outcomes
were scores on the Instrumental Activities of Daily Living scale (IADL), mental health, and social activity limitations.

Results: There were 290 patients in the intervention group and 392 in the control group. Of these, 76/290 (26.2%) in the
intervention group actively used ZWIP. After 12 months follow-up, we observed no significant improvement on primary patient
outcomes. ADL improved in the intervention group with a standardized score of 0.21 (P=.27); IADL improved with 0.50 points,
P=.64.

Conclusions: Only a small percentage of frail elderly people in the study intensively used ZWIP, our newly developed and
innovative eHealth tool. The use of this OHC did not significantly improve patient outcomes. This was most likely due to the
limited use of the OHC, and a relatively short follow-up time. Increasing actual use of eHealth intervention seems a precondition
for large-scale evaluation, and earlier adoption before frailty develops may improve later use and effectiveness of ZWIP.

(J Med Internet Res 2014;16(6):e156)   doi:10.2196/jmir.3057

KEYWORDS

eHealth; frail elderly; care coordination; chronic care

Introduction

Chronic care for frail older people is fragmented, with
involvement from a large and constantly changing group of
professionals who are frequently unaware that they provide care

to the same patient [1]. Such professionals include home care
professionals, general practitioners (GPs), clinicians,
physiotherapists, and case managers dedicated to long-term care
of the patients in the community. Frail elderly often suffer from
comorbidities, which results in care by multiple health care
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professionals [2]. Therefore lack of communication between
professionals leads to a fragmented and ineffective health care
delivery for frail elderly [3]. To reduce fragmentation and
promote continuity of care, better coordination and
communication between professionals and with patients is
necessary. Online health communities (OHCs) have been
recognized as an effective mechanism for supporting continuous
care for frail older people [4], allowing better coordination and
more efficient communication with patients and among
professionals. OHCs consist of Internet-based platforms that
unite groups of individuals with a shared goal or similar interest,
including both professionals and patients [5]. The main strength
of OHCs is that they allow communication between people who
would not have met each other otherwise [5]. Thus, OHCs are
particularly suited for improving the coordination of care for
frail elderly who have multiple professional caregivers. For this
purpose, we developed and evaluated the Health and Welfare
Information Portal (Zorg en Welzijns Informatie Portaal, ZWIP,
in Dutch) [1,6] on its effectiveness.

Methods

Intervention
ZWIP is an OHC [5] that aims to facilitate communication for
patients, their informal caregivers, and their professionals. ZWIP
contains a secure messaging system supplemented by a shared
electronic health record. All messages shared in a patient’s
ZWIP are visible for all users, thus stimulating involvement of
and discussion between patients and a team of health
professionals. All informal caregivers and health care
professionals have access to the electronic health record. To
ensure confidentiality, professionals can participate in a patient’s
personal care network in ZWIP only at the invitation of the
patient. Patients who were not able to manage their own ZWIP
account could appoint an informal caregiver to act on their
behalf. Figure 1 demonstrates the conceptual model underlying
ZWIP, and the video in Multimedia Appendix 1 illustrates the
use of ZWIP by a patient and an informal caregiver.

Figure 1. A conceptual model of the ZWIP.

Development and Implementation
The development of ZWIP and the process of implementation
have been described elsewhere [1,6]. In brief, ZWIP was
developed using intervention mapping [7], a stepwise approach
for the systematic development of interventions informed by
both evidence and theory [1]. Main steps of intervention
mapping for ZWIP were (1) needs assessment in frail elderly,
(2) developing program objectives, (3) selecting theory informed
intervention methods and strategies, (4) creating and pilot testing

program components, (5) planning program adoption and
implementation, and (6) planning for evaluation [1].
Theoretically, ZWIP was based on social cognitive theory [8],
with special attention paid to improving self-efficacy, the belief
people have in their ability to complete tasks and achieve
specific goals [9]. Following the steps of intervention mapping
and as suggested in the guideline on development and evaluation
of complex interventions [8], the ZWIP was piloted by 2 frail
elderly and 7 professionals, including one GP. Furthermore,
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newly developed elements of ZWIP were regularly piloted by
similar user panels.

To enhance implementation of the ZWIP, we used several
strategies for professionals such as a continuing medical
education (CME) accredited education program based on active
learning theory [10], direct experience, and modeling [1].
Additionally, drawing from organization theory, we installed a
telephonic helpdesk and provided e-coaching and financial
compensation to support the uptake of ZWIP by professionals
[7,11]. To facilitate the use of ZWIP among elderly patients, a
number of approaches were used: flyers were distributed in the
primary care centers, a hard-copy version of ZWIP was provided
in order for patients to familiarize themselves with ZWIP,
coaching on the use of ZWIP was made available, involvement
of informal caregivers was encouraged, and the GPs actively
advocated the use of ZWIP, thus drawing on modeling, guided
practice, and tailoring support for use of the intervention [1,6].
During the implementation phase, we designated one key person
in each family practice who coordinated implementation
activities and helped colleagues with questions [6].

Inclusion and Design
Between July 2010 and July 2011, frail older patients were
included in an observational, controlled before-after study with
12 months follow-up to investigate ZWIP’s effects on patient
outcomes. Participating primary care centers were recruited
from the university primary care network around the city of
Nijmegen, the Netherlands. These centers identified their frail
older people using the EASYcare Two-step Older person
Screening (TOS) instrument [12]. Therefore, both intervention
and control practices had to implement an identification scheme
and redesign care for their frail elderly. Interventions centers
were selected based on willingness to participate in ZWIP,
whereas control practices were selected from a separate project:
the EASYcare-TOS validation study [13]{van Kempen, 2013
#7718}. Frail status as determined by the EASYcare-TOS was
the only inclusion criterion for included patients. Patients in the
intervention group patients needed to agree to the creation of a
ZWIP account. No exclusion criteria were specified.

All measurements were performed by trained nurses in the
patients’ homes, using a face-to-face questionnaire at baseline
and at follow-up. The study was exempt from ethics review by
the local ethics committee because of its observational nature
and nonintrusive data collection. Nevertheless, oral informed
consent was obtained to analyze the data during data collection.

Outcomes
Primary outcomes were Activities of Daily Living (ADL) as
measured by the Katz index [14], combined ADL and
Instrumental Activities of Daily Living (IADL) as measured by
the Katz-15, a combined measure of the ADL and Lawton-index
[14,15], SF-36 mental health and social activity limitation
dimensions [16]. The Katz index consists of yes or no responses
on ADL items such as bathing or dressing. ADL scores range
from 0-6 with higher scores indicating higher dependency. The
Katz-15 consists of yes or no responses on ADL and additional
IADL items such as using the telephone and managing money
[14]. The Katz-15 scores range from 0-15 with higher scores

indicating more limitations. Both scales are established in the
literature and have adequate reliability and validity [17]. The
SF-36 mental health dimension, consisting of the following
subscales: happy, calm, blue, down, nervous scoring from 0-5
with higher numbers indicating a higher score. The scores were
summed into a summary score ranging from 0-100, with 100
indicating full mental health, and 0 low mental health [16]. To
assess differences in social activity limitations, the social activity
limitation item from the SF-36 was used [16]. This item
measures the frequency in which respondents experienced social
activity limitations due to health. The item used in this current
study is scored from 0 (none of the time) to 5 (all of the time).
The various SF-36 subscales have excellent reliability and
validity [17]. Secondary outcomes were several self-developed
scales of patient satisfaction and GPs’ subjective experience
with care coordination. Patient satisfaction items were scored
on a 5-point Likert scale ranging from 1 (way too little or way
too much) to 5 (optimal), similar to this article [18]. GP
experience with coordination of care was scored between 1
(uncoordinated) to 10 (optimal coordination). Important
covariates were measured including a frailty index based on the
accumulation of deficits concept [19,20]. The frailty index is
the number of deficits present divided by a total possible number
of deficits [2]. As such, the frailty index can account for all
kinds of health-related imbalances between the intervention and
control group and provides an accurate measure of individuals’
frailty.

Analysis
For comparing baseline characteristics, chi-square tests were
used to compare nominal variables, and t tests were used for
normally distributed continuous variables. Effects were
determined using linear mixed models within a highly efficient
analysis of covariance (ANCOVA) framework [21] to allow
for clustering within a primary care center. Adjustments were
made for frailty status and centered baseline status of the
outcome variable and additional covariates with baseline
imbalance. All analyses were performed with SAS 9.2.

Results

Overall, 290/622 (46.6%) of all frail persons identified within
11 practices participated in the intervention group. From 6
practices 392 frail older people participated in the control group.
At 12-month follow-up, in the intervention group 179/290
(61.7% of original) patients provided data at follow-up, versus
270/392 (68.8% of original) patients in the control group. At
baseline, participants in the intervention group were more likely
to have completed primary education only, have more informal
caregivers, and have higher complexity of care compared to the
participants in the control group. Further, participants in the
intervention groups also had a higher average frailty index score,
and GPs had lower experience with coordination of care (Table
1).

One quarter 45/117 (25%) of all patients in the intervention
group used ZWIP at least once a month during a period of 12
months. Controlling for frailty and other unbalanced baseline
characteristics, we found no significant differences in primary
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patient outcomes (Table 2). Change in coordination of care as reported by GPs improved in the control group.

Table 1. Demographic and care-related characteristics in the intervention and control group.

P valueaControl regular care,
n=270, n (%)

Intervention ZWIP,
n=179, n (%)

TotalCategoryDemographic and care-related characteristics

.45167 (61.8)117 (65.4)284FemaleSex, n (%)

.4981.32 (5.72)81.69 (5.38)449Age, mean (SD)

Education, n (%)

<.0137 (14.8)30 (19.1)67Primary or less than primary
education

216 (82.1)123 (76.5)339Secondary education

8 (3.1)7 (4.4)15University/tertiary education

Marital status, n (%)

.43116 (44.3)80 (45.2)196Married

21 (7.4)7 (3.4)28Divorced

120 (44.1)79 (44.3)199Widow/widower/partner de-
ceased

12 (4.2)12 (6.7)24Unmarried

<.01a106 (39.7)147 (82.6)253AvailableInformal caregiver, n (%)

.46144 (53.0)86 (50.3)230YesLiving independently, n (%)

Complexity of care, n (%)

<.01a51 (18.7)12 (6.8)63One professional

183 (67.4)128 (71.9)3112 or 3 professionals

36 (13.9)38 (21.3)74>3 professionals

.02a0.27 (0.07)0.29 (0.07)447Frailty index, mean (SD)

.781.73 (1.35)1.70 (1.22)447Multimorbidity, mean (SD)

<.01a6.76 (3.45)5.92 (2.36)449
GP experience with coordination of care
around the patient, mean (SD)

a2-sided chi-square for discrete and t tests for continuous variables.
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Table 2. Change in outcomes by 12 months application of the ZWIP Web-based tool for patient-professional and interprofessional communication.

P value

(mixed
model)

Standardized differ-
ence between study
groups

Control follow-upControl baselineIntervention ZWIP
follow-up

Intervention ZWIP
baseline

TotalVariable

mean, (95% CI)mean (95% CI)mean (95% CI)mean (95% CI)mean (95% CI)N

.270.21 (-0.17-0.59)1.02 (0.86-1.18)0.85 (0.72-0.98)1.35 (1.14-1.56)1.09 (0.91-1.27)442Katz ADL

.640.50 (-1.59-2.60)4.93 (4.58-5.28)4.24 (3.92-4.57)5.76 (5.32-6.21)5.08 (4.73-5.44)442Katz-15

.06-8.34 (-17.02-0.34)79.06 (77.36-80.75)76.27 (74.77-77.77)74.59 (72.83-76.36)76.30 (74.32-78.28)440SF-36 mental
health

.310.84 (-0.78-2.45)0.93 (0.79-1.08)0.87 (0.73-1.01)1.20 (1.01-1.39)1.44 (1.23-1.64)436SF-36 social

.58-0.25 (-0.99-0.49)4.77 (4.67-4.88)4.59 (4.44-4.75)4.78 (4.65-4.91)4.66 (4.50-4.83)303Patient experi-
ence with coordi-
nation of care

.640.16 (-0.40-0.71)4.73 (4.62-4.83)3.63 (3.54-3.72)4.86 (4.77-4.95)3.51 (3.41-3.61)399Patient experi-
ence with co-deci-
sion making

.080.36 (-1.28-1.99)3.33 (3.20-3.45)3.22 (3.08-3.36)3.59 (3.42-3.76)3.59 (3.42-3.75)414Patient prefer-
ences for influ-
ence

.08-0.68 (-1.44-0.08)3.68 (3.59-3.77)3.63 (3.54-3.72)3.57 (3.46-3.68)3.51 (3.41-3.61)432Patient knowl-
edge of providers
(health and so-
cial)

.260.38 (-0.29-1.06)4.72 (4.61-4.83)4.78 (4.67-4.88)4.87 (4.80-4.95)4.85 (4.76-4.93)386Patient experi-
ence with self-
management

.04-5.28 (-10.64-0.07)8.18 (7.94-8.42)6.76 (6.34-7.17)7.11 (6.81-7.42)5.92 (5.58-6.27)432GP experience
with coordination
of care around
the patient

Discussion

Summary of Results
There were 290 patients who participated in the intervention
group and 392 in the control group. In the intervention group
76/290 (26.2%) of the patients actively used ZWIP. After a
follow-up of 12 months, we observed no significant
improvement on primary patient outcomes, ADL, IADL, and
mental health.

Strengths and Limitations
The online ZWIP platform was specifically developed for
reducing fragmentation of care delivery in older people. Almost
half of a frail elderly population without exclusion criteria could
be included in the intervention group for using the online ZWIP
tool [6]. This is modestly higher than what can be expected in
the Dutch context, where 39% persons older than 75 years report
having Internet access [22]. This study has two important
limitations that can impact results. First, due to the observational
nature of the study, comparability between the intervention and
the control groups was limited. Despite adjusting for a range of
covariates, there may be residual confounding.

Observational, controlled before-after designs are common for
complex interventions, where randomized controlled trials
(RCTs) are often not appropriate or feasible for evaluation [23].

In the case of ZWIP, contamination between patients would
have made individual-level randomization inappropriate. Cluster
randomization was not feasible because the level of commitment
required from a number of local stakeholders could not be
sustained in the control group.

A second limitation was the fact that actual usage of ZWIP was
low, even though the implementation of ZWIP was prepared
systematically during the development of ZWIP, as this is a
structural part of intervention mapping [1,6,7,24,25].
Additionally, implementation strategies were added or adapted
when needed during the actual implementation phase. A wide
range of implementation strategies were used to encourage
uptake; for example, a training program was developed for
professionals and an active recruitment phase led to a high
participation of older persons. Therefore, low levels of use were
attained not because of the lack of, but despite using state of
the art implementation techniques. Failure to integrate eHealth
interventions in health care is widespread [26], and therefore
the low levels of use of these frail older subjects is not
surprising. This is especially true for sustained usage of an
eHealth intervention [27]. As in other studies [26], further efforts
should be focused on improving usability of the intervention,
in terms of compatibility for frail older people in chronic disease
trajectories [28].
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Future Directions
In addition to further refinement, it is essential to identify those
who benefit most from ZWIP and eHealth applications in
general. The use of eHealth applications in frail populations
could be increased by first identifying frail people with a high
likelihood of early adoption of the eHealth intervention, such
as people with high computer literacy. Which frail elderly are
likely adopters requires further research [26]. Therefore, we
plan to perform a quantitative and qualitative evaluation of
ZWIP usage as well, going beyond the scope of this paper. We
must recognize that in the early stages of evaluation, we take
more of an efficacy approach to the evaluation, rather than a
pragmatic trial approach. Although the efficacy approach limits
generalizability, it allows a thorough investigation of the
intervention’s working mechanisms under more controlled,
laboratory-like conditions. Such work may also reveal ideal
levels of use of ZWIP, as it is possible that communication was
already adequate in the case of some patients, making ZWIP
usage superfluous. Using both quantitative and qualitative
methods in this development phase may elicit remaining barriers

and reveal more effective implementation strategies. Only after
adapting to this group and proven efficacy is large-scale
implementation warranted. Successful wide-scale
implementation is a precondition for investigating the
effectiveness of eHealth interventions. Otherwise finding no
differences between treatment arms cannot be interpreted as a
lack of effectiveness. These arguments show that, sufficient
time and resources are required to develop, test, and retest new
eHealth interventions before finally evaluating their
effectiveness in pragmatic trials [29,30].

Conclusions
Overall, the study confirmed that introducing eHealth
interventions in the elderly is a difficult task. Despite using a
theory-driven intervention design and state of the art
implementation techniques, usage remained low and
effectiveness was not observed. Performing a thorough proof
of principle study in early adopters may be crucial to improving
the use of eHealth interventions in the elderly before evaluating
effects on a larger scale.
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Abstract

Background: Home-based exercise programs can improve physical functioning and health status of elderly people. Successful
implementation of exercise interventions for older people presents major challenges and supporting elderly people properly while
doing their home-based exercises is essential for training success. We developed a tablet-based system—ActiveLifestyle—that
offers older adults a home-based strength-balance training program with incorporated motivation strategies and support features.

Objective: The goal was to compare 3 different home-based training programs with respect to their effect on measures of gait
quality and physical performance through planned comparisons between (1) tablet-based and brochure-based interventions, (2)
individual and social motivation strategies, and (3) active and inactive participants.

Methods: A total of 44 autonomous-living elderly people (mean 75, SD 6 years) were assigned to 3 training groups: social
(tablet guided, n=14), individual (tablet guided, n=13), and brochure (brochure guided, n=17). All groups joined a 12-week
progressive home-based strength-balance training program. Outcome measures were gait performance under single and dual task
conditions, dual task costs of walking, falls efficacy, and physical performance as measured by the Short Physical Performance
Battery (SPPB). Furthermore, active (≥75% program compliance) and inactive (<75% program compliance) individuals were
compared based on their characteristics and outcome measures.

Results: The tablet groups showed significant improvements in single and dual task walking, whereas there were no significant
changes observable in the brochure group. Between-groups comparisons revealed significant differences for gait velocity (U=138.5;
P=.03, r=.33) and cadence (U=138.5, P=.03 r=.34) during dual task walking at preferred speed in favor of the tablet groups.
The brochure group had more inactive participants, but this did not reach statistical significance (U=167, P=.06, r=.29). The
active participants outperformed the inactive participants in single and dual task walking, dual task costs of walking, and SPPB
scores. Significant between-groups differences were seen between the tablet groups and the brochure group, in favor of the tablet
groups.

Conclusions: A tablet-based strength-balance training program that allows monitoring and assisting autonomous-living older
adults while training at home was more effective in improving gait and physical performance when compared to a brochure-based
program. Social or individual motivation strategies were equally effective. The most prominent differences were observed between
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active and inactive participants. These findings suggest that in older adults a tablet-based intervention enhances training compliance;
hence, it is an effective way to improve gait.

(J Med Internet Res 2014;16(6):e159)   doi:10.2196/jmir.3055

KEYWORDS

gait; aging; exercise therapy; tablet; delivery of health care

Introduction

One of the major opportunities to extend years of active
independent life and to promote an independent lifestyle is to
be physically active on a regular basis [1-3]. Physical activity
can prevent several diseases (eg, cancer and type II diabetes
mellitus) and has the potential to enhance both physical and
cognitive functioning and cardiovascular and psychological
health [4-8]. For older adults, structured exercise training is
recommended to postpone frailty and vulnerability [9,10] and
to minimize several chronic degenerative diseases that result
from an inactive lifestyle [11,12]. The evidence that sedentary
people lose a relatively large fraction of their muscle mass in
the aging process [1] confirms that avoiding physical inactivity
is an obvious aim for interventions [12]. In past research, the
effect of physical activity has also been linked to an increase in
life expectancy [13], diminishing probability of a fall [14-16],
and in preventing sarcopenia [1,17]. Accordingly, keeping older
adults physically active is a crucial step toward prevention of
several diseases.

Walking requires efficient circulatory, heart, lung, nervous, and
musculoskeletal systems [18]. In combination with deficits in
these systems, walking ability in old age often deteriorates. Gait
quality assessment with dedicated gait analysis systems [19],
expressed through measures of variability [20], showed that
both stride time and stride length variability are associated with
the control of the rhythmic stepping mechanism [21]. Errors in
foot placement control and/or displacement of the center of
mass may result in higher variability [21,22], which in turn
leads to falls in older adults [23,24]. Furthermore, gait speed is
one of the factors reflecting functional ability and independence
[25]. Slowed walking may reflect damaged organ systems
[18,26]. Relationships between faster gait speed and reduced
mortality [18,27], and shorter length of stay in geriatric hospitals
[28,29] have been demonstrated. In contrast, reduced gait speed
can be associated with falls and a decline in cognitive factors
[30], such as attention and psychomotor speed [31]. This
reduction in gait speed in older people has been shown to be a
result of shorter step lengths [32,33] and increased double
support time [33,34], which are changes in gait that relate to
falls in elderly [35]. Another important determinant of gait
function in both healthy and unhealthy elderly is lower extremity
muscle function [36]. To summarize, a decrease in walking
ability and abnormal walking frequently results in disability
and falls, which can lead to a loss of independence in activities
of daily living [37], institutionalization, and death [38,39].
Furthermore, a lack in gait quality can lead to a fear of falling
[37].

When strength training is complemented with balance exercises,
a transfer to functional tasks of daily living may be expected

[40]. Therefore, to optimize walking quality, strength and
balance training, previously showed to be effective [41-43],
should be applied and adhered to.

Home-based exercise programs—provided that they are
performed correctly—can be effective in improving physical
functioning [15] and health status of elderly people [1].
Especially for older adults without access to exercise facilities
(eg, because they live in rural or remote areas), an effective
home-based intervention at regular intervals potentially offers
great benefits. Large travel distances and deteriorations in
locomotion could potentially limit the ability of these people
to visit a training center [44,45]. However, despite the fact that
exercise has been widely accepted as beneficial for health,
successful implementation of exercise interventions presents a
major challenge for many older people [46].

The importance of monitoring and supporting elderly people
while doing their home-based exercises should not be neglected.
Providing feedback, social support, motivation, and
encouragement seem to be essential factors in enhancing
adherence [47-49]. Although older adults often express the
desire for training support at home [50], these factors are
difficult to implement in home-based exercise programs. Remote
feedback strategies may have the potential to replace live
supervision while exercising at home [51]. For an overview
about related work on this topic, we refer to our previous studies
describing our phase II study [52] with the tablet-based app
ActiveLifestyle [53]. This part of our study compares 3 different
home-based training programs and their effect on measures of
gait quality while considering adherence to the training program.
We hypothesized differing results for (1) tablet-based groups
when compared to a brochure group, (2) a tablet group with
social motivation strategies when compared to a tablet group
with individual motivation strategies, and (3) active participants
when compared to inactive participants.

Methods

The ActiveLifestyle App
ActiveLifestyle offers autonomous-living older adults
tablet-based software that supports them doing their physical
exercises. The app assists, monitors, and motivates this group
of people while doing their exercise program at home. The
program consists of a strength and balance training plan.
Exercises are shown with videos and explained with written
and oral instructions. Details of the exercises are given in the
Intervention Program section. The ActiveLifestyle app comes
in 2 different versions: the individual version contains individual
motivation strategies and the social version consists of individual
and social motivation strategies. Social and individual
motivation strategies were included to help participants comply
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with the training plan. A summary description of these
motivation strategies is provided here because a detailed
description has been published elsewhere [53]. The intention
of the integrated individual motivation strategies (ie,
conditioning through positive and negative reinforcement, goal
setting, self-monitoring, awareness) is to convince the person
about the expected gain for himself/herself (eg, enhance
awareness of health benefits by doing strength and balance
exercises). Social motivation strategies (ie, comparison, external
monitoring, emotional support, collaboration) aim at supporting
individuals (eg, through a social network consisting of training
partners and caregivers). ActiveLifestyle supports 6 main
features accessible through its menu:

1. The What’s Next? option invites the users to start the
performance of due workout sessions.

2. The Weekly Exercises option shows the scheduled
strength-balance sessions organized per week.

3. The Progress option shows the user’s progress through the
conditioning, goal setting, and self-monitoring strategies
previously mentioned in both versions. The social version,
in addition to these strategies, also supports the
collaboration strategy through a collaborative game.

4. The Bulletin Board allows the users to receive written
messages, which may include links to websites and
YouTube videos. Three types of messages are supported:
(1) workout session completed messages to inform the
participant(s) about the conclusion of a scheduled session
of exercises, (2) ActiveLifestyle tips messages to support
the awareness motivation strategy, and (3) public messages
written by the training members. It is important to note that
only the social version supports the third type of messages
and can send messages to the whole training plan
community.

5. The Friends option lists the members of the training plan
community (ie, older users and experts). Only the social
version supports this feature.

6. The inBox option allows users of the social version to
exchange private text messages with their list of friends.

To minimize failure to follow the program because of a memory
lapse, an alarm clock helps to remind participants about their
training thrice daily. The application has previously shown to
be feasible for older adults [54].

Participants
A sample of 44 autonomously living older adults was selected
according to the following inclusion criteria: older than 65 years,
able to walk 20 meters with or without aids, and free of rapidly

progressive illness, acute illness, or unstable chronic illness.
Ethical approval for the study was obtained from the ETH Ethics
Committee (EK 2011-N-64). All participants provided written
consent before they participated in the study.

Participants were recruited by convenience sampling from 2
institutions for older people and 1 organization responsible for
coordinating and providing at-home nursing care for seniors.
The Senioren Begegnungszentrum Baumgärtlihof, a day center
dedicated to deliver services and information related to the older
population (Horgen, Switzerland), advised potential participants
through its mailing list and by notes in the local newspaper. The
Alterswohnungen Turm-Matt, a cooperative offering housing
and daily living facilities to older people (Wollerau,
Switzerland), informed and advised potential participants in
person or by phone and distributed flyers to advertise the study.
The Fachstelle für präventive Beratung Spitex-Zürich, a
home-care nursing organization (Spitex-Zürich), promoted the
study sending letters and specifically inviting patients in need
of better physical performance. Spitex nurses selected potential
participants based on the eligibility criteria.

Participants who fulfilled the inclusion criteria were assigned
to either the brochure group (n=17), the social group (n=13),
or the individual group (n=14). The social and individual groups
received a tablet with the ActiveLifestyle app. Both the social
and individual group versions of the app consisted of individual
motivation strategies, whereas social motivation strategies were
added only for the social group. Participants in the brochure
group did their exercises using a training plan on paper sheets.

Participants who stopped doing their exercises during the 12
weeks of the program were defined as dropouts.

Design

Overview
This study was designed as a phase II preclinical exploratory
trial. The outcome variables were measured at baseline (T0)
and after 3 months of the intervention. Pre and post
measurements took place in suitable locations at the participating
institutions. Individuals from the tablet groups visited 1 class
to learn how to use the tablet and the included ActiveLifestyle
app. A second class was held for all 3 groups to give instructions
on how to do the exercises. The training exercise program was
to be conducted at home. A flowchart of participants is presented
in Figure 1.

At entry to the study, a medical history through self-report was
taken for demographic and health-related information.

J Med Internet Res 2014 | vol. 16 | iss. 6 | e159 | p.104http://www.jmir.org/2014/6/e159/
(page number not for citation purposes)

van het Reve et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. The study flowchart.

Motor Intervention Program
Interventions that aim to improve walking function and prevent
falls should include both strengthening and balance exercises
[55]. Therefore, we developed a program with the help of
guidelines and recommendations from previous studies
[12,56-58]. Participants from all groups performed the same
strength and balance exercises. Detailed information about the
physical exercises is shown in Table 1 and an exercise example
is given in Figure 2.

The intervention consisted of twice-weekly progressive
resistance training for 12 weeks. Training devices used were
resistance bands and soft balls. Exercises with resistance bands
showed to be efficient in enhancing physical functioning in
autonomously living older adults [59]. Before the strength
exercises, participants conducted a warm up. Flexibility
exercises followed the program to maintain or improve range
of motion necessary for daily activities. Additionally, all
participants performed 3 balance exercises 5 times a week.

Frequency, intensity, and duration of the exercises were based
on published recommendations [12,56,58,60].

To ensure exercise progression during the whole program, the
intervention was divided into 3 levels (Figure 3). From week 1
to week 4, participants trained at the beginner level; from week
5 to week 8, they trained at the intermediate level; and from
week 9 to week 12, they trained at the expert level. The 3
training levels differed in exercise execution, number of sets,
and training additives (eg, ankle weights for strength exercises,
towels for balance exercises).

Following performance of each strength and balance exercise,
participants registered their performed sets, repetitions, and
perceived exertion on Borg’s scale of perceived exertion [61].
The social and individual groups were automatically asked to
provide feedback of their exercise experience in the app.
Without this feedback, the program would not continue. The
brochure group received a paper form to provide this feedback
information with a pencil. This information was expected
following each strength and balance exercise.
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Table 1. Exercises of the intervention program.

ExpertIntermediateBeginnerExercises

1 set, 10 repetitions1 set, 10 repetitions1 set, 10 repetitionsWarm up; 2 times/week

Standing shoulder rotationStanding shoulder rotationShoulder rotation

Standing arms circlesStanding arms circlesArms circles

MarchMarchLeg raises

Standing foot to heel pointStanding foot to heel pointPointed foot to heel

Standing side tapStanding side tapHip abduction and adduction

Rest head left and rightRest head left and rightRest head left and right

3 sets, 12 repetitions3 sets, 12 repetitions2 sets, 12 repetitionsStrength training; 2
times/week

Fast chair standChair stand, arms stretched outChair stand

Standing hip flexion without placing
foot on the floor

Standing hip flexionSeated hip flexion

Standing hip adductionSeated hip adductionSeated hip adduction

Standing hip abduction without placing

foot on floora
Standing hip abductionaSeated hip abduction

Standing leg extensionaSeated leg extensionaSeated leg extension

Standing leg curl a, without placing
foot on floor

Standing leg curl aStanding leg curl

One-leg heel liftaStanding heel liftaStanding heel lift

Seated sit-ups, straight arms overheadSeated sit-ups, arms behind headSeated sit-ups

Side arm raise with resistance band,
fast movement

Standing side arm raise with resis-
tance band

Seated side arm raise with resistance
band

Standing toe liftaSeated toe liftaSeated toe lift

3 sets, 15 seconds3 sets, 15 seconds3 sets, 15 secondsStretching; 2 times/week

Seated leg stretchSeated leg stretchSeated leg stretch

Seated hip stretchSeated hip stretchSeated hip stretch

3 sets, 15 seconds3 sets, 15 seconds3 sets, 15 secondsBalance; 5 times/week

One-leg stand, eyes closedOne-leg stand on a towelOne-leg stand

Full tandem stand, eyes closedFull tandem stand on a towelFull tandem stand

Heel-to-toe walk, eyes closedHeel-to-toe walk, forward and back-
ward

Heel-to-toe walk

aWith ankle weights (0.5-2 kg per leg).

Figure 2. Example of an exercise instruction: intermediate seated leg extension with weights.
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Figure 3. Timeline and exercise levels.

Test Procedures and Outcome Measures

Program Adherence
The criteria for success of our pilot study [62] were based on
feasibility objectives and focused on compliance with the
training plan (eg, the attendance rate of participants). For
adherence to the intervention, the compliance of the participants
with all trainings was recorded. A compliance rate of 75% was
deemed acceptable [63]. Participants were defined as active
participants when 75% or more of all planned exercises were
performed or as inactive with an attendance less than 75% [64].
Compliance within the exercise program for the groups using
tablets was assessed with an automatic registration after
completing the exercises, whereas participants of the brochure
group had to fill in a training plan diary.

Gait Analysis
Gait was measured with the portable electronic GAITRite
walkway with Platinum Version 4.0 software (CIR Systems,
Sparta, NJ, USA). Sampling rate was 60 Hz [65,66]. This system
is a valid and reliable tool for measuring spatial and temporal
parameters of gait [67]. Participants were instructed to walk
under 4 conditions for 2 or 3 trials each, depending on their
physical condition: (1) at their self-selected speed (preferred
walking), (2) at their fastest speed (fast walking), (3) at their
self-selected speed while concurrently performing a cognitive
task (dual task preferred walking), and (4) at their fastest speed
while concurrently performing a cognitive task (dual task fast
walking). For the cognitive task, participants were asked to
continuously subtract 7 or 3 from a given number while walking.
If they were not able to perform the cognitive task, the
arithmetical task was modified to a verbal fluency task. The
verbal fluency task consisted of enumerating animals or flowers.
Participants were asked not to give priority to one task over the
other in the dual task test condition, but to try to perform both
(walking and calculating) equally well at the same time.

The following temporal-spatial parameters were taken for
analysis: velocity (cm/s), cadence (steps/min), step time (s),
step length (cm), double support time (s), and variability of step
time and length. Variability was expressed as standard deviation
of step time (SD step time) and standard deviation of step length
(SD step length) over the measured number of gait cycles while
walking on the GAITRite walkway.

To quantify participants’ ability to execute 2 tasks
simultaneously, we calculated the relative dual task costs (DTC)
of walking according the following formula [68,69]: DTC
(%)=100 * (single task score-dual task score) / single task score.

Physical Performance and Fear of Falling
Lower extremity functioning was assessed with the Short
Physical Performance Battery (SPPB). This test battery consists
of a balance test, a 3-meter gait test, and a 5 chair-rises test. The
sum of the 3 components comprises the final SPPB score with
a possible range from 0 to 12 (12 indicating the highest degree
of lower extremity functioning). The SPPB is a valid and reliable
measure of mobility in older adults [70] and can predict future
disability [71].

The Falls Efficacy Scale International (FES-I) questionnaire
was used as a measure of concern about falling to determine
the transfer effects of training. This scale assesses both easy
and difficult physical activities and social activities (scale: 1=not
at all concerned, 2=somewhat concerned, 3=fairly concerned,
4=very concerned). The FES-I has excellent internal and
test-retest reliability [72].

Statistical Analysis
All statistical procedures were conducted with SPSS version
21.00 (SPSS Inc. Chicago, IL, USA). All available data were
analyzed by initial group assignment and were performed with
an intention-to-treat approach [73]. All participants were
included in the analysis regardless of their adherence rate. We
assumed that all missing responses were constant and replaced
the missing values with mean values of the group to which
participants were originally allocated [74]. Because of the
nonnormality of the data, baseline comparison and interaction
effects of groups (between-groups differences) were undertaken
using a Mann-Whitney U test. The effects size, r, was calculated
as r=z/√N (where z is the approximation of the observed
difference in terms of the standard normal distribution and N
is the total sample number). To identify differences between
pretests and posttests (within-group differences) a Wilcoxon
signed rank test was conducted. We identified differences
between (1) the brochure group and the tablet groups (brochure
group vs social and individual groups), (2) between the 2 tablet
groups: (social group vs individual group), and (3) between
active and inactive participants using planned comparisons.

Suggested norms for interpreting r are .10=small effect,
.30=moderate effect, and .50=large effect. A probability level
of P<.05 was considered to be statistically significant.

Results

Overview
Participants’ demographics and baseline characteristics are
summarized in Table 2. Results are based on a self-report health
questionnaire. In general, there were no significant
between-groups differences of baseline demographics for most
parameters using planned comparisons: (1) brochure group vs
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social group and individual groups and (2) social group vs
individual group. We detected significant differences between
(1) brochure group vs social and individual groups in joint
diseases, practiced some sport in the past, and 3 or more

medications daily. The brochure group reported less joint
diseases (U=139, P=.01, r=.38), practiced less sport in the past
(U=144, P=.02, r=.36), and took less medication (U=166.5,
P=.04, r=.32).

Table 2. Participants’ demographics and baseline characteristics (N=44).

Activity levelGroupCharacteristic

Inactive

n=18

Active

n=26

Individual

n=14

Social

n=13

Brochure

n=17

76 (7)75 (5)75 (6)74 (5)76 (15)Age, mean (SD)

Sex, n (%)

13 (72)15 (58)10 (71)8 (62)10Female

5 (28)11 (42)4 (29)5 (38)7Male

Fall risk factors, n (%)

12 (67)14 (54)7 (50)9 (69)10 (59)Slow walking speed (<1.22 m/s)

6 (33)5 (19)2 (14)5 (38)4 (24)Fell in the last 6 monthsa

2 (11)8 (30)5 (36)4 (31)1 (6)3 or more prescription medications

9.410.19.99.79.8Physical functioning; SPPB (points)

18.918.918.520.017.9Fear of falling; FES-I (points)

Education/profession, n (%)

3 (17)3 (12)3 (21)2 (15)1 (6)University/college

8 (44)18 (69)7 (50)7 (54)10 (59)Vocational education

7 (39)5 (19)4 (29)4 (31)6 (35)No educated profession

8 (44)13 (50)7 (50)6 (46)6 (35)In a sitting position past profession

Health questions, n (%)

Number of self-reported chronic diseases

8 (44)13 (50)9 (64)7 (54)4 (24)Joint diseases

4 (22)8 (31)3 (21)4 (31)5 (29)Hypertension

5 (28)6 (23)4 (29)4 (31)3 (18)Cardiac problems

4 (22)3 (12)2 (14)2 (15)3 (18)Osteoporosis

5 (28)1 (4)3 (21)1 (8)1 (6)Type II diabetes mellitus

6 (33)8 (31)3 (21)6 (46)5 (29)Self-reported walking problems

1 (6)3 (12)1 (7)2 (15)1 (6)Need walking aid

7 (39)8 (31)4 (29)5 (38)6 (35)Hearing problems

7 (39)11 (42)4 (29)6 (46)8 (47)Vision problems

4 (22)6 (23)2 (14)5 (38)3 (18)Dizziness

9 (50)17 (65)5 (36)8 (62)8 (47)Estimated good health

5 (28)11 (42)5 (36)3 (23)8 (47)Estimated better health compared with contemporary

5 (28)7 (27)4 (29)3 (23)5 (29)Estimated good balance

4 (22)5 (19)3 (21)2 (15)4 (24)Feel pain daily

Physical activity questions, n (%)

5 (28)11 (42)3 (21)6 (46)7 (41)Practice some physical activity

9 (50)14 (54)10 (71)8 (62)10 (59)Practiced some sport in the past

6 (33)6 (23)3 (21)6 (46)3 (18)Practiced strength exercises in the past

aA fall was defined as an event, which resulted in a person coming to rest on the ground or other lower level.
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Program Adherence
The median relative training adherence was 59.3% in the
brochure group (IQR 0.0%-88.9%), 84.0% in the social group
(IQR 77.2%-89.5%), and 80.9% (IQR 52.8%-88.9%) in the
individual group. We registered 7 active (41%) and 10 inactive
(59%) participants for the brochure group (n=17), 11 active
(85%) and 2 inactive (15%) participants for the social group
(n=13), and 8 active (57%) and 6 inactive (43%) participants
for the individual group (n=14). In total, 26 of 44 participants
reached the goal of 75% adherence or more and were analyzed
as active (59%), whereas 18 of 44 (41%) were classified as poor
compliers and inactive participants. The brochure group had
more inactive participants, but this did not meet statistical
significance (U=167, P=.06, r=.29). There were no significant
differences between the 2 tablet groups. By further investigating
differences in baseline characteristics between active and
inactive participants, we found significantly more inactive
participants with type II diabetes mellitus (U=178, P=.03,
r=.34). There were no further differences between active and
inactive participants concerning their baseline characteristics.
Details on the 25% attrition rate have been previously published
[53].

Gait Analysis
Table 3 details the results of the spatiotemporal walking
parameters of the 3 groups. Participants’ performance in the
posttest was significantly higher than in the pretest throughout
all 4 conditions (preferred walking, fast walking, preferred dual
task walking, fast dual task walking) for the 2 tablet groups
(social group and individual group). In contrast, apart from step
length during fast walking, there were no significant
improvements in the brochure group observable. The active
participants performed significantly better at posttests compared
to pretests, whereas the inactive participants did not improve.

Differences between the brochure group and the tablet groups,
between the 2 tablet groups, and between active and inactive

participants are summarized in Table 4. Performance of the
tablet groups differed significantly from the brochure group in
the dual task walking condition with preferred walking speed:
dual task preferred walking (velocity: U=138.5, P=.03, r=.33;
cadence: U=138.5, P=.03, r=.34). Preferred, fast walking, and
dual task preferred walking did not show significant differences
between the 2 tablet groups (social group vs individual group).
However, a significant difference was found for dual task fast
walking (SD of step length: U=49, P=.04, r=.39). Comparison
between active and inactive participants revealed significant
differences in velocity throughout all conditions (preferred:
U=145, P=.03, r=.32; fast: U=146.5, P=.04, r=0.32; dual task
preferred walking: U=82.5, P>.001, r=.55; dual task fast
walking: U=100.5, P=.001, r=.05). Although the active
participants outperformed the inactive participants in most
parameters in walking conditions, preferred walking, dual task
preferred walking, and in dual task fast walking, there were no
further significant differences for fast walking.

Analyses of dual task costs (DTC) with preferred walking speed
revealed significant differences between pretest and posttest for
the individual group (velocity: P=.03, z=–2.134; cadence: P=.02,
z=–2.401; step time: P=.02, z=–2.401; double support time:
P=.02, z=–2.401). In contrast, performance over time did not
increase for the brochure and social groups. In the fast walking
condition, DTC decreased for the brochure group (SD of step
time: P=.047, z=1.988). No significant differences were reported
between (1) the brochure group and the tablet groups, and (2)
the social group and the individual group.

Between-group differences in DTC of walking revealed
significant greater performance for the active group when
compared with the inactive group (DTC preferred: velocity:
U=151.5, P=.047, r=0.30; cadence: U=139.5, P=.02, r=.34;
step time: U=149.5, P=.04, r=.31; DTC fast: SD of step time:
U=152.5, P=.049, r=.30).
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Table 3. Participants’ single and dual task walking performance during the pretests and posttests and within-group significance calculated with Wilcoxon
signed rank test.

Dual task walking, median (IQR)Single task walking, median (IQR)Condition and parameters

PPosttestPretestPPosttestPretest

   Brochure group

Preferred

.2986.5 (81.3, 106.1)86.5 (84.3, 103.6).09109.9 (106.8, 125.4)109.9 (103.7,112.1)Velocity (cm/s)

.4591.9 (91.9, 108.1)91.9 (86.9, 105.5).07109.7 (109.7, 114.1)109.7 (105.3, 110.1)Cadence (steps/min)

.1155.6 (55.6, 64.1)55.6 (55.6, 60.0).0660.0 (60.0, 67.2)60.0 (60.0, 65.4)Step length (cm)

.330.72 (0.56, 0.72)0.72 (0.57, 0.73).070.55 (0.52, 0,55)0.55 (0.55, 0.57)Step time (s)

.882.93 (2.49, 3.14)2.93 (2.32, 2.93).242.70 (2.03, 2.70)2.70 (2.38, 2.74)SD step length (cm)

.140.107 (0.020, 0.107)0.107 (0.030, 0.107).510.022 (0.013, 0.022)0.022 (0.018, 0.022)SD step time (s)

.450.50 (0.35, 0.50)0.50 (0.36, 0.50).140.35 (0.32, 0.35)0.35 (0.32, 0.36)Double support time (s)

Fast

.0797.0 (97.0, 117.4)97.0 (87.8, 106.1).06142.3 (142.3 (160.0)142.3 (139.8, 145.0)Velocity (cm/s)

.2097.4 (97.4, 114.6)97.4 (93.3, 111.3).20127.8 (125.4, 128.7)127.8 (121.5, 127.8)Cadence (steps/min)

.0659.3 (59.3, 66.5)59.3 (59.3, 64.0).0266.6 (66.6, 74.1)66.7 (66.3, 70.5)Step length (cm)

.220.65 (0.52, 0.65)0.65 (0.54, 0.66).170.48 (0.47, 0.48)0.48 (0.48, 0.49)Step time (s)

.453.44 (2.77, 3.46)3.44 (2.99, 4.07).242.96 (2.66, 3.16)2.96 (2.65, 2.96)SD step length (cm)

.110.072 (0.019, 0.072)0.072 (0.022, 0.072).650.020 (0.011, 0.020)0.020 (0.013, 0.020)SD step time (s)

.240.42 (0.31, 0.43)0.42 (0.31, 0.44).170.27 (0.25, 0.27)0.27 (0.27, 0.27)Double support time (s)

 Social group

Preferred

.02115.6 (85.1, 130.5)91.3 (70.4, 111.8).004121.8 (106.4, 143.3)108.3 (95.87, 129.73)Velocity (cm/s)

.01107.1 (91.6, 117.9)93.4 (86.9, 105.1).006116.6 (105.7, 117.7)106.1 (101.1, 112.3)Cadence (steps/min)

.1158.2 (50.2, 69.5)58.2 (50.6, 64.9).00460.9 (58.9, 75.1)60.9 (54.6, 67.3)Step length (cm)

.010.56 (0.51, 0.66)0.65 (0.57, 0.69).010.51 (0.51, 0.57)0.57 (0.54, 0.59)Step time (s)

.292.40 (1.52, 2.61)2.38 (1.92, 2.74).371.70(1.38, 2.14)2.05 (1.80, 2.21)SD step length (cm)

.030.023 (0.013, 0.040)0.033 (0.019, 0.041).140.015 (0.011, 0.020)0.019 (0.015, 0.021)SD step time (s)

.110.33 (0.28, 0.45)0.38 (0.35, 0.46).020.32 (0.27, 0.35)0.33 (0.30, 0.38)Double support time (s)

Fast

.003141.1 (108.9, 158.7)117.3 (101.9, 135.5).03152.8(136.3, 200.5)146.5 (130.6, 182.8)Velocity (cm/s)

.003115.3 (106.5, 132.8)107.7 (105.7, 118.7).06133.6 (119.8, 154.7)128.5 (121.2, 136.2)Cadence (steps/min)

.0963.9 (58.8, 72.0)63.9 (56.1, 70.2).4269.4 (65.4, 78.3)69.6 (59.7, 76.5)Step length (cm)

.0030.52 (0.45, 0.57)0.56 (0.51, 0.59).050.50 (0.39, 0.50)0.47 (0.44, 0.49)Step time (s)

.052.54 (2.28, 3.04)2.01 (1.76, 2.50).592.66 (1.86, 3.11)2.62 (20.5, 3.27)SD step length (cm)

.560.019 (0.015, 0.034)0.019 (0.014, 0.033).890.014 (0.010, 0.017)0.014 (0.011, 0.018)SD step time (s)

.010.31 (0.24, 0.36)0.30 (0.28, 0.36).250.23 (0.17, 0.27)0.25 (0.20, 0.27)Double support time (s)

 Individual group

Preferred

.01112.3 (95.7, 140.1)100.8 (91.7, 109.6).01132.8 (123.0, 156.1)123.0 (112.9, 137.2)Velocity (cm/s)

.004109.2 (90.5, 127.5)102.6 (91.1, 109.6).01124.4 (113.6, 128.9)113.7 (109.2, 119.3)Cadence (steps/min)

.0260.9 (60.0, 65.2)60.2 (55.7, 62.8).0864.8 (64.1, 70.4)64.8 (61.6, 70.4)Step length (cm)

.010.57 (0.47, 0.66)0.59 (0.55, 0.71).010.48 (0.47, 0.53)0.53 (0.50, 0.55)Step time (s)
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Dual task walking, median (IQR)Single task walking, median (IQR)Condition and parameters

PPosttestPretestPPosttestPretest

.292.79 (1.99, 2.94)2.79 (2.13, 3.46).181.74 (1.48, 1.86)1.88 (1.68, 2.10)SD step length (cm)

.0030.021 (0.023, 0.222)0.032 (0.023, 0.440).010.013 (0.011, 0.017)0.017 (0.015, 0.019)SD step time (s)

.0040.32 (0.25, 0.40)0.37 (0.32, 0.45).010.27 (0.23, 0.30)0.30 (0.27, 0.33)Double support time (s)

Fast

.11140.3 (125.8, 172.0)134.9 (122.2, 142.6).03183.8 (175.0, 216.1)179.1 (167.2, 190.9)Velocity (cm/s)

.09125.8 (118.0, 144.1)123.3 (113.1, 132.0).01155.7 (146.4, 171.1)146.4 (141.4, 154.6)Cadence (steps/min)

.7967.4 (66.3, 68.7)68.4 (61.8, 68.7).5373.6 (70.2, 76.6)73.6 (69.7, 75.4)Step length (cm)

.110.48 (0.42, 0.53)0.49 (0.45, 0.56).010.39 (0.35, 0.41)0.41 (0.39, 0.42)Step time (s)

.332.87 (2.53, 3.02)2.96 (2.18, 4.02).792.72 (2.34, 3.97)2.72 (2.34, 3.04)SD step length (cm)

.020.018 (0.014, 0.036)0.029 (0.018, 0.051).370.012 (0.010, 0.014)0.014 (0.011, 0.017)SD step time (s)

.130.24 (0.19, 0.27)0.24 (0.28, 0.29).040.16 (0.12, 0.19)0.19 (0.16, 0.20)Double support time (s)

Active

Preferred

>.001121.0 (93.3, 136.1)104.3 (68.8, 114.0)>.001128.1 (107.8, 153.5)117.1 (104.5, 129.3)Velocity (cm/s)

>.001111.7 (93.2, 126.3)102.6 (88.1, 109.0)>.001107.1 (116.7, 126.1)109.1 (102.1, 118.4)Cadence (steps/min)

.00164.1 (56.3, 69.5)59.9 (52.2, 66.7)>.00165.8 (60.8, 74.4)64.6 (58.4, 69.3)Step length (cm)

>.0010.54 (0.48, 0.65)0.58 (0.55, 0.68)>.0010.51 (0.48, 0.56)0.55 (0.51, 0.59)Step time (s)

.052.48 (1.64, 2.94)2.48 (2.00, 3.21).031.71 (1.40, 2.17)2.06 (1.82, 2.41)SD step length (cm)

>.0010.018 (0.013, 0.037)0.030 (0.019, 0.040).010.012 (0.011, 0.018)0.017 (0.014, 0.021)SD step time (s)

.0010.32 (0.27, 0.42)0.27 (0.32, 0.48).0010.29 (0.25, 0.38)0.31 (0.29, 0.37)Double support time (s)

Fast

>.001142.6 (106.9, 172.0)122.8 (99.8, 10.3).001166.9 (145.7, 204.9)157.3 (141.0, 181.8)Velocity (cm/s)

>.001121.8 (107.2, 139.1)111.9 (102.1, 124.0).002135.7 (121.7, 163.5)131.1 (119.8, 145.9)Cadence (steps/min)

.0266.8 (60.3, 74.4)64.4 (58.9, 69.8).0372.7 (67.0, 81.6)71.8 (63.0, 77.6)Step length (cm)

>.0010.49 (0.43, 0.57)0.54 (0.48, 0.59).0020.44 (0.37, 0.49)0.46 (0.41, 0.50)Step time (s)

.682.68 (2.12, 3.40)2.63 (1.80, 4.11).882.62 (1.93, 3.33)2.66 (2.13, 3.49)SD step length (cm)

.0020.017 (0.013, 0.025)0.019 (0.016, 0.038).960.011 (0.009, 0.018)0.013 (0.011, 0.016)SD step time (s)

.0010.28 (0.20, 0.36)0.29 (0.26, 0.37).020.22 (0.13, 0.26)0.24 (0.19, 0.27)Double support time (s)

Inactive

Preferred

.8786.5 (85.8, 93.5)86.5 (85.4, 100.1).09109.9 (109.9, 125.4)109.9 (104.9, 116.7)Velocity (cm/s)

.7591.9 (89.1, 98.4)91.9 (89.9, 98.4).06111.3 (109.7, 114.1)109.7 (106.9, 113.7)Cadence (steps/min)

.7455.6 (55.6, 60.6)55.6 (55.6, 60.2).0960.4 (60.0, 64.8)60.0 (60.0, 64.1)Step length (cm)

.740.72 (0.65, 0.72)0.72 (0.65, 0.72).040.54 (0.53, 0.55)0.55 (0.53, 0.56)Step time (s)

.182.93 (2.72, 2.95)2.79 (2.37, 2.93).992.39 (1.82, 2.70)2.56 (1.91, 2.70)SD step length (cm)

.400.107 (0.039, 0.184)0.107 (0.046, 0.184).310.019 (0.017, 0.022)0.022 (0.017, 0.022)SD step time (s)

.870.50 (0.40, 0.50)0.48 (0.40, 0.50).180.34 (0.30, 0.35)0.35 (0.32, 0.35)Double support time (s)

Fast

.6198.4 (97.0, 134.9)97.0 (97.0, 125.3).18144.4 (142.2, 179.1)142.2 (142.2, 179.1)Velocity (cm/s)

.74101.7 (97.4, 119.4)97.4 (97.4, 119.4).09128.2 (127.8, 146.4)127.8 (127.4, 144.5)Cadence (steps/min)

.9960.5 (59.3, 67.7)59.6 (59.3, 68.3).6167.0 (66.6, 73.6)66.6 (66.6, 73.6)Step length (cm)

.870.62 (0.53, 0.65)0.65 (0.53, 0.65).090.47 (0.41, 0.48)0.48 (0.42, 0.48)Step time (s)
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Dual task walking, median (IQR)Single task walking, median (IQR)Condition and parameters

PPosttestPretestPPosttestPretest

.873.25 (2.78, 3.44)3.24 (2.61, 3.44).312.96 (2.72, 2.96)2.93 (2.70, 2.96)SD step length (cm)

.740.060 (0.032, 0.072)0.071 (0.033, 0.072).500.018 (0.014, 0.020)0.017 (0.014, 0.020)SD step time (s)

.990.39 (0.25, 0.42)0.42 (0.29, 0.42).180.026 (0.019, 0.027)0.027 (0.019, 0.027)Double support time (s)

Table 4. P values of participants’ walking performance (between-groups differences after intervention phase calculated with Mann-Whitney U test).

Active vs inactiveSocial vs individualBrochure vs social and individualCondition/parameters

r aPr aPr aP

Preferred

.32.03.01.96.26.08Velocity

.29.06.09.63.26.09Cadence

.36.02.12.53.18.22Step length

.28.06.02.92.22.14Step time

.33.03.00.99.02.91SD step length

.30.04.15.44.26.08SD step time

.38.01.12.53.20.19Double support time

Fast

.32.04.01.96.14.37Velocity

.27.08.08.66.25.09Cadence

.27.07.01.96.13.38Step length

.25.10.02.90.18.24Step time

.07.66.01.96.10.53SD step length

.08.58.15.44.13.40SD step time

.23.12.07.72.14.36Double support time

Dual task preferred

.55<.001.15.44.33.03Velocity

.57<.001.17.37.33.03Cadence

.45.003.00.99.14.37Step length

.48.001.14.47.29.05Step time

.40.01.02.92.16.28SD step length

.47.002.14.47.19.20SD step time

.47.003.26.17.24.11Double support time

Dual task fast

.49.001.10.59.19.20Velocity

.50.001.10.59.28.07Cadence

.25.10.25.20.08.58Step length

.48.001.14.47.22.14Step time

.05.76.39.04.16.30SD step length

.42.01.17.38.08.61SD step time

.47.002.01.96.18.22Double support time

aEffect size (small effect: r=.1; medium effect: r=.3; large effect: r=.5).
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Physical Performance and Fear of Falling
Table 5 demonstrates changes over time for fear of falling
(FES-I) and physical performance (SPPB) for the 3 groups. The
SPPB showed significant improvements for all groups. There
were no differences between pretest and posttest for FES-I.

Significant group differences for FES-I were observed between
the brochure group and tablet groups (U=151.5, P=.04, r=.31);
however, not between the 2 tablet groups (U=89.5, P=.94,
r=.01) or the active and inactive participants (U=210.5, P=.53,
r=.09). We found a significant difference between active and
inactive participants in SPPB (U=139, P=.02, r=.36).

Table 5. Physical performance and fear of falling during the pretest and the posttest and significance of within-group differences pre-post calculated
with Wilcoxon signed rank test.

Individual group, median (IQR)Social group, median (IQR)Brochure group, median (IQR)Test

PPosttestPretestPPosttestPretestPPosttestPretest

.0211.0 (9.9, 12.0)9.9 (8.8, 11.0).0212.0 (9.7, 12.0)9.7 (8.0, 11.0).0211.0 (9.8, 12.0)9.8 (9.4, 11.0)SPPB

.2718.0 (16.0, 18.9)18.9(17.5, 20.0).2320.0 (17.0, 20.6)20.0 (17.0,
21.5)

.4917.9 (17.0, 17.9)17.9 (16.0, 17.9)FES-I

Social Interaction
We registered the number of dispatched messages. The total
number of messages dispatched to the bulletin board was 31
from the social group participants sent by 8 of 13 social group
participants. The caregivers dispatched a total of 37 messages
to the bulletin board. Six of 13 social group participants wrote
13 messages to another participant. Participants received 84
messages from caregivers; 93 messages were dispatched by 11
social group participants to caregivers. Thus, most interaction
occurred between caregivers and participants and not between
participants, indicating the importance of social support from
caregivers.

Discussion

Principal Findings
This study compared 3 different home-based training programs
and their effect on measures of gait quality while considering
adherence to the training program. We hypothesized that there
would be differing results for (1) the tablet-based groups when
compared to the brochure group, (2) the tablet group with social
motivation strategies when compared to the tablet group with
individual motivation strategies, and (3) active participants
when compared to inactive participants. The outcomes of interest
were gait quality and lower extremity physical performance.
Furthermore, the aim was to assess the influence of different
motivation strategies offered to the trainees.

Gait Analysis
From previous studies, we know that home-based exercise
training can have beneficial effects on physical performance
outcomes [1,75], provided the program is adhered to [76]. Our
results of the walking quality analysis show significant
improvements from pretest to posttest, especially in the training
groups that showed high adherence rates. The tablet groups
reached higher adherence rates compared to the brochure group.
Furthermore, participants in the tablet groups were able to
improve gait velocity throughout all walking conditions
(preferred and fast single task walking, preferred and fast dual
task walking), whereas the brochure group failed to increase
this performance aspect following 12 weeks of training. Usual
gait speed is a predictor for disability, falls, and mortality [26].

In comparison to our brochure group and the inactive
participants, the tablet groups and the active participants reached
improvements of 10 cm/s or more. Such improvements represent
clinically meaningful change in gait speed [26]. Walking at
fastest speed may serve as a useful diagnostic measure for
people at higher risk for multiple falls. In the fast walking
condition, shorter step length relates to falls [77]. We reported
an improvement in step length during walking in our group of
active participants, but not in the inactive participants. Both the
tablet groups and the active participants improved velocity
during fastest walking. Compared to literature reference values
where an expected preferred and fast walking speed for
independently living elderly would be approximately 133 cm/s
and 207 cm/s, respectively [78], our samples performed worse
pretraining. Following training, however, the tablet groups
improved toward these reference values.

Frail elderly people and elderly people who tend to fall exhibit
increased variability in measures of gait [23,79,80]. Elderly
nonfallers present low rates of variability of temporal variables
[20,24]. Decreased leg strength explains greater variability [81].
This study shows that tablet-based exercise may decrease gait
variability provided the trainees adhere to the training plan. The
brochure group demonstrated no decrease in gait variability
after the intervention. In contrast, the tablet groups showed
significantly lower variability throughout all measurement
conditions. This especially holds true for the group with
individual motivation strategies and for step time variability.
Step time and double support time—factors that have been
previously related to falls [35]—decreased throughout all
conditions, again solely in the tablet groups. Thus, our trial
underpins the importance of training program compliance in
preventive exercise programs for elderly and indicates that an
appropriate targeted tablet-based exercise application is able to
positively influence exercise adherence in independent-living
elderly training at home. Because of the higher training
adherence, the tablet-based exercise groups improved their
single and dual task walking to a larger extent compared to a
group trained with a more conventional type of brochures-based
training.

Dual task walking (ie, the ability to perform a second task while
walking) is a key element to remain independent because this
is an ability required for many activities in daily life. Daily
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activities pose high cognitive demands and safe walking should
be practicable under cognitively distractive or otherwise
challenging conditions. Our findings in dual task walking are
similar to some extent to the findings of Pichierri et al [82], who
reported no improvements in dual task walking with an isolated
motor training program. This finding was in-line with previous
studies that investigated the effect of an isolated physical
training program that were not able to demonstrate
improvements in walking under attention-demanding
circumstances [83,84]. Our intervention did not consist of a
cognitive training part and it can be speculated that an extension
of our program with a cognitive challenge will be more effective
in influencing walking under attention-demanding
circumstances. Future research should be directed to
investigating the value of additional cognitive elements to the
training program to substantiate these assumptions.

Physical Performance
We found a significant improvement in SPPB scores within all
groups, reflecting enhanced lower extremity function and
walking ability [85]. On average, a person that reaches less than
10 points on the SPPB is almost 3.5 times more susceptible to
suffer from mobility disability than a person scoring the
maximum of 12 points [85]. All 3 groups reached a median
relative score of 11 points or more in the posttests, compared
to a median relative score of less than 10 points in the pretests.

Program Adherence
An important issue in the field of exercise interventions with
elderly people is adherence to the training plan [76]. Elderly
people will only be able to reap the gains from exercise under
the precondition that they comply with and progress through
the exercise plan. A systematic review investigating adherence
to multifactorial interventions in falls prevention in community
settings for clinical trials reported rates ranging between 28%
and 95%. The general range was approximately 75%, which
was the reason we chose this level to divide our training group
into active versus inactive participants. Compared with these
values [86], we achieved better or similar rates as 75%
adherence; however, this was for the tablet-based training groups
only. Furthermore, we observed the most prominent differences
in training effects between the active and the inactive
participants. Active participants demonstrated significantly
higher performance in several spatial-temporal walking
parameters compared to the inactive participants. This supports
findings from other studies showing that better compliance leads
to significantly higher training-related benefits [87,88] and
indicates that adherence moderated treatment effectiveness. We
report on values after 3 training months, but Nyman and Victor
[64] reported values that may be expected by 12 months. In a
future phase III trial, the follow-up period for the assessment
of adherence and attrition should preferably be extended to a
similar time frame to facilitate comparability of this future study
with reference values.

Social support [48] and commitment to or advice from health
experts, physicians, or caregivers are reasons for higher
compliance rates and more moderate exercise conduction
[44,89]. In an analysis of compliance in home-based exercise
programs, an increase in compliance was registered in a

brochure-based group compared with the outcome of a control
group who did not receive any recommendations [90].
Moreover, a DVD-supported training program reported better
adherence compared to brochures [89]. DVDs might help to
overcome motivational problems [89] and enhance exercise
correctness [91] compared to brochure-guided exercise
programs. The amount of messages dispatched indicates that
most interactions occurred between caregivers and participants
and not between participants. This reflects the importance of
social support of caregivers to the trainees.

Motivation is an important parameter for home-based exercise
performance [92] and should be explicitly considered in the
design of interventions. The program used in our study explicitly
considered motivational elements and allowed participants
contacting experts and training partners. The most active
participants were found in the social group, whereas the most
inactive participants belonged to the brochure group (although
this did not meet statistical significance). This result supports
our assumption that social motivation strategies enhance
compliance. Apart from that, there seems to be no direct gain
from social motivation strategies on walking quality compared
with individual motivation strategies because the results of the
2 tablet groups did not differ in the outcome measures.

Limitations
An obvious limitation of this study is that the groups were only
partly randomized. Therefore, this study only reveals first
estimates and warrants further research with a properly
randomized model. A further limitation is the rather small
sample size. Measurements of compliance are based on written
information of participants, which cannot be seen as an
instrument that guarantees the participants followed the
exercises. Better control instruments would be a useful extension
to further studies.

Additionally, correctness of the exercise was not controlled. To
overcome this problem, further research should include
technologies to control posture and movement pattern. Video
analysis with 3-dimensional motion tracking equipment or
microelectromechanical systems (MEMS) can offer
opportunities to link clinicians and potential users [93]. Another
option is the Health Hub (HH) software that allows recognition
and analysis of motion [93].

We treated the dropouts of this study as part of the treatment
group to which they were assigned even if they did not receive
the full intervention. Intention-to-treat is a recommended
approach to several types of nonadherence to the study protocol
[94], able to reduce the potential dropout bias effect [95]. We
replaced missing data with the mean values of the groups, thus
allowing complete case analysis. A drawback of this approach
is reduced variability and weakening of covariance and
correlation estimates in the data. Future adequately powered
studies with larger samples should be performed with both
intention-to-treat and per-protocol analysis.

Conclusions
The findings of this study are in-line with previous research
that demonstrated improvements in gait quality and physical
performance of older adults after strength-balance exercises.
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This study adds useful information about home-based training
programs for older adults. Our participants adhered better to
the weekly physical intervention when provided with the
ActiveLifestyle app. This clearly described exercise program,
including motivational aspects, an attractive design, automatized
reminders, and the opportunity to give feedback about performed
exercises to training supervisors, seems to contain important
elements to enhance adherence and compliance rates, which

leads to training-related improvements. The trainees that
complied with the training plan improved gait and physical
performance. The tablet-based program resulted in higher rates
of adherence compared to the brochure-based program. These
findings suggest that in older adults a tablet-based intervention
may enhance compliance and potentially offers an effective
way to improve gait.
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Abstract

Background: The prenatal care visit structure has changed little over the past century despite the rapid evolution of technology
including Internet and mobile phones. Little is known about how pregnant women engage with technologies and the interface
between these tools and medical care, especially for women of lower socioeconomic status.

Objective: We sought to understand how women use technology during pregnancy through a qualitative study with women
enrolled in the Women, Infants, and Children (WIC) program.

Methods: We recruited pregnant women ages 18 and older who owned a smartphone, at a WIC clinic in central Pennsylvania.
The focus group guide included questions about women’s current pregnancy, their sources of information, and whether they used
technology for pregnancy-related information. Sessions were audiotaped and transcribed. Three members of the research team
independently analyzed each transcript, using a thematic analysis approach. Themes related to the topics discussed were identified,
for which there was full agreement.

Results: Four focus groups were conducted with a total of 17 women. Three major themes emerged as follows. First, the prenatal
visit structure is not patient-centered, with the first visit perceived as occurring too late and with too few visits early in pregnancy
when women have the most questions for their prenatal care providers. Unfortunately, the educational materials women received
during prenatal care were viewed as unhelpful. Second, women turn to technology (eg, Google, smartphone applications) to fill
their knowledge gaps. Turning to technology was viewed to be a generational approach. Finally, women reported that technology,
although frequently used, has limitations.

Conclusions: The results of this qualitative research suggest that the current prenatal care visit structure is not patient-centered
in that it does not allow women to seek advice when they want it most. A generational shift seems to have occurred, resulting in
pregnant women in our study turning to the Internet and smartphones to fill this gap, which requires significant skills to navigate
for useful information. Future steps may include developing interventions to help health care providers assist patients early in
pregnancy to seek the information they want and to become better consumers of Internet-based pregnancy resources.

(J Med Internet Res 2014;16(6):e147)   doi:10.2196/jmir.3385
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Introduction

Little is known about how pregnant women are currently using
Internet technologies (eg, websites, smartphone applications)
and how these tools interface with medical care [1]. The
Maternity Experiences Survey, a 2006-2007 national survey of
postpartum women in Canada, found that women considered
the most useful source of information during pregnancy to be
their health care provider (32.2%), followed by books (22.3%),
and personal experiences from a prior pregnancy (17.1%),
although family and friends, the Internet, and prenatal classes
were also noted [2]. Since that survey, the Internet and
smartphones have become much more popular and, although
patients report that physicians are their preferred source for
information, the Internet is often the first resource accessed for
health information because of its accessibility, wide availability,
and low cost [3,4]. Women, in particular, are more likely to be
health information seekers and to report that information
obtained from the Internet helped them cope with their health
conditions, including pregnancy [4,5]. Pregnant women who
search the Internet for health information have a variety of
resources from which to choose. One study investigating search
terms for common obstetrical terms (eg, birth trauma, epidural,
etc) found millions of websites, less than 4% of which were
created or sponsored by physicians [6].

Given the wide availability of online resources for pregnant
women, it is not surprising that nearly half (44%) of pregnant
women are using these tools [1]. However, what remains less
clear is the role technology has during pregnancy and the
interaction between online resources and prenatal care. In this
study, we sought to understand how women use technology
during pregnancy through a qualitative study of pregnant women
enrolled in the Women, Infants, and Children (WIC) program.

Methods

Setting and Participants
In spring 2013, we recruited pregnant women through posted
advertisements at a Women, Infants, and Children (WIC) clinic
in central Pennsylvania. The focus groups were conducted at
the Cumberland/Perry Tapestry of Health (CP TOH) WIC clinic.

The CP TOH provides the WIC program to over 3500 clients
per month in both Cumberland and Perry counties in central
Pennsylvania. Recruitment materials invited women to
participate in a 90-minute focus group to discuss how
smartphones may help women have healthier pregnancies.
Interested women were screened in person at the clinic or by
phone for eligibility. The eligibility criteria included being 18
years old or older, currently pregnant, and owning a smartphone.
Women who met eligibility criteria and agreed to participate
were scheduled for a focus group. Informed consent was
obtained at the start of the focus group session. Each woman
was compensated for her participation and childcare was
provided. This study was approved by the Penn State University
College of Medicine’s Institutional Review Board.

Procedures
We conducted four focus groups, ranging between 2-6
participants each, with a total of 17 participants. The focus
groups were conducted by 3 of the investigators (JLK, CHC,
EP). The groups were held in a conference room at the WIC
clinic. Prior to each session, participants completed a brief
self-administered written questionnaire to assess demographic
data (eg, race, ethnicity, weight, and height), adapted from the
National Health and Nutrition Examination Survey, and
smartphone use characteristics, adapted for our population from
the Pew Research Internet Project [7].

The primary purpose of the focus groups was to determine
participants’ requirements for a smartphone application aimed
at helping them achieve a healthy pregnancy, while the current
analysis reports on the subset of questions related to current
technology use. Women were asked when they found out they
were pregnant, when they called for prenatal care, and where
they sought information prior to the first prenatal care visit. The
focus group guide also included questions about the positive
experiences and challenges they were having during their current
pregnancy and how they had been using their smartphones and
other sources of technology during the current pregnancy.
Textbox 1 presents the questions from the interview guide
analyzed in this manuscript. All sessions were audiotaped and
transcribed. Members of the research team debriefed following
each focus group session and focus groups were continued until
it was agreed that thematic saturation was reached.

Textbox 1. Focus group interview guide.

1. What’s been one of the most challenging things so far about this pregnancy?

      a. Are these challenges your prenatal care providers have helped you with?

      b. When did you have your first prenatal visit?

2. Tell us about something you’ve done to keep track of your pregnancy.

3. Do you talk about your pregnancy with others online (eg, on Facebook, Twitter, YouTube, or websites for expecting moms)?

4. You may or may not have seen them before, but there are a lot of smartphone applications that are about pregnancy. Have you downloaded any
pregnancy applications?

      a. What were your experiences with them?

Data Analysis
Frequencies for data reported on the brief questionnaire are
presented. Three members of the research team (JLK, IB, CHC)

independently analyzed each transcript, using a thematic analysis
approach. Data from the notes and transcripts were reviewed
and codes were generated. Codes were then analyzed and
categorized into over-arching themes independently by
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investigators and discussed, resulting in full agreement.
Illustrative examples of the themes were selected and presented.

Results

Participant Characteristics
Table 1 displays the characteristics of the focus group
participants. Women had an average age of 28 years and most

were white. There were women representing all pregnancy
trimesters. The vast majority reported using online social
networking sites at least once a day (82%, 14/17).

Table 1. Participant characteristics (n=17).

n (%)Characteristics

28 (21-38)Age, years, median (range)

Race

14 (82)White

3 (18)Other

Parity

5 (29)Nulliparous

12 (71)Parous

Number of weeks pregnant

7 (41)First trimester

4 (24)Second trimester

6 (35)Third trimester

Pre-pregnancy weight category

8 (47)Normal weight

6 (35)Overweight

3 (18)Obese

Smartphone operating system

6 (35)iOS

8 (47)Android

3 (18)Other

Frequency of use of online social networking

14 (82)At least once a day

3 (18)At least once a week

Themes

Overview
Technology use, either through Internet or smartphone
applications, was the standard among our participants. Women
sought the Internet and smartphone applications, in part because
the prenatal care visit structure and how pregnancy-related
information was delivered during prenatal care visits was not
meeting their needs. Specifically, women reported using search
engines (eg, Google) to answer pregnancy-related questions,
which ranged from, “Am I pregnant?” to specific
pregnancy-related symptoms (eg, abdominal pain, constipation,
fatigue, heartburn). Women also frequently described using
pregnancy-tracking smartphone applications (eg, BabyCenter)
to follow their baby’s progress (eg, current size, organ
development). Further, women used social media sites, including
Facebook, to share their pregnancy experience and learn about

the experiences of others (eg, videos of different birthing
methods). The analysis of the women’s responses resulted in
the identification of three overarching themes: (1) prenatal care
structure is not patient-centered, (2) women used technology
to fill gaps, and (3) technology has limitations in supporting
their pregnancy-related needs.

Prenatal Care Structure Was Not Patient-Centered
In general, most women reported that the structure of their
prenatal care did not meet their needs and thus was not
patient-centered (ie, responsive to individual preference, needs,
and values) in several key ways. First, the timing of the prenatal
visits did not reflect when women wanted to see their provider.
Multiple women commented that the first visit occurs too late
and that there are too few visits early in pregnancy, when women
had the most questions for their prenatal care providers:
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They expected me to wait 13 weeks until I had a
conversation with my doctor.

I know we can’t change the health care system…but
on your first appointment, they say, “We’ll see you
in 8 weeks…” and uh…That’s 2 months! What am I
going to do? [Focus Group 1, Participant C; FG1, C]

In contrast, women felt the clinic visit structure required too
many visits toward the end of pregnancy. One woman suggested
that the prenatal care visit structure was upside down:

I’m at 10 weeks, they don’t want to see me for another
6 weeks…they see you more at the end than at the
beginning…they don’t have to see you so much at the
end. [At the] beginning there are more questions
about health and weight gain—that should be the
priority. [FG1, D]

In addition to the timing of clinic visits, women expressed that
the supplemental information provided during these visits was
not useful to them:

Today they gave me a whole bag of pamphlets and
flyers and didn’t explain or go over them with
me…and now I have to go home and try to go through
them, while I have a kid running around…and when
you’re a new mom, that’s overwhelming. [FG1, D]

Another woman echoed this opinion:

They gave me pamphlets on my first
appointment…here’s this one…here’s this one…and
they bombard you with all this information. [FG2, B]

Interestingly, the book of “What to Expect When Expecting”,
previously considered a must-read for pregnant women, was
unfamiliar to many of the women. Some women said they were
given a copy of the book by their prenatal care provider but had
not opened it because they found using a reference book to be
outdated and not how they wanted to receive information. Those
who had used the book expressed that much of the information
it contained lacked usefulness:

[The book] says how to take care of your second
child, well, I don’t need that—I’m a first time mother!
[FG2, D]

Another woman agreed,

Half that book doesn’t pertain to anyone or anything.
Or it tells you about how you conceived the baby…I
know this much already! [FG2, C]

Another way in which women described how prenatal care
lacked patient-centeredness was that the visits themselves felt
structured around the clinics’ needs and not individualized
toward the patients’ needs. For example, when discussing
gestational weight gain:

It [the target weight to gain] wasn’t even my goal, it
was theirs…They just gave me a paper. What good
does that do at 28 weeks? I’m almost already there.
[FG1, A]

Another woman also commented on how her prenatal care felt
routine and inconvenient:

I found out [I was pregnant] at 4 weeks…but I was
new with this, so I was on it. They took me in for a
blood test. That was it. They called to say, ‘Yes,
congratulations’ and then called me at 9 weeks for a
sonogram and a whole slew of blood work, and I
asked specifically if I was going to see my doctor
there and they said no. So I had to make a separate
appointment following that, just to see my doctor, and
pay for that visit. [FG1, C]

The structure of the prenatal care led most of the participants
to turn to Internet resources to provide them with
pregnancy-related information.

Women Sought Technology to Fill Information Gaps
and Share Their Pregnancy Experiences
Participants reported turning to technology to fill gaps largely
attributed to limitations in their prenatal care, primarily the
inability to ask their provider questions during their pregnancy.
Most frequently, women reported using Google and smartphone
applications (eg, Babycenter) as a means of finding information.
One woman reported turning to Google to fill information gaps
largely because of the prenatal visit limitations:

I did a lot of Google searches and Pinterest, my little
mommy blog things, just looking at different
things…my doctor didn’t tell me about round ligament
pain, until, gosh, maybe 4 weeks ago…but I was
having [the pain] from 13 weeks on. [FG1, C]

Another woman echoed these thoughts:

I think they should see you at 6 [weeks pregnant].
Just because, with new moms, they’ll have all types
of questions…they’re getting sick, feeling miserable.
So they can get helpful tips, instead of getting all the
info late...so women are going on Google to get their
own answers because their doctors won’t see them.
[FG1, D]

Even when women had established care with their prenatal care
provider, they almost all turned to Google first to answer their
questions but would follow up with their provider if they still
had concerns:

I’ll go on Google first. Then [if I don’t really
understand], I’ll call my doctor. [FG3, C]

Women also saw their use of technology during pregnancy as
something unique to their generation.

Overall, Internet resources were used frequently and for a variety
of pregnancy-related informational needs. When asked to recall
a time when the Internet was used to look up things about
pregnancy, one woman responded: “Every day!” [FG2, B].
More specific situations women reported included searching
for different symptoms of pregnancy as well as baby-related
information. These findings were similar across focus groups.

Some women believed that finding information online led them
to read more, rather than less, about their pregnancy. For
example, one woman reported:

I’m not a reader and I know this is going to sound
really strange…I read more on my phone, tablet, or

J Med Internet Res 2014 | vol. 16 | iss. 6 | e147 | p.123http://www.jmir.org/2014/6/e147/
(page number not for citation purposes)

Kraschnewski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


laptop than I would a book or magazine or pamphlet.
[FG2, B]

The Internet also offered resources in media formats typically
not provided during prenatal care, yet desired by pregnant
women. For example, some women reported watching videos
of different types of births on the Internet. Another mother used
videos of the developing baby to engage her family in the
pregnancy: “I would show the kids the little video clips of the
baby developing. Those are really good videos” [FG4, A]. In
addition to filling information gaps for themselves, many of the
women reported using technology as a way of connecting with
their partners on the pregnancy, particularly for first-time dads:

Then I get the emails [from a pregnancy tracking
website]…and I forward them to my husband, so that
I feel like we’re both synced on what is going on.
[FG1, D]

Social media also provided opportunities for most women to
learn about and share symptoms of pregnancy. Facebook,
Instagram, and blogs were all mentioned as sources of obtaining
information from others women who had similar experiences.
Additionally, these venues were frequently reported as ways of
sharing their personal pregnancy updates:

[Facebook plug-in program] automatically posts on
your wall, so you don’t even have to worry about
it…it does it for you, like every week, and it shows
the progression of your baby. [FG1, D]

However, many women reported being cautious about how
much they shared on Facebook:

Some people share way too much…I put little things,
like ‘20 week check…everything was doing really
good’…I’m not friends with 18,000 people. [FG2, C]

Overall, participants desired information, particularly early in
their pregnancy prior to prenatal care and sought it
independently through Google and other Internet applications.

Technology Had Limitations
Although all of the women in the focus groups reported using
technology sources for pregnancy-related information, they did
recognize significant limitations with this approach. For
example, women reported needing to exercise caution when
searching about symptoms they were having, to avoid receiving
inaccurate information:

Sometimes you can Google something, like when I
was having my round ligament pain for the first
time…some things that came up were terrifying…you
want to go to the ER right away! You definitely have
to be careful and smart about your Google searches.
[FG1, C]

Women reporting using the Internet required multiple searches
to find the specific information they were looking for:

I just add more keywords…or put my quotes in
there…just a more specific, more refined search. And
then it usually has a better answer. ’Cause sometimes
when you’re just searching something, you just put
in a very simple general description of what you want

to search and it brings up all these different things.
[FG1, C]

Most women reported using a smartphone application to help
keep track of their pregnancy progress, but that had significant
limitations as well. For example, some women tracked their
weight gain during pregnancy through a smartphone application,
but when they found that they were gaining too much weight,
there was no specific advice given to help women achieve
weight gain goals:

The weight tracker I used…I stopped using it. It tells
you where you should be [with weight gain], but it
doesn’t make any sense. It says this is ‘you’ and this
is where you should be, but what do I do [to get
there]? [FG2, E]]

Another woman echoed that simply tracking weight data without
useful feedback on how to stay on track was unhelpful:

It’s like Google maps…saying you’re supposed to get
there, but it doesn’t give you directions [on how to
get there] [FG2, D]

Other noted limitations included lacking a food diary to record
what women eat.

Even though participants reported widespread use of technology
sources for finding and sharing pregnancy-related information,
they identified significant limitations leading some women to
avoid using technology all together.

Discussion

Principal Findings
Our results suggest that women use the Internet and other
sources of technology frequently during pregnancy in part
because the current prenatal care visit structure does not allow
women to seek advice when they want it the most, and thus is
not patient-centered. Our findings echo those of a global study
by Lagan and colleagues, who concluded that “the use of the
Internet by pregnant women to seek health information and
advice suggests a lack of information available from health
professionals” [8]. National efforts to provide patient-centered
care, described by the Institute of Medicine (IOM) as health
care that is both respectful and responsive to a patient’s needs,
preferences, and values, have begun in primary care with the
creation of the Patient-Centered Medical Home [9]. As one of
the most frequently used preventive health care services in the
United States, prenatal care has not yet experienced a similar
overhaul.

Given the lack of evidence on how prenatal care should ideally
be delivered, the traditional model for prenatal care delivery in
the United States has changed little over the last century and
has been described as more “ritualistic than rational” [10-13].
The prenatal care visit structure typically starts with an initial
prenatal visit (usually no earlier than 8 weeks of pregnancy),
followed by infrequent visits until the third trimester. The more
frequent visits toward the end of pregnancy support increased
surveillance for signs of preeclampsia and preterm birth, which
can change rather rapidly later in pregnancy. However, the
importance of healthy behaviors during pregnancy is now better
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appreciated, especially in the presence of chronic disease (eg,
diabetes, obesity, and hypertension) and detrimental health
habits (eg, smoking alcohol use, nutritional) that require
management as early as possible [14], preferably prior to
conception.

Perhaps moving in the opposite direction, interventions have
attempted to modify the current prenatal visit structure by
actually reducing the number of visits [15,16]. A meta-analysis
of seven trials with 60,724 women found that, despite no
increase in adverse health outcomes, women were less satisfied
with their care when the number of prenatal visits was reduced
[10]. Further efforts to disseminate novel prenatal care
approaches should demonstrate improved patient satisfaction
as well as effectiveness as a challenger to the status quo, despite
a lack of demonstrated effectiveness of traditional prenatal care
[11]. One such effort is “CenteringPregnancy”, a group visit
approach to prenatal care involving a care-provider physical
examination (similar to the traditional appointment) followed
by 90 minutes of a care provider-led educational group with
women at similar pregnancy stages [17]. Although the prenatal
care visit number is unchanged in CenteringPregnancy, the
longer visits offer significant opportunity for information
exchange and increased patient-centeredness and satisfaction.

Largely due to the lack of patient-centeredness in prenatal care,
pregnant women in our study turned to technology for timely
answers to their questions. This change appears to represent a
generational shift compared to years prior, with women now
using the Internet more and finding it to be more useful than
family and friends [1]. Unlike their mothers, women in our
study tended to ask “Dr. Google” first when investigating
pregnancy questions, ranging from determining if they are
pregnant, the etiologies of abdominal pain, and different birthing
methods. Although most women utilized Internet resources,
many commented on the challenges of finding reliable
information that was helpful, instead of scary. Further, most
women in our study used the Internet before contacting their
prenatal care provider. Despite this extensive use of online
resources, it is important that women still feel they can contact
their provider for questions that remain.

Although technology use is widespread, online resources have
significant limitations in meeting the informational needs for
pregnant women. Importantly, there is a nearly complete lack
of interaction between online resources and medical care.
Kaimal and colleagues found in their study of online resources
for obstetrics that fewer than 4% of websites were created and/or
sponsored by physicians [6]. This suggests that the vast majority
of online resources women utilize may be created in the absence
of expert knowledge. As a result, significant skills are required
by users to navigate the Internet for useful information.
Internet-based tools may help improve access to
pregnancy-related information; however, the benefit may be
limited in certain populations due to lower rates of eHealth
literacy, defined as “the ability to seek, find, understand, and
appraise health information from electronic sources and apply
the knowledge gained to addressing or solving a health problem”
[18]. A recent study by Neter and Brainin found that eHealth
literacy was higher among younger, more educated adults and
that those with higher eHealth literacy were more likely to have

positive outcomes from the information searched (ie, greater
gains in health behaviors and positive interactions with their
health care provider) [19]. Pregnant women tend to be younger,
but those with lower socioeconomic status, such as the women
in our study, may not derive equal benefit from these resources.
Further research is necessary to determine how best to design
technology to better serve this population.

However, this also presents a tremendous opportunity for
medical systems to leverage the technology already available
as well as further developing appropriate connections with
medical expertise. For example, all of the women in our study
used a pregnancy application to track their pregnancy. The
limitations of these applications could easily be met by
integrating evidence-based information from medical experts,
such as including a discussion of the IOM’s guidelines for
appropriate gestational weight gain instead of simply tracking
weight gain.

Fortunately, women may be discussing questionable Internet
information with their health care provider. Lagan and
colleagues studied 303 midwives to assess their understanding
of their patients’ use of the Internet and found that most (86%)
had experienced a pregnant woman discussing information from
the Internet with them in the past year [20]. Unfortunately, care
providers may not be able to systematically evaluate such
information: only 15% of midwives in Lagan’s study were aware
of and able to describe indicators for quality online health
information evaluation [20].

Study Strengths and Limitations
Our study has several strengths. First, the role technology plays
during pregnancy has been minimally explored in the literature,
despite the growing use of technology. Additionally, to our
knowledge, this is the only qualitative study investigating
technology’s role in pregnancy for women enrolled in WIC, a
health disparate population at greater risk for pregnancy
complications. Our study also has limitations, including the
recruitment of a convenience sample of volunteer pregnant
women enrolled in WIC in Central Pennsylvania. As a result,
volunteer bias is likely. Further, this population may be
significantly different from women with higher socioeconomic
status who experience fewer barriers to care access and may
have different sources of information support. Therefore, our
results may not be generalizable to pregnant women’s
experiences in other settings. However, given the ubiquity of
the Internet and largely standardized approach to prenatal care,
we expect these results will be useful across the country. In
addition, this study did not aim to compare technology with
other information sources pregnant women use. Further
qualitative and quantitative research on this topic is necessary
in a large, more diverse group of women.

Conclusions
Our results suggest several important next steps. Given how
critical patient-provider communication is to the therapeutic
relationship, the Internet should be considered by more providers
as a forum for both dissemination of evidence-based education
information and integration into the prenatal care structure.
Importantly, none of the women in our study mentioned
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receiving online resources from their prenatal care provider,
although it is established that providers are aware of and perhaps
have even created such resources for their patients. Greater
efforts are necessary to connect women with such resources,
particularly early in pregnancy and prior to initiating prenatal
care. For example, letting women know of reliable online
resources when they first call in for an appointment to be
scheduled weeks away may be useful. Further, as the role of

technology is increasing in importance for pregnant women,
understanding how best to leverage existing resources to
facilitate healthy pregnancies will be necessary to meet women’s
informational needs. Future steps may include developing
interventions to help health care providers assist patients early
in pregnancy seek the information they want and become better
consumers of Internet-based pregnancy resources.
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Abstract

Background: Lower socioeconomic strata (SES) populations have higher chronic disease risks. Smartphone-based interventions
can support adoption of health behaviors that may, in turn, reduce the risks of type 2 diabetes-related complications, overcoming
the obstacles that some patients may have with regular clinical contact (eg, shiftwork, travel difficulties, miscommunication).

Objective: The intent of the study was to develop and test a smartphone-assisted intervention that improves behavioral management
of type 2 diabetes in an ethnically diverse, lower SES population within an urban community health setting.

Methods: This single-arm pilot study assessed a smartphone application developed with investigator assistance and delivered
by health coaches. Participants were recruited from the Black Creek Community Health Centre in Toronto and had minimal prior
experience with smartphones.

Results: A total of 21 subjects consented and 19 participants completed the 6-month trial; 12 had baseline glycosylated hemoglobin
(HbA1c) levels >7.0% and these subjects demonstrated a mean reduction of 0.43% (SD 0.63) (P<.05) with minimal changes in
medication.

Conclusions: This project supported the feasibility of smartphone-based health coaching for individuals from lower SES with
minimal prior smartphone experience.

(J Med Internet Res 2014;16(6):e149)   doi:10.2196/jmir.3180
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Introduction

Background
A consensus of medical professionals and academic researchers
indicates that type 2 diabetes mellitus (T2DM) is a chronic
condition that progresses to more debilitating complications if
certain unhealthy behaviors persist [1]. Regular exercise
conversely prevents deteriorating health and disease onset [2]
and has measurable benefits for T2DM-diagnosed populations
[3,4]. Because high carbohydrate diets increase risks for
diabetes-related complications due to chronic hyperglycemia,
dietary modification can also result in risk reductions [5]. The
adoption of optimal health behaviors in those diagnosed with
T2DM requires behavior change and support for diabetic
individuals from lower socioeconomic strata (SES) is especially
important as this population confronts additional challenges in
maintaining good health [6]. Data from the Canadian Healthy
Community Survey (2005) suggest individuals from the lowest
income group are over four times more likely to have T2DM
[7]. Furthermore, education and personal wealth variables,
typically viewed as SES proxies, are the strongest predictors of
premature death associated with T2DM [8]. Despite recent
surges of interest in disease incidence related to SES, little
attention has been paid to urban, low SES immigrant/minority
groups. As our experience indicates, these individuals are often
less willing to volunteer for research and are less reliable
subjects after enrollment. This is mainly related to the competing
demands they confront and the lack of flexibility in their
working conditions.

Health coaches promote adoption and maintenance of health
behaviors, using validated theoretical frameworks (eg,
motivational interviewing [9] and cognitive behavioral therapy
[10]). Health coaches primarily focus on helping patients define
and attain personal goals and discover intrinsic health-oriented
motivations [11]. Recent trials involving health coaching in
chronic disease demonstrate positive gains for patients, such as
increased exercise and medication adherence [11,12], improved
psychological functioning [11], and more positive illness-coping
strategies [11].

Mobile technologies complement health coaching by enabling
patients and coaches to maintain multiple channels of contact
via remote monitoring, voice, and text message communications.
The use of mobile phones potentially provides unprecedented
precision in supporting health-related behavior since it facilitates
responses to immediate needs and serves to maintain
communication consistency. Once an individual decides on the
intensity, frequency, and duration of contacts with the health
coach, it is possible to detect non-adherence lapses quickly to
the point where supportive-corrective responses can be provided
while the non-adherent pattern is still unfolding. Reminder and
reinforcement messages of different types can be sent to patients
at any hour of day or evening, enabling interactions that
purposefully blend with the patient’s daily lifestyle.

Remote monitoring has been associated in numerous controlled
studies with significant benefits in improving blood pressure
and blood glucose regulation [13-16], exercise adherence [17],
and dietary control [18,19]. Mobile technologies enable

immediate and inexpensive communication with patients,
exemplified in the use of text messages (SMS) to boost
medication adherence and decrease viral load in HIV-positive
Kenyan populations [20], and to deliver supportive SMS to
patients at risk for developing type 2 diabetes [21], and have
demonstrated results with a variety of other chronic medical
conditions [22].

NexJ Connected Health and Wellness Platform
(CHWP)
The Connected Health and Wellness Platform (CHWP) Health
Coach app is designed to support multi-channel communications
between clients and health coaches and supportive family
members. The app was collaboratively designed by software
developers (NexJ Systems Inc.) and study investigators to
support participants in electronically tracking health behaviors
(eg, exercise, diet, stress reduction practices) and self-monitoring
health data (eg, blood glucose, blood pressure, mood, pain,
energy). Provider-client communications require two-way,
certificate-based authentication and passwords stored in
encrypted columns, with entered data recalled by client and
health coach through a secure online portal.

Methods

Study Design
This experimental pre/post, single-arm trial assessed a 24-week
intervention where interactions in person, by phone, and by
smartphone (eg, secure messaging, email) with a personal health
coach supported adoption of and adherence to self-generated
health-behavior change goals. The primary study outcome was
glycosylated hemoglobin (HbA1c) assessed at baseline and 24
weeks. HbA1c is a clinical indicator of glucose regulation
correlated with debilitating and costly diabetic complications.
The clinical goal for self-management of diabetes is an HbA1c
of 7.0% or less, although further reductions are preferred.
Interventions that reduce HbA1c in elevated risk populations
are of significant value in diabetes care.

Health Coaching Intervention
The health coach intervention was carried out by a graduate
student trained in behavior change techniques. After obtaining
informed consent and collecting demographic information,
baseline lab reports, and psychometric measures, the participants
and the health coach communicated about eating, physical
activity patterns, and overall health goals. Wellness plans were
collaboratively created in multiple interactions focused on
exercise instruction and reviews of electronic monitoring entries,
with diet and medication guidelines set by primary care
physicians and dieticians.

Recruitment
Participants were recruited at the Black Creek Community
Health Centre in Toronto, Ontario, Canada. Recruitment was
through health care provider referral and poster advertising.
Eligible participants were patients over 18 years old, diagnosed
with type 2 diabetes, and able to read and speak English.
Participants were excluded if their baseline HbA1c was greater
than 9.5%. All study procedures were approved by the York
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University Human Participants Research Committee and
participants signed an informed consent.

NexJ Health Coach App Access
All clients were given access to the custom smartphone app,
Health Coach, on a loaned Blackberry Curve 8900 with full
data access for the duration of the trial (n=19), unless they
possessed a smartphone (n=2).

App Feedback and Development
Research staff collected participant experience with version 1.0
of the Health Coach app, reporting errors and overall feedback.
Feedback was organized and relayed back to the software design
team as described in Figure 1.

As the Health Coach app was version 1.0, periodic malfunctions
hindered client communications during the trial. Due to the
close relationship between the health coach and software
production team, the feedback and user experience was
communicated as received, resulting in upgrades installed on
the server at frequent intervals. This feedback loop led to
significant improvements in the software throughout the trial.
Some of the most important modifications included
user-interface enhancements, general usability, and solution of
software instability issues. Screenshots of the mobile phone app
with an explanation of the various trackers and functions are
found in Figures 2-11.

Figure 1. Software improvement cycle. Feedback loop conveys user experience and smartphone software redesign.

Figure 2. Exercise Tracker is designed to easily track multiple exercise modalities. Users can log duration of exercise, rate perceived intensity (light,
moderate, vigorous), and enter additional text comments.
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Figure 3. Food Tracker automatically triggers the smartphone’s camera, enabling photo capture of meals. Users can subjectively rate food portion
(small, moderate, large), source (home-made, packaged, restaurant served), and healthiness (not so healthy, moderately healthy, very healthy).
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Figure 4. Satisfaction survey: at a customizable timeframe (usually 20 minutes), the program prompts for reports on satiety level (not enough, just
right, too full).

Figure 5. Blood Glucose Tracker: Clients enter blood glucose level and comments on readings.

Figure 6. Mood Tracker: Clients enter “How They Feel” using a simple 5-pt scale: I feel (great, very good, good, bad, very bad) and comment on entry,
which is time-stamped.
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Figure 7. Weight Tracker: Clients enter weight and enter comments on the reading.

Figure 8. Pain Tracker: Clients can enter subjective pain ratings using a 5-pt scale: pain level is (none, mild, moderate, severe, very severe).

Figure 9. Blood Pressure Tracker: Clients enter blood pressure including systolic, diastolic, and heart rate and are able to comment on the reading.
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Figure 10. Messaging allows for two-way secure messaging between participant and health coach who can selectively promote healthy choices at
pivotal times of client decision-making, providing support immediately after healthy behaviors have been logged, and/or addressing questions and/or
sending relevant materials.

Figure 11. Reminders: The trackers use employ alarm-type entry reminders, which provide convenient ways to prompt clients to engage in health
behaviors like exercise, dietary modifications, stress reduction, and self-reported mood. Reminders can be turned on and off easily by health coach
and/or participant.

Statistical Analysis
Data was analyzed using SPSS (version 21.0, 2012, IBM,
Chicago, IL). Descriptive statistics are reported (means and
standard deviations). Differences in outcome variables (baseline
to 24 weeks) were analyzed using a paired samples t test.
Participants were split into groupings according to baseline
assessments (HbA1c≥7.0% and HbA1c<7.0%). Significance
was set to P<.05.

Results

Of the 21 participants, final outcome variables were collected
for 19. The primary reason for missing data was primary care
physician failure to forward lab results (n=2).

Demographics are summarized in Table 1. There was a mean
reduction of 0.28% (SD 0.57) (P=.05) found over the entire
sample. Since participant glucose control varied across optimal
levels at baseline, data was re-analyzed for those who began
the trial with sub-optimally managed glucose and those with
optimally managed glucose. A total of 12 participants started
the trial with sub-optimally managed glycemic control
(HbA1c≥7.0% [Diabetes Control and Complications
Trial/DCCT method] or 53 mmol/mol [International Federation
of Clinical Chemistry/IFCC method]) and experienced a greater
mean reduction of 0.43% (SD 0.63) (P=.04) (see Table 2).
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Table 1. Demographic characteristics at baseline (n=21).

n (%)Characteristic

55.6 (12.3)Age (years), mean (SD)

Sex

9 (43%)Male

12 (57%)Female

Marital status

5 (24%)Single

14 (67%)Married or common law

2 (10%)Widowed

Children

18 (86%)Yes

3 (14%)No

Educational background

3 (14%)Less than high school

4 (19%)Completed high school

7 (33%)Some college/university

6 (29%)College diploma

1 (5%)University degree

Employment

12 (57%)Full-time

2 (10%)Part-time

7 (33%)Not presently employed

Ethno-cultural group

3 (14%)Hispanic

3 (14%)African

3 (14%)Caribbean

3 (14%)South Asian

9 (43%)Caucasian
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Table 2. Change in outcomes of patients participating in the Health Coach intervention.

P valueMean change,

mean (SD)

Post,

mean (SD)

Baseline,

mean (SD)

nOutcome

Entire sample

.05−0.28 (0.57)7.31 (0.95)7.58 (1.13)19HbA1ca (%)

.02−1.3 (1.9)93.2 (15.8)94.6 (16.8)14Weight (kg)

.05−0.4 (0.7)33.9 (5.3)34.4 (5.5)13BMIb

.062.7 (4.3)112.1 (16.1)109.4 (16.1)11Waist circumference (cm)

Baseline A1c≥7.0%

.04−0.43 (0.63)7.83 (0.78)8.26 (0.80)12HbA1c (%)

.01−1.9 (1.7)98.1 (17.1)100.1 (18.0)9Weight (kg)

.37−0.7 (0.7)35.6 (5.7)36.2 (5.8)8BMI

.332.1 (5.3)116.5 (16.4)114.4 (17.1)7Waist circumference (cm)

Baseline A1c<7.0%

.91−0.01 (0.32)6.41 (0.38)6.43 (0.39)7HbA1c (%)

.81−0.2 (1.8)84.4 (8.8)84.6 (8.7)5Weight (kg)

.80−0.1 (0.7)31.3 (3.8)31.4 (3.7)5BMI

.023.8 (1.6)104.4 (10.0)100.6 (11.0)4Waist circumference (cm)

aHbA1c: hemoglobin A1c (glycosylated hemoglobin)
bBMI: body mass index

Discussion

Principal Results
In this trial, patients with a range of glucose regulation efficacy
were recruited to pilot a smartphone-based mobile software app
and personal health coach program. Given the objective of
demonstrating intervention efficacy in poorly managed diabetic
clients, our analysis focused on subjects with a baseline
HbA1c>7.0% (53 mmol/mol). These participants, who started
at a poorly managed level, showed a mean reduction of 0.43%
(SD 0.63) (P=.04), demonstrating the potential clinical relevance
of the intervention.

Socioeconomic Strata and Intervention Applicability
Lower SES populations often have difficulty navigating and
accessing the health care system [23] to a degree where SES
appears to be the best predictor of health status in Canada and
the United States [24,25], with SES-related factors manifesting
as substantial barriers to the health of many Canadians. This
intervention attempted to address some of these issues by
engaging participants in a health coaching relationship to
overcome accessibility barriers. During the course of the
intervention, it was observed that participants were sometimes
prevented from attending appointments with their health care
team due to familial obligations and work obligations (mainly
shift work). With low workplace flexibility, when work had to
be interrupted to attend a health care session, losing out on the
day’s pay was a significant obstacle. The intervention reduced
this barrier by providing 24-hour electronic access to the health
coach, enabling participants to initiate communication when
possible and convenient.

Of our study sample, 34% completed either a college or
university degree, compared to the 59% of Ontario’s population
(and 53% of Canada’s population) who have a university or
college level designation [26]. Education is a commonly used
proxy of socioeconomic strata, but educated immigrants to
Canada are frequently unable to work in their former disciplines
at their achieved educational levels due to domestic policies
[27]. The intervention demonstrated the effectiveness of a
personalized, electronically assisted health coaching intervention
in an underserved population that is not typically the focus of
technology-assisted health research. Most participants (n=19)
did not own a smartphone and were loaned a device for the trial
duration. Nonetheless, as the costs of mobile technology
decrease, mobile technology interventions will be increasingly
feasible and useful at all SES levels.

From Single-Arm Pilot to Randomized Controlled
Trial
The pilot study was intended to generate results guiding the
eventual design of a randomized controlled trial (RCT). Several
points of guidance were readily apparent. First, the lower SES
participants, according to our pilot experience, would not likely
sustain participation if they perceived that randomization to the
control group resulted in an inferior intervention. This was due
to generic participation obstacles, especially taking time out of
inflexible work schedules to attend assessment sessions. This
observation combined with our interest in seeing what additional
benefits were attributable to health coaching with the
smartphone software vs health coaching alone. Accordingly,
the health coaching intervention was designed to be
fundamentally equivalent across comparison arms except for
use of the smartphone plus software in the experimental group.
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Second, our experience with primary care providers involved
their inconsistent provision of HbA1c tests. Accordingly, we
have ensured a point-of-care HbA1c Analyzer is available (via
finger-prick A1c blood samples) throughout the current RCT.

Limitations
This pilot study enrolled a small convenience sample with no
control group, limiting the generalizability of intervention
results. Throughout the pilot trial, temporary software
malfunctions and upgrades inevitably resulted in service
disruptions. Although participants could directly log healthy
behaviors via smartphone, their self-report could be falsified or
exaggerated. Future studies can employ Bluetooth connected
technology (ie, glucometers, accelerometers) to omit some
self-report biases. To more rigorously assess intervention
efficacy, the RCT now in the field is being undertaken with
stabilized, consistently functional software. The goal is to assess
whether health coaching without vs with the use of the
smartphone software is equivalent (or non-inferior). In order to
address this question, subjects were randomly allocated to
experimental and control groups and the same coaches delivered
health coaching in both arms. This approach aims to better
understand which intervention features are most important to
effective intervention. We understand that there are limitations
to this assessment approach but it represents an important step
in investigating these interventions.

Comparison With Prior Work
The most comparable intervention is the WellDoc diabetes trial
[28-30] in which 26 primary health practices were randomized
to provide one of four possible health coach intervention options
to their patients. Across participating practices, 163 patients
were intervened with intensities ranging from usual care to use
of smartphone-assisted health coaching. Investigators found
significant decreases in HbA1c in the highest intensity group.
In that trial, participants on Medicaid and Medicare and those
without health insurance were excluded. Our trial specifically
targets individuals from a lower-resource sector of a large
Canadian city, most of whom would have been excluded from
the WellDoc trial. Since the association between type 2 diabetes
and poverty has been well demonstrated [6,7,8], our interests
focus on interventions that serve people of all SES and have
demonstrated efficacy with subjects from lower SES.

Conclusions
As mobile technology becomes more accessible, electronically
assisted health coaching may emerge as a viable and effective
means of managing chronic conditions through improved health
behaviors across all SES. To help understand what parts of the
intervention were responsible for changes in behavior (health
coaching, remote monitoring), the RCT currently being
conducted will assess the effectiveness of health coaching in
type 2 diabetic patients both with and without the use of
smartphone technology at multiple sites with diverse
populations.
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Abstract

Background: Mass gatherings, such as music festivals and religious events, pose a health care challenge because of the risk of
transmission of communicable diseases. This is exacerbated by the fact that participants disperse soon after the gathering,
potentially spreading disease within their communities. The dispersion of participants also poses a challenge for traditional
surveillance methods. The ubiquitous use of the Internet may enable the detection of disease outbreaks through analysis of data
generated by users during events and shortly thereafter.

Objective: The intent of the study was to develop algorithms that can alert to possible outbreaks of communicable diseases
from Internet data, specifically Twitter and search engine queries.

Methods: We extracted all Twitter postings and queries made to the Bing search engine by users who repeatedly mentioned
one of nine major music festivals held in the United Kingdom and one religious event (the Hajj in Mecca) during 2012, for a
period of 30 days and after each festival. We analyzed these data using three methods, two of which compared words associated
with disease symptoms before and after the time of the festival, and one that compared the frequency of these words with those
of other users in the United Kingdom in the days following the festivals.

Results: The data comprised, on average, 7.5 million tweets made by 12,163 users, and 32,143 queries made by 1756 users
from each festival. Our methods indicated the statistically significant appearance of a disease symptom in two of the nine festivals.
For example, cough was detected at higher than expected levels following the Wakestock festival. Statistically significant agreement
(chi-square test, P<.01) between methods and across data sources was found where a statistically significant symptom was
detected. Anecdotal evidence suggests that symptoms detected are indeed indicative of a disease that some users attributed to
being at the festival.

Conclusions: Our work shows the feasibility of creating a public health surveillance system for mass gatherings based on
Internet data. The use of multiple data sources and analysis methods was found to be advantageous for rejecting false positives.
Further studies are required in order to validate our findings with data from public health authorities.

(J Med Internet Res 2014;16(6):e154)   doi:10.2196/jmir.3156
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Introduction

Background
Historically, infectious diseases have devastated societies.
Examples include the “Black Death” bubonic plague of the 14th
century in which between 30-40% of Europe’s population is
estimated to have died [1], and the influenza epidemic of
1918-1920, in which as many as 50 million are estimated to
have died [2]. Despite very significant advances in medicine,
infectious diseases remain potentially very serious threats to
society. For example, a pandemic influenza is rated as the
greatest national risk on the UK government risk register [3].
An estimated 35.3 million people are HIV-infected [4],
drug-resistant Methicillin-resistant Staphylococcus aureus
(MRSA) is a major public health concern [5], about 2 million
cases of cancer are caused by infections each year [6], and
infection is a major source of morbidity in primary care [7].
Moreover, emerging new infections, such as H1N1 influenza,
can cause pandemics, spreading rapidly and unpredictably. Early
diagnostics play a crucial role in prevention, treatment, and care
but most tests require samples to be sent to specialist laboratories
leading to inherent delays between tests, results, and clinical
interventions. Public health intervention may be further delayed
by the time lag of 1-2 weeks associated with retrospective
surveillance. There are increasing national and international
drivers to dramatically improve our capacity to rapidly respond
to infectious diseases by widening access to tests in community
settings and drive innovative real-time surveillance

Protection against infectious diseases includes the development
of new medicines, vaccination programs, improved hygiene,
and promotion of behavioral modifications. While together
these efforts may reduce the risk of infectious diseases, the risk
cannot be eliminated. Consequently, infectious disease
surveillance networks at national and international levels have
been established. The purpose of public health surveillance
networks is to provide “Ongoing systematic collection, analysis,
interpretation and dissemination of data regarding a
health-related event for use in public health action to reduce
morbidity and mortality and to improve health” [8].

The most reliable sources of data for public health surveillance
networks are confirmed diagnoses of diseases. Unfortunately,
confirming a diagnosis may take days or weeks, due to a variety
of delays including (1) time to ship a patient sample to a testing
laboratory, (2) time to perform the test, and (3) time to report
the results.

Delays in identifying the onset of an infectious epidemic result
in delayed responses, which can significantly exacerbate the
impact of the epidemic on a society. Consequently, there is
strong interest in reducing delays. One way to accomplish this
is through syndromic surveillance, which emphasizes “the use
of near ‘real-time’ data and automated tools to detect and
characterize unusual activity for further public health
investigation” [9]. There is a range of pre-diagnostic data that
can and has been used, including clinical data such as nurse

advice line activity, school nurse visits, poison control center
data, EMS records, emergency department visits, outpatient
records, laboratory/radiology orders and results, prescription
medication sales, and electronic health records, and non-clinical
data such as over-the-counter (OTC) medications, work and
school absenteeism records, ambulance dispatch data, zoonotic
surveillance data (eg, dead birds from West Nile virus activity),
health-related Web searches, and other data from online social
networks.

The use of syndromic surveillance systems dates back to at least
1977, when Welliver et al [10] reported the use of OTC
medication sales in Los Angeles. The early 2000s saw renewed
interest in syndromic surveillance as a result of a US Defense
Advanced Research Projects Agency (DARPA) initiative called
ENCOMPASS (ENhanced COnsequence Management Planning
And Support System) to provide an early warning system to
protect against bioterrorism. As early as 2001, it was suggested
to use query logs associated with health care websites as one
form of syndromic data [11]. The advantage of online data
sources is that the data collection is usually straightforward and
very timely, that is, the lag between data creation, collection,
and analysis can be very short (possibly seconds). We are
therefore interested in online syndromic surveillance, which is
discussed in more detail in the next section.

The World Health Organization (WHO) states that “an organized
or unplanned event can be classified as a mass gathering if the
number of people attending is sufficient to strain the planning
and response resources of the community, state, or nation
hosting the event” [12]. Examples of mass gatherings include
very large religious gatherings such as the Hajj (approximately
2 million people) and the Hindu Kumbh Mela (estimated at
80-100 million people), large international sporting events such
as the Olympics, and national music festivals such as
Glastonbury in the United Kingdom. Mass gatherings have been
sources for the spread of infectious diseases. The spread of
cholera from a well in Mecca was documented as far back as
1883 [13]. More recently, during the 1992 Glastonbury music
festival attended by 70,000 people in the United Kingdom, 72
cases of Campylobacter infection were reported due to drinking
unpasteurized milk [14]. In 2009, [15] reported an outbreak of
H1N1 influenza at the Rock Werchter festival in Belgium. Also
in 2009, [16] reported outbreaks of H1N1 influenza at a sports
event and at a music festival, called EXIT, where 62 confirmed
cases were identified. In the same year, a further case was
reported at a music festival in Hungary [17]. The issue of mass
gatherings, medicine, and global health security was the subject
of a series of reports in The Lancet in 2012.

In the next section, we provide a discussion of prior work on
syndromic surveillance based on online social networks and
search engine query logs.

Related Work
In 2001, Wagner et al [11] first suggested the utility of query
terms to detect infectious diseases. In particular, they presented
data on the number of queries to a health website (WebMD)
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using words such as “cold” and “flu”. Though no quantitative
assessment was provided, qualitatively a correlation is visible
between the query frequency and measures of infectious disease.
A related quantitative analysis was documented in subsequent
work [18], which took “the weekly counts of the number of
accesses of selected influenza-related articles on the Healthlink
website and measured their correlation with traditional influenza
surveillance data from the Centers for Disease Control and
Prevention (CDC)”. The results showed a clear correlation;
however, interestingly, the Web log data was no more timely
than that of the CDC, that is, the Web log data did not allow an
influenza outbreak to be detected any sooner than with
traditional surveillance methods.

Later, Eysenbach [19] used information from Google’s AdSense
to indirectly estimate the number of queries for particular search
terms that contained keywords related to influenza. Specifically,
Eysenbach reported correlations between the “number of clicks
on a keyword-triggered influenza link” and traditional measures
such as (1) the number of lab tests, and (2) the number of
positive lab test results (cases). Pearson correlation scores of
between .85 and .91 are reported. Interestingly, the higher
correlation score was obtained when correlating with the number
of cases reported for the next week, indicating the Web-based
information was more timely.

A number of systems have been developed to gather and analyze
unstructured information that is openly available on the Web.
The earliest example of this is Global Public Health Intelligence
Network (GPHIN) developed by the Canadian government and
the WHO [20]. A number of systems have subsequently been
deployed, including BioCaster [21,22], EpiSPIDER [23], and
HealthMap [24,25]. Comparisons of these various systems can
be found in [26,27].

Interest in Web-based surveillance increased significantly with
the publication by Polgreen et al [28] and Ginsberg et al [29]
of relationships between query search terms and influenza-like
illness (ILI) based on Yahoo and Google search logs,
respectively. Polgreen et al showed that it was possible to
estimate the percentage of positive cultures for influenza and
the deaths attributable to pneumonia and influenza in the United
States, and to do so several weeks ahead of actual culture results.
Ginsberg et al reported similar findings. A further contribution
of [29] was to automatically determine the best set of query
search terms that correlate with CDC estimates. The work by
Ginsberg et al has subsequently been developed as Google Flu
Trends and its more generic service, Google Trends [30].

A large body of research has since been developed that utilizes
data from online social network or query logs to infer health
information. This includes work on mining blog posts that
mention influenza. For example, Corley et al [31,32] describe
collecting blogs from a variety of sources and looking for the
frequency of occurrence of keywords such as “influenza”. After
normalization, they reported Pearson correlation scores of .77
and .55 for two datasets with corresponding ILI reports from
the CDC (CDC ILINet reports). This work also discusses the
possibility of identifying relevant online communities and
developing associated targeted intervention strategies.

The analysis of microblogging data from Twitter for health
purposes has recently received attention [33-40]. Inspired by
the approach in Ginsberg et al [29], Cullota et al [35] applies a
similar approach to Twitter data revealing the benefits of having
longer, more complete messages as opposed to unstructured
search query entries. This allows for simpler classification
algorithms that can also filter out many of the erroneous
messages that typically occur and would sometimes overwhelm
the classifier predictions [38]. Lampos and Cristianini [33,34]
performed an analysis of tracking influenza rates throughout
the United Kingdom. Their major contribution to the existing
regression-based models was proposing a new automatic way
of selecting the keywords used by the classifier. These were
learned from a large pool of candidates extracted from Web
articles related to influenza, imposing a scarcity constraint via
an L1 norm penalty in the least squares prediction error. This
method yielded a correlation of 97% with respect to the reported
influenza rates. Unfortunately, the proposed way of
automatically building the vocabulary is based solely on
correlation and sometimes produces terms that, although highly
correlated with the flu trends, may not make good candidates
to track for future predictions: for instance, automatically
selected keywords “phone”, “nation”, or “mention” might not
be good indicators of the presence of ILI conditions.

Methods

Data
We examined 10 events, nine of which were in the United
Kingdom and one (the annual Hajj in Mecca) that had significant
participation from people in the United Kingdom. All events
took place in the second half of 2012.

We extracted two datasets for each event, one from the entire
set of Twitter users and the other from that of the Microsoft
Bing search engine. The population of Twitter users relevant
to an event was defined as any user who mentioned a hashtag
associated with an event at least twice between 30 days before
and 30 days after the event. We refer to the relevant users as
the target population. We also identified a population of users
who could be used as a reference population (see Analysis
Algorithms below) for each event by randomly sampling 1%
of users who did not mention the event in their Twitter
messages, but had the United Kingdom listed as their location
in their profile. It comprised 345,849 users over the entire study
period. For each Twitter message, we extracted an anonymized
user identifier, the date and time of the message, and its text.

We followed a similar methodology for detecting relevant users
according to queries made on the Bing search engine by users
who agreed to share their queries, and marked as relevant any
user who mentioned an event at least twice in their queries. For
each query made by the relevant users, we extracted the query
text, time and date, and an anonymized user identifier. In order
to maintain user privacy, data were first anonymized by hashing,
before the investigators had access to them. They were then
aggregated prior to analysis and no individual-level user datum
was examined by the experimenters.
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On average, we identified approximately 14,000 Twitter users
and 5650 Bing users. The list of events and basic statistics
concerning the events are shown in Table 1, including the
number of Twitter users who mentioned the event more than
twice, the number of tweets that mentioned each event, the
number of users who queried for each event, and the number
of queries.

We extracted all queries and Twitter messages for the relevant
users from 30 days before an event until 30 days after it. The
queries and messages were stemmed using a Porter stemmer
[41]. We then marked each query and Twitter message as to
whether it contained one or more words or phrases describing
medical symptoms given in a list of 195 medical symptoms and

457 corresponding synonyms described in Yom-Tov and
Gabrilovich [42]. This list of terms was derived from a set of
terms in International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10), expanded
to include ways in which non-specialist people frequently refer
to the medical terms. The expansion is based on terms that
people use in order to reach the Wikipedia page referring to a
medical symptom and the terms frequently associated with it
in Web documents. A complete explanation of how the list was
constructed can be found in Yom-Tov and Gabrilovich [42].

A table listing the number of tweets that contained each of the
symptom words or their synonyms in each of the festivals
analyzed is provided in Multimedia Appendix 1.

Table 1. List of analyzed events and statistics.

BingTwitterCapacityaDatesEvent

Number of festival
queries

Number of usersNumber of festival
mentions

Number of users

3750117712,180387810,0006-8 JulyWakestock

69092309191,76223,10550,0006-8 JulyWireless Festival

44,41611,899175,88124,74685,0006-8 JulyT in the Park

50,79614,70492,72222,01890,00017-19 AugustV Festival

23,3306715104,55013,35930,0006-9 SeptemberBestival

19,0715533191,66321,70380,00024-26 AugustCreamfields

13,8923402129,13717,4733,161,57324-27 OctoberHajj

14,22244001398627660,00022-24 JuneIsle of Wight Festi-
val

17,267459814979360120,0008-10 JuneDownload Festival

62661764106812,93535,0008-10 JuneRockNess

15,744449998,63615,41670,000Median

aCapacity information from Wikifestivals and Wikipedia websites.

Analysis Algorithms

Overview
We analyzed each dataset using three methods, described below.
Briefly, Method 1 tests how well the probability of a word
occurring as a function of time fits a lognormal distribution with
variance between 1.2 and 1.5, since this is the epidemiological
distribution predicted in [43] for spread of infectious disease.
Method 2 compares the number of times a symptom was
mentioned before and after the date of an event, and uses a
statistical test based on the False Discovery Rate (FDR) to
determine significance. Method 3 computes the likelihood that
symptoms would be measured at an observed frequency in a
target population compared to what would be expected by
chance. All three methods are described in detail below.

Method 1: Comparison to Background With
Epidemiological Profile

Let PT
i(w,t) be the probability that the i-th word will appear in

the target population on day t, where, in our data

t∈[−30,−29,...,29,30]. Similarly, we denote PR
i(w,t) as the same

probability in the reference population, that is, in a population
that is disjointed from the target population, but is located in a
similar geographic area.

We assume that if there is an epidemic of an infectious disease
in the population, users mention its symptoms in their text (eg,

Twitter messages). In that case, a word PT
i(w,t) describing a

symptom of the disease should follow the appearance profile
of such a disease, which takes into account its incubation period.
This profile should fit a lognormal distribution with a variance
of between 1.2 and 1.5 [43].

Thus, for each of the symptom words, we compute its
probability over time and normalize this by the same probability
for the reference population, in order to exclude diseases that
are unrelated to the event. Therefore, for each symptom word

(and its synonyms), we compute a score given by PT
i(w,t)/

PR
i(w,t), and fit to it a lognormal distribution with a center that

varies from the first day of the event and until 14 days later.
The day on which the best fit is found (in the least squares sense)
is chosen to represent the distribution of this word.
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In order to ascertain if the fit of the distribution is statistically
significant, we employ the FDR procedure [44] and conduct
the same procedure for a random set of 1950 non-symptom
words (10 times larger than the symptom list) and display a
symptom only if its fit to the lognormal distribution is greater
than would be expected at an FDR of 1%.

This method should work well if there is a large enough target
population to generate information pertaining to the epidemic
and should enable not only the identification of the outbreak
but also its temporal profile.

Method 2: Comparison to Background and Time
Here, we follow Yom-Tov and Gabrilovich [42] and construct
a 2×2 contingency table that measures the number of times a
symptom was mentioned before and after the date of the event
(see Table 2 for an example), for either the target or reference
population. Each symptom is then scored according to the
chi-square score computed from the table.

A threshold for statistical significance is computed using FDR
[44] with a random set of non-symptom words. We report
symptoms with a chi-square score higher than that expected at
an FDR of 1%.

Table 2. The 2x2 contingency table for computing the chi-square score of Method 2.

User queried for or tweeted about the festival?Number of times that the user mentioned/queried for the
symptom or its synonym

YesNo

N12N11Before Day 0

N22N21After Day 0

Method 3: What’s Strange About Recent Events
Following the approach in [45] (What’s Strange About Recent
Events [WSARE]), for each day after the mass gathering,
t∈[1, ,30], we compute a one-term rule score for each symptom
in our vocabulary. The score is computed using a hypothesis
test in which the null hypothesis is the independence between
history records and current day counts. We apply the Fisher’s
exact test on a 2×2 contingency table, as shown in Table 3,
made out of the current day’s symptom count and the number
of times the symptom was mentioned in the time prior to the
festivals.

The test generates a P value, given by P(x=k)=C(K, k)C(N-K,
n-k)/C(N, n), with C(n, k) being the binomial coefficient (“n
choose k”) – C(n,k)=n!/k!(n-k)! and where k is the number of
tweets containing the keyword wi today, K is the number of
times the keyword wi was mentioned in the period before the
festival, n is the number of tweets today, and N is the number
of tweets in the period before the festival.

Since we are computing a score for each day, we consider as
baseline the corresponding weekdays in the 30-day time window
(ie, if the current day is Tuesday, we will look back to all
Tuesdays in the time before the mass gathering and take that as
our history baseline). This is done primarily to eliminate false
detection due to periodic weekly trends in Twitter postings.

Table 3. The 2×2 contingency table (rule wi=1: tweet contains keyword wi) for Fisher’s exact test.

C historyC today

# history tweets containing wi(K)b# today tweets containing wi, (k)awi=1

# history tweets not mentioning wi(N-K)# today tweets not mentioning wi, (n-k)wi=0

N dn c

ak: the number of tweets containing the keyword wi today.
bK: the number of times the keyword wi was mentioned in the period before the festival.
cn: the number of tweets today.
dN: the number of tweets in the period before the festival.

Results

As noted above, the target population was defined as any user
who tweeted a hashtag related to the event during the data
period. To validate this heuristic, a random sample of 200 twitter
users who mentioned the Wakestock festival in their tweets
were analyzed. Their tweets were labeled as to whether or not
the tweets of a user implied that they were at the event. The
area under the receiver operating characteristic (ROC) curve
for this label as a function of the number of tweets a user made

that had the event hashtag was 0.91 and the true detection rate
at the threshold of two tweets was 0.70. Therefore, the majority
of people who were detected by our heuristic did, in fact, attend
the festival. The remaining users either did not attend the event,
and thus added noise to our analysis, or did not mention their
attendance in their tweets.

Table 4 shows the list of statistically significant symptoms (at
P<.01) identified in the Twitter data for each of the 10 events.
Several observations are in order. First, though most identified
symptoms are mild (eg, tired), in some events, the symptoms
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could be a cause for concern. For example, in the Bestival event,
the symptom was “tremor”.

In only two of the events (Wakestock and V Festival) did all
three methods identify the same symptoms. Anecdotally, once
“cough” was identified as a possible symptom after the
Wakestock festival, we found tweets such as “anyone else still
suffering from the wakestock cough? can’t be only me”, which
were made by people who were identified as having been to the
festival, suggesting that this is a true symptom that was also
self-identified as due to the event. This, together with the fact
that it was identified by all three analysis methods, indicates
that this symptom is very unlikely to be a spurious false positive,
especially as it was identified by making different comparisons
within the data (eg, target vs control population and before vs
after the event in the target population). Thus, the use of more
than one analysis method strengthens the analysis and reduces
the likelihood of false positives.

We tested the agreement between all pairs of analysis methods
for each of the events using a chi-square test at a threshold of
P=.01. Methods 2 and 3 had a statistically significant agreement
in six of the 10 events, Methods 1 and 3 in two of eight events
(two of the events had no identified symptoms), and Methods
1 and 2 in three of eight of the events. We also found a
statistically significant agreement between sources for three of
the events: Wakestock, V Festival, and T in the Park. The
agreement rate expected by chance, as computed using an FDR
procedure, is 5 of 1000 comparisons. Therefore, these

agreements are much higher than expected by chance and lend
support to the hypothesis that the different methods identified
real signals, through alternative means.

Table 5 shows the list of statistically significant symptoms (at
P<.01) identified in the Bing data for each of the 10 events using
Method 2. We applied only this method because there was
insufficient daily activity in the Bing data to allow the
application of Methods 1 and 3. As this table shows, the
symptoms identified in the Bing data were potentially more
serious (eg, “diarrhea” and “vomiting”) and also more personally
sensitive. This is probably because users tend to share more
sensitive information in anonymous media [46]. Thus, the use
of Bing data complements Twitter data in the kinds of symptoms
that are identified. However, the relative sparseness of this data,
which is at least partly related to the number of Bing users in
the United Kingdom, also means that not all methods are
applicable to it.

In order to validate whether our methods might result in false
positive symptoms, we also applied our methods to an event
with a small physical footprint, but one that had significant
media attention. Specifically, we chose the opening of The
Shard building in London (the tallest building in the European
Union) on July 5, 2012. This event was mentioned by 2007
users in 5553 tweets. No symptoms were reported at statistically
significant levels by any of these methods. This provides
evidence that when no symptoms exist, our methods will not
report spurious symptoms.

Table 4. Statistically significant symptomsa from Twitter data for each event and three analysis methods.

Method 3Method 2Method 1Event

Tired, coughCoughCoughWakestock

Tired, flatulenceTired, pain, tremorNoneWireless Festival

Tired, coughTired, pain, coughTiredT in the Park

DepressionTired, pain, depressionDepressionV Festival

Tired, feverTired, pain, tremorNoneBestival

NoneTired, pain, blindnessNoneCreamfields

TiredTiredRash, woundHajj

NoneBleedingNoneIsle of Wight Festival

NoneNoneNoneDownload Festival

NonePhobia, swellingNoneRockNess

aWhen more than three symptoms were significant, only the top three are shown.
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Table 5. Statistically significant symptomsa from Bing data for each event using Method 2.

Method 2Event

PainWakestock

PainWireless Festival

Wound, cough, diarrheaT in the Park

Perspiration, edema, woundV Festival

Vomiting, diarrheaBestival

Wound, rash, itchCreamfields

Fever, flatulence, painHajj

Headache, fever, flatulenceIsle of Wight Festival

Diarrhea, wound, headacheDownload Festival

FeverRockNess

aWhen more than three symptoms were significant, only the top three are shown.

Discussion

Principal Findings
Mass gatherings are potentially significant to the spread of
infectious diseases. However, traditional surveillance methods
are challenged by the fact the participants may congregate and
disperse very quickly. In this paper, we investigated whether
syndromic surveillance based on Twitter and query logs could
be used to monitor mass gatherings.

We looked at nine music festivals that took place in the United
Kingdom in 2012 as well as the 2012 Hajj religious gathering
in Mecca. When analyzing the Twitter data, we considered three
different statistical methods. The three methods did not always
give the same results, with Methods 1 and 3 finding no
statistically significant symptoms almost half of the time.
However, when all three methods did identify statistically
significant symptoms at the same concert, there was almost
always agreement with at least one of the symptoms.

Each of the three methods compares different attributes of the
data in order to detect medical symptoms. Because of this, each
method might be better in the analysis of data from some
festivals, while for others it will perform less accurately. By
using more than one method, we afford two benefits. First, if
more than one method discovers a symptom has appeared with
an unexpectedly high probability (as noted above), this
strengthens the evidence that this symptom has indeed appeared
in festival participants. Second, at the cost of higher false
positive rates (but also higher true positives), health authorities

might choose to use symptoms discovered by any of the methods
as possible candidates for further investigation.

The relative lack of data provided by the Bing query logs
permitted only Method 2 to be used. Generally, the statistically
significant symptoms that were identified were different from
the symptoms identified by Twitter. We hypothesized that this
is because users rightly perceive that tweets are public, while
queries are private. Consequently, the symptoms identified by
the query log describe more private indicators such as
“flatulence” and “diarrhea”. Nevertheless, for two concerts,
namely “Wirelessfest” and “T in the Park”, using Method 2 for
both Tweets and query logs, the same symptoms were identified
as “pain” and “cough” respectively.

Limitations and Conclusions
To the best of our knowledge, no infectious outbreaks at mass
gatherings were reported to health authorities during the last 18
months, the period for which query logs are available. While
this is, of course, fortunate, it prevents any comparison with
ground truth data. Future work is needed to compare results
from Internet data with results obtained from traditional
methods. Note, however, that the use of traditional surveillance
methods can be challenging in the context of mass gatherings
due to the combination of an incubation period prior to onset
of symptoms and dispersal of participants to their home regions.

An additional drawback of our method is that some of the
identified symptoms (eg, tired) might not be a symptom of a
disease, but instead the outcomes of going to specific types of
events. Therefore, an additional filtering stage might be required
so as to remove symptoms that regularly appear in similar
events.
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Abstract

Background: Conducting and analyzing clinical studies of cough and cold medications is challenging due to the rapid onset
and short duration of the symptoms. The use of Internet-based surveillance tools is a new approach in clinical studies that is
gradually becoming popular and may become a useful method of recruitment. As part of an initiative to assess the safety and
efficacy of cough and cold ingredients in children 6-11 years of age, a surveillance program was proposed as a means to identify
and recruit pediatric subjects for clinical studies.

Objective: The objective of the study was to develop an Internet-based surveillance system and to assess the feasibility of using
such a system to recruit children for common cold clinical studies, record the natural history of their cold symptoms, and determine
the willingness of parents to have their children participate in clinical studies.

Methods: Healthy potential subjects were recruited via parental contact online. During the 6-week surveillance period, parents
completed daily surveys to record details of any cold symptoms in their children. If a child developed a cold, symptoms were
followed via survey for 10 days. Additional questions evaluated the willingness of parents to have their children participate in a
clinical study shortly after onset of symptoms.

Results: The enrollment target of 248 children was reached in approximately 1 week. Children from 4 distinct geographic
regions of the United States were recruited. Parents reported cold symptoms in 163 children, and 134 went on to develop colds.
The most prevalent symptoms were runny nose, stuffed-up nose, and sneezing. The most severe symptoms were runny nose,
stuffed-up nose, and sore/scratchy throat. The severity of most symptoms peaked 1–2 days after onset. Up to 54% of parents
expressed willingness to bring a sick child to a clinical center shortly after the onset of symptoms. Parents found the Internet-based
surveys easy to complete.

Conclusions: Internet-based surveillance and recruitment can be useful tools to follow colds in children and enroll subjects in
clinical studies. However, study designs should account for a potentially high dropout rate and low rate of adherence to study
procedures.

(J Med Internet Res 2014;16(6):e144)   doi:10.2196/jmir.2868

KEYWORDS

common cold; pediatric; sleep; surveillance; symptoms

Introduction

The common cold is one of the most prevalent illnesses in the
world [1]. Adults may experience 2-5 colds per year, and
children may experience 7-10 colds per year [2]. Owing to the

high rate of incidence, especially among children, the common
cold creates a significant economic and social burden [1,3,4].
Symptoms of the common cold in children typically reach peak
intensity shortly after the onset of illness [5]. Symptom duration
is approximately 7-10 days but may range from 2-14 days [3,4].
Diagnosis of the common cold can be problematic in young
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children and infants who are not able to communicate their
symptoms. Because colds are of limited duration and clinical
studies of cough and cold medications rely on self-reported
assessment of symptoms, the conduct and analysis of such
studies is highly challenging. Evaluating the efficacy of
over-the-counter cough and cold products is therefore equally
challenging. Given these hurdles, optimizing clinical design is
paramount to fully assess the efficacy of current and future
cough and cold products. One design element that has proven
important in cold studies is the ability to enroll subjects at the
earliest stages of a cold [3,5,6]. As part of an initiative to assess
the safety and efficacy of cough and cold ingredients in children
6-11 years of age, a surveillance program was proposed as a
means to identify and recruit pediatric subjects for participation
in clinical studies. Surveillance systems have been used to
monitor daily health and to study infectious disease dynamics
in a daycare setting [7,8]. Engaging parents with a surveillance
program was thought to be a way of generating a pool of
potential patients for recruitment into a clinical study within
the first 2 days of the appearance of cold symptoms. The present
study was undertaken to develop and test Internet-based
surveillance methodology designed to recruit and prescreen
children aged 6-11 years, monitor these children on a daily basis
for the first onset of cold symptoms, determine the feasibility
of enrolling them into a clinical study within approximately 24
hours of the onset of cold symptoms, identify potential
recruitment issues, and assess the proposed recruitment strategy.

Methods

Subjects
Eligible subjects were children 6-11 years of age. We required
a history of 3 or more colds per winter season in either of the
past 2 winters as reported by parents (“parent” includes parents
and legally authorized representative), and/or a history of living
with 3 or more siblings or other children, in order to increase
the likelihood that the child would develop a cold during the
6-week surveillance period. Each subject’s parent was required
to have access to a home computer with an Internet connection.
Major exclusion criteria included cardiovascular or thyroid
disease, asthma requiring daily medication, chronic bronchitis,
glaucoma, use of sedatives or tranquilizers, use of monoamine
oxidase inhibitors, smoking, and history of attention deficit
disorder or attention deficit hyperactivity disorder. Concomitant
medications, apart from these exclusions, were allowed. Only
1 child per household was permitted into the study. The study
was conducted in accordance with the requirements specified
in the US Code of Federal Regulations (21 CFR Parts 50, 56,
312) and the International Conference on Harmonization Good
Clinical Practice Guidelines, and informed consent was provided
by parents before initiation of any study procedures. The final
protocol and informed consent documentation were reviewed
and approved by an independent institutional review board
(Copernicus Group).

Study Design
This was a noninterventional surveillance study in school-age
children (ages 6-11 years). Potential subjects were identified
through the resources of a patient recruitment provider with an
extensive database of individuals who had chosen to receive
new health information and clinical study invitations. Letters
were sent to individuals in the network in 4 geographically
diverse metropolitan areas (Austin, TX; Boston, MA; Portland,
OR; Raleigh, NC) informing them of the study and directing
them to a website if they wished to obtain additional information
about enrolling their child in the study. Screening and
evaluations were performed online by parents. Once the subjects
were enrolled, parents recorded the presence or absence of 10
cold symptoms each evening for up to 6 weeks by completing
a Well Child Daily Survey (WCDS) (see Multimedia Appendix
1). Cold symptoms included in the survey were runny nose,
stuffed-up nose, sneezing, sore/scratchy throat, dry cough (no
mucus), wet cough (with mucus), chest congestion, headache,
muscle/body ache, and feverishness/chilliness. On the first day
that parents reported their child was experiencing cold
symptoms, they were asked questions designed to evaluate their
willingness and availability to bring their child to a clinic and
to participate in a clinical study of cough/cold medication. If
the child developed a cold, the parent recorded details of the
symptoms by using a Daily Cold Symptom Severity Survey
(DCSSS; see Multimedia Appendix 2). Parents rated each of
the 10 individual cold symptoms on a 4-point categorical rating
scale. Additionally, parents recorded whether they believed the
symptoms were related to a cold as opposed to a different upper
respiratory illness, such as allergy or flu. At the end of the
surveillance period, parents were asked to complete an End of
Study Survey (EOSS) that included questions about the effect
of cold symptoms on the child’s sleep and the ability of the
parent to use the Internet-based tools to identify and evaluate
cold symptoms and comply with the requirements of the study.
Because no therapeutic intervention was planned, safety and
adverse event data were not collected (Multimedia Appendix 1
and 2).

Statistical Analysis
No formal hypotheses were tested; all outcome measures are
described by summary statistics.

Results

Subject Characteristics
Between January 5 and January 11, 2011, 2543 parents entered
the system by visiting the website. Of those, 425 completed the
prescreening questionnaire, 346 completed the informed consent
form, and 248 children were enrolled. Demographic
characteristics of the study population are presented in Table
1.
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Table 1. Demographic characteristics of enrolled children (N=248).

n (%)Characteristic

Gender

160 (64.5)Male

88 (35.5)Female

Age, years

36 (14.5)6

60 (24.2)7

61 (24.6)8

48 (19.4)9

23 (9.3)10

20 (8.1)11

Race

183 (73.8)White

34 (13.7)Black

6 (2.4)American Indian or Alaskan native

5 (2.0)Asian

16 (6.5)Mixed race

4 (1.6)Did not answer

Ethnicity

222 (89.5)Not Hispanic or Latino

23 (9.3)Hispanic or Latino

3 (1.2)Did not answer

Geographic region

56 (22.6)Austin, TX

71 (28.6)Boston, MA

67 (27.0)Portland, OR

54 (21.8)Raleigh, NC

Number of other children in the home

72 (29.0)0

31 (12.5)1

43 (17.3)2

102 (41.1)≥3

Highest education level of parent

4 (1.6)Did not graduate high school

35 (14.1)High school graduate (or equivalent)

85 (34.3)Some college education

92 (37.1)Bachelor’s degree

26 (10.5)Master’s degree

5 (2.0)Doctorate degree

1 (0.4)Did not answer

Household income
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n (%)Characteristic

18 (7.3)<$25,000

53 (21.4)$25,001–$50,000

138 (55.6)$50,001–$100,000

37 (14.9)>$100,000

2 (0.8)Did not answer

Survey Results

Natural History of Colds in Enrolled Children
Using the WCDS, parents reported cold symptoms in 65.7%
(163/248) of the enrolled children. Using the DCSSS, parents
reported that 54.0% (134/248) of the children developed colds
and asserted in their opinion that the symptoms were not related
to a different upper respiratory condition, such as allergy or flu.
In this study, development of a cold was defined as at least 1
entry in the DCSSS with symptoms present and confirmation
that the parent believed the symptoms were related to a cold.
Symptoms were ranked in severity on a 4-step scale: “symptom
not present”, “mild”, “moderate”, and “severe.” Of the 10
symptoms evaluated, the most commonly reported as severe
were runny nose (65/134, 48.5%), stuffed-up nose (65/134,
48.5%), and sore/scratchy throat (62/134, 46.3%). All symptoms
were most severe in the first 1-2 days after onset and declined

thereafter (Figure 1). Moderate-to-severe runny nose in the first
24 hours after onset was reported in 64.2% (86/134) of the
children who suffered colds; moderate-to-severe chest
congestion within 48 hours was reported in 51.5% (69/134) of
the children.

The most prevalent symptoms among children with colds,
regardless of severity, were runny nose, stuffed-up nose, dry
cough, sore throat/scratchy throat, and sneezing; at least 75%
of subjects experienced these symptoms on Day 1. The time
course of symptom prevalence had a profile similar to that of
symptom severity, with a peak on Day 1 or 2 followed by a
decline (Figure 2). The least prevalent symptoms were muscle
ache/body ache and feverishness/chilliness, which were reported
in 55.2% (74/134) and 54.4% (73/134) of children, respectively,
on Day 1. Most symptoms were largely resolved by Day 10
(reported in <15% of children).
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Figure 1. Average daily severity of individual cold symptoms. Parents of children with colds (n=134) were asked to score symptoms on a scale from
0 (not present) to 3 (severe). To calculate the average daily severity, a value of zero was assigned for those subjects who did not provide a symptom
severity rating on a given day during the 10-day follow-up period because the parent was not required to complete the symptom severity questionnaire
after all symptoms had resolved.
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Figure 2. Average daily prevalence of individual cold symptoms. From the day of onset, parents of children with colds (n=134) were asked to report
whether a symptom was present or absent.

Effect on Sleep
Of those parents whose children developed colds during the
surveillance period, 81.3% (109/134) completed the EOSS. An
additional aspect of the survey was to assess the effect of a cold
on a child’s sleep, and the EOSS asked parents to record the
effect of a cold on their child’s sleep on the night that cold
symptoms were at their worst. Of the parents who completed
the sleep questionnaire for a child who developed a cold, nearly
two-thirds (55/93, 59.1%) reported that their child’s sleep quality

was somewhat worse than usual. Nearly three-quarters of parents
(69/93, 74.2%) reported that their child had at least some
difficulty falling asleep. A large majority of parents (81/93,
87.1%) reported that their child woke at least once during the
night.

Parents reported that the majority of children who developed
colds were given medication for their cold symptoms. A similar
percentage of children were given nonprescription medicine
(50/134, 37.3%) or prescription medicine (49/134, 36.6%). In
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addition, 12.7% (17/134) were given both non-prescription and
prescription medication.

Parental Willingness to Participate in Clinical Studies
When a parent observed that their child was experiencing the
first occurrence of symptoms and they believed that the child
was experiencing a cold, the parent was asked a series of
questions regarding their willingness to comply with certain
procedures that might be necessary for participation in a clinical
study; 65.7% (163/248) parents replied (Table 2). Among
parents who responded on the same day that symptoms
appeared, 26.4% (43/163) expressed willingness and availability

to bring their child to a clinical site. Including respondents who
answered within 1 day of the appearance of symptoms, the
number of parents who would be willing/available to bring the
child to a clinical site rose to 54.0% (88/163). Only 12.3%
(20/163) of the respondents indicated a willingness to allow the
child to remain home from school. Somewhat more parents,
29.4% (48/163) reported willingness to score symptoms and
administer a study medication to the child during lunch breaks
at school, and 30.7% (50/163) reported that they were willing
to allow the child to remain home from school and/or score
symptoms and administer study medications at school.

Table 2. Parent willingness to participate in clinical study procedures (N=163).

Not willing,

n (%)

Willing,

n (%)

Procedure

Visit a clinical site (response on same day as the appearance of symptoms in the child)

120 (73.6)43 (26.4)Total

14 (8.6)Before 11 am the next day

15 (9.2)Before the clinical site closes the
next day

21 (12.9)Within the next 3 days

20 (12.3)Within the next 5 days

Visit a clinical site (response within 1 day of appearance of symptoms in the child)

75 (46.0)88 (54.0)Total

29 (17.8)Before 11 am the next day

35 (21.5)Before the clinical site closes the
next day

32 (19.6)Within the next 3 days

30 (18.4)Within the next 5 days

143 (87.7)20 (12.3)Permit a child to remain out of school to participate in a study

115 (70.6)48 (29.4)Score symptoms and administer medication to the child at school

113 (69.3)50 (30.7)Permit a child to remain out of school and/or score symptoms and administer medication to the child at school

Ease of Participation
In addition to evaluating the quality of sleep in enrolled children,
the EOSS asked parents to rate how easy or difficult it was for
them to participate in this Internet-based program. Among
parents who completed the EOSS, 89.0% (97/109) reported that
it was easy or very easy to use the website on a daily basis, and
the majority were able to complete all surveys with little
difficulty. Respondents consistently reported that it was easy
or very easy to rate individual cold symptoms in their children
(78/109, 71.6% to 93/109, 85.3%, depending on the symptom),
and 85.3% (93/109) felt that it was easy or very easy to decide
whether the child had a cold rather than some other illness.

Discussion

Principal Findings
This study examined the suitability of an Internet-based
surveillance program to recruit and prescreen school-age
children for common cold clinical studies, monitor the natural

history of their colds, and evaluate their parents’ willingness to
quickly enroll them in clinical studies. The results demonstrated
that the Internet-based methodology was efficient and effective.
Of enrolled children, 54.0% (134/248) developed colds, and
parents monitored the severity and duration of 10 individual
symptoms. The single most prevalent symptom was runny nose,
which was reported in 94.8% (127/134) of children with colds.
Other highly prevalent symptoms were stuffed-up nose,
sneezing, dry cough, and scratchy/sore throat, which were
reported in 86.6% (116/134) or more of children. The symptoms
that were most highly prevalent also were frequently rated as
severe. Runny nose and stuffed-up nose remained present after
6 days or more in 85.5% (106/124) or more of children who
experienced those symptoms. The symptoms that were least
prevalent and resolved most quickly were muscle/body ache
and feverishness/chilliness. Because these symptoms are more
commonly associated with influenza, this observation suggests
that children were suffering colds and that their parents were
able to differentiate between the 2 conditions.
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The patterns of symptom prevalence, severity, and duration
observed in the present study are in accord with those previously
reported in adults and children [2,4,9-11]. In a study of colds
in children, runny nose and nasal congestion were found to be
the most common symptoms and 73% of children remained
symptomatic 10 days after onset of the cold [5]. An early study
of colds in adults found that runny nose, sneezing, and sore
throat were the most common symptoms and the mean duration
of a cold was 7.4 days [11]. A more recent study reported that
runny nose, stuffy nose, and sore throat were the most
bothersome symptoms in adults; median duration of symptoms
was 11 days [9]. The severity of cold symptoms has been
reported to reach a peak 2-3 days after onset [2,10].The results
presented here are consistent with these earlier investigations
and suggest that the natural history of colds is similar in adults
and in children and that an Internet-based program is an effective
way to collect data on cold symptoms.

The enrollment data from the present study indicate that the
Internet-based strategy was effective at reaching a wide
population of potential subjects in different geographic areas.
An enrollment target of approximately 250 subjects was
arbitrarily selected for this pilot surveillance study, and the
surveillance enrollment target was reached in approximately 1
week. Achieving the target enrollment of 248 subjects required
that an approximately 10-fold larger number of parents enter
the system, as only 16.71% (425/2543) completed the screening
questionnaire. While the enrollment target was rapidly reached
in this study, Internet-based recruitment is not always successful.
Koo et al found a disappointing recruitment rate in a survey of
teenagers and identified challenges, including concerns about
the legitimacy of the website as a barrier to enrollment [12].
Similarly, Dobrow et al found that overall response rates to
Internet-based surveys were low [13].

It is encouraging that more than half of the parents who entered
the system eventually provided informed consent and enrolled
in the study. This observation, coupled with the fact that the
pool of subjects obtained with this Internet-based recruitment
technology was generally representative of the US population
in terms of race and ethnicity—white, black, and Hispanic or
Latino subjects in this study 73.8% (183/248), 13.7% (34/248),
and 9.3% (23/248), respectively, vs US population 77.9%,
13.1%, and 16.9%, respectively [14]—supports the use of such
a strategy to enroll pediatric subjects in clinical studies. Along
with the benefits, however, Internet-based surveillance strategies
have challenges. Consideration should be given to the

representativeness of the subject population with regard to
socioeconomic factors. Education level of parents in this study,
for example, tended to skew higher than has been reported for
the US population. A greater percentage of parents in this study
were high school graduates or higher compared to the US
population, 98.4% (244/248) vs 85.7%, respectively, and a
greater percentage held a bachelor’s degree or higher, 49.6%
(123/248) vs 28.5%, respectively [14]. Also, network security,
subject privacy, set-up costs, and operating costs need to be
addressed when creating an Internet surveillance tool.

Ideally, studies designed to evaluate cough and cold therapies
should recruit subjects and begin treatment within 24 hours of
the appearance of symptoms [3,5]. However, only 26.4%
(43/163) of parents who responded on the same day that
symptoms appeared indicated they would be willing to bring
their child to a clinical center to participate in a clinical study,
and only 8.6% (14/163) reported that they would bring the child
to a center the following morning. Among parents who
responded either the same day or the following day that
symptoms appeared, the proportion willing to bring the child
to a clinical center increased to 54.0% (88/163). Thus, it appears
that recruitment within 24 hours may be a significant barrier to
overcome in the design of a study.

Another potential challenge that emerged from the survey results
was low willingness to comply with clinical study requirements
involving school and the need to record symptoms and
administer study medication multiple times during the day. Only
12.3% (20/163) of parents indicated that they would permit
their child to remain out of school to participate in a study.
Although more parents, 29.4% (48/163), were willing to
administer study drugs and collect symptom scores at school,
these responses suggest that parental adherence to a study
protocol that requires multiple doses during the day will be a
major obstacle. In addition, there was a substantial decline in
adherence to the protocol throughout this study. Fewer than half
of all parents of enrolled children successfully completed the
WCDS and DCSSS (43.5% (108/248) and 44.8% (111/248),
respectively), and only 22.6% (56/248) completed all surveys.

Conclusion
The results of this investigation suggest that Internet-based
surveillance and recruitment can be useful tools to follow the
natural history of colds in children and to enroll subjects in
clinical studies of therapies for the treatment of cough and cold.
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Abstract

Background: Twitter is a popular social media forum for sharing personal experiences, interests, and opinions. An improved
understanding of the discourse on Twitter that encourages marijuana use can be helpful for tailoring and targeting online and
offline prevention messages.

Objectives: The intent of the study was to assess the content of “tweets” and the demographics of followers of a popular
pro-marijuana Twitter handle (@stillblazingtho).

Methods: We assessed the sentiment and content of tweets (sent from May 1 to December 31, 2013), as well as the demographics
of consumers that follow a popular pro-marijuana Twitter handle (approximately 1,000,000 followers) using Twitter analytics
from Demographics Pro. This analytics company estimates demographic characteristics based on Twitter behavior/usage, relying
on multiple data signals from networks, consumption, and language and requires confidence of 95% or above to make an estimate
of a single demographic characteristic.

Results: A total of 2590 tweets were sent from @stillblazingtho during the 8-month period and 305 (11.78%) replies to another
Twitter user were excluded for qualitative analysis. Of the remaining 2285 tweets, 1875 (82.06%) were positive about marijuana,
403 (17.64%) were neutral, and 7 (0.31%) appeared negative about marijuana. Approximately 1101 (58.72%) of the positive
marijuana tweets were perceived as jokes or humorous, 340 (18.13%) implied that marijuana helps you to feel good or relax, 294
(15.68%) mentioned routine, frequent, or heavy use, 193 (10.29%) mentioned blunts, marijuana edibles, or paraphernalia (eg,
bongs, vaporizers), and 186 (9.92%) mentioned other risky health behaviors (eg, tobacco, alcohol, other drugs, sex). The majority
(699,103/959,143; 72.89%) of @stillblazingtho followers were 19 years old or younger. Among people ages 17 to 19 years,
@stillblazingtho was in the top 10% of all Twitter handles followed. More followers of @stillblazingtho in the United States
were African American (323,107/759,407; 42.55%) or Hispanic (90,732/759,407; 11.95%) than the Twitter median average
(African American 22.4%, inter-quartile ratio [IQR] 5.1-62.5%; Hispanic 5.4%, IQR 3.0-10.8%) and among Hispanics,
@stillblazingtho was in the top 30% of all Twitter handles followed.

Conclusions: Young people are especially responsive to social media influences and often establish substance use patterns
during this phase of development. Our findings underscore the need for surveillance efforts to monitor the pro-marijuana content
reaching young people on Twitter.

(J Med Internet Res 2014;16(6):e157)   doi:10.2196/jmir.3247
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Introduction

Social media use is common among young persons. The
majority of Internet users in the United States (72%) use social
media platforms like Facebook, Twitter, LinkedIn, MySpace,
YouTube, and others [1]. The rate of social media use is even
higher among young adults aged 18-29 years old in the United
States (89%) [2,3]. Many US social media sites have high levels
of user engagement: 63% of Facebook users check the site at
least daily, followed by 57% of Instagram users, and 46% of
Twitter users [3]. This is especially true for youth and young
adults who are the most likely age group to use Twitter. Typical
users of Twitter are quite young [4]: nearly half are under the
age of 34 and only 30% are over 45. While Facebook continues
to dominate social media engagement, more US teens rated
Twitter (26%) as the most important social media site than
Facebook (23%) [5]. Focus groups revealed that teens dislike
the increasing adult presence, inane details, drama, and the need
to maintain their reputation on Facebook, but can better express
themselves on sites like Twitter [6]. Continued growth from 1.1
billion social media users worldwide in 2013 to 2.3 billion users
in 2017 is projected [7].

The term “infodemiology” was coined by Eysenbach and
underscores the communication patterns on the Internet that
have important implications for the study of population health
and public policy [8]. Emerging evidence in the infodemiology
of online substance use risk behavior content that is being
viewed and posted online via social media platforms is
concerning. For instance, up to 83% of US college students’
social networking sites, such as Facebook and MySpace,
reference alcohol use [9]. Also, a recent study found that 39%
of 15-24 year olds reported having a friend who posted online
pictures of themselves smoking marijuana on Facebook or
MySpace [10]. In addition, findings suggest that explicit and/or
illegal online content on social media is relatively common
among adolescents who are 18 years of age and under.
Specifically, studies of US college students have found that
underage young adults commonly post pictures of themselves
drinking alcohol on Facebook [11-13]. Related studies also
found references to sexual risk-taking, alcohol use, and drug
use behaviors on US adolescents’ (ages 16-18 years old) public
online MySpace social media profiles [9,14]. Taken together,
the studies indicate a high likelihood for youth and young adults
to consume and create online content about risk behaviors via
social media platforms.

Like Facebook and MySpace, Twitter is a popular social media
forum among youth and young adults [15]. Tweets are messages
that are ≤140 characters and are sent from a user profile
(“handle”) to a network of “followers” who have chosen to
“follow” that particular handle. Followers receive tweets in real
time via mobile phones and/or email. Twitter advertises itself
as a freedom of speech social media platform and seldom
removes tweets that are not illegal or spam. Therefore, it is
possible for tweets that encourage deleterious health behaviors
to reach youth and other vulnerable populations (eg, current
substance abusers); yet, the research that addresses this topic is
scant. In one study that examined exposure to alcohol beverage
advertisements and marketing via Twitter, it was found that

youth who were not yet of the legal drinking age could easily
access alcohol marketing campaigns [16]. Similarly, underage
youth were able to view and post tweets that promoted trendy
tobacco products like hookah and e-cigarettes [17]. In a related
study, Twitter users whose tweets identified them as prescription
drug abusers tended to be “socially surrounded” (via tweets)
with other Twitter users who similarly Tweeted about
prescription drug abuse [18]. These findings suggest that Twitter
users, even those who are young in age and cannot legally
purchase substances like alcohol or tobacco, engage in Twitter
activities that promote substance use behaviors.

Young people are responsive to social media influences and
often establish substance use patterns during this phase of
development [19-21]. In fact, the Media Practice Model (MPM)
was developed to explain how individuals can use social media
messages for guidance on life choices and accordingly disclose
information on social media that reflects actual behaviors and
traits or behavioral intent [22-25]. The MPM further postulates
that youth and young adults consume and engage with media
based on who they are and who they want to be at the moment
[22-26]. It is therefore important to increase knowledge about
the substance use-related online content that is connecting with
youth and young adults.

The current study presents timely analysis of a popular Twitter
handle that streams marijuana-related content. Marijuana is one
of the most commonly used substances among young people
in the United States. The US National Survey on Drug Use and
Health (NSDUH) provides data on marijuana use across
individuals ages 12 and older and the latest data indicate that
past month marijuana use is highest for young adults ages 18-25
years old (18.7% in 2012 versus 19.0% in 2011) followed by
26-29 year olds (11.9% in 2012 and 12.3% in 2011) [27].
Marijuana use often begins in young adulthood with the average
age being 17.9 years old in 2012.

Trends in marijuana use are important to monitor given the
current shift in the marijuana policy landscape with the
liberalizing of marijuana policies [28]. Currently, 19 US states
and the District of Columbia now provide legal protection for
the possession and supply of marijuana for medicinal purposes.
A number of states and community jurisdictions have also
reduced penalties for possession and use of small amounts of
marijuana from criminal sanctions to fines or civil penalties. In
November 2012, Colorado and Washington legalized the sale
and possession of marijuana for recreational purposes. In
addition, recent self-report data suggest more relaxed views
toward marijuana use across both youth and adults. Specifically,
population-level data indicate that most youth (60% of high
school seniors) do not believe that regular marijuana use is
harmful [29] and most Americans (52%) now favor legalizing
the recreational use of marijuana [30].

In the US states where it is legal, medical marijuana can be used
to treat various conditions including cachexia, cancer, glaucoma,
human immunodeficiency virus infection/acquired immune
deficiency syndrome, muscle spasms, seizures, severe nausea,
severe pain, and sleep disorders [31]. Pain and muscle spasms
are the most common reasons that medical marijuana is used:
89% (Arizona) and 94% (Colorado) of patients are registered
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for severe or chronic pain and 14% (Arizona) and 17%
(Colorado) are registered for muscle spasms [32]. Nevertheless,
the benefits of medical marijuana use remain uncertain with
much of the evidence for marijuana’s efficacy being anecdotal
[33,34]. Therefore, marijuana regulation continues to be
important from a medical perspective given the known risks
that are associated with its use. In 2011, marijuana contributed
to over 455,000 visits to the emergency department in the United
States; 13% of these patients were between the ages of 12 and
17 [35]. Additionally, there are numerous harmful short-term
and long-term effects of marijuana use including short-term
memory damage, impairment in attention, judgment and other
cognitive functions, worsened coordination and balance, and
psychotic episodes [36-39]. Persistent marijuana effects include
impaired long-term memory, learning skills, and sleep, while
chronic abuse can lead to addiction and increased risk for
chronic cough, bronchitis, and several mental disorders including
schizophrenia, anxiety, and depression [38,40].

Nevertheless, content about marijuana use is likely to have a
presence on social media given its recent increased use among
youth and both youths’ and adults’ more relaxed views toward

marijuana use. In the present study, we assess the content of
tweets and demographics of consumers who are following a
popular Twitter handle (approximately 1,000,000 followers)
that streams daily tweets about marijuana-related content.

Methods

Overview
The Twitter data in the current study is public. The Washington
University Institutional Review Board reviewed our study
protocol and our research was deemed exempt from human
subjects review.

Twitter Handle
We searched Twitter for popular accounts related to “marijuana”
or “weed” and chose the account with the most followers:
“Weed Tweets” (@stillblazingtho) with approximately 1 million
followers. The next most popular marijuana-related accounts
had approximately 200,000 to 300,000 followers; thus, the above
account had by far the highest number of followers. The profile
summary of Weed Tweets, @stillblazingtho, is shown in Figure
1.

Figure 1. Profile summary of Weed Tweets @stillblazingtho.

Tweet Engagement, Sentiment, and Content
Tweets from @stillblazingtho were collected historically for
eight months (May 1, 2013-December 31, 2013). Analytics
platform “SimplyMeasured” was used to access the Twitter
“firehose” via Gnip (a social data firm that provides access to
the Twitter “firehose” stream of every tweet ever sent) and
collect all tweets sent from @stillblazingtho for the time period
of interest [41]. A total of 2590 unique tweets (an average of
11 tweets per day) was sent from @stillblazingtho during the
8-month period. SimplyMeasured also provides a “Klout” score
for the Twitter handle (the Klout score ranges from 1 to 100
with higher scores representing higher influence) and analysis
of Twitter engagement, including the number of retweets and

replies for each tweet and the number of potential impressions
(total number of times a tweet from @stillblazingtho or a tweet
mentioning @stillblazingtho appeared in someone’s Twitter
feed during the time period).

Tweets sent from @stillblazingtho were qualitatively analyzed
for sentiment and topics/themes. Tweets that were replies to
another Twitter user (305/2590, 11.78% of the total tweets)
were removed from the dataset because the original tweets
would also need to be reviewed in order to understand the
context of replies. This resulted in 2285 tweets for qualitative
analysis. Tweets were coded for sentiment: positive sentiment
about marijuana, negative sentiment about marijuana,
neutral/unknown. Topics or themes included in tweets were
additionally coded, such as whether the tweet was a
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joke/humorous, implied that marijuana use is not harmful or
dangerous (or less harmful than other substances like alcohol),
explicitly encouraged legalization, included a motivational
message or quote, implied that marijuana use is good for
friendship/promotes getting along, implied that you can still be
successful or a good person if you use marijuana, and whether
it mentioned other risky health behaviors (eg, tobacco, alcohol,
other drugs, sex), the relaxing or de-stressing effects of
marijuana use, frequent, regular/routine, or heavy use, blunts,
marijuana edibles, or paraphernalia (eg, bongs, vaporizers), and
the health benefits of marijuana or medical marijuana use. The
sentiment of each tweet was coded and the topic/theme of the
tweet was subsequently coded when applicable. Each tweet
could be coded for more than one topic/theme if necessary.

We used crowdsourcing to code the tweets with the services of
“CrowdFlower” [42]. Crowdsourcing involves using a large
network of workers to complete micro-tasks. Kim et al also
used crowdsourcing via CrowdFlower to analyze sentiment of
tweets about US health care reform, similar to methods used
for this study, and found a high level of agreement between
trained coders from the research team and crowdsourced coders
(82.4% for positive sentiment, 100% for negative sentiment)
[43]. The tweets to be analyzed and instructions with codebook
and detailed definitions (including example tweets) were
provided to the CrowdFlower contributors via the online
CrowdFlower platform. All tweets were coded by at least three
people. Sentiment codes were a Likert scale: 1=strongly
negative, 2=slightly negative, 3=neutral/unknown, 4=slightly
positive, 5=strongly positive. The presence of topics/themes of
interest was coded as yes/no. A set of 108 tweets (from the total
2285 tweets) coded by two trained members of the research
team was considered gold standard and these were used as test
questions for the CrowdFlower contributors. Only coders who
scored highly on a subset of the test sample questions could
begin the project. Gold standard tweets were also intermingled
throughout the tweets in order to monitor coder performance
throughout the project. Coders who did not perform well were
dropped from the project, all prior codes from those coders were
discarded, and new coders were assigned in their place.

Because tweets were coded by multiple coders, the numeric
values for sentiment coding were first averaged and then
collapsed into negative (values 1 to 2.4), neutral/unknown
(values 2.5 to 3.4), and positive (3.5 to 5.0). For the yes/no
items, the response from the most “trusted” coder (based on
coding accuracy compared to gold standard questions) was
chosen; when “trust” scores among the coders were close, the
most popular response was chosen. Based on our own coding
of 108 test questions compared to final codes from CrowdFlower
contributors, overall level of agreement was high. Percent
agreement was 91% for sentiment, and ranged from 76% to
100% for topic codes (76% was for the joke/humorous code,
which would be expected to have lower agreement due to the
subjective nature of the code).

Hashtags (symbol #) are used before a relevant keyword or
phrase in a tweet to categorize the tweet so that people can find
them more easily in their Twitter search. We also extracted
tweets that included hashtags and two members of the research

team coded the hashtags as being related to marijuana or not
related to marijuana.

Demographics of Followers
We used “Demographics Pro for Twitter” [44], described in
detail below, to report on the predicted demographic
characteristics of followers of @stillblazingtho and the
characteristics of the average Twitter user. Inferred
characteristics of followers included geographic location,
gender, marital status, age, race, income, occupation, other likes
and interests, and other Twitter handles followed. We also report
on the followers’ level of Twitter activity (eg, number of
tweets/day, number of handles followed, number of their own
followers), which is not inferred or predicted but rather taken
from explicit Twitter data or metadata.

Inferred demographics data on current followers of
@stillblazingtho on December 9, 2013 at 2:30pm EST were
obtained from Demographics Pro [44], which provides analysis
of followers of Twitter accounts for a fee. Demographics Pro
estimates demographic characteristics based on Twitter
behavior/usage, relying on multiple data signals from networks
(signals imparted by the nature and strength of ties between
individuals on Twitter), consumption (consumption of
information on Twitter revealed by accounts followed and
real-world consumption revealed by Twitter usage), and
language (words and phrased used in tweets and bios). A random
sample of 50,000 followers of @stillblazingtho was analyzed,
regardless of whether they posted or commented to
@stillblazingtho. The data signals were filtered and amplified
using large proprietary knowledge bases of established
correlations between data points and demographic
characteristics. The multiple amplified signals were combined
using a series of algorithms to estimate or infer the likely
demographic characteristics. Demographics Pro has used their
methodology to profile some 300 million Twitter users to date.
The methodologies used in the prediction of demographic
characteristics of Twitter followers include big data, natural
language processing, entity identification, image analyses, and
network theory. Demographics Pro requires confidence of 95%
or above to make an estimate of a single demographic
characteristic [44]. For example, if 10,000 predictions are made,
9500 would need to be correct in order to accept the
methodology used to make the prediction. The success of the
Demographics Pro analytic predictions relies on the relatively
low covariance of multiple amplified signals. Iterative evaluation
testing the methodologies on training sets of established samples
of Twitter users with verified demographics allows the
calibration of balance between depth of coverage (the number
of demographic predictions made) and required accuracy. The
size of these established samples of Twitter users with verified
demographics varies from 10,000 to 200,000 people depending
on the specific demographic characteristic to be inferred. For
comparison purposes, Demographics Pro also reports the
distributions of the median average and inter-quartile range
[IQR] for follower demographic characteristics across a sample
of approximately 250,000 Twitter accounts from 10 million
Twitter accounts analyzed by Demographics Pro. Inter-quartile
ranges are not presented for age or income because the median
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averages for these categorical variables are weighted so that the
sum of the weighted medians over all categories totals 100%.

Characteristics of @stillblazingtho followers were descriptively
compared to the median average of the characteristics
distributions for Twitter users. Finally, we also report on the
popularity of the @stillblazingtho Twitter account within
demographic groups based on rankings by Demographics Pro.
To examine the popularity of the Twitter handle of interest
within demographic groups, Demographics Pro ranks a subset
(approximately 250,000 handles with 1000 or more followers)
of the 10,000,000 Twitter handles they have analyzed by number
of followers within specific demographic groups.

Results

Tweet Engagement, Sentiment, and Content
A total of 2590 tweets (2285 regular tweets and 305 replies)
were sent from @stillblazingtho from May 1, 2013 to December
31, 2013 (average of 11 tweets per day). The Klout score for
@stillblazingtho was 77.8. Regarding engagement, there were
a total of 1,964,908 retweets of @stillblazingtho tweets and
135,797 replies to @stillblazingtho during the 8-month time
period. Total potential impressions, or total number of times a
tweet from @stillblazingtho or a tweet mentioning
@stillblazingtho appeared in someone’s Twitter feed, was
2,898,866,761 during the 8-month period.

Qualitative analysis was performed on the 2285 regular tweets
sent from @stillblazingtho (305 replies representing 11.78% of
total tweets were excluded). Of these tweets that excluded
replies, 1875 (82.06%) were positive about marijuana, 403
(17.64%) were either neutral in sentiment or were not
specifically about marijuana, and 7 (0.31%) appeared negative

about marijuana. Percentages for sentiment of tweets included
in the qualitative analysis (excluding replies) and also among
total tweets (including replies) are presented in Table 1.

The distribution of specific topics for the positive marijuana
tweets along with example tweets are presented in Figure 2.
Most of the positive marijuana tweets were viewed as jokes or
humorous (1101/1875, 58.72%) followed by tweets that implied
that marijuana helps you to feel good, relax, or chill (340/1875,
18.13%); 15.68% (294/1875) of the tweets mentioned routine,
frequent, or heavy use, and 193 (10.29%) mentioned blunts,
marijuana edibles, or paraphernalia (eg, bongs, vaporizers).
Approximately 186 (9.92%) of the 1875 positive marijuana
tweets mentioned other risky health behaviors (eg, tobacco,
alcohol, other drugs, sex). Additional results are shown in Figure
2.

Of the 403 neutral tweets, 70 (17.4%) were inspirational or
motivational quotes/messages and 58 (14.4%) were
jokes/humorous; for example, “If you are always worried about
what others think of you, you will never be happy” or “Sitting
there wondering why someone hasn’t texted you back, and
realizing you never finished sending the message”. Examples
of the seven negative tweets include, “If you smoke weed to be
cool, you’re a fucking loser” or “I know too many people who
have died from drug overdoses. When the fuck are people going
to learn #RIP”.

Of the total 2590 tweets sent from @stillblazingtho, 135 (5.21%)
contained the use of a hashtag. Only 26 (19.26%) of these
hashtags were marijuana specific (eg, #weed, #staystoned, and
#stayhigh), while tweets including general hashtags that were
non-marijuana related were 109 (80.74%) (eg,
#ThingsIWillTeachMyChild, #firstdayofsummer, and
#TheSecretToLifeIs).
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Figure 2. Topics and themes present in positive marijuana Tweets.

Demographics of @stillblazingtho Followers
Characteristics of @stillblazingtho followers, other than Twitter
activity (eg, tweets per day, number of followers, number of
accounts followed), were inferred by Demographics Pro. Of the

959,143 followers of @stillblazingtho, 759,407 (79.17%) were
in the United States, 60,211 (6.28%) in the United Kingdom,
41,716 (4.35%) in Canada, and <1% in each of South Africa
(n=5460; 0.88%), Netherlands (n=7785; 0.81%), and Mexico
(n=6885; 0.72%). Within the United States, @stillblazingtho
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was in the top 20% of all Twitter accounts. The Twitter
followers were active: 34.01% (326,242/959,143) had >5
tweets/day and 36.71% (352,148/959,143) had 1-5 tweets/day.
Approximately 82.19% (788,310/959,143) followed a total of
101-1000 of Twitter accounts, and 68.34% (655,489/959,143)
of users had a high number of their own followers (101-1000).
A total of 54.03% (518,184/959,143) of @stillblazingtho
followers were female, which is similar to the Twitter median
average (52.6%, IQR 40.7-67.6%). Approximately 81.14%
(778,240/959,143) of the followers were single, compared to
the Twitter median average of only 38.1% (IQR 9.5-75.1%).

Followers of @stillblazingtho were younger than the Twitter
median average age distribution (Figure 3). Most followers of
@stillblazingtho were 17-19 years old (518,430/959,143;
54.05%); 18.84% (180,673/959,143) were 16 years old or
younger, 22.0% (210,799/959,143) were 20-24 years old, and
only 5.11% (49,047/959,143) were 25 years old or older. The
Twitter median average age distribution was: 14.2% were 16
years old or younger, 17.8% were 17 to 19 years old, 21.4%
were 20-24 years old, 16.0% were 25-29 years old, 15.8% were
30-39 years old, 11.2% were 40-49 years old, and 3.5% ≥50
years old. Among people aged 17 to 19 years, @stillblazingtho
was in the top 10% of all Twitter accounts followed.

More followers of @stillblazingtho in the United States were
African American (323,107/759,407; 42.55%) or Hispanic
(90,732/759,407; 11.95%) than the Twitter median average

(African American 22.4%, IQR 5.1-62.5%; Hispanic 5.4%, IQR
3.0-10.8%) (Figure 4). Among Hispanics, @stillblazingtho was
in the top 30% of all Twitter accounts followed. Personal income
among all followers of @stillblazingtho was somewhat lower
than the Twitter median average, with 93.53%
(897,041/959,143) under US$30,000 per year (Twitter median
average 76.9% under $30,000 per year).

More @stillblazingtho followers were students
(267,855/959,143; 27.93%) and musicians (205,967/959,143;
21.47%) than the Twitter median average (9.1% students, IQR
4.9-15.0%; 8.2% musicians, IQR 3.3-17.7%). Among students
and musicians, @stillblazingtho was in the top 10% and top
20%, respectively, of all Twitter accounts. Music
(290,228/959,143; 30.26%) and basketball (274,514/959,143;
28.62%) were the most common interests of @stillblazingtho
followers, compared to Twitter median averages of 14.0% music
(IQR 9.0-22.9%) and 10.1% basketball (IQR 4.6-19.7%). Many
followers of @stillblazingtho also followed rappers and
recording artists such as Wiz Khalifa (453,477/959,143;
47.28%), Drake (327,645/959,143; 34.16%), Lil Wayne
(323,616/959,143; 33.74%), Mac Miller (277,592/959,143;
28.94%), Nicki Minaj (256,961/959,143; 26.79%), Rihanna
(248,927/959,143; 25.95%), and Eminem (234,884/959,143;
24.49%). Twitter median averages for the above recording artists
ranged from 7.0% (for Mac Miller, IQR 4.9-8.8%) to 12.6%
(for Rihanna, IQR 5.6-24.5%).

Table 1. Characteristics of “Weed Tweets @stillblazingtho” tweets, 5/1/2013-12/31/2013.

Tweets excluding repliesRepliesTotal tweetsSentiment of tweetsa

n=2285n=305n=2590

n (%)n (%)n (%)

1875 (82.06)-1875 (72.39)Positive

403 (17.64)-403 (15.56)Neutral

7 (0.31)-7 (0.27)Negative

aSentiment of tweets was determined only for regular tweets. Direct replies were excluded because the context of the conversation was difficult to
determine without additional information.
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Figure 3. Age distribution of @stillblazingtho followers and Twitter median average.

Figure 4. Race/ethnicity distribution of @stillblazingtho followers and Twitter median average.
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Discussion

Principal Findings
The @stillblazingtho is a popular Twitter handle with
approximately 1 million followers. This Twitter handle sends
an average of 11 tweets per day, the vast majority of which
promote marijuana use. Most tweets generated from
@stillblazingtho contain humorous content about marijuana
use followed by tweets that suggested that marijuana helps you
to feel good, relax, or chill. This Twitter handle encourages
favorable attitudes toward marijuana by distributing a high
number of tweets normalizing the routine use of marijuana and
promoting its relaxation effects. It additionally engages
followers about pro-marijuana culture by tweeting about such
content as marijuana edibles (eg, recipes for brownies) and
paraphernalia commonly used to smoke marijuana, like bongs
and vaporizers. Tweets that minimize the harmful effects of
marijuana use and associate its use with health benefits and/or
stronger peer relationships are also distributed by
@stillblazingtho. In addition, tweets that encourage the
legalization of marijuana are sent by this Twitter handle, but
this is done to a lesser degree. While tweets from
@stillblazingtho comprised a number of themes and topics,
most tweets were alike in their overarching positive sentiment
toward marijuana use.

The majority of the followers of @stillblazingtho who are being
exposed to this pro-marijuana content are predicted to be under
20 years of age (approximately 73%) and 19% are under 17
years old. The average age at which marijuana use begins in
the United States is currently at 17.9 years old [27]; therefore,
our results call attention to the majority of Twitter followers of
@stillblazingtho who are either approaching or are very near
the average age at which marijuana use is first initiated.
Moreover, young people are especially responsive to social
media influences and often establish substance use patterns
during this phase of development [19-21]. Thus, it is of concern
that so many youth and young adults are following a Twitter
handle that depicts marijuana use as a popular and normal social
activity. In addition, past research has found that young Twitter
users can become exposed to tweets promoting alcohol use via
interactive features such as hashtags on other unrelated sites
[45-46]. The extent of hashtags in tweets from @stillblazingtho
was relatively low. Nevertheless, the inclusion of general
hashtags (non-marijuana related) in any of the tweets sent by
this Twitter handle have the potential to reach a much wider
audience of youth and young adults beyond the followers that
we analyzed in the current study.

Another primary finding of our study is that African American
and Hispanic Twitter users disproportionately follow
@stillblazingtho versus Caucasians. This finding signals a
disparity in exposure to social media promoting marijuana use
in that the pro-marijuana tweets delivered by this handle are
disproportionately consumed by minority Twitter users. Our
findings match concerning differences in marijuana use by
race/ethnicity reported in previous studies [47-49]. The
frequency of marijuana abuse and dependence among African
American adults is about twice the rate of Caucasians and

Hispanics [50]. With regard to Hispanics, marijuana abuse and
dependence rates are closer to the rates of Caucasians, but the
latest reports show that Hispanic youth now have the highest
rates of marijuana use versus Caucasians and African Americans
[51]. Accordingly, our findings underscore the critical need to
improve understanding on how African Americans and
Hispanics engage with social media outlets like Twitter in ways
that may exacerbate their marijuana use.

The @stillblazingtho followers receive pro-marijuana use
content from this Twitter handle and could be receiving similar
marijuana-related content from other handles. For instance,
many of the @stillblazingtho followers are alike in that they
follow the same celebrity Twitter handles. One or more of these
celebrities could also be tweeting favorably about recreational
marijuana use. To illustrate this point, we provide a sample
tweet from Wiz Khalifa who is a recording artist followed by
many of @stillblazingtho followers (47.3%). On February 8,
2014, Wiz Khalifa tweeted, “Those who don’t understand the
beauty of weed, purchasing weed, rolling and sharing of weed
are outsiders and have no business in our world.” This tweet
demonstrates the likelihood for pro-marijuana content to be
distributed by multiple Twitter handles to a cluster of followers.
A study of all the pro-marijuana content that is being consumed
by the followers of @stillblazingtho is beyond the scope of this
study; nevertheless, it is important for public health professionals
to consider all of the tweets and Twitter handles that promote
harmful norms toward substance use and are connecting with
young people. Prevention efforts can use this information to
connect with Twitter users in a strategic and meaningful way.
One such strategy would be for public health professionals to
consider partnering with a popular celebrity who is willing to
tweet health promoting messages about the harms associated
with marijuana use. Likewise, many of the followers of
@stillblazingtho are students and/or musicians, and have
interests in music and basketball. Perhaps, these data could be
used to distinguish persons who are at increased risk for
marijuana use and/or to identify appropriate settings where
marijuana use prevention messages could be delivered (eg,
music concerts).

Limitations
Some limitations should be considered when interpreting the
results. First, demographics of followers are not actual reported
demographics but rather inferred based on Twitter
behavior/usage. However, Demographics Pro uses sophisticated
methodology (reported in the Methods section) to make such
inferences and requires confidence of 95% or above to make
an estimate of a single demographic characteristic [44]. Second,
we report on only one of many marijuana-related Twitter
handles. Demographics of other specific marijuana-related
handles could differ from the one we chose to analyze.
Nevertheless, we reported on a very popular marijuana-related
Twitter handle, whose followers greatly outnumbered those of
other handles. Our study did not examine Twitter marijuana
discourse in a general way, where both favorable and
unfavorable tweets are considered in analysis. Such a study
would entail a data collection and analysis of countless tweets
that contain any and all marijuana-related terms, and is beyond
the scope of our study. We nevertheless encourage future studies
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to work toward understanding marijuana-related communication
on Twitter utilizing a more general approach where both
favorable and unfavorable content is considered. Finally, we
have no way of inferring whether followers of @stillblazingtho
are themselves marijuana users or are non-marijuana users.
Non-marijuana users might be different from marijuana users
in their reasons for following @stillblazingtho; it is, therefore,
challenging to make broad-stroke conclusions about why the
followers of @stillblazingtho have opted to receive tweets from
this handle.

Conclusions
Despite these limitations, our results stress the need for
continued research and surveillance on the pro-marijuana content

that is currently being delivered via Twitter. We found that
youth and young adults as well as minority Twitter users are
disproportionately more likely to follow @stillblazingtho, which
is a popular Twitter handle that distributes a high number of
tweets encouraging favorable attitudes toward marijuana use.
Our findings provide a snapshot of the pro-marijuana content
that is reaching young people. Twitter use has expanded
exponentially, especially among youth and young adults;
therefore, an improved understanding of the discourse on Twitter
that encourages marijuana use can be helpful for tailoring and
targeting online and offline prevention messages.
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Abstract

Background: Telehealth programs are a growing field in the care of patients. The evolution of information technology has
resulted in telehealth becoming a fourth-generation synchronous program. However, long-term outcomes and cost-effectiveness
analysis of fourth-generation telehealth programs have not been reported in patients with chronic cardiovascular diseases.

Objective: We conducted this study to assess the clinical outcomes and cost-effectiveness of a fourth-generation synchronous
telehealth program for patients with chronic cardiovascular diseases.

Methods: We retrospectively analyzed 575 patients who had joined a telehealth program and compared them with 1178 patients
matched for sex, age, and Charlson comorbidity index. The program included: (1) instant transmission of biometric data, (2) daily
telephone interview, and (3) continuous decision-making support. Data on hospitalization, emergency department (ED) visits,
and medical costs were collected from the hospital’s database and were adjusted to the follow-up months.

Results: The mean age was 64.5 years (SD 16.0). The mean number of monthly ED visits (mean 0.06 SD 0.13 vs mean 0.09
SD 0.23, P<.001), hospitalizations (mean 0.05 SD 0.12 vs mean 0.11 SD 0.21, P<.001), length of hospitalization (mean 0.77
days SD 2.78 vs mean 1.4 SD 3.6, P<.001), and intensive care unit admissions (mean 0.01 SD 0.07 vs mean 0.036 SD 0.14,
P<.001) were lower in the telehealth group. The monthly mean costs of ED visits (mean US$20.90 SD 66.60 vs mean US$37.30
SD 126.20, P<.001), hospitalizations (mean US$386.30 SD 1424.30 vs mean US$878.20 SD 2697.20, P<.001), and all medical
costs (mean US$587.60 SD 1497.80 vs mean US$1163.60 SD 3036.60, P<.001) were lower in the telehealth group. The intervention
costs per patient were US$224.80 per month. Multivariate analyses revealed that age, telehealth care, and Charlson index were
the independent factors for ED visits, hospitalizations, and length of hospitalization. A bootstrap method revealed the dominant
cost-effectiveness of telehealth care over usual care.

Conclusions: Better cost-effectiveness and clinical outcomes were noted with the use of a fourth-generation synchronous
telehealth program in patients with chronic cardiovascular diseases. The intervention costs of this new generation of telehealth
program do not increase the total costs for patient care.

(J Med Internet Res 2014;16(6):e145)   doi:10.2196/jmir.3346
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Introduction

Cardiovascular disease (CVD), one of the main chronic diseases,
is the leading cause of death and disability worldwide [1].
Chronic CVD is characterized by a high rate of co-morbidities
and a high risk for acute deterioration [2], both of which
contribute to adverse clinical outcomes and economic burden
on society. Hospitalization due to acute deterioration represents
the main cost component of CVD care [3]. To reduce
hospitalization and improve long-term care for CVD, disease
management programs, defined as multidisciplinary approaches
that coordinate care strategies to manage patients with chronic
disease, have been applied to patients with chronic CVD [4,5].
Despite the beneficial results, disease management programs
are limited by their high cost and modest efficiency.

Recently, advances in telemonitoring devices have improved
the efficiency and reduced the labor costs of disease
management programs. With the help of remote telemonitoring,
biometric parameters can be monitored closely and acute
episodes of deterioration can be detected early, both of which
make timely interventions possible. Telehealth programs, which
incorporate telemonitoring and disease management programs,
have been shown to improve the results of long-term care in
patients with chronic diseases including heart failure, chronic
respiratory disease, and diabetes [6-10]. However, not all studies
on telehealth programs revealed beneficial results. A recent
randomized controlled trial of a telehealth program, which used
a non-immediate data analysis system, failed to reduce
hospitalizations in elderly patients with chronic diseases
(hospitalization and emergency department [ED] visits:
telemonitoring group 63.7% vs usual care group 57.3%, P=.35)
[11]. Patients enrolled in this study were elderly with a mean
age of 80.3 years and at high risk for rehospitalization. Another
study on a telehealth program among patients with chronic
illness including heart failure, diabetes, or chronic obstructive
pulmonary disease in the United Kingdom also revealed
unfavorable results. The cost-effectiveness study of this
telehealth program revealed a slightly higher total cost in the
telehealth group (telehealth group, £1596.10 vs usual care group,
£1389.70, P>.05) but relatively high costs per quality adjusted
life year (QALY) gain (£92,000, n=969), and concluded that
the telehealth program was not cost effective [12]. A review
article published recently also argues that evidence for the
benefit of telehealth programs in managing chronic diseases is
inadequate and contradictory [13]. These contrasting results
raise a serious concern about the use of telehealth programs in
the management of patients with chronic CVD.

One possible explanation to these contrasting results is the
difference in the level of care provided by telehealth programs.
Based on the level of data analysis, decision ability, and
integration of care, Anker and coworkers classified telehealth
programs into four generations: (1) non-reactive data collection
programs, (2) programs with non-immediate analytical structure,
(3) remote patient management programs, and (4) fully
integrated remote management programs [14]. According to

this classification, the fourth-generation telehealth program
provides the highest level of patient care: round-the-clock
presence of a physician and nursing staff to analyze and respond
“synchronously” to the data transferred from patients. It is
probable that the different levels of monitoring, staff, and
response provided by these four generations of telehealth
program contribute directly to the aforementioned contrasting
results in the literature. However, the clinical benefit of the
fourth-generation telehealth program has not been validated.

Based on these reasons, we hypothesized that a fourth-generation
telehealth program would be effective in patients with chronic
CVD. To test this hypothesis, we first reported reductions in
costs and hospitalization rates for patients with chronic CVD 6
months after vs before receiving a fourth-generation telehealth
program in a quasi-experiment study [15]. We then conducted
this retrospective cohort study to elucidate whether the patients
with chronic CVD who received the fourth-generation telehealth
program may have better clinical outcomes and
cost-effectiveness compared with those who received standard
care in a longer follow-up period.

Methods

Study Design
This was a single center, retrospective study, and was approved
by the Institutional Review Board at National Taiwan University
Hospital, Taipei, Taiwan.

Recruitment
The study was conducted from December 2009 to April 2013
at the Telehealth Center of the hospital, and was conducted by
the Taiwan ELEctroHEALTH study group (TELEHEALTH
study group). Patients aged 20 years or over receiving the
telehealth program at our telehealth center were enrolled as the
case group. The control group included subjects who visited
our cardiovascular center during the same period but did not
participate in the telehealth care program (received usual care
only), and were matched for age, gender, and Charlson
comorbidity index. Data on sex, gender, and diagnosis were
obtained from the electronic database of our center. There were
7742 patients who visited our cardiovascular center during this
period. After matching age, gender, and Charlson comorbidity
index, 604 case patients and 1208 controls were selected.
Follow-up data and medical costs of these subjects were then
obtained from the electronic database. After excluding subjects
with incomplete follow-up and cost data, a total of 576 cases
and 1178 controls were finally enrolled in this study.

Telehealth Care Program
The fourth-generation telehealth program at our telehealth center
is a synchronized, structured, and integrated remote management
program of chronic diseases [15]; it is an Internet-based system.
Briefly, this telehealth program provided four major
components. The first component was real-time transmission
of biometric data from the patients to the telehealth center. The
biometric data included single-lead electrocardiography, blood

J Med Internet Res 2014 | vol. 16 | iss. 6 | e145 | p.173http://www.jmir.org/2014/6/e145/
(page number not for citation purposes)

Ho et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


pressure, heart rate, oximetry, and glucometry (in patients with
diabetes and those with impaired fasting glucose and impaired
glucose tolerance). These biometric data were transmitted via
the Internet and stored in the electronic health record system at
our hospital. The data was processed immediately after
transmission by the nurse case manager. Second, there were
daily and on-demand telephone interviews between the
telehealth care team and the patients for communication and
health promotion. Third, full-time nurse case managers and
cardiologists were in charge of care 24 hours a day. The nurse
case managers reviewed the clinical and biometric data
immediately and were empowered to adjust the dosage of
medications or to stop a medication with potentially harmful
side effects after consulting physicians. A screenshot of our
telehealth platform is shown in Figure 1. The clinical
information was relayed to the cardiology specialist who made
the final judgment and suggestions regarding care. Fourth, the
long-term medication and monitoring plan were discussed with

the patients’ primary care physician after acute episodes. This
telehealth program bridged between institute care and home
care on an individualized approach, emphasized the prevention
and early detection of clinical deterioration, and then managed
the patient at the outpatient department (OPD) or emergency
department (ED), rather than by hospitalization. The service
and characteristics of this telehealth program did not change
during the study period. All clinical information and biometric
data were provided to the primary care physician at the regular
OPD visit. Additional visits to the OPD were encouraged if
adjustments to medications were frequently required or if
inadequate control of symptoms was noted by the nurse case
manager. An ED visit was suggested if acute deterioration of a
chronic condition was suspected. The clinical information was
relayed to the ED before the patient arrived at the ED. The
decision to hospitalize was determined by primary care
physicians and/or ED physicians.

Figure 1. Screenshot of telehealth platform. All biometric and clinical data of patients receiving telehealth care can be assessed from this Internet-based
database. Abnormal value marked in red.

Usual Care
Patients in the control group received usual care provided by
the cardiovascular center according to updated guidelines,
including, but not limited to, the American Heart Association’s
guidelines on lifestyle management to reduce cardiovascular
risk, guidelines for the management of stable ischemic heart
disease, and the American Diabetes Association’s guidelines
for the management of diabetes. Patients in the control group
received routine OPD visits to primary care physicians. ED
visits were determined by patients and/or caregivers. The
decisions for hospitalization were determined by primary care
physicians and/or ED physicians. There was no contact between
telehealth center and patients receiving usual care.

Data Collection
All of the demographic, hospitalization, and payment data were
collected from the electronic database of the hospital. The
diagnosis of chronic diseases was also based on the electronic
database. A discharge diagnosis was recorded if the outpatient
and discharge diagnoses were different.

Outcomes
The primary outcomes were hospitalization, length of
hospitalization, and ED visits adjusted by the follow-up period
(month). Data on hospitalization, length of stay, and ED visits
were collected using an administrative billing system.
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Costs

Medical Costs
Taiwan launched a single-payer National Health Insurance
program in 1995, which covers most of the medical costs from
primary care to hospitalization. This study used a third-party
payer perspective and included only direct medical costs in the
cost analysis, including: medication, pharmacological service,
examinations, diagnostic tests, physician visits, operations,
anesthesia, blood product, ward, nursing, and specialized
equipment during visits to the OPD and ED, and hospitalization.
Self-paid medical costs (not covered by National Health
Insurance program) were also included. Costs were adjusted to
the US$ average exchange rate for 2012.

Telehealth Care Program Costs (Intervention Costs)
The total intervention costs of the telehealth care program
included direct costs (in-house staff costs, contract costs, and
fees to other organizations) and indirect costs (marketing,
business development, and administrative costs). The costs for
the telehealth equipment were included in the fees to other
organizations. The intervention cost per patient-month was
calculated by the total intervention costs in 2011 and 2012
divided by the active participants and duration (months).

Total Costs
The total costs were defined as the sum of medical costs and
intervention costs in the telehealth group; the total costs were
the same as medical costs in the control group.

Cost-Effectiveness
Cost-effectiveness was evaluated by the cost saved for each
hospitalization that was avoided and the cost per hospitalization
day that was avoided. Uncertainty was calculated by the
bootstrap method and plotted in a cost-effectiveness plane.

Statistical Analysis
Discrete data are expressed as count and percentages.
Continuous data are presented as mean and standard deviation
(SD) or median and interquartile range (IQR) for data with
normal or skewed distribution, respectively. The chi-square test
was used to compare categorical data. The Student’s t test or
Mann-Whitney test was applied to compare continuous unpaired
data with normal or skewed distribution, respectively. A
Wilcoxon rank-sum test was applied to compare the outcome
data and costs, which were not normally distributed.

Linear regression models for the number of ED visits,
hospitalizations, hospitalization days, and number of intensive
care unit admissions were developed with age, sex, participation
in the telehealth care program, and Charlson comorbidity index
as the independent variables. To evaluate the variables that were
significantly associated with cost, a two-part gamma model was
adapted. First, logistic regression analysis was performed to
evaluate the probability of the cost of the clinical factors being
greater than zero. The significant variables were then entered
into the second part, for which we use a generalized linear model
(GLM) with gamma distribution and logarithmic link function

to evaluate the variables in the patients with costs larger than
zero.

The time to first ED visit or hospitalization-free survival was
estimated according to the Kaplan-Meier method. The effect of
participation in the telehealth program was estimated using a
Cox proportional hazards model. Repeat hospitalizations were
examined using Cox regression analysis for recurrent events,
accounting for the possibility of multiple readmissions occurring
over the follow-up period.

Cost-effectiveness was measured by:

(costcase−costcontrol) / (effectcase−effectcontrol)

The incremental cost-effectiveness ratio (ICER) provided the
payments per hospital episode averted or per hospital day
averted. Non-parametric bootstraps were used to simulate 5000
ICERs that were plotted on a cost-effectiveness plane. Each
simulated ICER fell into one of the four quadrants of the ICER
plane (increased or decreased cost vs better or worse health
result). Strong dominance applied when the telehealth program
was both more effective and less costly than usual care.

Because there was difference in the follow-up duration in two
study groups, we performed sensitivity analyses by different
follow-up durations. We repeated the analyses for the
comparisons of clinical events, Cox regression for time-to-first
admission free survival, comparisons of medical costs, and
cost-effective plane by the different follow-up durations (<3
months, <6 months, <1 year, <2 years, 3 months-1year, 1-2
years, and without adjustment for duration).

A P value of less than .05 was considered to be statistically
significant. Stata/SE 11.0 for Windows (StataCorp LP, College
Station, TX, USA) was used for all statistical analyses.

Results

Descriptive Statistics
A total of 1754 patients (576 in the telehealth group and 1178
in the control group) were enrolled in this study. The average
age was 64.5 (SD 16.0) years; 61.17% (1073/1754) of the
subjects were male. The diagnosis of chronic CVD included
hypertension (79.99%, 1403/1754), heart failure (16.99%,
298/1754), stroke (10.32%, 181/1754), myocardial infarction
(7.13%, 125/1754), and peripheral artery diseases (5.19%,
91/1754). The mean Charlson comorbidity index was 1.26 (IQR
0-2). At baseline, age, sex, and Charlson comorbidity index
were matched between the two groups (Table 1). There were
slightly more patients with heart failure, stroke, dementia,
chronic obstructive pulmonary disease, diabetes, and peptic
ulcer disease in the telehealth group (Table 1). There was no
difference in hemoglobin A1c level between two study groups.
There was no difference in the duration of education between
two study groups. The median follow-up time was 694 days
(IQR 338-1163). The follow-up time in the control group (879
days, IQR 334-1190) was longer than that in the telehealth group
(572 days, IQR 349-809). Because of the different follow-up
times, the costs and events were divided by the follow-up time
(months) in the subsequent analysis.
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Table 1. Baseline characteristics.

P valueControlsCasesCharacteristic

1178576Patients, n

.864.5 (16.1)64.6 (16.3)Age, year, mean (SD)

.7717 (60.87%)356 (61.81%)Sex (male), n (%)

.5123.3 (27)124.3 (20)Systolic blood pressure, mmHg, mean (SD)

.870.6 (16.4)70.4 (12.6)Diastolic blood pressure, mmHg, mean (SD)

Comorbidity

.071.21 (1.52)1.35 (1.65)Charlson comorbidity index

.581 (6.88%)44 (7.64%)Myocardial infarction, n (%)

.05186 (15.79%)112 (19.44%)Heart failure, n (%)

.930 (2.55%)61 (10.59%)Peripheral artery disease, n (%)

.05110 (9.34%)71 (12.33%)Stroke, n (%)

.0110 (0.85%)13 (2.26%)Dementia, n (%)

.0267 (5.69%)49 (8.51%)Chronic obstructive pulmonary disease, n (%)

.01273 (23.17%)165 (28.65%)Diabetes, n (%)

.0334 (2.89%)28 (4.86%)Peptic ulcer disease, n (%)

.9117 (9.93%)57 (9.90%)Chronic kidney disease, n (%)

.626 (2.21%)15 (2.60%)Chronic liver disease, n (%)

.08120 (10.19%)44 (7.64%)Malignancy, n (%)

Hemoglobin A1c, %, mean (SD)

.156.7 (1.5)6.6 (1.4)Overall

.334.7 (1.5)7.2 (1.6)With diabetes

.656.9 (1.7)6.8 (1.5)With ICUa admission

.09Duration of education, n (%) b

259 (47.01%)102 (31.58%)<9 years

266 (48.28%)200 (61.92%)9-16 years

26 (4.72%)21 (6.50%)>16 years

Medications, n (%)

.1932 (79.11%)475 (82.47%)Anti-hypertension

.1157 (13.33%)93 (16.15%)Oral-anti-diabetes

<.00147 (3.99%)47 (8.16%)Insulin

.1120 (10.19%)74 (12.85%)Statin

.7249 (21.14%)117 (20.31%)Aspirin

.3238 (20.20%)128 (22.22%)Clopidogrel

aICU: intensive care unit.
bNot all patients provided their education information—data was obtained for 874 participants (323 in the telehealth program and 551 in the control
group). 

Outcomes
There were significantly fewer ED visits, hospitalizations,
hospitalization days, and intensive care unit admissions per
month in the telehealth group compared to the control group
(Table 2). The hospitalization-free survival was significantly
longer in the telehealth group (P=.01, log-rank test). In the Cox
regression analysis, age (hazard ratio [HR] 1.01, P<.001),

telehealth (HR 0.76, P=.001), and Charlson comorbidity index
(HR 1.23, P<.001) were independent predictors for
re-hospitalization (Table 3). The ED visit-free survival was not
significantly longer in the telehealth group (P=.08, log-rank
test). In the Cox regression analysis, only age (HR 1.01, P<.001)
and Charlson comorbidity index (HR 1.3, P<.001) were
independent predictors for an ED visit. Repeated events Cox
regression analysis also demonstrated significantly longer
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hospitalization-free survival for the telehealth group. Age (HR
1.01, P=.013), telehealth (HR 0.5, P=.001), and Charlson

comorbidity index (HR 1.41, P<.001) were independent
predictors for repeated hospitalizations (Table 3).

Table 2. Clinical events, adjusted by follow-up months.

P valueControls (n=1178)Cases (n=576)Events

mean (SD)

<.00125.8 (14.5)20.4 (11.4)Follow-up months

<.0010.09 (0.23)0.06 (0.13)EDa visits

<.0010.11 (0.21)0.05 (0.12)Hospitalizations

<.0011.4 (3.6)0.77 (2.78)Hospitalization days

<.0010.04 (0.14)0.01 (0.07)ICUb admissions

.751.66 (1.78)1.57 (1.12)OPDc visits

aED: emergency department
bICU: intensive care unit
cOPD: outpatient department

Table 3. Multivariate Cox regression analysis for event-free survival.

Hospitalization, multiple eventTime to first emergency department
visit

Time to first hospitalization

PHazard ratioPHazard ratioPHazard ratio

.0131.01 (1.0-1.02)<.0011.01 (1.0-1.01)<.0011.01 (1.01-1.02)Age

.710.94 (0.69-1.29).91.01 (0.86-1.19).131.11 (0.97-1.29)Sex

.0010.5 (0.34-0.74).191.11 (0.94-1.35).0010.76 (0.65-0.89)Telehealth

<.0011.41 (1.32-1.52)<.0011.3 (1.25-1.35)<.0011.23 (1.19-1.28)Charlson comorbidity
index

Costs
The monthly intervention costs in the telehealth group were
US$224.80 per patient (Table 4). The personnel costs comprised
77.97% (27,348.50/35,075.50) of the intervention costs. The
average medical costs were US$587.60 (SD 1497.80) per month
in the telehealth group and US$1163.60 (SD 3036.60) per month
in the control group (P=.02; Table 5). Generalized linear model
(GLM) analysis revealed that telehealth (OR 0.4, 95% CI
0.32-0.55, P<.001), heart failure (OR 1.56, 95% CI 1.11-2.19,
P=.001), and cancer (OR 1.86, 95% CI 1.23-2.8, P<.001) were
significantly associated with the total costs (all medical +
intervention costs; Table 6). Hospitalization costs accounted
for the largest portion of the total costs and were significantly
higher in the control group (mean US$878.20 SD 2697.20 per
month) compared with the telehealth group (mean US$386.30
SD 1424.30 per month; Table 5). GLM analysis also revealed

that only telehealth (OR 0.67, 95% CI 0.46-0.95, P=.009) was
significantly associated with the hospitalization costs (Table 6).
The OPD costs were also higher in the control group (mean
US$248.20 SD 984.60 per month) compared with the telehealth
group (mean US$180.40 SD 248.20 per month; Table 5). GLM
analysis further revealed that age (OR 1.01, 95% CI 1.0-1.01,
P=.01), telehealth (OR 0.72, 95% CI 0.57-0.9, P=.05), heart
failure (OR 1.61, 95% CI 1.2-2.17, P=.002), and liver cirrhosis
(OR 4, 95% CI 2.0-8.1, P<.001) were significantly associated
with the OPD costs. The ED costs were higher in the control
group (mean US$20.90 SD 66.60 per month) compared with
the telehealth group (mean US$37.30 SD 126.20 per month;
Table 5). GLM analysis revealed that age (OR 1.02, 95% CI
1.01-1.03, P<.001), heart failure (OR 1.47, 95% CI 1.01-2.12,
P=.05), and cancer (OR 2.3, 95% CI 1.48-3.6, P<.001) were
significantly associated with the ED cost.
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Table 4. Intervention cost (2011-2012).

Amount (US$/month)Cost category

$27,348.50In-house staff

$5213.70Contract costs/Fees to other organizations

$32,562.20Total direct costs

$15.50Marketing and business development

$2451.20Selling, general and administrative

$46.70Other expenses

$35,075.50Total intervention cost

$224.80Total intervention cost per patient

Table 5. Medical cost (US$ per patient/month).

P valueControlCaseMedical costs

mean (SD)mean (SD)

By clinical setting

<.001$37.30 (126.20)$20.90 (66.60)Emergency department costs

<.001$878.20 (2697.20)$386.30 (1424.30)Hospitalization costs

.06$248.20 (984.60)$180.40 (278.60)Outpatient clinic visit costs

<.001$1163.60 (3036.60)$587.60 (1497.80)Total medical costs

<.001$1163.00 (3036.60)$812.40 (1497.80)Total health care costs

By items

<.001$120.2 (270.90)$66.10 (171.10)Laboratory examinations

<.001$56.40 (150.10)$20.00 (56.20)Imaging

.009$226.60 (864.50)$130.00 (304.00)Medication

.11$81.30 (315.00)$56.10 (286.60)Other treatment and management

.003$26.40 (69.40)$16.10 (65.20)Physician visit

.03$69.40 (244.60)$42.60 (224.30)Nursing

.49$59.70 (212.40)$51.90 (240.00)General ward

.13$30.30 (146.10)$19.20 (135.70)ICUa ward

aICU: intensive care unit.

Table 6. Generalized linear models for costs.

Total (medical + intervention)HospitalizationEmergency departmentOutpatient departmentCosts/Factors

PORPORPORPOR

.71.0 (0.99-1.01).331.00 (0.99-1.01)<.0011.02 (1.01-1.03).011.01 (1.0-1.01)Age

<.0010.4 (0.32-0.55).0090.67 (0.46-0.95).060.72 (0.51-1.01).050.72 (0.57-0.9)Telehealth

.0091.56 (1.11-2.19)--.051.47 (1.01-2.12).0021.61 (1.2-2.17)Heart failure

----.031.32 (1.02-1.7)Diabetes

------<.0014.0 (2.0-8.1)Liver cirrhosis

.0031.86 (1.23-2.8).071.48 (0.97-2.28)<.0012.3 (1.48-3.6)--Cancer

Cost-Effectiveness
Figure 2 shows the 5000 bootstrapped replicates of incremental
costs versus hospitalizations, hospitalization days averted, and
ED visits averted on a cost-effectiveness plane. Because of the

different follow-up times, the cost, number of hospitalizations,
and hospitalization days were divided by the follow-up months.
In this bootstrap analysis, 99.9% of the 5000 replicates were in
the cost-saving quadrant in all three analyses, which indicated
that the telehealth program was a dominant strategy.
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Figure 2. Cost-effectiveness planes for hospitalization times, hospitalization days, and emergency department visits averted.

Sensitivity Analyses
The sensitivity analyses by different follow-up durations
revealed consistent results. There were no differences in age,
sex, and Charlson comorbidity score in the two study groups
by different follow-up durations. The clinical events were
significantly less in the telehealth group over different follow-up
durations. In the Cox regression analyses for time to first
admission-free survival, the telehealth was a significant
protective factor over different follow-up durations. The total
medical costs were significantly lower in the telehealth group
over different follow-up durations. In the cost-effectiveness
analyses, the 1000-times bootstrap revealed that telehealth was
a cost-saving strategy (99.9% of the simulations were in the
cost-saving quadrant over different follow-up durations, except
for the duration of 1-2 years where 96.6% of the simulations
were in the cost-saving quadrant).

Discussion

Principal Results
The results of the current study revealed that our
fourth-generation telehealth program was associated with lower
total costs, lower rate of hospitalizations, and shorter
hospitalization length of stay in patients with chronic CVD
during the 2-year follow-up period. The total costs of US$811
per month (medical costs: US$587, intervention costs: US$224)
in the telehealth group were less than the total costs of US$1163
(medical costs only) per month in the control group. In
multivariate analyses, the telehealth program was an independent
predictor for a longer time to first hospitalization and repeated
hospitalization-free survival. In the GLM analysis, the telehealth
program was independently associated with fewer OPD visits
and lower hospitalization medical costs and total health care
costs (medical + intervention cost). Sensitivity analysis revealed
that the telehealth program was a cost-saving strategy from the
health care system perspective.

This cost-saving conclusion was consistent over different
endpoints, including hospitalization times and durations. Our
intervention costs at US$224.80 per month (or US$2697 per
year) were reasonable compared to those reported in two recent
telehealth studies: US$3010 per year in a UK study and
US$2177 per year in a US study [11,12]. Our synchronous
telehealth program adopted a strategy to manage patients in
OPD or ED without delay to avoid hospitalization, if an acute
event was detected. This strategy showed a 38% reduction in
hospitalizations without significant increase in OPD or ED visits

in the telehealth group (Table 2). The non-significantly less ED
visit-free survival in the telehealth group (Figure 1B) did not
translate into higher costs or more hospitalizations. Based on
these advantages in costs and event reduction, our telehealth
program was demonstrated to be cost-effective.

Comparison With Prior Work
Until now, research on telehealth programs in chronic diseases
management has had mixed results [13,16]. Telehealth care has
been shown to reduce hospitalizations in patients with chronic
conditions such as asthma [6], chronic obstructive pulmonary
disease [7], and heart failure [8,9]. Data also shows that
telehealth care can achieve better blood pressure [17,18] and
glycemic control [19]. Two large randomized controlled trials
published recently, however, questioned the benefits and
cost-effectiveness of telemedicine in patients with chronic
diseases [11,12]. The first trial enrolled 205 elderly adults aged
60 years or above, with multiple illnesses and a higher risk of
hospitalization [11]. Half of the participants (51.2%) had chronic
CVD. The results showed a neutral effect of asynchronous
telemonitoring on the composite endpoint of hospitalization
and ED visits in 12 months (63.7% vs 57.3%, P=.35). A higher
mortality rate was reported in the telemonitoring group
compared to the control group unexpectedly (14.7% vs 3.9%,
P=.008). Although the study was carefully designed and
conducted, only 40% of the subjects screened were enrolled in
the trial. This low rate of enrollment may limit its
generalizability. Another factor that may limit its generalizability
is the asynchronous telemonitoring used in this trial.

The second randomized controlled trial (Whole System
Demonstrator trial [WSD]) enrolled 3230 people with heart
failure (37.8%), chronic obstructive pulmonary disease (33.5%),
or diabetes (28.7%) in the United Kingdom. The results showed
the hospitalization rate (OR 0.85, P=.017), length of hospital
stay, and mortality (4.6% vs 8.3%, P<.001) were reduced in the
telehealth group [20]. These reductions in hospitalization and
length of hospital stay in the telehealth group were similar to
our results. A cost-effectiveness analysis of this trial included
965 of the original 3230 subjects, among them 36.4% had heart
failure. The result derived an ICER of £92,000 per QALY
gained. This value was considered not to be cost-effective
compared with the current threshold of willingness to pay [12].
The medical costs in the telehealth group were lower than those
in the usual care group (not including the intervention costs).
This indicates that the cost of intervention is the major
determinant for the cost-effectiveness of a telehealth care
program. The intervention costs in our study were lower than
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those in the WSD trial. This difference in intervention costs
may account for the difference in cost-effectiveness between
our study and the WSD trial.

The causes of these inconsistent results between different trials
are not totally clear. Our data provide three potential
implications for the causes. First, our data imply that the level
of care provided by a telehealth program affects its efficacy.
Different telehealth programs should not be compared directly
without analyzing their basic structure. An effective telehealth
program relies on the premise that routinely monitoring
biometrics and symptoms will facilitate early detection of
clinical deterioration and trigger timely intervention [21]. To
achieve this goal, our fourth-generation telehealth program has
the ability to detect deterioration early by synchronous data
analyses and to initiate timely intervention by round-the-clock
presence of a physician. Our telehealth program implemented
an electronic platform to integrate all the biometrics measured
and to notify the nurse case managers immediately if abnormal
values were received. The nurse case managers could respond
more rapidly to abnormal biometric values, compared with the
stored-and-forward system used in other trials [11,22]. The
nurse case managers were trained to deliberately seek and track
the symptoms and signs of early deterioration during the daily
telephone interview. This strategy may detect early deterioration
more efficiently in patients with a wide range of comorbidities,
compared with the patients answering predetermined screening
questions to automated systems used in other trials [11,22].
Prior research has shown that the benefit of a telehealth program
in patients with heart failure can be lost after changing from a
small-scale, nurse case manager-led program to a large-scale,
automated monitoring system without one-to-one telephone
interviews [22,23]. These results highlight the role of nurse case
managers in a telehealth program. The round-the-clock presence
of a physician for therapeutic decisions and the synchronous
type of telehealth program adopted in our study were not
formally tested in other trials. Although we did not directly
compare our telehealth program with an earlier generation, our
data imply that level of care provided by a telehealth program
makes a difference in efficacy. Future research on telehealth
programs should clearly address the level of care provided by
the program. We suggest a synchronous telehealth program
should be considered in a population with multiple comorbidities
and high risk for acute deterioration, as the program
implemented in our study.

The second implication of our data is that the composition of
the total health care costs is crucial to the balance of
cost-effectiveness in a telehealth program. The intervention
costs accounted for 27% of the total cost in the telehealth group
in our study; the personnel cost accounted for 78% of the
intervention costs. This result indicates that one-fifth of the total
health care cost of the patients receiving our telehealth program
will pay for the personnel costs. The personnel costs may not
change much if a specific level of care is determined. The
medical costs, however, increased significantly with older age
and more comorbid conditions, as demonstrated by our GLM
analyses. Given a patient population with fewer comorbid
conditions than the patients in our study, the expected annual
medical costs would be much lower. If the medical costs are

much lower than the intervention costs, the cost-saving feature
of the telehealth program may not exist. The same problem will
also be encountered in a patient population with a greater
number of comorbid conditions and higher expected medical
costs. Therefore, choosing the appropriate patient population
would have a major influence on the balance of
cost-effectiveness. According to our data and prior trials in
telehealth programs [12] or disease management programs [24],
the intervention costs should be less than US$2500-3000 per
year to be cost-saving in a patient population with moderate
chronic comorbidities. With advances in information
technologies such as automatic data analysis algorithms, the
personnel costs might be lowered in the future.

The third implication of our data is that the patient population
that will benefit from a telehealth program extends to patients
with chronic CVD and multiple chronic conditions. In CVD,
telehealth programs have been tested mostly in patients with
heart failure [14,22,23,25]. In our study, 24% of our patients
had heart failure or myocardial infarction. The mean Charlson
comorbidity index in our study was 1.26, which was lower than
that reported in some of the recent research [11,12]. The overall
severity in our study may be less than that in the studies in
patients with heart failure. Our study provided the data of a
telehealth program for a patient population with established
CVD and multiple comorbidities but without advanced heart
failure.

Limitations
There are several limitations to this study. First, because this
was not a randomized controlled study, confounding factors
and bias may not have been detected. Although we matched the
patients and controls by age, sex, and Charlson comorbidity
index, each item of the Charlson comorbidity index was not
completely matched. However, because the disease severity
was higher in the telehealth group, we do not think that this
artificially increased the benefits of telehealth care. Moreover,
a protocol-driven use of resources did not exist in this study,
making the costs more reflective of the real-world situation.
Other confounding factors such as socioeconomic status were
not fully detected in this study. Second, only direct medical
costs and intervention costs were reported in our study; however,
travel and time costs are two major direct non-health-related
costs. These two types of cost are difficult to compare between
different societies and health care systems, and therefore we
did not include these two costs in our analysis. Third, the clinical
outcomes were derived from the electronic billing and medical
records of our hospital, and the patients who received care
outside of our hospital were not recorded. Resources that were
used but not billed may also have been overlooked when
extracting data from our billing system. Fourth, long-term
follow-up data were not available in our study, so the
cost-effectiveness over a longer time frame is unknown. Finally,
we did not measure the QALY in our study, although many
cost-effectiveness studies have reported this. Although
frequently used in health economic research, QALY is not
without drawbacks [26]. One of the major problems is that the
use of QALY rests on the assumption that all QALYs are of
equivalent value in the perspective of society. However, this
assumption is not necessarily true in all circumstances [27].
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QALYs derived from different societies and cultural
backgrounds may not be suitable for a direct comparison. Hence,
we reported the cost per hospitalization avoided.

Conclusions
Our data support that a fourth-generation telehealth program is
associated with a reduction in the rate of hospitalizations, the

length of hospital stay, and the accompanying medical costs in
patients with chronic CVD and multiple comorbidities. The
intervention costs of this new generation of telehealth program
do not increase the total costs for patient care. Randomized
trials should be considered in this new generation of telehealth
program for the management of chronic CVD.
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Abstract

Background: Overweight or obesity is prevalent among college students and many gain weight during this time. Traditional
face-to-face weight loss interventions have not worked well in this population. Facebook is an attractive tool for delivering weight
loss interventions for college students because of its popularity, potential to deliver strategies found in successful weight loss
interventions, and ability to support ongoing adaptation of intervention content.

Objective: The objective of this study was to describe participant exposure to a Facebook page designed to deliver content to
overweight/obese college students in a weight loss randomized controlled trial (N=404) and examine participant engagement
with behavior change campaigns for weight loss delivered via Facebook.

Methods: The basis of the intervention campaign model were 5 self-regulatory techniques: intention formation, action planning,
feedback, goal review, and self-monitoring. Participants were encouraged to engage their existing social network to meet their
weight loss goals. A health coach moderated the page and modified content based on usage patterns and user feedback. Quantitative
analyses were conducted at the Facebook post- and participant-level of analysis. Participant engagement was quantified by
Facebook post type (eg, status update) and interaction (eg, like) and stratified by weight loss campaign (sequenced vs nonsequenced).
A subset of participants were interviewed to evaluate the presence of passive online engagement or “lurking.”

Results: The health coach posted 1816 unique messages to the study’s Facebook page over 21 months, averaging 3.45 posts
per day (SD 1.96, range 1-13). In all, 72.96% (1325/1816) of the posts were interacted with at least once (eg, liked). Of these,
approximately 24.75% (328/1325) had 1-2 interactions, 23.39% (310/1325) had 3-5 interactions, 25.13% (333/1325) had 6-8
interactions, and 41 posts had 20 or more interactions (3.09%, 41/1325). There was significant variability among quantifiable
(ie, visible) engagement. Of 199 participants in the final intervention sample, 32 (16.1%) were highly active users and 62 (31.2%)
never visibly engaged with the intervention on Facebook. Polls were the most popular type of post followed by photos, with
97.5% (79/81) and 80.3% (386/481) interacted with at least once. Participants visibly engaged less with posts over time (partial
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r=–.33; P<.001). Approximately 40% of the participants interviewed (12/29, 41%) reported passively engaging with the Facebook
posts by reading but not visibly interacting with them.

Conclusions: Facebook can be used to remotely deliver weight loss intervention content to college students with the help of a
health coach who can iteratively tailor content and interact with participants. However, visible engagement with the study’s
Facebook page was highly variable and declined over time. Whether the level of observed engagement is meaningful in terms of
influencing changes in weight behaviors and outcomes will be evaluated at the completion of the overall study.

(J Med Internet Res 2014;16(6):e158)   doi:10.2196/jmir.3267

KEYWORDS

overweight; obesity; students; social networking; behavior; social behavior

Introduction

Approximately 1 in 3 college students are overweight or obese
[1] and most students gain weight during college [2]. Total
weight gain over 3 years has been estimated at 10 pounds and
is characterized by a significant increase in percent body fat
and a decrease in lean muscle mass [3]. Weight gain during this
time can initiate a trend toward long-term weight gain [4] and
increase ones’ risk for developing Type 2 diabetes [5], coronary
heart disease [6-8], and depression [9] in adulthood. Weight
gain in young adults is also associated with psychological
distress, such as low self-satisfaction and a loss of identity [10].

Commonly used approaches to weight loss may not be effective
for this population [11,12]. For example, more than half of the
college students enrolled in a study that required just 1
on-campus counseling session per week quit after 3 months
with 75% citing lack of time as their reason for leaving [11].
College students may be less likely to drop out of interventions
delivered via the Internet (eHealth) [13] or mobile/social media
(mHealth) [14] because these interventions can be delivered
remotely and conveniently. At least one Internet-based
randomized controlled trial (RCT) demonstrated good retention
with just 18 of 159 participants lost to follow-up during the
intervention [15].

Both mHealth and eHealth interventions have the potential to
engage college students because online, social, and mobile tools
are already integrated into their lives. The young adult
population, age 18-29 years, has the highest smartphone
penetration [16] and 88% of college students connect to the
Internet using a mobile device [17]. College students are also
highly connected via online social networks [17] with Facebook
being the most popular [18]. Compared with other Facebook
user groups, young adults more frequently access the site each
day to update their status, comment, and “like” their friends’
content [19].

In addition to its popularity, Facebook is an attractive platform
for health promotion because it fosters interactivity among users
and encourages content creation [20]. The Facebook user
experience is a combination of human-computer interaction and
computer-mediated communication [21]. Therefore, health
behavior interventions should consider how participants use
Facebook (ie, human-computer interaction) as well as anticipate
how participants communicate through Facebook (ie,
computer-mediated communication). Facebook mediates
communication between friends by facilitating the sharing of

personal content and the provision of feedback. Friends virtually
interact with one another by posting photos, messages, and links,
and by liking and commenting on friends’ posts. This creates
a community where social interactions account for much of the
time spent on the site. Health interventions can leverage this
community by creating a Facebook page to reach participants
while they interact in real time. A complete review of
Facebook’s features in the context of behavioral research was
published by Wilson et al [22].

Similar to being part of an online health community, Facebook
users can motivate one another to achieve their goals [23].
However, Facebook users differ from online health community
members in terms of motives for site use, strength of social ties
on the site, and activities engaged in while on the site. For
example, Facebook users are frequently members of many
different nonoverlapping friendship networks and, within each,
preferences for sharing personal health information may vary
[24]. Thus, users are selective about how and what they share
on Facebook, balancing the need for impression management
and social support [24,25].

Users commonly “lurk” online, passively reviewing content
without visibly connecting to other users or information [26].
Lurking behavior can be prompted by a desire for privacy, a
function of individuals’ virtual behavior tendencies, or some
combination of factors. Benefiting from membership in online
social networks, however, may not require visible participation:
individuals who passively engage have reported receiving high
levels of social support for weight loss [27]. Online interventions
encouraging social support may increase engagement [28] and
exchanging social support on social networking sites (ie,
Twitter) has been linked to weight loss [29].

Facebook enables the provision of timely social support as well
as the giving and receiving of behavioral feedback, which is
also important for weight loss. Meta-analytic data suggest that
interventions that give participants’ feedback on their diet and
physical activity are more effective than those that do not
(pooled effect size: Cohen’s d=0.42) [30] and that delivering
personally relevant feedback improves adherence to online
interventions (pooled effect size: Cohen’s d=0.22) [31].
Qualitatively, individuals have referred to their mobile devices
as “virtual companions” that provide real-time support and
feedback [32].

Another way that Facebook might be leveraged to change weight
loss behaviors is through normative influence. For example,
individuals who received messages on Facebook encouraging
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them to vote in a presidential election that were based on social
norms were significantly more likely to vote than those who
received an informational message [33]. Moreover, this message
spread within individuals’ social networks, increasing the
likelihood that the recipients’ friends and friends of friends
would vote [33]. Thus, weight loss interventions using Facebook
might be able to capitalize on participants’ social networks to
promote the spread of healthy dietary and physical activity
behaviors [34].

Although Facebook enables the delivery of evidence-based
behavior change techniques, such as the provision of social
support and positive normative influence, deploying
interventions based on traditional theoretical frameworks via
this medium may not work. Facebook interactions are
intermittent (asynchronous), involve multiple actors, and social
norms dictate observable communication among users. As a
result, interventions delivered through Facebook are inherently
dynamic and fluid, requiring an adaptable theoretical approach.

An alternative to using traditional theories to design online
intervention content is to use a behavior change technique
framework, such as the one formulated by Michie and colleagues
[35,36]. Behavior change techniques represent the smallest
identifiable components of an intervention and can be used
flexibly, which is ideal for a technology-based intervention [37].
For example, multimedia learning highlights the importance of
“scaffolding,” or adjusting the degree of difficulty of the
presentation of information based on the learner’s status (ie,
novice to expert). During the course of an intervention,
participants develop mastery and messages delivered at the
outset may no longer prove useful [37]. In addition, behavior
change techniques support specific instructions on how to
prompt behavior change, facilitating their adaptation to
technology-based interventions [38]. Also, the specificity of
behavior change techniques makes clear the competencies
required to deliver the technique. For example,
modeling/demonstrating the behavior is a behavior change
technique that is more difficult to deliver remotely than
prompting action planning, which involves detailing when,
where, and how often a behavior will be performed [36].

To our knowledge, no published studies have used a behavior
change technique framework to design and deliver intervention
content via Facebook. However, Michie and colleagues’
framework has been used to analyze the content of
Internet-based interventions [39] and has been incorporated into
instruments used to analyze the theoretical content of mobile
apps [40] and online intervention adherence [31]. This
framework has also been used to conduct a meta-regression of
129 diet and physical activity interventions, which found that
interventions using self-monitoring plus at least one other
self-regulatory technique from control theory [41] were the most
effective at changing behavior (Cohen’s d=0.42) [30]. A recent
review found that the most effective Internet-based interventions
used the most behavior change techniques [39], suggesting that
delivering multiple behavior change techniques through
Facebook may be a valuable approach to improving health
behaviors.

In addition to developing an appropriate intervention framework,
it is equally important to consider how using Facebook will
impact the acceptability of and adherence to the intervention.
The few studies published to date suggest that young adults
accept behavioral interventions that use Facebook. For example,
Cavallo et al [42] tested the feasibility of a Facebook-based
social support intervention to increase physical activity among
sedentary college students and found that two-thirds of
participants would recommend the program to friends. However,
they did not find the Facebook condition to be more effective
than the control condition in increasing students’ perceived
social support for physical activity or self-reported physical
activity [42]. Similarly, Napolitano et al [43] demonstrated that
a Facebook intervention for weight loss was popular among
college students, but did not find Facebook intervention elements
alone to be effective. However, neither of these studies fully
leveraged Facebook’s capacity to serve as a dynamic 2-way
communication channel between the participants and the study,
and between participants and their existing friendship network.

Whether social networking sites can be used as a novel setting
for health promotion is currently a matter of debate with some
concluding that the dearth of evidence linking online
participation with offline health activities and/or positive health
outcomes suggests investigators should proceed with caution
[20]. What is largely missing from this conversation, however,
is the recognition that standardized and validated metrics for
evaluating intervention exposure and engagement are required
before Facebook intervention efficacy can be addressed.

Evaluating exposure and engagement requires accurately
capturing metrics of intervention delivery and adherence, yet
most early Facebook research has either tallied these data
manually [42,43] or used publically available Facebook Insights
data [44]. Manually entered data are prone to human error and
unlikely to be comprehensive. Facebook Insights data are limited
because they are aggregated up to the page level and individual
participants’ data cannot be visualized. In addition, all fans of
the page are included in Insights’ capture, which contaminates
analyses of open pages because nonstudy participants may be
responsible for some/most of the page interactions. Also,
Insights’ data can have questionable internal validity. For
example, Insights’ data defines reach as the message being
visible on one’s personal page (ie, news feed) despite the fact
that there is no evidence that the individual has attended to this
information. An alternative to objectively capturing engagement
and exposure data is to ask participants to self-report their
Facebook use during the course of an intervention. Participants
in at least 1 Facebook-based intervention self-reported on the
frequency with which they saw the study’s posts in their
newsfeed, how often they visited the study page, and other
metrics [45]. These self-report data may be particularly useful
for capturing data on lurking [26].

Also prior to assessing Facebook intervention efficacy, it is
important to consider what defines a satisfactory level of
exposure and engagement. Paradata (eg, number of website
log-ins) have been used to explore participant involvement and
identify the more/less popular components of online
interventions [46]. However, extending this type of data capture

J Med Internet Res 2014 | vol. 16 | iss. 6 | e158 | p.186http://www.jmir.org/2014/6/e158/
(page number not for citation purposes)

Merchant et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


to online social networking sites in the context of a weight loss
RCT has not been reported.

The present study had 2 goals. First, to present a way to
objectively quantify and qualitatively explore participant
exposure to and engagement with the Facebook page that is
currently being used in a weight loss RCT of 404
overweight/obese college students. Second, to describe
participant exposure to and engagement with various weight
loss campaigns grounded in a behavior change technique model
and delivered through Facebook. This study defined overall
exposure as the number of Facebook posts delivered by the
health coach (ie, dose delivered) and engagement as the number
of posts participants interacted with (ie, dose received) as well
as participant-initiated posts. These data are based on an interim
analysis of a 2-year RCT evaluating a weight loss program for
young adults [47].

Methods

Participants
The study used a rolling recruitment strategy whereby
participants were recruited over a year’s time. From May 2011
to May 2012, 404 students were recruited from 3 Southern
California universities to participate in a weight loss intervention
delivered through social and mobile technologies called project
SMART (social and mobile approach to reduce weight).
SMART is 1 of 7 studies funded by the National Heart, Lung,
and Blood Institute to target weight loss/weight control in young
adults. The primary outcome of SMART is weight loss at 24
months from baseline.

Inclusion criteria were: (1) age 18 to 35 years, (2) body mass

index (BMI) 25-40 kg/m2, (3) owns a personal computer, (4)
owns a mobile phone and uses text messaging, and (5) a
Facebook user or willing to join. Exclusion criteria were: (1)
comorbidities of obesity that require clinical referral (eg,
diabetes), (2) psychiatric or medical conditions that could
prohibit study compliance (eg, bipolar disorder), (3) taking
weight-altering medications, (4) pregnant or intending to get
pregnant over the next 2 years, and (5) enrolled in or planning
to enroll in another weight loss program.

Procedures
Online and in-person recruitment strategies included banner ads
on campus websites, a Facebook page, listservs, health fairs,
and student orientations. These recruitment channels directed
potential participants to the study website where they could take
an eligibility survey and learn more about the study. Eligible
participants were randomized into 1 of 2 groups: social and
mobile intervention (n=202) or online education-only control
(n=202). All participants provided written informed consent
and the university’s Institutional Review Board approved the
study protocol (University of California San Diego, California
State University San Marcos, and San Diego State University).

Participants attended a measurement visit at baseline and every
6 months for 24 months, conducted at the students’ university.
Self-report data collected at the visit included demographics,
dietary and physical activity habits, psychological

symptoms/states, quality of life, Facebook usage, and
information about participants’ social networks. University
health center staff also measured participants’ height, weight,
waist circumference, and blood pressure at every visit.
Participant compensation increased by US $5 after each
completed visit, from US $20 at baseline to US $50 at 24
months. Participants who completed their visit within a 2-week
window of their scheduled visit (1 week prior to 1 week after)
received double the compensation (eg, US $100 for their final
visit at 24 months).

Intervention and Control Conditions
The intervention group had access to a study-specific website,
blog, apps, Facebook page, text-messaging component, and a
health coach. Upon entering the study, all intervention
participants were asked to like the Facebook page. After liking
the page, users were considered fans of the page and could see
all posts in their news feed. Because the Facebook page was
open, nonstudy participants could also become fans and view
and engage with its content.

A health coach (a registered dietitian) remotely delivered all
intervention content to the 202 intervention participants. The
health coach moderated the Facebook page, and posted to the
blog. Participants could contact the health coach up to 10 times
(Lifelines) via Skype, email, phone, or text. Alternatively, the
health coach could reach out to participants a maximum of 10
times (Lifesavers). The health coach used Lifesavers when
participants gained >5 pounds since study entry or had not
logged into at least 1 of the study’s tools in >1 month.

SMART intervention tools were branded as ThreeTwoMe,
symbolizing the role of the college student within a broader
social ecological context [48,49]. Three represents the student
in his/her community, Two represents the student in his/her
friendship network, and Me represents the student’s individual
behavior change needs. All intervention tools used the same
ThreeTwoMe brand identity (ie, logo, imagery, colors). The
control group received a self-guided educational program called
SMART Health Tools that offered standard-of-care information
disseminated via a different study website with minimal
interactive features. Online log-ins were monitored weekly to
detect possible contamination of control group participants (ie,
exposure to the intervention). Additional details about the
intervention’s methods have been published elsewhere [47].

Facebook

Conceptual Model
Abraham and Michie’s 26-item behavior change taxonomy [35]
was used to create a conceptual model called iSIMPLE
(intention formation, self-monitor, make plans, execute) for the
Facebook campaigns (see Figure 1). The taxonomy is grounded
in theory known to enhance behavior change, including the
theory of reasoned action [50], social cognitive theory [51],
control theory [41], operant conditioning [52], theories of social
comparison [53], and theories of social support [54]. iSIMPLE
was based on the 5 most effective behavior change techniques
identified in a meta-regression analysis [30]. These techniques
are intention formation, action planning, feedback, goal review,
and self-monitoring.
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Figure 1. Conceptual model iSIMPLE (Intention formation, Self-monitor, Make plans, Execute) used in the design of the SMART study’s Facebook
campaigns for weight loss behaviors.

Facebook Campaigns
Campaigns were intervention periods (eg, week of
Thanksgiving) with a specific relevant theme (eg, mindless
eating). iSIMPLE was used to design Facebook campaigns that
were either sequenced or nonsequenced. Sequenced campaigns
implemented the behavior change techniques in a hierarchical
manner, consistent with a temporal sequence in how behavior
change is thought to occur [55,56]. For example, participants
were first asked to join the campaign and pledge to change their
behavior (ie, intention formation). Pledge requests were followed
with action planning wherein participants were prompted to
describe when, where, and how they would change their
behavior. Throughout the campaign, the health coach provided
feedback and conducted goal reviews, prompting participants
to revise and adjust their goals as needed. While participants
worked toward behavior change, the health coach also prompted
for self-monitoring. Participants were prompted to observe and
record their diet and physical activity behaviors on Facebook
(eg, Facebook poll) as well as on the study website and apps.
For example, participants were asked to record their daily steps
during a pedometer campaign by posting their steps on Facebook
(public option) or via text message (private option).

Nonsequenced campaigns used the same behavior change
techniques, but participants were not explicitly asked to join
the campaign and messages pushed to participants were not
systematically ordered. Nonsequenced campaigns exposed
participants to similar content as sequenced campaigns, but the
posts did not outline an explicit campaign-based goal the
participant should work toward. For example, an unstructured
January campaign delivered motivational posts that mapped
onto various behavior change techniques, but participants were
not asked to complete specific tasks to meet a campaign goal.

Designing and delivering sequenced and nonsequenced
campaigns enables the comparison of ordered behavior change
techniques. It was theorized that having 2 different campaign
structures may maximize overall participant engagement. Some
users may be more interested in being challenged and pledging
to participate in a campaign, whereas others may prefer to
receive content that asks less of them in terms of overt online
participation. It also may be the case that delivering too much
dynamic content is problematic: there is some evidence that
adding layers of complexity to online interventions can decrease
participant engagement and intervention effectiveness [57],
exacerbating the problem of reduced motivation to engage with
online tools over time [31].

Behavior change techniques not specified in iSIMPLE were
also used as needed. For example, the ThreeTwoMe health
coach could provide contingent rewards (ie, prizes based on
completion of an activity) and model behavior (eg, post a link
on how to correctly do a push-up). The health coach also
delivered behavioral cues to action messages [58,59]
alongside/in place of preplanned messages (ie, Facebook posts
that were designed a priori as part of a campaign) dependent
upon user engagement and participant feedback. For example,
the message “30 minutes of exercise per day is recommended,
even if it’s split apart. That’s only 3% of your day, so start
moving!” was sent as a behavioral cue message in the late
morning after students’gave feedback that this was a good time
to remind them to plan for their day. The health coach also
delivered “filler” messages that included posts tailored to our
audience, such as “Good luck with finals this week!”

Although the iSIMPLE model is focused on the individual, it
is supported by the social support platform inherent to
Facebook’s architecture. Some of the Facebook campaigns
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asked participants to engage their social networks to make
successful behavior change more likely. For example, Facebook
posts often prompted participants to be active with their friends
and discuss their goals with them. In-between campaigns,
Facebook content was often less theoretically informed and did
not necessarily map onto behavior change techniques. For
example, a post to promote eating vegetables was an infographic
of the actor Patrick Dempsey holding a bushel of kale.

Process Measures and Analysis Plan
The findings presented here represent a way in which exposure
to and engagement with Facebook can be conceptualized for
the purposes of health behavior intervention research. These
analyses focused on Facebook posts delivered by the health
coach and posts received by study participants. The measures
used to define exposure and engagement are presented
subsequently.

The study’s Facebook page was created on August 7, 2011, the
same day the first participant was randomized. General posts
aimed at helping participants lose weight and be healthy were
delivered for the first ~45 weeks of the intervention. During
this time, the research team focused on integrating the various
channels (eg, apps, text messaging, Facebook) and testing
various Facebook messages. The first campaign was launched
on June 21, 2012.

For purposes of the present study, Facebook data from August
7, 2011 and May 27, 2013 were collected. These dates include
the first (August 7, 2011) and last day (May 27, 2012) of
participant randomization. It is important to point out that
because of rolling recruitment, participants were exposed to
varying amounts of Facebook content delivered before the start
of the first campaign. For example, participants randomized in
the first month of recruitment were exposed to approximately
10 months of noncampaign content, whereas participants
randomized in the last month of recruitment were exposed to
approximately 2 months of noncampaign content. However, all
participants were exposed to the same 8 campaigns analyzed
here as well as the same noncampaign content posted in-between
campaigns (ie, noncampaign content delivered after the start of
the first campaign).

For participant-level analyses, the first 12 months of data based
on each participant’s start date were used. For post-level
analyses, all 21 months of data were used so that the first 8
campaigns could be evaluated.

Facebook query language was used to retrieve data from
Facebook’s social graph. Data were downloaded in JavaScript
Object Notation (JSON) format. Given that this study’s
Facebook page was open, nonstudy participants could like it
and become a fan. Therefore, the exported data contained some
nonparticipant Facebook activity. However, these data were
excluded by only including data associated with Facebook
identification numbers belonging to study participants. The data
obtained via Facebook’s social graph were merged with baseline
survey data in SPSS version 20 (IBM Corp, Armonk, NY, USA).

Exposure

Dose Delivered
Dose delivered was defined at the Facebook post-level unit of
analysis as the number of unique posts made by the health coach
to the study’s Facebook page. The number of health coach posts
was summed over the course of the study’s first 21 months
(August 7, 2011-May 27, 2013). Therefore, this metric includes
posts made both during and outside of campaigns. An example
of a status update made by the health coach outside of a
campaign was: “This is a great checklist for a healthy pantry.
Are you in good shape??” This post included a link to an article
about tips for keeping a healthy pantry. Campaign versus
noncampaign posts were not always qualitatively different when
considered individually; rather, posts made during campaigns
were qualitatively different in aggregate (ie, because they were
part of a cohesive message/plan).

Feedback Delivered
The number of comments the health coach made on participant
posts and the number of times the health coach liked participant
posts were summed and used as a measure of the dose of
feedback delivered.

Engagement

Dose Received
Dose received was defined at the post-level and the
participant-level unit of analysis. Post-level dose received was
defined as the number of posts made by the ThreeTwoMe health
coach that participants interacted with. Participants could
interact with a post by liking, commenting, sharing, or answering
(if the post was a poll). Post-level dose received was analyzed
as a binary variable (post was interacted with: yes or no) as well
as a continuous variable (total number of interactions with the
post). Participant-level dose received was defined as the number
of participant interactions stratified by interaction type (eg, like).
For example, a participant who liked a photo on the
ThreeTwoMe page was said to have “received” that post.

Participant-Initiated Posts
The number of posts participants made to the study’s Facebook
page was summed. These data represent participant activity that
was either motivated by the participant independent of the health
coach prompting for it or the health coach calling for participants
to post. For example, a participant may have heard about a diet
from a friend and sought the health coach’s advice by posting
about it. Differently, a participant may have posted a picture of
a meal he/she recently made that met a challenge the health
coach put to participants. Both types of participant-driven
communications made directly on the ThreeTwoMe page may
represent a higher level of engagement than dose received
because they involve participant-initiated contact with the study
as opposed to study-initiated contact with participants. For
example, a participant who proactively visited the ThreeTwoMe
page and posted a message about how many steps he/she took
that day may be more engaged than a participant who only liked
messages posted by the health coach that show up in his/her
news feed.
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Facebook posts can extend into a long thread of comments and
corresponding likes, representing interactivity between
participants and the health coach and/or participants and
participants. For the purposes of this study, only interactions
between participants and the health coach were considered.
Interactions were defined as participant comments, etc, made
to posts originating from the health coach (dose received) and
likes or comments from the health coach to participants’ posts
(feedback delivered). Participant comments, etc, that were made
to participant-initiated posts were not considered because the
focus was on dose received from the health coach, not dose
received from fellow participants. Table 1 summarizes the
aforementioned definitions of exposure and engagement.

Participants who interacted with the ThreeTwoMe Facebook
page at least once per week were categorized as highly active
and those who interacted at least twice per month were
categorized as active. The remaining participants were
categorized as either somewhat active (interacts >once per
month) or minimally active (interacts <once per month). These
mutually exclusive cut points were based upon Facebook user
patterns seen in this intervention, but are similar to
categorizations delineated in earlier work. For example, a
previous study categorized participants as active if they posted
to Twitter at least once per week [29].

Table 1. Defining measures of intervention exposure and engagement on Facebook.

Direction of posts/interactionsTypes of posts/interactionsDefinitionIntervention

Exposure

Health coach to ThreeTwoMe pagePosts: status update, photo, link, poll,a

video

Posts made by the health coach on the
ThreeTwoMe Facebook page

Dose delivered

Health coach to participantInteractions: like, commentHealth coach interactions with posts
made by participants on the ThreeT-
woMe Faceook page; also can be
health coach interactions with com-
ments made by participants in re-
sponse to ThreeTwoMe posts

Feedback delivered

Engagement

Participant to ThreeTwoMe pageInteractions: like, comment, poll re-
sponse, share

Participant interactions with ThreeT-
woMe Facebook posts delivered by
the health coach

Dose receivedb

Participant to ThreeTwoMe pagePosts: post, photo, video, linkPosts made by participants on the
ThreeTwoMe Facebook page

Participant-initiated posts

aFacebook removed the poll feature in April 2013.
bDose received was analyzed at the post-level (post interacted with: yes/no) and at the participant-level (number of participant interactions stratified by
interaction type).

Semistructured Interviews
A total of 29 participants (15 treatment, 14 control) were
interviewed between May and July of 2013 as part of a
qualitative study. Participants were “intercepted” at the end of
one of their measurement visits and those who agreed to be
interviewed were provided with an additional US $25 incentive
(gift card to Target). Intercepted participants comprise a
convenience sample; however, a concerted effort was made to
sample from males and females, and students from all 3
universities. Although participants from all 3 universities were
approached, most of the sample came from the University of
California San Diego (23/29, 80%). Most participants
interviewed were female (17/29, 59%). Interviews lasted
between 30 and 60 minutes. Interviewees were asked about how
they used the study’s tools and how they engaged in their social
network to meet their health-related goals. All interviews were
tape recorded and transcribed. Two investigators independently
reviewed the interviews using principles from grounded theory
[60].

To explore the common practice of lurking in online health
communities [26], selective results from participants’
semistructured interviews are described here. Approximately

40% (12/29, 41%) of participants interviewed described lurking
on Facebook. Lurking is defined as members of online health
communities passively receiving social support and information
by reading messages without visibly interacting [23,26,27,61].
On Facebook, lurking can be defined as users viewing posts but
not interacting with them in a way that is visible to their social
network. For example, commenting on a post makes the post
visible to other members of the network and the content and
source of the post becomes public, whereas reading or clicking
on a post does not make it public. Previous work has found that
approximately half of online health community members interact
passively and that this type of engagement may play an
important role in weight loss efforts [23,27].

Results

Overview
Table 2 provides descriptive statistics for the intervention group
stratified by gender. A total of 3 of the 202 participants
randomized to the intervention group were missing data (final
N=199).
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At baseline, 16.6% (33/199) of participants self-reported logging
onto Facebook zero times per day on either a laptop, desktop,
or mobile device, followed by 39.0% (77/199) logging on 1-3
times, 27.6% (55/199) logging on 4-8 times, and 17.1% (34/199)

logging on 8 or more times per day. Participants reported
spending an average of 60 minutes per day on Facebook (median
60) on both week (IQR 90 min/day) and weekend days (IQR
120 min/day).

Table 2. Baseline characteristics of the intervention group by gender (N=199).

Women

n=140

Men

n=59

Total

N=199

Demographics

21.6 (3.3)23.0 (4.6)22.0 (3.8)Age (years), mean (SD)

Race, n (%)

63 (45.0)22 (37.3)85 (42.7)White

7 (5.0)0 (0)7 (3.5)Black

28 (20.0)17 (28.8)45 (22.6)Asian

5 (3.6)4 (6.8)9 (4.5)Pacific Islander

1 (0.7)0 (0)1 (0.5)American Indian

36 (25.7)16 (27.1)52 (26.1)Other

Ethnicity, n (%)

46 (32.9)17 (28.8)63 (31.7)Hispanic

114 (81.4)45 (76.3)159 (79.9)Undergraduate (yes), n (%)

Relationship status, n (%)

77 (55.0)33 (55.9)100 (50.3)Single

62 (44.3)26 (44.1)88 (45)Engaged, committed relationship, married

0 (0)0 (0)0 (0)Separated, divorced, widowed

Anthropometrics, mean (SD)

28.8 (3.0)28.5 (4.7)28.7 (3.5)Body mass index (BMI)

84.5 (10.9)93.1 (7.7)87.0 (10.8)Waist circumference (cm)

Exposure

Dose Delivered
Table 3 presents the dose delivered and received of Facebook
data by post type. The ThreeTwoMe health coach posted 1816

unique messages to the study’s Facebook page over the first 21
months of the intervention, averaging 3.45 posts per day (SD
1.96, range 1-13). Overall, 72.96% (1325/1816) of the posts
were interacted with at least once (eg, liked). Most posts were
status updates followed by photos, links, polls, and videos. Most
messages were posted on a weekday (86.01%, 1562/1816).

Table 3. Posts delivered by the ThreeTwoMe health coach and posts received by participants where received is defined as the post having been interacted
with at least once.

Type of Facebook postTotalaDose delivered and received

VideoPollLinkPhotoStatus update

52 (2.86)81 (4.46)400 (22.03)481 (26.49)802 (44.16)1816 (100.00)Dose delivered, n (% of total)

1.18 (0.58)0.20 (0.30)1.44 (0.70)1.60 (1.02)1.92 (1.11)3.45 (1.96)Number of posts delivered per day,
mean (SD)

27 (51.92)79 (97.53)228 (57.00)386 (80.25)605 (75.44)1325 (72.96)Dose received, n (% of total deliv-
ered)

aData represent posts made since the start of the study’s Facebook page to the end of the eighth campaign (August 2, 2011 to May 27, 2013).

Feedback Delivered
The ThreeTwoMe health coach provided ongoing feedback to
participants by liking and commenting on their posts. Over the
course of the first 21 months of the intervention, the health

coach made 675 comments and 389 likes to participant-initiated
posts and participant comments to ThreeTwoMe posts.
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Engagement

Dose Received-Quantitative Results
Table 3 presents the post-level dose received results. Defining
dose received as a binary variable (post interacted with the post:
yes/no), intervention participants received 72.96% of the posts
(1325/1816 posts were interacted with). Participants interacted
most with polls (97.5%, 79/81 of polls posted) and photos
(80.3%, 386/481) and the least with videos (51.9%, 27/52). Of
the 1816 unique posts, there were 8967 interactions for an
average of 4.94 (SD 5.37) interactions per post. Only
considering posts that were received (n=1325), there was an
average of 6.77 (SD 5.21) participant interactions per post (range
1-37). Approximately 25% (328/1325, 24.75%) of the posts
received had 1 or 2 interactions, 23.39% (310/1325) had 3 to 5
interactions, and 25.13% (333/1325) had 6 to 8 interactions. A
total of 41 posts had 20 or more interactions (3.09%, 41/1325).

Table 4 presents participant-level dose received by interaction
type and participant engagement category. There was high
variability among participant engagement with the ThreeTwoMe
Facebook page with a range of 0-653 total interactions per
participant. In all, 62 participants never engaged with the
Facebook page (31.2%, 62/199). There were 32 highly active
users (16.1%, 32/199). Likes were the most common type of
participant interaction with the ThreeTwoMe posts (69.86%,
4385/6277), followed by comments (22.45%, 1409/6277), and
poll responses (4.13%, 259/6277). However, polls were more
popular than these data indicate given that there were fewer
opportunities to engage with polls than other post types (see
message-level dose received data presented in Table 3).
Although there were more women (n=26) than men (n=6) in
the highly active category, women (mean 49.47, SD 99.19) did
not interact with the ThreeTwoMe page significantly more than
men (mean 35.17, SD 82.03) (t135=0.77, P=.44).

Table 4. Participants’engagement with the ThreeTwoMe Facebook page by type of Facebook activity and participant engagement category of participants
who ever engaged with the Facebook page (n=137).

Type of Facebook interactionbTotal interactionsEngagement categorya

Posts to pagec

n=191

Shares

n=33

Poll responses

n=259

Comments

n=1409

Likes

n=4385

n=6277

173 (90.57)20 (60.60)196 (75.68)1201 (85.24)3480 (79.36)5070 (80.77)Highly active (n=32), n (%)

5 (2.62)3 (9.09)20 (7.72)95 (6.74)442 (10.08)573 (9.13)Active (n=17), n (%)

2 (1.05)3 (9.09)10 (3.86)63 (4.47)204 (4.65)282 (4.49)Somewhat active (n=15), n (%)

11 (5.76)7 (21.21)25 (9.65)50 (3.55)259 (5.91)352 (5.61)Minimally active (n=73), n (%)

aCategories are mutually exclusive. Highly active participants: interact with the ThreeTwoMe Facebook page ≥1/week; active participants: interact with
the ThreeTwoMe Facebook page ≥2/month but <1/week; somewhat active participants: interact with the ThreeTwoMe Facebook page ≥1/month but
<2/month; minimally active participants: interact with the ThreeTwoMe Facebook page <1/month.
bData represent quantifiable interaction with the study’s Facebook page over the first year of the study based on participants’ start date.
cPosts to page are participant-initiated posts and are independent of a post made by the health coach.

Figure 2 shows participants’ average number of daily Facebook
interactions after adjusting for the number of posts delivered (#
of interactions per day/# of posts delivered per day).

Figure 3 shows the average contribution per person in terms of
daily Facebook interactions after adjusting for the sample size,
calculated as (# of interactions per day/# of posts delivered per
day)/sample size on that date. The sample size was steadily
increasing until May 27, 2012, at which point all 202
participants were in the study. After adjusting for the number
of participants in the study on the date the post was delivered,

there was a negative correlation between time (date the post
was made) and engagement (number of interactions per post)
indicating that participants engaged less with ThreeTwoMe
posts over time (partial r=–.33; P<.001).

The decline over time may, in part, be because of decreasing
engagement from all but the highly active participants who were
responsible for 80.77% (5070/6277) of all Facebook interactions
(see Table 4). For example, the trend for declining engagement
over time observed in Figure 2 is less pronounced than in Figure
3, which considers the entire sample in the denominator of its
engagement metric.
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Figure 2. Average daily Facebook interactions per post adjusted for the number of posts delivered.

Figure 3. Average daily contribution per person per post delivered.

Dose Received-Qualitative Results
Two themes emerged concerning participants’ lurking on
Facebook. Some participants lurked on Facebook when they
interacted with their existing friendship network (ie, it generally
characterized their overall social networking behavior), and this
extended into their interactions with the study’s page. Others
lurked mostly on the study’s page because they did not want to
advertise their participation in a weight loss study.

“Yeah I Saw It, I Read It”
Participants discussed how they frequently read ThreeTwoMe
posts and those made by their Facebook friends without actively
engaging. For example, participants said they commonly clicked
on links and even if they liked the link, they did not feel
obligated to like it on Facebook:

Just because I’m “passive” doesn’t mean I’m
ignoring it.

I guess I don’t post a lot on Facebook...I’m more
passive...it would be more interesting if
[ThreeTwoMe] posted more blogs so then I could
easily read or click on [the link].

“Facebook is Too Public a Place to Share My Health
Information”
A number of those interviewed talked about how they have
Facebook friends they are not close with and they don’t feel
comfortable sharing with these people. Some participants
mentioned taking ThreeTwoMe posts down from their newsfeed
once they realized it was visible to their Facebook friends.

...[you] don’t want to share weight loss with people
you’ve met like one time in class.

Nobody needs to know I’m in a [weight loss] study.

Facebook Campaigns
Over the course of the first 21 months of the study, 8 Facebook
campaigns were delivered (4 sequenced and 4 nonsequenced).
All participants were enrolled in the study by the time the first
campaign began. Because of rolling recruitment, however,
participants were exposed to the campaigns at different points
in their intervention experience. For example, the first campaign
began on June 21, 2012, approximately 45 weeks after the first
participant entered the study, which meant that some participants
were approximately halfway through the 2-year intervention
whereas others had just begun the intervention. The last
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participant to be randomized was less than 1 month into the
intervention at the start of the first campaign.

Table 5 presents participant engagement with each of the 8
campaigns. A campaign popularity score that divided the number
of participant interactions by the number of unique posts
delivered by the health coach was created. The health coach
delivered more posts per day (t3.44=6.13, P=.001) over the last
4 campaigns (mean 5.10, SD 0.14) compared to the first 4
campaigns (mean 3.40, SD 0.52).

The length of time participants’ were in the study at the start of
a campaign was not significantly associated with the number
of Facebook interactions for the same campaign. However, there
was a nonstatistically significant difference (t6=2.08, P=.08)
between the number of interactions during the first 4 campaigns
(mean 4.69, SD 1.39) and the last 4 campaigns (mean 2.72, SD
1.30). Also, the number of unique participants engaged in each
campaign declined over time (see Table 5).

Table 5. Participant engagement with the ThreeTwoMe Facebook page by Facebook campaign.

Participant engagement,a nFacebook campaigns

Unique posts deliveredeParticipant interactionsdUnique participants
engaged

DatesNamecPopularity

scoreb
Popularity
rank

402695110/18/12-10/31/12No candy until Halloween!
(S)

6.731

251073311/19/12-11/26/12Gobble less! (S)4.282

2158937506/21/12-09/3/12Summer around the world
& at the Olympics (NS)

4.153

1385585102/01/13-02/28/13Step it up! Pedometer
challenge (S)

4.044

652345301/15/13-01/30/13Motivation (NS)3.605

1444955303/01/13-03/30/13Eat right your way (NS)3.446

1312984304/01/13-04/26/13Get fit anywhere! (S)2.277

69772805/13/13 -05/27/13Healthy habits (NS)1.118

aData represent all Facebook interactions during campaigns since the start of the study’s Facebook page to the end of the eighth campaign (August 2,
2011 to May 27, 2013); total number of interactions with the ThreeTwoMe page outside of campaigns was 4965.
bPopularity score = # participant interactions / # unique posts delivered.
cS: sequenced; NS: nonsequenced.
dIncludes all likes, comments, shares, and poll answers made in response to ThreeTwoMe posts as well as participant-initiated posts (ie, “posts to page”).
Posts to page were adjusted for campaign duration and were included in this total because most posts to page were made in response to campaign
requests.
eUnique posts delivered are consistently smaller than Participant interactions because the same post could have been interacted with more than 1 time.

Figure 4 displays sequenced Facebook campaign content
stratified by behavior change technique. The health coach gave
feedback in the form of likes and tailored responses to
participants’ posts. Goal review was frequently tailored to the
individual. General goal review posts asked participants to
revisit their goals and frequently included a self-monitoring
element. Figure 5 shows nonsequenced campaign content and
highlights participant-initiated posts. The health coach
occasionally posted participants’ content for them because (1)
they were either unable to post directly to the page (due to

changes Facebook made to their settings) or (2) participants did
not want the post to be visible to their Facebook network (ie,
due to privacy concerns). When this occurred, these data were
counted as part of dose delivered. Note that for Figures 4 and
5 participants consented to having their images used in reports
about the study and that names have been changed.

Table 6 presents sequenced and nonsequenced campaigns,
describing their aims and the amount of visible participation
each received.
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Table 6. Campaign details for 2 sequenced and 1 nonsequenced campaigns.

Dose receivedbPledgingDescriptionNamea

76.0% (19/25)10.6% (21/199) publically pledged
to participate by responding to a
poll on the ThreeTwoMe Face-
book page

The campaign focused on mindful eating, encouraging partic-
ipants to be more aware of what, how much, and why they
were eating. Tips for how to eat more mindfully included
taking eating breaks by talking with friends and family at the
table, waiting until swallowing before taking a second bite,
and putting the fork down between bites.

Gobble less! (S)

71.7% (99/138)9.0% (18/199) publically pledged
to participate by posting a picture
with their pedometer and/or by
‘liking’ a reminder post to take
part in the campaign

Participants were prompted to wear their pedometer to learn
their baseline daily steps and encouraged to reach 10,000 steps
per day by the end of the campaign by increasing their steps
by 10% each week. Participants were given tables with precal-
culated weekly step increases. The health coach posed 3 mini-
challenges during the campaign, aimed at helping participants’
action plan and find fun and creative ways to increase their
daily steps.

Step it up! Pedometer
challenge (S)

75.8% (163/215)There was no pledging because
this was a nonsequenced campaign

The campaign focused on active travel and had a virtual
scavenger hunt whereby participants earned points for com-
pleting various challenges, such as being active alone or with
friends, and cooking healthy meals. Participants submitted
photos or videos as proof they completed the challenge. An-
other campaign theme was “Take ThreeTwoMe with you all
summer long!” whereby participants were asked to take pic-
tures with a ThreeTwoMe postcard while being physically
active or eating well.

Summer around the
world & At the

Olympicsc (NS)

aS: sequenced; NS: nonsequenced.
bDose received is percent of posts participant(s) interacted with ≥1 time (ie, liked, commented, or shared) relative to number of posts delivered for the
campaign=(# of posts interacted with/# of posts delivered)*100%.
cThis was the study’s first campaign.
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Figure 4. Sequenced Facebook campaign content: Behavior change techniques delivered through Facebook posts.
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Figure 5. Nonsequenced Facebook campaign content: Participant-inititated posts.

Discussion

Principal Findings
This study suggests that Facebook is a promising medium to
deliver theory-based weight loss content to college students.
Approximately 73% (1325/1816, 72.96%) of the Facebook posts
delivered were liked at least once by 68.8% (137/199) of the
intervention participants. Although most of the intervention
participants visibly engaged with the study’s Facebook page at
least once, interaction frequency was variable, including some
participants who never visibly engaged, and engagement
diminished over time. Our qualitative results indicate that many
participants passively engaged with the page. To our knowledge,
this is the first study to present Facebook process evaluation
data that is stratified by post type (eg, status update, photo) as
well as post interaction (eg, like, comment). These results
characterize exposure to and engagement with Facebook in the
context of a weight loss intervention. This characterization could
be extended to define evaluation metrics in other social
network-based behavioral interventions.

Comparison With Prior Work
Despite interest in Facebook as a setting for health promotion
interventions [19,34], little work has been published about how
to best capture online metrics of engagement. Although the
difficulty in maintaining engagement in online interventions
over time is known, conclusions about a study’s efficacy are
often made prematurely without first considering usage patterns
and nonusage attrition [62,63]. Similar to a sexual health
promotion intervention that used Facebook, this study highlights
the importance of defining engagement as well as developing

a process evaluation plan of how it is to be measured [64]. For
example, the results presented here emphasize the importance
of measuring visible and nonvisible user engagement: without
capturing the common practice of lurking online [26], estimates
of engagement will be underestimated.

Although defining an evaluation framework enables the
assessment of intervention efficacy, questions regarding the
internal validity of engagement metrics remain. Interventions
using social networking sites for health promotion are inherently
limited by overarching social norms that govern users’ visible
behavior on the site [20]. For example, an individual may feel
compelled to like a post because it has been liked by many
others in the network (ie, social sanctioning) [20]. In addition,
it remains unclear whether the like feature is an appropriate
measure of engagement or if only comments should be
considered as they suggest a deeper level of attention and
cognitive processing [64,65]. There is evidence indicating that
social network site use should not be considered homogenous;
direction of interactions and which features are used
differentially impacts outcomes (eg, social capital) [66].
Similarly, different motives for using Facebook predict the use
of different Facebook features (eg, the like button) [67] and post
type likely influences what features are used.

This study suggests that Facebook engagement metrics should
not be lumped together into a single variable because this may
obfuscate the interactions that are most relevant in terms of
health behavior change. Similarly, metrics of exposure should
be stratified so that differences in engagement by post type can
be evaluated. Uncovering the most relevant feature use and post
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type will inform the development of better intervention
frameworks.

The intervention framework analyzed in the present study differs
from earlier work using Facebook in 3 ways: (1) the use of a
behavior change technique framework to generate intervention
content and modify content based on usage patterns and user
feedback, (2) the amount of engagement and social support
provided by the health coach, and (3) the amount of observed
engagement with the study’s Facebook page.

The iSIMPLE conceptual model used in SMART was based on
behavior change techniques [35] previously demonstrated to be
effective in changing weight loss behaviors [30]. Although
earlier work has used theory to design message content, a
behavior change technique framework has not been used to
design and deliver Facebook content. Many online interventions
use theory only superficially and intervention techniques are
not explicitly mapped onto theory-relevant constructs [39].
Moreover, traditional health behavior theories may be
underutilized in online designs because they are not flexible
enough to be used in dynamic interventions [68].

In this study, intervention content was supplemented with cues
to action or behavioral trigger messages [58] designed in
response to participant interaction on Facebook. Delivering
messages that are designed based on user feedback and/or user
characteristics may be especially important for engagement with
online interventions given the prominent role the user plays in
computer-mediated interaction [69].

A novel aspect of this study is that the health coach delivered
social support by liking and commenting on individual
participants’ Facebook interactions. Although Cavallo and
colleagues’ Facebook-based intervention had a site moderator
who engaged with participants on Facebook, the moderator did
not provide direct support to individual participants [42].
Previous work has shown that providing frequent and
individualized support motivates overweight and obese
individuals [32], and professional support from a health coach
can have a significant impact on weight loss [23,70].

In addition to professional support, overweight/obese
individuals’ benefit from peer support [71], and peer support
may be especially important for college students trying to lose
weight [72]. Earlier work using Facebook has promoted the
exchange of social support among participants on the study’s
Facebook page [42,45], an ad hoc network [34], but has not
specifically involved participants’existing social networks [43].

Ad hoc networks can help individuals lose weight by providing
an online space where individuals with shared goals can
motivate one another [23], but some are hesitant to share with
strangers. Indeed, a sizable number of participants did not visibly
engage with the ThreeTwoMe Facebook page. Rather, visible
engagement was high among a subset of participants and the
qualitative data suggest that a number of participants interacted
with the study’s page passively. The proportion of participants
who visibly engaged with the study’s page was low but higher
than has been reported in other studies. Cavallo et al [42] found
that just 45% of participants interacted with the study’s
Facebook page once or more over the course of a 12-week

intervention, and Napolitano et al [43] found that less than 25%
of participants engaged with the study’s Facebook page during
an 8-week intervention.

Limitations
Even though participants in the present study were more engaged
compared with earlier work, it remains unknown whether
Facebook is a useful medium to deliver behavior change
interventions. The extent to which engagement with online
interventions equates with behavior change and the mechanisms
through which engagement changes behavior are not well
understood [46,57,69,73]. Ritterband and colleagues’ model
for Internet interventions describes how behavior change is
dependent upon user characteristics and the Web application
with which the user interfaces [69]. Although this model was
developed for more traditional top-down Internet interventions
rather than social network-inspired designs, it provides a
framework through which limitations of the present study can
be considered. Four of the 8 areas deemed critical to intervention
effectiveness are discussed in turn.

Participation is defined as the application’s ability to interact
with the user [69]. Although participants can interact with posts
long after they have been posted by scrolling through their
newsfeed, there is potentially an overwhelming amount of
content to sort through (depending on the number of friends the
user has) and posts can become more cumbersome to access
over time. For example, when a participant does not actively
engage with ThreeTwoMe posts, Facebook’s
content-personalization algorithm decreases the frequency of
displaying the page’s posts on his/her newsfeed—the less the
user interacts with the page the less it appears on their newsfeed.
In addition, participants may interact with content passively (ie,
lurk) and their engagement is not captured with objectively
derived quantitative metrics. Asking participants to self-report
their interactions with a Facebook page can circumvent this
issue and provide quantitative data on lurking behavior [45].
However, when self-report data are not captured, such as in the
present study, quantitative estimates of user engagement may
be underestimated.

Burden is defined as the ease with which the user can interact
with the application [69]. Facebook is widely used [18] and
may be especially easy to navigate for college students, but it
may become burdensome when leveraged as a behavior change
tool part of a multiyear intervention. A recent meta-analysis
[31] looking at online interventions found that intervention
duration is negatively associated with study adherence and
intervention adherence (ie, nonusage attrition) [62], and users
report disengaging from Facebook because of boredom, lack
of time, or general disinterest with the site [74].

Lastly, engagement and subsequent behavior change are a
function of delivery and content [69]. Although being able to
use a variety of types of posts (eg, polls, photos) facilitates the
delivery of diverse content, it is unclear which post(s) are most
effective. For example, graphic content, such as photos, may
be popular but their ability to stimulate behavior change is
unknown. In addition, although the present study used an
evidence-based conceptual model to design Facebook content,
it is unknown the extent to which the posts mapped onto the
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behavior change techniques as intended. It is also unknown
whether delivering more- versus less-structured Facebook
campaigns has a measureable impact on behavior change. The
more-structured (sequenced) campaigns had a higher average
popularity score (4.33) than the less-structured (nonsequenced)
campaigns (3.08), but this may be because of seasonal affects
given that 2 of the 4 sequenced campaigns coincided with
holidays, and/or because of the number of campaigns exposed
to given that 2 of the last 3 campaigns delivered were
nonsequenced.

Preliminary results from the present study indicate that
participant engagement with the Facebook page declined over
time. Future work will further evaluate change in engagement
over time as well as qualitatively analyze the content of the
Facebook interactions observed here. Analyzing the valence
and words used in popular posts will inform the creation of
better messages with the aim of increasing viral spread. “Going

viral” is commonly mentioned as a main draw of using social
networking sites for health promotion whereby messages spread
among social networks, reaching a vast audience [75].

Conclusions
Facebook can be used to deliver evidence-based weight loss
intervention content designed for college students, but visible
participant engagement is low. Benefits of using Facebook
include the ability to iteratively tailor content and deliver timely
social support and feedback to participants. Participants can
engage their existing social networks as well as interact with
the study network and the virtual health coach. Facebook also
enables the asynchronous delivery of behavior change
techniques and participants can view intervention content at
their leisure, which may be especially important for RCTs
among college students. Future research will examine whether
Facebook campaigns based on theory-driven behavior change
techniques improve behavioral outcomes and weight loss.
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Abstract

Background: Knowledge of the psychological constructs that underlie behavior offers valuable design opportunities for
persuasive systems. We use the decision theory, which describes how behavior is underpinned by reward-cost valuations, as a
framework for investigating such psychological constructs to deliver design objectives for weight management technologies.

Objective: We applied a decision theory–based analysis in the domain of weight management to understand the rewards and
costs that surround individuals’ weight management behaviors, with the aim of uncovering design opportunities for weight
management technologies.

Methods: We conducted qualitative interviews with 15 participants who were or had been trying to lose weight. Thematic
analysis was used to extract themes that covered the rewards and costs surrounding weight management behaviors. We supplemented
our qualitative study with a quantitative survey of 100 respondents investigating the extent to which they agreed with statements
reflecting themes from the qualitative study.

Results: The primary obstacles to weight management were the rewards associated with unhealthy choices, such as the pleasures
of unhealthy foods and unrestricted consumption in social situations, and the significant efforts required to change habits, plan,
and exercise. Psychological constructs that supported positive weight management included feeling good after making healthy
choices, being good to oneself, experiencing healthy yet still delicious foods, and receiving social support and encouraging
messages (although opinions about encouraging messages was mixed).

Conclusions: A rewards-costs driven enquiry revealed a wide range of psychological constructs that contribute to discouraging
and supporting weight management. The constructs extracted from our qualitative study were verified by our quantitative survey,
in which the majority of respondents also reported similar thoughts and feelings. This understanding of the rewards and costs
surrounding weight management offers a range of new opportunities for the design of weight management technologies that
enhance the encouraging factors and alleviate the discouraging ones.

(J Med Internet Res 2014;16(6):e138)   doi:10.2196/jmir.3009
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design; human-centered computing; behavior; psychology; interaction design process and methods; weight loss; health promotion

Introduction

Background
Obesity is one of the most serious world health problems of the
21st century. Excessive weight has been identified as the cause

of many medical conditions, which have been estimated to cost
$147 billion per year in the United States alone [1]. In response
to this problem, a rising number of weight management
technologies are being developed. Because thoughts and feelings
are fundamental drivers of behavior, it is important for
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persuasive technologies to be informed by an understanding of
the psychological underpinnings of behavior. Indeed, general
frameworks for persuasive systems design have highlighted the
importance of understanding the motivational landscape [2,3],
or more generally, the persuasion context, which includes the
thoughts, feelings, and attitudes of the individual being
persuaded [4,5].

Psychological understanding can inform persuasive systems
design at varying levels of specificity. At a macro level, there
are context-general psychological principles, such as theories
of behavior change. These theories describe general
psychological principles and offer general strategies for
influencing behavior. These include goal setting theory [6],
transtheoretical model of stages of behavioral change [7], and
social cognitive theory [8]. Such general behavior change
theories have recently begun to influence persuasive systems
design [9]. In addition to aiming to change behavior directly,
persuasive technologies can also effect change by targeting the
psychological constructs that underlie behaviors. Indeed,
long-term behavioral changes will be sustained only when the
relevant underlying psychological constructs are altered [4,5,10].
Therefore, in order to influence the psychological constructs
that underpin behaviors, it is important to understand what these
constructs are within a specific persuasion context. Unlike
general behavior change theories, these psychological constructs
are not domain general but instead capture the particular
thoughts, feelings, and attitudes that surround behaviors relevant
to a specific context, for example, weight loss, smoking
cessation, or road safety. Thus, whereas general theories of
behavior change provide the designer with strategies of how to
change, an understanding of specific psychological constructs
helps inform the designer of what to change. The latter has not
been highlighted in the discussion of persuasive systems design.
In the current work, we propose that the considerations of
rewards and costs in decision theory [10] offer an appropriate
framework for both extracting key context-specific
psychological constructs and also for specifying how to translate
knowledge of these constructs into design targets for persuasive
systems.

Persuasive Systems Design
Persuasive systems effect change through two primary
(non-mutually exclusive) avenues: shaping external behaviors
or internal attitudes. The overwhelming majority of existing
persuasive technologies focus on external behaviors [11], for
example, a tracker for calorie consumption and exercise
[9,11-14]. This is because external behaviors are more tangible,
measurable, and thus easier targets for change. However, the
distinction between influencing behavior vs thought is blurred:
often influencing behavior also promotes new thoughts and
awareness. For example, exercise and calorie trackers increase
user awareness of their activities and intake. There has been a
recent increase in persuasive technologies designed for
psychological influence by encouraging reflection and awareness
about health-related choices. These include text message-based
interventions that prompt self-reflection [15], a visual garden
display to encourage emotional connection to one’s levels of
physical activity [16,17], open-ended platforms for documenting

and sharing health decisions, and a shared visual journal for
diet and exercise [14].

It is important for persuasive systems to change attitudes as
well as behavior because attitudes and preferences underpin
human choices and behavior [4,5,10]. In order to produce more
robust behavioral changes, recent persuasive health technologies
have started to shape people’s psychological responses, attitudes,
and preferences by applying theories and strategies from
psychology and health research [9,11,18-20]. The pervasive
quality of many technological systems, such as mobile
technologies, means that they are particularly well positioned
to deliver interventions that target psychological processes.
These advantages of pervasive technologies are summarized
through a description of the many roles that such technologies
play [21]: a device of “kairos” that is always near at hand, the
role of a concierge that offers guidance and information at the
moment of need, a personal coach that can track personal goals
and context, and a jester that can promote fun interactions (both
personal and social). These properties of technological systems
make them well suited for modifying psychology because they
can evoke new thought processes and emotions in a timely
fashion, customized to the persuasion context. For example,
technologies can be synchronized with electronic diaries or
sensing technologies [22] to know when contexts that prompt
salient psychological states will occur. Finally, thoughts,
feelings, and attitudes are highly personal, and technology-based
systems have the potential to deliver personalized interventions
that cater to this individual variation.

While knowledge of general context-general psychological
principles is highly useful for persuasive design, it is also
important to understand the specific psychological constructs
that underlie the behaviors in a particular design context.
Persuasive technologies can then aim to alleviate the
psychological constructs that discourage and enhance the ones
that encourage. We propose that decision theory provides a
useful starting point for investigating these psychological
constructs because its framework of reward-cost considerations
naturally defines clear design objectives for persuasive systems.
We provide a brief overview of decision theory below.

Decision Theory and Reward-Cost Considerations
The term “decision theory” has been applied to a wide variety
of models describing how people make choices that give rise
to behavior. At one extreme are economics-inspired models of
rational agents that calculate the individual utilities associated
with all attributes of choice options and then maximize summed
utility. More psychologically realistic models highlight the
context-dependent nature of attribute valuations [23], with some
models depicting choices as entirely dependent on contextual
comparisons [24], or “one shot” reasoning informed by
heuristics and biases [23]. From a more local perspective, a
large body of recent neuroscience research [10,25] has depicted
decision making as follows: Behavior is characterized as a
choice among possible behavior options. The mind associates
rewards and costs with each behavioral option, and the most
rewarding options are most likely to be chosen. In support of
this, neuroimaging and neurophysiology studies have found
that before a choice is made, each behavioral option is associated
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with a decision value [10], that is, a signal in the brain that
represents a mental forecast of the option’s hedonic impact (the
forecasted pleasure to be gained from the option). It is suggested
that the brain computes decision values by summing up the
predicted rewards and costs associated with each option [10,25].
A comparison is then made of the relative decision values among
behavioral options, and behaviors that are assigned higher
decision values are more likely to be chosen. We emphasize
that decision theory focuses on hedonic rewards (eg, pleasure,
social value, comfort) and costs (eg, pain, effort, discomfort,
embarrassment). This means, for example, that a choice that
has monetary cost is less desirable only because of its associated
“emotional cost” of the negative feelings (eg, guilt, pain, worry)
of losing money.

The decision theoretic framework we have described is broad
and is consistent with a wide range of psychological-level
models of decision making [25]. For example, the types of
attributes considered and how they are valued have been shown
to be highly modulated by context and attention [26,27], which
is consistent with psychological models. Also, decision values
may be informed by only a single attribute (consistent with
one-shot heuristic approaches to decision making), or multiple
attributes [25]. This framework is also not limited to conscious
attitudes. For example, unconscious saccades in eye movements
have also been described using reward-cost valuations of
decision theory [24,28]. However, for the purpose of persuasive
systems design, it is usually most practical to focus on the
conscious attitudes that can be elicited from the user.

A key feature of reward-cost considerations, highly relevant for
weight loss, is delayed discounting, where it has been observed
that delayed consequences are substantially less influential than
immediate ones [29]. Many studies have shown that decision
values in the brain are significantly more influenced by rewards
and costs that will be experienced immediately rather than far
off in the future [25]. The decreased value of delayed rewards
lies at the heart of most self-control struggles [30] and is highly
relevant to weight management because weight change mostly
occurs over long time frames. Thus weight-relevant choices
(and all behavior choices) will be more influenced by immediate
feelings than long-term consequences. Immediate feelings can
consist of feelings of physical sensations as well as
psychological feelings of satisfaction. Therefore, when a dieter
chooses a healthy snack option, his or her decision values are
usually less influenced by distant attributes, such as the eventual
weight loss, and more influenced immediate attributes, such as
the feeling of satisfaction of having made a healthy choice. This
is important to bear in mind when designing persuasive systems.
One possible role for persuasive systems is to transform
long-term consequences into more immediate feelings (eg, show
pictures of additional fat gained after a big meal).

Recent promising research shows that rewards and cost
valuations can be altered to shift preferences. On a neural level,
it has been found that reward associations for healthy options
can be enhanced to result in preferences for healthier choices.
Prompting a focus on health rather than taste increases the
brain’s decision values (ie, preferences) and choices, for
healthier foods [27]. Prompting thoughts about future events
has been shown to reduce delayed discounting and increase

decision values (ie, preference) for delayed rewards [26]. Similar
behavioral research has also found that preferences can be
shifted towards healthier choices. Emphasizing enjoyable
experiences associated with consumption of healthy foods results
in these foods being chosen more often in later meals [31]. There
has also been behavioral research showing that preferences for
unhealthy eating behaviors can be decreased. Use of visuospatial
tasks and imagery have been shown to reduce food craving
levels [32].

Applying Decision Theory to Inform Persuasive Design
We propose that the broad framework of decision theory, which
considers the rewards and costs associated with behavioral
options, can be used to inform persuasive systems design. This
is key to behavior change as deeply rooted behaviors are likely
to have strong emotional components. The framework can be
used as follows. First, the designer specifies the desired and
undesired behaviors within the persuasive design context. The
designer then aims to identify the rewards and costs associated
with these desirable and undesirable behaviors. After the rewards
and costs have been identified, decision theory specifies four
ways in which persuasive systems can encourage desired
behaviors: (1) increase the rewards associated with desired
behaviors, (2) decrease the costs associated with desired
behaviors, (3) decrease the rewards associated with undesired
behaviors, and (4) increase the costs associated with the
undesired behaviors.

Why Decision Theory?
Decision theory is a low-level approach to understanding
behavior that underpins a large family of motivational theories,
such as Theory of Planned Behavior [33], Theory of
Interpersonal Behavior [34], and Theory of Normative Social
Behavior [34]. Different theories of behavior capture human
motivation at varying levels of abstraction, and with emphasis
on different features of behavior [35]. While all levels of
motivational theory can be useful for persuasive systems design,
we propose that the decision theoretic approach of considering
rewards and costs are at an appropriate level of abstraction to
serve as a starting point for investigating the relevant
psychological constructs involved. An investigation of rewards
and costs over a range of weight management contexts imposes
minimal assumptions and offers the most open-ended foundation
for discovering design opportunities.

Aims of Current Work
The aim of the work reported here is two-fold: (1) to test
whether the decision theory framework of reward-cost valuations
can be used to reveal the psychological constructs that underlie
behavior and thus inform design of weight management systems,
and (2) to better understand the persuasion context relevant for
weight management, that is, what thoughts, feelings, and
contexts encourage or discourage people’s weight management
efforts.

We present results from an in-depth interview study aimed at
revealing the rewards and costs associated with weight
management efforts. We asked individuals to share the thoughts,
feelings, and contexts that surrounded their weight loss efforts.
We hypothesized that (1) these interviews would reveal some
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key rewards and costs relevant to weight management choices,
and (2) understanding of these rewards and costs would yield
potential design objectives for weight management technologies.
We organized the presentation of our interview results into
rewards and costs surrounding behaviors that discourage versus
encourage weight management. Following our qualitative study,
we conducted a Web-based survey to understand the extent to
which the themes from our interviews were experienced over
a larger population. Finally, we discuss the implications of our
results for the design of weight management technologies.

Methods

Summary
We sought to understand the rewards and costs associated with
both negative and positive weight management behaviors. To
do so, we first conducted a qualitative study consisting of
semistructured interviews that aimed to identify the rewards
and costs surrounding weight management behaviors. We then
supplemented our qualitative study with a quantitative survey
to assess the extent to which the themes we extracted from our
qualitative study were experienced over a larger population.

Methods for Qualitative Study

Qualitative Study Procedure
In our qualitative study, we asked individuals about the thoughts,
feelings, and contexts that surrounded behaviors that either
discouraged or encouraged weight loss efforts. Semistructured
interviews were conducted lasting 45-60 minutes. Questions
were structured around the thoughts, feelings, actions, and
situations that surrounded either successful or unsuccessful
weight loss behaviors (see Multimedia Appendix 1). Participants
were also asked to describe specific instances where they were
either unsuccessful or successful in pursuing their weight goals
and asked to elaborate on the surrounding thoughts, feelings,
and circumstances. We also asked participants general weight
management questions such as weight history, progress, peer
involvement, and strategies used. All participants were provided
with an information sheet and a consent form to sign and return

to the researcher. The study materials, data collection, and
methods of data storage were in accordance with human subjects
guidelines set and approved by the Queen Mary University of
London ethics committee.

Qualitative Study Recruitment
We interviewed 15 individuals with current or previous
experience of trying to lose weight. We included participants
who had previously tried to lose weight so that we could capture
a wider range of experiences, such as having already
successfully maintained lost weight or unsuccessfully given up
diet efforts. We focused on eating habits and, to a lesser extent,
exercise. Interview recruitment emails were sent out through
several departments within a UK university. The emails invited
individuals and their friends and families who have been or are
engaged in weight control efforts to talk about their experiences
of weight management. The recruitment resulted in 15
respondents, 12 of whom were female. All participants recruited
were actively engaged in some level of weight management
activities at the time of the study, that is, they were either trying
to lose weight (n=13) or just trying to maintain their current
weight, having attempted weight loss in the past, either
successfully (n=1) or unsuccessfully (n=1). All participants
were managing their weight through some combination of
watching their diet and exercise. Ages ranged from 27-68 years
with a median age of 35. Body Mass Index (BMI) ranged from
21.6 to 31.2 with a median of 23.4. (We note that while all of
our participants either were trying to lose weight or have lost
weight previously, only 5 of our participants classified as
overweight, with BMI>25, and only one those qualified as
obese, with BMI>30.) Table 1 shows the demographics of
gender, age, BMI, and location for each participant. Of the 15
participants, 13 were based in the United Kingdom and 2 were
based in the United States (and were interviewed on Skype).
They had all completed a university degree and spanned a range
of professions including human resources, marketing, interior
design, engineering, science, journalism, publishing, and
accounting. Each participant was recompensed for their time
through the award of a £6/US$9 gift voucher.

Table 1. Participant demographics and BMI.

P15P14P13P12P11P10P9P8P7P6P5P4P3P2P1

FFFFFFMM|FFFFMFFGender

323336563530684227433539363035Age

27.623.421.921.623.231.224.822.823.827.526.425.622.322.622.1BMI

Qualitative Study Analysis
Each interview was audio recorded and transcribed. We then
employed inductive thematic analysis as described by Braun
and Clarke [36]. All stages of analysis were conducted by the
first author, and method and findings were discussed with the
co-author at intervals.

Transcripts were initially analyzed for patterns across all
interviews to extract themes about constructs that either
discouraged or encouraged weight management. The data were
repeatedly revisited to consolidate the main themes that were

present across interviews. Once consistent themes were
identified, all transcripts were re-analyzed, and all data extracts
relevant to each theme were coded.

Methods for Quantitative Study

Quantitative Study Procedure
We supplemented our qualitative study with a quantitative
survey to assess the extent to which the results we found in our
qualitative study were valid across a larger population. While
the interviews were conducted with highly educated, primarily
UK-based participants, the survey was held among the general
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American public. Our survey asked respondents to assess
agreement with statements that represented the constructs and
themes we uncovered from our qualitative study. We asked
participants to rate their level of agreement on a 7-point multiple
choice Likert scale ranging from Strongly Agree to Strongly
Disagree. We also asked participants their age, BMI, and
whether they were trying to lose weight, maintain weight, gain
weight, or did not think about their weight.

Quantitative Study Recruitment
Participants were 100 US-based adults recruited using Amazon
Mechanical Turk. To minimize droid respondents, only
participants with an approval rating of 95% or higher on
Amazon Turk were allowed. They were compensated US$1 for
completing our survey. Amazon Turk does not allow participants
to respond twice to the same survey. Participants were provided
with an information screen and a consent screen on which they
had to click the “I agree” button in order to demonstrate consent
for participation in the online study. The study materials, data
collection, and methods of data storage were in accordance with
human subjects guidelines set and approved by the Queen Mary
University of London ethics committee.

Results

Qualitative Study Results

Summary
Our interviews revealed a wide range of rewards and costs that
were associated with both negative and positive weight
management behaviors. This supports the relevance of this line
of enquiry for informing the design of persuasive systems. We
first describe the psychological constructs that discouraged
weight management, which consist of the need to restrict
rewards (positive feelings and experiences) associated with
unhealthy behaviors, and the direct costs (negative feelings and
experiences) associated with weight management efforts. Next
we describe the psychological constructs that surrounded
positive weight management behavior, which consists of
emphasizing the rewards associated with weight management
efforts and the costs associated with unhealthy behaviors.

Discouraging Weight Loss Efforts

Overview

A key challenge to weight loss was the effort needed to restrict
pleasure and change habits, overcome social pressures, plan
ahead, and exercise. Participants also spoke of the loss of
rewards associated with restricting consumption of unhealthy
foods and inability to participate freely in social situations with
food and drinks. Furthermore, participants felt daunted by
thoughts that such weight loss efforts need to be sustained long
term. Many participants voiced frustration over the fact that
weight loss was a slow and unsteady process. Finally, several
participants also mentioned negative associations with the
general concept of dieting. We provide more details on these
themes below.

Effort of Restricting Pleasure and Changing Habit

Most participants mentioned that modifying diet for weight loss
was difficult. Circumstances where healthy eating was generally
reported as being difficult included when bored, tired, stressed,
busy, hungry, unhappy, and also when food was immediately
present. For many, mental space and time were required for
weight loss efforts. Some participants reported feeling that the
effort was not worth it when life was more strenuous: “It’s quite
hard sometimes. You’ve really got to put so much energy into
it and it takes up so much time and space in your life. (In the
past) I just didn’t want it enough” [P5] and “At the moment I
just don’t have headspace to be as disciplined as I’d like with
my food” [P15].

Loss of Pleasure

Most participants described food as being a significant source
of pleasure or reward, which they lose out on when trying to
lose weight, for example, “I enjoy food a lot, so I’ll eat if I’m
not hungry…I don’t like to deny myself things I enjoy” [P2].

Restricting Social Participation

The role of social influence in weight control has been widely
acknowledged [37]. Unsurprisingly, many of our participants
mentioned that social pressures made dieting difficult. About
half of the participants felt that making healthy diet choices
often required going against social expectations when eating
among others: “I went to pub…I realized I would feel like a bit
of an outcast if I had something healthy” [P11] and “There’s a
social pressure to everyone doing and enjoying the same type
of activity” [P13].

Planning

About half of our participants mentioned that weight loss
involved significant planning, which required mental space and
time. These include planning healthy meals and snacks, workout
schedules, and how to handle upcoming situations where there
may be temptation to eat or drink too much, for example, “My
biggest thing is you’ve got to plan the week ahead, you can’t
just wake up and think what exercise do I do today?” [P5].

Long-Term Commitment Is Daunting

Some participants mentioned being put off by the knowledge
that weight loss efforts needed to be sustained long term. Several
participants had already experienced regaining weight lost on
previous diets. The need for long-term behavior changes
increases the perceived costs of weight loss efforts. For P10
and P15, the likelihood of regaining the weight afterwards made
weight loss efforts feel less worthwhile: “The hardest thing is
kind of recognizing it’s a shift in lifestyle rather than something
you do for a little while and give up on” [P10] and “It’s also
the long-term thing that looms over me…you’ve got to do that
for the rest of your life. Otherwise there’s no point” [P15].
However, we note that this perception was not the case for all
participants, and there were other participants (P8 and P13) who
mentioned that maintenance was much easier than trying to
lose.

Frustration Over Slow, Unsteady Progress

Several participants felt frustrated that they could not
immediately experience rewards for their healthy behaviors.
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They felt frustrated at the slow and unsteady nature of weight
loss. P7 described the need to focus on motivations other than
weight loss: “Don’t want to be reminded what weight I am.
That’s not motivating! Because it doesn’t change quickly
enough, you just don’t feel any progress from it” [P7].

P5 and P13 both voiced frustration over the fact that consistent
adherence to diet and exercise regimens did not always translate
to regular weight loss. They both discussed how much easier it
would be if weight just decreased at a steady rate, for example,
“If I’ve spent several days exercising like crazy, not eating the
things and not drinking...and nothing is happening, I’m
angry…Sometimes you can eat a load of food and lose weight.
I think in a way we’d prefer it to be a bit fairer” [P5].

P13 expressed particular frustration over the simplistic nature
of calorie and fitness tracking applications, which implicitly
assume that calorie deficits readily translate to weight loss,
which was not the case for her:

Another thing about the technology, because you keep
putting the calories in, because it’s so quantitative I
feel like well “shouldn’t I be losing the weight?”, and
it isn’t necessarily that way, a calorie in isn’t a
calorie out, there is so much else going on in the
physiology, so actually just seeing the quantitative
representation of what you’re eating, vs how much
you should be losing weight, it’s dispiriting. [P13]

Notion of Diet Is Unappealing

Many participants expressed negative associations (ie, costs
associated) with the concept of “being on a diet”. They
expressed dislike of overemphasizing the importance of dieting
and/or disliked thinking of themselves as formally being on a
diet. P11 and P15 mentioned that too much focus on dieting felt
superficial. P3 described dieting as pretentious: “(Dieting) feels
prissy, feels pretentious. I’m a man, I have a big appetite, I do
what I want when I want” [P3].

P9 and P12 felt that a focus on “dieting” would be ineffectual
and even counterproductive: “If you asked me if I were on a
diet, I’d say no. (To me, dieting is) this sort of deliberate pushing
yourself kind of thing, and I’d say I’m not doing that, I don’t
know that it would work for me” [P9] and “I’ve found that
worrying about weight per se is very counterproductive, screws
me up and focuses on the wrong things” [P12].

Encouraging Weight Loss Efforts

Overview

Our interviews showed that there are a variety of rewards
associated with weight management. These included feeling
good after making healthy choices, being good to oneself, social
support, and receiving encouraging messages. (However, there
were significant individual differences in response to social
support and encouraging messages, which we describe below.)
All participants mentioned the importance of personalization
in order to find strategies that were easiest and most effective
for the individual. Several participants noted that weight loss
efforts eased with time. Several participants spoke of making
healthy choices easier by emphasizing the costs associated with

unhealthy choices. We discuss these constructs that encouraged
weight loss–promoting behavior in detail below.

Personalized Strategies for Reducing Effort

Many participants spoke of using personally tailored strategies
to reduce the costs of their weight loss efforts. P2 and P5 found
increased exercise most helpful for weight loss. They found
exercise enjoyable and easier than restricting food. P4 had found
a successful diet that consisted of low carbohydrate breakfast
and lunch and no restrictions for dinner. She spoke of how this
diet was surprisingly very easy to stick to because it was
extremely well suited to her because she enjoyed eating meat.
P9 described the strategy he adopted to fit around his unusually
variable schedule, which included commuting between different
cities. This erratic schedule prevented him from being able to
plan ahead easily, and instead he looked to being “opportunistic”
and taking advantage of circumstances in the moment, where
it seemed easy to eat lighter meals rather than planning food
restriction ahead of time:

I have to be opportunistic, I don’t think it would work
if I was marking my diary ahead of time…it might
just feel wrong that day. Or I might feel hungry. But
on the other hand, if I’ve met my son for lunch and
we had a small meal out, then I can say that’s my
main meal then I can be opportunistic, that’s
relatively easy to do. [P9]

P11 talked about how she would consciously slow down her
thinking to consider what she really wanted/needed to consume
rather than reacting automatically to grab more unhealthy
choices. She discovered that if she was mindful about what she
really wanted, often she did not actually crave unhealthy foods
after all and would prefer foods such as tea and salads over wine
and cakes.

All participants acknowledged the importance of finding the
right strategies for them. They used such phrases as
“everybody’s different”, “I know other people who (are
different)”, and “you have to find what works for you”. Across
the interviews, personal physiologies, life circumstances, tastes,
and preferences varied widely. Indeed, research has shown that
individuals can have very different physiological responses to
the same diet and exercise routines [38,39]. For example, people
varied widely in terms of how their bodies responded to exercise
and how their guts responded to foods. This variation was
evident in our participants’experiences. For example, in contrast
to P5 and P13, who experienced significant periods of weight
stagnation despite adhering to diet and exercise, P9 was
surprised at how immediate his weight loss was—he said every
time he ate lightly for one meal the night before, he could see
measurable changes on the scale almost the next morning.
Similarly P10 mentioned that significant weight loss happened
for her only when she drastically reduced sodium intake, a
phenomenon that no other participants mentioned. Variation in
participants’ personal preferences obviously affected the
appropriateness of particular weight loss strategies. P13 talked
about how a high protein diet was difficult because she did not
enjoy eating meat, in contrast to the success of P4 on such a
diet. P1 spoke of how calorie restriction was far more effective
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than exercise, which is in contrast to the experiences of P2 and
P5.

Easier With Time

Many participants mentioned that their weight loss efforts
became easier with time: “I found it was harder for first couple
weeks, and then it just became a habit to track the calories and
not eat. You got used to feeling hungry” [P8].

Good Feelings, Pride, and Control

Most participants enjoyed positive feelings as a result of
engaging in healthy behaviors. They mentioned feeling pleased,
good, or happy after engaging in behavior that promoted weight
loss. In particular, 6 participants mentioned enjoying the feeling
of control and empowerment: “I feel quite empowered, feel like
I own my weight, it’s going the correct direction” [P5] and “I’m
focused, I have the energy for it, and it feels good to say you
know what I’m not going to have that, I’m going to have the
good thing” [P15].

Several participants mentioned feeling proud after making
weight loss promoting choices, for example, “I feel very proud
of myself. This is how I should be, I should be strong, I don’t
really need this (cake)” [P6].

Conversely, when participants were asked how they felt
immediately after having indulged in unhealthy behaviors, most
reported that they enjoyed the indulgence during consumption,
but the good feelings usually did not last long. Afterwards, some
experienced negative feelings such as guilt or disappointment
with self, or felt a bit “down”. Most participants did
intellectually acknowledge the unhealthiness of their choice
immediately after consumption. For example, P2 felt “naughty,
that you’ve let yourself down. You enjoyed it, but you feel like
you’ve cheated”.

Realism

Several participants mentioned that reminding themselves to
be “realistic” about the costs of unhealthy behaviors helped
encourage healthy choices at moments of temptation. These
thoughts included reminders of the reality of the situation of
being overweight and the reality of the negative consequences
of consuming excessive/unhealthy foods:

I’ve actually had to say to myself in the past “it
doesn’t matter what you say something is…You can
pretend you have only drunk half a cup of milk but if
you’ve drunk a whole cup that’s what’s going to have
the impact”. [P5]

I think to be very real, “think about it, once you eat
it it’s going to be hard, and you know once you gain
weight you will feel low esteem (and) sad”…I think
it’s the reality that makes me think I don’t want this
for myself anymore. Let’s move on, let’s not eat cake
then. [P6]

Being Good to Oneself

Many participants mentioned concepts relating to being good
to oneself as part of successful weight management. These
included being kind to oneself, framing weight loss as a process
of self-care, reassuring oneself that one is not being deprived

and that healthy choices will lead to greater happiness, and
savoring the pleasurable aspects of healthy choices. P5 and P10
spoke of how developing an attitude of self-kindness and
forgiveness helped facilitate getting back on track after stints
of excessive, unhealthy consumption: “I’m being a lot gentler
with myself these day. I’m not telling myself off and being so
angry with myself. So I think it’s about forgiving myself for
the mistakes rather than punishing myself” [P5] and “It’s
recognizing some days when all I want to eat is pizza and that’s
ok, and that doesn’t ruin all the rest of the eating, and forgiving
myself for the splurges and going on like I wanted to” [P10].

P10 also spoke of how recognizing that exercise and healthier
eating plays into the larger purpose of general self-care and
improving well-being helped her make healthier choices: “One
friend said maybe the reason you’re feeling crummy is you
haven’t had the time to [eat healthily] so it was kind of a
self-care thing as well” [P10].

Three participants reminded themselves that healthier choices
did not mean deprivation, that this was not their last opportunity
to eat delicious foods and that pleasurable foods were still
available to them, if in moderation, for example, “I’d think ‘No,
that’s hardly the last piece of delicious chocolate you’ll ever
have in your life’” [P1].

P11 spoke of changing her mindset to recognize that by
restricting treats, she was not depriving herself of tasty
experiences, but instead was actually allowing herself greater
overall pleasure because foods tasted better when eaten less
often. Many participants mentioned relishing delicious healthy
foods as well as small portions of rich foods as part of successful
diet strategies. This appears to affirm the existence of reward
and pleasure, even during the restrictive process of weight loss.

Social Support

There was great individual variation in terms of preferred levels
of social engagement in weight loss and the degree to which
support from others was helpful for motivation (see Maitland
[18] for previous work on social factors relevant for weight
loss). Participants differed in how much they cared about having
a social network involved in their weight loss efforts and
whether it consisted of strangers, acquaintances, or friends.
While some embraced the opportunity to feel a sense of
community and having others involved with their weight
management efforts, many were also less interested. This ranged
from some participants who were ambivalent, to others who
were adamant that they were not interested in other people’s
diets at all.

About half of the participants mentioned using social support
to motivate weight loss. This included using friends, support
groups, partners, and nutritionists: “My hubby, I always rush
back to tell him if I’ve lost some weight, and he’ll be very
encouraging” [P5] and

(My girlfriend) was very supportive, very helpful.
She’s super thin by genetics. But when we’d go out
she’d order very little food like I would, just so she
wouldn’t be eating a giant pile of food while I was
restricting myself. Later on, she’d eat more only when
I wasn’t around. [P8]
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Several participants said they derived a sense of connection
from others in similar situations: “It is really useful, when you
read other people’s stories and what inspired them…and those
stories always do keep you going” [P4] and “Who cares that I
ate a sandwich with carrots in it…these people do! Guess what
I had at lunch, a carrot sandwich. It’s nice to share the journey”
[P5].

P6 spoke of the strength she gained from having group support:
“this group, we are all people with the same anguish…and this
is what makes the group strong, we have the same goal, we have
same problem” [P6].

In contrast, some participants were also very uninterested in
sharing their weight loss journey with others. They felt that
weight management was a private issue and that it did not matter
what others were doing. When asked whether they were hearing
about other people’s weight management stories, P7 said: “Not
really…I’m not interested in that trivial aspect of people’s life.
I find it intrusive”. When asked if it would help to know other
people are struggling too, P7 replied “Totally irrelevant”.

Several participants mentioned that seeing others’ progress
could inspire a sense of motivating competition: “It was amazing
how competitive I got with my cousin in this game…if I saw
her losing 2 pounds I would be desperate to one up her” [P7].

On the other hand, others distinctly disliked the idea of
competing with others about weight loss and felt it would hinder
them: “It would hinder me. I would feel demoralized, I’m the
kind of person whom if I feel like if I’m competition, I refuse
to compete” [P3].

Encouraging Messages

Similarly, there were divergent opinions on how helpful
motivating messages were, both from other people and from
technology applications. While the majority of participants felt
motivating messages either from friends or devices would not
hurt and could possibly help (ie, be rewarding), others felt
messages could be a serious annoyance (ie, costly). In particular,
3 participants explicitly mentioned feelings of annoyance at
receiving general motivational feedback and messages. For
example, when P8 was asked how he would feel about receiving
general motivational messages through an application, he
replied:

I think I’d be open to it if they were funny, or just
light. It can be kind of annoying, there’s a fine line
between being fun and inspirational and being
just…annoying. If someone is too encouraging to you,
then I feel like it starts to become a negative…when
I feel the motivation starts to become someone else
trying to impose their schedule on me, or their goals
on me then I become resistant to it. [P8]

Similarly, P3 spoke of the annoyance of having his motivation
externalized and of receiving undeserved congratulations:

It’s just annoying because they are valuing my
pathetic (attempts towards goals), it’s patronizing.
It’s like you’re not actually seeing when I have done
a great job or not. And I also don’t like people

externalizing my reward…it makes me feel like I’m
jumping through hoops like a trained dog. [P3]

P13 expressed annoyance at receiving generic messages from
her mobile application that she felt did not address her personal
struggles:

A computer telling me, “gain 15 lose 10…Good job
I met my goals at the end of the day”—I couldn’t care
less. I need it to be personal on some level, and if it’s
not, and the computer says “good job”, I’m like “f***
off, who are you to tell me that? You’re just a
machine, I don’t appreciate it”. [P13]

Thus, while encouragement is usually perceived as a positive
motivating factor, our results show that motivational messages
can have the opposite effect.

Quantitative Study Results

Summary
We consolidated the themes from our qualitative study into
statements in a Web-based questionnaire and asked 100
respondents to rate on a 7-point scale their agreement with each
of our statements. Of our respondents, 56 were trying to lose
weight (median BMI 26.6), 20 were trying to maintain weight
with a focus on not gaining (median BMI 23.5), 5 were trying
to maintain weight with a focus on not losing (median BMI
21.6), 8 were trying to maintain weight with a focus on not
gaining or losing (median BMI 20.7), 5 were trying to gain
weight (median BMI 21), and 6 did not think about their weight
(median BMI 21.6). For those who were trying to lose weight,
the median reported target weight loss was 30 pounds. We limit
analysis to the responses from those who reported wanting to
either lose or maintain weight with a focus on not gaining as
they are the population relevant for our study, leaving us with
76 participants for our analysis. Of the 56 participants who
reported wanting to lose weight, 27 were female. Of the 20
participants who reported wanting to maintain weight with a
focus on not gaining, 9 were female.

We assessed the degree of agreement over perspectives and
experiences by segmenting our participants into those who
agreed (reported slightly, moderately, or strongly agreeing with
the statements), the proportion of participants who were neutral
(reported neither agreeing nor disagreeing) and the proportion
who disagreed (reported slightly, moderately, or strongly
disagreed). We arrange our presentation of results into constructs
that discouraged and encouraged weight management.

Discouraging Constructs
We assessed agreement with the following statements that
represented constructs that we found in our qualitative study to
be discouraging for weight management efforts:

• I find weight management requires a lot of effort.
• I find the process of denying myself foods I find pleasurable

a difficult aspect of weight management.
• It is difficult to keep to my diet in social situations because

I want to be able to eat and drink like everyone else.
• I find planning ahead for weight management difficult.
• I find the long-term commitment required for successful

weight management daunting.
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• I find the process of trying to lose weight a slow and
frustrating process.

• I find the notion of being on a diet unappealing.
• I find maintaining a regular exercise routine is difficult.

For all discouraging constructs, there was high agreement among
participants and all constructs had reported agreement of at least
59% (45/76). The idea that weight management takes a lot of
effort was the most agreed upon construct (see Figure 1).

Figure 1. The proportion of respondents who agreed, were neutral, or disagreed with statements reflecting constructs that discouraged successful weight
management.

Encouraging Constructs
We assessed agreement with the following statements that
represented constructs that our qualitative study found were
encouraging for weight management efforts:

• I find weight management becomes easier with time.
• I experience feelings of pride surrounding my weight

management efforts.

• I enjoy feeling in control when I make choices that are
positive for managing my weight.

• I find that it was important to find a weight management
strategy that is specifically suited to my individual tastes
and lifestyle preferences.

• Being realistic is a useful concept for my weight
management.
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• Being good to oneself is a useful concept for my weight
management.

• Support from other people helps me a lot in my weight
management.

For all encouraging constructs, there was over 58% (44/76)
agreement. The most agreed upon constructs were that finding

individually tailored strategies was important, the importance
of realism, being good to oneself, and the enjoyment of being
in control. The most disagreed upon constructs were that it gets
easier with time and support from others was helpful (see Figure
2).

Figure 2. The proportion of respondents who agreed, were neutral, or disagreed with statements reflecting constructs that encouraged successful weight
management.

Social Motivation
We had noticed a greater range of disagreement from our
qualitative interviews over how much motivation from others
was helpful. Thus we probed this in greater detail. We asked
whether people enjoyed hearing others’ stories in person and
online, whether people enjoyed receiving motivational messages
either in person or online, and whether people benefited from
a sense of competition. We asked participants to rate agreement
with the following statements:

• I would enjoy reading about other people’s weight
management stories via the Internet.

• I would enjoy hearing about other people’s weight
management stories in person.

• I would enjoy receiving motivational messages from others
via the Internet to help encourage my weight management
efforts.

• I would enjoy receiving motivational messages from a
computer-based program to help encourage my weight
management efforts.

• I would enjoy receiving motivational messages from others
in person to help encourage my weight management efforts.

• I find a feeling of competition motivating for weight
management.

For factors of external social motivation, we found there was
substantially greater disagreement, especially in comparison to
the relatively high agreement we had in response to other
statements. None of the detailed statements about external social
motivation received greater than 51% (39/76) agreement (see
Figure 3). Motivational messages and stories received via the
Internet were perceived as less helpful than those received in
person. Only 32% (24/76) of respondents said they would enjoy
motivational messages delivered from a computer, and 49%
(37/76) of respondents reported that they would not enjoy this.
These results correspond to the variability in attitudes that we
found in our qualitative study results regarding motivational
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messages from others, and also dislike for computer-based motivational messages.

Figure 3. The proportion of respondents who agreed, were neutral, or disagreed with statements reflecting different ways and modes by which one
could be motivated by others for weight management.

Discussion

Principal Results: Rewards, Costs, and Strategies
The themes from our study highlight the many rewards and
costs that influence both positive and negative weight
management behavior. Our studies found that a key difficulty
of weight management was the loss of rewards associated with
unhealthy behaviors, such as uninhibited consumption and
ability to participate freely in social situations. There were also
directly experienced costs associated with weight management.
A central cost was the effort required to restrict consumption,
change habits, and overcome social pressures. Other costs
included negative feelings such as dislike for the concept of
dieting, disheartenment at the idea that efforts need to be
sustained long term, and frustration when weight loss was slow
and there was no perceptible progress. On the other hand, our
interviews showed that there are a variety of rewards associated
with positive weight management behaviors. These included
feelings of pride, self-control, pleasure in taking care of oneself,
and enjoying delicious healthy foods. There were also costs
associated with unhealthy behaviors such as feelings of guilt,
sadness, and low self-esteem. In addition to relevant rewards

and costs, our study also revealed commonly used strategies to
motivate weight loss efforts. Most universally, participants
mentioned finding ways to reduce the cost of weight loss efforts
by seeking personalized strategies that addressed individual
lifestyles and preferences, and some also felt that weight
management gets easier with time. Participants also mentioned
the benefits of using social support, and receiving encouraging
messages (although as mentioned above, there were significant
individual differences in responses to support and
encouragement, which is consistent with previous work [18,40]).
Finally, participants motivated weight management through
emphasizing awareness and realism and reminding themselves
of the negative consequences of unhealthy behavior.

The psychological constructs identified in our study are
summarized in Figure 4. They are organized into those that
encourage weight management, which need to be increased (the
rewards of positive behaviors and the costs of negative ones),
and those that discourage weight management, which need to
be lessened (the costs of positive behaviors and the rewards of
negative ones). On the side, in italics, are shown general design
principles that can be used to increase/decrease the rewards and
costs in the appropriate direction to effect positive behavior
change.
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Figure 4. A summary of psychological constructs relevant to weight management.

Design Guidelines

Overview
The themes uncovered in our study reveal a variety of costs and
rewards associated with weight management behaviors as well
as a range of strategies people used to manage their behavior.
As mentioned above, decision theory suggests that healthy
behaviors can be encouraged by enhancing the associated
rewards and decreasing the associated costs. Similarly, unhealthy
behaviors can be discouraged by decreasing the associated
rewards and increasing associated costs. We apply these
principles to our study results to produce design guidelines for
weight management systems, summarized in Figure 4. Below
we discuss these principles in more detail. We review how they
have been implemented in current technologies, and point out
where there are gaps that leave open future design opportunities.
We also discuss how the constructs in our study can be used
for personalization of weight management technology.

Decreasing the Costs of Healthy: Reward Effort and
Focus on Being Good to Self
Our findings reveal that effort (eg, planning, restricting food,
changing habits and exercise) was the main cost that served as
an obstacle to weight loss. One way to address this is for
technologies to acknowledge the cost of effort by delivering
rewards that offset the cost. Mobile technologies have the
advantage of being able to act in the moment of need [21]. This

provides an opportunity to design systems that can identify
moments of unpleasant effort and then understand the types of
rewards that will be appropriate to offset the costs and thus
encourage effortful behavior. While there has been a significant
rise in the development of systems for sensing user states [22],
the accuracy of these systems for identifying user-relevant
mental states, such as those found in our study, is yet to be
verified. Furthermore, there is relatively little work on how to
deliver the appropriate intervention once a “costly moment”
has been identified. Systems can offset costs by administering
rewards directly, or prompting users to seek appropriate rewards
through reminders and suggestions. For example, our study
found that planning was considered a significant challenge in
weight management. A system can support the difficulty of
planning, by acknowledging that planning is difficult, and
offering rewards such as encouraging messages or virtual points
when a user enters weight loss activities into their calendar.

Other costs found in our study were negative feelings such as
dislike of the notion of dieting, frustrations over the slowness
of weight loss, and disheartenment by the long-term lifestyle
change required. One possibility for reducing these costs is to
create systems that focus on being good to oneself and self-care
(another theme from our study) rather than focus on the goal of
losing weight. Indeed, studies on health messages found that
those messages that promoted healthy behavior changes without
reference to body weight were most effective and well received
[41]. Thus, there is reason to believe that it may be useful to
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create weight management technologies that frame healthy
choices as a process of positive self-care rather than a process
of trying to lose weight.

Decreasing Rewards of Unhealthy: Replace Lost
Rewards and Reduce Desire
Another type of “cost” of weight management is the loss of
rewards associated with unhealthy behavior. Two strategies for
alleviating this are to find healthy replacement rewards and
reduce the salience of the unhealthy reward. Our study found,
unsurprisingly, that a key loss was the pleasure of unrestricted
eating. A very common weight loss strategy is to seek
replacement rewards, and this has indeed been implemented in
current systems. However, a less explored avenue is to attempt
to lessen the perceived reward. Laboratory studies have shown
that operant conditioning can reduce people’s interest in
unhealthy but tempting foods [42]. It is possible that an
application devoted to reducing the desirability of one’s favorite
unhealthy foods may be useful. Also, as mentioned above,
laboratory research has found methods of reducing food cravings
through imagery tasks [32]. While effectiveness has been
suggested in laboratory studies, methods for reducing the
desirability of unhealthy foods have been little explored in
system designs. A second reward associated with unhealthy
behavior was the ability to participate freely in social situations.
Our participants reported that group meals were challenging for
weight control because they felt pressure both from themselves
and others to belong by partaking in the same types of (often
unhealthy) consumption as others. Our participants also spoke
of the importance of not feeling deprived during weight loss.
This understanding of rewards and costs leads to a possible role
technology can play to alleviate the challenge of not wanting
to feel social alienation: When a social activity is scheduled in
the calendar, technology can suggest alternative strategies for
maintaining social connection even when not sharing
consumption, such as a reminder to “focus on finding out
something new about someone”, or “ask someone about a hobby
they are interested in”.

Enhancing Rewards of Healthy: Remind and Rehearse
Participants reported a variety of rewards associated with weight
loss. This begs the question of how persuasive systems can be
designed to emphasize and enhance these rewards. This is a
particularly promising route because research has found that
users tend to respond better to systems that persuade through
positive rather than negative feedback [16]. Furthermore,
laboratory research has found that emphasizing rewards can
promote healthier food preferences. Remembering enjoyment
of healthy foods results in these foods being chosen more often
in later meals [31], and rehearsing memories of a meal reduces
later snack consumption [43]. Despite these promising
laboratory results, there have been few systems designed
specifically to enhance memories of healthy experiences.
Technology has the capacity to strengthen memory of rewards
through reminders and also prompting users to mentally rehearse
positive past experiences. This can be implemented through
e-journals, using voice, pictures, or text, and structured to
encourage individuals to remember/take note of the good
feelings (eg, pride and self-control) associated with healthy

choices. These platforms can also encourage people to relish
their appreciation of healthy foods. While there have been the
beginnings of technologies designed specifically to encourage
reflection and awareness [16,17], there is much room for further
developments in this area. In particular, to our knowledge, there
have been no platforms devoted specifically to celebrating the
pleasures associated with healthy choices and little research
into how to design systems that best enhance the rewards of
healthy choices. This presents open design challenges and
opportunities.

Enhancing the Costs of Unhealthy: Remind and
Rehearse
In additional to acknowledging the long-term consequences for
health, many participants also described immediate costs of
unhealthy behaviors, including feelings of sadness, guilt, and
anger. We found that some participants tried to remind
themselves of these negative consequences to dissuade
themselves from unhealthy choices. Furthermore, most
participants said that in talking through their past experiences
during the interview, they achieved new awareness of the
negative experiences that resulted from unhealthy choices. This
suggests that technologies can be designed to support further
awareness and encourage reflection about the costs involved in
weight management. Traditional calorie monitors already
achieve this at the level of dietary intake [9,11-14]. However,
just as systems may enhance awareness of the rewards of weight
management, there is also scope for new technologies to be
designed to increase awareness of the costs of unhealthy choices.
The delivery of health-warning messages has been found to be
effective for smoking cessation [44], although it has been studied
less in the domain for weight loss. In addition to warnings about
health, systems can be designed to help people remember the
bad feelings they experienced after the last time they made
unhealthy choices. To our knowledge, no such systems have
been studied. Here methods similar to those used to enhance
the rewards of healthy behaviors (reminding and prompting
mental rehearsals) can be used to enhance the costs of unhealthy
behaviors. Note that a system designed to promote awareness
of costs is different from a system that punishes and delivers
negative feedback, which has been found to put off users [16].
Instead, encouraging awareness of costs is consistent with
research showing that there are individual differences in
motivational preferences: some tend to be motivated by seeking
positive gains (promotion focused) and others by avoiding
negative consequences (prevention focused) [45-47]. This
suggests there is room in the design space for systems that help
users increase awareness and memory of negative feelings, as
well as the long-term negative consequences that they may
experience as a result of unhealthy choices.

Personalized Solutions
When it comes to behavioral change, clearly one size does not
fit all. The importance of individual preferences was one of the
most highly agreed upon constructs in our survey study. Systems
should be designed both to contain personalizable features and
also to encourage users to seek personalized solutions. The
overwhelming majority of our participants who had successfully
lost weight spoke of the importance of individually tailored
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strategies. The effectiveness of personalization has been
supported by research on health-messaging where a
meta-analysis has found that individual tailoring of information
delivered via the Internet improved effectiveness of nutrition
interventions [48]. Also, simple text message-based weight loss
intervention personalized to individual participants has been
shown to be effective [49]. Personalized e-feedback has also
been found to increase program adherence [50]. By highlighting
the rewards and costs surrounding weight management, we offer
further opportunities for personalization. These can serve as a
catalogue of psychological constructs used to identify individual
differences in weight management and thus guide
personalization. Because there are limits to how many changes
people are able to focus on at once, one possibility is to
characterize an individual by having them indicate a few rewards
and costs, which they find to be most salient (eg, someone who
especially finds planning difficult or does not like the idea of
dieting). A personalizable system can then suggest interventions
that focus on these salient factors. Additionally, a catalogue of
psychological factors can be used as a method for characterizing
the features of existing weight loss technologies, which can be
used to help individuals choose systems that support their
specific needs.

Finally, personalization is important for features that involve
motivation from others. Our study found significant variation
as to whether individuals found social support and encouraging
messages motivating or seriously annoying. Thus, motivating
messages should be administered with caution because they can
be hindering as well as helpful.

Limitations
The themes of our study were based on interviews with
relatively well-educated participants from the United Kingdom
and United States. While our themes are not obviously related
to education or economic status, it is possible that less educated
populations or those from different socioeconomic backgrounds
or cultures may have different considerations for weight
management. For example, recent studies have found links

between traits of self control and educational attainment and
wealth [46,51]. Thus, it is possible that lower income and less
educated populations may need greater self control aids than
those from our study.

Finally, our study is based on self-reports and studies have
shown that people are not always accurate at making choices
that would be best for themselves [52]. Our studies are based
on people’s reflections of past experiences, and there may be
discrepancies between what people report to be motivating and
discouraging factors versus what factors actually are influential
in the moment of experience [53]. For example, half our survey
respondents reported they would not like to receive motivational
messages from a computer. However, previous research has
found that computer-based motivational messages during a
computer-based task improved people’s positive affect,
enjoyment, willingness to work, and self-perceived performance
by a factor of 1.5-2 [54]. Remarkably, this improvement
occurred even though people knew that these messages were
not contingent on their actual performance. While the study
[54] was not in the domain of weight loss, this unintuitive result
suggests the possibility that computer-based motivation might
be more effective than people assume it to be.

Conclusions
We have shown how a reward-cost driven inquiry is useful for
understanding the psychological constructs in a given behavior
change context and for informing persuasive systems design.
We applied this framework to understanding the psychological
constructs that surrounded individuals’ weight management
efforts. Our study identifies a variety of rewarding and costly
factors that surround individuals’ positive and negative weight
management choices. In a follow-up questionnaire study, we
found these factors to be experienced by the majority across a
wider population. We applied decision theory to these factors
to produce suggested design principles for persuasive systems
and discuss where these point to open design opportunities that
warrant further exploration.
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Abstract

Background: Dietary assessment methods are important tools for nutrition research. Online dietary assessment tools have the
potential to become invaluable methods of assessing dietary intake because, compared with traditional methods, they have many
advantages including the automatic storage of input data and the immediate generation of nutritional outputs.

Objective: The aim of this study was to develop an online food frequency questionnaire (FFQ) for dietary data collection in
the “Food4Me” study and to compare this with the validated European Prospective Investigation of Cancer (EPIC) Norfolk printed
FFQ.

Methods: The Food4Me FFQ used in this analysis was developed to consist of 157 food items. Standardized color photographs
were incorporated in the development of the Food4Me FFQ to facilitate accurate quantification of the portion size of each food
item. Participants were recruited in two centers (Dublin, Ireland and Reading, United Kingdom) and each received the online
Food4Me FFQ and the printed EPIC-Norfolk FFQ in random order. Participants completed the Food4Me FFQ online and, for
most food items, participants were requested to choose their usual serving size among seven possibilities from a range of portion
size pictures. The level of agreement between the two methods was evaluated for both nutrient and food group intakes using the
Bland and Altman method and classification into quartiles of daily intake. Correlations were calculated for nutrient and food
group intakes.

Results: A total of 113 participants were recruited with a mean age of 30 (SD 10) years (40.7% male, 46/113; 59.3%, 67/113
female). Cross-classification into exact plus adjacent quartiles ranged from 77% to 97% at the nutrient level and 77% to 99% at
the food group level. Agreement at the nutrient level was highest for alcohol (97%) and lowest for percent energy from
polyunsaturated fatty acids (77%). Crude unadjusted correlations for nutrients ranged between .43 and .86. Agreement at the food
group level was highest for “other fruits” (eg, apples, pears, oranges) and lowest for “cakes, pastries, and buns”. For food groups,
correlations ranged between .41 and .90.

Conclusions: The results demonstrate that the online Food4Me FFQ has good agreement with the validated printed EPIC-Norfolk
FFQ for assessing both nutrient and food group intakes, rendering it a useful tool for ranking individuals based on nutrient and
food group intakes.

(J Med Internet Res 2014;16(6):e150)   doi:10.2196/jmir.3105
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Introduction

Associations between dietary behaviors and chronic health risks
have been established on numerous occasions [1,2], making the
ability to measure dietary intake crucial for researchers and
public health practitioners to improve health outcomes [3,4].
Dietary assessment methods are used for quantification of both
short- and long-term (habitual) dietary intakes, and are essential
tools in epidemiological investigations and intervention studies
assessing relationships between diet and health in both
population and clinical settings [3,5].

Food records (or diaries), 24-hour recalls, and food frequency
questionnaires (FFQ) are the three principle assessment methods
that are used traditionally to measure dietary intake [6,7]. Food
records require respondents to record all foods and beverages
consumed over a specified period of time, generally between 3
and 7 days prospectively [8-10]. The 24-hour recalls are
interviewer led and entail asking the respondent to remember
and record all foods consumed in the preceding 24-hour period
[7,10,11]. FFQs are also retrospective assessment tools and
require respondents to report the frequency of consumption of
a predefined list of foods over a prolonged period of time,
typically the previous 6 or 12 months [7].

Internet availability and usage has increased globally over the
past decade and, as a result, traditional methods of dietary
assessment have been modified for online and electronic use in
both research and industry [12]. Compared with traditional
methods of dietary assessment, online methods allow for the
automatic storage of input data and the automatic generation of
nutritional outputs [13]. While traditional methods of dietary
assessment can be supplemented with food photograph atlases
to aid portion size recognition and estimation [14], online
methods of dietary assessment can be designed to incorporate
food photographs, making them more convenient for users to
complete [15-17]. Furthermore, compared with traditional
methods, online dietary assessment methods can be used to
target specific geographical population groups, can be accessed
remotely, and can be designed to be easy to complete.

The strengths and weaknesses of traditional dietary assessment
methods are well documented [8,18-21]. The quality of data
from any dietary assessment method, traditional or online, will
depend ultimately on the respondent’s accuracy in recording
the required details [22]. As a result, online food diaries may
have greater use commercially or for small dietary studies as
they require respondents to be highly motivated to record data
[22].

FFQs and 24-hour recalls are the most commonly used
approaches for assessing dietary intake for large population
studies [22]. Although Web-based 24-hour recalls have been
demonstrated to show good agreement with traditional methods
on numerous occasions [23-25,26], they are largely limited by
the day-to-day variability in dietary intake and may not
accurately assess intakes of foods that are eaten infrequently
(eg, oily fish). As a result, multiple 24-hour recalls over several

non-consecutive days are required to reflect usual dietary intake
[22]. Unlike food records and 24-hour recalls, FFQs can capture
long-term dietary intake in a single administration and are less
cumbersome to complete [27-29]. Although FFQs have often
been reported to bear the greatest amount of measurement error,
not only when considering under-reporting but also
over-estimation of dietary intakes [30], they have been shown
to have good validity for ranking nutrient intakes on numerous
occasions [20-22,31]. As a result, they can be used to categorize
nutrient intakes as “low”, “recommended”, or “high” compared
with recommended intakes, rendering them invaluable tools for
assessing nutritional intake status [20-21].

In recent years, many well-established FFQs have been
developed into Web-based versions and there is a growing body
of evidence demonstrating that data from Web-based FFQs are
comparable with data from printed versions and/or have good
validity with reference methods such as 24-hour recalls and
food diaries [15-17,32]. Web-based FFQs possess many benefits
over printed questionnaires: they are more cost-effective, they
can be pre-programmed to ensure all questions are answered,
and photographs can be incorporated to enhance food
recognition and portion size estimation [15,17,32].

The present study was conducted as part of the EU 7th European
Framework Programme “Food4Me” project [33]. The Food4Me
project aims to investigate the potential of, and public attitudes
toward, personalized nutrition and is the first study of its kind
designed to emulate an entirely Web-based, personalized
nutrition service [34].

The objectives of the present study were to develop an online
FFQ for dietary data collection in the Food4Me study and to
compare estimates of intakes obtained using this tool with those
obtained from the validated European Prospective Investigation
of Cancer (EPIC) Norfolk printed FFQ [35].

Methods

Development of the Online Food4Me Food Frequency
Questionnaire

Overview
The online Food4Me FFQ was designed to assess food and
nutritional intake across seven centers in Europe, as part of a
dietary intervention study within the Food4Me project [33].
The design and development of the novel online Food4Me FFQ
was led by researchers at University College Dublin and
software company Creme Global (Dublin, Ireland).

The well-validated EPIC-Norfolk FFQ (version
CAMB/PQ/6/1205) [35] was used as a guide for food items and
food group categories. In developing the Food4Me FFQ, the
original 130 food items presented in the EPIC-Norfolk FFQ
were expanded upon to incorporate an additional 27 commonly
consumed food items that were considered nutritionally
important across the seven EU countries in the Food4me study.
In expanding the food list, some food items were added (eg,
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tortillas, wraps) to existing food categories; some new foods
were added to existing food items (eg, “noodles and cous cous”
were added to “white pasta or green pasta”), and, in some cases,
existing food items were split into more defined types (eg, “oily
fish, fresh or canned” was split into “non-smoked oily fish,
canned” and “non-smoked oily fish, fresh”). Standardized color
photographs were incorporated into the online Food4Me FFQ
to facilitate accurate portion size estimation. As in the printed
EPIC-Norfolk FFQ, the 157 food items were divided into 11
categories viz, “cereal”, “bread and savory biscuits”, “potatoes,
rice, and pasta”, “meat and fish”, “dairy products”, “fats and
spreads”, “sweets and snacks”, “soups, sauces, and spreads”,
“drinks”, “fruit”, and last, “vegetables”. In addition, the
Food4Me FFQ included an additional section on dietary habits
with further questions relating to additional foods consumed,

the addition of salt to foods, consumption of fried foods, and
supplement use (as in the EPIC-Norfolk FFQ).

Frequency of intake was estimated by asking, “How often would
you have consumed each of the following in the past month?”
and participants could select their frequency from nine
categories of intake ranging from “never (<1 per month)” to
“6+ per day”. After selecting their frequency of consumption,
participants were asked to choose their usual serving size from
a range of portion size pictures for each food item (see Figure
1). The online Food4Me FFQ was pre-programmed to ensure
that a frequency of consumption was reported for every food
item before the participant could submit the FFQ and was
designed so that participants could check and/or modify previous
responses before submitting the FFQ. Illustrations of the
Food4Me FFQ are shown in Figure 1 and Multimedia Appendix
1.
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Figure 1. Screenshot of the online Food4Me Food Frequency Questionnaire.

Nutritional Composition and Portion Sizes
Nutritional composition and portion sizes were calculated from
the 2008-2010 National Adult Nutrition Survey (NANS)
database, which consists of detailed dietary intake data for 1500
Irish adults [36].

The nutritional composition of the 157 food items, listed in the
Food4Me FFQ, was derived from the wider list of corresponding
foods within the NANS database. From these, the most
frequently consumed foods were identified and used to calculate
the composition of the list of foods in the Food4Me FFQ. For
example, for all pizzas consumed in the NANS dataset, the
nutritional composition per 100g was computed for the three
most frequently consumed and the mean of these was then

calculated to give a single nutritional composition for pizza.
The nutritional composition for the NANS dataset was analyzed
using WISP (Tinuviel Software, Anglesey, UK). WISP uses

the 5thand 6theditions of McCance and Widdowson’s The
Composition of Foods, plus all nine supplemental volumes to
generate nutrient intake data [37,38]. In addition, the nutritional
composition dataset was modified previously and updated to
include recipes of composite dishes, generic commercial foods,
new foods on the market, and current manufacturers’
information. For additional foods unique to a specific European
country in the Food4Me study, such as Greek baklava, the
relevant national food composition database was used.

For the calculation of portion sizes, the food codes for each of
the frequently consumed foods identified from the NANS
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database were merged and recoded into a single food code for
each food item listed in the FFQ. Using the newly assigned food
code, PASW Statistics version 18 (SPSS Inc Chicago, IL, USA)

was used to calculate the 25th, 50th, and 75thpercentiles of daily
intake, which represent small, medium, and large portion sizes
of these foods when consumed in the free living population.
Options for portion sizes above, below, and in between these
percentiles were also provided to accommodate the wide
variability in portion size across populations.

Photographs
Foods were purchased from local supermarkets and bakeries in
Dublin. All foods were prepared and photographs taken in the
Institute of Food and Health, University College Dublin. Food
photographs were taken by a professional photographer over 5
days/sessions. A standard dining set of plates and cutlery,
positioned uniformly with the same lighting, was used for each
session. The calculated NANS portion sizes were used as a
guideline and all foods were weighed out using calibrated
portable food scales (Tanita, Japan).

Study Sample and Study Design

Overview
The comparison of the online Food4Me FFQ with the printed
EPIC-Norfolk FFQ was conducted in two centers involved in
the Food4Me study (University College Dublin and University
of Reading) using the English language version of the
questionnaire (consisting of 157 food items). The study received
approval from the ethical committees at both universities and
was carried out between March and October 2012
(LS-11-118-Gibney-Walsh and 01/12-Lovegrove respectively).
Participants (n=177) aged ≥18yrs were recruited at both centers.
Participants were provided with an information sheet explaining
the study, signed a consent form, and completed a brief
screening questionnaire either in person or by post. Weight and
height were self-reported. Individuals with
self-reported/diagnosed food intolerances/allergies or those
receiving dietary advice were ineligible to participate.

Eligible participants completed both the online Food4Me FFQ
and the printed EPIC-Norfolk FFQ in random order. The printed
EPIC-Norfolk FFQ was modified to ask participants’ about
their food intake over the past month rather than over the past
year. To minimize possible effects of temporal changes in
dietary intake, participants with more than 4 weeks between
completing both FFQs were excluded from analyses. The printed
EPIC-Norfolk FFQ was delivered to the participant in person
or by post. The Food4Me FFQ was accessed via a hyperlink to
the website sent in an email containing the participant’s
individual username and password.

Under-Reporters
The Henry equation was used to calculate basal metabolic rate
(BMR) and BMR was multiplied by 1.1 to calculate the lowest
possible estimated energy requirements (EER) for each
participant [39]. Participants reporting energy intakes lower
than their EER were classified as under-reporters.

Dietary Intake Analysis
Printed EPIC-Norfolk questionnaires were coded using the
specified template format and cross-checked before sending to
Strangeways Research Laboratory (University of Cambridge)
for processing using FETA software [40]. The nutritional
composition database used in the EPIC-Norfolk FFQ is based

on the revised and extended 5thedition of McCance and
Widdowson’s The Composition of Foods plus supplemental
volumes [41]. The Food4Me FFQ nutritional intake data was
generated automatically by the online Food4Me programmed
system, as described above. For the purpose of the current study,
consumption of dietary supplements was not included in the
analyses.

Data were imported into SPSS for analysis and descriptive
statistics were computed to describe the general characteristics
of participants. Mean nutrient intakes and standard deviations
were determined for both FFQs. General linear model analysis
controlling for energy was used to compare nutrient intakes
between the FFQs. Correlation coefficients were computed to
assess the association between the two methods. The relative
agreement between the two FFQs was assessed using
cross-classification of nutrient intakes to estimate the percentage
of participants who were classified by the two methods into
quartiles of “exact agreement”, “exact agreement plus adjacent”,
“disagreement”, and “extreme disagreement”. Bland and Altman
analysis was performed for the macronutrients to assess the
limits of agreement between the two FFQs. For each
macronutrient, the differences of the mean between the two
methods (EPIC−Food4Me) were plotted against the average of
the two methods ([EPIC+Food4Me]/2). Methods were
considered comparable if greater than 95% of data plots lay
within the limits of agreement (mean ± 2SD).

Differences in food group intakes between the two methods
were examined. To do this, the food items in the EPIC-Norfolk
and Food4Me FFQs were arranged into 35 food groups.
Independent samples t tests were used to compare daily food
group intakes between the two FFQs. Bland and Altman analysis
was performed for the food groups to assess the limits of
agreement between the two FFQs. Spearman’s correlation
coefficients (SCC) were computed to assess the associations
between the two methods for the daily intake of each of the 35
food groups. To assess the relative agreement between the two
methods for daily food group intake, food group intakes were
cross-classified to estimate the percentage of participants
classified by the two methods into quartiles of “exact
agreement”, “exact plus adjacent agreement”, and
“disagreement”. All data were analyzed using PASW Statistics
version 18 (SPSS Inc Chicago, IL, USA). P<.05 was considered
statistically significant. GraphPad PRISM version 6 was used
to produce the Bland and Altman plots (GraphPad Software,
Inc California, USA).

Results

Overview of the Study Population
A total of 177 participants were screened to participate in the
study with 159 eligible for inclusion. Following initiation of
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the study, 27 participants dropped out, as shown in Figure 2.
Reasons for dropouts included external commitments, for
example, holidays and technical issues. A further 19 participants
were excluded from the analysis: 16 had >4 weeks between
completion of the two FFQs and 3 reported energy intakes
>4500 kcal per day with the Food4Me FFQ (considered to be
unrealistically high) [42]. The final data set, therefore, consisted
of 113 participants as illustrated in Figure 2. The results
presented here are for the dietary assessment of 67 females
(59.3%) and 46 males (40.7%) who completed both the printed
EPIC-Norfolk FFQ and online Food4Me FFQ in random order.

Demographic characteristics of the study population are
presented in Table 1. Overall, for all participants, there were no
significant differences in age for males and females; however,
self-reported body mass index (BMI) was significantly lower
for females compared with males. As shown in Table 1,
significant differences in age, weight, and BMI were observed
across the two centers. The participants recruited in Dublin were
significantly older (P<.005), were significantly heavier (P<.005),
and had higher BMI (P<.05) than those recruited in Reading.

Table 1. Demographic characteristics of the study population in total and across centers, by gender.

Demographic characteristics, mean (SD)Participants

BMI (kg/m2)aWeight (kg)Age (y)n

All Participants

24.3 (3.0)77.3 (11.3)32.0 (12.6)46Male

22.6 (2.6)d62.2 (9.4)29.0 (8.0)67Female

23.3 (2.9)68.4 (12.6)30.0 (10.2)113All

Dublin Participants

24.8 (2.8)78.6 (10.6)35.1 (13.0)32Male

23.1 (2.5)e64.3 (8.9)30.2 (7.2)32Female

24.0 (2.8)71.5 (12.1)32.6 (10.7)64All

Reading Participants

23.1 (3.2)74.3 (12.4)24.2 (7.6)b14Male

22.2 (2.6)60.3 (9.4)27.9 (8.6)35Female

22.5 (2.8)c64.3 (12.1)b26.9 (8.4)b49All

aBody mass index (BMI) based on self-reported weight and height.
bSignificantly different between centers, P<.005.
cSignificantly different between centers, P<.05.
dSignificantly different from males, P<.005.
eSignificantly different from males, P<.05.
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Figure 2. Flow of participants through the study. FFQ: food frequency questionnaire.

Comparison of Nutrient Intakes Between the Two
Questionnaires
Mean energy and nutrient intakes estimated from the two FFQs
are presented in Table 2. Energy intakes were significantly
higher for the Food4Me FFQ in comparison with the
EPIC-Norfolk FFQ (P<.001). However, when the occurrence
of under-reporting was examined, 58 participants were classified
as under-reporters with the EPIC-Norfolk FFQ compared with
only 20 participants for the Food4Me FFQ. Of the 20
participants’ under-reporting in the Food4me FFQ, 18 also
under-reported using the EPIC-Norfolk FFQ (90%).

After controlling for energy, intakes of macronutrients showed
relatively good agreement with no significant differences in
energy derived from total fat, saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), or carbohydrates.
Significant differences were observed in both total
polyunsaturated fatty acid intake and % energy derived from
polyunsaturated fatty acids (PUFA), at P<.001. Examination
of differences at a micronutrient level demonstrated no
significant differences between the two FFQs for intakes of
calcium, vitamin B12, and vitamin D. Significant differences
were observed for intakes of folate, iron, carotene, riboflavin,
thiamin, vitamin B6, vitamin C, vitamin A (RE), retinol, vitamin
E, and sodium (Table 2). However, after controlling for energy
and, where appropriate, center, randomization group and/or
gender, vitamin C and vitamin A (RE) were no longer
significantly different (Table 2). The removal of under-reporters
reduced the agreement between the two FFQs for total fat (%
total energy [TE]), but improved the agreement for protein (%
TE) showing no significant difference when controlling for
energy, center, and gender (both alone and in combination), as
shown in Table 3.

Bland and Altman plots for mean daily energy, total fat, protein,
and carbohydrate intakes are presented in Figure 3. The Bland
and Altman plot for energy indicated broad limits of agreement.
The mean difference in estimated energy intake between FFQs
was relatively high (676 kcal/d) with greater energy intakes
recorded using the Food4Me FFQ compared with the
EPIC-Norfolk FFQ. In addition, the difference in estimates of
energy intakes between FFQs became progressively greater
with higher mean intakes (Figure 3). Despite this, less than 5%
of cases fell outside the limits of agreement for energy (n=5),
confirming an acceptable level of agreement between the two
methods.

As illustrated in Figure 3, similar to energy, the difference in
estimates of total fat (g) and protein (g) intakes between the two
FFQs became progressively greater with higher mean intakes.
Poor levels of agreement between the methods were observed
for the macronutrients, with greater than 5% of cases falling
outside the limits of agreement for protein (g) (n=8),
carbohydrate (g) (n=6), and total fat (g) (n=6). After adjusting
for energy, the agreement between the two methods improved,
as less than 5% of cases fell outside the limits of agreement for
both carbohydrate (% TE) (n=4) and total fat (% TE) (n=4)
(Figure 3). Although energy adjustment improved the
distribution of cases for protein, more than 5% of cases (n=7)
remained outside the limits of agreement [43], indicating a
poorer level of agreement between the methods for protein (%
TE). Correlation coefficients for estimates of nutrient intakes
between the two FFQs are presented in Table 4. The mean
correlation coefficient for nutrient intake between the two FFQs
was .60. Correlations varied from .43 (polyunsaturated fatty
acids % TE) to .86 (alcohol). For micronutrients, correlation
coefficients were lowest for thiamin (.46) and highest for
vitamin C (.69). The cross-classification of mean daily intakes
between the two FFQs are also shown in Table 4. The
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percentage of participants classified into quartiles of “exact
agreement” varied from 37% (polyunsaturated fatty acids %TE)
to 63% (alcohol). The percentage of participants cross-classified
into quartiles of “exact agreement plus adjacent” was lowest
for polyunsaturated fatty acids (77%) and highest for alcohol

(97%). Although the mean percentage of participants classified
into quartiles of “disagreement” (opposite plus extreme
quartiles) was 15%, the mean percentage categorized into
quartiles of “extreme disagreement” was 2.5%.

Table 2. Mean daily nutrient intakes estimated by printed EPIC-Norfolk FFQaand online Food4Me FFQ (n=113).

P valuecP valuebFood4Me FFQ,mean (SD)EPIC-Norfolk FFQ,mean (SD)Nutrient

--2356.08 (809.36)1684.62 (483.41)Energy (kcal)

.001.00189.48 (38.23)66.10 (24.27)Total Fat (g)

.03.0733.50 (5.31)34.88 (6.18)Total Fat (% TEd)

.29.2936.03 (16.52)24.91 (10.50)SFAe (g)

.73.5213.39 (2.78)13.13 (3.40)SFA (% TE)

.09.0932.82 (14.84)23.26 (8.75)MUFAf(g)

.99.9912.27 (2.54)12.26 (2.35)MUFA (% TE)

<.001<.00114.33 (5.97)12.18 (6.33)PUFAg(g)

<.001<.0015.46 (1.15)6.44 (2.63)PUFA (% TE)

.91.2696.92 (36.87)75.53 (21.82)Protein (g)

.001.00116.56 (3.35)18.33 (4.24)Protein (% TE)

.12.09281.89 (96.48)197.09 (69.81)Carbohydrate (g)

.06.1148.41 (6.91)46.82 (8.14)Carbohydrate(% TE)

.001.04130.00 (48.61)103.92 (45.78)Total sugars (g)

.18.1813.61 (15.72)7.21 (9.10)Alcohol (g)

.17.171159.12 (459.22)835.03 (255.85)Calcium (mg)

<.001<.001375.16 (136.40)250.16 (68.70)Total folate (µg)

<.001<.00115.91 (5.97)9.70 (2.74)Iron (mg)

.02.0015811.99 (4180.17)3512.61 (2004.14)Total carotene (µg)

.02.022.42 (0.92)1.74 (0.47)Riboflavin (mg)

<.001<.0012.42 (1.66)1.34 (0.37)Thiamin (mg)

.01.032.84 (1.08)2.03 (0.52)Vitamin B6 (mg)

.49.497.22 (3.24)5.93 (2.79)Vitamin B12 (µg)

.11.003164.50 (87.85)107.12 (55.87)Vitamin C (mg)

.95.041735.23 (3712.62)984.94 (470.95)Vitamin A (RE) (µg)

.02.02445.73 (277.59)385.73 (300.15)Retinol (µg)

.48.443.67 (2.15)2.96 (1.90)Vitamin D (µg)

<.001<.00110.71 (4.32)10.64 (4.63)Vitamin E (mg)

<.001<.0012597.38 (1070.53)2442.27 (772.86)Sodium (mg)

<.001<.0016.49 (2.68)6.11 (1.93)Salt (g)

aFFQ: food frequency questionnaire.
bAll P values were derived by controlling for energy using general linear model analysis.
cControlled for energy and, where appropriate, center, gender, and randomization group using general linear model analysis. No significant interactions
were observed between method and gender, center and randomization group.
dTE: total energy.
eSFA: saturated fatty acids.
fMUFA: monounsaturated fatty acids.
gPUFA: polyunsaturated fatty acids.
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Table 3. Mean daily nutrient intakes estimated by printed EPIC FFQa(n=55) and online Food4Me FFQ (n=93) with under-reporters removed.

P valuecP valuebFood4Me (n=93),mean (SD)EPIC (n=55),mean (SD)Nutrient

 --2573.63 (714.10)2023.79 (402.71)Energy (kcal)

.01.0198.82 (35.18)80.68 (20.15)Total Fat (g)

.04.0434.11 (5.08)35.84 (4.72)Total Fat (% TE d)

.60.6039.88 (15.46)30.43 (9.44)SFAe(g)

.76.7613.68 (2.71)13.54 (3.02)SFA (% TE)

.30.3036.33 (13.82)28.51 (7.58)MUFAf(g)

.78.7812.55 (2.47)12.65 (1.97)MUFA (% TE)

<.001<.00115.72 (5.57)14.80 (5.29)PUFAg(g)

<.001<.0015.50 (1.13)6.57 (1.97)PUFA (% TE)

.30.85105.73 (33.99)85.69 (17.42)Protein (g)

.22.2216.53 (3.26)17.21 (3.29)Protein (% TE)

.48.48306.18 (87.44)239.40 (70.54)Carbohydrate (g)

.36.4547.97 (6.94)47.04 (7.61)Carbohydrate (% TE)

.001.009141.51 (44.27)131.41 (47.46)Total sugars (g)

.33.3314.80 (16.84)8.50 (11.60)Alcohol (g)

.14.141256.82 (442.11)956.48 (226.18)Calcium (mg)

<.001<.001403.13 (125.66)285.67 (63.38)Total folate (µg)

<.001<.00117.18 (5.61)10.91 (2.58)Iron (mg)

.004.0046280.68 (4311.00)4078.51 (2051.75)Total carotene (µg)

.03.032.60 (0.90)1.97 (0.41)Riboflavin (mg)

.001.0012.48 (1.48)1.55 (0.35)Thiamin (mg)

.01.023.09 (1.01)2.32 (0.47)Vitamin B6 (mg)

.72.727.82 (3.20)6.88 (2.93)Vitamin B12 (µg)

.11.01178.47 (87.62)126.64 (57.42)Vitamin C (mg)

.53.531917.85 (4067.44)1190.08 (471.67)Vitamin A (RE) (µg)

.01.01481.24 (287.30)490.82 (323.56)Retinol (µg)

.58.583.98 (2.21)3.48 (2.03)Vitamin D (µg)

<.001<.00111.65 (4.07)13.06 (4.56)Vitamin E (mg)

<.001<.0012841.48 (1009.77)2879.23 (712.59)Sodium (mg)

<.001<.0017.10 (2.52)7.20 (1.78)Salt (g)

aFFQ: food frequency questionnaire.
bAll P values were derived by controlling for energy using general linear model analysis.
cControlled for energy and, where appropriate, center and/or gender using general linear model analysis. No significant interactions were observed
between method and gender or center.
dTE: total energy.
eSFA: saturated fatty acids.
fMUFA: monounsaturated fatty acids.
gPUFA: polyunsaturated fatty acids.
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Table 4. Unadjusted correlation coefficients and cross-classification of quartiles of mean energy and nutrient intakes derived from the online Food4Me

FFQaand printed EPIC-Norfolk FFQ.

Extreme disagreementg, (%)Disagreementf, (%)Exact agreement + adjacente, (%)Exact agreementd, (%)Correlationb

1128852.68Energy (kcal)

1109046.70Total Fat (g)

4227839.54cTotal Fat (% TEh)

199146.71SFAi (g)

2168438.63cSFA (% TE)

279347.70MUFAj(g)

2198139.57cMUFA (% TE)

4148639.56PUFAk(g)

1237737.43PUFA (% TE)

1148646.63Protein (g)

2158550.63Protein (% TE)

3168455.63Carbohydrate (g)

0128853.72c
Carbohydrate (%
TE)

269457.74Total sugars (g)

039763.86Alcohol (g)

3198145.51Calcium (mg)

3198149.53cTotal folate (µg)

5217944.48Iron (mg)

2208044.58Total carotene (µg)

4188238.52Riboflavin (mg)

5168440.46Thiamin (mg)

4158549.56Vitamin B6 (mg)

4198139.49Vitamin B12 (µg)

2118952.69Vitamin C (mg)

3188242.55Vitamin A (RE) (µg)

399148.65Retinol (µg)

4138742.57Vitamin D (µg)

4198143.57Vitamin E (mg)

1168450.58Sodium (mg)

aFFQ: food frequency questionnaire.
bCorrelation is significant at the .01 level (2-tailed) for all nutrients analyzed.
cPearson’s correlation.
dExact agreement: % of cases cross-classified into the same quartile.
eExact + adjacent agreement: % of cases cross-classified into the same or adjacent quartile.
fDisagreement: % of cases cross-classified 2 quartiles apart.
gExtreme quartiles: % of cases cross-classified into extreme quartiles.
hTE: total energy.
iSFA: saturated fatty acids.
jMUFA: monounsaturated fatty acids.
kPUFA: polyunsaturated fatty acids.
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Figure 3. Bland and Altman plots with mean difference and limits of agreement (solid line represents mean difference and dotted lines represent limits
of agreement). TE: total energy.

Comparison of Food Group Intakes Between the Two
Questionnaires
To examine differences in food group intakes between the two
FFQs, the food items in the EPIC-Norfolk FFQ and Food4Me
FFQ were aggregated into 35 food groups. Mean daily intakes
estimated from the two FFQs for the 35 food groups are
presented in Table 5. Mean daily intakes for 17 of the 35 food
groups analyzed were significantly higher for the online
Food4Me FFQ in comparison with the printed EPIC-Norfolk
FFQ.

Bland and Altman analysis for daily food group intake was
performed to examine the agreement between both methods.
Overall, acceptable levels of agreement were observed for 15
of the 35 food groups, with less than 5% of cases (n<6) falling
outside the limits of agreement. The Bland and Altman plots
for mean daily intakes for six of the 35 food groups (“rice, pasta,
grains, and starches”, “yoghurts”, “eggs and egg dishes”, “other
vegetables”, “fish and fish products”, “red meat”) are presented
in Figure 4. The mean difference between the methods (bias)

was small for all six food groups. Overall, these plots indicate
good agreement between the two methods for the assessment
of “rice, pasta, grains, and starches”, “yoghurts”, “eggs and egg
dishes”, and “red meat”. Poorer agreement was observed for
“other vegetables” and “fish and fish products/dishes”, with
more than 5% of cases (n=7) outside the limits of agreement
for both food groups [43].

SCC and cross-classification of mean daily food group intakes
are presented in Table 6. The mean SCC for food group intake
between the two FFQs was .68 and SCCs ranged from .41 for
“savories” (lasagna, pizza) to .90 for “other fruits” (apples,
pears, citrus fruits). High correlations (SCCs≥.5) were observed
for 32 of the 35 food groups. Overall, ranking participants into
quartiles of “exact agreement” was lowest for “cakes, buns, and
pastries” (35%) and highest for “bananas” (73%). The
percentage of participants cross-classified into quartiles of “exact
agreement plus adjacent” was lowest for “cakes, buns, and
pastries” (77%) and highest for “other fruits” (apples, pears,
citrus fruits) (99%). The mean percentage misclassified for all
food groups was 12%.
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Table 5. Mean daily food group intakes estimated by printed EPIC-Norfolk FFQaand online Food4Me FFQ (n=113).

P valuebFood4Me (grams), mean (SD)EPIC (grams), mean (SD)Food group

.2899.03 (87.54)87.26 (74.30)Rice, pasta, grains, and starches

<.00134.85 (29.75)17.69 (17.40)Savories (lasagna, pizza)

<.00143.93 (69.54)13.65 (19.69)White bread (rolls, tortillas, crackers)

<.00154.28 (67.59)28.20 (37.76)Wholemeal and brown breads and rolls

<.00193.91 (91.64)50.51 (50.67)Breakfast cereals and porridge

<.00118.94 (25.06)6.43 (10.56)Biscuits

.5019.70 (18.55)17.76 (24.47)Cakes, pastries, and buns

.08240.53 (178.04)280.97 (166.19)Milk

.04524.38 (29.29)17.36 (22.68)Cheeses

.00260.98 (99.82)29.20 (38.112)Yoghurts

.2112.61 (17.44)16.60 (28.48)Ice cream, creams, and desserts

<.00134.92 (36.39)18.63 (19.62)Eggs and egg dishes

.00514.75 (13.00)10.34 (10.38)Fats and oils (eg, butter, low-fat spreads, hard cooking fats)

.00368.18 (63.48)47.39 (35.00)Potatoes and potato dishes

.2314.13 (17.30)11.51 (15.43)Chipped, fried, and roasted potatoes

.2130.13 (31.56)25.46 (23.91)Peas, beans, and lentils and vegetable and pulse dishes

.6828.06 (35.97)26.31 (27.96)Green vegetables

.1023.83 (23.43)18.93 (20.84)Carrots

.1110.28 (10.97)13.00 (14.45)Salad vegetables (eg, lettuce)

.14111.62 (96.73)96.05 (53.06)Other vegetables (eg, onions)

.2518.84 (26.22)15.30 (19.10)Tinned fruit or vegetables

.2661.54 (70.20)52.00 (55.01)Bananas

.01218.90 (206.63)156.69 (140.10)Other fruits (eg, apples, pears, oranges)

.192.48 (5.79)3.54 (6.67)Nuts and seeds, herbs and spices

.00148.29 (48.70)29.99 (31.68)Fish and fish products/dishes

.7512.11 (14.33)12.76 (16.81)Bacon and ham

.00341.31 (39.25)26.87 (31.75)Red meat (eg, beef, veal, lamb, pork)

.0742.79 (53.92)31.47 (37.20)Poultry (chicken and turkey)

<.00119.76 (23.18)9.15 (10.18)Meat products (eg, burgers, sausages, pies, processed meats)

.002200.32 (261.08)104.80 (182.33)Alcoholic beverages

.407.04 (9.53)8.15 (10.21)Sugars, syrups, preserves, and sweeteners

.7125.31 (24.53)23.87 (32.88)Confectionary and savory snacks

.00183.76 (84.80)51.83 (52.32)Soups, sauces, and miscellaneous foods

.25472.08 (403.98)533.78 (398.43)Teas and coffees

<.001213.66 (204.12)109.73 (123.90)Other beverages (eg, fruit juices, carbonated beverages, squash)

aFFQ: food frequency questionnaire.
bAll P values were derived using independent samples t tests.
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Table 6. Spearman’s correlation coefficients (SCC) and cross-classification of quartiles of food group intake.

Disagreementc(%)Exact agreement + adjacentb(%)Exact agreementa(%)SCCFood group

69455.76Rice, pasta, grains, and starches

217936.41Savories (lasagna, pizza)

178342.55White bread (rolls, tortillas, crackers)

89254.74Wholemeal and brown breads and rolls

79362.76Breakfast cereals and porridge

139045.67Biscuits

237735.48Cakes, pastries, and buns

208049.55Milk

158550.66Cheeses

118958.70Yoghurts

198143.49Ice cream, creams, and desserts

178343.59Eggs and egg dishes

148643.64Fats and oils (eg, butter, low-fat spreads, hard cooking
fats)

178344.61Potatoes and potato dishes

128845.63Chipped, fried, and roasted potatoes

178349.66Peas, beans, and lentils and vegetable and pulse dishes

99156.76Green vegetables

158551.65Carrots

168450.58Salad vegetables (eg, lettuce)

109047.67Other vegetables (eg, onions)

109053.72Tinned fruit or vegetables

49673.88Bananas

19970.90Other fruits (eg, apples, pears, oranges)

178356.68Nuts and seeds, herbs and spices

109051.73Fish and fish products/dishes

99150.75Bacon and ham

79350.69Red meat (eg, beef, veal, lamb, pork)

178348.69Poultry (chicken and turkey)

138753.67Meat products (eg, burgers, sausages, pies, processed
meats)

59566.87Alcoholic beverages

89262.79Sugars, syrups, preserves, and sweeteners

128853.66Confectionary and savory snacks

188243.53Soups, sauces, and miscellaneous foods

79359.77Teas and coffees

89260.79Other beverages (eg, fruit juices, carbonated beverages,
squash)

aExact agreement: % of cases cross-classified into the same quartile.
bExact + adjacent agreement: % of cases cross-classified into the same or adjacent quartile.
cDisagreement: % of cases cross-classified 2 quartiles apart.
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Figure 4. Bland and Altman plots for selected food groups with mean difference and limits of agreement (solid line represents mean difference and
dotted lines represent the limits of agreement).

Discussion

Principal Results and Comparisons With Other Work
The present study demonstrates the development of a novel
online FFQ and its comparison with the validated printed
EPIC-Norfolk FFQ [35]. The Food4Me FFQ was developed to
capture dietary intake in an online fashion. It was designed to
include a range of portion size options and incorporated food
photographs to aid food recognition and portion size estimation.

Overall, the current results demonstrate good agreement between
the online Food4Me FFQ and the printed EPIC-Norfolk FFQ
for both nutrient and food group intakes. Cross-classification
of daily energy and nutrient intakes showed good agreement
between the two FFQs indicating that the online Food4Me FFQ
generates ranks of dietary intakes that are highly comparable
with the previously validated printed EPIC-Norfolk FFQ.
Similar to many previous published studies, classification into
exact plus adjacent quartiles ranged from 77% to 97% and exact
disagreement/misclassification ranged between 0% and 5%
[21,28,44,45]. Furthermore, Bland and Altman plots
demonstrated an acceptable level of agreement between the two
methods for energy and total fat and carbohydrate intakes as a
percentage of total energy.

In the present study, there were moderate to high correlation
coefficients, ranging from .43 to .86, between the methods for
individual nutrients. For the majority of nutrients analyzed, the
correlation coefficients were within the ranges recommended
by Willet et al [46] and Masson et al [47]; 25 out of 29 of the
nutrients had a correlation ≥.50 of which four had a correlation
>.70, indicating that estimates of intake obtained using the
Food4Me FFQ are strongly correlated with those from the
printed EPIC-Norfolk FFQ. The mean correlation coefficient
was .60, which is within the range of those reported in the

literature [16,32]. Furthermore, the ranges of correlation
coefficients obtained in the present study are similar to those
reported by Kristiansen et al [48]. The latter authors compared
estimates of nutrient intake obtained at two time points by a
semi-quantitative FFQ that had undergone slight modifications
and obtained correlations ranging from .43 to .75.

Analyses at the food group level also showed good agreement
between the EPIC-Norfolk and Food4Me FFQs. Validation
studies of FFQs examining food group intakes have reported
SCC ranging from .46 to .87 [49] and .14 to .90 [50]. In the
current study, correlation coefficients >.50 were obtained for
the majority of food groups showing that the Food4Me FFQ
has reasonable ranking ability for food group intake estimates,
and is comparable with the EPIC-Norfolk FFQ. Good agreement
between the two methods for quartile classification of food
group intakes was also observed with more than 75% of
participants correctly classified into the same or adjacent
quartiles for each of the food groups analyzed.

While we have demonstrated that the online Food4Me FFQ
shows good agreement with the printed EPIC-Norfolk FFQ
overall, some disagreement was observed between the two
FFQs, particularly in relation to energy intakes. Similar to
findings by Beasley et al [32], in the current study, the online
FFQ yielded higher estimates for mean nutrient intakes in
comparison to the printed FFQ. However, the percentage of
participants classified as under-reporters was 33.6% higher with
the printed EPIC-Norfolk FFQ compared with the online
Food4Me FFQ, indicating that the Food4Me FFQ may have a
greater ability to capture usual dietary intake than the
EPIC-Norfolk FFQ.

Multiple factors could have contributed to the discrepancies
observed in mean daily intakes and the occurrence of
under-reporting between the two methods. First, numerous
differences in food group consumption were observed between
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the two FFQs. For 17 of the 35 food groups (49%), mean daily
intakes were significantly higher with the online Food4Me FFQ
compared with the printed EPIC-Norfolk FFQ. In addition,
Bland and Altman plots demonstrated a poor level of agreement
between the methods for 20 of the 35 food groups (57%). The
low level of agreement for food group consumption between
the two methods is most likely attributable to differences in
reported food intake between both FFQs. The Food4Me FFQ
included an additional 27 food items not present in the printed
EPIC-Norfolk FFQ and as a result several of the 35 food groups
analyzed in the current study did not contain equal numbers of
food items for both methods. For example, the food group “fish
and fish products/dishes” consisted of 10 food items for the
Food4Me FFQ compared with six food items from the
EPIC-Norfolk FFQ. Such variances in the number of food items
aggregated into food groups (for both FFQs) could partly explain
the differences observed in mean daily food group intakes
between the two methods.

The additional 27 food items listed in the Food4Me FFQ would
have offered participants a greater selection of food items and,
as a result, both food group consumption and subsequent nutrient
intakes may be more reflective of true dietary intake. However,
it is also possible that the additional food items included in the
Food4Me FFQ may have resulted in an overestimation of
consumption frequency for particular nutrients and food groups.
This can occur when several food items of a single food group
are listed in a questionnaire [50]. Furthermore, despite both
FFQs being conducted within 4 weeks (to minimize temporal
changes in dietary intakes), there is also the potential that the
consumption of a particular food item/group was
recalled/reported with one FFQ and not the other (impacting
on nutrient and energy intakes).

A second factor potentially contributing to the differences
observed between the two FFQs is portion size estimation. The
online Food4Me FFQ incorporates a selection of portion sizes
for the majority of food items, as opposed to applying a standard
one to each food item. Presuming all participants consume
standard portion sizes is a generalization and the use of standard
portion sizes in heterogeneous population groups is likely to
result in additional inaccuracies [51]. Printed questionnaires are
limited in their ability to collect complex information (eg,
portion size consumption) due to practical restrictions in-built
in the questionnaire format [52]. It is more feasible to obtain
complex information with online questionnaires, which can be
designed to embed multiple photographs to aid with portion
size estimation. However, questionnaires with multiple portion
size options will exhibit more variability compared to those
without variable portion sizes (which may be a truer estimate
of actual intakes) [50]. When examining food group intakes,
Ocke et al [53] found that the use of photographs for dairy
desserts resulted in an overestimation of milk and milk products.
Other studies have reported that photographs have a positive
effect on the respondents’ ability to accurately estimate portion
sizes [14,32] and further investigation is needed to determine

whether the use of photographs in the Food4Me FFQ aids
portion size estimation and food recognition.

Third, the differences we observed between the two methods
in relation to daily nutrient intakes may have been related to
variances in the nutritional composition databases utilized in
both methods, as the nutritional composition database used to
calculate daily nutrient intakes is more up to date than that used
for analysis of the printed EPIC-Norfolk FFQ [41]. The
nutritional composition database used in the EPIC-Norfolk FFQ

is based on the revised and extended 5thedition of McCance and
Widdowson’s The Composition of Foods plus supplemental
volumes, while the nutritional composition data for the Food4Me

FFQ is based on the 6thand 5theditions of McCance and
Widdowson’s The Composition of Foods plus all nine
supplemental volumes [38,41].

Strengths and Limitations
The strengths of the current study include the cross-over design
and adequate sample size [46,54]. In addition, all participants
included in the analyses completed both questionnaires within
1 month, minimizing the likelihood of changes in dietary intake.
Limitations of the current study include the use of self-reported
weight and height measurements for all participants. BMR was
estimated using the Henry equations and therefore any errors
in these self-reported measurements could have impacted on
the frequency of under-reporting that we observed in the results.
Another limitation of the current study is that the majority of
participants involved were recruited from within the universities
and are therefore representative of a convenient sample rather
than a nationally representative sample. As the accuracy of any
dietary assessment method using self-report depends ultimately
on the cooperation and motivation of the participants, further
testing of the Food4Me FFQ will be necessary to establish its
wider utility.

Conclusions
In conclusion, the online Food4Me FFQ has good agreement
with the previously validated printed EPIC-Norfolk FFQ for
assessing both nutrient and food group intakes of healthy young
adults. While some differences were observed between the
methods, particularly in relation to mean daily nutrient and food
group intakes, good agreement was observed at both the nutrient
and food group level using a variety of analyses. The most
common use of an FFQ is not to measure absolute intake but
to rank individuals by their food and nutrient intakes [21]. In
the current study, the Food4Me FFQ was able to generate ranks
of nutrient and food group intakes that were highly comparable
with the validated EPIC-Norfolk FFQ, with levels of agreement
from quartile cross-classification similar to many previous
published studies. Therefore, the good agreement with the
printed EPIC-Norfolk FFQ combined with its ease of use make
the online Food4Me FFQ a useful tool for ranking individuals
based on their nutrient intake and could be potentially valuable
for use in other epidemiological studies.
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Abstract

Background: The emergency department (ED) is an environment fraught with increasing patient volumes, competing priorities,
fluctuating information, and ad hoc interprofessional clinical teams. Limited time is available to reflect on and discuss clinical
experiences, policies, or research with others on the involved team. Online resources, such as webcasts and blogs, offer an
accessible platform for emergency shift workers to engage in interprofessional discussion and education.

Objective: Our objective was to explore the current opportunities for shared learning and discussion and to discover the potential
of online resources to foster and facilitate interprofessional education within an academic tertiary emergency department
community.

Methods: A qualitative study using semistructured interviews was conducted to solicit participants’ views of the current culture
of IPE in the ED, the potential value of introducing new online resources and technology in support of IPE, and possible barriers
to uptake. Participation was voluntary and participants provided verbal informed consent.

Results: Online resources discussed included webcasts, interactive discussion forums, websites, and dashboard with links to
central repositories. Identified barriers to uptake of new online resources were an unwillingness to “work” off-shift, a dislike of
static one-directional communication, concerns with confidentiality, and the suggestion that new resources would be used by
only a select few.

Conclusions: Owing to the sensitive dynamics of emergency medicine—and the preference among its professional staff to
foster interprofessional discussion and education through personal engagement, in an unhurried, non-stressful
environment—introducing and investing in online resources should be undertaken with caution.

(J Med Internet Res 2014;16(6):e162)   doi:10.2196/jmir.3482
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Introduction

The emergency department (ED) is an unpredictable
environment characterized by competing priorities, frequent
interruptions [1], and constant demands on resources, personnel,
and time. The external demands from ED crowding limit
educational opportunities during clinical shifts where there is
little or no downtime for detailed discussion [2]. Emergency
physicians, nurses, and allied health practitioners within this
environment work in shifts, often of varying durations with
different start times, resulting in a constantly changing landscape
of staff, interprofessional clinical teams, and patients [3]. Owing
to these dynamics, there is limited opportunity while working
clinically in the ED to collectively discuss or debrief clinical
practice and experiences. Moreover, the inherent culture of
emergency medicine and the nature of shift work further limit
face-to-face interactions and attendance at scheduled events.
With these constraints on interprofessional education (IPE),
potential gains to communication, team behaviors, and
collaborative practice are lost [4,5].

One potential way to overcome the lack of time and space for
shared learning in the ED is through the use of online resources.
The increased connectedness that results from information and
communication technologies (ICT) has overcome geographic
barriers of rural or widely dispersed health practitioners, with
variable access to peers, specialists, and information resources
in other disciplines [6-8]. These tools can facilitate the evolution
of virtual “communities of practice” (VCoP) [9], groups of
individuals who share interests and expertise through online
collaboration. For example, discussion forums can facilitate
access to information, such as case management [10] and
practice issues [11], foster communication through a
collaborative and reflective environment [12-14], and serve as
a repository for educational content [11] and archived discussion
histories [10]. Such an online platform for knowledge
management using Web 2.0 technologies was evaluated for ED
physicians, nurses, and trainees and found to be a useable option
for collaboration [15]. Similarly, wikis (collaboratively
managed, information-based websites) have been explored as
possible knowledge translation tools designed to improve patient
care in trauma through access to evidence-based information
and standardized protocols and leading to information sharing
and teamwork [16]. However, while incorporating emerging
technologies into IPE programing may address the obstacles to
shared learning that exist in the ED environment, for ED staff,
the introduction of any new online resources should be
associated with a perceived usefulness and benefit to clinical
practice [17,18]. We sought to explore the perspectives,
attitudes, and receptivity of health professionals (HP) in the ED
community to inform the development of online platforms for
future IPE.

Methods

Aims
The aim of this study was to explore and describe (1) current
opportunities for shared learning and discussion among

emergency health care professionals, and (2) the potential value
and interest in online resources to foster and improve IPE within
the ED community.

Design
This qualitative study was conducted from July to September
2012 and used semistructured interviews to solicit participants’
views of the current culture of IPE in the ED, the potential value
of introducing new online resources and technology in support
of IPE, and possible barriers to uptake. Participation was
voluntary and participants provided verbal informed consent.
Ethical approval was received from the Institutional Research
Ethics Board.

Setting
St Michael’s Hospital Emergency Department is an urban,
academic, tertiary care center that serves over 72,000 patient
visits and approximately 650 trauma team activations annually.

Sampling and Recruitment
All current emergency department physicians, nurses, and allied
health professionals (25 medical doctors, 77 full-time registered
nurses, and 1 social worker) were invited to participate via email
by the study coordinator. Purposive sampling supplemented by
snowball sampling was used to capture a range of professions,
years in practice, and gender.

Qualitative Data Collection
Semistructured, one-to-one interviews were conducted by an
experienced, independent qualitative researcher not associated
with the emergency department. All interviews were digitally
audio-recorded for verbatim transcription. Interviews took place
either in person or by telephone at the convenience of the
participant.

Qualitative Analysis
All transcripts were checked against sound files for accuracy
and corrected where necessary. Data were then entered into
HyperResearch software for qualitative data analysis. A coding
structure was developed in discussion with the research team.
For the analysis, the method of constant comparison was used
[19] including searches for disconfirming evidence.

Results

Summary
Twelve semistructured one-to-one interviews were conducted
over a 6-week period between August and September 2012 with
a range of years of practice and professions (6 registered nurses,
5 medical doctors, and 1 social worker) represented (Table 1).
Interviews lasted between 17 and 34 minutes with an average
length of 27 minutes. Three were conducted in person, and the
remainder were conducted by telephone.
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Table 1. Demographics of ED participants.

n

Sex

4Male

8Female

Age

120-29

530-39

540-49

150-59

Years in emergency medicine

3<1-5

46-10

311-15

116-20

1>20

Years at study institution

4<1-5

36-10

411-15

016-20

1>20

Current Culture of Shared Learning
Although participants reported good working relationships
within and between professions, this did not necessarily translate
into a culture of shared learning. Discussion was described as
occurring within rather than between professional groups and
tended to be informal, brief, and accessed on an ad hoc basis,
leaving little if any time for substantive debriefing or unhurried
reflection. For example, “I would say, for the most part...the
culture is you tend to bounce things off of another physician,
maybe because they’re sort of in the same position as you and
have the same role, I guess in the same way like nurses tend to
talk to each other” [ED 12].

In addition, time pressure and increasingly demanding
workloads engendered a sense of apathy among many
emergency providers and affected staff willingness to attend
education and/or debriefing sessions on days when they were
not working:

I think there’s workload issues…Sometimes the
department is busier…doing anything else when you
leave here, like, you’re just totally fried. And then
coming in on your day off to, like, go and do
something is also a bit of a challenge, right? So I
think there’s a lot of barriers. [ED 07]

Perceived Potential Benefits of New Interprofessional
Education Opportunities
Overall, participants recognized that IPE held the potential to
enhance team dynamics and patient care and safety by providing
the chance to learn from errors and by improving understanding
of other HP roles and perspectives: “any time you share an
experience with the people that you work with it only makes
your cohesion, your communication, the way you work, better
together” [ED 07].

In addition, some participants felt that IPE could address
inequity in learning opportunities because current formal
meetings and rounds were predominantly physician-driven due
to scheduling and historical culture. More importantly, many
participants felt that improving discussion across the ED would
foster engagement, lead to higher levels of job satisfaction and
mutual support, and help thwart burnout: “I just think the
burnout is kind of there and it potentially could prevent some
of it, and just lead to more job satisfaction which, of course,
would improve patient care” [ED 06].

Acknowledging Emergency Department Culture
Although some participants attached little value to proposed
IPE opportunities—believing that the current culture was
adequate to meet their needs—others saw merit in the idea but
doubted they would participate in new initiatives because they
were so habituated to the current culture. In order to engage
staff, participants felt that any new learning opportunities should
be substantially “value-added”, should address compelling
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subject matter, and directly affect clinical practice. Many also
argued emphatically that new resources should consolidate and
replace those currently in existence to encourage uptake in
already overburdened ED staff. Finally, skepticism about the
value and effectiveness of IPE due to inherent professional and
hierarchical differences among emergency professionals must
be acknowledged:

So interprofessional learning is hot and it’s going to
be hot for two or three more years until we find the
new interprofessional learning...I’m not closing my
mind to it, I just don’t know what the value is in me
learning from other people downstream or upstream
of me. I don’t know what I’m supposed to do with
that. [ED 05]

Enhancing Interprofessional Education With
Technology

Overview
The potential utility of online resources and technology to
address the limitations of shared learning in the ED environment
was explored. Participants commented on a variety of possible
online resources including webcasts, discussion forums, and a
knowledge archive.

Webcasts
Participants’ responses to the proposed use of webcasts were
mixed. Although many saw value in the flexibility enabled by
webcasting (such as adding value in the workplace during
downtime and eliminating the issues and cost associated with
commuting and/or childcare), they also expressed doubt about
ever accessing such a resource because of its impersonal and
unidirectional nature and the limited access to computers in the
workplace.

Discussion Forums
A range of views was expressed about the value of an online
discussion forum as a vehicle for enabling discussion and shared
learning. Although discussion forums were preferred over
webcasting because of their interactive nature, asynchronous
features, and potential for sharing ideas and questions about
evolving clinical practice and new research, many felt such
interfaces would be adopted by only a few individuals because
participation during personal time was a critical factor for
success, interaction, and sustainability. Significant concerns
about confidentiality and the protection of patient information
were also raised: “the problem is how private can you be,
because you can just screenshot anything in your computer and
send that around…it really becomes a bit tricky” [ED 02].

In order for a discussion forum to be genuinely beneficial in
the eyes of the emergency health care professionals, it would
have to be secure and well moderated with clearly defined goals
for particular types of exchange.

Knowledge Archive
A technology-based resource that held the greatest appeal for
participants was a departmental website that would serve as a
centralized repository for information and documents critical
to patient flow in an emergency department, such as clinic

forms, policies, protocols, and important and frequently accessed
contact numbers. This kind of centralized “hub” would
potentially consolidate information of value to all team members
and improve on the current, rather haphazard system that was
not easily, consistently or universally accessible:

Taking these 58 fragments of how we’re supposed to
do things, whether it’s on a piece of paper stuck to
the wall, an old email, on a print-out that’s in the
doctors’ office, what somebody said this week…one
common base for all of it. That would be my ideal.
[ED 05]

Once established, it was suggested that additional, interactive
components, such as a blog or discussion forum, could then
evolve: “if the website had other things that we need for
work…different policies or things we might have to look up,
or the clinic referral forms…it’d be convenient enough that we
would use it during work, then you could probably tag on, say,
a blog there” [ED 12].

Consideration for Investment in Interprofessional
Education With Technology
Engaging in work during off hours was viewed as undesirable
by most participants, despite the value attached to enhancing
practice and patient care through participation in
technology-assisted IPE. The nature and culture of emergency
medicine with long shifts and fast-paced, unpredictable clinical
volumes and patient acuities reinforced the notion that time
away from work was a precious commodity: “people I think
work so hard here that it’s...they give so much that they
just...they’re done” [ED 01].

Moreover, many participants were concerned about continued
investment in tools and resources that did not fill a need and
did not consolidate or replace what was currently available. In
response to suggestions that investing in technology would
foster new and greater IPE opportunities, many felt that
face-to-face interaction was preferable. This was partly owing
to the sensitive nature of some discussions and partly because
they valued the opportunity to interact directly with colleagues
in an unhurried, non-stressful manner:

We’re human beings…no matter the way the world
is changing, we communicate face-to-face and it’s
important to be able to read facial expressions, body
language when we’re sharing things. I just think
having the warm body in the room makes the
experience that much more valuable. I can type my
feelings out in a discussion board but I’m certain that
it wouldn’t have as much value for me. [ED 03]

Discussion

Principal Findings
The findings of this study revealed a culture of collegial working
relationships between professions in the ED and the recognition
that interprofessional collaboration fosters communication,
positively impacts team dynamics, and in turn improves patient
care and safety. However, similar to the findings of Creswick
et al [20], shared learning occurrences in the ED were found to
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be “siloed” within professions. This was evident both in the
clinical arena and in educational rounds, which are more readily
offered and accessible to physicians. New IPE ventures must
address these current inequities and build upon the natural
rapport between professions in the clinical emergency setting
[3] to benefit all.

Important considerations in the development and implementation
of technology-based IPE opportunities for emergency HPs were
identified. To facilitate maximal uptake, new resources must
consolidate and unambiguously replace previously existing
resources and, more importantly, make processes easier and
more efficient rather than becoming an additional burden.
Creating new online resources that overlap with current, partially
abandoned resources is more likely to engender skepticism than
engagement among emergency HPs and to exacerbate “change
fatigue”. Demonstrable enhancement of practice in the ED
before implementation must be considered. As Ayatollahi et al
[17] showed, the perceived usefulness of technology was a more
powerful predictor of positive attitude than actual ease of use.
Likewise, usability and trust in information and communication
technology have been shown to be critical factors for the success
of virtual communities of practice [21].

The most well-received proposal to enhance shared learning
and discussion through the use of technology was for a
departmental website, initially serving as a knowledge archive
for frequently needed clinical resources. Online repositories are
not novel and have been successfully deployed as platforms for
knowledge management [22], including among emergency
medicine staff and trainees as an alternative portal to traditional
lectures and rounds [15]. Given the potential of the website to
add value to the emergency HP shift experience and flow,
successful implementation and uptake may enable the addition
of future, interactive components beyond its initial purpose as
demonstrated by Reid et al [23]. They described an intervention
initially established to enhance communication with an online
discussion board that evolved into a repository of documents,
presentations, and images, in addition to a value-added tool to
improve operations with group emails, scheduling, and
portfolios.

The findings of our study suggest that introduction of technology
to create more space for discussion and shared learning among
emergency HPs should be undertaken with caution. The
importance of face-to-face interaction among emergency staff
cannot be discounted because many topics are sensitive in
nature, and non-verbal cues are important to the dynamics of
interaction, discussion, and ultimately shared learning [21].
Platforms such as webcasts and discussion forums, which also
create potential space for shared learning and discussion were
largely considered impersonal and unlikely to be used by the
collective. This caution should be heeded as Tse and Wise [24]
found that while most participants in an online discussion forum
logged into the resource, two-thirds did not post any comments
because of self-consciousness about posts and a lack of time
due to competing demands—considerations translatable to the
ED.

A critical factor for the success of virtual communities of
practice (VCoP) is highly relevant or “value-added” content.
However, this alone may still not be enough to encourage uptake
of online resources. Dube found that despite including highly
relevant topics, VCoP have failed because members did not see
value in moving from the informal network to one that is online
[18], another consideration when planning online IPE.

Moreover, in an era of heightened privacy and increasing
legislative protection of information, many emergency HPs
were concerned about the challenge of maintaining
confidentiality [25]. The process for discussing case
management or practice in an online setting, where anything
posted on the Web can be reproduced and circulated without
restriction with a simple screenshot, is a serious matter that must
be addressed in advance of any implementation. Foong and
McGrouther [11] discuss this and suggest limiting access to a
selected group of users, but recognize that this is insufficient
protection. Reid et al [23] also emphasize that information
posted online must be considered to be in the public domain,
and patient confidentiality must be preserved. These are
important aspects to consider in relation to an initial knowledge
archive to share and learn from experiential information and to
any subsequent interactive discussion forum.

Finally, difficulties with sustaining the technologies were raised,
including updating and moderating the resource. Curran-Smith
and Best [12] identified skilled facilitators as pivotal to
sustaining and promoting meaningful discussion with
Web-based continuing education, while Archambault et al [16],
when developing an online wiki for trauma, were faced with
the frequency of changing information and the potential
difficulties with keeping the site updated. These considerations
have clear resource implications, which may pose further
challenges to implementation.

Limitations
Our study was conducted within a single emergency department.
Variations in culture between institutions, departments, and
HPs could yield differing perceptions of current opportunities
for technology-enhanced IPE and perceived barriers to
participation. As this was a small-scale exploratory study
intended primarily to inform proposals for possible
technology-based IPE initiatives in the ED, indications of data
saturation were beginning to emerge but were not fully
consolidated after 12 interviews.

Conclusions
Introducing online resources in the ED to support IPE and
discussion should be viewed with caution. New opportunities
must fill a clearly defined need, be value-added, and enhance
clinical practice through consolidating and simplifying existing
resources. Creating a collaborative website to improve process
and function may lead to a future interactive resource for shared
learning across professions.

 

J Med Internet Res 2014 | vol. 16 | iss. 6 | e162 | p.244http://www.jmir.org/2014/6/e162/
(page number not for citation purposes)

Riley et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
The authors thank all the emergency health care providers who gave their time to be interviewed for the study, the Clinical Leader
Manager who facilitated interviewing the nurses while on shift, editorial guidance of Andrea Meeson, and the mentorship afforded
by Dr Glen Bandiera.

This work was presented at the 2013 Collaborating across Borders IV Conference, Vancouver, British Columbia, June 13, 2013.

This work was supported by funds from the Department of Emergency Medicine Trust Fund, St Michael’s Hospital.

Conflicts of Interest
None declared.

References
1. Westbrook JI, Coiera E, Dunsmuir WT, Brown BM, Kelk N, Paoloni R, et al. The impact of interruptions on clinical task

completion. Qual Saf Health Care 2010 Aug;19(4):284-289. [doi: 10.1136/qshc.2009.039255] [Medline: 20463369]
2. Atzema C, Bandiera G, Schull MJ. Emergency department crowding: the effect on resident education. Ann Emerg Med

2005 Mar;45(3):276-281. [doi: 10.1016/j.annemergmed.2004.12.011] [Medline: 15726050]
3. Collin KM, Valleala UM, Herranen S, Paloniemi S. Ways of interprofessional collaboration and learning in emergency

work. Ways of Interprofessional Collaboration and Learning in Emergency Work Studies in Continuing Education 2012
Nov;34(3):281-300. [doi: 10.1080/0158037X.2011.617364]

4. Reeves S, Perrier L, Goldman J, Freeth D, Zwarenstein M. Interprofessional education: effects on professional practice
and healthcare outcomes (update). Cochrane Database Syst Rev 2013;3:CD002213. [doi: 10.1002/14651858.CD002213.pub3]
[Medline: 23543515]

5. World Health Organization (WHO). Framework for action on interprofessional education and collaborative practice. Geneva:
World Health Organization; 2010.

6. Cassidy L. Online communities of practice to support collaborative mental health practice in rural areas. Issues Ment Health
Nurs 2011;32(2):98-107. [doi: 10.3109/01612840.2010.535648] [Medline: 21247275]

7. Hills DJ, Robinson T, Kelly B, Heathcote S. Outcomes from the trial implementation of a multidisciplinary online learning
program in rural mental health emergency care. Educ Health (Abingdon) 2010 Apr;23(1):351. [Medline: 20589605]

8. Valaitis RK, Akhtar-Danesh N, Brooks F, Binks S, Semogas D. Online communities of practice as a communication resource
for community health nurses working with homeless persons. J Adv Nurs 2011 Jun;67(6):1273-1284. [doi:
10.1111/j.1365-2648.2010.05582.x] [Medline: 21306424]

9. Wenger EC, Snyder WM. Communities of practice: the organizational frontier. In: Harvard Business Review. Boston, MA:
Harvard Business Publishing; 2000:139-145.

10. Ramsey DJ, Schmidt ML, Anderson-Shaw L. Online ethics discussion forum facilitates medical center clinical ethics case
reviews. JONAS Healthc Law Ethics Regul 2010 Mar;12(1):15-20. [doi: 10.1097/NHL.0b013e3181d2a5a2] [Medline:
20195081]

11. Foong DP, McGrouther DA. An Internet-based discussion forum as a useful resource for the discussion of clinical cases
and an educational tool. Indian J Plast Surg 2010 Jul;43(2):195-197 [FREE Full text] [doi: 10.4103/0970-0358.73448]
[Medline: 21217980]

12. Curran-Smith J, Best S. An experience with an online learning environment to support a change in practice in an emergency
department. Comput Inform Nurs 2004 Apr;22(2):107-110. [Medline: 15520575]

13. Santy J, Beadle M, Needham Y. Using an online case conference to facilitate interprofessional learning. Nurse Educ Pract
2009 Nov;9(6):383-387. [doi: 10.1016/j.nepr.2008.11.004] [Medline: 19155192]

14. Clouder DL, Goodman S, Bluteau P, Jackson A, Davies B, Merriman L. An investigation of agreement in the context of
interprofessional discussion online: a netiquette of interprofessional learning? J Interprof Care 2011 Mar;25(2):112-118.
[doi: 10.3109/13561820.2010.500445] [Medline: 21182443]

15. Dinh M, Tan T, Bein K, Hayman J, Wong YK, Dinh D. Emergency department knowledge management in the age of Web
2.0: evaluation of a new concept. Emerg Med Australas 2011 Feb;23(1):46-53. [doi: 10.1111/j.1742-6723.2010.01373.x]
[Medline: 21284813]

16. Archambault PM, Bilodeau A, Gagnon MP, Aubin K, Lavoie A, Lapointe J, et al. Health care professionals' beliefs about
using wiki-based reminders to promote best practices in trauma care. J Med Internet Res 2012;14(2):e49 [FREE Full text]
[doi: 10.2196/jmir.1983] [Medline: 22515985]

17. Ayatollahi H, Bath PA, Goodacre S, Lo SY, Draegebo M, Khan FA. What factors influence emergency department staff
attitudes towards using information technology? Emerg Med J 2013 Apr;30(4):303-307. [doi: 10.1136/emermed-2011-200446]
[Medline: 22544876]

18. Dubé L, Bourhis A, Jacob R. The impact of structuring characteristics on the launching of virtual communities of practice.
Journal of Organizational Change Management 2005;18(2):145-166. [doi: 10.1108/09534810510589570]

19. Kvale S. InterViews: an introduction to qualitative research interviewing. Thousand Oaks, CA: Sage Publications; 1996.

J Med Internet Res 2014 | vol. 16 | iss. 6 | e162 | p.245http://www.jmir.org/2014/6/e162/
(page number not for citation purposes)

Riley et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1136/qshc.2009.039255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20463369&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2004.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15726050&dopt=Abstract
http://dx.doi.org/10.1080/0158037X.2011.617364
http://dx.doi.org/10.1002/14651858.CD002213.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23543515&dopt=Abstract
http://dx.doi.org/10.3109/01612840.2010.535648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21247275&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20589605&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2010.05582.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21306424&dopt=Abstract
http://dx.doi.org/10.1097/NHL.0b013e3181d2a5a2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20195081&dopt=Abstract
http://www.ijps.org/article.asp?issn=0970-0358;year=2010;volume=43;issue=2;spage=195;epage=197;aulast=Foong
http://dx.doi.org/10.4103/0970-0358.73448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21217980&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15520575&dopt=Abstract
http://dx.doi.org/10.1016/j.nepr.2008.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19155192&dopt=Abstract
http://dx.doi.org/10.3109/13561820.2010.500445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21182443&dopt=Abstract
http://dx.doi.org/10.1111/j.1742-6723.2010.01373.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21284813&dopt=Abstract
http://www.jmir.org/2012/2/e49/
http://dx.doi.org/10.2196/jmir.1983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22515985&dopt=Abstract
http://dx.doi.org/10.1136/emermed-2011-200446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22544876&dopt=Abstract
http://dx.doi.org/10.1108/09534810510589570
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Creswick N, Westbrook JI, Braithwaite J. Understanding communication networks in the emergency department. BMC
Health Serv Res 2009;9:247 [FREE Full text] [doi: 10.1186/1472-6963-9-247] [Medline: 20043845]

21. Gannon-Leary P, Fontainha E. Communities of Practice and virtual learning communities: benefits, barriers and success
factors.  eLearning Papers 2007;5:1-13 [FREE Full text]

22. Pouliquen B, Le Duff F, Delamarre D, Cuggia M, Mougin F, Le Beux P. Managing educational resource in medicine:
system design and integration. Int J Med Inform 2005 Mar;74(2-4):201-207. [doi: 10.1016/j.ijmedinf.2004.04.020] [Medline:
15694625]

23. Reid C, Harper S, Tzannes A, Habig K, Coombes S, Hayes S, et al. Google governance: increasing the effectiveness of
critical care physicians through the use of an online usergroup. Emerg Med J 2010 Jan;27(1):50-51. [doi:
10.1136/emj.2009.075713] [Medline: 20029008]

24. Tse J, Wise L. Peer learning, lectures and online learning--putting it all together. Aust Fam Physician 2005 Dec;34 Suppl
1:27-30 [FREE Full text] [Medline: 16369678]

25. Government of Ontario. 1990. FIPPA - Freedom of Information and Protection of Privacy Act URL: http://www.
e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90f31_e.htm [accessed 2014-04-15] [WebCite Cache ID 6Or5r2Uoy]

Abbreviations
ED: emergency department
HP: health professionals
ICT: information and communication technologies
IPE: interprofessional education
VCoP: virtual communities of practice

Edited by G Eysenbach; submitted 22.04.14; peer-reviewed by K Devon, J Heilman, K Ho; comments to author 15.05.14; revised
version received 29.05.14; accepted 12.06.14; published 30.06.14.

Please cite as:
Riley J, McGowan M, Rozmovits L
Exploring the Value of Technology to Stimulate Interprofessional Discussion and Education: A Needs Assessment of Emergency
Medicine Professionals
J Med Internet Res 2014;16(6):e162
URL: http://www.jmir.org/2014/6/e162/ 
doi:10.2196/jmir.3482
PMID:24981597

©Jennifer Riley, Melissa McGowan, Linda Rozmovits. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 30.06.2014. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information
must be included.

J Med Internet Res 2014 | vol. 16 | iss. 6 | e162 | p.246http://www.jmir.org/2014/6/e162/
(page number not for citation purposes)

Riley et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.biomedcentral.com/1472-6963/9/247
http://dx.doi.org/10.1186/1472-6963-9-247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20043845&dopt=Abstract
http://openeducationeuropa.eu/en/article/Communities-of-Practice-and-virtual-learning-communities%3A-benefits%2C-barriers-and-success-factors?paper=57269
http://dx.doi.org/10.1016/j.ijmedinf.2004.04.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15694625&dopt=Abstract
http://dx.doi.org/10.1136/emj.2009.075713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20029008&dopt=Abstract
http://www.racgp.org.au/document.asp?id=19123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16369678&dopt=Abstract
http://www.e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90f31_e.htm
http://www.e-laws.gov.on.ca/html/statutes/english/elaws_statutes_90f31_e.htm
http://www.webcitation.org/6Or5r2Uoy
http://www.jmir.org/2014/6/e162/
http://dx.doi.org/10.2196/jmir.3482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24981597&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Exploring Design Requirements for Repurposing Dental Virtual
Patients From the Web to Second Life: A Focus Group Study

Panagiotis E Antoniou1, MSc, PhD; Christina A Athanasopoulou1, PhDEng; Eleni Dafli1, MSc; Panagiotis D Bamidis1,
PhD
Medical School, Faculty of Health Sciences, Aritstotle University of Thessaloniki, Thessaloniki, Greece

Corresponding Author:
Panagiotis D Bamidis, PhD
Medical School
Faculty of Health Sciences
Aritstotle University of Thessaloniki
PO Box 376
Thessaloniki, 54124
Greece
Phone: 30 2310 999310
Fax: 30 2310 999702
Email: bamidis@med.auth.gr

Abstract

Background: Since their inception, virtual patients have provided health care educators with a way to engage learners in an
experience simulating the clinician’s environment without danger to learners and patients. This has led this learning modality to
be accepted as an essential component of medical education. With the advent of the visually and audio-rich 3-dimensional
multi-user virtual environment (MUVE), a new deployment platform has emerged for educational content. Immersive, highly
interactive, multimedia-rich, MUVEs that seamlessly foster collaboration provide a new hotbed for the deployment of medical
education content.

Objective: This work aims to assess the suitability of the Second Life MUVE as a virtual patient deployment platform for
undergraduate dental education, and to explore the requirements and specifications needed to meaningfully repurpose Web-based
virtual patients in MUVEs.

Methods: Through the scripting capabilities and available art assets in Second Life, we repurposed an existing Web-based
periodontology virtual patient into Second Life. Through a series of point-and-click interactions and multiple-choice queries, the
user experienced a specific periodontology case and was asked to provide the optimal responses for each of the challenges of the
case. A focus group of 9 undergraduate dentistry students experienced both the Web-based and the Second Life version of this
virtual patient. The group convened 3 times and discussed relevant issues such as the group’s computer literacy, the assessment
of Second Life as a virtual patient deployment platform, and compared the Web-based and MUVE-deployed virtual patients.

Results: A comparison between the Web-based and the Second Life virtual patient revealed the inherent advantages of the more
experiential and immersive Second Life virtual environment. However, several challenges for the successful repurposing of
virtual patients from the Web to the MUVE were identified. The identified challenges for repurposing of Web virtual patients to
the MUVE platform from the focus group study were (1) increased case complexity to facilitate the user’s gaming preconception
in a MUVE, (2) necessity to decrease textual narration and provide the pertinent information in a more immersive sensory way,
and (3) requirement to allow the user to actuate the solutions of problems instead of describing them through narration.

Conclusions: For a successful systematic repurposing effort of virtual patients to MUVEs such as Second Life, the best practices
of experiential and immersive game design should be organically incorporated in the repurposing workflow (automated or not).
These findings are pivotal in an era in which open educational content is transferred to and shared among users, learners, and
educators of various open repositories/environments.

(J Med Internet Res 2014;16(6):e151)   doi:10.2196/jmir.3343
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Introduction

Virtual Patients
From as early as the 1980s, the amount of available medical
information has doubled every couple of years [1]. This has led
to the implementation of computer-assisted learning in many
aspects of health care education. From simple indexed medical
data repositories to full-fledged online virtual medical education
institutions [2], nothing showed more promise for health care
professionals’ education than virtual patient educational cases.
Virtual patients have been defined as “interactive computer
simulations of real-life clinical scenarios for the purpose of
medical training, education, or assessment” by the MedBiquitous
Consortium for the development of health care technology
standards [3]. The need for streamlining the virtual patient
creation process became apparent and standardization solutions
were offered [4] with a formal MedBiquitous virtual patient
initiative for the smooth exchange of virtual patients across
systems and institutions being finalized in a formal International
Standard form since 2010 [5,6]. Virtual patients, with current
Web-based rapid development and deployment cycles, can be
ubiquitously present in the curriculum (lectures, exams,
project-problem-based learning, synchronous or asynchronous
e-learning sessions) [7]. This proliferation of virtual patients
has led to attempts of highly specialized, context-specific virtual
patient design models for catering to specific medical specialties
[8], or the use of virtual environments’ immersiveness by
deploying virtual patients in environments such as Second Life
[9].

Serious Games and Multi-User Virtual Environments
The evolution of computer games and massively multiplayer
online role-playing games (MMORPGs), specifically, has led
to an interesting spin-off, the multi-user virtual environment
(MUVE). A MUVE has been defined as a synchronous,
persistent network of people, represented as avatars, facilitated
by networked computers [10]. The characteristics of this
definition also describe the inherent advantages of this platform
for educational purposes. The synchronous and persistent
networking of users seamlessly facilitates collaboration between
them in pursuit of a common goal, be it the defeat of a powerful
monster in a game environment or the treatment of a virtual
patient in a health care educational environment. Additionally,
the avatar representation, the graphical depiction of the user in
a human likeness of her/his choice, implicitly facilitates the
immersion of the user in the virtual environment. This
immersion enables the user to participate in the online events
with an invaluable experiential intensity [11].

Second Life is one of the oldest MUVEs. As such, it is quite
mature in resources and stability. It has spun off an open source,
multiplatform, multi-user, 3-dimensional (3D) application
server, OpenSim [12], from which many more contemporary
MUVE grids have spawned. In fact, grids such as Kitely [13]
or Avination [14] are already mature MUVEs with graphics
creation and scripting capabilities. However, Second Life, as
the pioneer in the market, is the most recognizable of the
MUVEs. The multitude of health care resources, studies, and
locations in it [15-52] creates a precedent of a de facto

recognizable platform for deploying educational content for
health care. Although we aim to leverage new MUVEs for the
deployment of future cases, in our first repurposing effort in
the MUVE space we chose the most recognizable, standardized,
and stable—albeit dated—platform, which is Second Life. It
provides a persistent online environment where users connect
to it from their computers utilizing a viewer program through
which they interact with the environment (Linden Labs) provides
a default viewer, but also has provided the means for the
community to develop its own versions of it with different
capabilities). The user controls her/his avatar by mouse and
keyboard; communication modes include text chat, an email-like
instant message system, and built-in voice chat with
distance-based volume control. Users in this MUVE can
purchase land and use it to create their own objects consisting
of primitive objects (prims). Applying a simple scripting
language (Linden Scripting Language; LSL), these objects can
be programmed to respond to environmental- or user-initiated
events to create custom interactive audiovisual experiences [53].

Health Care Content in Second Life
Despite the criticism regarding the barriers that MUVEs and
Second Life impose on the educational settings [54,55], health
care content is abundant in Second Life. First of all, Second
Life has been used as a treatment aid in several situations in
which patient immersion in a virtual environment seemed
beneficial. Such situations include addiction studies [15], weight
maintenance studies [16], and building sexual health awareness
[17]. Several health care resources in Second Life deal with
mental health care, specifically for social anxiety disorder
[18,19], delineating delusional beliefs [20], or even the study
of the psychodynamics of transference [21].

Regarding the topics encountered in Second Life medical
education material, one can find many and diverse aspects of
the medical curriculum from the foundations of it, such as
anatomy [22], to specialty material, such as pediatric primary
care [23], pneumology [24], cardiopulmonary resuscitation
[25,26], and emergency medicine and care [27,28]. Other efforts
include such diverse topics as disability health care [29], or
pharmacy student training in communication skills [30] or in
the general aspects of their specialty [31].

There are a significant number of pure simulations in Second
Life, such as a human immunodeficiency virus (HIV) epidemic
simulator [32] and a transfusion operation simulator [33], but
the bulk of the focus in the Metaverse is on building awareness
through serious games and experiential learning tools, both for
students (eg, Ohio State Medical Center, a virtual place for
educational purposes [34]) and for postgraduate continuing
medical education (eg, Wiecha et al [35]).

Simulations of dangerous or potentially dangerous activities
have been implemented as scenarios in Second Life [36,37].
Nursing training has a strong presence in the Second Life virtual
environment. The literature is teeming with studies and reviews
about Second Life and nursing education [38-43], from general
facilitation of nurse education with facilitated journal clubs [44],
improving interpersonal interview skills [45], and cultivating
decision-making capabilities [46], to specific subjects, such as
mental health nursing [47], or meta-education, such as the
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education of faculty about the methods of teaching nursing [48].
This could be attributed to the combination of the necessity in
nursing education for hands-on experience in an environment
where no human life will be put at risk in conjunction with the
lack of specialized hardware and software to simulate nursing
work and the ease of development of Second Life resources
through a simple scripting language.

In contrast, in the field of dentistry—an equally demanding,
hands-on health care profession—only a limited number of
resources have been created in Second Life in the last few years
[49-52], whereas there are a large number of standalone
full-fledged virtual reality simulators regarding specific dentistry
applications [56-59].

This is only a cursory glance of the material available in the
Metaverse. For more details, the reader is directed to Kamel
Boulos et al [11] and HealthCyberMap [60] for a more
comprehensive catalog of medical education resources in Second
Life.

Nevertheless, even from this simple excursion in the Second
Life medical education space, there is a great deal of content
available and a significant research interest exists for both the
creation of new and the migration of existing educational content
in this virtual environment.

Educational Content Repurposing and Standards
The idea of educational content repurposing (ie, transferring
and reusing resources originally created for a certain educational
context into another context) has matured in the past years [61].
However, interest in that direction goes further back. As early
as 2002, a standard for metadata (physical or digital information
about an object) suitable to describe every learning resource
was established as the learning object metadata (LOM) standard
[62]. A couple of years later, with the imminent explosion of
Web-based e-learning platforms, the need for reusability and
interoperability of content and platforms led to the establishment
of the Sharable Content Object Reference Model (SCORM),
which consisted of a collection of standards and specifications
aiming to facilitate standardized content packaging, delivery,
and consumption of content [63]. In 2008, the MedBiquitous
Consortium for health care technology standards established
the Health Care LOM scheme to address the specific needs for
medical education content [64]. As this infrastructure became
mainstream, an effort was initiated, in the form of the mEducator
project, “to critically evaluate existing standards and models in
the field of e-learning in order to enable state-of-the-art medical
educational content to be discovered, retrieved, shared,
repurposed, and re-used across European higher academic
institutions” [61]. Both Web 2.0 mash-up technologies and
federated, semantic, Web-based learning content management
systems were explored as possible avenues of standardizing the
repurposing of medical education content [65]. In the virtual
patient section of this research, a Web-based platform (Linked
Labyrinth+) [66] managed to integrate the standardized
repurposing metadata scheme into the already existing virtual
patient metadata scheme, thereby enabling the publication of
virtual patients in the semantic Web and their subsequent
consumption from all compatible semantically enabled platforms
[67].

Repurposing Virtual Patients From the Web to the
Multi-User Virtual Environment
The next logical step appears to be repurposing (in a
standardized manner) existing virtual patients from the Web to
the virtual environment. However, this is not a straightforward
issue. Some years ago, inspired by a critical review of the then
current state of e-learning [68], a discourse was initiated into
the intricacies of the virtual environments as an educational
medium and the nuances that would be required for a truly
successful deployment/repurposing of Web-based content
(virtual patients or otherwise) to them [69]. It was postulated
that the unique features of the virtual environment (seamless
collaboration, sensory immersion, etc) should lead content
creators to apply different principles when authoring for the
virtual environment than when authoring for the Web. In the
authors’ own words: “It would be more useful to investigate
the 2 modalities (3D and 2D) in this context, as different but
complementary and synergistic media rather than as competing
media trying to replace one another” [68,69].

Regarding the transfer of virtual patients from the Web to the
Second Life MUVE, what design principles will optimally
leverage the advantages of it as a virtual patient deployment
platform? A multitude of virtual patient content exists in Second
Life (eg, [23-30,34-37,39,46,49-52]) and there are efforts to
assess the effectiveness of Second Life as a medical education
platform [35], but no attempt has been made so far to document
user feedback regarding the strengths and weaknesses of the
repurposing process for virtual patient content from a Web-based
virtual patient player to the Second Life MUVE.

The Focus Group
In the investigation of these experiential and immediate
educational modalities, the initial assessment method of choice
emerges to be the focus group study. In a detailed review of the
focus group methodology in medical education, Barbour [70]
demonstrated the advantages of this assessment type in
experiential forms prevalent in medical teaching, such as
case-based and problem-based learning, and their technological
evolution, the virtual patient. Fast and effective, focus group
studies have the significant advantage of allowing changes to
occur on the educational episode (eg, change the content of a
course during a semester instead of waiting for a time consuming
statistical study) far quicker than other more traditional methods,
such as the survey or the personal interview, which usually
require the ending of the educational effort to provide results.
Additionally, focus group assessment has the distinct advantage
of diluting the power imbalance between the student and the
teacher, a very important fact when trying to get an immediate
feel for experiential and student-centered learning modalities.
Furthermore, the ability of the focus group methodology to
capture the ambience and the atmosphere of a group regarding
the whole of a subject matter can lead to insights that are
difficult to explore through the traditional avenues of assessment
[70]. Despite the significant challenges regarding correct group
composition and good facilitation during focus group meetings,
the significant goal that can be achieved through a focus group
study if it is well designed and executed is “theoretical
generalizability” [71]. In brief, focus group studies facilitate

J Med Internet Res 2014 | vol. 16 | iss. 6 | e151 | p.249http://www.jmir.org/2014/6/e151/
(page number not for citation purposes)

Antoniou et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


the rapid deduction of theoretical insights into a subject matter,
which later can be used to both affect change in the
aforementioned subject matter or to become the trigger for
further quantitative studies [70].

It is the aim of this work to use a dentistry virtual patient as a
pilot case for a first exploration (via a student focus group) of
the design modifications that need to be implemented when
repurposing virtual patient content from the traditional
Web-based virtual patient player to the Second Life MUVE
deployment platform.

Methods

Overview
A periodontology virtual patient case deployed on the Web was
transferred in every detail to the Second Life MUVE. A group
of dental students were asked to run both the Web-based and
the Second Life cases. These students were organized into a
focus group to provide their feedback regarding their experience
and possible avenues for improvement. A flowchart of the
process is demonstrated in Figure 1.

Figure 1. Flow diagram demonstrating this study’s overall methodology. The green area demonstrates the collection of data and the blue area demonstrates
analyzing and extracting meaningful results from these data. VP: virtual patient; SL: Second Life.

Virtual Patient Case in OpenLabyrinth
The virtual patient case used for our study was a periodontology
patient suffering from drug-induced gingival hyperplasia. The
optimal learner course followed the correct sequence of
treatment, resorting to surgery after attempting the prerequisite
alternatives, while adhering to the correct procedures for the
patient’s care. The case explores the knowledge of the correct
surgical procedures, but does not include training in the manual
techniques required in surgery.

The Web-based virtual patient was deployed using the
OpenLabyrinth open source virtual patient authoring platform
[72]. The case was authored as a branching scenario with
multiple-choice user responses guiding the path of the case. The
user interface was a standard Web browser window in which a
small description of the situation was given along with any
relevant images (Figure 2). The user navigated the case through
multiple-choice responses available at the bottom of the Web
page. A 10-minute time limit was imposed for each learner to
finish the case; the case ended in a failure if the learner exceeded
this time limit.
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Figure 2. Characteristic screenshot from the OpenLabyrinth case. From the image, the learner is asked if the patient has starting periodontitis, chronic
advanced periodontitis, or gingivitis.

Virtual Patient Case in Second Life
The case in Second Life was created in the form of a
point-and-click adventure (Figure 3). The user is introduced to
the case by a presentation. Then the user is guided by chat
messages through the adventure and interaction with the
environment through multiple-choice menu cards. The case
aimed to evaluate and teach the learner, with the adventure
proceeding according to her/his choices. This virtual case was
designed with focus on the imparting and establishment of
knowledge; therefore, there were fail states. But, most of the
player’s choices were evaluated by the narrator with the option
of retrying, which significantly narrowed down the end states
of the adventure. This was intentional to give the player the
opportunity to learn without the added frustration from
unnecessarily repeating all the adventure after each failed step.
Because this was a prototype virtual patient case in Second Life
and because we did not have any means of assessing the time
limit for negotiating the case in the virtual environment, no time
limit was imposed on the users in the Second Life virtual case.
Additionally, it was felt that imposing a time limit in the context
of an interactive adventure that “spanned” several weeks would
be detrimental to the user’s immersion in the assigned role in
the case. The Second Life virtual case was developed in the
privately owned island of the Lab of Medical Physics of the
Medical School of Aristotle University of Thessaloniki. On that
island, an indoors environment (office) of sufficient space was
modified to emulate a dentist’s office. All graphical assets were

either bought from other users in the Second Life Marketplace
or they were modified from simple prims.

All the functionality of the virtual patient simulation was coded
using LSL and the necessary Web resources (eg, images) were
archived for retrieval on one of the lab’s servers. LSL is an
event/state-based language. The script utilizes events, such as
clicking on (touching) objects, the presence (listening) of chat
messages, or the creation (rezzing) of items in the environment.
These events can be used as triggers within the LSL script to
trigger a specific response from the script or to change the
script’s state thereby enabling it to respond to a different set of
events. Through these small building blocks, complex interactive
behavior can be created in the simulator. Through the scripting
environment, each node of the virtual patient was coded as a
specific state that the case script entered when the appropriate
situation occurred. The activities of the case were coded as
events that triggered as the user interacted with the environment
by touching pieces of it and receiving challenges in the form of
multiple-choice questions. The user’s response triggered
additional events that led the case to move to the next relevant
state/node. Additionally, all the patient data, narrative, values,
or external media references were stored in the case script as
global variables. Each in-world object contained its own script
that communicated with the main simulator scripts to facilitate
interaction through clicking on objects. To create interactive
surfaces in parts of objects, a number of invisible, interaction
objects were drawn in front of the visible geometry. The transfer
of the case to Second Life took approximately 10 person-hours.
Our scripting methodology is demonstrated in Figure 4.
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Figure 3. Second Life case screenshots. The user is introduced through a presentation (top image), then proceeds to the case taking cues from chat
messages (second top image), and making choices through multiple-choice cards (second bottom image). The simulation involves the user interacting
with the patient both in the office environment and on the dental chair (bottom image).
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Figure 4. Second Life virtual patient development methodology.

Second Life Scripting Methodology
Technically, this approach facilitated a streamlining of the
Web-based virtual patient data from the OpenLabyrinth
platform. In OpenLabyrinth, a virtual patient is represented
through a branching Web page tree, whereas each node is a
specific Web page containing the narrative and the relevant data
along with multiple buttons to allow for the different choices.
Additionally, in OpenLabyrinth, all image files and other similar
patient data are stored in bulk and referenced in each node as
needed to facilitate reusability of assets [73].

This design approach was used to allow the OpenLabyrinth
platform to conform as a virtual patient player to the
MedBiquitous Virtual Patient Standard. In that standard, media
resources and patient data are aggregated to a data availability
model that is used to create a structured activity model of nodes
and choices that provide the desired educational outcome [3].
Mimicking, in scripting methodology, the OpenLabyrinth virtual
patient deployment strategy led to analogies with the
MedBiquitous Virtual Patient Standard. These design analogies
between the Second Life virtual patient scripting methodology,
the OpenLabyrinth virtual patient deployment platform, and the
MedBiquitous Virtual Patient Standard are demonstrated in
Figure 5.

Figure 5. Design analogies: Second Life (SL) scripting paradigm, OpenLabyrinth deployment paradigm, MedBiquitous Virtual Patient Standard. PHP:
Hypertext Preprocessor.
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Student Group Composition and Selection Process
A group of dentistry students experienced both the Second Life
adventure and the Web-based virtual case. The group consisted
of 9 members, 6 male and 3 female, all dentistry students in the
latter half of their studies. An open call for participants was
made in an optional undergraduate course of dental informatics
at the local dentistry school to participate in the project. A brief
explanation of the tasks required by the participants was given
and invitation was extended in a completely volunteer fashion.
The focus group met 3 times in total: once before and twice
after the participants had experienced the virtual case. This

simple process ensured that the participants’pool would be both
thematically interested, but also engaged in providing relevant
and meaningful feedback.

Focus Group Methodology
All participants were organized into a single focus group.
Feedback was received from a series of 3 meetings. Each
meeting was between 25 and 45 minutes in duration and covered
one of each of the major topics summarized in Textbox 1. The
first group meeting took place before the participants
experienced the virtual patient cases and served as an
introduction and orientation session.

Textbox 1. Focus group meeting agenda.

1. Computer and gaming literacy: Are you familiar with any educational computer game? If yes, which one(s)?

2. Usability of the Second Life as a virtual patient deployment platform: Have you felt that you needed personal human assistance with the interface
while playing the Second Life virtual case?

3. Comparisons between the Web and Second Life deployed case: Did you feel that the tasks required of you in the Web-based/Second Life virtual
case were adequately challenging? Do you think the level of difficulty differed?

In all meetings, one of the authors was appointed as a facilitator
for the focus group. For the group’s meetings, a question pool
was developed to initiate and facilitate the discussion. Because
the goal was to allow the group members as much freedom of
expression as possible, the facilitator intervened with further
exploratory questions only when the discussion reached a dead
end. During the discussion, the facilitator diverged many times
from the question pool to explore emergent themes and opinions
that came up through the discussion.

The participants were provided with the URL addresses of both
the Web-deployed and the MUVE-deployed cases and were
asked to complete both before the second focus group session.
No specific order of case completion was asked of them. The
participants used their own personal computers, laptops, or
desktops to experience the 2 cases. Discussed briefly in the
beginning of the second focus group session, the technical
specifications of the participants’hardware were split. Although
no specifics were recorded, nongaming participants had
hardware near to the medium-low performance spectrum of
contemporary hardware configurations, whereas gaming
enthusiasts had hardware close to the high end of the
performance spectrum. One of the weaknesses of the approach
that was used on exposing the users to both cases was the evoked
competitive comparison of the 2 platforms in the discussions
of the focus group sessions. Because all users encountered the
same case across different platforms with primarily esthetic
changes between them, any kind of merit or flaw of the MUVE
as a virtual patient deployment platform was viewed
comparatively to similar aspects of the Web-deployment
platform. This comparative approach that emerged from the
discussions was not suppressed by the facilitators to maintain
the openness of the discussion. Instead, it was used as means
for elaborating on the repurposing needs of the MUVE
deployment platform.

All focus group meetings were audiotaped and transcribed with
notes kept during the sessions to capture the nonverbal “mood
of the moment” that could not be documented through the
recordings.

The analysis of the recorded data was a process of dissecting
the discussion transcripts, discovering common themes across
the participants’ opinions, and noting tone, context, and mood
at each stage. Then these were coded to assess possible unifying
or dividing causal themes that might emerge from the discussion
exploiting the immersion of the researcher to facilitate both
analysis and interpretation of the data [74].

All participants were informed about the study before their
appointment and a signed informed consent was obtained from
each of them before the focus group meeting. The study was
approved by the Bioethics Committee of the Aristotle University
of Thessaloniki Medical School.

Results

Summary
Although all members of the focus group were at a relevantly
similar stage in their dentistry studies, there was a diversification
in computer literacy as shown in Table 1. Some users were
significantly less experienced in computer games (reported
playing games at least 8 hours per week) or professional
computer use. From the first focus group session, it became
apparent that all users that considered themselves familiar with
gaming were intimately familiar with noncasual games, such
as real-time strategy games, adventures, first-person shooters,
and MMORPGs.

The interpretation of the focus group sessions led to 7 categories
of issues concerning the migration and repurposing of a
Web-deployed virtual patient to the Second Life MUVE. These
results are summarized in Table 2.
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Table 1. Breakdown of the group members’ computer, gaming, and educational gaming familiarity.

MembersComputer literacy (gaming and otherwise) of focus group members

#9#8#7#6#5#4#3#2#1

453319156Average weekly hours of professional computer use

143509188312Average weekly hours of gaming

301201004# of other educational computer games played

Table 2. -Focus group’s results at-a-glance.

CommentsCategory

Navigation in Second Life difficult to people unfamiliar with gamesSecond Life as an educational MUVE in general

Second Life graphics engine unoptimized for its capabilities

Second Life more interactive than the Web-based caseInteractivity and its educational value

Simple Web-to-Second Life transfer is an underutilization of the MUVEs capabilities

Users familiar with games trapped in gaming mindset implicit from the environment

Users frustrated by disappointment of expectations because of limited interactivity

Users expected more immersive content from Second Life because of the nature of the platformImmersiveness and its educational capacity

In Second Life, the visual representation of the case provided significant implicit feedback and
direction regarding the next step

Clarity of educational purpose and content

Visual representation and action implied correct proceduresChallenge level

Apparent decrease of challenge in Second Life

Useful as an asynchronous teaching toolScope of educational use

More complex case would better leverage Second Life’s capabilitiesSuggestions

Increased feedback required

Increased interactivity and immersiveness requested

Introduction of a human factor in the case requested

Category 1: Second Life as an Educational Multi-User
Virtual Environment
The focus group reported no issues with either registering or
accessing the Web-based virtual patient. The consensus of the
group was that the Web-based interface was easy to use. On the
contrary, accessing the virtual patient in the Second Life proved
to be a challenge for some members of the focus group. To
people unfamiliar with gaming conventions, the navigation in
the virtual environment seemed difficult. On the other hand,
there were cases of gaming veterans reporting equal difficulties
because they expected game-like challenges where none existed.

The strong points of a mature multi-user environment such as
Second Life emerged through a consensus of simplicity, ease
of use, and overall stability. As expected, the users most familiar
with computer games had a markedly easier time interacting
with the environment, another strong point of MUVEs given
the pervasiveness of massive multiplayer online games
(MMOG). Because this was a test case of transferring a
Web-based virtual patient to the simulator, it was not a polished
system, but the group considered its features as complete for
the purpose it was built.

Finally, some concerns were raised about the unoptimized
graphics engine; although not state of the art, it did tax the
capacity of nongaming-focused computer systems:

The frame rate was very low which was tiring after
some time using the system.

Yeah, and it’s odd! The graphics are really simple so
I don’t understand why it was so slow.

Category 2: Interactivity and Its Educational Value
People with a lot of experience with computer games but not
with professional computer use became trapped in the gaming
mindset and had preconceptions about challenges of the
simulator which did not exist in it:

I flew around the building and saw the venue of the
case but did not search for the entrance because I
thought that there might be a puzzle to solve in order
to gain access to the office.

It was clear from the instructions that the only problem to be
tackled was the medical one and that no environmental barriers
or hazards were present in the simulation environment. In
addition, all group members (including the one offering the
previous quote) were adamant that the instructions given to
them were adequate and that they understood them perfectly.

J Med Internet Res 2014 | vol. 16 | iss. 6 | e151 | p.255http://www.jmir.org/2014/6/e151/
(page number not for citation purposes)

Antoniou et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Another opinion expressed, which also bears upon interactivity,
was that the linear design, with primarily multiple-choice
questions, constituted a disservice to the simulator’s capabilities.
Participants suggested that a more nonlinear, user-driven
experience would be more appropriate:

...I was forced to do what you’ve designed for me to
do. I could either click to the patient to do something,
or to the notepad that you had over there to take
something or to the x-ray or something...I could not
do anything else. I have played adventure games
before, those mystery games, where I was in control
of what to do. For example, I could pick up a pencil
and do this, or that, or even choose not to pick up the
pencil at all.

The unanimous feeling of the group was that the Second Life
virtual patient case was significantly more interactive than the
Web-based one:

Second Life is more immediate, you have the patient
sit in the dental chair, you see him, every step, you
know he will come again, it is demonstrated that what
you will do requires time, it doesn’t end in a day. In
the Web-based case you make choices and the patient
go back and forth but it doesn’t show.

However, some members considered that the Second Life
platform could facilitate a much higher level of interactivity
and a much more complex virtual case:

While the environment was pleasant, the case was
too linear and without enough branches to take
advantage of the environment.

Moreover, the simple transfer of the case from the Web to the
simulator, a fact that led to underutilization of the MUVEs
capabilities, appeared to create strong feelings of frustration
that were counterproductive in the negotiation of the case:

The Web case was more acceptable than Second Life
because in Second Life you have more demands. In
the Web it is like you are filling out a test. I had no
more expectations from that...

As if it was not bad enough that it is studying, which
is boring by definition (laugh), there were no good
graphics to support it...forget about it! Students will
want to fire up another game and play instead.

Some members of the group regarded the feedback of the case
as too straightforward and provided information that they would
prefer to have gathered through more steps in the case:

...It asks me if I want to take the patients history. I do
and it presents me with the history record. It does not
allow me to choose what to ask, how to follow up on
a question, a thing that is common in an adventure
where you ask a person and he replies to you and
then you reply back and you lead the discussion where
you want and if you lead the discussion poorly you
will not get the information that you need to solve the
mystery...

Category 3: Immersiveness and Its Educational
Capacity
Most of the focus group considered the Second Life virtual
patient case significantly more immersive than the Web-based
case:

In Second Life, there was the environment of a dental
office, you imagine how it would be and it is nice to
see it. Seeing the patient, it helps to create a spirit of
immersion even although graphics are not state of
the art.

However, the aforementioned critique regarding interactivity
was transferred almost verbatim to the discussion about
immersion:

...when you have to examine the patient with some
tools it just lists choices a, b ,c. Why don’t you present
me with the tools on a plate to look and choose a tool?
After all it has the visual capability...to allow me to
experience it myself...

Additionally, there were suggestions about more immersive,
more stimulating feedback:

I think they could have put more medical details that
would make it more realistic. I mean, I do something
and it says that the patient did not respond. It would
be better to tell me what was the response and if I
could do something else to follow up.

Category 4: Clarity of Educational Purpose and
Content
In discussion about clarity of purpose and content, the group
was unanimous that in both the Web-based and the Second Life
cases there was always a clearly described medical situation
that a prepared student could negotiate according to her/his
knowledge without doubt about the medical problem at hand.
Small differences in opinion were formed in the group regarding
some issues of translating terminology in English (all students
were nonnative English speakers) because of some of the
members’ poor technical language skills, but these were
mentioned only as minor nuisances. What was mentioned
unanimously was the fact that the visual representation of the
case’s progress was a kind of feedback that facilitated clarity
of purpose and provided direction regarding the next step in the
simulator:

Seeing the patient in the dental chair was a significant boost to
the feedback I took from the Second Life virtual patient
compared to the Web-based one.

Seeing the patient in the dental chair, it prompted you
to think that it is time for some intervention and so it
focused your mind more on the case.

Category 5: Challenge Level
Regarding the challenge level, the group was divided with
members considering the challenge level of the case adequate
but a bit on the easy side, whereas others considered it adequate
to challenging. An interesting point was that the perceived
challenge was less in the Second Life case because of the visual
props that prompted them toward the correct course of action
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at some points of the virtual case. Members who reported feeling
challenged by the case and being facilitated by the props of
Second Life did indeed finish the case on the first try, whereas
the users that considered the case challenging and finished it
on the second try after reaching a fail state in the first try were
those who had extensive gaming experience but very little
professional computer experience. Table 3 summarizes the

duration of both the Web case and the Second Life one. There
was a slight difference in the finish times. All participants took
between 10 and 20 minutes to finish it (mean 15.1, SD 4.7
minutes); however, these times were sufficiently short that the
difference can be attributed to attention differences between the
participants.

Table 3. Comparison of time to finish the virtual cases on Second Life and the Web.

Members (minutes)Completion time for the Second Life and Web-based virtual patient

#9#8#7#6#5#4#3#2#1

15158120a2013202010Time to complete the Second Life case

10103357958Time to complete the Web case

aThis time includes bibliographical referencing and study time so actual time interacting with the environment should be assessed as being much lower.
This was considered an outlier and was not included in the calculation of the mean time for completing the case.

Category 6: Scope of Educational Use
Most of the group thought that Second Life would be a very
useful tool as a teaching aid, primarily used asynchronously:

...If there was such an application I would buy it for
me to do it at home as training, it would be fun, to be
relaxed at home and to ask the patient stuff and take
responses or to do what I want in the cases...

It was suggested that it would be an invaluable tool in the
training of preclinical students to familiarize them with practical
matters in a safe environment before actual practice begins.
Learning from errors was identified by participants as a pivotal
educational/pedagogical issue, and this was properly
incorporated in the Second Life MUVE:

It is good that it tells you that you made a mistake
and it lets you learn from it by leading you and letting
you retry. Retrying and learning from mistakes is very
good for digesting the material.

Category 7: Suggestions
Many of the suggestions of the focus group’s members were
regarding the need for the cases to be more interactive and
immersive:

...it would only be interesting if it had more choices,
more depth of choice and interaction, less limitation
in options...

I would really like to be allowed to continue down a
fail path and explore the consequences of my mistake
in order to understand why this was the wrong choice.

And also about feedback that would be more
explanatory as opposed to just expositional of the
techniques.

...it did not say why we do that, or why we will not do
the other. I would like it to provide the “why,” not
just the “how” of the treatment.

Exactly! It would be nice to continue, even after a
failed step, in order for us to see why our choice was
wrong.

From the discussion, it became clear that the group would
prioritize the improvement of the case itself regarding depth
and meaning of choice. A close second priority was the ability
to be able to vividly see and do things in the simulator. The
introduction of a human factor in the case was suggested. Some
of the participants suggested multiple branching dialog options,
history-taking questions, and a better exploration of the patient
factor in treatment (ie, offering an effective but intrusive
treatment and the patient refusing it), along with the needed
management options:

...in medicine/dentistry, the patient is a human being,
and, therefore, it is not a yes/no thing, ”yes he is ill/
no he is not;” there are gray situations...

...A realistic patient would have objected and asked
for clarifications regarding the practices that were
applied.

Another suggestion was one touching on interactivity, namely
the ability of the user to utilize the simulator’s capabilities for
a more hands-on experience with the practical techniques of the
case:

...Surgery could be simulated, not the manual
practice, but by a graphical drawing of the incisions
by the player on a photo and be graded by the margin
by which you were off the optimal ones.

Discussion

Principal Results
From the focus group discussions, some interesting insights
emerged. The most straightforward was the realization that the
Web-based case was a direct “by the book” implementation of
this virtual patient case. The focus group’s verdict was that this
was indeed a platform where cases such as the one they
experienced would thrive. The case’s level of interactivity and
data were appropriate for the Web. The Web platform itself was
the most ubiquitous in the world; thus, this simple and
easy-to-use implementation of a virtual case seems the standard
by which other implementations can be assessed. Although not
a direct substitute for face-to-face experiential forms of learning,
the Web-deployed virtual patient is established as standard
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learning material [75] with literature covering detailed aspects,
such as the conceptual concerns of connecting specific clinical
guidelines in the design of virtual patients [76] or quality control
metrics for assessing them [77]. However, repurposing from
the Web to the MUVE requires much more than a simple
transfer of the data across the 2 platforms. The MUVE’s
increased interactivity potential and rich immersive nature
supports but also requires significant changes to the content of
a virtual patient package to meaningfully adapt the Web-based
case to the MUVE platform. The deployment of virtual patients
in a 3D MUVE is far less explored than the Web-based one
where there have even been attempts to facilitate the deployment
of such virtual patients directly from the staff of health care
institutions, to facilitate a more rapid development of virtual
patient content and increase awareness of the virtual patient
educational medium [78]. First, the Second Life platform, with
its 3D environment and its references to both real-world
verisimilitude and increasingly pervasive MMOGs, prepares
the user to expect a significantly increased level of interactivity
from anything deployed in it. In fact, many users, specifically
the avid gamers, expected so much more from a 3D MUVE that
the simple transfer of the less interactive and nonexperiential
Web-based case harmed the educational effort by frustrating
them and caused aversion to the poorly implemented (for the
platform’s capabilities) case.

Second, for a virtual case to be relevant in a MUVE it should
have a significant amount of complexity. A basic tree structure
with some short branches to a couple of fail states or to some
retry nodes does indeed work on the Web where its ubiquitous
pervasiveness and ease of use provides a rapid way for learners
to confirm or reinforce their knowledge with no mediating
learning or computational overhead. The proliferation of virtual
patients as a learning resource [7] has led to exploration of their
usability as assessment tools, but only in the Web-deployment
platform [79,80]. Things change drastically when considering
the 3D MUVE deployment platform. When a user has to invest
a serious amount of time to enter a specific virtual environment
with its own conventions, control schemes, and system
requirements, then that user expects a rich branching case,
similar to a real minigame, that will engage both sensorially
and intellectually to keep the user focused and present. This
kind of experience could be a knowledge confirmation tool but
also a significant, even the primary, disseminator of knowledge
regarding the subject matter that the case is negotiating.
Additionally, interesting contemporary evolutions could be
leveraged to increase interactivity and spontaneity in the users’
reactions. For example, interactions through nonscripted, natural
language processing [81] with the simulator would greatly
enhance the sense of presence of the user, especially if the
simulator’s response came from a nonscripted artificial cognition
process, or the medical challenges came not prescripted, but
emerged from full-fledged vital signs simulation engines (eg,
[82-84]). However, as was revealed by the discussions of the
focus group, for the system to play that role, the case itself
should consist of a complex tree with several branches that lead
to interesting and meaningful consequences after each user
choice providing an experience more akin to one that would
happen in a real-world environment and less like one in a

controlled test-like environment with artificially imposed
barriers.

Third, in order for a Second Life deployed virtual case to be an
effective learning tool, the quantity of interactivity should be
great and so should its quality. The sensory capacity for
immersion in a MUVE is both a blessing and a curse. A blessing
for the user in a fully developed case who can meaningfully
interact with the environment moving through and freely
manipulating the objects present there and using manual
practices that she will be called to apply in a real-world
environment. For example, in the 3D virtual environment it
seemed odd to the focus group members to be asked to identify
medical tools by name when they could be modeled in front of
a tray and picked up and used by the user. However, this is also
the curse for the author and developer of the case in the MUVE.
One must resort as little as possible to narration through text
and utilize the sensory immersive potential of the MUVE by
creating rich and immersive audiovisual content to present the
user with all the pertinent information. In every other case, she
risks alienating the user base who, trained from the all-pervasive
MMORPGs, have very strongly established preconceptions of
what to expect from any environment that is presented in 3D
and where they interact through their avatar. Almost all the
members of our focus group praised the interactivity of the
MUVE compared to the Web, but they found it heavily lacking
considering the potential that the MUVE platform has and the
expectations that this created for them. It is not unrelated that
all the suggestions offered for improving the case were toward
that goal either through more realistic manipulation of the
in-world objects or the more hands-on manipulation in the
manual procedures applied to the case (eg, surgery).

Context
This work was triggered by the repurposing efforts applied to
the mEducator program [61]. In that program funded by the
European Commission, the main goal was the identification of
the prerequisites, the development of infrastructures, and the
piloting of a streamlined process for repurposing medical
educational content across European academic institutions [61].
For this reason, a specific architecture and a dedicated schema
was developed for federating and semantically enriching content
across learning content management systems (LCMS) [67]. The
overarching purpose was to make educational content
discoverable and context-naïve to facilitate its reusability and
repurposing for different educational goals and across different
educational environments [61].

A significant part of the aforementioned project was the
semantic enrichment of Web-based virtual patients for them to
be discoverable and reusable across different contexts and
purposes [85]. However, virtual patients can be repurposed
pedagogically, but also technologically. Repurposing virtual
patients to Second Life could provide a new platform for
implementing the results of the Linked Labyrinth+ mEducator
project [85,67].

The Linked Labyrinth+ semantic enrichment of virtual cases
was a first important step in making the virtual patient content
discoverable and repurposable across learning objectives and
academic institutions [85,67]. However, establishing sound
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repurposing principles to the Second Life platform would be
the important missing link that would allow the use of existing
content as the basis for creating custom virtual patients from
existing material, or even incorporating procedural methods
[86] of game design to create dynamic virtual patient content.
At this point, the Second Life MUVE is rather dated. Because
of its age, unoptimized graphics engine, and cumbersome user
interface (UI), the experience is rather difficult at times.
However, these drawbacks, along with the maturity of the
platform and the multitude of existing health care content, were
the reasons that led to the choice of this platform for exploring
repurposing of virtual patients from the Web to the MUVE. By
conducting our test in a rather cumbersome and dated platform
and subsequently deducing repurposing guidelines in this
“difficult” environment, it is ensured that future deployments
in more current MUVE platforms will provide an even smoother
experience. Moving beyond the limitations, the repurposing
guidelines that emerge from this study could facilitate the use
of even more open-ended virtual patients and eventually lead
to procedural virtual patients. Additionally, such semantic
enrichment in the context of a highly interactive 3D virtual
environment could facilitate the game feedback in the form of
artificial intelligence (AI) avatars that can provide meaningful
challenge or assistance to a user by tapping into resources linked
through semantic enrichment [87-89]. That kind of sophisticated
user interaction and automated content creation in 3D
environments would greatly enhance both the utility and the
impact of the MUVE-deployed virtual patient. However
exploring such options requires a clear vision of what works
and what does not in repurposing virtual patients from the Web
to the MUVE.

Efforts for content generation in 3D environments are not novel.
Especially in the field of cultural heritage, there are several
efforts for migrating real-world cultural content (eg, monuments,
depictions of works of art) to 3D environments (eg, [90,91]).
There are even successful attempts at utilizing semantic
enrichment of such content to automate the transfer from the
real world to the virtual [92]. By embedding metadata from
wikis and established semantic namespaces along with geospace
information, there have been successful attempts to provide
real-time automated updating of 3D environments to real-world
cultural heritage sites [93].

Thus, an effort to put together the aforementioned 2 axes of
research, the virtual patient repurposing from the Web to the
3D virtual environment and the automation by semantification
of content generated in 3D virtual environments, one very
important prerequisite must be met. That is the identification
of the guidelines and best practices regarding the pedagogically
correct repurposing of the virtual patient content from the Web
to a 3D virtual environment.

This makes the current study unique, original, and valuable.
Before engaging the academic teams and structures (eg, Health
Sciences Education Office) in such an endeavor, one needs to
investigate the suitability of the decision for undergraduate
(dental) education. It is certain that the incorporation of virtual
patients in medical curricula is not a novelty; there are studies
of their impact and effectiveness as course materials in general
medical training [94] and in dentistry [73]. However, the

transition from the Web to the virtual environment is not a
pedagogically straightforward one. To explore the necessities
of the MUVE platform, user feedback is required.

By transferring the virtual patient from the Web to the MUVE
verbatim, we have provided a single-user learning experience;
that is, we have not facilitated the collaboration of multiple
users for resolving the case’s challenges. The advantages of
collaborative learning in medical education are well documented
[95,96]; however, at this point we were focused on uncovering
the differences between deployment platforms and the details
of exploiting the different deployment media than to explore
the multi-user dynamics of a collaborative virtual patient
educational episode. It is one of the future goals of this line of
research to investigate the optimal multi-user modes of
interaction in a MUVE-deployed virtual patient.

This study is a first overview of the challenges that must be
overcome in repurposing virtual patients to a 3D MUVE. It
consists of only 1 focus group, which is not enough to provide
a detailed relief of the requirements for repurposing in the
MUVE. However, this was a conscious choice. This first attempt
in repurposing virtual patients across platforms could only be
explored in broad strokes when dealing with simple transfer
between platforms. To be able to explore more details in true
repurposing and no transference, a need exists to deconstruct
the virtual patient down to its learning objectives and to its
expected teaching outcomes to be able to repurpose either to
specific topics or to specific outcomes. As mentioned in the
literature [69], the 2 media should not be considered as
competitive, but as complementary of one another. Thus, a
repurposing effort should focus in the strong points of each
platform and reinforce the teaching outcomes that can be
conveyed in the most impactful way by the specific platform.
For example, in a Web-based patient, the theoretical breadth of
knowledge in periodontology is the area in which the platform
thrives, whereas in a 3D MUVE-based patient, manual practice
on incision techniques is where its graphics-rich environment
can really help the learner acquire a different and complementary
skill set to what the Web-based virtual patient can offer. Further
qualitative study (eg, with additional focus groups) can come
only after the redesigning of the MUVE-deployed virtual patient.
However, to successfully achieve this task, there must be
adherence to both the guidelines that emerged from the present
study, but also from the aforementioned conceptual
considerations. Only after such an effort has been the subject
of rigorous qualitative study can a formal quantitative
assessment be attempted. It becomes clear that this study, with
only 1 focus group should be considered the required first step
in meaningfully utilizing the MUVE as a virtual patient
deployment and repurposing platform beyond the mere
transference of resources.

Students, as the immediate consumers of this educational
content, are the best group to provide feedback. Additionally,
student input was important for discovering feedback from users
familiar with the gaming culture in general. Their opinion should
be considered more “expert” regarding gaming than, for
example, senior faculty members. For these reasons, the authors
engaged into a straightforward but rather strict process to
facilitate such an exploration in this focus group study. The
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participants of this study were all volunteers from a relevant
optional course of dental informatics in the undergraduate
curriculum of a dentistry school. The fact that the student pool
from which the participants’ were chosen was that of a relevant
optional course ensured that only those actively interested in
the subject were chosen for the study. Additionally, the
voluntary character of the participation meant that even those
interested in the subject, only students with active commitment
for engaging with the subject would participate. These 2 factors
ensured that the participants’ feedback in the focus group
discussions would be both on topic and thorough.

Focus group studies can uncover subtle context, whereas survey
or interview studies are best suited at quantifying established
truths [70]. Our goal to explore the guidelines for the
pedagogically successful repurposing of Web-deployed virtual
patients to the 3D MUVE platform seemed best suited for the
focus group approach. The differences of the 2 deployment
platforms are subtle. Both are computer based, both have been
used for game deployment in a recreational context, and both
have also been used as learning facilitators. Exploring the best
practices for platform repurposing in the deployment of the
virtual patients requires the investigation of the user experience
not only by concrete metrics of user satisfaction and system
usability, but also by assessing contextually the user experience.
Subtleties such as the user extrapolating from previous
experiences in 3D MUVEs through serious or even recreational
gaming need to be established first before being quantified.

The goal of this study was not to quantify the usability or the
satisfaction of a user base regarding an information technology
(IT) system in medical education, but to establish qualitative
guidelines that will evolve to best practices through further
study.

Conclusions and Direction for Future Work
These insights lead to some interesting conclusions regarding
the design requirements in the effort of repurposing Web-based
virtual cases for MUVEs:

1. Show, don’t tell. When repurposing an existing virtual case
to a MUVE, text narrative should be kept to a minimum.
Instead, audiovisual assets should replace the narration to
immerse the user into the narration and provide an increased
sense of presence into the case.

2. Call for action, don’t call for answers. The nature of the
MUVE is such that many of the challenges presented during
a case can be simulated by avatar actions. When the
opportunity appears then provisions should be made, even

if that means additional development overhead, for the user
to be able to actuate the requested solution instead of just
choosing it from a multiple-choice questionnaire.

3. Consequences, not barriers. This is probably useful in all
virtual case deployment platforms, but its effects are
outlined with stark clarity in a MUVE because of the
immediacy with which the user encounters all enforced
barriers and artificial preventions of her actions. Instead,
all actions of the user should provide useful feedback and
lead to plausible evolution of the case instead of abrupt fail
states or returns to previous choices.

These are straightforward and simple principles, but it is
important to be clear that they are not optional embellishments.
In the continuing effort for a systematic repurposing of
Web-based virtual cases to MUVEs, the aforementioned
required design practices that emerged from this focus group
study are not just going to be adhered to as rough guidelines,
but incorporated in the core of the workflow (automated or not)
of the repurposing effort.

These guidelines should be seen as first steps in a wider context.
Current trends point to open education as a method for acquiring
skills and knowledge on demand. Internet technologies facilitate
that kind of student-directed learning in 2 significant ways [97].
One axis of Internet technologies concerns the remote use of
expensive equipment through online time-sharing and
collaboration with established professionals in relevant fields,
for example, by initiating a telescope observation with the help
of experts through a network of remote observatories [98]. The
other axis concerns the availability of specific knowledge online
and on demand for “learn-at-your-own-pace” episodes [97].
This and social learning (ie, learning by asking questions and
doing things relevant to the field [99]) are a perfect match for
a virtual environment that contains meaningful interaction with
realistic challenges. Finding the correct parameters for
streamlining virtual patient repurposing from the Web to Second
Life becomes more than just an interesting research niche.
Instead, it is important for meaningfully combining the impact
of the immersive 3D MUVE experience with the mature and
growing virtual patient effort. This combination could lead to
new aspects of open social learning [97] by facilitating the mass
migration of the growing virtual patient content in a form that
each and every learner can absorb at her own pace, but also can
engage in such an experiential way as to be able to affect that
“learning to be” [97] part that is missing from the Web-based
virtual patients. For this future goal, the guidelines that have
emerged from this work are an important first step.
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Abstract

Background: Consumers are increasingly accessing health-related information via mobile devices. Recently, several apps to
rate and locate physicians have been released in the United States and Germany. However, knowledge about what kinds of
variables explain usage of mobile physician-rating apps is still lacking.

Objective: This study analyzes factors influencing the adoption of and willingness to pay for mobile physician-rating apps. A
structural equation model was developed based on the Technology Acceptance Model and the literature on health-related
information searches and usage of mobile apps. Relationships in the model were analyzed for moderating effects of physician-rating
website (PRW) usage.

Methods: A total of 1006 randomly selected German patients who had visited a general practitioner at least once in the 3 months
before the beginning of the survey were randomly selected and surveyed. A total of 958 usable questionnaires were analyzed by
partial least squares path modeling and moderator analyses.

Results: The suggested model yielded a high model fit. We found that perceived ease of use (PEOU) of the Internet to gain
health-related information, the sociodemographic variables age and gender, and the psychographic variables digital literacy,
feelings about the Internet and other Web-based applications in general, patients’ value of health-related knowledgeability, as
well as the information-seeking behavior variables regarding the amount of daily private Internet use for health-related information,
frequency of using apps for health-related information in the past, and attitude toward PRWs significantly affected the adoption
of mobile physician-rating apps. The sociodemographic variable age, but not gender, and the psychographic variables feelings
about the Internet and other Web-based applications in general and patients’ value of health-related knowledgeability, but not
digital literacy, were significant predictors of willingness to pay. Frequency of using apps for health-related information in the
past and attitude toward PRWs, but not the amount of daily Internet use for health-related information, were significant predictors
of willingness to pay. The perceived usefulness of the Internet to gain health-related information and the amount of daily Internet
use in general did not have any significant effect on both of the endogenous variables. The moderation analysis with the group
comparisons for users and nonusers of PRWs revealed that the attitude toward PRWs had significantly more impact on the
adoption and willingness to pay for mobile physician-rating apps in the nonuser group.

Conclusions: Important variables that contribute to the adoption of a mobile physician-rating app and the willingness to pay
for it were identified. The results of this study are important for researchers because they can provide important insights about
the variables that influence the acceptance of apps that allow for ratings of physicians. They are also useful for creators of mobile
physician-rating apps because they can help tailor mobile physician-rating apps to the consumers’ characteristics and needs.

(J Med Internet Res 2014;16(6):e148)   doi:10.2196/jmir.3122
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Introduction

Background
Technological advances have always had major impacts on
medicine [1]. Many leading companies in the computer and
Internet industries have entered the mobile marketplace, such
as Google with the Android Mobile Operating System and Apple
with the iPhone being the 2 dominant operating systems [2].
The smartphone is one of the fastest growing sectors in the
technology industry and also has significant impact on medicine
[1]. The number of people who use smartphones and mobile
tablet computers is expanding rapidly. More than 95% of young
US adults between the ages of 18 and 29 years own a mobile
phone, and almost 30% of those use their mobile phone to look
for health or medical information. In the United States, more
than half of the adults aged 65 and older own a mobile phone
[3]. Younger people are more likely than older people to own
and use a smartphone. Regarding apps, recent studies show that
there has been an enormous increase in the number of
smartphone and tablet apps downloaded over the past years [4].
More than 300 million apps were downloaded in 2009 and more
than 5 billion apps were downloaded in 2010 [5]. Patients use
mobile devices and apps to manage and control their health,
and 1 in 5 smartphone owners has at least 1 health app (eg, for
diet, weight, and exercise) [5,6]. Hence, similar to developments
in most consumer markets, consumers increasingly access
health-related information via mobile devices. Mobile media
devices are popular tools in the area of medicine because they
allow for immediate information [7]. Smartphones and mobile
tablet computers offer many advantages for patients in
comparison to other technologies, such as mobility, capability,
portability, intuitive and tactile graphical user interface,
permanent connection to the Internet, and storage capacity
[4,5,7-9].

An app is defined as “a software program for a computer or
phone operating system” [9]. In this paper, we use the term
mobile apps to describe “Internet applications that run on
smartphones and other mobile devices” [9]. Apple offers the
highest number of health-related apps of any platform. In 2010,
Apple’s App Store offered more than 7136 health-related apps;
1296 health-related apps were offered by Google Android and
333 by BlackBerry [5]. In October 2013, the IMS Institute for
Healthcare Informatics released a report on mobile health apps
(all apps categorized as “health or wellness” or “medical” were
reviewed) showing that 43,689 health care apps were currently
available on the US iTunes Store [10]. The health application
market is booming [11]. The Global Mobile Health Market
Report estimates that by 2015 more than one-third of all 1.4
billion smartphone users will utilize a mobile health care app
[11]. In Europe, Germany is one of the biggest app markets
with average growth rates of 183% over the past 4 years [12].

Several recently released mobile apps allow consumers to rate
and locate physicians , such as Vitals [13], Rate MDs [14],
ZocDoc [15], and Healthgrades [16] in the United States, or
Jameda [17], DocInsider [18], and Imedo [19] in Germany.
However, there is practically no research on factors that
contribute to the adoption of such mobile physician-rating apps.

Physician-rating websites (PRWs) provide patients with
information on the quality of health care system participants,
such as physicians or hospitals [20]. On the Internet, they are
a source of peer-to-peer information about individual physicians
[21], an opportunity to review a physician in an anonymous and
self-driven way [22], and another way to find health information
and make health-related decisions [23] in addition to the usually
preferred sources of recommendation from friends, colleagues,
and family members, or from other physicians (eg, finding a
new general practitioner) [24]. The structure of PRWs is similar
to the well-known rating systems on the Internet for travel
websites, hotels, or restaurants [20]. There is an increasing
number of PRWs throughout the world [25-27]. A controversial
discussion about the utility and the impact of PRWs in several
health systems has been ongoing [21]. A cross-sectional study
by Emmert et al in 2013 [28] showed that approximately
one-third of an online sample in Germany was aware of the
existence of German PRWs and approximately one-quarter had
searched for a physician on a PRW at least once in the past.
Compared to a study in the United States conducted in 2010
[29] in which 16% of Internet users and 19% of people who
were looking for health-related information on the Internet had
used a PRW, a slight increase of usage can be seen, but usage
is still at a relatively low level. According to Emmert et al [28],
people who have already posted a rating on a German PRW
belong to the minority. Poor usage goes hand in hand with a
small number of patient satisfaction/experience ratings per
physician [20,30,31]. A study conducted by Terlutter et al in
2012 [32] found that younger, male, more highly educated
people and those people with a chronic disease were more
inclined to use PRWs. Users also differed psychographically
from nonusers of PRWs because they revealed more positive
feelings about the Internet and other Web-based applications
in general and had a higher digital literacy rate than nonusers.
Users ascribed higher usefulness to PRWs than nonusers, trusted
information on PRWs to a greater degree, and were more likely
to rate a physician on a PRW in the future as well as to use them
in the future [32]. The study further showed that
sociodemographic variables and health status alone did not
satisfactorily predict usage or nonusage of PRWs, but that
psychographic variables and variables of information-seeking
behavior were needed to predict usage of PRWs [32].

Applying PRWs through mobile apps could be a way to boost
usage of PRWs in general. A mobile physician-rating app
transfers existing functionality of PRWs to the mobile realm,
possibly making it easier and more flexible for patients to both
access information and provide information (rate a physician).
Consequently, this paper aims at delivering important insights
into the usage of mobile physician-rating apps by looking at
what kind of variables explain adoption of mobile
physician-rating apps. With this knowledge, creators of mobile
physician-rating apps could better tailor them to the consumers’
characteristics and needs.

Because some of the apps are available free of charge, whereas
others are only available at a cost (typically a relatively small
fee), we are also interested in patients’ willingness to pay for
mobile physician-rating apps.
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Conceptual Model
This study proposes a causal model consisting of different
antecedents of adoption of mobile physician-rating apps and
willingness to pay for them (Figure 1). A plus sign or minus

sign signifies an increase or decrease, respectively, in the
dependent variable evoked by an increase in the independent
variable (ceteris paribus). The relationships and expected
directions of influence are described in detail subsequently.

Figure 1. Theoretical model of adoption of physician-rating (PR) apps and willingness to pay for them showing various hypothesized (H) relationships.
A plus or minus sign signifies an increase or decrease, respectively, in the dependent variable evoked by an increase in the independent variable (ceteris
paribus). PEOU: perceived ease of use; PRW: physician-rating website; PU: perceived usefulness; TAM: Technology Acceptance Model.

Technology Acceptance Model
The Technology Acceptance Model (TAM) [33,34], based on
the Theory of Reasoned Action, is an applied and widely used
model to describe and predict the acceptance and use of new
information technology. The model focuses on what attributes
of a certain technology increase the acceptance of a technology.
According to TAM, acceptance of a technology depends on
how the technology is perceived. TAM identified perceived
usefulness and perceived ease of use (PEOU) as 2 central beliefs
about a new technology which influence the attitude toward
and the use of that technology [35-38]. The perceived usefulness
is defined as “the user’s perception of the degree to which using
a particular system will improve her/his performance” [38]. The
PEOU is defined as the “user’s perception of the extent to which
using a particular system will be free of effort” [38]. The TAM
has been supported by many studies and has been applied in
different contexts of online consumer behavior [39,40],
including the area of health information websites [41] or mobile
health services [42]. According to Kim and Chang [41],
perceived usefulness and PEOU are “key factors in accepting

information technology like health information service on the
Internet.” Given the broad support of PEOU and perceived
usefulness for understanding acceptance of new technologies,
the 2 constructs from TAM have been included in our model.
In our study, we conceptualize perceived usefulness as the
usefulness of the Internet to gain health-related information and
PEOU as the perceived ease of use of the Internet to gain
health-related information, and we expect both variables to have
a significant impact on the adoption and willingness to pay for
a mobile physician-rating app. It is hypothesized that:

H1a: Individuals ascribing higher ease of use (PEOU) to the
Internet to gain health-related information are more likely to
adopt a mobile physician-rating app.

H1b: Individuals ascribing higher ease of use (PEOU) to the
Internet to gain health-related information are more willing to
pay for a mobile physician-rating app.

H2a: Individuals ascribing higher usefulness to the Internet to
gain health-related information are more likely to adopt a mobile
physician-rating app.
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H2b: Individuals ascribing higher usefulness to the Internet to
gain health-related information are more likely to pay for a
mobile physician-rating app.

In addition, we extended the model with variables related to
health information search that were identified in an extensive
literature review. Sociodemographic variables (eg, age, gender),
psychographic variables (eg, digital literacy, feelings about the
Internet and other Web-based applications in general, patients’
value of health-related knowledgeability), and
information-seeking behavior variables (eg, daily private Internet
use and daily private Internet use for health-related information,
frequency of using apps for health-related information in the
past, attitude toward PRWs) were included in the final model.

Sociodemographic Variables

Age
Age is likely to be an important predictor of evaluation of and
behavior toward mobile physician-rating apps. Similar to the
use of the Internet in general [3,43-49], mobile Internet use also
declines with increasing age. The German Digitalbarometer
I/2012 reported that 44% of people in the age range of 14-29
years, 28% in the age range of 30-49 years, and 10% of people
older than 50 years used apps [50]. In 2013, another German
online study showed that the use of apps decreases continuously
with rising age: 70% of people aged between 14 and 29 years
used apps, 46% aged between 30 and 49 years, 24% aged
between 50 and 69 years, and only 12% age 70 years and older
[51]. Charness and Boot [52] identified attitudinal barriers,
cognitive barriers (eg, fluid and crystallized intelligence,
computer anxiety), as well as age-related changes (eg, in
perceptual, cognitive, and motor systems) affecting technology
use and greater privacy concerns that lead to the lag of older
adults in technology adoption. Therefore, it can be suggested
that:

H3a: Younger people are more likely to adopt a mobile
physician-rating app than older people.

H3b: Younger people are more willing to pay for a mobile
physician-rating app than older people.

Gender
Even though women are typically more inclined to use the
Internet for health-related information [2,53-59], when it comes
to mobile usage of the Internet, men are more likely to use the
Internet on their mobile phone than women, as reported in an
European eHealth survey by Kummervold et al [60], for
example. According to the German ARD/ZDF online study in
2013, 46% of men, but only 36% of women, were mobile users
of the Internet [51]. Another German study in 2013 revealed
that 58.7% of mobile Internet users were male and 41.3% were
female [61]. The German Digitalbarometer I/2012 reported that
36% of men and 18% of women used apps [50]. One explanation
for the higher usage of mobile devices and apps by men than
by women may be lower levels of computer anxiety and higher
perceived behavioral control by men than by women [62]. In
summary, men consistently show higher levels of mobile
Internet and app usage than women do. Therefore, we
hypothesize that:

H4a: Men are more likely to adopt a mobile physician-rating
app than women are.

H4b: Men are more likely to pay for a mobile physician-rating
app than women are.

Psychographic Variables

Digital Literacy
Digital literacy describes the ability to effectively and critically
use a range of digital technologies. High levels of digital literacy
enable individuals to make responsible choices and to access
information and ideas in the digital world and share them with
others and it is deemed an important prerequisite in today’s
digital world [63]. High levels of literacy in the digital domain
are seen as leading to many social and psychological benefits
across the life span [64]. However, low levels of literacy can
pose barriers to the access and use of health information and
eHealth tools, especially if paired with low health literacy [65].
A digitally literate individual is able to make use of different
technical devices and use these to his or her advantage.
Therefore, we expect that a higher level of digital literacy likely
leads to a higher affinity for new digital offers, especially when
designed to facilitate the use of digital content, such as an app.
In addition, it has been demonstrated that people with higher
digital literacy show less computer anxiety [66], which also
likely leads to greater openness toward new offers. Therefore,
the following hypotheses can be assumed:

H5a: Individuals with a higher digital literacy are more likely
to adopt a mobile physician-rating app.

H5b: Individuals with a higher digital literacy are more willing
to pay for a mobile physician-rating app.

Feelings About the Internet and Other Web-Based
Applications
Whereas digital literacy primarily concerns the ability to make
use of digital technologies and information, people also hold
more or less positive or negative affective evaluations or feelings
toward the Internet or other Web-based applications [39,67]. If
they hold more favorable feelings, they are more likely willing
to adopt new technologies. Thus, it can be suggested that:

H6a: Individuals with more positive feelings about the Internet
and other Web-based applications in general are more likely to
adopt a mobile physician-rating app.

H6b: Individuals with more positive feelings about the Internet
and other Web-based applications in general are more willing
to pay for a mobile physician-rating app.

Patients’ Value of Health-Related Knowledgeability
Literature has shown that the amount of information a person
is seeking and the amount of cognitive effort and elaboration a
person is willing to devote to a specific task may vary
substantially based on the personality of the individual [40,68].
Whereas some patients are inclined to prepare themselves for
visiting a doctor and search for health-related information, others
search for health-related information to a lesser extent. Patients
who value health-related knowledgeability more highly (eg,
believe being well informed leads to better patient-physician
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communication or that the physician offers more time to
well-informed patients) are inclined to make significant health
decisions on the basis of health-related information found on
the Internet [39,68]. They even decide whether professional
medical care is needed; alternatively, they decide whether to
rely on self-treatment based on their online findings [69].
Patients with a high value of health-related knowledgeability
are used to searching for health-related information on the
Internet to a greater extent than individuals who have a lower
value of health-related knowledgeability. Therefore, these
patients may evaluate a mobile physician-rating app to be a
useful amendment to a health-related information search. This
leads us to the following hypothesis:

H7a: Patients with a higher value of health-related
knowledgeability are more likely to adopt a mobile
physician-rating app.

H7b: Patients with a higher value of health-related
knowledgeability are more willing to pay for a mobile
physician-rating app.

Information-Seeking Behavior Variables

Daily Private Internet Use and Use for Health-Related
Information
According to a recent study conducted in Germany, 1 of the 2
main motivations for people to own a tablet personal computer
or a smartphone that enables mobile access to the Internet is
saving time [70]. Between 2011 and 2013, the number of
respondents who used mobile Internet over their smartphone
or mobile phone because they wanted to save time rose from
51.9% to 57.6% [71]. Because mobile access allows for fast
and flexible access to the Internet, it can be assumed that people
who have a strong motivation to save time spend less time on
private Internet use in general and also on searching for
health-related information on the Internet. In turn, we expect
that people who spend less time on private Internet use in
general and on searching for health-related information should
be more interested in a physician-rating app because they may
be under more time pressure and may be looking for fast
alternatives to a health-related information search. This leads
us to the following hypotheses:

H8a: Individuals with a higher amount of daily private Internet
use in general are less likely to adopt a mobile physician-rating
app.

H8b: Individuals with higher amount of daily private Internet
use in general are less willing to pay for a mobile
physician-rating app.

H9a: Individuals with a higher amount of daily private Internet
use for health-related information search are less likely to adopt
a mobile physician-rating app.

H9b: Individuals with higher amount of daily private Internet
use for health-related information search are less likely to pay
for a mobile physician-rating app.

Past Use of Apps for Health-Related Information
Patients can make use of different devices to search the Internet
for health-related information, the most prominent being

personal computer, laptop, smartphone, or mobile tablet
computer. Apps are designed primarily for use with smartphones
or mobile tablet computers, and along with the massive
expansion of these mobile devices, usage of apps for different
purposes has increased significantly. According to a study
conducted in Germany in November 2012, there were 43.7 apps
on average installed on an iPhone, 28 apps on an Android
Smartphone, 32.9 apps on an iPad, and 36.1 apps on an Android
Tablet [72], including apps for health and fitness issues. More
than half of the apps installed were actually used by the
consumer [72]. A systematic review investigating patient
acceptance of consumer health information technology found
out that prior experience or exposure to computer and/or health
technology increases its acceptance [62]. Of the 20 studies
investigating the effects of different dimensions of prior
experience to computer/health technology, 15 confirmed that
prior experience was associated with increased acceptance [62].
We can assume that individuals who already make use of
health-related apps more frequently are probably more open
toward a mobile physician-rating app. So we conclude from the
usage of health-related apps to the likely usage of a mobile
physician-rating app:

H10a: Individuals who use apps more frequently for
health-related information in the past are more likely to adopt
a mobile physician-rating app.

H10b: Individuals who use apps more frequently for
health-related information in the past are more willing to pay
for a mobile physician-rating app.

Attitude Toward Physican Rating Websites
We also assume a positive influence of the patients’ attitude
toward PRWs in general on patients’ perception of
physician-rating apps. If patients’overall attitude toward PRWs
is positive, patients are likely to be more positive toward apps
that facilitate access to the PRW. This leads us to the final
hypotheses:

H11a: Individuals who have a better attitude toward PRWs are
more likely to adopt a mobile physician-rating app.

H11b: Individuals who have a better attitude toward PRWs are
more willing to pay for a mobile physician-rating app.

Moderator Analysis: Users vs Nonusers of
Physician-Rating Websites
It might be expected that respondents who have already used
PRWs on some technological (nonmobile) device in the past
behave differently with regards to the adoption of mobile
physician-rating apps than those who have no experience.
Hence, we explore whether the usage of PRWs moderates the
relationships in the conceptual model. According to Baron and
Kenney [73], a moderator is a “qualitative (eg, sex, race, class)
or quantitative (eg, level of reward) variable that affects the
direction and/or strength of the relation between the independent
or predictor variable and a dependent or criterion variable.”
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Methods

Participant Recruitment
An online survey of 1006 German patients was conducted in
September 2012. The sample was drawn from an e-panel
maintained by GfK HealthCare, a leading survey research
company in Nuremberg, Germany. It was based on a randomly
generated set of users who had visited a general practitioner at
least once in the 3 months before the beginning of the survey.
In all, 1561 people were contacted; 555 people could not
participate because they had not visited a general practitioner
within the past 3 months. The recruitment rate was 64.4% [74].
Another 20 participants were excluded from the analysis because
of an extremely short response time and inconsistent answer
patterns (eg, flatliners, contradictions). Another 28 respondents
were excluded because their number of missing values exceeded
the limit of 30% [75] in scale items. The final sample consisted
of 958 participants. Small monetary incentives were offered for
survey completion.

Questionnaire
The survey was designed by the researchers based on the
existing literature. All items (except categorizing variables)
were measured with 7-point rating scales. For construct
measures used in the final partial least squares (PLS) model and
sociodemographic measures see Multimedia Appendix 1.
Existing scales from the literature were used where applicable.
The data were checked and missing values were imputed with
SPSS version 20 (IBM Corp, Armonk, NY, USA). The data
were analyzed by PLS path modeling with the software
SmartPLS.

Measurement Model

Overview
The PEOU and perceived usefulness of the Internet to gain
health-related information were measured by existing multi-item
scales derived and adapted from Venkatesh and Davis [36];
PEOU was entered into SmartPLS with 2 items, PU was entered
with 3 items. Age and gender were measured by a single item
(year of birth and gender, respectively). Digital literacy was
measured with an item based on Norman and Skinner [76]
(1=not literate at all, 7=very literate). Feelings about the Internet
and other Web-based applications in general were measured by
an item derived from Porter and Donthu [35] (1=very negative,
7=very positive). Patients’ value of health-related
knowledgeability was measured with a scale of 9 items, which
was developed by the researchers. Some items were adapted
from the health information orientation scale by Dutta-Bergman
[77]. Exploratory factor analysis revealed a single factor
solution, explaining 53.88% of variance. Factor loadings ranged
from .639 to .807; Cronbach alpha was .892. Items were reduced
for modeling. The 3 items with the highest outer weights were
included in the final model. Total daily private Internet use in
general and total daily Internet use for health-related information
searches were measured in hours per day (or alternatively per
week or per month) with 2 separate questions. Measures were
subsequently recoded into the average measure of hours per day
in general and hours per day for health-related information

searches. The frequency of using apps for health-related
information in the past was measured with the item “How often
do you use apps for health-related information searching on the
Internet?” (1=daily, 2=weekly, 3=less often than weekly,
4=monthly, 5=less often than monthly, 6=never). This variable
was coded inversely; therefore, the variable was recoded before
entering the SmartPLS model. Attitude toward PRWs was
measured by 3 items representing trust in PRWs, utility of
PRWs, and intention to use them in the future. All these
questions had a “no answer” category as an alternative.

Moderator Variable: Usage vs Nonusage of PRWs
The moderator variable “experience with PRWs” was measured
dichotomously with the following wording: “Have you ever
gathered information about a physician on a physician-rating
site?” (1=yes, 2=no, 3=no answer). A total of 15 respondents
chose the no answer category and were excluded from the
subsequent group comparisons.

Endogenous Variables: Adoption of Physician-Rating
Apps and Willingness to Pay for Them
Respondents were asked to think of a mobile physician-rating
app and decide how much they would appreciate it and how
much they would pay for it. We asked respondents to imagine
a physician-rating app for several reasons. First, as outlined by
Emmert et al [28], PRW use is relatively low in general and
usage would be even lower when we focused on mobile usage.
Secondly, we wanted to avoid asking participants about a
specific physician-rating app only because such apps differ in
their quality and distribution and are not yet widespread. By
describing a physician-rating app and asking participants to
imagine it, we were able to realize a substantial number of
evaluations and could base them on comparable stimuli. The
following text was used as introduction: “Imagine that there
exists an app for smartphones to search for physicians. The user
could fill in a symptom of a condition and as a result all
physicians in the surrounding area were listed, including the
ratings of these physicians according to the satisfaction of the
rating patients with him/her, with the atmosphere of the waiting
room, waiting time, the treatment, et cetera.“

Adoption of physician-rating apps was measured by asking
respondents to indicate their agreement with the following 2
items on a 7-point rating scale (1=strongly disagree; 7=strongly
agree): (1) I appreciate such an app, and (2) I am willing to use
such an app.

Willingness to pay for physician-rating apps was measured by
the item “I am willing to pay for such an app.” Again,
participants could indicate their agreement on a 7-point rating
scale (1=strongly disagree; 7=strongly agree).

Analytical Procedure
The causal relationships between the constructs were analyzed
through structural equation modeling using the PLS approach,
as implemented in the free software environment of SmartPLS
[78]. PLS has found prevalent usage in the area of technology
adoption and information systems literature [79], particularly
because it is also well suited for research in its early stages when
the focus is on saturated prediction-oriented models [80].
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Bootstrapping with 5000 bootstrap samples to receive inference
statistics was applied. To assess PLS path models, the results
were evaluated in a 2-step process. First, the measurement
models were analyzed, evaluating the reliability and validity of
the estimates for the latent variables. Second, the structural
(inner) model was assessed [81,82].

We calculated a PLS analysis for the total sample (N=958) and
in a second step for the 2 groups of users (n=254) and nonusers
(n=689) of PRWs. The quality of the fit of the measurement
model was evaluated extensively and was based on the criteria
formulated by Ringle et al [79]. Fit measures were calculated
for the total sample and for both subsamples. Factor loadings,
composite reliability, and average variance extracted were used
to evaluate local fit of the constructs. The internal consistency
reliability was evaluated using Cronbach alpha. Convergent
validity was evaluated based on the average variance extracted.
For assessing discriminant validity, the Fornell-Larcker criterion
was applied [83]. Finally, multicollinearity was checked.

Results

Sample Characteristics
A comparison of the sample of the current study and the 2012
German Internet users (the German online population) [84]
reveals that the sample represents the German online population
quite well concerning the sociodemographic variables (Table
1). With regard to gender, the sample mirrors the German online
population well. Regarding age, participants in our sample were
slightly older than those in the German online population. The
reason for this deviation lies probably in the selection criterion
for participation; to qualify for our study, participants must have
visited a general practitioner at least once in the previous 3
months. With regard to education, the percentage of respondents
with higher education was larger in our sample than in the
German online population. There were no comparable data in
the German online population regarding marital status or
household size.
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Table 1. Overview of study sample in comparison with German Internet population (2012).

German Internet users (rounded to 1000 people)

N=57,045,000

Study sample data

N=958

Variable and category

Gender, n (%)

29,553,000 (51.8)517 (54.0)Men

27,492,000 (48.2)441 (46.0)Women

43.73 (13.0)Age (years), mean (SD)

>1018-70Age limits (years)

Age dichotomized, n (%)

32,896,000 (57.7)471 (49.2)<44 years

24,147,000 (42.3)487 (50.8)45-70 years

Age categories (years), n (%)

12,552,000 (22.0)81 (8.5)<24

20,344,000 (35.6)390 (40.7)25-44

18,799,000 (33.0)431 (45.0)45-64

5,348,000 (9.4)56 (5.8)>65

52,589,000 (100.0)951 (100.0)Education, n (%)

Low education: 9,487,000 (18.0)4 (0.4)Without school qualification

13 (1.4)Secondary general school

Medium education: 29,467,000 (56.0)120 (12.5)Polytechnic secondary school

269 (28.1)Intermediate secondary school

High education: 13,635,000 (26.0)545 (57.0)Matura examination or higher

956 (100)Household, n (%)

207 (21.6)1

363 (37.9)2

355 (37.1)3-4

31 (3.2)>4

948 (100.0)Marital status, n (%)

200 (20.9)Single

215 (22.4)Close-partnered

460 (48.0)Married

64 (6.7)Divorced

9 (0.9)Widowed

Evaluation of the Measurement Model
The measurement models yielded adequate fit for the total
sample and for users of PRWs and nonusers of PRWs groups
(Tables 2 and 3). None of the local fit indicators of the
measurement models, such as factor loading, composite
reliability (CR), average variance extracted (AVE), were
violated and values of Cronbach alpha were relatively high.

The Fornell-Larcker criterion [83] revealed that discriminant
validity of the constructs is also supported. Each given construct
is clearly different from the measures of other constructs [85].
The square roots of AVE values were all well above the values
in the appropriate rows and columns of the correlation matrix
of latent variables (Table 4). Further, cross loadings show that
all items had the highest loadings on their respective construct
and every construct loaded highest with its own items.
Discriminant validity was also supported for the 2 subsamples.
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Table 2. Fit of measurement model including factor loading, composite reliability (CR), average variance extracted (AVE), and Cronbach alpha of
endogenous constructs for the final model in the total sample (N=958).

Cronbach alphaCRAVELoadingMean (SD)Composite and itema

PEOU

.890.950.900.956.26 (1.16)F11_1

0.956.14 (1.17)F11_2

PU

.820.890.740.854.37 (1.97)F11_11

0.884.10 (1.98)F11_12

0.853.85 (1.94)F11_15

———1.0043.73 (13.04)Age (S2_1)

———1.00—Gender (D1)

———1.005.87 (1.06)Digital literacy (F2_1)

———1.005.78 (1.11)Feelings about the Internet (F1_1)

Value of health-related knowledgeability

.820.890.740.784.71 (1.71)F20_5

0.893.37 (1.89)F20_8

0.903.61 (1.93)F20_9

———1.003.10 (2.29)Daily private Internet use (F3_per day)

———1.000.43 (1.53)Daily private Internet use health (F4_per day)

———1.00—Apps use (F7_10recoded)

Attitude toward PRWs

.930.950.870.934.18 (2.00)F25_1

0.944.27 (1.92)F26_1

0.943.59 (1.63)F27_1

a PEOU: perceived ease of use; PU: perceived usefulness. The denomination of measurement variables corresponds to the denomination of the items
in Multimedia Appendix 1.
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Table 3. Fit of measurement model including factor loading, composite reliability (CR), average variance extracted (AVE), and Cronbach alpha of
endogenous constructs for the final model in the subsample of users of PRWs (n=254) and the subsample of nonusers of PRWs (n=689).

Cronbach alphaCRAVELoadingMean (SD)Composite and itema

NonusersUsersNonusersUsersNonusersUsersNonusersUsersNonusersUsers

PEOU

.89.900.950.950.900.900.950.946.21 (1.20)6.45
(0.95)

F11_1

0.950.966.07 (1.23)6.36
(0.91)

F11_2

PU

.83.800.900.880.750.710.860.814.32 (2.01)4.48
(1.88)

F11_11

0.880.874.06 (1.99)4.21
(1.96)

F11_12

0.840.853.78 (1.98)4.03
(1.85)

F11_15

——————1.001.0044.37
(13.00)

42.39
(12.92)

Age (S2_1)

——————1.001.00——Gender (D1)

——————1.001.005.78 (1.09)6.09
(0.95)

Digital literacy (F2_1)

——————1.001.005.73 (1.12)5.97
(1.01)

Feelings about the Inter-
net (F1_1)

Value of health-related knowledgeability

.82.800.900.880.740.710.790.724.58 (1.74)5.07
(1.57)

F20_5

0.880.903.21 (1.88)3.76
(1.87)

F20_8

0.900.893.45 (1.92)4.01
(1.93)

F20_9

——————1.001.003.05 (2.36)3.17
(2.04)

Daily private Internet use
(F3_per day)

——————1.001.000.39 (1.44)0.55
(1.78)

Daily private Internet use
health (F4_per day)

——————1.001.00——Apps use (F7_10recoded)

Attitude toward PRWs

.93.860.960.910.880.780.930.853.71 (1.98)5.47
(1.44)

F25_1

0.940.913.91 (1.95)5.24
(1.45)

F26_1

0.940.903.28 (1.64)4.43
(1.32)

F27_1

a PEOU: perceived ease of use; PU: perceived usefulness. The denomination of measurement variables corresponds to the denomination of the items
in Multimedia Appendix 1.
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Table 4. Correlation matrix of the latent constructs with square root of average variance extracted (AVE) in the diagonal (total sample).

13121110987654321Constructa

0.94PEOU1

0.860.22PU2

—–0.090.07Age3

—–0.180.040.06Gender4

—–0.13–0.150.170.19Digital literacy5

—0.49–0.02–0.110.190.25Feelings about the In-
ternet

6

0.860.160.200.010.010.320.14Value of health-relat-
ed knowledgeability

7

—0.160.180.180.03–0.190.20–0.01Daily private Internet
use

8

—0.210.090.050.030.06–0.050.09–0.07Daily private Internet
use health

9

—0.170.150.230.240.21–0.05–0.27–0.110.29Apps use10

0.930.190.160.100.460.200.180.06–0.070.340.26Attitude toward
PRWs

11

—0.530.310.030.130.340.360.30–0.04–0.170.280.23Adoption of physi-
cian-rating apps

12

0.970.530.390.370.130.150.330.200.160.03–0.160.24–0.01Willingness to pay for
physician-rating apps

13

a PEOU: perceived ease of use; PU: perceived usefulness.

Evaluation of the Structural Model
Given that the measurement model yielded an acceptable fit,
the structural model could be evaluated. The factors included
in the conceptual model explained 40% of variance for adoption

of physician-rating apps (R2=.40) and 28% for willingness to

pay for physician-rating apps (R2=.28). Bootstrapping with 5000
samples revealed that 14 of 22 path coefficients of the
conceptual model were significant. Figure 2 shows the results
for model estimation of the total sample.
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Figure 2. Structural model for the total sample. PEOU: perceived ease of use; PRW: physician-rating website; PU: perceived usefulness; TAM:
Technology Acceptance Model.

Evaluation of the Hypotheses
Hypotheses testing results are reported in Table 5. As can be
seen from the standardized beta coefficients (B), the hypotheses
H1a, H3a + b, H4a, H5a, H6a + b, H7a + b, H9a, H10a + b,
H11a + b are supported. The results for the total sample reveals
that the present attitude toward PRWs is the most important
factor to predict adoption of physician-rating apps and
willingness to pay for a physician-rating app. In addition, the
frequency of the use of apps for health-related information in
the past also predicts adoption of physician-rating apps and
willingness to pay to a high degree. Feelings toward the Internet
and other Web-based applications also have a significant
influence on adoption of physician-rating apps and they also
predict willingness to pay for physician-rating apps. The
patients’ value of health-related knowledgeability has a
significant impact on adoption of physician-rating apps and an
even stronger influence on willingness to pay for
physician-rating apps. There is a significant positive influence

of PEOU of the Internet to gain health-related information on
adoption of mobile physician-rating apps and, in contrast to our
initial predictions, a significantly negative influence on
willingness to pay for physician-rating apps. As expected, age
influences adoption and willingness to pay in a negative way
(increasing age impedes willingness to adopt and to pay for
physician-rating apps). Digital literacy has a significant,
although weak, impact on the adoption of mobile
physician-rating apps and no impact on willingness to pay. The
daily Internet use for health-related information searches has
significant impact on adoption of physician-rating apps, but not
on willingness to pay for them. Gender influences adoption of
a mobile physician-rating app and appears to affect willingness
to pay for it although this was nonsignificant. As was expected,
men were more prone to adopt physician-rating apps. In contrast
to our initial predictions, perceived usefulness of the Internet
to gain health-related information and the amount of daily
private Internet use in general did not exert significant influence
on the endogenous variables.
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Table 5. Summary of partial least squares (PLS) estimation from the total sample (N=958).

Hypothesis testing resultsP (1-sided)t 941BPathaHypothesis

Supported.0013.260.08PEOU → adoption (+)H1a

Rejected.0032.72–0.08PEOU → willingness to pay (+)H1b

Rejected.370.330.01PU → adoption (+)H2a

Rejected.300.830.03PU → willingness to pay (+)H2b

Supported<.0013.48–0.10Age → adoption (-)H3a

Supported.012.33–0.07Age → willingness to pay (-)H3b

Supported.012.58–0.07Gender → adoption (-)H4a

Rejected.061.59–0.05Gender → willingness to pay (-)H4b

Supported.041.790.05Digital literacy → adoption (+)H5a

Rejected.310.50–0.02Digital literacy → willingness to pay (+)H5b

Supported<.0015.690.18Feelings → adoption (+)H6a

Supported.012.410.08Feelings → willingness to pay (+)H6b

Supported.022.090.07Patients’ value of health-related knowledgeability →
adoption (+)

H7a

Supported<.0013.700.13Patients’ value of health-related knowledgeability →
willingness to pay (+)

H7b

Rejected.310.490.01Internet use → adoption (-)H8a

Rejected.310.500.02Internet use → willingness to pay (-)H8b

Supported.021.99–0.04Internet use health → adoption (-)H9a

Rejected.141.100.03Internet use health → willingness to pay (-)H9b

Supported<.0015.190.15Apps use → adoption (+)H10a

Supported<.0016.160.23Apps use → willingness to pay (+)H10b

Supported<.00112.570.41Attitude PRWs → adoption (+)H11a

Supported<.0017.770.28Attitude PRWs → willingness to pay (+)H11b

a PEOU: perceived ease of use; PU: perceived usefulness. A plus sign or minus sign signifies an increase or decrease, respectively, in the dependent
variable evoked by an increase in the independent variable (ceteris paribus).

Group Comparisons: Usage vs Nonusage of
Physician-Rating Websites
As outlined previously, a moderation analysis of usage of PRWs
was carried out and the structural model was estimated for the
2 groups of users and nonusers of PRWs to explore whether the
relationships in the model varied depending on the moderator
variable. The model for users of PRWs explained 33% of

variance for adoption of physician-rating apps (R2=.33) and

27% for willingness to pay for physician-rating apps (R2=.27),
and the model for nonusers of PRWs explained 42% of variance

for adoption of physician-rating apps (R2=.42) and 28% for

willingness to pay for physician-rating apps (R2=.28).

A permutation test [86] was applied to examine the significance
of group differences in path coefficients between the 2
subsamples. The path differences were tested running 1000
permutation samples for each model comparison [87]. The
results can be seen in Table 6. The P value indicates the
percentage of how many sampled path differences are greater
or less than the observed path differences (2-sided test). The
group comparison between users and nonusers of PRWs reveals
that there was only one significant difference between the 2
groups demonstrating that the attitude toward PRWs has a
stronger influence on adoption of a mobile physician-rating app
and on willingness to pay for it, if the respondent had no
experience with PRWs in the past. All other differences in the
path coefficients were not significant.
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Table 6. Model results including group comparisons of users and nonusers of physician-rating websites (PRWs).

Differences (permuta-
tion test)

Nonusers of PRWs

(n=689)

Users of PRW

(n=254)Path descriptionaHypothesis

P (2 sided)BP (1 sided)BP (1 sided)B

.19–0.08<.0010.11.240.03PEOU → adoption (+)H1a

.39–0.06.07–0.05.04–0.11PEOU → willingness to pay (+)H1b

.180.09.30–0.2.110.08PU → adoption (+)H2a

.220.09.38–0.01.110.08PU → willingness to pay (+)H2b

.13–0.10.02–0.07<.001–0.17Age → adoption (-)H3a

.23–0.08.10–0.04.01–0.12Age → willingness to pay (-)H3b

.350.06.01–0.08.36–0.02Gender → adoption (-)H4a

.62–0.03.17–0.03.14–0.07Gender → willingness to pay (-)H4b

.470.05.100.05.070.10Digital literacy → adoption (+)H5a

.420.06.23–0.03.330.03Digital literacy → willingness to pay (+)H5b

.610.04<.0010.17<.0010.21Feelings → adoption (+)H6a

.990.00.010.09.130.09Feelings → willingness to pay (+)H6b

.810.02.060.06.090.08Patients’ value of health-related knowledgeability
→ adoption (+)

H7a

.110.13.020.09<.0010.22Patients’ value of health-related knowledgeability
→ willingness to pay (+)

H7b

.760.02.34–0.01.460.01Internet use → adoption (-)H8a

.970.00.270.02.390.02Internet use → willingness to pay (-)H8b

.67–0.02.07–0.04.08–0.06Internet use health → adoption (-)H9a

.810.02.150.03.280.05Internet use health → willingness to pay (-)H9b

.12–0.10<.0010.17.090.07Apps use → adoption (+)H10a

.49–0.06<.0010.24.010.18Apps use → willingness to pay (+)H10b

.03–0.16<.0010.43<.0010.27Attitude PRWs → adoption (+)H11a

.04–0.17<.0010.32.010.15Attitude PRWs → willingness to pay (+)H11b

a PEOU: perceived ease of use; PU: perceived usefulness. A plus sign or minus sign signifies an increase or decrease, respectively, in the dependent
variable evoked by an increase in the independent variable (ceteris paribus).

Discussion

Principal Findings
The result of the current study and the empirical testing of the
conceptual model using structural equation modeling yield some
interesting results. First, the results indicate that the most
important factors that predict adoption of physician-rating apps
and willingness to pay for physician-rating apps are present
attitudes toward PRWs in general as well as frequency of apps
use for health-related information in the past. Hence, if
individuals have a positive attitude toward PRWs, then they are
also open to apps that enable mobile access to these PRWs, and
they might even be willing to pay for such apps. Similarly, if
individuals already make use of other health-related apps, then
they are prone to make use of physician-rating apps too, and
would even accept to be charged for them.

Secondly, according to TAM, it was hypothesized that perceived
usefulness of the Internet to gain health-related information and
PEOU of the Internet to gain health-related information exert

an influence on adoption of physician-rating apps and on
willingness to pay for physician-rating apps. As expected, PEOU
had a significant positive impact on adoption of physician-rating
apps, but a negative impact on willingness to pay for it, in
contrast to our expectations. This means that ascribing higher
PEOU to the Internet to gain health-related information leads
to a higher willingness to adopt physician-rating apps, but to a
diminished willingness to pay for them. A possible explanation
for these findings might be that there is a trade-off between
Internet accessed via laptop or personal computer and Internet
accessed via smartphones or tablet computers. If someone judges
the Internet to be easy to use for gaining health-related
information, he/she may not be willing to pay extra for the same
information delivered by another sort of technological device.
Additionally, these findings might also be related to the fact
that a higher amount of daily private Internet use for
health-related information exerted a significant negative impact
on adoption of a mobile physician-rating app (see H9a).
Therefore, if someone is under time pressure he/she may find
it more attractive to use a PRW app instead of looking at a PRW
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through Internet accessed via laptop or personal computer. On
the other hand, someone who currently spends more time with
convenient Internet access may be less interested in a
physician-rating app because the quick and ubiquitous
availability, which is offered only by the mobile solution of
PRW usage, may be less important for him/her.

The path coefficients from perceived usefulness to both
endogenous variables were not significant (H2a+b). The results
indicate that when it comes to adoption of mobile
physician-rating apps, PEOU of the Internet to gain
health-related information search plays a more important role
than perceived usefulness of the Internet to gain health-related
information. Apps are typically designed for convenient use;
hence, higher PEOU of the Internet to gain health-related
information leads to higher propensity to adopt physician-rating
apps.

Furthermore, in-line with prior studies on the influence of age
and gender on the use of the Internet concerning health-related
information, the results of our study demonstrate that younger
patients are more willing to adopt physician-rating apps and to
pay for them. Male patients were also more willing to pay for
physician-rating apps, but these differences did not meet criteria
for significance.

In addition, both digital literacy and positive (affective) feelings
toward the Internet proved to exert influence on physician-rating
apps adoption. As was expected, individuals with higher digital
literacy may see more advantages with applying the new
technology of apps for PRWs and therefore are more prone to
use them. However, with regard to willingness to pay for the
physician-rating apps, only positive feelings toward the Internet
exerts a positive influence, whereas digital literacy does not.

Another interesting finding of the current study is that patients’
value of health-related knowledgeability has a positive impact
on adoption and willingness to pay. Physician-rating apps are
probably perceived as devices that enable individuals to increase
their knowledgeability about the physician. If patients think that
being well informed is important to strengthen the
communicative dimension of the relationship with the physician,
mobile access to physician-related information via apps is
appreciated. Interestingly, the influence of patients’
knowledgeability on willingness to pay for physician-rating
apps is even stronger.

The current study reveals that the amount of daily private
Internet use in general does not predict adoption and willingness
to pay for physician-rating apps. The amount of daily private
Internet use for health-related information search proved to be
a significant predictor for the adoption of mobile
physician-rating apps, but not for willingness to pay. It may be
assumed that people who spend a lot of time on the Internet for
health-related information searches are less interested in fast
access to PRWs via apps because they may perceive a less
considerable time pressure. Apps are typically designed to allow
for fast access so that less time would be needed for information
searching and people under time pressure are more inclined to
appreciate them. But time pressure may not necessarily lead to
higher willingness to pay because PRWs are accessible via

normal distribution channels (laptop, personal computer) without
extra costs.

Finally, group comparisons between users and nonusers of
PRWs demonstrate that there is only one moderating effect of
PRW usage on one of the relationships. The influence of attitude
toward PRWs on adoption of mobile physician-rating apps and
willingness to pay for them is moderated by usage of PRWs.
Among the group of nonusers, attitude toward PRWs has a
higher influence on the 2 variables than among the group of
users. This may be explained by the fact that users normally
have a more positive attitude toward PRWs and a smaller
variability in attitude than nonusers because of their experiential
background. Therefore, the predictive power of attitude toward
PRWs may be lower for adoption of physician-rating apps and
willingness to pay for them in the group of users than in the
group of nonusers.

Limitations and Directions for Future Research
Some limitations to the study should be noted. There is the
possibility of selection bias among respondents, although
random selection out of the database is held to minimize its
likelihood. The recruitment rate of 64% for this online panel
sample also indicates that selection bias among respondents is
probably low. A demographic comparison of our sample showed
that there were slightly more men and older people as well as
more higher educated respondents in the sample than in the
average online population of Germany. Although the number
of respondents was quite high, a larger randomized sample of
the average online population would be desirable.

There are also limitations concerning the survey instrument.
We asked about the intended use of a hypothetical mobile
physician-rating app rather than use of an existing mobile
physician-rating app. Asking for an existing mobile
physician-rating app was not an option for us because usage of
existing mobile physician-rating apps has been scarce; therefore,
only a small number of people would have been able to answer
our questions. In addition, by describing a physician-rating app
and asking participants to imagine it, we avoided asking
participants about one specific physician-rating app because
such apps differ in their quality and distribution. To draw
conclusions from hypothetical variables (eg, buying intentions)
to real variables (buying of products) is a common phenomenon
in many social sciences. Nevertheless, some uncertainty remains
about transferring the results to existing mobile physician-rating
apps. Future studies might focus on existing physician-rating
apps once more of these apps are available and used to a larger
extent.

Conclusion and Practical Implications
This paper analyzes the use of PRWs through mobile apps in
the future. More specifically, the study identifies antecedents
of physician-rating apps adoption and of willingness to pay for
such apps. A mobile physician-rating app allows for flexible
access to PRWs, irrespective of the individual’s location, and
it may also be useful in certain circumstances (eg, when a patient
is on a journey or a physician’s practice is unexpectedly closed).
Several sociodemographic, psychographic, and behavioral
variables of Internet use contribute to the adoption of mobile
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physician-rating apps and willingness to pay for mobile
physician-rating apps. With regard to sociodemographic
variables, male and younger patients are more prone to adopt
physician-rating apps. Therefore, these target groups of mobile
physician-rating apps could be used as testimonials and
promoters. The first step of enhancing awareness and adoption
of physician-rating apps could be to promote the
physician-rating apps through social media (eg, Facebook) and
other Web-based communication channels that are often used
by male and younger patients. Some psychographic variables
(eg, digital literacy, feelings about the Internet and Web-based
applications, and value of health-related knowledgeability)
support proneness of future physician-rating apps adoption.
Therefore, the communication concepts for the promotors and
testimonials of physician-rating apps could be tailored more
specifically. In a second step of innovation diffusion of
physician-rating apps the results of this study are additionally
useful for creators of mobile physician-rating apps and of PRWs
in general. The results have shown that the PEOU of the Internet
of health-related information is a valuable antecedent of

physician-rating apps adoption. Therefore, the design of
physician-rating apps as well as the accessibility, usability, and
user-generated content should meet the users’ requirements for
further usage of physician-rating apps. The search functions
should be kept simple for people who look for a physician via
mobile physician-rating apps (eg, on smartphones) [88,89]. The
results of this paper also reveal that an improvement of the
attitude toward PRWs is also likely to lead to increased mobile
physician-rating apps adoption; hence, enhancing trust in PRWs
and increasing the usefulness of PRWs are critical factors for
mobile physician-rating apps adoption. It might also be assumed
that usage of physician-rating apps could boost the usage of
PRWs in general so that PRWs could ultimately be more
interesting for the populace. Additionally, higher awareness of
PRWs would also lead to an even greater number of ratings per
physician and the representativeness of PRWs could be
enhanced. Therefore, the (nonmobile) usage of PRWs and
physician-rating apps adoption are interdependent and are likely
to benefit from each other.
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Abstract

A growing number of investigators have commented on the lack of models to inform the design of behavioral intervention
technologies (BITs). BITs, which include a subset of mHealth and eHealth interventions, employ a broad range of technologies,
such as mobile phones, the Web, and sensors, to support users in changing behaviors and cognitions related to health, mental
health, and wellness. We propose a model that conceptually defines BITs, from the clinical aim to the technological delivery
framework. The BIT model defines both the conceptual and technological architecture of a BIT. Conceptually, a BIT model
should answer the questions why, what, how (conceptual and technical), and when. While BITs generally have a larger treatment
goal, such goals generally consist of smaller intervention aims (the "why") such as promotion or reduction of specific behaviors,
and behavior change strategies (the conceptual "how"), such as education, goal setting, and monitoring. Behavior change strategies
are instantiated with specific intervention components or “elements” (the "what"). The characteristics of intervention elements
may be further defined or modified (the technical "how") to meet the needs, capabilities, and preferences of a user. Finally, many
BITs require specification of a workflow that defines when an intervention component will be delivered. The BIT model includes
a technological framework (BIT-Tech) that can integrate and implement the intervention elements, characteristics, and workflow
to deliver the entire BIT to users over time. This implementation may be either predefined or include adaptive systems that can
tailor the intervention based on data from the user and the user’s environment. The BIT model provides a step towards formalizing
the translation of developer aims into intervention components, larger treatments, and methods of delivery in a manner that
supports research and communication between investigators on how to design, develop, and deploy BITs.

(J Med Internet Res 2014;16(6):e146)   doi:10.2196/jmir.3077
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Background and Purpose

A growing number of investigators have commented on the
lack of models informing the design of behavioral intervention
technologies (BITs) [1]. We use the term BITs to refer to
behavioral and psychological interventions that use a broad
range of technologies, such as mobile phones, the Web, and
sensors, aimed at changing behaviors and cognitions related to
health, mental health, and wellness [2]. To date, some BITs use
psychological models, such as the Theory of Planned Behavior
or Social Cognitive Theory, to inform design [3]. While these
models are useful in describing the types of behavioral and
cognitive changes required of users in their environments to
achieve clinical targets, they offer little information on how to
design and implement BITs to ensure that they are useful and
usable [1]. Specifically, these models are limited in at least two
ways. First, they focus on clinical outcomes, which are often
more distal to the behavioral targets of specific BIT interventions
and are unlikely to change within the timeframe necessary to
inform design considerations or to submit BITs to rapid
development, evaluation, and iteration [4]. Second, purely
psychological models do not include critically important factors
that can guide the design and specifications for a BIT.

The purpose of this paper is to describe a BIT model that
supports the translation of the clinical aims of a BIT treatment
and its intervention components into BIT features. The BIT
model proposed here is intended to provide a broad hybrid
framework that combines behavioral principles with
technological features that can help bridge the fields of
behavioral science and technology. Experts from both fields
contribute to the development of BITs, but the vastly different
training and knowledge backgrounds have led to differences in
conceptual models that guide development and evaluation. A
framework that integrates behavioral science, design, and
engineering can support the definition of systems in terms of
testable hypotheses that could then be evaluated. This would
help avoid the all-too-common process of developing BITs that
ignore psychological or engineering principles or that rely
entirely on developer intuition [1,3].

Review of Existing Models

Overview
We review here three design models proposed by Ritterband
[5], Fogg [6], and Oinas-Kukkonen [7,8] that have informed
the development of BITs. This review is intended to provide a
context for the proposed BIT model and not as an exhaustive
review and critique of theoretical models used to inform the
development of BITs. Other sources provide a more exhaustive
review of the different models of behavior change used to inform
BITs development [3,9].

Ritterband
Ritterband provided one of the first generalizable models
depicting how a Web-based intervention contributes to symptom
change [5]. The model posits that website design, human support
(eg, a coach or therapists), user characteristics, and
environmental factors contribute to website use, which in turn

leads to behavior change and ultimately symptom improvement.
The model also describes, although does not categorize,
attributes of a website including intervention components (eg,
media, messaging, assessment) and quality attributes (eg,
appearance, difficulty of use, accuracy of information) intended
to support behavior change.

The Ritterband model is useful, as it specifies the elements and
characteristics to consider when designing an intervention
website. Many elements of the model could also be applicable
to other technologies, such as mobile devices. However, the
Ritterband model does not articulate how technological
components might be mapped onto more specific (and proximal)
intervention goals, which is important in intervention design.
Furthermore, while Ritterband emphasizes that the model is not
necessarily linear (eg, components do not necessarily need to
be deployed sequentially), the non-linear properties are not
articulated. These non-linear properties are increasingly
important as technologies are able to receive and react to data
obtained from the user, the user’s environment, and third parties
such as a health care system or coaches.

Fogg Behavioral Model
The Fogg Behavior Model [6] is a model for understanding
behavior change that identifies the factors that control whether
a behavior is performed. As it focuses on specific behaviors, it
is most applicable to changing small, clearly defined behaviors,
which he refers to as “tiny habits”. The model does not purport
to guide applications focused on changing attitudes or cognitions
nor does it guide applications that target more complex treatment
goals. Fogg focuses on three constructs: motivation, ability, and
triggers. Motivation and ability are inversely related such that
simpler behaviors require lower levels of motivation to initiate.
Triggers are events in the environment (or from an intervention)
that elicit the behavior at a given level of motivation. Fogg does
not believe that technologies are particularly effective at
teaching new behaviors, rather, he argues that they are best
suited to simplifying tasks, thereby increasing ability and
providing triggers that might initiate the desired behavior when
applied at the appropriate time (ie, when appropriate given the
level of ability and motivation). He argues that the best design
of BITs is to be responsive to an individual’s motivation and
to adapt the behavior (through simplification) or the environment
(through triggers) appropriately. A key requirement of Fogg’s
model is that the initial target behavior be small; larger
behavioral goals can be achieved through the concatenation of
smaller goals.

Fogg’s model is elegantly simple and very useful within the
constraints he outlines. However, the restricted focus does not
fit the goals of many treatment interventions that attempt to
address more complex problems such as reducing symptoms
of depression or anxiety, treating insomnia, improving
self-management of chronic illnesses, coping with addictions,
or implementing healthy lifestyle programs. Users may not
know what steps to take to attain their goals and may require
some education. It may even be difficult for users to identify
behavioral goals that are circumscribed enough to be attainable.
Motivation may wax and wane and thus can be a focus of BITs.
However, Fogg’s model may be very useful for small behaviors.

J Med Internet Res 2014 | vol. 16 | iss. 6 | e146 | p.287http://www.jmir.org/2014/6/e146/
(page number not for citation purposes)

Mohr et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


As such, the model could serve as a useful tool in considering
and designing individual components of larger intervention
programs.

Persuasive System Design
Oinas-Kukkonan has described comprehensive models, which
he refers to as Persuasive System Design and the Behavior
Change Support System, which, in spite of the name, also
addresses cognitive change and adherence to a BIT [7,8].
Oinas-Kukkonen identifies 3 areas of change: (1) forming a
behavior, cognition, or BIT adherence behavior, (2) altering a
behavior, cognition, or BIT adherence behavior, and (3)
maintaining a behavior, cognition, or BIT adherence behavior.
To this we would add stopping or reducing a behavior or
cognition, such as unhealthy eating or addictions.
Oinas-Kukkonen also identifies four general design features,
each of which contains a number of more specific components:
(1) primary task support, which includes reducing complex
behaviors into simpler ones, tunneling experience, tailoring and
personalization, self-monitoring, simulation, and rehearsal, (2)
dialogue support, including positive reinforcement, reminders,
and suggestions, (3) credibility, by conveying trustworthiness
and expertise, and (4) social support, including both social
networking components and the provision of social normative
information.

A strength of Oinas-Kukkonen’s model is that it supports the
transfer of design components into software functionality. Its
clear articulation also allows the evaluation of the value of these
components, as evidenced by a meta-analysis that evaluated
both the frequency of the use of these components, as well as
their impact on adherence [10]. While this model links
intervention aims with a variety of well-articulated intervention
elements, it does not discuss how individual intervention
elements may be varied or integrated into a larger treatment
program.

BIT Model Description

The BIT model provides a framework for the translation of
treatment and intervention aims into an implementable treatment
model. For the purposes of clarity, we use the term
“intervention” to refer to a single interaction with a single
element and the term “treatment” to refer to multiple interactions
that unfold over the entire course of interaction with the BIT.

BITs are intended to assist users in achieving a goal related to
health, mental health, or wellness. A single BIT intervention
enables users to change their current state (the state at the
moment of the BIT use) using one or more possible interventions
to achieve the intervention aims (desired future states) (see
Figure 1). We use the term “Past State” to indicate prior states
and events. This time point can be defined depending on the
application context (eg, events in the past hour, or before
yesterday). The future state can be defined in a similar manner.
A BIT treatment can be defined as a concatenation of these BIT
interventions over time.

The BIT model displayed in Table 1 displays the “why”, “what”,
“how (both conceptual and technical)”, and “when” of BITs.
The theoretical level consists of the “why” and conceptual
“how”, whereas the instantiation level consists of the “what”,
technical “how”, and “when”. Most BITs consist of a sequence
of intervention steps delivered to the user, each intended to
achieve a specific aim related to the broader treatment goal,
such as monitoring calorie intake for a weight-loss intervention.
The aim in Table 1 describes the why of any specific intervention
and intervention component and reflects the intention of a
developer. How an aim is achieved is defined by a behavior
change strategy, which conceptually defines more proximal
aims that support the user in attaining an aim. Each behavior
change strategy is instantiated by a BIT element or set of
elements, which are more granularly defined intervention
components of the overall BIT treatment. Elements are the what
of the model. How an element is displayed is affected by the
characteristics, such as the output complexity (difficult, easy)
or the medium (video, text, etc). This how refers to the technical
rather than conceptual considerations. Because a BIT is
considered to be a sequence of intervention elements delivered
to the user over time, the relative order and rules for progressing
through the BIT must be defined. The workflow describes when
each intervention element will be displayed by determining the
precedence of features and conditions under which intervention
elements may be delivered. In the following sections, we discuss
each of these components in more detail. The overall BIT model
consists of these 4 constituent parts (aims, elements,
characteristics, and workflow). As “interventions” refer to
individual instances or interactions with the user, it includes the
elements and their characteristics. “Treatment” refers to how
these aspects unfold over time and thus adds workflow.
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Table 1. Summary of BIT model.

ExamplesBIT component

Theoretical

Clinical aims:AimsWhy

Weight reduction:

Decrease caloric intake

Increase physical activity

Promote sleep hygiene

Decrease depression:

Increase positive activities

Decrease avoidance behaviors

Usage aims:

Use of Intervention tools

EducationBehavior change strategiesHow (Conceptual)

Goal setting

Monitoring

Feedback

Motivation enhancement

Instantiation

Information deliveryElementsWhat

Notifications

Logs

Passive data collection

Messaging

Reports

MediumCharacteristicsHow (Technical)

Complexity

Aesthetics

User definedWorkflowWhen

Frequency

Conditions:

Time-based rules

Task completion rules

Event-based rules

Tunneling
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Figure 1. BITs facilitate reaching future changes (ie, intervention aims) through possible interventions.

“Why”: Intervention Aims
The overall goals of a BIT treatment, as well as the aims of any
given intervention component, reflect the intentions of the
developer [8]. In the context of BITs, these aims can generally
be classified into two somewhat overlapping classes: clinical
and usage aims. Clinical aims refer to changes in behaviors,
cognitions, knowledge, skills, and motivation for
treatment-related behaviors. Clinical aims refer to the clinical
goals of the intervention or treatment (Table 1 shows examples
such as increasing weight reduction, promoting sleep hygiene,
or decreasing depression). Often the larger treatment goal also
includes hierarchies of sub-aims, each of which supports the
attainment of the larger treatment goal. For example, to decrease
depression, sub-aims may be to increase positive activities that
bring pleasure or a sense of accomplishment, as well as reducing
avoidance behaviors that prevent the individual from engaging
more fully in life [11]. Similarly, a weight reduction aim may
include decreasing caloric intake and increasing physical
activity. The hierarchy of aims should be as specific and as
clearly defined as possible to facilitate a clear treatment plan.

Usage aims focus on maintaining engagement with the BIT
generally and/or with its specific intervention components.
Usage aims are often thought to be related to clinical aims,
although the relationship between use and outcome has been
mixed [12]. Furthermore, in many studies, investigators examine
usage outcomes as a proxy for proximal outcomes, although
we would caution against that as these are better treated as
distinct rather than interchangeable concepts. Usage aims, are
more frequently employed in studies conducted by technologists,
such as usability testing. These studies use theories, such as the
technology acceptance model, that imply that the perceived
usefulness and ease of use of the intervention contribute to an
individual’s motivation to continue using the application [13,14],
while psychologists and behavioral scientists tend to focus more
on clinical outcomes.

“How” (conceptual): Behavioral Intervention
Strategies
Behavioral change strategies are the methods used to attain
clinical and use aims. They are grounded in models and theories
of how behavior change occurs and is maintained. Table 1
provides examples of common behavior change strategies, which
are described below. This list is drawn from Michie’s extensive

taxonomy of behavior change strategies [15,16] and is not
intended as a comprehensive list. Many of these strategies can
relate to either clinical or usage outcomes. For example,
education may focus on providing the requisite knowledge to
change a behavior related to a clinical aim and/or provide
instruction on why and how to use the application to increase
its usage. A critical step, however, in selecting which aims to
promote is to have a clear rationale for how a given strategy
will support the overall goal of treatment.

Education aims to increase the user’s understanding of their
past and current state and of the steps required to achieve the
future state (see Figure 1). Examples include providing
information and instruction and may include material about the
problem, treatment rationalization, information on consequences
of behaviors, modeling, and demonstrating a behavior. In
addition, education may include instruction on how to use the
application.

Goal setting involves future planning to achieve desired future
states. This can include activity scheduling, setting tasks of
progressively greater difficulty, anticipation of barriers, or goals
with respect to application use.

Monitoring involves recording of past states or current states.
Examples include recording of current or past behaviors,
cognitions, or events, reviewing previously set goals and
identifying barriers, or monitoring intervention and application
use.

Feedback provides information on current and past states, or
the likelihood of future states, with the goal of increasing insight
and understanding regarding the user’s condition or actions.
Feedback may also overlap with other behavior intervention
components, such as motivation enhancement (eg, feedback on
goal attainment may provide information about progress and
may also increase or decrease motivation).

Motivation enhancements are interventions that increase the
likelihood that the user will engage in specific behaviors related
to treatment goals or use of the application in the future
(motivation to change current state into future state through
behavior change or BIT use). These include positive
reinforcement, contingent rewards, behavioral contracts,
incentives, and social support [10]. Providing opportunities for
social comparison and identification with role models are
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examples of motivational enhancement that utilize social support
elements.

“What”: BIT Elements
BIT elements are distinct components or objects of a BIT
intended to implement the behavior change strategies, which
in turn support the user in achieving the clinical and usage aims
required to attain the treatment goal. By BIT elements, we mean
the actual technical instantiations present in the BIT. For
example, a data entry field created in a food logging application
supports the behavior change strategy of monitoring. Thus, the
BIT elements are the aspects of the BIT, with which the user
actually interacts. Below is a list of commonly used elements
of existing BITs, but this list could expand as aims, designs,
and technologies continue to advance.

Information delivery typically involves one-way interactions
in which the system provides content to the user when the user
initiates access. These can include such things as text, video,
images, audio, or a combination of media. They are distinct
from other similar components in that they commonly remain
available after release and are often used didactically.

Notifications are individual messages pushed to the user, such
as text messages, emails, or within app notifications.

Logs are a form of data collection that require the user to enter
data. Examples include free entry, selection menus, and using
a rating scale.

Passive data collection refers to data collected without any user
effort, such as phone sensor data collection, data from external
devices such as pedometer, and data collected through
application programming interfaces (APIs) from other available
sources (eg, weather data or prescription refills).

Messaging elements link the user with other individuals
including those supporting the interventions (both professionals
and paraprofessionals), peers drawn from their social network,
or peers using the system. Messaging refers to more than just
one-to-one correspondence and can include discussion boards.

Reports are reflections of data collected by the BIT that are
provided back to the user (eg, calendars, calorie counts, thought
records).

Visualizations may be considered a subset of reports and convey
specific information derived from previously collected data and
assessments. Data may be aggregated across an individual user
or across groups of users.

BIT element(s) are mapped onto behavior change strategies. A
specific behavior change strategy can be targeted by more than
one BIT element, which may be delivered sequentially or may
be embedded in each other. For example, education is often
achieved by delivering didactic tools that rely on text-based
information. But such learning may be augmented by embedded
reports (visualizations or text) derived from data and assessment,
thereby providing feedback to illustrate a point and support
learning.

“How” (technical): Characteristics
BIT elements can be further defined and/or refined across a
number of dimensions to better fit the user and/or optimize the
element to achieve its aim and overall treatment goal of the BIT,
commonly by improving the user’s comprehension, ability to
complete tasks, and engagement. We describe four
characteristics (medium, complexity, aesthetics, personalization)
that have received attention in BIT research, however, these are
intended as examples and are by no means an exhaustive list.

Medium refers to media employed, such as text, video, audio.
Variation in the medium can be varied for many of the
intervention elements, including information delivery, social
networking, or data collection. In considering the medium, it
can be useful to apply a framework, such as media richness
theory, which can provide information on how media may vary
in their suitability for communicating different types of
information effectively [17]. The media richness hierarchy is
organized from high to low levels of richness based on the
capacity of media types to process information or cues. Each
cue can be assessed on multiple criteria including (1) speed of
feedback (fast, slow, instant), (2) the capacity of the medium
to transmit multiple cues simultaneously, (3) the ability to use
natural language, and (4) the personal focus of the medium.
Richer media are not necessarily better [18]; the aims of any
given intervention element are most likely to be effective if the
communication channel fits the task and the capabilities of the
users [19]. For example, video may be a better media for
communicating information to users who have low literacy,
while text may be preferable to more educated groups.

Complexity can be varied depending on the user, target
population, and the task (eg, providing didactic information, a
notification, or data collection). For example, some users may
prefer more elaborate content, while others may prefer leaner
content [20]. Or, for logging features, some users prefer the
control and specificity afforded by free text entry, while others
prefer the simplicity of drop-down menus. The complexity of
content or tasks may vary by user capabilities and limitations
such as educational level or familiarity with device. The
complexity of content and tasks may also vary based on the
context in which application is used (eg, at home, work, or in
transit).

Aesthetics may vary depending on the user characteristics and
tastes [21]. Aesthetics can have a substantial impact on user
acceptance and usability [22]. There are engineering principles
of aesthetics that relate to user acceptance and performance that
should be considered [23].

Personalization refers to altering the characteristics or content
of a BIT to increase the relevance for an individual user. For
example, the content of information may be tailored to fit the
user’s needs and capabilities by altering language or providing
examples that are more likely to be relevant to the user [24].
Personalization has generally relied on predetermined criteria
to adapt the form of interventions; however, it is also possible
to use machine learning methods that can learn from population
and individual user data to automatically adapt the form of
interventions to meet the user’s needs and capabilities [25-27].
Personalization can impact the characteristics of the medium,
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complexity, and aesthetics, where these characteristics are made
more relevant based on individual user needs and characteristics.

The characteristics in this model are intended to reflect the need
to modify BIT elements. Conceptually, the elements could be
considered objects, and the characteristics could be considered
the potential attributes of those objects. It is beyond the scope
of this paper to provide guidance on the methods one might use
to decide which attributes best meet the needs of users, as these
questions are the subject of entire fields of study such as human
factors engineering and human computer interaction (HCI).

“When”: Workflow
Most BITs are designed for repeated interactions over an
extended period of time. That is, within our terminology, most
BITs are intended as a treatment consisting of a series of
interventions. The workflow defines when and under what
conditions BIT interventions are delivered and can take into
account changes in the aims, elements, and/or characteristics
that occur over the course of a treatment. The workflow
identifies when an intervention is delivered and potentially also
the sequence of interventions. Below we describe common
examples of workflows (user defined, frequency, conditions,
tunneling).

User defined workflows allow the user access to all intervention
elements and content, permitting the user to decide the sequence
and timing of their use.

Frequency refers to the frequency with which any intervention
is deployed. Some interventions have expectations of the
frequency of use.

Conditions use data to determine when an intervention will be
delivered. A variety of types of conditions can be employed.
(1) Time-based rules define the release of an intervention
element based on the passage of time. For example, Web-based
treatments modeled on standard face-to-face treatments
sometimes release new content on a weekly basis [28]. (2)
Task-completion rules define the release of intervention
elements based on the user’s completion of prescribed
intervention tasks, such as the completion of a pre-determined
number or set of activities detected by the intervention system.
(3) Event-based rules define the release of elements based on
the detection of criteria detected by the intervention. Events
may be derived from user-entered data (eg, a patient
characteristic or change in state), sensor data, or any other data
(eg, data from an electronic medical record). An “event” may
also be defined as the absence of data (eg, a notification may
be provided when no user activity has been detected over a
given period of time).

Tunneling uses data to determine which interventions are most
like to meet the needs or preferences of an individual at a given
time. For example, an intervention for anxiety can use
information on comorbidities to provide specific interventions
targeting those problems to improve efficacy [29]. As with
personalization, adaptive systems, using artificial intelligence
and machine learning techniques, can potentially use
population-level data along with individual user data to
determine the workflow of an intervention, similar to

commercial recommendation systems such as Netflix or Amazon
[25-27].

Workflows may use and integrate a number of these elements,
for example, providing core interventions in a predetermined
sequence with a mixture of time-based and task completion
rules and then allowing the user to select from a variety of
additional interventions that the user believes are most useful
[30,31].

BIT Model: Example Using MyFitnessPal

To further explain the BIT model, we provide an example of a
portion of a popular fitness app (MyFitnessPal). MyFitnessPal
is an Internet website and mobile application designed to help
people lose weight. The MyFitnessPal mobile application is
freely available for the Android, BlackBerry, iOS, and Windows
platforms. The overall clinical aim of MyFitnessPal is to
promote weight loss. Two of the sub-aims of the application
are to reduce caloric intake and increase physical activity.
Although MyFitnessPal makes use of several behavior change
strategies (education, feedback, goal setting, motivation
enhancement), the major behavior change principle used is
monitoring. That is, weight loss is promoted by helping people
track what they eat and how much they exercise. Reviewing
every feature of MyFitnessPal is beyond the scope of this paper;
however, we present aspects of the core functionality of entering
food into one’s diary to illustrate the BIT model.

Figure 2 displays the BIT model as it applies to a single action,
that is, logging one’s breakfast into the MyFitnessPal diary.
Starting with the clinical aim of reducing caloric intake, the
behavior change strategy is monitoring one’s food intake. Thus,
the behavior change strategy (monitoring) bridges the clinical
aim (reduction of caloric intake) and the technological
instantiation. The BIT element with which a user initiates the
interaction with the application is a food log. The food logging
element has a number of potential characteristics (how). A user
can enter the nutritional data in free text. To simplify this entry,
a user can search for a particular food, in this example yogurt,
in order to input that specific nutritional data into one’s diary
(see element 1 in Figure 2). However, an even simpler form of
entry allows the user to scan the barcode of the food item (see
element 2 in Figure 2). MyFitnessPal will then use the barcode
to search for the item, eliminating the need for the user to search
and then correctly select the item from the items within
MyFitnessPal’s database. The workflow here is user defined.

The use of the food diary requires the user to initiate the
interaction, requiring the user to remember and be sufficiently
motivated to engage in the task. To mitigate the effects of
forgetfulness or low motivation, MyFitnessPal makes use of
another behavior change strategy, motivational enhancement,
to support the usage aim of entering consumed food into the
application. One technological manifestation of a motivation
enhancer is through the BIT element of a notification. In
MyFitnessPal, these notifications are delivered via text push
notifications from the application. These notifications are created
from the system using task completion rules. As Figure 2
illustrates, the notification is programmed into the system to be
delivered at a specific time if, and only if, the food logging task
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has not been accomplished (see element 3 in Figure 2). In this
example, a notification to log one’s breakfast is provided if
breakfast has not been logged by 11:55 a.m. (see element 4 in
Figure 2). The characteristic of the notification is text (as
opposed to audio or visual). In this way, a user can forgo
receiving the notification by engaging in the user-defined
workflow prior to the programmed event that will initiate the
task completion rule leading to the BIT element of the
notification.

The MyFitnessPal example is an illustration of how the BIT
model maps onto an existing application. High quality
applications often contain these elements; however, there is no
shortage of poorly designed applications available that do not
effectively engage users to accomplish the intended actions or
achieve the intended aims. The BIT model is intended to support
developers and designers by providing a clear model of how to
move from a general clinical aim to a clearly defined and
effective application. We now move to a discussion of
translating these conceptual design decisions into technological
implementations.

Figure 2. BIT model example using MyFitnessPal calorie intake monitoring features.

From Theory to Application:
Technological Implementation of the
Model

The instantiation of a design based on the BIT model requires
technological implementation in a system that can actually
deliver the BIT to users. In this section, we provide an example
of a hybrid model that integrates a general technological
framework using the BIT model. We refer to this as BIT
Technological, or BIT-Tech. BIT-Tech is an example that can
be used by system designers and developers as a conceptual
guideline. It shows the relationship among (1) software
components developed for supporting BITs, (2) the user, and
(3) the environment.

BIT-Tech is defined with respect to the previously defined BIT
model concepts, that is, intervention (I), aim (A), element (E),
characteristics (C), and workflow (W). Data, denoted by D, can
be acquired from a variety of sources. We denote user data by
D(U) and environmental data by D(E). User data include data
related to user, such as demographic information, activity data
collected by an accelerometer, and entered calories.
Environmental data include data from environment (and not the
user). Examples include weather data, traffic data, and
geo-location information. Again, each intervention (I) is a
combination of an element and its characteristics I=<E, C>. The
benefit of BIT-Tech is that it is not a separate model, but rather
an instantiation of the BIT model in technological form. Thus,
both aspects of the BIT model (those displayed in Table 1 and
the BIT-Tech displayed in Figure 1) are equally important for
the model.
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We use the superscript notation At to refer to the specific aim
at time t. This time step will be defined by the system designers
depending on the treatment’s needs and may represent a precise
moment, for example, a second or a longer block of time, such
as an hour, a day, or a week. The same notation is used for other

concepts at time t: intervention component (It), intervention

element (Et), characteristics (Ct), workflow (Wt), and data (Dt).
Note that if the system is stationary, that is, it does not change
over time, we can simply eliminate the superscripts. It also
should be noted that the units for t selected may correspond to
the application context, computational resources, need for a
fine-grained versus coarse-grained intervention, and/or the
specific aspect of the BIT model. For example, one might
represent t in terms of seconds for aspects such as data to create
a “just-in-time” intervention, but in terms of weeks for aspects,
such as workflow if the designer wants the conditions that
trigger interventions to be consistent for the length of the
intervention.

Inspired by the robotics paradigm, we will describe our model
in terms of sensing, planning, and acting primitives. As
described in the literature, in a reactive paradigm (see Figure
3), there are multiple instances of sense-act coupling, where
each instance processes the sensed data independently and acts
independently [32,33]. In a deliberative paradigm, data are
sensed from different sensing modules and integrated into a
global model, then an action is planned, and next the action is
executed. Finally, the hybrid model is a combination of both
paradigms, where a direct sense-act coupling exists, but the
data can also be used by the planning module. The latter allows
for inclusion of a planning component, while also providing the
flexibility of the reactive models such as layered architectures
[34].

The BIT-Tech aspect of the model is composed of several
components (Figure 4):

• Profiler: The profiler is responsible for collecting data to
define the user and environment at any given point in time.
The profiler passes data (D) to the intervention-planner
component. This corresponds to the sensing module in the
hybrid paradigm.

• Intervention Planner: The intervention-planner is
responsible for planning interventions at current time t by
choosing the relevant intervention elements (E) with
characteristics (C). Exact mapping of intervention (as
defined in Equation 1) will depend on the application needs
and will be determined by the developer at design time.

• Intervention Repository: The intervention repository stores
all the intervention elements developed for the use with the
BIT and can be implemented in terms of a database. Once
the intervention repository receives the specification of the
current intervention step from the intervention-planner at
time t, the specification will be passed to the “User
Interface” component. The Intervention Planner and the
Intervention Repository components together comprise the
planning module in the hybrid paradigm.

• User Interface: This delivers an intervention (E+C) using
a user-friendly interface. The user interface corresponds to
the acting module in the hybrid paradigm.

The unfolding of these interventions over time is specified by
the workflow (W) and influenced by the available data (D). As
workflow aspects are considered, specific interventions (I)
combine to create larger treatments intended to achieve the
clinical goals.

Note that the selection of aims and elements can be predefined
by the BIT based on the developer’s expertise, or alternatively
can be chosen by the user or may be determined adaptively
based on information received during the intervention. A
treatment as a sequence of intervention steps is defined in terms:
(1) elements (E), (2) characteristics (C), and (3) relative order
and transition condition of intervention steps, all determined
according to workflow (W). Thus, the intervention-planner’s
function Φ can be defined according to Equation 1. It uses aims
A, data D, as well as workflow W, as the input and provides an

intervention step specification I=< Et,Ct > is the output. The
intervention-planner function Φ typically will be designed based
on designer’s definition of the workflow to determine the
transition between intervention steps. Therefore, Equation 1 is

as follows: Φ (A1..t,D1..t,Wt) = It= <Et,Ct>

More specifically, the workflow W is defined in terms of a finite
state machine [35]. A finite state machine (FSM) is a graph
used in computer science as an abstract model of programs.
Each FSM has a finite number of states (graph nodes), and the
machine is at one of the states at any given moment (called
current state). It can change from current state to another through
graph edges (called a transition) when a triggering event happens
or a condition is satisfied. In our model, the states represent the
intervention steps, and the intervention steps proceed through
transitions (see Figure 6 for an example workflow).

The transition among intervention steps is defined by function
Φ. In general, a transition depends on the previous intervention
steps according to the workflow, as well as previous aims,
historical data, and current time, as in Equation 1. It should be
noted that depending on the specific needs of the system and
the available computational resources, one might store/use all
the historical information or use only the most recent data. Note
that there also may be self-transitions. For example, if the user
does not respond to a notification, then the notification can be
repeated (a self-loop). In Figure 5, all intervention steps have
self-transitions. The self-transitions determine the frequency of
a specific intervention step (ie, how many times it will be
repeated). Figure 5 shows another example of a workflow based
on our MyFitnessPal.

The transition function might also be designed using partial
contextual information. For example, a transition might be
triggered simply if a certain amount of time has elapsed (eg, 1
week) or by the completion of specified tasks, regardless of the
contextual information about previous interventions, aims, and
collected data. However, it is also possible to begin developing
adaptive BITs that employ artificial intelligence techniques to
adapt the workflow to the user’s preferences and/or needs over
time. That is, the workflow structure can be modified over time
using collective and individual data to provide and sequence
specific intervention elements with specific modifications to
the characteristics to increase the likelihood of achieving the
treatment and intervention aims.
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Data gathered through the profiler may be initialized with
specific profile data, such as demographic information and
clinical status (user data), or specific time and location
(environment data), which may determine the BIT tools
delivered, any tailoring or refinement of the elements,
characteristics, and workflow. The profiler may also gather
additional types of data over the course of the treatment, such
as updated data on clinical status, information on the patient’s
use of the application elements, or environmental data such as
location or weather (see Figure 4).

After the system is developed and deployed, the system
performance and effectiveness can be evaluated using different
computational metrics. For example, the interaction aspects of
the BIT can be evaluated using HCI measures such as usability,
ease of use, and usefulness [36,37]. Other aspects of the system
related to software quality, such as reliability, security,
maintainability, and efficiency, can be evaluated using software
engineering metrics [38-40]. Finally, if the system is using
artificial intelligence and machine learning techniques, related
metrics such as accuracy and precision of predictions and
recommendations can be used [41,42].

Figure 3. Three paradigms: Reactive, Deliberative, and Hybrid.

Figure 4. BIT-Tech framework: required environment and user data is collected by the Profiler component; collected data is passed to the Intervention
Planner, which is responsible for planning intervention at time t; the Intervention Repository component stores all the interventions and passes specific
details of the selected intervention to the User interface component, which then delivers the intervention.
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Figure 5. Example workflow generated by the workflow-planner specifying the elements (rectangular nodes), element’s characteristics (elliptical
nodes), as well as order of transitions among elements.

Figure 6. Workflow for MyFitnessPal specifying the elements (rectangular nodes), element’s characteristics (elliptical nodes), as well as order of
transitions among elements.
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Discussion

Implications
We have described the BIT model, which includes both a
framework for articulating the relationship between intervention
aims, elements, characteristics, and workflow and its
technological counterpart (BIT-Tech). This model has a number
of potential uses and implications for BIT research.

The BIT model can help developers formalize their intentions
with respect to each design consideration, as well as assist in
the clarification of how the intervention aims will be
implemented in terms of intervention elements. This
formalization can be assisted through the development of
checklists and flow diagrams that allow the developer to utilize
the general model in the development of a specific intervention.
In this way, the BIT model can guide development (particularly
those who are new to the area) to think through the various
decisions that are critical to the design of a BIT and promote
the integration of behavioral and psychological theory with BIT
design.

Much of the development of BITs to date has been informed
primarily through the application of behavioral and
psychological theories and by developer intuition [1]. Behavioral
and psychological theories provide guidance regarding the
relationship between user behaviors and the attainment of
ultimate treatment goals and may be helpful in determining
proximal intervention aims, but they are less helpful in guiding
the development of elements, characteristics, and workflow.
While developer intuition has contributed to the rapid growth
of BIT research, the use of clear models that formalize and make
developers’ intentions transparent will facilitate the
communication of those intentions. Clear communication about
design intentions will support the exchange of ideas and the
growth of the field.

The formalization of the design and development process also
supports the translation of the developer’s intentions into testable
hypotheses regarding the effects of specific intervention
elements, characteristics, and workflow decisions, as well as
determining the required data outputs to test those hypotheses.
Much of the evaluation of BITs has focused on efficacy, which
limits the growth in our knowledge regarding the mechanisms
by which BITs achieve both their proximal intervention aims
as well as the ultimate treatment goals [4]. Attaining some level
of consistency in how aims, elements, characteristics, and
workflow are defined would facilitate the evaluation of these
components across studies [10].

The proposed conceptual framework could be further refined
through the development of more detailed ontologies that further
define BIT elements, characteristics, and workflows. An
ontology is a formal language used to create a map of a domain,

which can provide the conceptual framework to facilitate the
rapid or automated construction of BIT applications [43].
Ontologies can also allow data to be defined consistently,
allowing it to be queried and retrieved in structured ways [44].
A well-defined generally accepted ontology would facilitate
interchange of information across diverse systems by describing
the data at various levels of detail, independent of the particular
names used in any one system [43]. This would facilitate
investigations across treatment protocols and potentially across
research groups.

Limitations
There are several caveats and limitations of the present work
that should be mentioned. First, the BIT model we present is
intended to be generalizable and is therefore a simplification.
It is intended as a general framework that should be modified
and elaborated to fit the needs of a specific BIT treatment
protocol. Second, the proposed model is intended to respond to
calls for a framework that integrates developers’ intentions,
behavioral and psychological theory, the design of BIT treatment
protocols, and the implementation in a technology framework.
We fully expect and encourage the modification of this
framework to take into account the ideas of other investigators,
new technological developments, the needs and intentions of
other stakeholders such as purveyors and care systems [45,46],
and most importantly, the development of data that can be used
to modify and refine the model. In short, this is intended as a
starting place for the development of more comprehensive
models and theories that can guide development and research
in BITs. Finally, the BIT model has not integrated design
processes, such as user-centered design. This model is intended
as a high level model that can be used as the basis to develop
an ontology, and not to guide specific instantiations of a BIT.
Design processes that integrate information on the needs,
desires, and limitations of users into the development process
are also critical to ensuring that BITs are usable and useful [47].

Conclusion
The BIT model builds on existing models. Our BIT model
extends the Ritterband model [5] by including the intentions of
the developer and by increasing the level of granularity. The
Fogg Behavioral Model [6] can be used to explain a user’s
engagement with any specific intervention element, or set of
elements. The BIT model extends the work of Oinas-Kukkonen
[7,8] by allowing more granular definition of elements,
characteristics, and workflow. The BIT model provides a step
towards formalizing a map that can translate clinical aims into
behavioral strategies, application specifications, and delivery
systems in a manner that supports design, the development of
testable hypotheses aimed at improving BIT design, and
communication between investigators and across research
groups.
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Abstract

Home care is on the rise, and its delivery is increasingly reliant on an expanding variety of health technologies ranging from
computers to telephone “health apps” to social robots. These technologies are most often predicated on expectations that people
in their homes (1) can actively interact with these technologies and (2) are willing to submit to the action of the technology in
their home. Our purpose is to use an “ability expectations” lens to bring together, and provide some synthesis of, the types of
utility and disadvantages that can arise for people with disabilities in relation to home care technology development and use. We
searched the academic databases Scopus, Web of Science, EBSCO ALL, IEEE Xplore, and Compendex to collect articles that
had the term “home care technology” in the abstract or as a topic (in the case of Web of Science). We also used our background
knowledge and related academic literature pertaining to self-diagnosis, health monitoring, companionship, health information
gathering, and care. We examined background articles and articles collected through our home care technology search in terms
of ability expectations assumed in the presentation of home care technologies, or discussed in relation to home care technologies.
While advances in health care support are made possible through emerging technologies, we urge critical examination of such
technologies in terms of implications for the rights and dignity of people with diverse abilities. Specifically, we see potential for
technologies to result in new forms of exclusion and powerlessness. Ableism influences choices made by funders, policy makers,
and the public in the development and use of home health technologies and impacts how people with disabilities are served and
how useful health support technologies will be for them. We urge continued critical examination of technology development and
use according to ability expectations, and we recommend increasing incorporation of participatory design processes to counteract
potential for health support technology to render people with disabilities technologically excluded and powerless.

(J Med Internet Res 2014;16(6):e155)   doi:10.2196/jmir.3135

KEYWORDS

ability expectation; ableism; home care; home care technology; health care technology; people with disabilities; sensor devices
and platforms; social robotics; health information gathering; participatory design

Introduction

Home care, consisting of provision of health support and
resources within a person’s private residence, is an increasingly
preferred model of care for older people and people with
disabilities who are in constant need of some form of health
intervention [1-5]. Health technologies continually reshape what
is possible in home care and the creation of home environments

that support health clients. Further, a health care discourse is
emerging from expectations for health clients to be in control
of their health interventions (see concepts of patient-driven
health care and people-driven health research) [6]. We see
movements towards a “quantified self” (where people diagnose
themselves), health social networks, and participatory medicine
with an active health science and technology market that makes
consumer personalized medicine possible [6]. Furthermore,
people increasingly seek health information by themselves.
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These developments transform the very meaning of health,
health care and rehabilitation [7,8], and the delivery of health
care and rehabilitation [9-16] including home care. This in turn
changes expectations for the functional abilities of those
considered suited for home care support. This shift in
understanding of the nature of the health client from a passive
recipient to an active shaper, and a corresponding framing of
patients and clients as health consumers, has broad implications
for people with disabilities.

In this paper, we focus on ways that health technologies may
change ability expectations for people receiving home care. We
critically examine how technology-driven products and
processes, including those related to self-diagnosis, health
monitoring, companionship, health information gathering, and
care, pose new challenges in terms of physical and cognitive
accessibility for people with disabilities. Non-normative body
abilities present challenges for physically accessing health
technologies while non-normative intellectual abilities raise
obstacles for understanding information provided via health
technologies and for understanding how to operate a given
health technology. In this paper, we use the lens of ability
expectations (that one wishes to possess certain abilities and
regards these abilities in others as desirable) and ableism (where
such ability expectations are viewed as not only desirable but
also essential) to examine the impact of ability expectations
inherent to using self-diagnosis, health-monitoring, and care
devices. In short, this lens is used to focus on what abilities are
expected and why, and the impact of such ability expectations
[17,18]. We anchor this work in the belief that ableism is an
important consideration in how ableist thinking influences the
development and use of health technologies and ultimately the
direction of advances in health care, health research, health
policy, and the utility of these for people with disabilities.

An Ability Expectation/Ableist Lens
Described

The term ableism evolved from the disabled people rights
movements in the United States and Great Britain during the
1960s and 1970s [19]. It has been traditionally understood in
the disabled people rights movement and in the academic field
of disability studies as a grand narrative, that is, a universalized
and systematized conception of “ability” oppression based on
a set of beliefs, processes, and practices that perceive
species-typical normative body structure-based abilities as
essential. Ableism was coined to flag that certain physical and
mental abilities were not only desired but also viewed as
essential. Ableism can lead to the experience of disablism [20],
which means a lack of equity for people who do not exhibit
expected abilities and are thus labelled as sub-species-typical,
namely people labeled as having disabilities. Yet ability
expectations and ableism are much broader cultural phenomena
not confined to physical and mental abilities. Every individual,
household, community, group, sector, region, country, and
culture cherishes and promotes numerous abilities while viewing
other abilities as non-essential or even undesirable. Many people
desire the ability to consume certain products, be competitive,
or productive while others desire living in an equitable

community. Some desire the ability to drive a car, others the
ability to use public transportation. The pervasiveness and
infinite possibilities of ability expectations produce a particular
understanding of oneself, one’s body, and one’s relationship
with others of one’s species, other species [21], and one’s
environment [21] based on one’s abilities [17,18]. A
self-perpetuating pattern plays itself out through which ability
expectations shape health technology development and use. In
turn, ability expectations inherent to available health
technologies influence the ability expectations of people with
disabilities and whether those people can fulfil the ability
expectations becomes a defining factor of the utility of such
health technology products for people with disabilities.

This paper is our attempt to momentarily apprehend this
ever-evolving pattern to draw out the utility and potential
disadvantages so-called supportive technologies may pose for
people with disabilities. We approach this through a critical
examination of a selection of academic literature. We collected
articles from the academic databases Scopus (n=72), Web of
Science (n=19), EBSCO ALL (n=27), IEEE Xplore (n=6), and
Compendex (n=6) that had the term “home care technology”
in the abstract or as a topic (in the case of Web of Science) (May
10, 2014). We also used our background knowledge and related
academic literature pertaining to self-diagnosis, health
monitoring, companionship, health information gathering, and
care that we have used in earlier work. We examined these
articles in terms of ability expectations assumed in the
presentation of home care technologies, or discussed in relation
to home care technologies. Our purpose is to bring together,
and provide some synthesis of, the types of utility and
disadvantages that can arise for people with disabilities in home
care technology development and use.

Living in an Age of Health Support From
the Convenience of Home

Health Information Gathering
As part of a widespread “do-it-yourself” move towards obtaining
health information from online sources without involving a
health practitioner, health clients increasingly expect to be in
the driver’s seat with their health interventions [22]. Ideas of
patient-driven health care have become central in policy
discussions as quantified self-movements continue to gather
momentum predicated on people’s ability to diagnose
themselves [6,10-13]. A 2006 survey of more than 8000
Americans responding to an offer of free Internet access in
exchange for completing occasional surveys, yielded findings
that “populations with serious health needs and those facing
significant barriers in accessing health care in traditional settings
turn to the Internet for health information” [23]. Indeed, people
increasingly self-diagnose aspects of their “health” [12].
According to the Wisconsin Longitudinal Study Graduate
Sample, 40% of respondents with Internet access reported using
the Internet to look for advice or information about health or
health care in 2001 [24]. Findings from a US study show that
80% of American Internet users have searched for information
on at least one of 17 health topics [25]. According to USA
Today, search engines such as AOL and Google (whose top 10
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list of most frequently visited sites for 2009 overlaps somewhat
with AOL’s) are typically the first place Internet health
information seekers visit, rather than academic medical center
or hospital websites [26]. The Pew Research Center’s Internet
& American Life Project, which consists of ongoing surveys
about the social impact of the Internet, concurs that in 2008, “8
in 10 Internet users, or 61% of US adults, have looked online
for health information” [27]. In fact, 60% of respondents to that
survey indicated the information found online affected a decision
about how to treat an illness or condition while 56% say it
changed their overall approach to maintaining their health or
the health of someone for whom they provide care [27].

Health Monitoring and Care at Home: Sensors,
Assistive Devices, and Social Robotics
The Ontario Homecare Association [28] highlights the
responsive and fiscally beneficial nature of home care:

Home care has evolved by responding to changes that
have occurred in the hospital sector (bed closures,
increase in ambulatory care clinics, and day surgery)
and in the long term care facilities sector (waiting
lists for beds, limited availability). As a result, home
care has emerged as an integral component of
Canada’s health care system and essential to its
sustainability. Home and community care comprises
4.25% of the overall spending on health care within
provincial budgets

Health technology developments expand the ways in which the
home is part of health care delivery. Sensor networks and
ubiquitous computing are two leading technology developments
that enable what is being termed “smart home care”. Smart
home care entails, among other things, the use of miniature
sensors and is designed to assist the elderly and chronic patient
in ways that “integrate with existing medical practices and
technology” and “enable real-time, long-term, remote
monitoring” [29]. Sensors can be implanted into the body,
externally attached to bodies (wearable sensors), and/or
positioned in the walls and floors of a home [6]. Sensors are
used for disabled people in areas such as health monitoring (eg,
physiological monitoring such as through using sensor pillow
systems to monitor for cardiorespiratory and posture movements
during sleep, monitoring of movement, and detection of falls
during waking hours) and provision of information (eg,
assistance with indoor navigation or evacuation and rescue
instructions in case of emergencies) [6].

Interactive devices also occupy an expanding place in home
health monitoring and care. For example, wireless personal
digital assistants (PDA) for telemedical diabetes care enable
communication between a glucometer, an insulin pump, and a
continuous glucose sensor controlled through the patient’s PDA
device and responded to by the patient through a user-friendly
interface [30]. Expanding on home health support possibilities
is the newly emerging field of social robotics [31]. Social robots
are designed to perform functions previously performed by
health care staff ranging from monitoring nutrition and hydration
and providing reminders to take medications to performing
household tasks such as cleaning to highly interactive functions
such as providing assistance with movement, providing

companionship, and even offering motivational advice for
physical activities [31].

An Ability Expectations Critique

Overview
While we applaud advances in health care support made possible
through emerging technologies, we urge critical examination
of such technologies and their implications for the rights and
dignity of people with diverse abilities. Using an ability
expectation lens to examine technologies, we note concerns
with potential for technologies to result in new forms of
exclusion and powerlessness.

Exclusion
At first blush, the pervasiveness of accessing health information
from online sources appears to be an important step towards a
democratization of health information. Yet ease of access is far
from democratic. For example, 3000 randomly sampled adults
(2006) expressed frustration with a lack of information or an
inability to find what they were looking for online, while 18%
indicated feeling confused by information they found online
[25]. These results may be unsurprising given that health
information is not often presented in plain language and
contradictory claims about health conditions are not uncommon.
At the same time, the online or telephone survey designs of
these large scale studies imply that respondents were of
cognitively normative functional ability as a prerequisite for
participation. If a significant proportion of these study
respondents express frustration or confusion in relation to
Internet health information, how might people labelled
cognitively impaired be able to generate and evaluate Internet
health information? Of related concern are ability issues for
people with sensory differences (eg, blindness). Most webpages
are not accessible to people who are blind or partially sighted
[32]. Thus difficult questions arise over how people with sensory
differences might be excluded from accessing information about
their health.

Additional layers of exclusion arise given potential for use of
sensors or robots by people with disabilities to result in
decreased human interaction owing to sensors or robots
replacing hands on/relationship-based health care providers [6].
Tiwari et al (2010) take concerns over reduced human
interaction a step further as they speak about diminished
interactions not with paid health providers, but rather with
family caregivers. Specifically, Tiwari et al raise the potential
for use of robots to give “permission” for family caregivers to
abdicate responsibility in the lives of people with impairments
(in this case, frail elders) on the pretext that their elders have
artificial company [33].

Powerlessness
Health technologies raise a host of potential for people with
disabilities to experience powerlessness through restrictions of
access to, and control over, devices, along with restrictions in
the very processes of consenting/approving use of devices.

Many, if not all, health technologies that expect “patient”
interaction, such as the telemedical diabetes care devices, raise
questions about “user friendliness” given that procedures
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requiring patients to generate, interpret, and relay information
may not be accessible for people with physical or cognitive
differences. Similarly, some functions of social robots require
cognitive, physical, and in some cases, emotional abilities from
the disabled person in order for the social robot to be of use.

Other monitoring and support features of devices and social
robots may be viewed as “ability neutral” in terms of interaction
expectations placed on the person being monitored, that is, the
person is not required to program, interpret, or actively respond.
However, these devices and robots raise ethical concerns
pertaining to the ability of people with impairments to fully
understand use of the devices, which in turn raises potential for
invasions of privacy [6,24]. And what about instances where
people may understand but not agree to terms of use? Tiwari et
al (2010) discuss potential dilemmas over when and how
individuals control their use of technology: “The ethical
dilemma arises as to when to give a choice, where a user may
allow or block certain features, eg, a user should have choice
when not to allow observational recording but it also may be a
compromise on safety when a potentially lifesaving device was
turned off and it was needed” [33]. Indeed, several authors
covering home care technologies mention the lack of ethical
considerations [33,34], and one study highlighted that there are
various ethical issues that have to be overcome and that ethics
issues are very complex and subject to change as technology
advances [35].

Discussion

The Need for Participatory Design Processes
Although the relative abundance and accessibility of prescribed
health monitoring and support devices and Internet-based health
information have expanded the reach of health support in
general, accessibility and utilization for people with physical,
cognitive, or sensory differences have not been accounted for
in the design of many such health technologies. We argue that
physical and social realities of people with disabilities command
greater attention toward understanding and increasing
accessibility of health technologies. People with disabilities are
likely to experience more intense and complex health needs as
they have relatively less access to social determinants of health
such as economic security, social inclusion, and access to health
promotion [36]. Further, adults with disabilities are not likely
to have spouses and children to turn to for support [37,38].
While this population has high needs for access to health
support, the technology advancements in health support
discussed above may constitute a further layer of health support
disadvantage owing to ableist attitudes and policies and practices
flowing from such ableist attitudes. Through bringing together
and synthesizing the types of disadvantages that can arise for
people with disabilities in home care technology development
and use, we delineate these disadvantages as falling into two
main categories of exclusion and powerlessness. We conclude

with resources and recommendations for taking steps to address
these disadvantages.

Consistent with the principles indicated in research guidelines,
which require collaboration with patients/participants [39], we
suggest that problems of technology-driven exclusion can be
addressed by product development that uses participatory design
principles [40,41], where co-designing with generative design
tools is one possible avenue to perform participatory design
[42,43].

At the same time, a number of researchers point out difficulties
associated with participation by people with disabilities
[39,44,45] including needs for adapting processes through which
informed consent, as well as study-topic related needs and
preferences, are provided by participants. We refer readers to
resources created to facilitate such adapted processes including
Alberta Human Services, Adult Guardianship and Trusteeship
Act (AGTA), which details guidelines for supporting adults
who need assistance with decision making, and the Law
Commission of Ontario, which provides a recent (2014)
collection of commissioned papers pertaining to capacity,
decision-making, and guardianship.

Rice et al (2007) discuss elder-friendly technology development
and offer strategies for addressing an array of issues related to
anxiety with technology, needs for concrete examples, and
reluctance to complain [46]. Goodman et al also discuss
difficulties engaging elders in product design and propose a
model of “development by proxy” instructive to participatory
work with people with disabilities [47]. Goodmann et al discuss
the Prosumer (producer+consumer) Model of participatory
design of technology for home health, which is based on a
user-centered design process consisting of user needs
assessment, technology prototype deployment to the home,
in-home usability testing, feedback, and iterative design [47].
Prosumers with severe physical disabilities are trained in
techniques of introspection and self-reporting to assist them to
participate in usability studies. Their residences are being
equipped with Internet-connected PCs that are smart-home
interfaces with control and data logging software [47].

Conclusions
We have provided a glimpse of what is possible, and for whom,
in home self-diagnosis, health monitoring, companionship,
health information gathering, and care. Ableism influences
choices made by funders, policy makers, and the public in the
development and use of home health technologies and impacts
how people with disabilities are served and how useful health
support technologies will be for them. We urge continued critical
examination of technology development and use according to
ability expectations, and we recommend increasing incorporation
of participatory design processes to counteract potential for
health support technology to render people with disabilities
technologically excluded and powerless.
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