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Abstract

Background: The provision of online counseling and onlinetherapy is steadily increasing. The results of anumber of controlled
trials investigating the efficacy of online approaches indicate that some of these new treatment alternatives might indeed be
effective. Yet, little is known about how the therapeutic relationship (or working alliance) evolves over the Internet and whether
it influences treatment outcome asit does in traditional face-to-face therapy. The working alliance has been defined as the extent
to which a patient and a therapist work collaboratively and purposefully and connect emotionally.

Objective: The aim of the study was to investigate the quality and predictive relevance of the therapeutic alliance for patients
receiving a short-term, Internet-based, cognitive-behavioral therapy program for posttraumatic stress reactions.

Methods:  After rigorous screening for exclusion criteria of high dissociative tendencies, risk of psychosis, and suicidal
tendencies, 48 patients, who had experienced atraumatic event in the past, were included in the online treatment study. The short
form of the Working Alliance Inventory (WAI-S) was administered at thefourth treatment session. The relevance of the therapeutic
relationship for treatment outcome was assessed in terms of residual gain from pretreatment assessment to the end of treatment.
Therevised Impact of Event Scale (IES-R) and the depression and anxiety subscales of the Brief Symptom Inventory (BSI) were
used to assess treatment outcome.

Results. A total of 48 participantswereincluded in the analysis. Overall, high alliance scoreswere found. In contrast to previous
studies of conventional face-to-face therapy, there was only a low to modest association (.13 to .33) between the quality of the
therapeutic relationship and treatment outcome.

Conclusion: High alliance scores indicate that it was possible to establish a stable and positive therapeutic relationship online.
However, the therapeutic relationship was found to be a less relevant predictor of the therapy outcome than in face-to-face
approaches. We discuss whether this finding can be attributed to methodological reasons such as the restricted range of alliance
ratings obtained or the time of administration of the WAI-S, or whether the therapeutic relationship might be less relevant to the
treatment outcome of online therapy approaches.

(J Med Internet Res 2006;8(4):e31) doi:10.2196/jmir.8.4.e31
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of psychotherapy. While the academic debate continues as to
whether online treatments might present an acceptable

Recent devel opmentsin communication technology have opened ?Jternative toface-to-facetherapy, real life hasaready decided.
up new therapeutic possibilitiesthat challenge our understanding ~ Researchers can no longer discuss online counseling as an
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intervention method that will take shapein thefuture—thefuture
isnow” [1]. Internet-based treatment approaches have already
been developed for awide range of clinical disordersincluding
depression, eating disorders, anxiety disorders, and substance
abuse, as have interventions targeting relationship problems,
adjustment disorders, and work-rel ated burnout, and the numbers
are expected to increase [2]. The numbers of empirical studies
investigating the efficacy of online approaches are growing
apace, and results indicate that some of these new treatment
alternatives might indeed be effective (see [3] for a review).
However, an important question remains largely unanswered:
What contributes to therapeutic change? To date, virtually no
studies have focused on the processes underlying online therapy
[4]. Thus, it is not clear whether online therapy is based on
factors and mechanisms similar to those that are responsiblefor
therapeutic change in face-to-face therapy or whether we need
to redefine our understanding of the underlying processeswhen
considering online therapy.

The Therapeutic Relationship

The quality of the therapeutic relationship, or working alliance,
has been demonstrated to be especially important in predicting
the outcome of psychotherapy. The working alliance has been
defined as the extent to which a patient and a therapist work
collaboratively and purposefully and connect emotionally [5].
Research reviews have consistently reported a positive
relationship across studies between the quality of the therapeutic
alliance and therapy outcome, although there are someinstances
where the working alliance fails to predict outcome or where
associations are nonsignificant [5-10]. In their meta-analysis,
Martin et a [10] reported that the quality of the therapeutic
alliance accounted for 22% of the variance in the rate of
therapeutic success. Moreover, research has indicated that the
relationship between therapeutic alliance and treatment outcome
holds across severa types of treatment, including
cognitive-behavioral therapy (CBT) [11], interpersonal therapy
[9], and psychodynamic therapy [7,11], and does not differ
significantly within treatment approaches[8,9].

Online Relationships

The beneficial effects and clinical relevance of a positive
working alliance have been well documented in face-to-face
therapies, but a most nothing isknown about how the therapeutic
relationship operates online. Online therapy challenges our basic
assumptions about what is needed to establish a therapeutic
contact, such as (1) sharing the same physical space, (2) talking,
and (3) synchronous real-time interaction [12], and it is still
uncertain if onlinetherapy provides conditionsthat are sufficient
to establish a stable therapeutic alliance at all. Since one of the
major criticisms of online therapy concerns the ambiguous
nature of the therapeutic relationship, research in this field is
needed. Most previous studies have focused on relational
behavior in everyday online contact, with inconsistent results.
These findings prompted an academic discussion between
proponents of two contrasting views of the online relationship.
On the one hand, Slouka [13] states that online relationships
are shallow, impersonal, and unreal. Indeed, Kraut et al [14]
have demonstrated that online rel ationships heighten depression
and londlinessrather than providefulfilling relationships. Mallen
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et a [1] compared I nternet-based and face-to-face conversations
in a randomized study and found that participants who
communicated online felt less satisfied with their contact and
experienced a lower degree of self-disclosure and closeness
with their partner than participants in the face-to-face group.
Onthe other hand, various other authors have shown that online
contactsarejust asreal and intense as face-to-face rel ationships
and that differences between online relationships and
face-to-face relationships diminish over time [15]. Whitty and
Gavin[16] found that the absence of social clues enhanced and
encouraged the development of relationships. This isin line
with prior research indicating that visual anonymity contributes
to higher levels of self-disclosure and openness[17,18].

It should be noted, however, that online therapeutic contact
differs markedly from arbitrary, anonymous online contact, the
most important difference probably being the identity of the
therapist. In online therapeutic contact, the address, telephone
number, and credentials of both parties are accessible.
Furthermore, the frequency of contact is predefined and there
are set timelimitsfor response. Thus, aspects such asuncertainty
about the identity and honesty of the other party, which might
be detrimental to establishing a trustful contact, are much
reduced in online therapeutic relationships compared with
anonymous online contacts.

Focusing on the working alliance online, Cook and Doyle [19]
evaluated differences in client ratings of the working alliance
between a small sample (N = 15) of online therapy clients and
normative data from a comparable face-to-face counseling
sample. They found comparable (and relatively high) evaluations
of theworking alliancein the online sample using the frequently
applied Working Alliance Inventory (WAI) [20].

Lange et a [21] conducted an Internet-based treatment study
of work-related burnout. After completing the course of
treatment, patients where asked to rate the contact with their
therapists: 75% of the 115 participants described the contact as
personal and 88%, as pleasant; 80% rated being treated
exclusively viathe Internet as positive, and 70% indicated that
they did not miss face-to-face contact. Cohen and Kerr [22]
compared the impact of one session of face-to-face counseling
with online counseling (chat) in terms of posttreatment anxiety
and attitudes toward counseling. Participants (N = 24) were
randomly assigned to one of the two experimental groups.
Clientsin both groups experienced auniform decreasein anxiety
and rated their counselors equally on expertness, attractiveness,
and trustworthiness, regardless of the mode of delivery.

While data from the aforementioned studies provide valuable
information and preliminary evidence that a positive working
alliance can be developed through the Internet, empirical data
derived from systematic exploration of the online therapeutic
relationship remain sparse. Thus, it is essential to investigate
whether it is possible to develop a therapeutic alliance in the
absence of visual and auditory cues and whether the working
alliance has the same predictive value in online treatment asin
face-to-face therapy.
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Research Questions

The present study aims to replicate prior findings concerning
the relationship between the working aliance and treatment
outcome in face-to-face therapy. It was hypothesized that the
baseline psychopathology would be inversely associated with
the patients’ assessment of the therapeutic alliance. Furthermore,
it was hypothesized that the quality of the online therapeutic
aliance would predict the residual gain from pretreatment
assessment to end of treatment. We expected the patients' ratings
of the alliance to be more highly correlated with therapy
outcome than the therapists' ratings, and the patients and
therapists assessments of the therapeutic alliance to be only
moderately related. Overall, we expected that it would be
possibleto establish apositive and stable therapeutic relationship
online, characterized by high scores on the WAI. The present
study is part of a larger study with random assignment to a
treatment group or a waiting-list control group [Knaevelsrud
and Maercker, in preparation]. Based on the research questions
chosen, only the datafrom the treatment group were used inthe
following analyses.

Methods

Recruitment

Participants were recruited by means of radio and newspaper
advertisements as well as advertisements posted on websites
for different groups (eg, crime victims, sexua abuse victims,
bereaved parents). To be included in the study, participants had
to (1) have experienced a traumatic event that occurred at least
one month prior to treatment and that met the criteria specified
inthe DSM-1V [24], (2) be 18 years or older, (3) not exceed the
cutoff scores for dissociation and psychosis (see exclusion
criteria), (4) not abuse alcohol or other drugs, (5) not consume
neuroleptics, (6) be fluent in written German, and (7) not be
receiving treatment el sewhere.

A total of 498 potential participants showed interest in the
treatment; 68% (N = 337) returned the screening questionnaires;
73% (N = 246) were excluded based on the exclusion criteria.
In total, 91 patients participated in this study (48 in treatment
group; 43 in control group).

Potential patients browsed through the Interapy website, which
provided information about (1) posttraumatic stress reactions,
(2) the study and itsinclusion criteria, (3) the treatment, (4) the
therapists and supervisors, and (5) other treatment alternatives.
Potential participants were sent screening questionnaires by
email. Those who passed the screening received an informed
consent document. Participantswere required to sign and return
this document, indicating that they had been informed about
the aim and procedures of the research project and werewilling
totake part init. Based on acomputer-generated randomization
list, they were randomly assigned to the waitlist-control group
or treatment group. Patients who were excluded from the study
were provided with information on where they could receive
treatment elsewhere.

To gather miscellaneous information, including the time since
the trauma, education level, degree of computer and Internet
experience, and typing skills, ashort checklist was administered.

http://www.jmir.org/2006/4/e31/
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Therapists

Two therapists conducted the treatment. Both were female
psychologists who had received specia training in the
application of writing assignments for the treatment of
posttraumatic stress disorder (PTSD). One was trained in
cognitive-behavioral psychotherapy. Their average age was 33
years. Thetherapists participated in weekly supervision sessions.
Exclusion Criteria

Dissociation

Dissociative symptoms were tapped using the Somatoform
Dissociation Questionnaire (SDQ-5) [25]. The scale consists
of five items, which are rated on a 5-point Likert scale (1 = not
at all, 5 = very often). The internal consistency of the SDQ-5

isgood (a =.80). Participantswho scored above the cutoff score
were excluded from the treatment.

Risk of Psychosis

Risk of psychosis was measured using the Dutch Screening
Device for Psychotic Disorder [26]. This seven-item inventory
has high internal consistency (o = .82) and is a good predictor
of psychotic episodes. In a Dutch study, a high level of
agreement was found between the self-reports of 33 patients
andtheir clinicians' reports onthem (a = .85). Since no German
norm group exists as yet, the data from the Dutch norm group
were used. Participants were excluded if they scored above the
cutoff score. Participants were also excluded if they indicated
the use of neuroleptics.

Risk of Suicide

Suicidal intentions and risk of suicide were measured using the
Suicide Risk Assessment (SRA) [27], a six-item, self-report
guestionnaire designed to capture suicidal tendencies. It consists
of questions tapping suicidal plans, previous suicide attempts,
and current suicidal intentions.

Treatment

Patients were sent two weekly 45-minute writing assignments
over a five-week period (10 essays in total). Before and after
the treatment, participants completed a set of questionnaires
measuring the treatment effect. The therapy consisted of three
treatment phases. (1) self-confrontation, (2) cognitive
reconstruction, and (3) social sharing. After the fourth writing
session, which constituted the end of the first treatment phase,
the short form of the WAI (WAI-S) was administered. The
treatment procedure is described in detail by Lange et a [23]
and will only be outlined in brief here.

First Phase: Self-Confrontation

At the beginning of the treatment, participants received
psychoeducation on the mechanisms of exposure. In the first
phase, the therapists helped the patients to focus on the most
painful images and thoughts and encouraged the patients to
write about them. The patients were instructed to describe the
traumatic event thoroughly, including their intimate fears and
thoughts concerning the traumatic experience. To increase the
effect of the exposure, patients were asked to write in the first
person and in present tense and to give detailed descriptions of
all sensory details they experienced during the traumatic event,
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including olfactory, visual, and auditory stimuli. Participants
were explicitly asked not to concentrate on style, grammar,
spelling, or the chronological order of their essays. The
therapists checked whether patients explicitly addressed the
traumatic event as described above and, if needed, supported
the patient to address the avoided features more forcefully.

Second Phase: Cognitive Restructuring

During the second phase, patients received psychoeducation on
the principles of cognitive restructuring. The goal of this phase
was to form a new perspective of the traumatic event and to
regain a sense of control. Participants wrote a supportive letter
to an imaginary friend who had been through the same
experience. In this letter, the patient was instructed to reflect
on the addressee’s feelings of guilt and shame, challenge
dysfunctional automatic thinking and behavior patterns, and
correct unredlistic assumptions. Furthermore, patients were
encouraged to consider potentialy positive consequences of
the traumatic event for that person’s life and the lessons to be
learned from it.

Figure 1. Overview of the Interapy procedure

Knaevelsrud & Maercker

Third Phase: Social Sharing and Farewell Ritual

During the third phase, patients received psychoeducation on
the positive effects of socia sharing. In afinal letter, they took
symbolic leave of the traumatic event. Patients summarized
what happened to them, reflected on the therapeutic process,
and described how they were going to cope now and in the
future. Patients could address the | etter either to themselves, to
a close friend, or another significant person involved in the
traumatic event. The letter did not ultimately have to be sent.

At the beginning of each writing phase, patients proposed
individual timetables asto when they planned to write. Halfway
through and at the end of each treatment phase, patientsreceived
feedback and further writing instructions, which consisted of
standard instructions and standard feedback tailored to patients
specific needs. Important aspects of this feedback were
recognition and reinforcement of the patients’ independent work,
positive feedback, motivation and unconditional support, as
well as frequent summaries and encouragement of patients to
voice questions and doubts. An overview of the Interapy
procedure is given in Figure 1.

instructions instructions
self-confrontation cognitive restructing social sharing
4 essays 4 essays 2 essays
2 weeks 2 weelks 1 week
instructions ‘\ instruetion /'
and feedback
of therapist
Screening & pretest Psycho-education evaluation
informed consent & application for post-test, follow-up
1 week ¢ treatment 3 months
A L 4
start ext

The Therapeutic Alliance

The WAI [20] is a transtheoretical measure of the working
alliance that was designed to apply to diverse therapeutic
orientations and modalities and is one of the questionnaires
most frequently used to measure the working alliance [28]. In
this study, the WAI-S [29] was used. Busseri and Tyler [28]
have shown that the two versions correlate highly in terms of
their psychometric and predictive qualities and are thus
interchangeable. The WAI-S is a 12-item, sef-report
guestionnaire consisting of three subscales designed to assess
three primary components of the working alliance: (1) how
closely client and therapist agree on and are mutually engaged
in the goals of treatment (goal subscale reliability coefficient

http://www.jmir.org/2006/4/e31/

inthisstudy:a =.79), (2) how closely client and therapist agree
on how to reach the treatment goals (task subscale reliability
coefficient in this study:a = .70), and (3) the degree of mutual
trust, acceptance, and confidence between client and therapist
(bond subscalereliability coefficient inthisstudy:a = .75). The
composite score (reliability coefficient in this study: = .83) is
used asaglobal measurement of working alliance. Respondents
were asked to rate each statement on a 7-point Likert scale
ranging from 1 (never) to 7 (aways).

Outcome M easurements

To assess posttraumatic stress, the revised version of the Impact
of Event Scale (IES-R) [30] was used. The scale consists of 22
items constituting the subscales of (1) intrusions, (2) avoidance,
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and (3) hyperarousal, the three main characteristics of
psychological dysfunction after a traumatic life event.
Participants were asked to indicate the frequency of each
symptom over the past 7 days on a 4-point Likert scale. The
presence of a PTSD diagnosis was assessed using the cut-off
score proposed by Neal et al [31]. They found that an optimum
cut-off score for the IES (which comprises the avoidance and
intrusion subscales) of 35.0 produced the highest predictive
value.

To measure depression and anxiety, the appropriate subscales
of the short form of the Symptom Checklist (SCL-90), the Brief
Symptom Inventory (BSl) [32], were used to measure the effects
of treatment on psychological dysfunctionindimensionsrelated
to symptoms of posttraumatic stress. The two subscales consist
of six items each. Each item is rated on a 5-point Likert scale
(O =not at al, 4 = extremely).

Results

Statistical analyses were only performed on the data of the 48
participants in the treatment group. Participants in this group
ranged from 18 to 68 years of age, with an average age of 35
years, 92% were female; 55% had a university degree, and a
further 14% had a secondary school leaving certificate. The
most frequently reported traumatic event was the sudden or
violent death of a close person (40%); 38% of the patients
reported sexual abuse, incest, or rape; 10% were crime victims.
On average, the traumatic event had occurred 3.5 years
previously (range 2-696 months).

Knaevelsrud & Maercker

Scores on the IES-R indicated that the 48 participants suffered
greatly. The mean scores on the intrusions (mean = 23.1; SD =
6.5) and avoidance (mean = 19.4; SD = 9.9) subscaleswerein
the upper regions of the norm table for Dutch PTSD patients
[33].

Dropouts

Those who terminated the treatment early (dropout 17%, N =
8) were compared with those who completed the program in
terms of demographic variables. Chi-sguare analyses failed to
reveal any significant differences between dropouts and
completersin terms of gender, education level, or marital status,
and at test showed no significant differencesin terms of age or
yearssincethetrauma. We also used t teststo assess differences
between dropouts and completers in  pretreatment
psychopathology: no significant differences were found for
depression (BS) (t45 = .78, P = .44), anxiety (BSI) (t,5 = .84,
P = .41), posttraumatic symptoms (IES-R) (t,s = —1,077, P =
.29), or WAI-S (t,; = —.639, P = .53). Note, however, that
WAI-S scoreswere only available for three dropouts. The other
dropouts terminated therapy before the WAI-S was
administered.

Patients Pretherapy Statusand Ratingsof Treatment
Relationship

Focusing on the 40 patients who completed the course of
therapy, zero-order Pearson correlations were used to assessthe
relations between variables (Table 1). Bivariate anaysis of
relationships between pretreatment psychopathology and
working alliance scores revealed no significant pattern of
relationships but showed atendency of an inverse relationship.

Table 1. Means, standard deviations, and correlations of patients’ scores on the WAI-S (at 4th se&sioni) and initial symptoms (at 1st se&sionT) (N=

40)
Mean SD Goal ¥ Task ¥ Bond * Composite ¥
WAI-S*
Goal 58 a7 1
Task 57 .80 .90 1
Bond 6.2 .75 31 A5 1
Composite 5.8 .62 .90 .83 .64 1
IESRT
Intrusions 24.4 6.2 A2 .04 -11 .04
Avoidance 18.9 10.2 -12 A1 35 -.19
Hyperarousal 21.6 6.7 .09 .02 -.20 -.08
BSI T
Anxiety 9.5 3.2 -.16 -11 -3 -.26
Depression 10.4 4.0 .09 .01 -.13 -.04
"P<.05
Tat 1%session
*at 4Msession
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Association of the Working Alliance With Therapy
Outcome

As indices of client outcome, the residual gain scores on each
subscale of the self-report measures (BSI, IES-R) were
caculated. Each participant’s residual gain score at each
posttreatment assessment point was the deviation of the
posttreatment score on that measure from the pretreatment

Knaevelsrud & Maercker

assessment. Residual gain scores were reversed as appropriate
so that higher scores indicate greater improvement (ie, greater
reduction in psychopathology). Theseresidual gain scoresacross
the patients were correlated with their scores on the WAI-S.
Table 2 shows partial correlations between the patients’ scores
on the WAI-S (subscales and composite) and their posttreatment
scoreson target variables (BSI, IES-R) after partialing out initial
symptom levels.

Table 2. Means, standard deviations, and correlations of the WAI-S patient and therapist ratings and residual gain (N = 40)

WAI-S Patient Ratings

WAI-S Therapist Ratings

Men SD  Goa Task Bond Composite  Goal Task Bond Composite
IES-R residual gain
Intrusions 130 94 A5 A7 .01 .16 .08 .09 .05 .08
Avoidance 11.8 106 .22 22 -.12 13 19 .25 -.22 .08
Hyperarousal 130 90 .09 .09 A3 15 .03 -.08 -.05 -.04
BSI residual gain
Anxiety 49 42 27 24 19 3 30 27 .09 25
Depression 60 44 27 .29 -.03 21 A7 21 A3 .20

"P< .05

Positive correlations were found between the patients' ratings
of the working aliance and therapy outcome. However, with
the exception of the relation between the WAI-S composite
score and anxiety (r = .33, N = 40, P = .04), these correlations
did not reach statistical significance. For the most part, positive
correlations were also found between the therapists' ratings of
the working alliance and the outcome, athough these did not
reach statistical significance either. Multiple regression analyses
were used to further explore possible mediator or suppressor
effects of the working alliance on outcome variables (residual
change in IES-R composite score and residual change in BS|
anxiety and BS| depression). Results reveal ed that the working
alliance, as rated by patients, did not exert a significant direct

influence on posttraumatic symptoms (adjusted R? = -.026,
F13s = .007, P = .93); depression (adjusted R? = -.026, F; 55 =
.005, P = .94); or anxiety (adjusted R? = —.017, F, 35 = .358, P
= .55).

Discussion

The aim of this study was to investigate the quality and the
possibleinfluence of an Internet-based therapeutic relationship
on treatment outcome. To our knowledge, this was the first
study in which the effects of the working alliance have been
systematically evaluated in an | nternet-based therapy approach.
Bearing in mind that the generalizability of our findings is
limited by the small sample size and the narrow diagnostic range
of clients, we now turn to the research questions raised above.

Does Baseline Psychopathology Predict the Quality of
the Working Alliance?

No significant relationship was detected between the severity
of pretreatment psychopathology and the working alliance
rating. However, a tendency of an overall inverse relationship

http://www.jmir.org/2006/4/e31/

was observed, indicating that patients who experienced more
severe symptoms at the beginning of the treatment tended to
have aless positive relationship with their therapist. Thiswould
be in line with previous research by Taft et al [34], who found
a dgnificant inverse correlation (r = -.31) between
psychopathology and early working alliance ratings in
face-to-face therapy.

Isthe Quality of the Therapeutic Alliance Linked to
Treatment Outcome?

The results failed to confirm the hypothesis that a strong
working aliance early in treatment would predict positive
psychological changes later in treatment. However, amost all
of the correlations were positive, indicating that residual gains
on outcome measures were associated with higher rather than
lower mean WAI-S scores, except in the relation between
working alliance and anxiety. Thefinding that the WAI-Sfailed
to predict therapy outcome in our sample stands in marked
contrast to the findings for most face-to-face studies. This
discrepancy may be attributable to a number of factors. One
explanation for the lack of effect may be the aimost uniformly
high levels of aliance ratings (ie, restricted range) obtained in
this study, perhaps due to the self-sel ected sample. Most of the
patientswere recruited through the I nternet, which suggeststhat
they were already comfortable with this medium. Research has
shown that computer experience influences the way people
judge Internet-based contact. In their study, Mallen et a [1]
showed that the more familiar participants were with
Internet-based contact, the more positively they judged that
contact to be.

Another possible reason for the failure to find more substantial
relationships between the quality of the working alliance and
treatment outcome has been proposed by Stiles et a [11], who
found great variability in the correlation with outcome measures
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taken at different stages in the therapy. They suggest that this
might explain why various studiesin which theworking aliance
was only measured on a single occasion produced inconsistent
alliance/outcome correlations. This line of reasoning suggests
that the question is not whether the working alliance is more
important in a particular type of therapy, but rather whether the
alliance is being measured in a way that is appropriate to that
particular therapy. The time of administration of the WAI (in
terms of the number of sessions) has been found to influence
the rating of the working aliance [5,29]. It has also been
suggested that treatment outcome may be particularly well
predicted by the quality of the working alliance as measured in
early sessions [5,8,11]. Asis standard practice in face-to-face
studies, the therapeutic alliance was assessed early in the
therapeutic processin the present study, after the fourth writing
session [28]. At that point, however, there had been only three
therapist/client contacts, which may not in fact have been
sufficient to evaluate the therapeutic alliance in online therapy.
It could be that, given the different conditions under which the
working alliance develops in Internet-based treatment
approaches, administering the WAL later onin the therapy might
yield more accurate measurements.

Alternatively, although the aliance has been shown to predict
the outcome of other modes of delivery, it may not be a crucia
factor in facilitating positive psychologica change in
Internet-based manualized therapies. The treatment applied in
this study incorporates principles derived from CBT, with
standardized instructions and a fixed trestment manual, and
focuses on client empowerment and sel f-efficacy. It may bethat
the nonspecific factor of the therapeutic relationship played a
less important role than it does in less structured face-to-face

therapy.

Can aPositiveand Stable Relationship Be Established
Through the Internet?

Patients reported high levels of therapeutic aliance early in
treatment. The patients' ratings of the therapeutic relationship
in our study were even higher than in face-to-face studies.
Hersoug et a [35] administered the WAI to 270 patients with
multiple clinical disordersin the third session of aconventional
face-to-face therapy approach. Compared to the mean composite
score in their study (mean = 4.94; SD = 1.08), our patients
ratings of the Internet-based relationship were more than one
standard deviation higher (mean = 5.8; SD = 6.2), as shown in
Table 1. The patients’ positive evaluation of the therapeutic
relationship indicates that a therapeutic aliance can be
established through the Internet. Furthermore, astrong working
alliance can be expected to promote treatment adherence as
assessed by factors such as dropout rates. Given that trauma
victims have been shown to have compliance problems[36,37]
and high dropout rates (up to 28%) [38], the high WAI-Sratings
and the relatively low dropout rate (17%) in this study give
reason to conclude that it was indeed possible to develop a
positive and stable therapeutic relationship through the Internet.
It must be noted, however, that the therapeutic contact as
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performed during the Interapy treatment is rather exceptional.
The intensity of individualized support and regular personal
interaction differs markedly from online approaches where
online personalized communication is rather uncommon.

Limitations

Thefollowing limitations necessitate caution in theinterpretation
of our results. First, the modest sample size may have provided
insufficient power to uncover the complex interplay of theonline
working aliance and psychopathology measures.

Second, only 17% of applicants could be included in the study,
which might limit the external validity of the present findings.
The same applies to the specific sample of trauma victims.
Trauma survivors have been noted by many clinicians to have
difficulty in tolerating the interpersonal nature of therapy,
particularly “the [need] to trust another person with his or her
pain”’ [39] (p. 538). Given that trauma victims are especially
prone to feelings of guilt and shame, they might be especially
drawn to the medium of the Internet, where visual anonymity
enables them to disclose painful and shameful details more
easily than in face-to-face settings. Extending this research
paradigm to clinical samples other than trauma victims could
help to clarify this relationship.

Third, further research efforts should beinitiated to address the
possibility that the results are only valid for users who are
already comfortable with the Internet due to self-selection. A
direct comparison of an online intervention and a face-to-face
intervention asarandomized controlled trial would beindicated
toinvestigate how the text-based bond formed in online therapy
compares and contrasts with the in-person therapeutic alliance.

Limitations notwithstanding, the findings presented here are of
interest because they indicate that a stable and positive
relationship can be established online, although the quality of
the relationship does not predict treatment outcome. The rapid
growth of Internet-based treatment approaches makes it likely
that online therapies will become an enduring component of
the psychotherapeutic landscape. One line of future research
will be to identify predictors of a positive therapeutic
relationship. A maor challenge when building online
relationships is to become aware of the nuances in the written
language used in this context [12], which has accents,
ambiguities, and individua styles, as well as the use of
emoticons (emotion + icon; eg, a happy face ®). Clinicians
who work online should be given clinical training focusing on
features of written communication. In addition, further work is
needed to determine whether the role of the working aliance
differsasafunction of the mode of delivery, and to disentangle
the relationships between the therapeutic alliance, specific
cognitive-behavioral techniques, and treatment outcome. It also
remainsto be seen whether working alliance scoreswill predict
long-term reductions in psychopathology rather than focusing
on short-term changesin psychological functioning, aswasthe
case in this study.
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Abstract

Background: A real-time assessment of patients’ experiences is an important methodology for studiesin health care, quality
of life, behaviora sciences, and new drug and treatment development. Ecological momentary assessment is a methodology that
allowsfor real-time assessment of experience and behavior in asubject’s natural environment. Recently, electronic data collection
techniques have been introduced, including systems utilizing interactive voice response.

Objective:  The objective of this project was evaluation of spoken dialogue methodology for real-time data collection of
information from patientsfor health, behavioral, and lifestyle studies and monitoring. While the management of the data collection
process was Internet-based, this additional eHealth communication channel was based on over-the-phone natural language
conversation with adialogue system utilizing automated speech recognition technology. For this study we implemented adialogue
system for patients’ assessment and monitoring of chronic pain.

Methods: Experimenta evaluation of usability of the Pain Monitoring Voice Diary was performed with 24 volunteers. The
volunteers were asked to contribute 10 sessions with the system over a period of 2 weeks; in practice, the number of sessions per
subject ranged from 1 to 20. The subjects were asked to either relate to pain episodes in their past while answering the system’s
questions, or use as a guidance one of nine provided medical scenarios compiled by a pain specialist, ranging from migraines
and back pain to post-surgical pain (kneeinjury) and cancer- and chemotherapy-related afflictions.

Results: From 24 volunteers, we collected atotal of 177 dialogue sessions: 171 sessions were completed, while the caller hung
up in the other 6 sessions. There were atotal of 2437 dialogue turns, where a dialogue turn corresponds to one system prompt
and one user utterance. The data capture rate, measuring the percentage of slots filled automatically, was 98%, while the other
2% were flagged for transcription. Among the utterances sent to transcription, where the user had opted for the “none of those”
option, 70% corresponded to the “type of pain” slot, 20% to the “symptoms” dot, and 10% to the “body part” slot, indicating
that those are the grammars with the highest out-of-vocabulary rate.

Conclusions: Theresults of thisfeasibility study indicated that desired accuracy of data can be achieved with a high degree of
automation (98% in the study) and that the users were indeed capable of utilizing the flexible interface, the sessions becoming
more and more efficient as users’ experience increased, both in terms of session duration and avoidance of troublesome dialogue
situations.

(J Med Internet Res 2006;8(4):€30) doi:10.2196/jmir.8.4.e30
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Introduction

Use of questionnairesis an essential method of data collection,
especialy in studies of health care, quality of life, behavioral
sciences, and new drug and treatment devel opment. A real-time
assessment of experience and behavior in the patient’s natural
environment is an important parameter that provides feedback
and input to the health professional, researcher, or
pharmaceutical company about the effects of treatment and/or
the patient’s quality of life. Very often the research or study
findings are based significantly or completely on questionnaire
responses. While designing valid questionnaires is an art, the
tools and methods of data collection are not less important and
often can influence the research outcome. Ecological momentary
assessment (EMA) is a methodology that allows for real-time
assessment of experience and behavior in a subject’s natural
environment. The methodol ogy has evolved from the behavioral
sciences[1-6] and enables the gathering of meta-data on patient
compliance, as well as the measurement and improvement of
compliance.

Traditional EMA datacollection methods vary from paper-based
diaries and reports to video/audio recordings and to human
observation. However, doubts have been cast on the validity of
the data collected through paper-based methods of self-report,
notably from arecent study that demonstrated that most of the
paper diary entries by patients (79%) were falsified [7].
Recently, electronic data collection techniques have been
introduced, including personal digital assistants (PDAS), the
Internet [8], and cellular phones utilizing interactive voice
response (IVR). These methodologies enable collection of
meta-data on the respondent’s compliance and use of such data
to measure and improve compliance. While PDAs and I nternet
collection methods demonstrate clear advantages over paper
forms, they also have certain limitations, including use of
uncommon devices requiring participant training, limited
availability, and extensive data management and programming
costs. In addition, PDA methods require in-person contact to
download data and change batteries. In IVR-based data
collection participants use phonesto call the system and answer
the question posed by the system by pushing keys on the phone.
Callins et al have reported on the compatibility of phone-based
IVR data collection and itsimprovement over paper-based and
PDA-based systems [9].

Spoken language dialogue system for data collection [10-13]
isbased on automatic speech recognition and, similarly to IVR,
is a phone-based approach. It extends the IVR approach by
allowing the subject to communicate with the system using a

http://www.jmir.org/2006/4/e30/
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natural spoken language asan input modality. A challenge such
a system faces is maintaining adequately high accuracy of the
captured datawhile guaranteeing a satisfactory user experience.
In particular, since the subjects conduct dialogues with the
system on a regular basis, adequate dialogue design should
provide a flexible level of user support to accommodate both
novice callersand experienced callers: for the experienced caller,
the system needsto provide short and effective call flow without
making the caller hear long and tedious prompts; for the novice
caller, the system needsto provide enough information and help
to guarantee question understanding and successful session
completion.

In this paper we describe adesign for spoken language dialogue
that takes into account the specificities of the data collection
task. We first present spoken dialogue technology and its
potential applicability to data capture task. We then describe a
Pain Monitoring Diary dialogue design and how it addresses
specific requirements of data capture task. We then report the
results of afeasibility study.

Methods

Data Capture via Spoken Dialogue System

Figure 1 presents the block diagram of a spoken dialogue
system. The system hastwo interfaces: thefirst for the subjects
and the second for the health care providers or researchers
gathering the data. The subject communicates with the system
through phone dialogue. A recording of such an interaction is
included in Multimedia Appendix 1 and its transcription is
shown in Textbox 1.

Each data collection session is scheduled according to a protocol
and isinitiated either by the system or by a subject. During the
phone session, the utterances spoken by the subject are captured
by the speech server. The speech server invokes automated
speech recognition (ASR) and spoken language understanding
modules to convert spoken utterances to textual semantic
representation of subject’s inputs and then stores them in the
database. The reporting server can then usethisdatain rea time
to generate a report about the session that can be viewed by a
health care provider or a researcher several seconds after the
session ends. The reporting server works in a push or a pull
mode, or both. In the pull mode, the reports can be viewed over
the Internet on demand; in the push mode, the reporting server
sends notifications and alerts (via email, cell phone, or pager)
to the health care provider about the availability of the new
report. Table 1 shows a report automatically generated by the
system at the end of the session presented in Textbox 1.
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Figure 1. Block diagram of the data collection system; PSTN: public switched telephone network; DTMF: dual tone multi-frequency
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Textbox 1. Transcription of a sample dialogue

Levin & Levin

System: Your PIN, please.

Caller: ****

System: OK, ***** [et's begin. Areyou in pain now?

Caller: Yes.

System: Where does it hurt? [pause] For example, your head, stomach...
Caller: My left shoulder.

System: Was that your left shoulder?

Caller: Yes.

Caller: Itis7.

System: Wasthat 7?

Caller: Yeah.

System: How does the pain feel?
Caller: | don't know.

Caller: It feels sharp.

System: Was that “sharp?’

Caller: Yeah.

System: Is the pain constant or does it come and go?
Caller: Comesand goes.

System: Do you have any other symptoms?

Caller: Yeah.

System: Please tell me your most disturbing symptom.
Caller: | have fever.

System: | heard “fever.” Isthat right?

Caller: Yes.

System: Would you like to leave a message for the staff?
Caller: No.

System: Please rate your pain on ascale of 0 to 10, with O being no pain and 10 being the worst possible pain.

System: Okay, here isthe help information. At this point, | need to find out the type of your pain. Please choose carefully aword from the following
list that best describes your pain and just say it. If nothing matches, please say “none of those.” Hereisthelist: aching [pause], burning [pause], dull...

System: Thanks for your cooperation. I've got all the information that | need. I'll call you again in 4 hours. Goodbye.

There are at least four advantages of using spoken dialogue
technology for data collection compared to traditional methods
using pen and pencil. First, speech is a natural modality of
interaction for humans, and the input device—the phone—is
user friendly and ubiquitous and no special training isrequired
for its use (as opposed to PDAs or computers). Second,
complianceis monitored automatically: the callscan beinitiated
by the system following a prescribed protocol, and the system
can report any noncompliance to the trial administrator in real
time. Third, spoken automated dial ogue reaches much beyond
voice-enabled static paper questionnaires: possible answersare
not limited by the number of check-boxes to fit on a piece of

http://www.jmir.org/2006/4/e30/

paper; question selection can be done dynamically based on
previous answers; and personalization of both content and style
based on the patient’s history is possible. Fourth, the ahility to
transform the captured data into real-time reports and further
interface the information with other clinical or back-office
systems and databases provides an unparalleled opportunity to
enhance patient feedback and monitoring. Overall, an
ASR-based system offers the health care provider an extensive
and practical tool to facilitate efficient and convenient patient
communications, which saves time while increasing quality of
care.
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Table 1. Automatically generated report for the dialogue in Textbox 1

Levin & Levin

Captured Value Confirmed (yes/no) Confidence Score
PIN il no 66
Areyou in pain? yes no 80
Pain location left shoulder yes 86
Pain intensity 7 yes 88
Pain type sharp yes 88
Pain constant? pain comes and goes no 47
Symptoms fever yes 86
Message none no 78

Pain Monitoring Diary Application

For this study, we implemented a dialogue system for chronic
pain patients assessment and monitoring. Pain assessment is
an application for which well-established standard
guestionnaires [14,15] are available, and the vocabulary for
potential answers can be established from the medical literature.
Figure 2 shows dialogue flow for the Pain Monitoring Diary.

http://www.jmir.org/2006/4/e30/
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The dialogue flow is represented as a series of dialogue units,
where each unit comprises several caler-system exchanges
designed to dlicit one piece of information from the caller to
fill a dot in the session report. A slot is, for example, pain
location, pain intensity, pain type. Please note the
correspondence between the dialogue unitsin Figure 2 and the
dialogue session (Textbox 1) and its report (Table 1).
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Figure 2. Schematic illustration of call flow for the Pain Monitoring Diary in normal and follow-up modes
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Dialogue Design

The characteristics and requirements of data capture tasks are
different than those for other applications of spoken dialogue
technology [16]. Successful dialogue design needs to take the
following specificities of thistask into account.

First, data validity, accuracy, and integrity in this application
are very important since the penalty for an erroneoudly filed
final session report can be very high. Sincethe ASR technology
is not perfect, the design has to take into account the possibility
of speech recognition errors and improve the overall accuracy
using dial ogue actions such as re-prompts, confirmations, error
handling, and, if necessary, recording and flagging the
unrecognized utterances for later transcription.

Second, subjects call the system repeatedly according to the
study protocol and identify themselves at the beginning of the
session. This provides an opportunity to use the knowledge
accumulated across sessions for personalization.
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Third, the system should accommodate both novice calers (in
the beginning of the trial) and experienced calers (those who
completed several sessions). For the experienced caller, the
system needsto provide a short and effective call flow, without
making the caller hear long and tedious prompts. For the novice
caller, the system needsto provide enough information and help
to guarantee question understanding and successful session
completion.

Fourth, the subjects participating in data collection are enrolled
through a personal face-to-face interview during which they
receive relevant information about the trial and guidance on the
process of data collection. In the same opportunity, the
participants can receive some training, explanation, and possibly
a demonstration on how to use the spoken dialogue system.

Based on these considerations, our goals in the design of the
dialogue system were controlling the accuracy of the captured
data while providing a flexible and adequate level of user
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support allowing efficient communication for experienced users
and sufficient support for novices.

Controlling Captured Data Accuracy

We designed the system to take into account the known
limitations of ASR technology and to be able to ensure overall
high accuracy of data capture and session completion rate. In
general, the most important parameter that determines the
accuracy of speech recognition is the size and the complexity
of the grammar that is being used for recognition of the current
utterance. The grammar in speech recognition describes (as
text) the set of all the possible sentences that can be recognized
by the system. For example, the simplest grammar that can be
used in yes/no recognition will contain only two sentences:
{*yes” “na”}. During speech recognition, current user utterance
ismatched to every sentencein the grammar, and the recognition
result isgiven asthe best matching sentence within the grammar,
together with a recognition score that measures the quality of
the match. If the quality of the match is not good enough, the
recognizer will output a “rejection.” What happens when an
out-of-vocabulary utterance (utterance not covered by the
grammar) is spoken by the user? The recognizer is still trying
to match it to the set of sentences described by the grammar
and will output the best match, or rejection. Since the grammar
does not contain the spoken sentence, the best match of the
recognizer in the out-of-vocabulary case is always erroneous,
therefore, to improve the accuracy of the grammar, we need to
expand it to cover as many possible sentences that the user can
utter. For example, in the yes/no grammar, we incorporated
many variations of “yes’ and “no,” such as “yeh,” “sure,” and
“nope.” Another way to control the accuracy is to improve the
rejection mechanism to guarantee that out-of-vocabulary
utterances will be rejected.

Based on these considerations, we deployed the following
methodology in the system design described below: 1)
improving rejection mechanisms for confirmation and other
grammars, 2) using confirmations as the way to control the
larger grammar’s accuracy, and 3) using recordings to capture
the unexpected and problematic spoken responses.

I mproved Rejection Mechanisms for Confirmation and
Other Grammars

We incorporated a garbage model in the yes/no grammar used
for confirmations in our application. The garbage model was
designed to match out-of-vocabulary utterances [17,18],
specifically the corrections users are frequently providing instead
of a negative confirmation (ie, those utterances that do not
represent “yes’ or “no” answers), for example

System prompt: \Was that your left shoulder?

User: No, right shoulder.
(See also Multimedia Appendix 2.)
We used rej ection criteriabased on acombination of recognition
score and garbage model scoring to control the overall accuracy
of thisgrammar. In the case when, for agiven spoken utterance,

the recognizer outputs a hypothesis that is a part of a garbage
model, this utterance is rejected. Also, if the hypothesisis not
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part of a garbage model, but has a low recognition score, it is
rejected aswell.

Using Confirmations as the Way to Control the Larger
Grammar’s Accuracy

The grammarsthat are substantially larger than yes/no are also
those for which we can expect more ASR errors and
out-of-vocabulary utterances. Those are grammarslike the body
part grammar or the symptoms grammar when, without
substantial data collection, we cannot accurately predict all
possible ways the users will answer the questions “Where does
it hurt?” or “What's your most disturbing symptom?’ For such
grammars, we use the confirmation mechanism to control the
overall accuracy of the datawe capture. Theresult isconsidered
captured only if the user answers “yes’ to the confirmation
question, reducing the error rate for the dialogue units with
larger grammars to the level of yes/no grammar.

Using Recording to Capture the Unexpected and
Problematic Spoken Responses

In amost all applications of ASR, especially in spontaneous
speech tasks, the recognizer vocabulary cannot cover all
occurring words. There is always a significant amount of
out-of -vocabul ary words even when the vocabulary sizeisvery
large. For example, an out-of-vocabulary input can occur when
the user istrying to answer the question “Where does it hurt?’
with a word or a phrase that is not covered by body part
grammar. Since, by definition, out-of-vocabulary input cannot
be recognized correctly, it can lead to either a regjection by the
recognizer or to misrecognition to be followed (presumably)
by a negative confirmation. In both cases, as will be explained
in the next section, the system will detect speech recognition
failure, will describein the next prompt what the in-vocabulary
choicesare, and will offer the user to say akey phraselike“none
of those,” indicating that the choices offered do not adequately
describe the user’s intended input. When the user chooses the
“none of those” option, the system will record the user’s input
and flag it as “transcription is needed” for later processing.

System prompt: \Was that your left shoulder?

User: No.

System prompt: Sorry about that. Let’s try it this
way. Please choose carefully a body part from the
following list that best describes the location of your
pain, and just say it. If none of the locations match,
please say “ none of those” Hereisthelist: abdomen
[pausg], ankles...

User (interrupts): None of those.

System prompt: OK. Let mejust record your answer.
Please describe thelocation of your paininyour own
words.
User: [description of pain location]
System prompt (after recordingisfinished): Thanks,
| got that. Let’s move on.

(See aso Multimedia Appendix 3.)

The same mechanism of fall-back to recording instead of
recognition is used after several repeated recognition failures,
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like in acase when the user does not chose the “ none-of-those”
option, while repeating the out-of-vocabulary input.

In the following example, the user is trying to answer the
question about type of pain with an unexpected
out-of-vocabulary input.

System prompt (following negative confirmation):
Sorry about that. Let's try one more time. Please
choose carefully aword froma following list that best
describesyour pain and just say it. If nothing matches,
please say “ none of those” Here is the list: aching
[pause], burning [ pause], dull...

User (interrupts with out-of-vocabulary input): |
have high fever.

System prompt: Wasthat “ deep?”

User : No.

System prompt: Sorry, | am having trouble. Let me
just record your answer. Please describe how your
pain feelsin your own words.

User: | amburning with fever.

System prompt (after recordingisfinished): Thanks,
| got that. Let's move on [pause]. Is the pain
constant...?

(See aso Multimedia Appendix 4.)

Flexible Level of User Support

Theflexiblelevel of user support that isintended to satisfy both
the novice and the experienced user is achieved by prompt
design, context-sensitive help, detecting speech recognition
failures, and dialogue personalization, described below.

Prompt Design

The system prompts are designed to provide an appropriate
level of support to the user. For example, theinitial prompt for
the pain location dial ogue unit is“Where doesit hurt?’ [pause].
For example, your head, stomach, or back?[pause]. Remember,
if youdon't know how to answer this question, just say ‘I need
help.” The pausesin this prompt are designed to encourage the
experienced user to interrupt the prompt with the answer (most
experienced users interrupt after the initial prompt), while
providing more information (in this case, examples of possible
answers) for the inexperienced user who hesitates to answer
immediately. It also reminds the user to ask for help if it is still
not clear what can be said as an answer. Multimedia Appendices
5, 6, and 7 contain the recordings illustrating the different user
experiences with this prompt.

Context-Sensitive Help

Although participants may have received sometraining at their
orientation session, it is unreasonable to expect them to retain
this information for the whole duration of the trial, which can
last for months. Therefore, for every question in the Pain
Monitoring Voice Diary help information is provided upon the
user’s request, describing and clarifying the current question,
and, in some cases, enumerating the possible answersthe caller
can choose from while, in other cases, giving more examples
of possible answers. For example, if the caller asks for help
after the“Wheredoesit hurt?’ question, the systemwill provide
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avery elaborate help prompt that lists different body parts the
user can say (pausing shortly after each one to encourage the
user to interrupt if the user knows what to say). It also reminds
the user about the “none of those” option:

Okay. Here isthe help information. At this point | need to find
out the part of your body that hurts the most. Please choose
carefully abody part from the following list that best describes
the location of your pain, and just say it. If none of them
matches, please say “none of those” Hereisthe list: abdomen
[pause], ankles[pause], back [pause]...toes [pause]. Which one
isit?

Theinformation provided during these explicit requestsfor help
closely follows the information the user received during the
enrollment process. The recording in Multimedia Appendix 8
illustrates a case of help request.

Detecting Speech Recognition Failures

Even when the user has not asked for help explicitly, the
dialogue is designed to detect the user’s repeated failures and
provide more support. When the system experiences recognition
problems, such asrejection or silence, it will re-prompt the user
for the same question. The re-prompts are designed as an
escalating list, providing increasingly more information and
progressively constraining the user as more such errors are
detected. For example, if the user’s utterance is rejected by the
recognizer after theinitial prompt “Where doesit hurt?[pause].
For example, your head, stomach, or back?[pause]. Remember,
if you don’'t know how to answer this question, just say ‘| need
help,” the system will re-prompt for the same information with
“l didn't get that. Let’'s try it this way. Please tell me the part
of your body that hurts the most. Remember, you could always
say ‘| need help.”” The second prompt skips the pauses and
reminds the user to ask for help if needed, and it also clarifies
the question (“body part that hurts the most”).

Another case when the system detects that something went
wrong with speech recognition is when the user says “no” to a
confirmation question:

System prompt: Was that your left shoulder?
User: No.

System prompt: Sorry about that. Let's try it this
way. Please choose carefully a body part from the
following list that best describes the location of your
pain, and just say it. If none of them matches, please
say “none of those’ Here is the list: abdomen
[pausg].... Which oneisit?

(See also Multimedia Appendix 9.)

Sincethe user disconfirmed the recognized body part, the system
detects a recognition problem and gives the user more
information on how this question can be answered to minimize
the out-of -vocabulary utterance rate.

Dialogue Per sonalization

Data capture is a unique dialogue application since the users
not only call the system many times during the trial, but they
also identify themselves at the beginning of each session. This
provides a system with an opportunity to personalize both the
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content of the current session (what are the datato be collected)
as well as the style (how to ask for these data) based on the
results of the previous sessions. As shown in Figure 2, in our
system we took advantage of alarger inter-session context by
designing two types of data collection sessions: nhormal and
follow-up. Thefollow-up session typeisdeployed if the subject
reported a high level of pain in the previous session. The
follow-up session differs from the normal one not only by the
additional questions the patient is asked, such as if and when
the subject took the medication, but also by the format of the
questions. If, in the previous session, the subject reported pain

Textbox 2. Transcription of afollow-up dialogue

Levin & Levin

in the left shoulder, in the follow-up session the question will
be “Is the pain still in your left shoulder?’ (see Multimedia
Appendix 10). This format of “reminding” prompts was used
for pain location and pain type dialogue units, and it was
designed to possibly shorten the dial ogues and also provide the
user comfort and a feeling of continuity in using the system.
Textbox 2 presents a transcription of a follow-up session (it is
the follow-up for the normal session shown in Textbox 1) and
Multimedia Appendix 11 contains its recording. Table 2
describes an automatically generated report for this follow-up
session.

System: Your PIN, please.
Caller: ****

System: Hi, Esther, Thisisyour follow-up call.... Areyou till having pain?

Caller: Yeh.

System: Did you take your pain medication today?
Caller: Yes.

System: What time did you take the medication?

Caller: Two hours ago.

System: Was that around 9:45 am?

Caller: Yeh.

System: Did the medicine diminish your pain?... Please...

Caller: Yeh.

System: Please rate your pain on a scale of 0 to 10, with 0 being no pain and 10 being the worst possible pain.

Caller: Four.

System: Was that 4?

Caller: Yeah.

System: Isthe pain till in your left shoulder?
Caller: Yes.

System: Doesit still feel sharp?

Caller: No.

System: How does the pain feel ?

Caller: It'sdull.

System: Was that “dull?”

Caller: Yeah.

System: Is the pain constant or does it come and go?
Caller: It's constant.

System: Do you have any other symptoms?

Caller: No.

System: Would you like to leave a message for the staff?
Caller: No.

System: Thanks for your cooperation. I've got all the information that | need. I'll call you again tomorrow. Goodbye.
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Table 2. Automatically generated report for the follow-up session in Textbox 2

Captured Value Confirmed (yes/no) Confidence Score
PIN il no 74
Areyou in pain? yes no 85
Medication taken? yes no 76
Medication time 9:45 am yes 69
Medication helped? yes no 75
Pain rating 4 yes 87
Pain location left shoulder yes 87
Pain type dull yes 86
Feasibility Study Results

Experimental evaluation of usability of the Pain Monitoring
Voice Diary was performed with 24 volunteers (8 females, 16
males), mostly City College students. The volunteers were
instructed either to refer to their past injury/sickness/pain
episode experiences or to choose a scenario out of a set of nine
that included scenarios for migraine pain, back pain,
post-surgical pain (knee injury), arthritis and others. The goal
of this evaluation was to prove the feasibility of data capture
through dialogue and validate the assumptions underlying
dialogue design.

The volunteers were asked to contribute 10 sessions with the
system over a period of 2 weeks; in practice, the number of
sessions per subject ranged from 1 to 20. There was no formal
training session provided; instead, once enrolled (through a
website) the subjects received an email notification with their
PIN and general information about the system. The subjects
were asked to either relate to pain episodes in their past while
answering the system’s questions or use as a guidance one of
nine provided medical scenarios compiled by a pain specialist,
ranging from migraines and back pain to post-surgery pain (knee
injury) and cancer- and chemotherapy-related afflictions.

Dialogue Evaluation

From 24 volunteers we collected a total of 177 dialogue
sessions: 171 sessions were completed, while the caller hung
up in 6 sessions; 66 of the completed sessions were the
follow-up type. Therewereatotal of 2437 dialogueturns, where
dialogue turn corresponds to one system prompt and one user
utterance. The data capture rate, measuring the percentage of
dots filled automatically, was 98%, while the other 2% were
flagged for transcription. Data capture rate is not a direct
measure of ASR accuracy since slots are not necessarily filled
after thefirst attempt. Among the utterances sent to transcription,
where the user had opted for the “none of those” option, 70%
corresponded to the type of pain slot, 20% to the symptoms slot,
and 10% to the body part slot, indicating that those are the
grammars with the highest out-of-vocabulary rate. Since all
captured slots were confirmed, to evaluate the accuracy of the
captured data we had to evaluate the accuracy of the
confirmation grammar used to recognize confirmation
utterances. Among 859 confirmation utterances, 10 were
misrecognized, leading to a 98.8% data accuracy rate. The
rejection parameters in the grammar were tuned for an equal
misrecognition/rejection rate and, indeed, the number of
rejections among the 859 confirmation utterances was 11.

Table 3. Average dialogue session statistics (figures in parentheses are standard deviations)

Session duration (s)

Number of dialogue units per session
Duration of dialogue unit (s)
Dialogue turns per dialogue unit
Percentage of task-oriented turns
Percentage of interrupted prompts
Time duration of adialogue turn (s)

Time duration of adialogue turn when interruption was disabled

99.34 (45.92)
7.65 (2.48)
12.99 (2.7)
1.86 (0.43)
829 (15.4)
68% (13)
6.97 (1.3)
10.63 (1.5)

Table 3 shows other metrics [19] derived from dialogues. The
high standard deviations of session duration and dialogue units
per session are due to the extensive variability of dialogue
sessions. The sessions not only differ by type (norma and
follow-up), but there is also branching within the same type
application (eg, some of the usersreport symptoms, while others
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don’t, some take medications). In addition, there is a great
variability dueto ASR errors and different possibilitiesinherent
in the design of the call flow (eg, caler initiated help requests,
speech recognition error handling such as re-prompts, negative
confirmations).
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The high standard deviations in caller utterances per dialogue
unit and dialogue unit duration are due to the fact that not all
dialogue units are created equal. For example, the “Areyou in
pain?’ dialogue unit can fill a sot with a single “yes’/*no”
utterance, while the pain location unit requires at least two
dialogue utterances (body part and confirmation) if speech
recognition does not fail, and more if it does.

Percentage of task-oriented dial ogue turns (82%) (those dialogue
turnsthat are not due to speech recognition errors or caller help
requests) is a measure of dialogue efficiency: if there were no
errors and help requests at all, it would be 100%. The prompts
in the dialogue were designed to be interrupted by experienced
calers. To quantify the use of interruption, we computed the
percentage of interrupted prompts (68%). To quantify how far
in the promptsthe interruption occurs, we computed the average
duration of dialogue turn (6.97 s), and compared it to the

Table 4. Diaogue sessions divided according to the call order

Levin & Levin

reference of average duration of dialogue turn (10.63 s) when
the interruption feature was disabled.

Evaluation of Flexible Level of User Support

One of the goals of the dialogue design described above wasto
have aflexible and adaptive user support for different types of
users, providing short prompts and efficient call flow for
experienced users and more detailed information in a
troublesome situation for novice users. To evaluate the
efficiency of the dialogues as afunction of user proficiency, we
divided the sessions into seven classes according to the
sequential order of the session with the same user. Table 4 shows
some statistics of the classes. For example, class A containsall
the first sessions each of the 24 users had, with a total of 308
dialogueturns; class G contains all the sessions (whose ordinal
number was 10 and above) for which the users had at least nine
sessions previously compl eted.

Class Name Call Order Sessions Turns
A 1 24 308
B 2 19 302
C 3 15 206
D 4,5 27 380
E 6,7 23 324
F 89 21 305
G 10+ 43 612

Figures 3, 4, and 5 illustrate the average dial ogue turn duration,
average percentage of interrupted prompts, and average
percentage of task-oriented prompts, respectively, for the classes
outlined in Table 4. The differences between the seven session
classes for the three metrics shown are statistically significant
as tested by ANOVA [20] (F = 49.33, 50.40, and 50.40,
respectively; df = 6; P <.001). The resultsin Figures 3 and 4
confirm the assumptions of the dialogue design: the prompts
were designed to be interrupted by experienced users, and,
indeed, the results indicate that the more experienced the user
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is, the more often and earlier shewill interrupt. The novice user
only interrupts in 59% of the prompts, with an average turn
duration of 7.7 s, while users that had more than nine sessions
completed interrupted in 73% of the prompts, with an average
dialogue turn duration of 6.5 s. Figure 5 shows that with
experience the users become more efficient with the system, as
measured by the percentage of task-oriented dial ogueturns: for
novice usersthis percentage averages 75%, increasing to around
81% after just one previous session was completed, and up to
86% after at least nine sessions were previously completed.
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Figure 3. Averageturn duration, in seconds, for dialoguesin classes A to G (adialogue turn corresponds to one system prompt and one user utterance;
classesindicate increased experience, with A being the most inexperienced users; error bars indicate 95% confidence intervals)
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Figure 4. Percentage of interrupted prompts for dialoguesin classes A to G (error barsindicate 95% confidence intervals)
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Figure5. Percentage of task-oriented turns for dialoguesin classes A to G (error bars indicate 95% confidence intervals)
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Discussion

In this paper we present a new methodology for real-time data
collection of information from patients for health, behavioral,
and lifestyle studies and monitoring.The voice data collection
system is intended to facilitate real-time collection of
information from patients via automated speech telephony
delivery. A flexible self-report system gives patientsthe freedom
to chooseto use aphone asadevice that meetstheir preferences,
schedules, or limitations. The system monitors and tracks data
collection compliance and generatesreal -time notificationsand
alertsfor participants and administrators. The system provides
on-demand/online reportsto enhance informed decision making
to improve patient care. The reports can be tailored to profile
patient function over time and highlight clinically meaningful
changes in health status.

Some of the mgjor challengesin designing such asysteminclude
maintai ning adequately high accuracy of the captured datawhile
guaranteeing a satisfactory user experience. We described
dialogue design for a Pain Monitoring Diary that targets these
challenges. In particular, to control the accuracy of automatically

http://www.jmir.org/2006/4/e30/

RenderX
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captured data, we tuned the parameters of the garbage
model—based confirmation grammar to reliably reject out-of
vocabulary utterances; every captured value was explicitly
confirmed using this high-accuracy confirmation grammar, and,
if needed, hard to recognize or out-of-vocabulary answerswere
recorded and flagged for later transcription. To provide aflexible
level of user support, we used a variety of methods, including
designing the prompts to be interrupted by experienced users
while carrying enough information for novices; providing the
user with on-demand, context-dependent help; and detecting
troublesome situations and guiding the user through them with
more informative prompts or resorting to recording of the answer
provided and flagging it for later transcription. The results of
the feasibility study indicate that desired accuracy of data can
be achieved with still a high degree of automation (98.8% data
accuracy with 98% automation). The users were capable of
using the flexible interface, with the sessions becoming more
and more efficient as the users experience increased, both in
terms of session duration and avoi dance of troublesome dialogue
situations. The adaptation data shown in Figures 3 to 5 suggest
that even some rudimentary experience with the system
increases the session efficiency significantly. While the subjects
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inthefeasibility study did not receive any training or orientation
session with the system, these results suggest that there could
be significant value in conducting such ons, which may
provide users with the experience to jump start in the middle.

Levin & Levin

heavily on graphicsand visual formatsthat cannot be completely
replicated in speech are probably a poor match for this
technology. Therefore, we do not see the spoken dia ogue-based
data collection as a replacement for existing data collection

methodologies, but only as another choice for health care

Finally, wewould like to stressthat one of the major wesknesses .
providers and researchers.

of the speech system is its single modality. Protocols that rely
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Multimedia Appendix 8

Recording illustrating system behavior when help is requested [WAV file (Waveform Audio Format), 968 KB -
jmir_v8i4e30_app8.wav ]

Multimedia Appendix 9

Recording illustrating system behavior when it detects a problematic situation [WAV file (Waveform Audio Format), 660 KB -
jmir_v8i4e30 app9.wav |

Multimedia Appendix 10

Recording of reminder style promptsin follow-up mode [WAV file (Waveform Audio Format), 136 KB - jmir_v8i4e30 appl0.wav
]

hittp://WwWw.j mir.org/2006/4/e30/ JMed Internet Res 2006 | vol. 8 | iss. 4 €30 | p.26

(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v8i4e30_app1.wav&filename=bf5482e446fe947ac6203c8fd93b7a3b.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app1.wav&filename=bf5482e446fe947ac6203c8fd93b7a3b.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app1.wav&filename=bf5482e446fe947ac6203c8fd93b7a3b.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app2.wav&filename=0d305d244fcfd3c729392e4adaaa68dc.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app2.wav&filename=0d305d244fcfd3c729392e4adaaa68dc.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app2.wav&filename=0d305d244fcfd3c729392e4adaaa68dc.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app3.wav&filename=10ce7abfb6f50518c768e8bf779569fc.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app3.wav&filename=10ce7abfb6f50518c768e8bf779569fc.wav
jmir_v8i4e30_app4.wav
jmir_v8i4e30_app4.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app5.wav&filename=941e6ca720686ea99bae10d8f867e592.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app5.wav&filename=941e6ca720686ea99bae10d8f867e592.wav
jmir_v8i4e30_app6.wav
jmir_v8i4e30_app6.wav
jmir_v8i4e30_app7.wav
jmir_v8i4e30_app7.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app8.wav&filename=2e81224e4dce5c3f5333e69f7e1ac872.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app8.wav&filename=2e81224e4dce5c3f5333e69f7e1ac872.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app9.wav&filename=7e08e5c839367a1cdcf8fff5056e9817.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app9.wav&filename=7e08e5c839367a1cdcf8fff5056e9817.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app10.wav&filename=2d0f8faaa32804885255b459aa2f7836.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app10.wav&filename=2d0f8faaa32804885255b459aa2f7836.wav
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Levin & Levin

Multimedia Appendix 11

Recording of a dialogue session with the system in follow-up mode (Transcription of this session appears in Textbox 2; this
session is the follow-up for the normal session in Textbox 1 and recorded in Multimedia Appendix 1.) [WAV file (Waveform
Audio Format), 1.4 MB - jmir_v8i4e30 appll.wav |

References

1.  CoallinsRL, Morsheimer ET, Shiffman S, Paty JA, Gnys M, Papandonatos GD. Ecological momentary assessment in a
behavioral drinking moderation training program .

2. O'Connel KA, Gerkovich MM, Cook MR, Shiffman S, Hickcox M, Kakolewski KE. Coping in real time: using Ecological
Momentary Assessment techniques to assess coping with the urge to smoke. Res Nurs Health 1998 Dec;21(6):487-497.
[Medline: 99053529]

3. Hufford MR, Shifford S. Capturing real-time, real-world quality of life datausing ecol ogical momentary assessment. Quality
of Life Newsletter 2000 Jul;25:1-3.

4.  Turk DC, Melzack R, editors. Handbook of pain assessment. 2nd edition. New York: The Guilford Press; 2001.

5. Smyth J, Stone AA. Ecological momentary assessment research in behavioral medicine. Journal of Happiness Studies
2003;4(1):35-52. [doi: 10.1023/A:1023657221954]

6. Smyth J, Wonderlich S, Crosby R, Miltenberger R, Mitchell J, Rorty M. The use of ecological momentary assessment
approachesin eating disorder research. Int JEat Disord 2001 Jul;30(1):83-95. [Medline: 21332654] [doi: 10.1002/eat.1057]

7.  Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR. Patient non-compliance with paper diaries. BMJ 2002
May 18;324(7347):1193-1194. [Medline: 22011654] [doi: 10.1136/bm;j.324.7347.1193]

8. Paul J SeibR, Prescott T. Thelnternet and clinical trials: background, online resources, examplesand issues. JMed I nternet
Res 2005;7(1):e5 [FREE Full text] [Medline: 15829477] [doi: 10.2196/jmir.7.1.€5]

9.  CollinsRL, Kashdan TB, Gollnisch G. Thefeasibility of using cellular phonesto collect ecological momentary assessment
data: application to alcohol consumption. Exp Clin Psychopharmacol 2003 Feb;11(1):73-78. [Medline: 22509271] [doi:
10.1037/1064-1297.11.1.73]

10. Black L, McTear M, Black N, Harper R, Lemon M. The voice-logbook: integrating human factorsfor chronic care system.
Presented at: ICSLP; October, 2004; Jeju Island.

11. Black L, McTear M, Black N, Harper R, Lemon M. Evaluating the DI@L-log system on a cohort of elderly, diabetic
patients: results from a preliminary study. Presented at: |nterspeech; 2005; Lisbon, Portugal.

12. LevinE, Levin A. Spoken dialog system for real-time data capture. Presented at: | nterspeech; 2005; Lisbon, Portugal.

13. LevinE, Levin A. Dialog design for user adaptation. Presented at: ICASSP International Conference on Acoustics, May
14-19, 2006; Toulouse, France.

14. DavisMP, Walsh D. Cancer pain: how to measurethefifth vital sign. Cleve Clin JMed 2004 Aug; 71(8):625-632. [Medline:
23564451]

15. Daut RL, Cleeland CS, Flanery RC. Development of the Wisconsin Brief Pain Questionnaire to assess pain in cancer and
other diseases. Pain 1983 Oct;17(2):197-210. [Medline: 84069392] [doi: 10.1016/0304-3959(83)90143-4]

16. McTear M. Spoken dialogue technology — towards the conversational user interface. London: Springer Verlag; 2004.

17. RoseR, Paul D. A hidden Markov model based keyword recognition system. Presented at: Conference on Acoustics, Speech
and Signal Processing; 1990; Albuquerque, New Mexico.

18. ManosA, Zue V. A segment-based spotter using phonetic filler models. Presented at: ICASSP International; April 1997,
Munich, Germany.

19. Waker MA, Litman DJ, Kamm CA, AbellaA. PARADISE: aframework for evaluating spoken dial ogue agents. Proceedings
of ACL/EACL 35th Annual Meeting of the Association for Computational Linguistics. San Francisco: Morgan Kaufmann;
1997:271-280.

20. Edgington ES. Randomization tests. New York: Marcel Dekker Inc; 1986.

Abbreviations

ASR: automated speech recognition
EMA: ecologica momentary assessment
I VR: interactive voice response

PDA: personal digital assistant

http://www.jmir.org/2006/4/€30/ JMed Internet Res 2006 | vol. 8 | iss. 4 [e30 | p.27

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v8i4e30_app11.wav&filename=b4cd061826c1f602cbf9a70d0dafee4d.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app11.wav&filename=b4cd061826c1f602cbf9a70d0dafee4d.wav
https://jmir.org/api/download?alt_name=jmir_v8i4e30_app11.wav&filename=b4cd061826c1f602cbf9a70d0dafee4d.wav
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=99053529&dopt=Abstract
http://dx.doi.org/10.1023/A:1023657221954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21332654&dopt=Abstract
http://dx.doi.org/10.1002/eat.1057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22011654&dopt=Abstract
http://dx.doi.org/10.1136/bmj.324.7347.1193
http://www.jmir.org/2005/1/e5/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829477&dopt=Abstract
http://dx.doi.org/10.2196/jmir.7.1.e5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22509271&dopt=Abstract
http://dx.doi.org/10.1037/1064-1297.11.1.73
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23564451&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=84069392&dopt=Abstract
http://dx.doi.org/10.1016/0304-3959(83)90143-4
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Levin & Levin

submitted 28.08.06; peer-reviewed by W Sack; comments to author 03.11.06; revised version received 19.11.06; accepted 24.11.06;
published 11.12.06.

Please cite as:

LevinE, Levin A

Evaluation of Spoken Dialogue Technology for Real-Time Health Data Collection
J Med Internet Res 2006;8(4): €30

URL: http://www.jmir.org/2006/4/e30/

doi:10.2196/jmir.8.4.e30
PMID:

© Esther Levin, Alex Levin. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 11.12.2006.
Except where otherwise noted, articles published in the Journal of Medical Internet Research are distributed under the terms of
the Creative Commons Attribution License (http://www.creativecommons.org/licenses/by/2.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited, including full bibliographic details
and the URL (see "please cite as' above), and this statement is included.

http://www.jmir.org/2006/4/e30/ JMed Internet Res 2006 | vol. 8 | iss. 4 [e30 | p.28
(page number not for citation purposes)

RenderX


http://www.jmir.org/2006/4/e30/
http://dx.doi.org/10.2196/jmir.8.4.e30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Beaudin et &

Original Paper

To Track or Not to Track: User Reactions to Concepts in
Longitudinal Health Monitoring

Jennifer S Beaudin®, SM; Stephen S Intille?, PhD; Margaret E Morris®, PhD

1House_n, Massachusetts I nstitute of Technology, Cambridge, MA, USA
2Digital Health Group, Intel Corporation, Beaverton, OR, USA

Corresponding Author:

Jennifer S Beaudin, SM

House _n, Massachusetts I nstitute of Technology
One Cambridge Center, 4FL

Cambridge, MA 02142

USA

Phone: +1 617 452 5677

Fax: +1 617 225 0027

Email: jbeaudin@mit.edu

Abstract

Background:  Advances in ubiquitous computing, smart homes, and sensor technologies enable novel, longitudinal health
monitoring applications in the home. Many home monitoring technologies have been proposed to detect health crises, support
aging-in-place, and improve medical care. Health professionals and potential end users in the lay public, however, sometimes
guestion whether home health monitoring isjustified given the cost and potential invasion of privacy.

Objective: Theaim of the study was to elicit specific feedback from health professionals and laypeople about how they might
use longitudinal health monitoring data for proactive health and well-being.

Methods: Interviews were conducted with 8 health professionals and 26 laypeople. Participants were asked to evaluate mock
data visualization displays that could be generated by novel home monitoring systems. The mock displays were used to elicit
reactions to longitudinal monitoring in the home setting as well as what behaviors, events, and physiological indicators people
were interested in tracking.

Results:. Based on the qualitative data provided by the interviews, lists of benefits of and concerns about health tracking from
the perspectives of the practitioners and laypeople were compiled. Variables of particular interest to the interviewees, as well as
their specific ideas for applications of collected data, were documented.

Conclusions: Based upon these interviews, we recommend that ubiquitous“monitoring” systems may be more readily adopted
if they are developed as tools for personalized, longitudinal self-investigation that help end users learn about the conditions and
variables that impact their social, cognitive, and physical health.

(J Med Internet Res 2006;8(4):€29) doi:10.2196/jmir.8.4.629

KEYWORDS

User-computer interface; computers, handhel d; ubi quitous computing; home monitoring; personal monitoring; personal tracking;
personal health record; diaries; self-help devices; smart homes

Ubiquitous computing and health technology researchers have
responded to this developing medical crisis by proposing the
use of home-based and wearable sensor technology to help
people to assess their own health and that of their loved ones
Baby boomers, the cohort of adults born between 1946 and [1]. Research has already shown that health indicatorstypically

1964, will contribute to a growing medical crisis in many  mqnjitored in clinical settings can be successfully deployed for
industrialized countries. As demographics shift and lifespans longitudinal tracking in homes (eg, [2,3]). Numerous research

increase, alarger percentage of adultswill requiremedical care.  efforts exist to develop systems that automatically detect
The rising cost of medical proceduresin combination withthe  tivities of daily living (eg, [1,4-11]) and specific conditions,

greater numbers of people needing assistance will place an g e a5 changesin gait. Sensors embedded in the home (and on
enormous strain on health care providers.

Introduction

Background
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mobile devices [12,13]) are proposed to collect longitudinal
and contextually sensitive data that can then be processed to
automatically detect important changes in behavior patterns
caused by the onset of illness. Such systemsusually collect data
continuously or when someoneisengaged in aparticular activity
of interest, such as playing acomputer game [14]. Commercial
systems use a small number of sensors per dwelling, typically
motion sensors, to monitor variation from baseline movement
throughout a homein the hopes of detecting serious conditions
that lead to immobility (eg, QuietCare from Living
Independently Group). These systemsare popular for monitoring
elders living aone [15]. Although in some work authors have
advocated the use of these novel technologiesfor personal health
tracking [16-18], the focus of much of this prior work on the
use of ubiquitous sensing in the home is on health monitoring
geared toward the health professional.

Unfortunately, both clinicians and potential end users of
monitoring systems can be skeptical of the systemstechnologists
are proposing. The technology faces significant barriers to
adoption (see [19] for a discussion). Clinicians, for example,
typically do not request assessment until a problem arises, and
someclinicianslimit predictive testing because of time, expense,
and fear their patientswill overreact. End users have reservations
such as fear of being diagnosed with an illness with no known
cure, fear of tests, fear of stigmatization, and fears about privacy
violation or behavior being judged by family or clinica
caregivers.

Therefore, rather than developing systems that only monitor
health status and provide data to clinicians, an approach that
tightly integrates traditionally separate areas of monitoring,
compensation, and prevention [19] may reduce fears and
increase adoption of home health technol ogi es among end users.
Monitoring systems that provide data of interest directly to
laypeople may be received more positively and be more rapidly
adopted outside of laboratory settings than systems that only
track metrics of interest to health providers.

Monitoring technologies that are more widely available, such
as manual logging tools and diaries, have been found to be
helpful in improving communication with patients [20] and
reinforcing lifestyle counseling [21]. However, logging can be
difficult for patients to maintain over time [22], and data
originally deemed useful from a practitioner's perspective may
not be easy for users to apply to everyday situations [23].
Tracked data may need to have immediate applications and be
particularly relevant from auser's perspective for these systems
to be kept in use long term.

Home monitoring technol ogies face another barrier to adoption,
a classic “chicken and egg” evaluation problem. To make a
(statistically) convincing argument that home monitoring
systems can provide useful indicators of early onset of disease
will require studies where the monitoring technology isinstalled
in many homesfor long evaluation periods, most likely months
or years. To justify the cost of a sufficient number of
installations, however, will require evidence of the preventive
health value of the monitoring systems.

Prior work has shown that end users often strongly believe they
should keep their own personal health records in addition to

http://www.jmir.org/2006/4/e29/
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those kept by their medical personnel [24]. It has been proposed
that such records would be enriched by including data and
subjective reports collected outside of the clinic [25], but to
date, no research has been done to suggest what end userswould
choose to track and what value, outside of the clinic, tracking
would provide.

In this work, we therefore focus on ways of developing
longitudinal home health monitoring systemsthat provide high
perceived value to end users. Our primary question is whether
“monitoring” systems can be designed that might be adopted
by end consumersfor personal use—even by people who would
not characterize themselves as sick or in need of monitoring by
health professionals or other caregivers. The information these
systems collect might be used to develop novel forms of
personal health records, which have recently attracted interest
[25]. We present qualitative resultsfrom interviewswith 8 health
professionals and 26 laypeople who were asked to respond to
mock data visualizations for novel longitudinal home health
and activity tracking technologies.

The data display interviews described later in this paper were
motivated by a set of exploratory interviews conducted for a
project to develop a novel cognitive performance tracking
technology. Weinterviewed 11 US-based professionalsin aging
and cogpnition, including a gerontologist, a nurse speciaizing
in geriatrics, a home nurse, a cognitive psychologist, an
occupational therapist speciaizing in geriatrics, three neurology
researchers, and three neuropsychologists. Theinterviewswere
unstructured and lasted approximately 1-2 hoursin length.

During these initial interviews, we observed that experts had
not yet fully considered the breadth and depth of patient states
and activities that emerging technology will be able to monitor
outside of theclinical setting. Therefore, the experts, particularly
the clinicians, had difficulty generating specific ideas on how
their practices could take advantage of nonclinical monitoring
of hedth status indicators other than the already familiar
indicators such as heart rate, weight, and blood pressure.
Nevertheless, some experts did propose new health status
indicators that could be tracked outside of the clinic, and these
suggestions motivated us to continue this area of inquiry. They
included “catastrophic reactions to mundane activities’ (eg,
becoming unduly anxious when calculating a hill), ability to
multitask during cooking, and changes in speed of interaction
with appliances.

Objectives

Our exploratory interviews confirmed that we needed visual
aids to help experts and laypeople understand how emerging
technol ogies might be used for monitoring health-rel ated status.
Most clinicians and laypeople have had limited exposure to
longitudinal tracking methods and devices. Clinicians, for
example, are accustomed to evaluating patients based on
periodic and limited clinic data. Laypeople may have experience
using a bathroom scale, thermometer, or pedometer, but they
are unfamiliar with the capabilities of emerging ubiquitous
computing technologies. To address these barriers, we
mocked-up data displays representing a variety of constructs
for ahypothetical patient or family. These materials were used
asaconcrete focal point for structured interviews with medical
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experts and laypersons. The data displays are not necessarily
proposed concepts but are instead a mechanism used to elicit
feedback about longitudinal tracking ideas. They are
intentionally diverse and provocative and are used as probesto
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elicit detailed reactions and self-reflection during interviews.
Our design criteria for the displays and strategies we used to
achieve these goals are listed in Textbox 1.

Textbox 1. Interview goals and examples of strategies for participatory design stimuli used to meet those goals

Interview Goals

Examples of Strategies Used in Displays

Invite reflection on longitudina monitoring of particular variables and
outcomes.

Invite focus on the output instead of the mechanism of monitoring/track-
ing.
Encourage participants to model how they would respond if they had

tracking data, including how they would interpret outcomes and what
follow-up investigations they would conduct, if any.

Encourage participants to think and talk about themselves and their
personal concerns, values, and preferences.

Encourage discussion about underlying issuesrelated to tracking, rather
than restricting feedback to evaluation of a particular idea.

Many displays consisted of sequences of steps and multiple timescales.

Technology depictions or descriptions were not included; some displays
explicitly suggested that data are collected manually.

Displaysrepresented accumulation of dataas though the tracking tools had
been in use for some time; displays put focus on action of reviewing data,
instead of collecting data.

Axes on graphs were often not labeled to avoid fixation on data val ues.
Participants were encouraged to talk about what the display would ook
like for them.

Multiple examples on one display could be quickly turned on and off; we
deliberately restricted the set of metrics for each example to encourage
brainstorming about additional metrics.

The displays were designed to encourage participants to
role-play scenarios. Participants were instructed to envision
themselves or their patients self-monitoring and analyzing the
personalized hedlth data. Thedisplayswereintended toillustrate

capabilities of longitudina monitoring (Textbox 2) to which
participants often alluded but had difficulty discussing in more
detail without stimuli.

Textbox 2. Home health tracking concepts that people may have difficulty discussing and relating to their personal situations and concerns

Data collected over time can reveal patterns of change.

Context can be used to interpret reasons for change.

Data can be used to problem solve and evaluate interventions.

Data can be subjectively reported or objectively observed.

© © N o g A~ w N E

Data can be reviewed at specific times and locations.

10. Datacan be organized in ways other than by time.

Comparisons can be made with population norms, personal goals/estimates, and peers values.
Quantitative data can be used in combination with qualitative data (eg, journal entries).
Multiple metrics can be applied to assess health and behavior change.

Data can be used to motivate by highlighting the extent of a problem or documenting progress.

11. Datatracking may not be constant, instead triggered by directed investigations.

12. Datacan bereviewed inisolation or in relationship to other variables.

Methods

We developed 17 mock data display examples, many of which
represented multiple tracking concepts. Initialy, the displays
were developed on paper, but to facilitate long-distance
interviewing, they were converted to interactive Web pages
using Flash (Multimedia Appendix 1). Most of the examples
could be developed using emerging ubiquitous computing and/or
wearable technology. A few (eg, an example that assumes the
computer can detect linguistic “ hedges’) would not be possible
to implement at thistime. Four of the displays are described in
more detail below. We also developed sorting exercises to
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provide participants with a way to express tracking priorities,
complementing the more open-ended feedback from the
displays; they are described in the final Methods subsection,
“Sorting Exercises with Laypeople.”

Weight Displays Example

The weight display series was used to address possible
monitoring strategies to facilitate a weight loss goal. The
complexity increases sequentialy. In the first display, one data
point is available: the patient's weight at the clinic. This value
is compared with norms for gender and height. The second
display (Figure 18) addsthe patient'sweight from aclinical visit
one year ago, indicating that the currently overweight patient
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has actually succeeded in significant weight loss. The third
display (Figure 1b) suggeststhat the patient has been recording
his or her weight each month throughout the year; the patient's
weight was steady, started to steeply decline, and finally reached
aplateau. The seasonal context indicates that decline began in
January. The next in the series of displays (Figure 1c) switches
metrics to show pedometer readings plotted against exercise
goals for each week. The final display (Figure 1d) depicts the

Figure la. Weight displays: (a) traditional clinical weight data

Beaudin et d

addition of qualitative description: photostaken on “ good days,”
when the user's steps greatly exceeded the goal for the given
week, and “ bad days,” when the user's steps significantly failed
to meet the goal for the given week. These “photos’ are left
blank, but the participants are told that they could capture

anything experienced on those days: people encountered, food
eaten, places visited.
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Figure 1b. (b) home monitoring weight data
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Figure 1c. (c) pedometer readings
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Figure 1d. (d) qualitative data—photographs

Beaudin et d
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The displaystell astory that begins with the more familiar and
accepted clinical metrics and gradually transitionsto richer and
more diverse sources of data, concluding with a qualitative
display that could provide information about a variety of life
factors. Displays such as these were used to help participants
understand the potential of home health tracking technologies
in a step-by-step fashion. In this example, the interviewer
depicted atypical patient struggling with weight who committed
to change (New Year's resolution), used a pedometer to record
and motivate progress, and finally reached a plateau—a point
which drives many back to poor habits because their efforts are
not reinforced. The interviewer described how extra data, such
asthe analysis of contextual factorsand qualitativeimage data,
could hel p the patient-physician pair work through this apparent
impasse. The tools for this weight example are all commonly
available: abathroom scale, a pedometer, and adigital camera.
Thisdisplay seriesillustrates concepts 1-7 in Textbox 2.

Scenario Displays Example

Theweight displays example was devel oped specifically to help
health professionals transition from familiar patient charts to
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more novel tracking concepts. To achieve a similar goal with
laypeople, scenario displays (Figure 2) were devel oped showing
extensions of familiar media associated with recording and
reflecting on personal data. With the journal display (Figure
2a), participants were asked to imagine that they had the time
and discipline to keep a richly detailed journal, which might
include information as diverse as memorable moments and
snacking events. With the health snoop display (Figure 2b),
participants were asked to imagine that they could hire someone
to follow them around for a week, nonintrusively making
observations about such things as work habits and missed
opportunities for exercise. These examples explicitly sidestep
the data collectionissuesin favor of focusing on the basicideas
of subjective and objective recording and analysis of behavior
(Textbox 2, #8). Other displays included data overlaid on a
grocery receipt (Figure 2c), overlaid on a medicine cabinet
mirror, and communicated by email or voicemail. These
exampl esfocused the participant on the action of reviewing and
applying data (Textbox 2, #9), rather than on the collection of

data.
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Figure2a. Scenario displays: (a) journal display
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Figure2b. (b) health snoop display
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Figure2c. (c) grocery receipt display
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Body-Based Displays Example

The Web-based displays permitted customized interviewing,
where abasic display template could be overlaid with multiple
data examples by checking options on the screen. The body
example (Figure 3) presented tracking data organized according
to associated body regions (Textbox 2, #10). By checking the
options in the bottom right corner and clicking on parts of the
body, the participant could review ideas for tracking skin
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changes, history of exercise, activity levels, and achesand pains.
Some displays showed information that would be tracked by
self-report (eg, headaches). The goal with multiple examples
for each display template was to encourage brainstorming,
whereby the participant could feel comfortable giving gut
reactionsto specific ideas, while getting acquainted with deeper
tracking concepts (eg, Textbox 2, #11) that they could then
discuss.
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Figure 3a. Body-based displays on (a) skin changes
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Figure 3b. and (b) headaches
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Time Scale Displays Examples

More traditional graph-style displays were used to depict
monitoring across multiple time scales (days, weeks, months,
or years) (Figure 4). Y-axis units were not labeled to limit
fixation on absolute data values that may not be salient for a
particular participant. For example, time spent watching TV
(Figure 4a) was represented with bars of varying heights, but
there was no label of exact time. Variables of interest could be
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explored in isolation (eg, mood over time) or in relationship to
other variables (eg, mood with respect to TV watching) (Textbox
2, #12)—the complexity of analysis depended on how many
variables a participant checked in the screen display. On some
displays, data could be compared with self-estimates (eg, your
estimated TV watching) or group statistics (eg, average TV
watching for your age group) (Textbox 2, #3). The years
example (Figure 4b) was used to ask participants about variables
that may be sensitive to major health changes.

JMed Internet Res 2006 | vol. 8 | iss. 4 |€29 | p.40
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Beaudin et &

Figureda. Timescae dISp| ayson (a) time spent watching TV (orange TV watchi ng, green: time spent outside; black dots: mood rating)
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Interview Procedure with Health Professionals

We interviewed eight health professionals whom we identified
through a working group on patient-centered health care at the
Massachusetts General Hospital and through word-of-mouth.
In contrast to the first set of experts from the preliminary
interviews, many of these professionals treated healthy
individuals and expressed a desire to shift to a coaching style
doctor-patient relationship. They included a personal trainer,
two social workers, three general practitioners, and two general
practitioners who were cardiac specialists.

The interviews were 1-2 hours in duration. For al but one
interview, the paper-based materials were employed; one
participant responded to the electronic-based materials. The
health professionals were shown 5-10 displays, starting with
the weight displays, chosen because they depict a kind of
patient-directed tracking with which health professionals may
already have experience (ie, weight and pedometer steps).

Participants were instructed to imagine that the displayed data
were collected in the patient's home and returned to the patient
for personal reflection and conversationswith adoctor or family
member. They were reminded that the data in the displays do
not necessarily reflect the capabilities of current technologies.
For each example, they were asked to comment on how the
information might beinterpreted and applied by a patient, what
it would beliketo talk with a patient about theinformation, and
what additional information would be beneficial to provide.
They were encouraged to voice any concerns they might have
about the collection and application of the data from their
perspective as a health care provider.

Interview Procedure with Laypeople

We recruited 21 participants via postering, mailing lists, and
word-of-mouth. All were from the United States. Participants
volunteered their time without compensation for a protocol
approved by our institutional human subjects review board.
Included were 15 women and 6 men, ages 40 to 66 years (mean
=51; SD =9). Although our target demographic was peoplein
middle life, we additionally interviewed five individuals over
age 70 for comparison. Three participants were close affiliates
of one of the authors. Seven participants were from the local
area of Cambridge/Boston, MA. The remaining participants
were interviewed over the phone and represented 10 states.

The interviews were 1 hour in duration. In al interviews, the
Web-based data displays were employed. Participants were
shown 4-11 displays, typically starting with the journal example,
chosen because it depicts a kind of tracking with which
laypeople may already have experience (ie, diary or journal
entries). They wereinstructed to imaginethat the displayed data
were collected in their home and returned to them for personal
reflection. They were reminded that the datain the displays do
not necessarily reflect the capabilities of current technologies.
For each example, they were asked to identify content or
qualities of interest or concern, how they might personally apply
or use the information, and what additional information would
be beneficial to have. Theinterviewswere transcribed (masked
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transcripts with research notes are available in Multimedia
Appendix 2).

Sorting Exerciseswith Laypeople

The displays were used to provoke discussion about health
concerns that people wanted to investigate and the ways they
could imagine conducting such investigations. We also wanted
to quickly €elicit specific ideas and rankingsfor conceptsto track.
We developed a list of 60 sample constructs that could be
tracked over time using current or proposed tracking devices.
These constructs represented multiple levels of inference or
granularity and were selected to cover adiverse set of domains,
including socia interaction, cognition, physical activity, and
physiology. Examples include “mood self-rating,” “blood
pressure,” “tossing and turning,” and “time spent in the car”
(see Multimedia Appendix 3 for the complete list).

After discussing the displays, the layperson participants in
middlelife (n = 21) spent 15 minutes doing the sorting exercises.
The health professionals and five older adults also did asorting
exercise, but in amore open-ended manner, so for clarity, their
results are not included here.

For interviews conducted face-to-face, participants were given
aset of hand-written index cardsto sort. For phoneinterviews,
participants were directed to a Web page with a list of the
constructs. Participants were asked to talk aloud while they
sorted to indicate their choice (yes, no, or maybe) and comment
about particular reasons for their decisions. Participants were
asked to quickly sort the constructs according to whether they
would personally want to track each over time. A second sorting
exercise, where participants sorted with aparticular investigative
goal in mind, gave participants the opportunity to reconsider
their initial gut reactions and express more focused applications
for tracking. Participants were asked to select from a list of
personal health areas that they might want to better understand
and positively affect using tracking. The list included eating
choices, family relationships, mental sharpness, mood, physical
activity, and stress. Participants (n = 20) then sorted the set of
constructs again, according to whether they would personally
want to track each to understand their selected goal. One
participant (under age 70) did not do the investigation sort due
to time restrictions on the interview.

Results

We now review a few specific reactions from participants to
the data displays and summarize the perceived benefits and
limitations of health tracking from the perspective of the
practitioners and laypeople. We also present variables of
particular interest to the interviewees, as well as their specific
ideas for applications of collected data.

Interviewswith Health Professionals

In examining the body display (Figure 3), an interviewee who
isageneral practitioner first identified a benefit to the patient
in having thistype of data; he suggested, “Perhapsit could arm
the patient so they can go in and more effectively communicate
their worry [to a practitioner].”
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Textbox 3. Longitudinal tracking benefits and concerns perceived by health professionals, summarized from the 8 preliminary interviews and the 8

materials-based interviews

Professional Perceived Benefits

ommendations, shift to “contracts’ for change. (n = 6)

concerns. (n=1)

Professional Perceived Limitations

themselves make awareness difficult. (n = 3)

Patients may feel like their privacy or self-image is threatened. (n = 3)

Longitudinal data could be used to motivate and reward progress toward long-term goal's (eg, exercise, nutrition); shift to life-goal assessments/rec-

Longitudinal data can help doctors broach sensitive topics (eg, health of social relationships). (n = 4)
Longitudinal data can help doctors ask interesting questions and initiate a dialogue with the patient (n = 3); data can help patients communicate

Data collected outside the clinic is likely to be more representative of the patient's actual health. (n = 2)

Longitudinal data could be used to evaluate the success of interventions. (n = 2)

Longitudinal data may reveal that some constructs are more cyclic and context-based (e.g. mood corresponding to hormone cycles). (n = 1)
Longitudinal data could be used to detect the precursors of problem behaviors, such as eating disorders. (n = 1)

Longitudinal data can help the doctor make the most of alimited clinical visit. (n = 1)

Family physicians will not have the time or willingness to evaluate the data. (n = 4)
Most of what could be monitored either is not useful or is known already by the doctor, home nurse, caregiver, or patient. (n = 3)

Patients lack the ability to be self-aware about cognitive changes. Denial istoo strong to overcome and, when serious, the cognitive impairments

Datawill not represent more meaningful life pursuits (eg, becoming more self-aware, artistic advancement, enriched mental life). (n=2)
Current generation of older adultsis not interested in taking more responsibility for health. (n = 2)

Patients may become obsessed with data or may take atoo narrow view, rather than approaching health holisticaly. (n = 2)

Data demonstrating decline will be depressing or disempowering. (n = 2)

If viewed over too long atime period, datawill encourage a nonadaptive self-image. Instead of recognizing that on€e's current capacities are suited
for the current context and meet basic life goals, one may focus too much on how one is not the person one used to be. (n = 1)

Patients may make snap judgments about contextual factors associated with health changes (correlation is not causation). (n = 1)

But he then began to imagine a counterproductive result, role
playing the following interaction:

The patient who would bring thisin, | would not ook
forward to seeing as a doctor.... [ This kind of data]
almost lets the patient live and dwell in something
that you would rather have them just say—"* | have
thesereoccurring headaches’ —great, thank you, now
how's the rest of your life going? It obscures rather
than clarifies, in the conversation, they become too
focused on the minute.

Although this health professional strongly supported giving
patients more control over their health through information, he
worried about patients becoming obsessed with data and
ignoring the larger issue of holistic wellness—a trend he has
seen with medical professionals who over-rely on
technology-generated data.

Oneof theinterviewed social workers consultswith her patients
to identify resources and opportunities to establish healthy
patterns. Reacting to adisplay graph depicting “kitchen cabinet
access events’ over time, shefirst noted that it would be useful
in her work with patients with eating disorders. These patients
often display food-search behavior as a precursor to destructive
eating episodes. She envisioned using the data to draw patients

http://www.jmir.org/2006/4/e29/

into discussions about this behavior pattern and strategies for
behavioral change. She then noted a second application:
identifying “tea and toast ladies’—older adults who have
over-simplified their diet following cognitive, physical, or
emotional impairment.

The displays shifted interview foci from possible monitoring
applications to personal scenarios, such as “What would it be
like to have a patient bring me this data?’ Although many of
the presented ideas represented adeparture from clinical metrics,
they evoked a generally positive response and elicited more
detailed feedback on using longitudinal data to develop
individualized treatment plans and support patient-doctor
communication. With the exception of one social worker who
specializesin geriatrics and who was pessimistic that additional
information or greater awarenesswould berelevant for late-stage
health problems, the interviewed professionals thought that
longitudinal tracking tools targeted to patients would be
beneficial for thetype of health practice they would like to have.
However, several noted that the typical medical clinician would
not be receptive. One participant responded, “A presently trained
and configured family...doctor would think it was junk. They
would go, 'Well, that's interesting, | got 9 more minutes."”
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An additional concern that appeared in multipleinterviewswas
that the data should be presented in ways that do not force
evaluation by comparison with norms, baselines, or externally
determined goals or by presentation in a“report card” format.
That said, some professionals indicated a desire to use data to
motivate patients, one even arguing that the “ report card” format
was desirable.

We have summarized some of the health professional's key
perceived benefits and limitations about longitudinal tracking
in Textbox 3.

Interviews with Laypeople

At the beginning of theinterview, participants were asked what
they currently monitor or track. A man, age 40, who was
working in a technology field, was a serious health tracker,
manually recording multiple variables related to exercise, diet,
and mood, including satisfaction ratings for leisure activities.
Another man, age 40, working in a technology field, was a
committed blogger, recording hisintellectual process for work
and maintaining a personal “kids’ blog for his family. These
participantswere unusual intheir existing dedication to tracking.
However, all participants engaged in some type of monitoring
(such asfor weight, blood pressure, water drinking). Some kept
journas (n = 9), tracked expenses (n = 2), kept annotated
caendars (n = 7), and compiled lists of movies/books they
watched/read/recommended as a backup for memory (n = 5).
Several owned pedometers (n = 7), but no one was using them
to track and review activity over time, citing reasons of
forgetting and reluctance to exert the effort to record values.

We have summarized and categorized some of the laypeople's
key perceived benefits and concerns about longitudinal tracking
in Textbox 4. Here we describe a few specific reactions from
participants to the data displays. For example, a woman, aged
66, who was working in an administrative position, initially
responded to longitudinal tracking with disdain, asserting that
she “aready knew” the information it could provide and that
anything she did not know would be better addressed by working
with a professional. “It is interesting to me that you and the
folks you are working with had the idea that people would like
to have this information.” After being introduced to the years
exampl e, as she expressed her reactions out loud, she gradually
shifted perspective to consider the value of passive monitoring
to establish a baseline and identify change. She did not want
tracking asatool for reflection and behavior change, but decided
that background monitoring would be beneficial as she gets
older. She did not want to use “it as a tool for understanding
[her] life right now, but [to] monitor and anticipate change as
[sheis] aging, as an early warning to go to a doctor .... You've
flossed every day for the last 12 years and in the last month,
you've skipped 5 days, so what's going on?”’

A 45-year-old man, who was a working professional, had
re-purposed technologies to do some of his own tracking
investigations. Prompted by a personal disagreement, he had
recently reviewed years-old emails to gain perspective on the
evolution of arelationship. He kept a personal calendar on his
cell phone and noted, in reaction to one of the displays, that he
ismore conscious of commitmentsthat are hard for him to keep
(addressing finances) because he has a record of postponed
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appointments. He was strongly positive about an example that
provided information about daily rhythms, believing that even
without knowing what to look for, hewould till find interesting
patterns. “1 think I might discover something...maybe correlate
thiswith thejournal to see how deep patterns affect your overall
mood or...amount of time you spend with other people affects
your outlook.” He worried though that having to describe his
current mood states might amplify negative feelings (eg, saying
you are sad makes you sadder). He was interested in how
tracking could help him find more personal time. As afather,
he could imagine using the group data to ground family
discussions about issues such as bed time and together time,
but was concerned that, in the end, the data might work to
confirm and entrench opposing opinions. “So everyone will
find the factsto support their interpretation of what's happening
and the more facts you gather, the more it tends to just cement
the positions of the people. That's been my experience.”

A woman, aged 58, who wasrecently retired, wondered whether
she could use longitudinal tracking to determine the amount of
structure in her day that would give her the most satisfaction.
She was interested in carrying out a variety of investigations,
wanting to understand why she made qualitative judgments
about a movie or a meal and what factors contributed to her
mood. “It's like oh, today was really good—well, why was it
good? Was it because of some really trivial compliment that
you were given early in the morning, or is it because you
accomplished something.... Wasit just your blood sugar in the
morning?’ She identified eating habits as a behavior she would
like to affect and expressed adesire for tools that would let her
evaluate her personal degree of success with recommended
interventions, such as drinking water to curb hunger.
Additionally, she wanted data about her menopausal symptoms
(eg, mood, memory problems) to persuade her reluctant
physician to prescribe hormone therapy.

Overall, seven participantswere reluctant to track, often stating
that they “aready know” sufficient information about their
health and activities and preferred solutions (such as reminders)
and expert-mediated care. Nevertheless, they each indicated
that some tracking would be useful, either to establish abaseline
and detect troubling changes or to address very directed
investigations related to exercise or diet. Thirteen participants
responded positively to multiple tracking ideas, particularly
those related to behavior change and time management, but
were somewhat conservative in proposing novel tracking
investigations. Six participants were strongly positive,
expressing comfort with exploring patterns and relationships
in data, examining data on multiple time scales, and initiating
involved or novel tracking investigations. Participants often
qualified positive reactions by saying that the tracking idea
would bejust “fun” or interesting, but not necessarily valuable.
They ofteninitially focused onisolated and simpleinvestigations
(eg, frequency of headache pain), but with prompting, generated
ideas about possible contributing contextual factors (eg, amount
of sleep, shoes you are wearing) that when tracked could give
them opportunitiesto problem solve. When participants strongly
connected with atracking idea, they often cited significant life
events (eg, the 58-year-old's recent retirement and experience
with cancer) as giving them a deeper appreciation for the

JMed Internet Res 2006 | vol. 8 | iss. 4 [e29 | p.44
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Beaudin et &

contextual factorsrelated to general wellness. Astheinterview  changes, personality variables, too familiar routines or factors)
progressed, participants frequently identified behaviors or and were therefore ideal candidates for technology-assisted
variables that were difficult to self-monitor (habits, behaviors  tracking.

done in combination with others, accumulation of subtle

Textbox 4. Longitudinal tracking benefits and concerns perceived by laypeople, summarized from interview transcripts

L ayper son Perceived Benefits

Tracking may be useful for ...

Supporting behavior change: Motivating/enabling change (n = 7); understanding cause and effect (n = 5); reinforcement, forcing to faceissue (n
= 5); evaluating success of intervention (n = 4); time management (n = 4); inspiring problem solving (n = 3); achieving “optimal state” or “peak
condition” (n = 3); permitting trade-offs (since I've been good all week, it's okay to cheat) (n = 2); giving a sense of accomplishment (n = 2); iden-
tification of need for replacement activity (I was more active when | had kids, | had a more regular routine when | lived by the beach) (n = 1);
measuring progress (n = 1)

Making patterns mor e evident: Understanding habits, traits, behaviors (n = 6); identifying factors that affect you positively or negatively (n = 5);
identifying sources of distraction (n = 3); rethinking major life patterns (n = 4); identifying valuableimprovisations (n = 1); understanding consequences
of life-work balance (n = 2)

Monitoring health: Providing material for conversation with doctors or family (n = 11); determining seriousness of problem (n = 4); identifying
troubling changes (n = 4); in place or available for later problems (n = 3); establishing a baseline for later comparison (n = 2); understanding nature
of change (gradua versus sudden, onset) (n = 2); early detection, chance to cure, make plans for compensation (n = 1)

Challenging or validating beliefs: Getting perspective (n = 6); giving asense of control (n=5); promoting a positive self-image (n = 5); validation
of subjective feelings (n = 1); peace of mind (monitoring parents) (n = 1)

Providing a record of events: Jogging/strengthening memory (n = 6); backup for memory (n = 6)

Providing entertainment/Supporting social interaction: Feeding curiosity, fun, interesting (n = 8); serving other or dual goals (reminders, com-
munication) (n = 4); addressing physical appearance (n=1)

Layperson Perceived Limitations

| wouldn't want to track (avariable or in general) because tracking would...
Not apply to me: (eg, smoking, alcohol drinking, pets) (n = 26)

Not provide new information: (ie, “| already know this”) (n = 22)

Not provide valuable infor mation: Something/someone already takes care of that (n = 6); unimportant or irrelevant (n = 5); just want a solution,
not more information (n = 3); no change needed—functioning okay even though impaired (n = 2)

Provide too much information (information overload): Too focused on minute details, missing the big picture (n = 8)

Threaten self-image: Lead to denial/feeling threatened (n = 9); would feel criticized (n = 5); don't want to think about (eg, hate exercising, don't
want to spend time thinking about exercising) (n = 2); lead to uncomfortable sense of competition (n=1)

Not provide actionable infor mation: Concerned about becoming discouraged or depressed (n = 7); frustration if don't know what to do or can't
do anything (n=7)

Lead to social conflict: Forcing involvement between family members (n = 5); fueling conflict and entrenched opinions (n = 3); other household
members would not want to participate (n = 3)

Promote obsessive or unhealthy reactions: Living in the past (n = 3); will make too self-focused (n = 3); becoming obsessed (n = 3); becoming
dependant and not thinking for self (n = 1); may use as an excuse not to change behavior (n = 1); will ignore after awhile (n = 1); will amplify
negative feelings (n = 1)

Forcetoo much structure: Approaching lifetoo analytically (n = 6); negative feelings about technology aspect (n = 3); reducing things of personal
importance to a number (n = 1)

Not be suitablefor particular activity or behavior: Very little or no change so tracking not needed (n = 2); behavior too erratic to be recognizable
pattern (n = 2); activity is so routine, no need to track (n = 1); aspect of health is already bad (eg, night vision) (n = 1)

Betoo complicated, error-prone, or disruptive: Need expert to interpret data (n = 8); datawon't be accurate (because, eg, being observed, combined
activity of family, algorithm may be biased) (n = 5); too much effort or time required (n = 6); privacy concerns (n = 2); data collection will be dis-
ruptive (n= 1)

constructs, answering “Yes, | want to track” for an average of

Sorting Exerciseswith Laypeople 28.6 constructs out of 60 during the general sort.

Participants frequently expressed surprise at how many .
constructs they selected to track. On average, participants The constructs selected most frequently for both exercises are

indicated that they wanted to track more than a third of the listed in Table 1 (see Multimedia Appendix 4 for the complete
table). While moretraditional clinical metrics (blood pressure,
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heart rate, blood sugar, hormone levels) are represented, there
are also many constructs related to the quality of activity
(multitasking, variation from routine), mental states (short-term

Beaudin et d

memory, ability to concentrate, laughing), and behaviors
(snacking, idle time, bed time).

Table 1. Constructs selected by at least 60% of the layperson participantsin the general and investigation sorting exercises

Most Frequently Selected Constructs
General Sort (n=21)

Investigation Sort (n = 20)

Construct Percentage Construct Percentage
Correspondence with friends and family 81 Time at which you go to sleep 80
Heart rate 76 Ability to concentrate 75
Muscle tone 76 Idletime 75
Short term memory 71 Hormone levels/cycles 70
Pitch perception (hearing) 71 Heart rate 65
Time at which you go to sleep 71 Commitments 60
Use of space 71 Variation from routine 60
Ability to concentrate 67

Hormone levels/cycles 67

Laughing 67

Multitasking 67

Snacking 67

Blood pressure 62

Blood sugar (glucose) 62

Commitments 62

Posture 62

Variation from routine 62

While sorting, participants sometimes expressed personal
reasons for selecting a construct. For example, one participant
selected alcohol drinking not out of concern for excess, but
because he was interested in keeping a record of his wine
preferences. Another participant, in selecting alcohol drinking
mentioned the recent purported health benefits of a glass of red
wine per day, perhaps thinking of tracking as a method of
recasting a pleasurable activity (drinking wine) as a
health-directed activity. A third participant chose alcohol
drinking expressing concern that her husband was drinking too
much, perhaps looking to make him more aware of his own
patternsif they tracked consumption as a couple.

The second sorting exercise, the “investigation sort,” offered
participants an opportunity to confirm or modify their tracking
selections according to a more concrete tracking investigation.
Physical activity and stress were the most frequently selected
investigations. On average, participants answered “ Yes, | want
to track” on 20.8 constructs out of 60. Although participants
chose fewer constructs on average for an investigation, 18 out
of 20 participants added constructs that they had previously
categorized as“No, | don't want to track” onthe general sorting
exercise. On average, participants reassigned 5 constructs from
“No” to “Yes' when asked to think about investigating a
particular area of their lives. Examples of these constructs
includeidletime, avareness of time, ability to concentrate, and
impulsiveness.

http://www.jmir.org/2006/4/e29/

We now describe an example of how re-sorting using the
investigation sort exercise inspired a participant to express a
desire to track a variable that she would ordinarily avoid.

A semi-retired woman, aged 59, who wasworking asapart-time
chef, first sorted the constructs according to whether she would
like to track them over time. She put idle time in the “no”
category, explaining that she has a tendency to think that she
has to “stay busy” and would feel uncomfortable examining
times when she is not. After completing the general sort, she
was asked to select an aspect of her life that she wanted to learn
more about or change. She chose stress and sorted again. There
were afew constructs that she selected in the general sort, such
as use of space, that didn't seem to apply for this focused
investigation, so she put them in the “no” category. However,
there were several that she had previously rejected, including
clothing choices, night vision, tripsto the grocery, andidletime,
that she chose for this re-sort. She was surprised that the more
focused inquiry altered her choices. She explained why she
changed her mind about tracking idle time: “[When] I'm in a
down mood, idle time really is disturbing to me.” She went on
to explain that her reaction to idle time was therefore a useful
indicator of degree of stress.
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Discussion

Herewe summarize some of our impressions, whichwebelieve
would be helpful for designers of health tracking systems. We
qualify this discussion with the caveat that cultural differences
and differences in medical care between countries could lead
to different results in non-US populations using the same data

displays.

Our participants envisioned conducting customized, short-term
health investigations. People in middle life are often trying to
address complex personal health issues, such as regular fitness
routines and complex diets; sometimes these goals seem to
dominatetheir lives. They are often dealing with radical changes
to their lifestyle, such as divorce and retirement. Most
participants wanted to be able to conduct short investigations,
either to addressadesired behavior change or to identify factors
influencing their health and behavior. Typically these
investigations would not start from scratch. The person has a
theory about a factor that may be influencing how she or he
feels and would appreciate tools that help isolate the other
factors that influence the condition. Daily rhythms (including
variation from routine, sleep/wake cycles, and time spent
inside/outside), habitual behaviors (eating, posture), and physical
health and activity were of consistent interest. Many people
were also interested in mood and social interaction.

Participants frequently expressed an interest in monitoring
patternsthat would probably not be considered “ health” -rel ated
by medical professionals. For example, some expressed adesire
to be able to examine personal living patterns and variables
such as time management, life-work balance, and social
relationships, all variables that change as a result of life stage
and other factors. These may berelated to health indirectly, but
they were typically not mentioned by the first set of health
professional s as factors that should be tracked.

In direct contrast with concerns expressed by professionals,
most laypeople wanted data about their health and behavior
even if it invited negative self-evaluation (eg, declines in
short-term memory, excessive time spent watching TV). They
felt this information would motivate them to change a
problematic behavior or help them determine how to get
preventive care and compensate for health and performance
changes. Another concern expressed by health professionals
was eval uation against norms. Most laypeopleinterviewed were
prepared to evaluate data according to their own expectations
and goals and without a need for norms or expert evaluation
(with some exceptions, such as skin changes).

Concerns about intrusiveness primarily occurred when
examining the communication of data between family members.
Participants were reluctant to “force involvement” by sharing
dataabout their own activities and heal th with family members.
Two parents with young children and adolescents suggested
that there were some data they did not need themselves but that
their children would benefit from (eg, time spent on morning
routines). Participants suggested that family members may not
be willing to share in the tracking investigations or might use
data to fuel conflict. It was also evident, however, that
participants were interested in leveraging social relationships

http://www.jmir.org/2006/4/e29/
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to address health issues. Privacy issues also emerged when
participants considered monitoring their behavior at work.

Constructs that had a duration component (eg, time spent
cooking) were considered stressful or overly structured by many
people. Data on short time scales were often seen as redundant
to memory or provoked feelings of self-consciousness. Some
participants found the concept of tracking over years difficult
to grasp and struggled to identify variables they would want to
track; others expressed that thelong time scales might help them
gain perspective on lifestyle and re-assess life goals.

Some participants felt that data collection or intervention tools
that explicitly interrupt the user may be perceived asreinforcing
negative states (eg, having to say you are sad may make you
sadder). An exception to thiswas atool that might help the user
identify and get perspective on rising anger.

Finally, there was atendency to focus on reprimand—data that
tells them what they are doing wrong (eg, “how much time I'm
wasting,” “how I'm not calling my family enough”) rather than
on how data can help them solve aproblem or reinforce positive
self-evaluation (eg, “1 am spending enough time calling my
family”). This may reflect a bias ingrained by our medical
system. Tests or professiona medical advice are most often
either ignorableif the newsis positive (eg, no cancer detected)
or they indicate bad news about a condition or a behavior. Put
simply, no news is generally good news. A ubiquitous
computing system that may collect and provide data to
proactively help improve physical, social, and mental well-being
isaconcept that most people have not yet considered.

Effectiveness of M ethodology

We developed the mock data display interview material as a
response to the challenges of eliciting rich and personal
responses to concepts for health monitoring technologies using
traditional talk interview techniques. They were developed as
a way to help participants respond as though they had
experienced the technol ogies without being focused on therough
implementation details of currently available research
prototypes. Because participants were offered conceptsto react
to and expand upon, rather than being asked to respond from a
“blank date,” assumptions held by the researchers about the
range and affordances of health monitoring data were
undoubtedly conveyed and therefore impacted participant
response. Overall, however, we found the use of the data
displays to be helpful for liciting a variety of health tracking
concerns as well as ideas for potentia applications of
longitudinal health data from both practitioners and laypeople.
We did encounter afew challenges. First, drawing out personal
responses sometimes took some effort. Many participants
initially stated reactions in terms of how it could be useful to
people in genera rather than to them personally and required
prompting to focus on their own needs. Second, sometimes
participants stated that afactor applied to them but subsequently
expressed indifference about tracking and reflecting upon it. It
was easy for participants to respond “Oh yes, | email” or “I
don't watch much TV” rather than indicating whether they
wanted to track the variable.
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Participants frequently said that they were well aware of their
behavioral, emotional, and performance patterns. We suspect
that they may be overestimating their self-awareness given that
retrospective recall tasks for common events is typically very
poor [26]. A useful line of research would be to determine how
accurately people can retrospectively recall and evaluate some
of the factors they believe they are familiar with. For those
where perception and redlity are different, an interesting question
iswhether people should be made aware of the discrepancy.

Asagroup, our participants generated animpressivelist of ideas
for directed investigations (eg, “What is the level of tension in
the house?’, “How close am | to needing to consider back
surgery?’). It was therefore notable when participants struggled
with adisplay, sometimes focusing on isolated variables, rather
than variable relationships, or overlooking examples of
antecedent conditions or contextual factors associated with
behaviors (eg, actions and events leading up to skipping
exercise). With prompting, they often saw the valuein widening
a health or behavior-change investigation to consider many
more variables in addition to the obvious ones. Their difficulty
generalizing from the displays to their own situations may be
attributable to limitations in the mock data displays, however,
further research is warranted to discover ways to best uncover
people'smental modelsand curiosities about their own behavior
that could motivate the design of novel ubiquitous health care
applications.

Recommendations

Ubiquitous computing technology may offer impressive new
capabilities for home monitoring to support traditional clinical
diagnosis and health assessment. However, due to concerns
about cost, privacy invasion, and how end users would react to
such monitoring, our interviews suggest that afruitful direction
for researchers interested in home health monitoring to pursue
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may be to develop technologies that allow for personalized
home tracking investigations. Our interviews clearly show that
while there is great variability in what factors about their life
people would want to track, most people in our interviews did
have concepts they would longitudinally track and self-monitor
given appropriate technology. Our interviews also suggest that
what people wish to track will change over time, based upon
their age, life circumstances, interactions with friends and
family, health status, and general curiosity. Based upon these
interviews, we recommend that ubiquitous“monitoring” systems
may be morereadily adopted by end usersif they are devel oped
as tools for personalized, longitudina self-investigation that
primarily help end users, instead of or in addition to medical
professionals, learn about the conditions and variables that
impact their social, cognitive, and physical health.

We advocate research on ubiquitous computing longitudinal
health monitoring systems that do the following: (1) collect
information with aslittle interaction required from the end user
as possible; (2) find appropriate times and places for users to
reflect, review, and initiate investigations; (3) help people
conduct short-term investigations about issues they are curious
about, sometimes “channeling” fun or interesting tracking into
deeper, long-term health investigation; (4) build upon the health
investigations that people are aready engaged in, supporting
peopleasthey try diets, train for events, or participatein exercise
programs; (5) support nonhealth areas of interest, such as
tracking spending, time management, home design,
communication with friends and family, and memory support,
in order to facilitate collection of heath-related data; (6) help
people explore relationships between variables that at first they
might not consider (eg, mood and TV watching) and appreciate
unexpected variability; and (7) help people focus on
accomplishments and positive behaviors.
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Abstract

Background: Many clinicians and researchers are interested in patients of a specific age (childhood, geriatrics, and so on).
Searching for age-specific publicationsin large bibliographic databases such as Medlineis problematic because of inconsistencies
in indexing, overlapping age categories, and the spread of the relevant literature over many journals. To our knowledge, no
empirically tested age-specific search strategies exist for Medline.

Objective: We sought to determine the retrieval characteristics of age-specific termsin Medline for identifying studies rel evant
for five clinical specialties: adult medicine, geriatric medicine, pediatric medicine, neonatal medicine, and obstetrics.

Methods: We compared age-specific search terms and phrases for the retrieval of citations in Medline with a manual hand
search of the literature for 161 core health care journals. Six experienced research assistants who were trained and intensively
calibrated read all issues of 161 journalsfor the publishing year 2000. In additionto classifying al articlesfor purpose and quality,
study participants' ages were also recorded. Outcome measures were sensitivity, specificity, precision, and accuracy of single
and combination search terms.

Results:  When maximizing sensitivity, the best sensitivity and specificity achieved with combination terms were 98% and
81.2%, respectively, for pediatric medicine, 96.4% and 55.9% for geriatric medicine, 95.3% and 83.6% for neonatal medicine,
94.9% and 64.5% for adult medicine, and 82% and 97.1% for obstetrics. When specificity was maximized, all disciplines had an
expected decrease in sensitivity and an increase in precision. Highest values for optimizing best sensitivity and specificity were
achieved in neonatal medicine, 92.5% and 92.6%, respectively.

Conclusion:  Selected single terms and combinations of MeSH terms and textwords can reliably retrieve age-specific studies
cited in Medline.

(J Med Internet Res 2006;8(4):e25) doi:10.2196/jmir.8.4.625

KEYWORDS
Information storage and retrieval; Medline; medical subject headings

retrieve is relevant to their patient population. Difficulty in
finding pertinent evidence contributes to the challenges health
Clinicians and researchers seeking research reports for specific  Professionals have in keeping up-to-date and practising
age categories, including generalists and thosewho are engaged ~ €idence-based medicine [1-7].

inclinical specialties such as adult medicine, geriatric medicine,  Finding age-specific evidence in Medline is a difficult task for
pediatric medicine, neonatal medicine, or obstetrics, need to  saveral key reasons. In large bibliographic databases such as
target their literature searches so that the information they  Medline, optimal search retrieval for individual topics is
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hampered by the overwhelming amount of availableinformation
that is not pertinent to the question. When users search in
Medline they have the potential to retrieve articles from any of
the approximately 4800 journals that are currently indexed in
the database. The size of this general purpose biomedical
database coupled with imperfections in indexing [1-3] lead to
a high risk of missing articles that are relevant to the topic of
the search while at the same time retrieving many articles that
are off target. Effective waysto refine the search may be helpful
for those wanting to keep up-to-date and for those looking for
an answer to a specific patient care question.

Searching in Medline for a specific patient population by
selecting "age-specific" journals will not help because studies
relevant to any age group are scattered through awide range of
journals, including general journals that cater to no particular
age group. Moreover, in Medline, the indexing practices used
to identify the ages of those involved in a study are so liberal
that they create a very imprecise representation of the age
categories of the participantswithin the study. Medlineindexers
apply al relevant age-specific index terms to an article
regardless of how many participants fall within that category.
Thus, if just one patient or participant in the study fallsinto a
particular age category, that age-specific medical subject
heading (MeSH) term will be applied. For example, if a
researcher was interested in intercultural communication in
family medicine around issues of newborn care, the study by
Harmsen and colleagues [8] might be retrieved using the
following index terms. infant, newborn; ethnic groups;
communication; and family practice. However, looking at the
patient population studied, only 0.9% of the participants were
children under the age of 12 years—likely very few of these
were newborns. The study included participantsfrom many age
categories, resulting in eight age-specific index terms being
assigned to this article (infant, newborn; infant; child, preschool;
child; adolescent; adult; middle aged; and aged). For searchers
who are interested in communication around newborn issues,
thisarticleislikely not useful even though theindexing indicates
that it is potentially relevant. These age-classification problems
are compounded by the less than optimal search strategies used
by clinicians, including their lack of knowledge about how to
narrow searcheswithout missing relevant information, and their
uncertainty about when to stop searching [9,10].

To assist clinicians searching for studies on age-specific patient
populations, we have developed and tested Medline search
strategies for detecting studies for specific age categories as
well as tested age-specific search terms pertinent to five
age-related clinical specialties. In this paper, we report on the
evaluation of the retrieval performance of age-specific search
strategiesin Medline compared with amanual review (the"gold

http://www.jmir.org/2006/4/e25/
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standard" search) of each articlein every issue of 161 journals
in the year 2000.

Search strategies are useful tools when searching in large
electronic databases. We previously developed search strategies
for use in Medline to detect clinically relevant scientifically
sound articles in the areas of causation, prognosis, treatment,
and diagnosis [11-15]. After publishing our initial work on
search strategy development [15], we were approached by
neonatol ogi sts and gerontol ogiststo devel op age-specific search
strategies because they expressed frustration with the
inefficiency of the current system for finding content specific
to their patient population. Using only the age-related MeSH
termswhen searching can be time-consuming becauseretrievals
can be very large and imprecise. To our knowledge, no
empirically developed age-specific search strategies have been
previously reported for Medline.

Methods

The study compared the retrieval performance of age-specific
search terms and phrasesin Medline (accessed using Ovid) with
a manual review of each article in every issue of 161 journal
titles for the year 2000. The 161 journals were chosen over
several years in an iterative process based on a hand search
review of over 400 journals. The journals were recommended
by clinicians, librarians, editors, and publishers and were chosen
based on Science Citation Index impact factors and ongoing
assessment of their yield of studies and reviews of scientific
merit and clinical relevance [16] in the production of 4
evidence-based medicine secondary journals (ACP Journal
Club, Evidence-Based Medicine, Evidence-Based Nursing, and
Evidence-Based Mental Health). The 161 journals include
content for the disciplines of internal medicine (eg, Annals of
Internal Medicine), general medical practice (eg, BMJ, JAMA,
and Lancet), mental health (eg, Archives of General Psychiatry,
British Journal of Psychiatry), and general nursing practice (eg,
Nursing Research).

Six research assistants hand searched the 161 journals for the
year 2000 and collected data on age of the study participants
according to our hand search categoriesdefinedin Table 1. This
data collection was part of alarger study in which the research
assistants applied methodol ogical criteriato each articlein each
issueto determineif the article was methodol ogically sound for
Seven purpose categories (eg, treatment and diagnosis). All
purpose category definitions and corresponding methodol ogical
rigor have been outlined in previous papers [4,17]. Research
staff were rigorously calibrated for applying all these criteria,
including the age classification of study participants, and
interrater agreement for application of all criteriaexceeded 80%
beyond chance k = 0.81; 95% CI = 0.79-0.84) [4].
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Table 1. Comparison of hand searching and Medline MeSH classification of age categories

Hand Search Category Our Definition MedlineMeSH Term Category ~ MeSH Definition
Fetus Fetus - -

Newborn Birth to 1 month Infant, newborn Birth to 1 month
Infant > 1 month to < 24 months Infant 1 to 23 months
Preschool 2 yearsto < 6 years Child, preschool 2to5years
Child 6 yearsto < 13 years Child 610 12 years
Adolescent 13 yearsto < 19 years Adolescent 13to 18 years
Adult 19 yearsto < 45 years Adult 19to 44 years
Middle age 45 yearsto < 65 years Middle aged 4510 64 years
Aged 65 yearsto < 80 years Aged 65to 79 years
Aged 80 > 80 years Aged, 80 and over 80 years and over
ND Nondiscernible - -

MeSH terms and textwords related to age (eg, infant, child,
adult) were downloaded from Medline and were treated as
"diagnostic tests' for detecting studies with an age-specific
population as determined by ahand search of theliterature from
161 journals (the gold standard). The hand search data were
obtained by reading each issue completely. The downloaded
Medline data from the 161 journals included the retrieval sets
for each of the individual terms. After these two data sources
were obtained (ie, the Medline downloads and the hand search
review), a database was created that included the matched
merged content from these two sources. These Ovid retrieval
sets were then manipulated by our own set of programs to
calculate our outcome measures—the operating characteristics
of each age-specific searching term (eg, sensitivities,
specificities, and precision) for individual terms and for
combinations of terms. When we merged the two data sets
(Medlineand hand search), we determined the match. If Medline
included an item that was not indexed, we went back to the
journal and scored it. If we had scored an item that was not in
Medline, we removed it from the merged database. Therefore,
the fina merged database included only items that had hand
search scores and Medlineindexing. This merged database was
used to devel op the age-specific search strategies [17].

Borrowing from the concepts of diagnostic test evaluation and
library science, we determined the sensitivity, specificity,
precision, and accuracy of single- and multiple-term Medline
searches. We considered these operating characteristics as the
indicators of search term performance. Sensitivity for a given
age-specific topic is defined asthe proportion of relevant articles
(ie, articles with the desired age-specific content) that are
retrieved; specificity is the proportion of nonrelevant articles
(ie, articlesthat are outside the desired age-specific content) not
retrieved; precision is the proportion of retrieved articles that
arerelevant (alibrary scienceterm that is equivalent to "positive
predictive value" in diagnostic test evaluation); and accuracy
is the proportion of all articles that are correctly classified (ie,
overall proportion of relevant articlesretrieved and nonrelevant
articles not retrieved). Our hand search of the 161 journals
indexed in Medline led to the classification of all articles in
these journals for age-related content. Search terms were then
tested to determinetheir performancein retrieving age-relevant
articles while eliminating those that were nonrelevant. An
automated process (which we devel oped and implemented using
a computer program) was used to calculate the operating
characteristics (performance) for each single and combination
term in Medline. Formulae for calculating the operating
characteristics (ie, senditivity, specificity, precision, and
accuracy) of searches are shown in Table 2.

Table 2. Formulae for calculating the sensitivity, specificity, precision, and accuracy of searches for detecting age-specific articles*

Hand Search
Detection of Search Terms MeetsCriteria Does Not Meet Criteria
Detected a b
Not detected c d

atc b+d

*Sensitivity =al(a+ c); precision = a/(a + b); specificity = d/(b + d); accuracy = (a+ d)/(a+b + c + d). All articles classified during the manual review

of theliterature, n=(a+ b+ c+d).

Individual search terms with sensitivity > 25% and specificity
> 75% for a given age category were incorporated into the
development of search strategies that included two or more
terms. All combinations of terms used the Boolean "OR." For

http://www.jmir.org/2006/4/e25/

the development of multiple-term search strategies to either
optimize sensitivity or specificity, we tested al two-term search
strategieswith sensitivity of at least 75% and specificity at least
50%.
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To construct acomprehensive set of search terms, alist of MeSH
terms and textwords was initially generated, and input was
sought from clinicians and librarians in the United States and
Canada through interviews with known searchers, requests at
meetings and conferences, and requeststo the National Library
of Medicine. These experts were asked which terms or phrases
they used when searching for age-specific studies, aswell when
searching for studies in specific purpose categories. Search
terms could be MeSH terms, including publication types and
subheadings, or textwords specific to agein titles and abstracts
of articles. Various truncations were aso applied to the
textwords, phrases, and MeSH terms. We compiled alist of 543
age-specific terms (Multimedia Appendix). All terms were
tested in Medline using the Ovid Technol ogies searching system.

Age categories for the hand search were modeled from the
MeSH terms used to index age content. A comparison of hand
search categories and MeSH term definitionsis shown in Table
1. Themajor difference between the hand search age categories
and the MeSH terms is in how they were applied. During the
hand search, we classified the age of study participants in
primary studies or review articles in the following way: select
one age category, if possible, or up to three to represent where
> 50% of participants fell. This procedure is intended to more
accurately represent the focus of age-category research of
clinica relevance than the comprehensive indexing of all
participants ages provided by the Medline index terms (which
may be more pertinent for nonclinical purposes).

We defined five age-specific specialty areas by collapsing our
hand search age categories (see Table 1) and through discussions
with clinicians from each specialty area about which definition
most appropriately reflected the age of their patientsin clinical
practice: geriatric medicine (= 65 years of age), adult medicine

http://www.jmir.org/2006/4/e25/
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(19 to < 65 years of age), pediatric medicine (> 1 month to <
19 years of age), neonatal medicine (birth to 1 month), and
obstetrics (fetus).

Results

Tables 3 to 7 show the operating characteristics of
top-performing combinations of termswith best sensitivity, best
specificity, and best optimization of sensitivity and specificity
while minimizing the difference between the two, for detecting
studies on geriatric medicine, adult medicine, pediatric medicine,
neonatal medicine, and obstetrics in Medline in 2000. Search
strategies are reported using Ovid's search engine syntax for
Medline (mp = multiple posting—term appearsin title, abstract,
or subject heading; sh = subject heading [MeSH term]; tw =
textword—word or phrase appears in title or abstract; : =
truncation; pt = publication type; exp = explode—asearch term
that automatically includes closely related MeSH terms; tu =
therapeutic use as a subheading; xs = exploded subheading).

Geriatric Medicine

Thesingleterm "exp adult” yielded the best sensitivity (96.4%)
with aspecificity of 55.9% for retrieving articles about geriatric
medicine. However, by using the next best sensitivity
combination, "aged.sh. OR age.tw.", a small sacrifice in
sensitivity (1% absolute decrease) resulted in a much better
specificity compared with the most sensitive term (absolute
increase 14.4%) and improved precision (absolute increase
5.2%) and accuracy (absolute increase 13.3%). As expected,
precision improved slightly when specificity was maximized
(absolute increase 8.6%). The term that yielded the best
optimization of sensitivity and specificity, "aged.sh.", resulted
in 93.6% sensitivity and 82.7% specificity.
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Table 3. Combination of terms with the best sensitivity, best specificity, and best optimization of sensitivity and specificity for detecting studies about
geriatric medicine (= 65 years) in Medline in 2000

Search Strategy* Operating Characteristics’
Sensitivity, % (95% Cl)  Specificity, % (95% CI) Precision, %t (95% Cl) Accuracy, % (95% CI)
(n =3309) (n = 45719) (n = 49028)
Best sensitivity 96.4 55.9 13.7 58.7
(exp adult) (95.8-97.1) (55.5-56.4) (13.2-14.1) (58.2-59.1)
Next best sensitivity 95.4 70.3 18.9 72.0
(aged.sh. OR age:.tw.) (94.7-96.1) (69.8-70.7) (18.2-19.4) (71.6-72.3)
Best specificity 63.3 84.0 22.3 82.6
(aged, 80 and over.sh. OR of (61.7-65.0) (83.7-84.4) (21.5-23.1) (82.3-83.0)
age.tw.)
Next best specificity 93.6 82.7 28.2 835
(aged.sh.) (92.8-94.5) (82.4-83.1) (27.3-29.0) (83.1-83.8)
Best optimization of sensitivity  93.6 82.7 28.2 835
and specificity (92.8-94.5) (82.4-83.1) (27.3-29.0) (83.1-83.8)
(aged.sh)

" Search strategies are reported using Ovid's search engine syntax for Medline (if a single search term is shown, this term outperformed two- and
three-term combinations). Best sensitivity while keeping specificity = 50%; Best specificity while keeping sensitivity = 50%; Best Optimization of
Sensitivity and Specificity is based on lowest possible absolute difference between sensitivity and specificity; exp = explode, a search term that
automatically includes closely related indexing terms; sh = subject heading; : = truncation; tw = textword (word or phrase appears in title or abstract).
TTotal database has 49028 articles, of which 3309 articles are relevant to geriatric medicine and 45719 are irrelevant to geriatric medicine.

n varies by row.

- "middle aged.sh.", sensitivity lowered to 72.3%, but precision
Adult Medicine _ improved to 62.1% (absolute increase 14.8%) and accuracy
The three-term strategy "adult.mp. OR middle aged.sh. OR  improved as well (absolute increase 9.8%). The best
age.tw." yielded the best sensitivity (94.9%) and had a optimization of sensitivity and specificity occurred with the

specificity of 64.5% for retrieving articles about adult medicine.  combined terms "middie aged.sh. OR of age.tw.", with values
When specificity was maximized (85.2%) with the singleterm  gpproaching 79%.

Table 4. Combination of terms with the best sensitivity, best specificity, and best optimization of sensitivity and specificity for detecting studies about
adult medicine (19 to < 65 years) in Medline in 2000

Search Strategy* Operating Characteristics '
Sensitivity, % (95% CI) (n  Specificity, % (95% CI) (N pyecision, %1(95% cl Accuracy, % (95% ClI)
=12307) =39721) (n =49028)
Best sensitivity 94.9 64.5 47.3 721
(adult.mp. OR middleaged.sh. OR  (94.5-95.3) (64.4-64.9) (46.6-47.8) (71.7-72.5)
age:.tw.)
Best specificity 72.3 85.2 62.1 81.9
(middle aged.sh.) (71.5-73.1) (84.8-85.5) (61.3-62.8) (81.6-82.3)
Next best specificity 75.3 81.4 57.6 80.0
(adult.sh.) (74.6-76.1) (81.0-81.8) (56.8-58.4) (79.5-80.3)
Best optimization of sensitivity 78.7 77.9 54.4 78.1
and specificity (78.0-79.4) (77.4-78.3) (53.7-55.1) (77.7-78.5)

(middle aged.sh. OR of age.tw.)

" Search strategies are reported using Ovid's search engine syntax for Medline (if a single search term is shown, this term outperformed two- and
three-term combinations). Best sensitivity while keeping specificity = 50%; Best specificity while keeping sensitivity = 50%; Best Optimization of
Sensitivity and Specificity is based on lowest possible absol ute difference between sensitivity and specificity; mp = multiple posting—term appearsin
title, abstract, or subject heading; sh = subject heading; : = truncation; tw = textword (word or phrase appearsin title or abstract).

TTotal database has 49028 articles, of which 12307 articles are relevant to adult medicine and 39721 are irrelevant to adult medicine.

nvaries by row.
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Pediatric Medicine
The three-term strategy "child:.mp. OR adolescent.mp. OR

Kastner et al

single term "children.tw.", a striking trade-off in sensitivity
occurred asit waslowered to 58.2% (absol ute decrease 39.8%).

Yet, asexpected, precision improved (absoluteincrease 30.9%).
The three-term strategy "adolescent.tw. OR children.tw. OR
child, preschool.sh." yielded the best optimization of sensitivity
and specificity (89.3% and 87.3%, respectively).

infan;.mp." yielded the best sensitivity of 98.0% with a
specificity of 81.2% for retrieving articles about pediatric
medicine. When specificity was maximized (97.1%) with the

Table 5. Combination of terms with the best sensitivity, best specificity, and best optimization of sensitivity and specificity for detecting studies about
pediatric medicine (> 1 month to < 19 years) in Medline in 2000

Operating Char acteristics’

Sensitivity, % (95% Cl)

Search Strategy*

Specificity, % (95% CI) son. 9% ¥ (950 Accuracy, % (95% ClI)
Precision, %™ (95% CI)

(n = 2845) (n = 46183) (n = 49028)
Best sensitivity 98.0 81.2 24.6 824
(child:.mp. OR adolescent.mp. ~ (97.4-98.5) (81.1-81.4) (23.8-25.4) (82.1-82.8)
OR infan:.mp.)
Best specificity 58.2 97.1 55.5 94.9
(children.tw.) (56.4-60.0) (97.0-97.3) (53.7-57.2) (94.7-95.1)
Best optimization of sensitivity  89.3 87.3 30.3 874
and specificity (88.1-90.4) (87.0-87.6) (29.3-31.3) (87.1-87.7)

(adolescent.tw. OR children.tw.
OR child, preschool.sh.)

" Search strategies are reported using Ovid's search engine syntax for Medline (if a single search term is shown, this term outperformed two- and
three-term combinations). Best sensitivity while keeping specificity = 50%; Best specificity while keeping sensitivity = 50%; Best Optimization of
Sensitivity and Specificity is based on lowest possible absol ute difference between sensitivity and specificity; mp = multiple posting—term appearsin

title, abstract, or subject heading; : = truncation; tw = textword (word or phrase appearsin title or abstract); sh = subject heading.
TTotal database has 49028 articles, of which 2845 articles are relevant to pediatric medicine and 46183 are irrelevant to pediatric medicine.

*nvaries by row.

Neonatal Medicine

Best sensitivity (95.3%) was achieved by thethree-term strategy
"infan:.mp. OR child:.mp. OR gestation:.tw.", with aspecificity
of 83.6% for retrieving articles about neonatal medicine. An
expected trade-off occurred in sensitivity (absolute decrease

http://www.jmir.org/2006/4/e25/
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41.7%) with the most specific term, "infants.tw." (98.7%).
However, precision increased to 38.2% (absolute increase
30.8%) and accuracy reached 98.2%. The three-term strategy
"infan:.mp. OR gestation:.tw. OR neonatal .tw." yielded the best
optimization of sensitivity and specificity, reaching values of
93% (which were the highest among all five specialties).
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Table 6. Combination of terms with the best sensitivity, best specificity, and best optimization of sensitivity and specificity for detecting studies about
neonatal medicine (birth to 1 month) in Medline in 2000

Operating Char acteristics’

Sensitivity, % (95% CI)

Search Strategy*

Specificity, % (95% CI) Accuracy, % (95% CI)

Precision, %7 (95% ClI)

(n =663) (n = 48365) (n = 49028)
Best sensitivity 95.3 83.6 74 83.8
(infan:.mp. OR child:.mp. OR (93.7-96.9) (83.3-83.9) (6.8-7.9) (83.4-84.1)
gestation:.tw.)
Best specificity 53.6 98.7 38.2 98.2
(infants.tw.) (52.6-60.2) (98.6-98.8) (34.9-41.0) (98.0-98.3)
Next best specificity 67.7 98.2 33.7 97.8
(infants.tw. OR neonatal .tw.) (64.0-71.1) (98.0-98.3) (31.0-36.0) (97.6-97.9)
Best optimization of sensitivity 925 92.6 14.7 92.6
and specificity (90.5-94.5) (92.4-92.8) (13.6-15.7) (92.4-92.8)
(infan:.mp. OR gestation:.tw. OR
neonatal.tw.)

*Search strategies are reported using Ovid's search engine syntax for Medline (if a single search term is shown, this term outperformed two- and
three-term combinations). Best sensitivity while keeping specificity = 50%; Best specificity while keeping sensitivity = 50%; Best Optimization of
Sensitivity and Specificity is based on lowest possible absol ute difference between sensitivity and specificity; mp = multiple posting—term appearsin
title, abstract, or subject heading; : = truncation; tw = textword (word or phrase appears in title or abstract).

TTotal database has 49028 arti cles, of which 663 articles are relevant to neonatal medicine and 48365 are irrelevant to neonatal medicine.

*n varies by row.

obstetrics. The maximization of specificity (reaching almost
99%) with the single term "gestation:.tw." yielded a 1.8%
increasein specificity but with amarked trade-off in sensitivity,
which decreased to 52.0% (absolute decrease 30%).

Obstetrics

The combination of terms "gestation:.tw. OR fetal.tw. OR
pregnancy.tw.” produced the best sensitivity of 82.0%, with a
very high specificity of 97.1% for retrieving articles about

Table 7. Combination of terms with the best sensitivity, best specificity, and best optimization of sensitivity and specificity for detecting studies about
obstetrics (fetus) in Medline in 2000

Operating Char acteristics'

Sensitivity, % (95% CI)

Search Strategy*

Specificity, % (95% CI)  precision, %* (95% C1) Accuracy, % (95% Cl)

(n=516) (n =48512) (n =49028)
Best sensitivity 82.0 97.1 234 97.0
(gestation:.tw. OR fetal .tw. OR (78.7-85.3) (97.0-97.3) (21.4-25.3) (96.9-97.1)
pregnancy.tw.)
Best specificity 52.0 98.9 33.6 98.4
(gestation:.tw.) (47.6-56.3) (98.8-99.0) (30.2-36.7) (98.3-98.5)
Best optimization of sensitivity and 80.7 79.3 4.0 79.3
specificity (77.2-84.0) (78.9-79.7) (3.6-4.4) (79.0-79.7)
(pregnancy.tw. OR fetal .tw. OR
age:.tw.)

" Search strategies are reported using Ovid's search engine syntax for Medline (if a single search term is shown, this term outperformed two- and
three-term combinations). Best sensitivity while keeping specificity = 50%; Best specificity while keeping sensitivity = 50%; Best Optimization of
Sensitivity and Specificity is based on lowest possible absolute difference between sensitivity and specificity; : = truncation; tw = textword (word or
phrase appears in title or abstract).

Total database has 49028 arti cles, of which 516 articles are relevant to obstetrics and 48512 are irrelevant to obstetrics.
*nvaries by row.

specificity were achieved for pediatric medicine (98% and

Discussion

Our study showsthat selected age-specific search strategies can
achieve high retrieval of studies for age-specific populations.
Our age-specific search strategies performed differently among
the five specialties we investigated. The highest sensitivity and

http://www.jmir.org/2006/4/e25/
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81.2%, respectively) and neonatal medicine (95.3% and 83.6%,
respectively). This finding may be aresult of these age groups
being more precisely defined and that studies tend to be
narrowly focused on them. Search strategies within obstetrics
yielded a higher specificity (97.1%) than sensitivity (82%),
indicating that this strategy was better at filtering out nonrelevant
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age-specific articles than retrieving them. The best performing
strategy for optimizing sensitivity and specificity was achieved
within neonatal medicine (92.5% and 92.6%, respectively). In
all cases, precision was|ow, aconsequence of searchingin large
multi-purpose databases. Future research isfocusing on potential
ways to improve precision without compromising sensitivity,
for example, by searching in journal subsets.

A possible limitation to our study isthe generalizability of our
findings to other publication years as our data was collected in
the year 2000. We believe, however, that our search strategies
are robust because no maor changes have been made to
age-specific MeSH terms since the year 2000. Moreover, we
have previously shown that search strategies devel oped in 1990
were robust when searching in 2000 [18]. Another potential
limitation of our study is that our interrater agreement for
classifying age content did not reach 100%. However, exceeding
the level of agreement achieved in our study (> 80% beyond
chance) is rarely done in diagnostic studies. The scope of
journalsinvestigated in our journal subset could bealimitation,
but we have no indication that these search strategies would

Kastner et al

perform differently in other journal subsets aside from the
precision valuesreported. Precision is affected by the prevalence
of on-target articles within the database. Thus, our precision
figures are presented as estimates of search strategy
performance.

The utility of age-specific filterswill vary according to the needs
of cliniciansand researcherswho must weigh the consequences
of using a sensitive or specific search. Although a sensitive
search will not miss many relevant articles, such searches are
less precise and entail time-consuming sorting through irrel evant
articles. The narrower yield of a specific search will capture
many relevant articles and take less weeding, but it has greater
potential for missing key articles.

Search Examples

To illustrate the use of age-specific search strategies, if a
geriatrician waslooking for information about current treatment
strategies for Huntington disease, she might begin her search
by entering the content term "Huntington disease" in Medline,
which would yield 5907 articles (Table 8).

Table 8. Example: best sensitivity (keeping specificity = 50%) search strategies for detecting treatment studies in geriatric medicine (patients = 65

years of age) in Medline (1996 to July week 3, 2005)

Search Strategy*

Content Term Boolean Opera- Best Sensitivity Combination Boolean Opera- Best Sensitivity Combination Number of Ar-
tor Strategy for Treatment Studies  tor Strategy for Geriatric Medicine  ticles
Huntington disease - - - - 5907
Huntington disease AND clinical trial.mp. OR clinical trid.pt. - - 901
OR random:.mp. OR tu.xs.
Huntington disease  AND clinical trial.mp. ORclinical tridl.pt. AND exp adult” 483

OR random:.mp. OR tu.xs.

" Search strategies are reported using Ovid's search engine syntax for Medline. mp = multiple posting—term appearsin title, abstract, or subject heading;
: = truncation; pt = publication type; tu = therapeutic use as a subheading; xs = exploded subheading; exp = explode—a search term that automatically

includes closely related indexing terms.
TOutperformed two- and three-term combinations.

However, sifting through such alarge number of articleswould
be time-consuming and many of these articles would not be
relevant to treatment studiesin geriatric medicine. By combining
the content term "Huntington disease" with the most sensitive
combination of terms for treatment studies (clinical trial.mp.
ORclinical trial.pt. OR random:.mp. OR tu.xs.), the search can
be narrowed to 901 articles. Further, by adding the most
sensitive strategy for geriatric medicine (exp adult) to thissearch
string with the Boolean operator AND, the search is refined to
483 articles, which is much more manageabl e than the original
5907 articlesretrieved from searching the content term only. A
sensitive search such as this would be an efficient beginning
for researchers interested in conducting systematic reviews.

http://www.jmir.org/2006/4/e25/

A more specific approach may be especialy useful for
physicians who do not have time to process an exhaustive
search. In the above example, by combining the content word
"Huntington disease" with the most specific search strategy for
treatment studies [12], "randomized controlled trial.mp. OR
randomized controlled trial.pt.", and the most specific search
strategy for geriatric medicine, "aged, 80 and over.sh. OR
age.tw.", the search yields five articles (Table 9). This is a
dramatic reduction in the number of articles retrieved by
searching the content term alone (5907 articles), but key articles
can be missed.
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Table 9. Example: best specificity (keeping sensitivity = 50%) search strategies for detecting treatment studies in geriatric medicine (patients = 65
years of age) in Medline (1996 to July week 3, 2005)

Search Strategy*

Content Term Boolean Opera- Best Specificity Combination = Boolean Opera- Best Specificity Combination Number of Ar-
tor Strategy for Treatment Studies tor Strategy for Geriatric Medicine ticles

Huntington disease - - - - 5907
Huntington disease AND Randomized controlled trial.mp. - - 46

OR randomized controlled tri-

a.pt.
Huntington disease AND Randomized controlled trial.mp. AND aged, 80 and over.sh. OR of agetw. 5

OR randomized controlled tri-

al.pt.

" Search strategies are reported using Ovid's search engine syntax for Medline. mp = multiple posting—term appearsin title, abstract, or subject heading;
pt = publication type; sh = subject heading; tw = textword (word or phrase appearsin title or abstract).

conclus relevant for awell-defined age-category patient population. The
onclusion optimal trade-off between sensitivity and specificity should be

Selected age-specific search strategies can enhancetheretrieval  determined according to the needs of the searcher.
of studies for clinicians and researchers who need information
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Abstract

Background: Electronic health resources are helpful only when people are ableto use them, yet there remain few tools available
to assess consumers’ capacity for engaging in eHealth. Over 40% of US and Canadian adults have low basic literacy levels,
suggesting that eHealth resources are likely to be inaccessible to large segments of the population. Using information technol ogy
for health requires eHealth literacy—the ability to read, use computers, search for information, understand health information,
and put it into context. The eHealth Literacy Scale (EHEALS) was designed (1) to assess consumers' perceived skills at using
information technology for health and (2) to aid in determining the fit between eHealth programs and consumers.

Objectives. The eHEALS s an 8-item measure of eHealth literacy developed to measure consumers' combined knowledge,
comfort, and perceived skills at finding, evaluating, and applying electronic health information to health problems. The objective
of the study was to psychometrically eval uate the properties of the eHEAL Swithin a population context. A youth popul ation was
chosen as the focus for the initial development primarily because they have high levels of eHealth use and familiarity with
information technology tools.

Methods: Datawere collected at baseline, post-intervention, and 3- and 6-month follow-up using control group data as part of
a single session, randomized intervention trial evaluating Web-based eHealth programs. Scale reliability was tested using item
analysisfor internal consistency (coefficient alpha) and test-retest reliability estimates. Principal components factor analysiswas
used to determine the theoretical fit of the measures with the data.

Results: A total of 664 participants (370 boys; 294 girls) aged 13 to 21 (mean = 14.95; SD = 1.24) completed the eHEALS at
four time points over 6 months. Item analysis was performed on the 8-item scale at baseline, producing atight fitting scale with
o =.88. Item-scale correlations ranged from r = .51 t0.76. Test-retest reliability showed modest stability over time from baseline
to 6-month follow-up (r = .68 to .40). Principal components analysis produced a single factor solution (56% of variance). Factor
loadings ranged from .60 to .84 among the 8 items.

Conclusions: TheeHEALSreliably and consistently captures the eHealth literacy concept in repeated administrations, showing
promiseastool for ng consumer comfort and skill in using information technology for health. Within aclinical environment,
the eHEAL S has the potential to serve as a means of identifying those who may or may not benefit from referrals to an eHealth
intervention or resource. Further research needs to examine the applicability of the eHEALS to other populations and settings
while exploring the relationship between eHealth literacy and health care outcomes.

(J Med Internet Res 2006;8(4):€27) doi:10.2196/jmir.8.4.e27
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Introduction

How do we determine whether individual s have the capacity to
engage with eHealth programs and interventions? Health
practitioners, eHealth devel opers, and researchers alike need to
know if electronic health tools are suitable methods for
effectively promoting population health and aiding health care.
An often unmentioned assumption underlying the deployment
of eHealth resources intended for public consumption is that
consumers have the skillsto use such resourcesto their optimal
level. Yet, with over 40% of US and Canadian adults having
basic (or prose) literacy levels below what is considered
necessary to optimally participate in civil society [1,2], it is
unlikely that eHealth will provide population-level benefits as
it requires much more than just prose literacy.
Consumer-directed eHealth requiresthe ability to seek out, find,
evaluate and appraise, integrate, and apply what is gained in
electronic environments toward solving a health problem, or
eHealth literacy [3]. This composite skill requires that people
are able to work with technology, critically think about issues
of media and science, and navigate through a vast array of
information tools and sources to acquire the information
necessary to make decisions.

Informed decision making requires that people can adequately
access, understand, and process health information to meet their
needs. Access refers both to the literal ability to access
information resources like health websites, but also the quality
of this access. This includes the quality of the technology (eg,
Internet connection speed, hardware, software) and the
conditions of use, such as whether people have the privacy or
timeto properly engage eHealth resources. Accessin theInternet
age also requires an ability to derive meaning from text. As
basic literacy skills rise, so does the ability to use computers
effectively to solve problems, regardless of age, income, or
education [4].

Given issues of access and literacy, health practitioners in
clinical and public health settings require an understanding of
what abilities their patients/clients have before recommending
eHealth resources. This article describes the development and
psychometric evaluation of a measure of eHealth literacy
designed for broad use in supporting consumer eHealth in public
health and clinical care.

Health and Literacy in an Electronic Context

Health literacy has been identified as a public health goal for
the 21st century and a significant challenge facing health care
globally [5-7]. The recent Institute of Medicine report [8] on
health literacy highlights the need to look at the different
contexts where health information is obtained and used as part
of astrategy of addressing health literacy. More than ever, this
health information context includes electronic resources such
as the World Wide Web and other technologies that now play
anincreasing rolein consumer health [9,10]. Electronic health
information introduces challenges pertai ning to both the medium
and the messagethat differ substantially from other mediaforms.
Issues of access to information, retrieval, evaluation and
appraisal, and other quality markers fundamentally differ in
unregulated environments such as the Web, where new
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information is added every minute of every day. Being health
literate in an electronic world requires a different or at least
expanded set of skills to engage in health care and promotion,
or eHedlth literacy.

eHealth literacy is comprised of six core skills, or literacies: (1)
traditional literacy, (2) health literacy, (3) information literacy,
(4) scientific literacy, (5) media literacy, and (6) computer
literacy [3]. Thefoundations of the eHealth literacy concept are
based in part on social cognitive theory and self-efficacy theory
[11], which promote competencies and confidence as precursors
to behavior change and skill development and are described in
detail elsewhere[3]. The challenge is devel oping the meansto
assessthisskill in order to provide strategiesto assist consumers
in using eHealth to its fullest potential.

The eHealth Literacy Scale (eHEALS) has been developed to
address the need to assess eHealth literacy for awide range of
populations and contexts. TheeHEAL Sisaself-report tool that
can be administered by ahealth professional and isbased on an
individual’s perception of her or his own skills and knowledge
within each measured domain. The instrument is designed to
provide a general estimate of consumer eHealth-related skills
that can be used to inform clinical decision making and health
promotion planning with individuals or specific populations.

It isnot unreasonabl e to assume alink between eHealth literacy
and technology use in general. The more an individual uses
technology, the more likely they are to develop skillsin using
that technology as atool. For that reason, youth can serve asan
ideal group to test a measure of eHealth literacy given this
population’s high familiarity with technology. In Canada, 99%
of adolescents have access to the Internet, and the majority of
Canadian teens report using the Internet for health in some
capacity [12]. Although questions remain about the quality of
this Internet access[13], thisgroup ismost likely to be familiar
with information technology tools and is more likely to use
eHealth than most other populations/13,14]. Despite having
relative familiarity with eHealth, many adolescents are unable
to derive the full benefit from it. Gray and colleagues looked
at theissue of health literacy and technol ogy in adolescentsand
found many teens experienced difficulty engaging with eHealth
and understanding or using health information online, despite
frequently using information technologies [15].

Regardless of the population of interest, the need to navigate
the Internet with confidenceis particularly important for health
issues in which the consegquences for using low quality,
misleading, or false information are great [16]. By providing
tools and resources to evaluate health information online and
critically appraise eHealth resources, we offer an opportunity
to both protect consumers from harm and empower them at the
same time [17,18]. In order to provide relevant tools to aid
consumers in navigating through eHealth, an understanding of
what skills consumers possess at the outset, or their eHealth
literacy, is required. This study’s objective is to develop and
test afunctional method of assessing perceived eHealth literacy
skillsto aid consumersand health practitionersalikein ng
a fit with eHealth to support clinical care and promote
population health.
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Scale Development

A review of theliterature was undertaken on each of the six key
literacies that comprise Norman and Skinner’s eHealth literacy
model [3] in the Medline, Psyclinfo, ERIC, Sociological
Abstracts, and Web of Science databases to identify existing
literacy measures. Although some measures were found, few
had been rigoroudly psychometrically evaluated, and somewere
designed for specific projects that were not relevant to how the
literacy concept was conceived of in relation to the eHealth
literacy model. Given these constraints, it was decided that
creating items from scratch was appropriate. Based on the
theoretical model, an initial item pool was established and an
iterative process of item reduction was used to create an
instrument that could be easily deployed within a variety of
settings and contexts as intended. The initial battery was
circulated by the investigator to colleagues working in the area
of eHealth for comment and review. After this initial review,
the eHEALS was given to youth involved with TeenNet
Research [19] to test general readability, item wording, and
relevance. Youth are aconsumer group with developing literacy
skills and thus were expected to reflect the reading needs of a
lower literacy population. These youth ranged in age from 12
to 19, came from many different social, ethnic, and educational
backgrounds, and represented diverse interests among the
adol escent population. Reviewswere conducted in small groups
over the course of 3 months. Further readability tests were
conducted during the pilot phase of the project described bel ow.
Revisionswere made as necessary before being pilot tested with
alarger number of participants.

Pilot Testing

A total of 89 youth (ages 14-24) completed the initial, larger
version of the eHEALS as part of a pilot test and provided
comments on the readability and item wording in focus groups
immediately following completion of the instrument in paper
form. The eHEALS was subsequently reviewed and modified
to create the final battery of 8 items based on the qualitative
and response feedback from participants, theoretical fit, and
comprehensiveness. This study represents its first full
psychometric assessment.

Methods

Participants

This study was conducted as part of another larger evaluation
project looking at eHealth smoking prevention and behavior
change using arandomized controlled trial. The study described
here involved participants from one arm of thistrial given that
the other arm was intended to promote eHealth literacy, thus
potentially confounding the results of the psychometric review.
The study recruited 664 adolescents from 14 secondary schools
in alarge Canadian city. Studentsin grades 9, 10, and 11 were
sampled from a variety of class types encompassing different
subject areas (eg, physical education, computer science) and
formats (eg, single sex and mixed sex classes). An attempt was
made to involve a cross-section of schoolsin the study through
active recruitment directly with school administrators and
teachers. Schools were offered a modest stipend for their
involvement, but no direct incentives were provided to
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individual students as the study was considered a part of
classroom activities due to a fit with the curriculum. Ethical
approval for the study was obtained from the ethical review
boards or committees from the University of Toronto, Toronto
Public Health (a project partner), and both of the participating
school boards.

Sample Characteristics

Age of the participants ranged from 13 to 21 (mean = 14.95;
SD = 1.24), which included recent immigrants who may have
been older than typical studentsin a particular grade. Sex was
unevenly distributed within the sample due in part to the
involvement of many single-sex classes involved in the study
(boys N = 370; girls N = 294). The sample reflected the
ethno-cultural diversity of the community, with the most
commonly identified ethno-cultural groups being of Eastern
European (N = 107, 16% of sample), East Asian (N = 103, 16%
of sample), and Central Asian origin (N = 78), while 16% (N
=106) of participants did not identify with a particular cultural
group. Ethno-cultural identity was determined using categories
modified from Statistics Canada [2], which categorize
individuals based on sociocultural and geopolitical differences
inadditionto racial ones. Most participants, 39%, werein grade
9 (N =260), 29% in grade 10 (N = 193), and 32% in grade 11
(N =211).

Technology Use

Participants reported being regular users of various forms of
information technologies: 71% of participants (N = 468)
reported using email at least once aweek, with 37% (N = 544)
using it daily; 79% (N = 522) reported using the Web each week,
with 35% (N = 232) using it daily; and 71% (N = 473) of
participants were regular (weekly) users of text messaging, with
42% (N = 280) reporting using it daily. Most participants
reported that their primary access point for the Internet was at
home (81%, N = 537); school (42%, N = 276) and friends
homes (34%, N = 227) were identified as the most common
secondary access points for the Internet.

Procedure

The eHEALS was administered within a larger battery of
measures as part of a combined randomized trial evaluation of
an eHeadlth literacy promotion intervention and a Web-based
smoking cessation program [20]. For the purposes of evaluating
the eHEALS, data from the smoking prevention and cessation
arm of the study (ie, the control condition) were used in the
reliability testing of the eHEAL Sinstrument. TheeHEAL Swas
administered using a pencil and paper survey delivered with
other health measures used as part of alarger study. Participants
completed theeHEAL S prior to theintervention being delivered,
immediately after the intervention, and at 3- and 6-month
follow-up. Pre-test and immediate post-intervention data were
collected during a single 75-minute class period.

Data Analyses

Internal consistency reliability was assessed using SPSSversion
11.5[21] using the SPSSRELIABILITY command. Reliability
(item) analysis was used to examine differences between boys
and girls. Factors were identified using the simple structure
approach solution based on reported eigenvalues over 1.0 [22]
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using principal componentsanalysiswith SPSSFACTOR. This
approach relies on a priori hypotheses to guide the selection of
models, supported by screetestsand interpretability of the factor
based on item/scale correlations. The results were considered
using Comrey and Lee's (1992) guidelines whereby factor
loadings in excess of .71 (50% overlapping variance) were
considered excellent, .63 (40% overlapping variance) very good,
and .55 (30% overlapping variance) good [23]. Factor loadings
lower than .55 were considered fitting if items or scales
correlated on only a single factor.

Table 1. eHEALS scale reliability and factor analysis

Norman & Skinner

Results

Internal Consistency and Factor Analysis

The internal consistency reliability and factor analysis results
are presented in Table 1. Each item in the eHEALS uses a
5-point Likert scale to answer each question with response
options ranging from “strongly agree” to “strongly disagree”
(Multimedia Appendix 1). Item analysis was performed on the
8-items, producing a tight fitting scale with coefficient alpha
(a) of .88. Item-scale correlations between items ranged from
r = .51 to .76. Principal components analysis was performed
and produced a single factor solution as expected (eigenvalue
=4.479, 56% of the variance explained). Factor loadings ranged
from .60 to .84 among the 8 items.

Item Factor Loading  Mean Item-Total Correla-
tion

Q1: | know how to find helpful health resources on the Internet a7 .68

Q2: | know how to use the Internet to answer my health questions .79 .70

Q3: | know what health resources are available on the Internet 77 .68

Q4: 1 know where to find helpful health resources on the Internet .84 .76

Q5: | know how to use the health information | find on the Internet to help me .81 73

Q6: | havethe skills | need to evaluate the health resources | find on the Internet 72 .63

Q7: | cantell high quality from low quality health resources on the Internet .65 .55

Q8: | feel confident in using information from the Internet to make health decisions .60 51

Variance accounted for = 56%

Coefficient alpha = .88

Test-Retest Reliability
eHealth literacy scale scores were calculated and test-retest
reliability was assessed by Pearson product moment correlation

between scores at each interval (time 1 to time 4) using a
standard regression model (SPSS REGRESSION) and using

Table 2. eHEAL S test-retest reliability correlations

the intra-class correlation coefficient (SPSS RELIABILITY
ICC MODEL (MIXED)). eHedlth literacy scale scores were
modestly correlated between administrations of the eHEALS,
ranging fromr =.49t0 .68 (Table 2) . Theintra-class correlation
between the different scores was .49, suggesting that the
eHEALS had modest stability over time.

eHealth Literacy Score

eHealth Literacy Score

eHealth Literacy Score  eHealth Literacy Score

Time 1 Time 2 Time 3 Time4
eHealth Literacy Score Time 1 -
eHealth Literacy Score Time 2 .68 -
eHealth Literacy Score Time 3 46 49 -
eHealth Literacy Score Time 4 40 .40 .52 -

Relationship Between eHEAL S and Other Measured
Variables

Baseline levels of eHealth literacy were higher among males
(t;06 = 2.236, P = .026); however, no statistically significant
differences were detected in scores at post-intervention and 3
and 6 month follow-up administrations of the eHEALS. Age
did not predict eHealth literacy scores at any time point. No
significant relationship was found between eHealth literacy and
use of information technology overall or with respect to any
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individual forms of technology surveyed (WWW, TV, instant
messaging, email, pager, or mobile phone) (P = .05). eHealth
literacy levels were also not related to overall self-evaluations
of health and were not asignificant predictor of perceived health
status over timein this sample.

Discussion

The eHEALS has shown promise as a measure of the concept
of eHealth literacy as defined as a set of skills required to
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effectively engage information technology for health. The
eHEALS high levels of internal consistency and modest
test-retest reliability suggests that it has utility in examining
eHealth literacy over time to both assess natural histories and
evaluate eHealth literacy intervention outcomes. While tools
exist that enable consumers to critically evaluate eHealth
resources[24], thereremainsadearth of instrumentsthat assess
consumers' skillsat using eHealth in general. Indeed, relatively
few validated measures exist for most of the key literacy
conditions within the eHealth literacy model (eg, science
literacy, information literacy). Thus, it isimperative that future
studies examinethe links between perceived skills, eHealth use,
and health behavior and health outcomes. Of thoseliteracy tools
available, most require significant time resources to administer
and analyze. The eHEALS was designed for simple, easy
administration and thus can be used on its own or incorporated
with other measures of health as part of a standard health
assessment battery in primary care or to support health
promotion planning.

eHealth literacy promotion takes place within alarger learning
context, thus it makes sense to develop partnerships with other
groups working within other literacy sectors in validating the
eHEALS in relation to other measures of literacy, social
functioning, health, and well-being. Two examples of such
multi-sectoral partnerships include the National Literacy and
Health Program sponsored by the Canadian Public Health
Association [25] and the Learners Advisory Network of the
Movement for Canadian Literacy [26], which brings literacy
groups together to address systemic literacy issues. Such
partnershipsilluminate the shared challengesin creating capacity
for research, development, and policy advocacy around health
and literacy issues.

Limitations and Opportunitiesfor Further Research

Conducting this study as part of alarger trial did pose problems
for test-retest reliability; therefore, these results should be
interpreted with caution. The lower than expected test-retest
correlations between administrations of the eHEALS is
attributed to arise in eHealth literacy scores from baseline to
post-intervention follow-ups, attributed to the smoking
prevention intervention used in collecting the data [20].
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Although unanticipated, one potential explanation for this
increase is that the control intervention was designed based on
the principles advocated by the eHealth literacy intervention
itself (eg, user-friendly and audience-specific language, easy to
read and navigate), which could have influenced participants
eHealth literacy scores. This may explain the relatively modest
correlations (.68 to .70) compared with what was expected.

Additional studies are required to longitudinally examine the
eHEAL Sin study conditionsthat are not susceptibleto influence
of the characteristics of a specific intervention. Testing the
eHEAL S with a population that has high rates of information
technology presents a limitation; however, it also provides an
opportunity to understand the robustness of the measure within
a specific population. Further research needs to consider the
eHEALS application to other populations as well as groups
with highly variable levels of technology familiarity.

TheeHEAL S measures consumers’ perceived skillsand comfort
with eHealth, not the skillsdirectly. The eHealth literacy model
includes six types of literacy, and thus each skill would require
independent measurement, such as rigorous usability tests of
standard computer equipment for computer literacy and reading
aloud text passages to assess basic prose literacy. For health
practitioners and consumers alike, such detailed assessment
would be problematic in practice; however, it is worthwhile
considering ways to conduct such measuresin the future.

Conclusions

The need for skillsin seeking, appraising, and applying lessons
learned through use of eHealth resources is common across
ages, genders, and cultural groups, and thus the potential
applicability of the eHEALS as a standard assessment tool for
gauging eHealth literacy in health care is high. Assessing
consumers comfort in using eHealth alows for the
identification of skill gaps and can better assist those with low
comfort levelsin taking advantage of the potential benefitsthat
eHealth can afford. Doing so may foster development of tools
that can meet these needs and aid in creating appropriate
strategiesfor bridging the digital dividein consumer health care
quality. Only by increasing the understanding of the disparities
between available eHealth tools and consumers' abilitiesto use
them can the necessary stepstowards eliminating them be taken.
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Abstract

Background: Online Web communication between physician and patient has been proposed by |eading primary care organizations
as away to enhance physician-patient communication, but lack of payment for this service has acted as a significant barrier to
implementation.

Objective:  This study evaluates current patient readiness and willingness to pay for online services in afairly typical urban
family medicine practice.

Methods: All patientsthat visited the author for medical care during aone-month period in the spring of 2006 were anonymously
surveyed with a one-page survey instrument that inquired about demographics, willingness to pay a small annual fee for online
services, the greatest fee they were willing to pay, and their most desired service.

Results: A total of 346 patients out of 2380 active patients in the study practice (14.5%) were surveyed. The valid survey
response rate was 95.1% (329/346.) Three quarters, or 75.4%, of patients had Internet access. The group with the highest access
were 18- to 29-year-olds (97%), and the group with the least access were those 70 years and up (56%) (P < .001). Categorized
by employment, students and employed patients had the best access at 92% and 87%, respectively, and retirees and disabled
patients had the worst access at 66% and 42%, respectively (P <.001). Of all patients with Internet access, 74.6% (n = 185) were
willing to pay a small annual fee for one or more of the following online services. viewing of parts of their medical record,
messaging with their physician, medication refills, appointment requests, and billing inquiries. Willingness to pay did not vary
significantly by age (P = .06). Of al respondents, regardless of Internet access, 47.1% (n = 155) were willing to pay US $10 or
more per year, with the median amount being US $20. Of those with Internet access (n = 248), 60.1% (n = 149) were willing to
pay US $10 or more per year, and 31% were willing to pay US $50 or more per year. The three most important servicesto patients
with Internet access (n = 248), in order of importance, were emailing with their physician (34%), I nternet viewing of their medical
record (22%), and medication refills (11%) (P < .001).

Conclusions:  This study suggests that patients of all ages are currently ready and willing to pay a small annual fee for online
services with their primary care physician’s office. If 47.1% of a practice of 2500 patients each paid US $10 per year for online
services, the annual revenue generated would be US $11775. Not only does this study support the economic feasibility of patient
Web portals, but it suggests that online services could form a new line of revenue for primary care physicians.

(J Med Internet Res 2006;8(4):€26) doi:10.2196/jmir.8.4.626

KEYWORDS
Internet; communication; primary health care; electronic mail; patient access to records; Web-based services, payment schemes
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Introduction

We live in a time when online communication has become
commonplace in humerous service industries, yet to date that
has not been the case in hedth care — at least as far as
doctor-patient communication goes. Based on a paucity of
research, there is a perception that patients want online
communication with their physiciansand their offices, but aren’t
willing to pay for it. A Harris Interactive survey of over 2000
online adultsin 2002 showed that almost all (90%) respondents
would like to communicate with their physicians online. This
same survey showed that only 37% were willing to pay for it
[1]. A prior Harris Interactive survey had shown that online
adults are often unhappy with their ability to communicate with
their physician and his/her office, and the majority felt that
online accesswould improve communication [2]. A randomized
controlled trial by Lin et al showed that patientsin an academic
internal medicine practice who used a Web portal had higher
satisfaction with physician-patient communication than those
who did not [3]. The American Academy of Family Physicians,
the American College of Physicians, and the Society of General
Internal Medicine have all proposed online communication as
onetool to help revitalize primary carein the United States and
to help improve doctor-patient communication and patient access
[4-6].

Degspite this generally acknowledged desire to implement
widespread physician-patient online communication, a number
of barriers exist, including lack of reimbursement, concerns
about patient privacy and confidentiality, medicolegal concerns,
practical workflow concerns, and physician fears of being
overwhelmed by online messages[7].

Physicians fear that they will be inundated with online patient
messages, and they voice frustration with not being reimbursed
for these services[8]. Yet several studies of early adopters have
not found physicians to be overwhelmed by patient emails
[9-12]. The development of confidential Web portals that are
linked to an electronic health record (EHR) have addressed
many of the privacy, confidentiality, and workflow concerns,
but lack of reimbursement remains a major obstacle. In one
survey of physician users of Web messaging, 80% of physicians
said they would be more willing to engage in online patient
communication if it was reimbursed [12]. A few insurance
companies have started paying physicians for direct online
communi cation between doctor and patient for care of aclinical
problem (e-consult) at a rate of about US $25 to $30, or half
that of an intermediate office visit, but they remain the exception
[13-15].

Patient Web portals represent a significant advance beyond
traditional physician-patient email. They are online sites that
can be free-standing or integrated with an EHR. Often they are
tied to a personal health record (PHR), or, in the most recent
definition of PHRs, Web portals are actually synonymous with
PHRs as long as they include the ability to record and update
key aspects of a person’s health history, like their medication
list, allergies, and health problem list. These sitesallow patients
to securely message their physician and to request medication
refills and/or appointments. In some cases, when linked to an
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EHR, they alow patients to view and/or download some
components of their medical record, such as medication and
problem lists [16-18]. They offer convenient asynchronous
communication for patient and physician alike[9,10]. Increased
use of Web portals can reduce physician phone traffic and
increase practice efficiency [19].

Degspiteall their advantages and the expressed desire of patients
and primary care physician organizationsto utilize Web portals,
anumber of questions about reimbursement remain. Do patients
want online access to their physician office enough to pay a
small annua fee for it, perhaps in addition to an e-consult
transaction fee? Such a subscription fee might more than defray
the direct and indirect costs of offering these services. It is
axiomatic that a person’s willingness to pay for services
indicates a higher level of true demand than their simply
indicating they would use the service if it were free.

This study was undertaken to determine thetruelevel of demand
for online servicesin afairly typical family medicine practice
in Tucson, Arizona and to answer the following related
questions: What are the demographics of the patients most
interested and least interested in these services, and what istheir
current Internet connectivity? Are patients willing to pay a
nominal annual fee for these services and, if so, how much?
Which of these services do patients value the most?

Methods

Practice Site

The practice used was the author’s. This practice is part of a
family medicine office that has 3 physicians and a nurse
practitioner. Patients have a clearly identified physician and
rarely, if ever, see one of the physician partners. The nurse
practitioner primarily assists each physician with acute care
patient visits and patient coverage when a physician is out of
the office. In other words, the study practice, although part of
agroup practice, functions like a solo practice with a one-third
time nurse practitioner. The office usesan EHR and has offered
free“one-way” email to patients since 2000. If patientssign an
email agreement, they are permitted to email the practice
messages and the practice responds by phone. This service has
never been heavily utilized. Based on EHR data, the practice
size is 2380 active patients, defined as patients seen by the
author in the last 36 months who are till alive. This practice
sees virtualy al insurances available in the community,
including self-pay and Medicaid (called AHCCCSin Arizona.)
It includes the full range of socioeconomic groups and ages
(newborn to over 100 years). Being an urban family practice
that does not involve obstetrics, it is likely more heavily
weighted toward geriatric patients than those in a smaller or
rural community. As a mature practice, it is largely closed to
new patients except for family members of current patients.

Survey

The author’s patients were given a one-page survey entitled
“Web Portal Survey” (Multimedia Appendix) when they arrived
for an appointment with the author from April 10, 2006 to May
11, 2006. A receptionist handed out the survey. The survey did
not have any specific patient identifiers other than gender. Age
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and employment were only generaly identified by broad
categories. Surveys were collected by reception when the
patients checked out. They were given to the author in a
nonsequential manner at the end of each day. The author did
not discuss the content of the self-explanatory surveyswith the
patients other than to occasionally inquireif they had compl eted
one. Patientswere only allowed to complete one survey. If they
returned for a follow-up visit during the study period (as
determined by reviewing the schedule€), they did not get another
survey to complete. Parents completed surveys on behalf of
patients younger than 18 years, and caregivers occasionally
completed surveys for elderly or disabled patients who were
unable to compl ete them themselves.

The one-page survey consisted of strictly check box answers
and was easy to complete. The questions asked about ssimple
demographics, information on Internet access, and willingness
topay a“small fee” for any of five different Web portal services.
Quantification of the fee was obtained by inquiring the
maximum annual fee respondents were willing to pay, and this
was followed by asking which of the five services were most
important to the respondent.

Given the manner in which the data were collected, handled,
and entered into the database, the data were, by deliberate
design, de-identified. This was done to honor the statement at
the top of the survey that this was an anonymous survey, thus
encouraging patients to be frank in their responses. The study
was deemed to be exempt by the Human Research Committee
(Ingtitutional Review Board) of Tucson Medical Center.

Analysis

After collecting the surveys, the data were entered
nonsequentialy into an Access database (Microsoft, USA) and
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analyzed using select queries. When comparing respondent
groups for significant differences, contingency tables were
created and the StatsDirect statistical softwarev2.5.7 (Chesire,
UK) was used. Analysis was done with the Fisher exact test. P
values less than .05 were considered significant.

Results

Return Rate

During the study period, 346 unique patients were seen. Of
those, 337 completed and returned a survey (return rate of
97.4%). A total of 8 surveys were invalidated due to missing
data (not answering whether they had | nternet access and/or not
making any responses to the question on willingness to pay a
small fee for one or more of the five online services listed on
the survey). Thus, the number of valid surveys was 329
(response rate of 95.1%).

Internet Access

In the study practice, 75.4% of patients had Internet access.
Internet access varied significantly by age, gender and
employment (Table 1). Specificaly, in terms of age, 18- to
29-year-olds had the highest access (97%), and patients 70 years
and older had the least access (56%) (P < .001; Fisher exact
test, 8x2 contingency table). Of note, 41% of the respondents
were 60 and older.Students and employed patients had the best
access, 92% and 87%, respectively, and retirees and disabled
patients had the worst access, 66% and 42%, respectively (P <
.001; Fisher exact test, 6x2 contingency table). Ma esweremore
likely to have Internet accessthan females (P = .02; Fisher exact
test, 3x2 contingency table).
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Table 1. Demographics and Internet access

Adler

All Patients (N = 329)

Patients With Internet (N = 248)

n (%) n (%)

Gender
Male 135 (41) 111 (45)
Female 192 (58) 136 (55)
Unknown 2(1) 1(0)
Age
Under 18 14 (4) 12 (5)
18-29 29(9) 28 (11)
80-39 26 (8) 21(8)
40-49 50 (15) 44.(18)
50-59 63 (19) 47 (19)
60-69 61 (19) 46 (19)
70andup 72(22) 40 (16)
Unknown 14 (4) 10 (4)
Employment
Student 26 (8) 24.(10)
Employed 142 (43) 123 (50)
Unemployed 12 (4) 8(3)
Disabled 24(7) 10 (4)
Retired 123 (37) 81(33)
Unknown 2(1) 2(0)
Internet access
Yes 248 (75.4)
No 81 (24.6)

Annual Fee basis, 67% of patients with Internet access were willing to pay

Of all patients with Internet access, 74.6% (n = 185) were
willing to pay a small annual fee for one or more of the
following online services: emailing with their physician,
medication refills, viewing parts of their medical record,
appointment requests, and billing inquiries. On a per service

a“small fee” for “secure email” with their physician, 62% for
online refills, 60% to review their medical record, 57% to
reguest appointments, and 52% to make billing inquiries (Table
2). Thedifferencesin these responseswere significant (P = .04;
Fisher exact test, yes vs no vs no response 5x3 contingency
table).

Table 2. Willingness of patients with Internet access to pay a small fee for specific online services (N = 248)

Service Yesn (%) Non (%) No Responsen (%)
Email with doctor 165 (67) 76 (31) 7(3)

Medication refills 153 (62) 79 (32) 16 (6)

Viewing record 148 (60) 89 (36) 11 (4)

Appointment request 141 (57) 93 (37) 14 (6)

Billing inquiry 128 (52) 101 (41) 19 (8)

The majority of patients with Internet accessin all age ranges
werewilling to pay asmall feefor at least one of thefiveonline
or Web portal services (Table 3). Although this willingness to
pay ranged from 60% for those in their 50s to 90% for thosein
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their 30s, these differences were not statistically significant (P
= 0.06; Fisher exact test, yes vs no response 8x2 contingency
table).
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Table 3. Willingness of patients with Internet access willingness to pay for at least one of the five services, by age (N = 248)

Age (years) n Yes %
Lessthan 18 12 9 75
18-29 28 17 61
30-39 21 19 90
4049 44 36 82
50-59 47 28 60
6069 46 35 76
70 and older 40 33 83
Unknown 10 8 80
All 248 185 75

Of al respondents (N = 329), regardless of Internet access,
47.1% (n = 155) were willing to pay US $10 or more per year,
with a median amount of US $20 (Table 4). Of those with
Internet access (n = 248), 60.1% (n = 149) were willing to pay

US $10 or more per year, and 31% (n = 46) were willing to pay
US $50 or more per year. Of those who were disabled (n = 24),
29% were willing to pay US $10 or more per year.

Table 4. Maximum fee patients were willing to pay for online services (N = 329)

Amount (US$) 0 <10 10

20 50 100 > 100

n 140 34 41

68 35 10 1

Online Services

As Table 5 shows, the three most important servicesto patients
with Internet access (n = 248), in order, were emailing with
their physician (34%), viewing their record online (22%), and

Table 5. Most important online service and willingness to pay

medication refills (11%) (P < .001; Fisher exact test, most
important vs not most important 7x2 contingency table). Note
that 12% of those without Internet access (10/81) were till
willing to pay for the service.

Most Important Service All Patients (N = 329) Patients With Internet (N = 248)
n % n %

Email 93 (28) 84 (34)

Record viewing 57 (17) 55 (22)

Medication refills 31(9) 28 (11)

Multiple selections 21 (6) 18 (7)

Appointment requests 15 (5) 15 (6)

Billing information 0(0) 0(0)

No response 112 (34) 48 (19)

Willingnessto pay for at least one service 195 (59) 185 (75)

Discussion

In the study practice, three quarters of adults are online and
three quarters of those stated they are willing to pay a small
annual feefor at least one of thefivelisted Web portal services.
Even 12% of non-Internet users are willing to pay (presumably
using the service through afriend or relative's Internet access
or apublic source like the library). Willingness to pay for Web
portal services did not appear to vary significantly by age for
those who already have Internet access. Nearly half of al
patients and 60% of patients with Internet access were willing
to pay at least US $10 per year for one or more of these services.
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Over 30% of patients with Internet access were willing to pay
US $50 or more per year.

This study showed that no single online service stood out asthe
obvious favorite, but patient-physician email generated the
highest level of interest, followed by online viewing of personal
medical records, and online medication refills. No one chose
billing inquiries as the service they valued the most. These
findings are consistent with a February 2005 Harris Poll in
which 80% of respondentsindicated an interest in asking online
guestions of their physician, 69% in making online
appointments, 69% in receiving test results online, and 67% in
online medication renewal [20].
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Like the 2002 Harris study that showed only 37% of online
adults would be willing to pay for email with their physician
[1], the February 2005 Harris Poll also reported that only 36%
of online adults were willing to pay to send and receive emails
from their doctor [20]. That stands in marked distinction to the
finding here of 67% of patients being willing to pay for email
with their physician. It is unknown whether the 2638 adults in
the more recent Harris study had regular primary care
physicians. It is conceivable that many did not and that people
who have an established primary care physician relationship
aremorewilling to pay for these services. Still another estimate
of some patient willingness to pay for online patient-physician
correspondence comes from an academic internal medicine
practice in Colorado. In their study, 48% of all patients (both
Web portal and non-portal users) were willing to pay for
electronic correspondence with their physician. However, the
amount they were willing to pay was small, at amean of US$4
and median of US $2 per message [3].

A small annual fee could add up quickly if it could be collected.
Ideally, it would be collected electronically at the time a user
signs up and then annually thereafter. Just a US $10 per year
fee for a practice of 2500 patients with 47.1% willingness to
pay would translate into US $11775 per year of additional
revenue for the involved physician. Web portals are relatively
inexpensive and the current cost of one commercial product is
about US $900 per physician per year [21]. A question this
study did not address was whether patients are willing to pay
both a small annual subscription fee and a per-transaction fee
for e-messaging. Thisissue deserves further study.

A limitation of this study is that even though the top of the
survey form stated “This is a completely confidential study,”
and even though the author avoided discussing the survey with
them, patients may have been more inclined to give answers

Adler

they thought he wanted to hear because they were in the office
for carethat day. Thistheoretically could have biased the results
toward more favorable responses regarding payment.

Although the author’s practice isfelt to be fairly diverse and to
adequately reflect the demographics of Tucson, no two practices
are alike. If this practice is representative of Tucson, Arizona,
canitsfindings be generalized to other communities? The author
believes so, but it would be wise to establish this with similar
studies conducted elsewhere. Evidence that the practice is
representative liesin the Internet access statistic of 75.4%, which
is consistent with a 2006 phone poll that reported 77% of US
adults are now online [22]. And even if this study is
representative of family medicine populations, would the
findings for internal medicine practices differ significantly?
Given the results of Table 3, which show 83% of patients over
age 70 willing to pay for at least one of the five online services,
arate similar to other age groups, it appears likely that these
results can be generalized to internal medicine as well.

A concern raised by this study is that one vulnerable, higher
need population, the disabled, had relatively low Internet access
(42%), and of those who had access, only 29% were willing to
pay US $10 or more for online services. Since it is logical to
think that people with medical disabilities would benefit more
than most others by engaging in online services, the likely
explanation for both the lower access and the lower “interest”
isfinancial constraint —having to spend limited income on other
needs. It would be useful to learn how interested disabled
patients would be if these services were free for them.

What people say and what they do are not always the same. It
would be most revealing to implement the services mentioned
here with an annual fee of say, perhaps, US $15 and an email
fee US $25 per message used to manage aclinical concern and
see how many patients sign up for each.
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Appendix

Web Portal Survey
Thisisacompletely confidential survey.

Patient’s age: [J under 18 [] 18-29 [] 3039 [] 4049 [] 50-59 [] 60-69 [1 70 and ol der

Patient’s sex: [] male [] female

Patient’sjob: [ student [ employed (1 unemployed [ disabled [ retired

Do you have I nternet access? [] Yes ] No

Would you be willing to pay a small fee for the following services?

«  Secure Internet viewing of your medical record (] Yes (] No
(includes: Health summary, medication list, problem list, allergy lit, lab results)

«  Securetwo way email with Dr. Adler (J Yes ] No
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+  Secure requests for medication refills (via Internet) [ Yes ] No
+  Secure requests for appointments (via Internet) (] Yes ] No
«  Secure email for billing questions/ issues [] Yes ] No

If you answered yesto any of the above services, what isthe MOST that you would be willing to pay per year?
[] lessthan $10 [] $10 [ ] $20 [] $50 [] $100 [] more than $100

Please check the one service that would be MOST important to you:

(check only one)

] Secure Internet viewing of your medical record

[ Secure two way email with Dr. Adler

[] Secure requests for medication refills (via Internet)

] Secure requests for appointments (via I nternet)

[] Secure email for hilling questions/ issues

COMMENTS:

Multimedia Appendix
Presentation of Study Findings [PPT (M S PowerPoint) file, 72 KB - jmir_v8i4e26_appl.ppt ]
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Abstract

Background: With the growing adoption of electronic medical records, there areincreasing demands for the use of thiselectronic
clinical datain observational research. A frequent ethics board requirement for such secondary use of personal health information
in observational research is that the data be de-identified. De-identification heuristics are provided in the Health Insurance
Portability and Accountability Act Privacy Rule, funding agency and professional association privacy guidelines, and common
practice.

Objective:  The aim of the study was to evaluate whether the re-identification risks due to record linkage are sufficiently low
when following common de-identification heuristics and whether the risk is stable across sample sizes and data sets.

Methods: Two methods were followed to construct identification data sets. Re-identification attacks were simulated on these.
For each data set we varied the sample size down to 30 individuals, and for each sampl e size evaluated the risk of re-identification
for all combinations of quasi-identifiers. The combinations of quasi-identifiersthat werelow risk more than 50% of thetime were
considered stable.

Results: Theidentification data sets we were able to construct werethelist of all physiciansand thelist of all lawyersregistered
in Ontario, using 1% sampling fractions. The quasi-identifiers of region, gender, and year of birth were found to be low risk more
than 50% of the time across both data sets. The combination of gender and region was a so found to be low risk more than 50%
of the time. We were not able to create an identification data set for the whole population.

Conclusions:  Existing Canadian federal and provincial privacy laws help explain why it is difficult to create an identification
data set for the whole population. That such examples of high re-identification risk exist for mainstream professions makes a
strong case for not disclosing the high-risk variables and their combinationsidentified here. For professional subpopulationswith
published membership lists, many variables often needed by researchers would have to be excluded or generalized to ensure
consistently low re-identification risk. Data custodians and researchers need to consider other statistical disclosure techniques
for protecting privacy.

(J Med I nternet Res 2006;8(4):€28) doi:10.2196/jmir.8.4.628
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Introduction

The adoption of electronic medical records (EMRS) isgrowing
[1-5]. Researchersareincreasingly turning to EMRs asa source
of clinically relevant patient data. There are calls for EMRs to
support secondary uses of this data for observationa studies,
such as epidemiologic and health services research [6]. On the
other hand, amajority of patients, and the publicin general, are
concerned about unauthorized disclosure and use of their
personal health information in an era of the EMR [7-11].
Furthermore, rates of medical identity theft have been
increasing, and the risks are exacerbated with the use of EMRs
[12].

Epidemiol ogic and health services research commonly proceeds
without express consent from subjects. There are good reasons
for this. It has been shown that requiring consent introduces
biases in recruitment because those individuals who do not
consent or who are difficult or impossible to request express
consent from tend to be different on important characteristics
than those who consent and are actually recruited. |n some cases,
the express consent requirements also increase the cost and
duration of the research [13-25].

Excessive restrictions on researchers’ access to identifiable
health information is considered detrimental to society at large
because many beneficial studies can not be done [26,27].

To safeguard privacy, often one of the requirementsfor waiving
express consent is that the data be de-identified at the earliest
opportunity [28]. This is important because there is evidence
that individuals can be re-identified using common variables
(such as zip code, date of birth, and gender) by linking to
publicly availableinformation [29,30]. In addition, identifiability
is a key consideration for institutional research boards in
deciding whether consent is required [31].

There are different methods for de-identification: statistical
disclosure control (SDC) methods [32] and heuristic methods.
In practice, SDC methods are not used that often [28,33];
therefore, we focus on heuristic methods. A heuristic approach
to de-identification consists of rules about which variables to
generalize (also known as aggregation) and which variablesto
excludefrom adataset when it isdisclosed. For example, under
the US Health Insurance Portability and Accountability Act
(HIPAA), two of the three de-identification methods stipul ated
in the Privacy Rule require the removal of potential identifying
variables as defined in the Safe Harbor List and the Limited
Data Set [34]. The Canadian Ingtitutes for Health Research
privacy guidelines provide examples of generalizing variables
(eg, generalizing date of birth to age and generalizing geographic
information) as a means to reduce identifiability [35]. Clinical
researchers often follow heuristics to ensure that the data they
collect and disclose are anonymized, for example, some assume
that using initials and date of birth to identify subjects poses
low risk of re-identification by those not involved in their study
[28]. Various de-identification heuristics are used to decide
which variablesto exclude when pharmacy prescription records
are released to commercial data aggregators [36].

http://www.jmir.org/2006/4/e28/
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De-identification by removing or generalizing variables from
a data set necessarily results in loss of information and may
hinder drawing accurate conclusions from that data [37]. The
amount and criticality of that loss will depend on the specifics
of the data set and the questions the data set is intended to
answer. But most researchers would argue that variables, such
as date of birth (or its generalization to age) and gender, are
critical for many analyses, and geographic information (such
as zip/postal codes) may also be necessary [38,39].

Given that there is potentially a high cost to using
de-identification heuristics, it is essential to determine whether
common de-identification heuristics used in practice today do
indeed ensure that the risks of re-identification are low. If they
do ensure low re-identification risk, then a case can be made
for complying with these heuristics. If there is evidence that
they do not ensure low re-identification risk, then the research
community needs to consider aternative SDC methods as a
meansto de-identify data setsand reduce the need for excluding
or generalizing important variables.

In this paper we evaluate whether common de-identification
heuristics ensure a low level of re-identification risk across
different data sets and sample sizes (since the risk of
re-identification varies with sample size [32]). The common
heuristics we evaluate are a union of a subset defined in the
HIPAA Privacy Rule, currently practised in clinical research,
and presented in privacy guidelines. If the heuristics ensure a
consistently low level of risk, then one can have confidencein
using them to de-identify any data set.

Categorization of Variables

Itisuseful to categorize variablesin aresearch data set into the
following set of mutualy exclusive categories since each
category istreated differently in the context of de-identification:

« ldentifyingvariables. These arevariablesthat can directly
identify individuals, such asname, email address, telephone
number, home address, socia insurance number, and
medical card number. Since these variables are obvious
identifiers, if they are included, the data set is clearly not
de-identified. In some cases, more than one identifying
variable is needed to identify an individual uniquely. For
example, the name “John Smith” appears 298 times in a
search of the public telephone directory in Ontario.
However, combined with atel ephone number, theindividual
can be more easily identified uniquely.

+ Quasi-identifiers. These are variables that do not directly
identify an individual but can play an important role in
indirect re-identification. Oneway in which quasi-identifiers
can be used for re-identification is by linking to external
databases containing identifying variables (record linkage).
There are some quasi-identifiers that have been studied
more extensively than others, such as gender, date of birth,
and postal/zip code.

« Nonidentifying variables. Such variables may be, for
instance, clinical and lab values. They are generaly not
useful for re-identification. For example, an indicator
variable on whether anindividua has pollen alergieswould
most likely be a nonidentifying variable.
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It is common in disclosures of health data sets that the
identifying variables are removed. We will therefore focus on
risks from the quasi-identifiers.

Uniqueness and Re-identification

Uniqueness of individuals in a data set will have an impact on
the risk of re-identification. We assume that a data set is a
sample from some population. If an individual has a unique
combination of values for the quasi-identifiers among other
members of the population, then that person is population
unique. If an individual has a unique combination of values for
the quasi-identifiers among other individualsin the sample, then
the individual is sample unique. If an individual is population
unique, then, by definition, that person is sample unique, but
not vice versa.

Uniqueness makes re-identification more likely through two
common mechanisms: traceability and record linkage, which
are explained below.

El Emamet d

If aperson iseasy to trace in the real world, then that increases
re-identification risk. For example, let’s say that there are two
quasi-identifiers in a data set: city/town and profession. If an
individual has the values “ Ottawa’ and “Mayor,” then it would
be relatively easy to figure out who that individua is, even if
there is no identifying information in the record.

If aparticular set of quasi-identifiersin arecord can be linked
with arecord in another database to re-identify individuals, then
it can be said that the risk of re-identification is high. Thisis
illustrated in Figure 1. Let us assume an individua (say, a
researcher) has a de-identified research database containing
some clinical data and that this database also contains
quasi-identifierssuch asinitials, date of birth, gender, and postal
code. If we could get access to an identification database or
construct one from public data sources, with the same four
variables asthe research database aswell asidentifying variables
such as name, address, and telephone number, then it would be
possibleto link the two databases and re-identify theindividuals
in the research database.

Figure 1. Illustration of record linkage of aresearch database and another identification database

Research Database

DoB

Clinical
and Lab
Data

Quassi-ldentifiers

This means that if someone has access to a research database
containing these quasi-identifiers, then it would be possible to
re-identify the subjects by performing the record linkage with
an appropriately constructed i dentification database. In principle,
an identification database can be constructed in a number of
ways.

«  publicly availableinformation from government bodies and
professional associations

http://www.jmir.org/2006/4/e28/
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- dataalready availableto anintruder from other sources, for
example, a researcher with data available from another
project (We will use the term “intruder” here for
convenience, but it isrecognized that re-identification may
have legitimate purposes as well.)

« thecircle of acquaintances of the intruder, which isthe set
of individual s from the popul ation about which the intruder
knows the values of the quasi-identifiers

- commercia organizations that sell databases containing
data on members of the general public
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mining the Internet for information that individuals post
about themselves (eg, resumes or personal Web pages)
[40,41]

inadvertent access to data, such as the purchase of surplus
or second-hand computer equipment with data remaining
[42]

illegal activities, such as theft of computers with data or
theft of unencrypted backup tapes during transit

El Emamet d

Only the individuals in the identification database can be
re-identified. If the identification database has all of the
population of individualsin it (ie, N = k in Figure 2), then all
members of the population are potentialy re-identifiable. The
research database would represent a sample from the
identification database, with n < Nin Figure 2. In the scenarios
we are considering, an intruder is attempting to re-identify all
theindividuals in the research database.

Figure 2. The relationship between the research database, the identification database, and a hypothetical population database

|dentification 1
Database

Research 1

Population
Database

Database

n

Traceahility and record linkage are two different things, although
the underlying property (uniqueness) isthe same, and one does
not imply the other. For example, if we have a physician with
a date of birth 1 January 1950 and that date is unique among
all physiciansin aprovince (ig, it isapopulation unique value),
then that individual would still be difficult for an intruder to
trace among the population of physicians. However, if an
identification database of all physicians exists and the date of
birth is one of the variables, then that physician would be easy
to re-identify through record linkage.

We are only concerned with re-identification risk due to record
linkage. Therefore, an important requirement isthat an intruder
is able to create an identification database. Only the

http://www.jmir.org/2006/4/e28/
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guasi-identifiers that can exist in an identification database are
relevant.

Commonly Used Quasi-identifiers

Inthefollowing paragraphs, we consider some of the commonly
used quasi-identifiers in clinical research and their
generalizations.

The first set of quasi-identifiers is defined in HIPAA. The
HIPAA Privacy Rule defines three methods to de-identify a
data set; two of these provide a very specific set of variables
that should not beincluded in the data set for it to be considered
de-identified. Both list a number of identifying variables and
quasi-identifiers. We are only concerned with the
quasi-identifiers. In the Safe Harbor method, two types of
guasi-identifiers must be excluded:
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 al geographic subdivisions smaller than a state (except the
initial three digits of azip codeif the population in that zip
code is more than 20000)

- al elements of dates (except year) or dates relating to an
individual, including date of birth

The Limited Data Set method allows dates and excludes only
the street address from the geographic information.

Thereisevidencethat clinical researchersin Canadafollow the
HIPAA guidelines since these provide more precise prescriptions
than anything else available locally [28]. Previous studies have
performed successful matching experiments using date of birth,
gender,and zip code as quasi-identifiers [29,30]. A recent
qualitative study found that researchers use a combination of

Textbox 1. List of nine quasi-identifiers extracted from the literature

El Emamet d

initials and date of birth to identify subjects [28]. Guidelines
for protecting the privacy of personal information often include
date of birth and geographic information as risky variables
[35,43].

A generalization schedule for the geographic and date of birth
information is as follows [35] (customized to a Canadian
context):

- full postal code >> forward sortation area (first three digits
of the postal code) >> city >> region (first character of the
postal code)

« date of birth >> year and month of birth >> year of birth

A list of the quasi-identifiers extracted from the literature and
evaluated in our study are given in Textbox 1.

date of dirth (DoB) forward sortation area
DoB — month and year city
year of birth region
gender initials
postal code
Methods A sample of commercial information brokersin Canadaclaiming

The objective wasto eval uate re-identification risk for common
quasi-identifiers and their combinations. The research method
consisted of two steps:

1. constructing multiple identification databases
2. evauating re-identification risk and its stability across data
sets and sample sizes

Constructing I dentification Databases

While there have been re-identification experiments in other
nations, such asthe United States[29,30], the United Kingdom
[44], and Germany [45], there have been no attemptsto construct
identification databasesin Canada. Wethereforefirst attempted
to construct identification databases using public sourcesin the
province of Ontario.

I dentifying Data Sour ces

Multiple sources of public datawere sought as described bel ow.
Public data are defined as data that are available to the general
public for free or areasonable fee, with areasonable amount of
effort to access them, and without areview by the data holding
institution or the need to sign a confidentiality or data sharing
agreement with the data holding institution that restricts what
can be done with the data.

All 29 Ontario government ministries were contacted. We
identified staff in the freedom of information and privacy (FOIP)
office in each ministry, if one existed. In al ministries except
one, the FOIP office was contacted and we conducted a
telephone interview with at least one staff member about the
data that they rel ease and the procedures for usto get that data.

http://www.jmir.org/2006/4/e28/

to sell population databases were contacted to determine the
type of data they hold, the sources of data, how the databases
they sell were constructed from the sources, and conditions of
disclosure. After examination of their websites, we followed
up with phone callsto verify the information and get additional
details. These brokers included Americanada, Prospects
Influential, Nation Reach, and InfoCanada.

Sources of genealogical data were examined as well. These
include data available through the Ottawa Public Library and
the National Archive Centre. Theseinclude birth, baptism, death,
marriage, adoption, and divorce data. Both of these locations
werevisited and staff on site were interviewed to determine the
types of data available and how those data were released.

Professional societiesfrequently release comprehensive member
lists. In some instances, work addresses and gender are also
provided. We contacted a sample consisting of the College of
Physicians and Surgeons of Ontario (CPSO), Law Society of
Upper Canada (L SUC), Professional Engineers Ontario, College
of Physiotherapists of Ontario, and the College of Occupational
Therapists of Ontario. For all these professional societies, the
membership lists were available on the Web. Commercial
brokers, such as LexisNexis, WestLists, LawyerLocate, and
Martindale, also provided lists of professionals. For commercial
organizations, the data holdings were advertised on the websites.
We followed up with phone calls to ensure the accuracy of the
information on the Web and to fill in any missing detailsin our
understanding of their data holdings.

We aso contacted Statistics Canada and examined the
information in the various products from the 2001 census data
set. In particular, we focused on tabulations giving gender and
age, and on microdata releases. Additionally, we contacted
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Elections Canada and interviewed volunteers in €election
campaigns to understand how voter lists are used.

Creating I dentification Databases

An identification database consists of two elements:
quasi-identifiers and identifying information. There are two
general methods that can be used for constructing an
identification database:

« Direct method. A public source will have both elements
needed for an identification database. An example would
be avoterslist.

« Indirect method. Wefirst find asource with theidentifying
information on individuals, and then these are linked with
another source that contains the quasi-identifiers.

We followed both methods to create an identification database.
Evaluating De-identification Heuristics

Measuring the Risk of Re-identification

The measure of therisk of re-identification we used is grounded
in the matching process that an intruder would likely use in
order to re-identify a de-identified data set. Our measure of
re-identification risk assumes that an intruder is attempting to
re-identify all of the individuals in the research database by

El Emamet d

matching the individualsin the research database with records
in an identification database using the quasi-identifiers. We
predict the probability that a randomly selected individual can
be matched successfully. Because only those individualsin the
identification database can be re-identified, we assume that the
identification database represents the popul ation and the research
database is a sample from that population (ie, only a subset of
the individual s would be in the research database).

The estimation method used was dataintrusion simulation (DI S)
[46,47]. This predicts the risk of re-identification using this
particular attack scenario (other attack scenarios are discussed
later in the paper). DI S predicts the conditional probability that
a unique match of a record in the identification database with
arecord in the research database is a correct match:

P(correct match|unique match) = P(cm|um).

It should be noted that we do not actually need a complete
research database or a complete identification database to
estimate re-identification risk. All that is needed is a sample
identification database, as shown in Figure 3, containing only
the quasi-identifiers and identifying variables for the n
individuals in the research database. No actua clinical or lab
data are required to perform the risk analysis.

Figure 3. A sampleidentification database (shown shaded) for data intrusion simulation

|dentification
Database
Research 1
Database
U Sample
Identification
. Database

n

N

A Monte Carlo simulation, described in Appendix 1, illustrates
the robust performance of DIS under a range of sampling
fractions. Other measures of re-identification risk that have been
proposed do not produce accurate results for small sampling
fractions and are not specific to atype of attack [48,49].

Although there are no generaly accepted re-identification
thresholds, one can easily make the case that any probability of
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asuccessful attack greater than 0.01 would be unacceptable (for
a large database, a probability of successful attack as high as
0.01 would compromisethe privacy of arelatively large number
of individuals). We therefore use that as a threshold for
interpreting the risk results.
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Evaluating the Heuristics

In our evaluation, three parameters were varied: the data set,
the sample size, and the quasi-identifier combinations eval uated.

1. Weconstructed two identification databases to see whether
the risk findings carried across them.

2. For each combination of quasi-identifiers, we decremented
the sample size by one observation, chosen at random from
n to 30, and determined whether P(crm|um) was below the
threshold at the reduced sample size. This process was
iterated 100 times for each sample size, and the average
number of times that the risk was below the threshold was
taken astheresult for that sample size. If therisk was below
the threshold, then we considered the quasi-identifier
combination as “safe” (ie, one that ensures low
re-identification risk quite often). We then looked at the
frequency of quasi-identifiers that were considered “ safe”
acrossal samplesizes. If aquasi-identifier was* saf€” more
than 50% of thetime, then it ensured that the risk was below
the threshold across sample sizes.

3. Weconsidered all possibleindividual and 2-, 3-, and 4-fold
combinations of different quasi-identifiers.

Results

Constructing an ldentification Database

Direct Method

The privacy offices at government ministries do provide
oversight on the release of data. However, they are unable to
control all possible releases and therefore only intervene when
there isacomplaint, an access to information request, or when
they are asked for assistance from one of the departments. None
of the privacy offices were able to produce abasic listing, even
approximate, of all personal datareleases from their ministry.

The commercial information brokers we contacted linked
publicly available Statistics Canada census data with telephone
directory data. Because of the aggregations performed on census
data that are released, information such as age is only
approximate. In addition, these would still not be population
databases because not everyone has a telephone registered in
their name. A recent independent study has confirmed that this
is the approach used when commercia brokers utilize public
data [25].

Birth and death notices are avail able from the General Registrar
of Ontario. However, it is necessary to prove arelationship to
the individual about whom data are being requested in order to
get access to that information. Driver licence information also
requires the name and the driver’s licence number in advance
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to be able to make an information search request. Therefore, in
both of these cases, it isnot possible to construct a database for
record linkage.

Voter lists are made available to candidates or their party
representatives. These listsinclude the name, address, and date
of birth of eligible voters. That information isto be used solely
for the purposes of an election, including raising funds. Party
members participating in an election campaign are bound by
the party oath interms of protecting that information. Volunteers
on election campaignswho are not party membersare not bound
by an oath and would not normally sign a confidentiality
agreement. Therefore, there are ways to get the voter list for a
re-identification attack, but that would require deceptive
practices and such use would likely go against the Elections
Act.

Some commercial brokers may collect data sets directly from
the public through surveys or subscription lists, or they may
purchasethesefrom retailers(eg, loyalty card users or warranty
card information). These data sets may contain the
quasi-identifiers we are interested in as well as identifying
information. However, these do not include all members of the
popul ation.

Weweretherefore unableto construct an identification database
for the whole popul ation using the direct method.

Indirect Method

We were able to construct an identification database using the
indirect method. However, it was not possible to do so for the
whole population, but only for professional subpopulations,
namely physiciansand lawyersin Ontario. Thelist of physicians
is published by the College of Physicians and Surgeons of
Ontario (CPSO), and thelist of lawyersis published by the Law
Society of Upper Canada (LSUC).

It ispossible to link the information in the list (which includes
name, practice/firm address, and gender) with the Ministry of
Government Services' Personal Property Security Registration
(PPSR) dataand the Canada 411 telephone directory data (both
available on the Internet, the former for a fee) to identify the
home postal code and date of birth (Figure 4).

We created arandom sample data set of 236 physiciansand 189
lawyers across Ontario with the quasi-identifiers under study.
This represents a 1% sampling fraction of all registered
physicianswho are till active and practising in Ontario (23506)
and all practising lawyersin Ontario (18728). The variablesin
our identification database were full name, gender, graduation
date (CPSO only), date of birth, address for place of work
(practice/firm), home address, and home tel ephone number.
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Figure 4. The three main source databases used to construct an identification database for a professional subpopulation

-

CPSO/LSUC

PPSR

Telephone
Directory

Table 1. Ability to get various data elements on physicians and lawyers, with the source of the data (n = 236 for CPSO; n = 189 for LSUC)

Quasi-identifier CPSO (%) LSUC (%)
home postal codes (source: PPSR and telephone directory) 60 45
practice/firm postal codes (source: CPSO/LSUC) 100 100

date of birth (source: PPSR) 40 45

gender (source: CPSO/genderizer for LSUC data) 100 100
initials (source: CPSO/LSUC) 100 100

Table 1 shows the success rates in getting the quasi-identifiers
for an identification database. Name (and initials), practice
posta codes, and gender are available from the CPSO.
Therefore, we can obtain these for al physicians. Name and
firm postal codes are available from LSUC. Since the LSUC
does not publish gender in their public listing, genderizing
software (see the analysis of the accuracy of such tools in
Appendix 2) was used to estimate gender for the lawyers from
their first names. We were able to determine the home postal
code and date of birth from the PPSR for both professions.
Additional verification of identity and home postal code was

http://www.jmir.org/2006/4/e28/

RenderX

performed by checking against the Canada 411 website (online
telephone directory). To verify that matches were correct, we
also consulted the land registry in some instances to confirm
addresses. Records were flagged for additional manual
investigation under two conditions: (1) if the distance between
the work and home postal codes was more than 100 km
(determined by calculating the Euclidean distance), and (2) if,
for physicians, the graduation date and date of birth were less
than 25 years apart.

Asevident in Table 1, it was not always possible to get the date
of birth (40% and 45% successratesfor physiciansand lawyers,
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respectively) and the home postal code (60% and 45% success
rates for physicians and lawyers, respectively). There was also
agender difference. We were able to get the home postal code
for 49% of all female physicians vs 63% for males, the date of
birth for 29% of all female physicians vs 45% for males, the
home postal code for 40% of all female lawyers vs 48% for
males, and the date of birth for 40% of all female lawyers vs
48% for males.

Stability of Heuristics Across Sample Sizes and Data
Sets

Table 2 provides the results of the stability analysis. The table
shows the percentage of times that a particular combination of
quasi-identifierswasfound to be “safe” (ie, below the 0.01 risk
threshold) as we varied the sample sizes across the two data
sets. Intotal, 143 quasi-identifier combinationswere eval uated.

El Emamet d

We only show those quasi-identifiers and their combinations
that had percentages higher than 50%. If a quasi-identifier is
not “safe” at least 50% of the time, then we can make the case
that it is not stable. This means that if the quasi-identifier
combination was above the risk threshold more than 50% of
the time, it was therefore sensitive to sample size.

The findings indicate that gender, region, and year of birth are
individually all relatively stable across sample sizes and data
sets, as well as the combination of region and gender. This
means that the inclusion of these quasi-identifiersin areleased
data set does not increase the risk of re-identification.

The gender and year of birth combination was low risk 80% of
thetime only for the CPSO data set. Consequently, we consider
it unstable across data sets.

Table 2. Percentage of time a quasi-identifier or combination of quasi-identifiers was considered “safe’ more than 50% of the time (as sample sizes

were varied from 30 to the maximum)

Safe Quasi-identifier or Combination

Per centage of Time Quasi-ldentifiersWere

Below the Threshold
CPSO (%) LSUC (%)
gender 100 100
region 93 65
DOB —year 94 85
gender + region 85 82
gender + DOB —year 80 -

Discussion

The Stable De-identification Heuristics

We found that only a small subset of the quasi-identifiers
represented a consistently low risk of re-identification across
both sample size changes and data set changes. Most
quasi-identifiers (including generalizations) were not stable. In
terms of formulating heuristicsfor the de-identification of data,
the following quasi-identifierswere low risk (out of the set that
we evaluated):

- regionaone

« gender done

« year of birth alone

- combination of gender and region

A corollary of this result is that all other individua
quasi-identifiersand all other combinations are not safe.

Constructing I dentification Databases

An important prerequisite for a record linkage attack is the
ability to construct an identification database. It was possible
to do so for professionals whose associations publish their
membership lists. We found that it is more difficult to construct
an identification database for adult females. It would & so not
be possibleto perform asimilar exercise on youth because youth
would not have any loans that are registered, would not have
property registered in their names, and would not havetelephone
numbersin their names. Therefore, their nameswould not appear
inany of the publicly available data sourcesthat we investigated.

http://www.jmir.org/2006/4/e28/

Also, it would not be possible to do so for professional
associations that do not publish their membership lists.

We found that it is not possible to construct an identification
database for the whole population of Ontario. We were unable
to do so using public sources, with either the direct or indirect
method. In Canada, the ability of researchersto access and use
information is qualified by legidative restrictions designed to
protect the privacy of individuals. Thisinformation may consist
of what otherwise may be considered in other countries as
“public data” (eg, driver's licence databases or public
information).

In someinstances, popul ation databases are availabl e for access
but have certain data elements removed. For example, in
Ontario, persona information is collected by the Ministry of
Transportation under the authority of section 205 of the Highway
Traffic Act. The information forms part of a public record and
is used for the administration of the Ministry’s driver, vehicle,
and carrier programs. However, while residence address
information is collected, it is not considered part of the public
record and is not available to the genera public. A further
qualificationisthat only “authorized” requestorswho have been
approved and have entered into a contractual agreement with
the Ministry may obtain residence address information for
certain limited purposes. These purposes do include research
by educational or research organizations. This limited degree
of accessis safeguarded by application of public sector privacy
legidation in Ontario—the Freedom of Information and
Protection of Privacy Act. The federal government and each of
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the 13 provincial/territorial jurisdictionsin Canada have similar
legislation designed to protect the privacy of individuals and
protect personal information held by government bodies.

Under such laws, “personal information” is broadly defined to
generaly mean recorded information about an identifiable
individual, including “any identifying number, symbol or other
particular assigned to the individual.” Once it has been
determined that a record contains personal information, these
types of statutes generally prohibit the disclosure of this
information, except in certain circumstances. Oneinstance where
disclosure may occur is when “persona information [is]
collected and maintained specifically for the purpose of creating
arecord available to the general public,” which isthe case with
the PPSR database we used.

The preceding discussion was directed to government holdings
of information. The use of publicly available information held
by non—public sector entities is governed by private sector
privacy legislation that exists in Canada. At the federal level
and in those jurisdictions that do not have comprehensive
personal information protection statutes, the legislation in
question is the Personal Information Protection and Electronic
Documents Act. British Columbia, Alberta, and Quebec have
their own statutes that place restrictions on the collection, use,
and disclosure of persona information by non—public sector
entities.

Generally, the provincial statutes governing non—public sector
entities apply to publicly availableinformation, making the use
of such information subject to a consent requirement. Use
without consent is permitted for certain prescribed sources of
information. Thefederal statute permitsthe collection, use, and
disclosure of publicly available information but then defines
“publicly available information” by regulation. This include
names, addresses, and telephone numbers in a telephone
directory; name, title, address, and telephone number that appear
in a professional or business directory available to the public;
and persona information that appears in a registry collected
under a statutory authority.

Generalization of Findings

Our data sets were constructed for an Ontario population. We
have investigated the ability to construct similar identification
databasesin Canada. Thetwo main datasourceswere the PPSR
and telephone directory. There is an online telephone directory
for every province. In Appendix 3, we have listed the PPSR
sourcesfor all provinces and territories. These would allow the
construction of similar identification databases holding similar
types of quasi-identifiers.

The risk of re-identification due to record linkage is affected
by population uniqueness. For example, if we considered another
profession that was heavily skewed toward males (say,
underwater welders), then afemale underwater welder islikely
to be population unique. In that case, gender would not be a
“safe” quasi-identifier. On the other hand, if there were no
female underwater welders at al, then gender would be “ safe.”
Notwithstanding such variations, our results provide concrete
evidence that many common quasi-identifiers are high risk for
some professions. That such examplesexist for two mainstream
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professions makes a strong case aready that the high-risk
guasi-identifiers and combinations should not be disclosed.

As noted above, Canada has relatively strict privacy laws that
restrict the amount of information about individuals that is
disclosed and available for use in the public domain.
Consequently, we expect that, from the perspective of
re-identification risk, other jurisdictions with less restrictive
laws would likely have higher risks of re-identification and
more “unsafe” quasi-identifier combinations. Therefore, our
list of “unsafe” quasi-identifiersislikely smaller than what one
would find in a less redtrictive jurisdiction (in terms of
availability of information through public sources).

Given that the risk is affected by the ability to construct an
identification database, this study can serve as a template for
other jurisdictions to perform arisk assessment.

Managing the Risk of Re-identification

There are two ways to manage the risk of re-identification due
to record linkage: exert control on the quasi-identifiers that are
included in aresearch database, and exert control on the ability
to create an identification database.

Thefirst approach issimpletoimplement in practice. However,
the quasi-identifiers that were found to be high risk constitute
variables that would be considered important in many
observationa studies. These results highlight the unsatisfactory
consequence of basing de-identification practices on such
heuristics. This suggests that data custodians should consider
using more sophisticated statistical disclosure control techniques
[32] rather than basic heuristics about which variablesto exclude
and generalize. With such methods, it would be possible to
retain important variables but at the same time reduce the risk
of re-identification. This suggestion is essentially the third
method defined in the HIPAA Privacy Rule for de-identifying
data sets.

Two approaches to reduce the likelihood of being ableto create
an identification database are removing membership lists from
the public domain and using financial deterrents.

Professional associationsthat make their membership listspublic
should re-eval uate this practice given the privacy consequences
of doing so. The fact that such lists exist and are so easily
accessible makesit possible to construct identification databases
that can be used for launching re-identification attacks through
record linkage. The most desirable action is to remove these
lists from the public domain. Failing that, one would argue that
at least the affected members should be made aware of therisks
such disclosure entails.

When releasing membership listsit is also important to ensure
that there are no unique values on all combinations of
guasi-identifiers in the data set. The released data set would
match the population, and population unique values represent
a high risk of re-identification. For example, if we wish to
release a list of al underwater welders and there is only one
female, then that particular record should not be released, or
the gender variable should not be released.

Another effective method is to impose fees for access to the
registriesthat are used to create an identification database. Such
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an access fee would be small enough to be, a most, an
inconvenience to most legitimate users, but would represent a
prohibitive cost for most intruders. There was a financial
deterrent for the registries that were used in this study. At the
time the study was conducted, there were 23506 physicians
registered in Ontario who were still active and practising in the
province. To be able to construct a complete identification
database with records containing names, addresses (including
postal codes), gender, and date of birth for all physicians in
Ontario, it would cost at |east Can $188048 because of the PPSR
search fee (which is Can $8 per search). Similarly, there were
18728 registered lawyers, making the minimal cost for
constructing an identification database Can $149824. Whilewe
needed only a 1% sample to estimate risk, an intruder would
require a complete identification database for re-identification.

Limitations

In our study, we used a particular measure of the risk of
re-identification. This measure assumes a particular attack
scenario on the database. Our conclusions are limited to that
attack scenario, but there are other possible scenarios of attack;
for example:

« anintruder may already know that an individual existsin
a research data set and wishes to identify the record
belonging to that individual

« agpecific individua or small number of individuas have
unique characteristics in a released data set (eg, a specific
diagnosis) and an intruder wants to identify these specific
individualsin the data set

We did not consider these types of attacks, but they certainly
would be important ones to investigate in the future. We also
made the assumption that all individualsin the research database
have the same probability of re-identification. Future work
should consider re-identification risk at the record level. For
instance, by knowing which specific records are high risk, they
can betargeted for disclosure control actions. Thiswould result
in fewer distortions to a data set.

The threshold for high risk that we chose was arbitrary. There
are no precedents for defining acceptable risk of re-identification
for the release of personal health information; therefore, therisk
threshold will haveto evolve as our understanding of acceptable
risk evolves. Furthermore, acceptable risk is not static. Society
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may get to accept higher risk in return for specific conveniences
or personal benefits. Conversely, acceptable risk may decrease
if thereisaperception of abuse by custodiansor thereisasharp
risein medical identity theft.

There may be aprofession whose distribution of quasi-identifiers
has many unique observations (eg, predominantly of a single
sex or very sparsely distributed geographically). In such acase,
the “safe” quasi-identifiers identified here may no longer be
safe. Future research should investigate other public membership
liststo determine the uniqueness of their quasi-identifier values
to test the generalizability of these findings across professions.

Conclusions

One commonly used approach to protect data that may be
disclosed for research purposes is to de-identify it. Specific
heuristicsfor de-identification areincluded in, for example, the
HIPAA Privacy Rule and various privacy guidelines. The
heuristics stipulate that variables which present a high risk of
re-identification (quasi-identifiers), for example, because they
can be used in record-linkage attacks, should be removed or
generalized. In this study, we examined such risks by evaluating
the re-identification risk due to record linkage with common
guasi-identifiers across different data sets and sample sizes.

It was not possible to construct an identification database for
the whole population, but it was possible to do so for
professional associations that publish their membership lists
(eg, physicians and lawyers). Our results indicate that few
quasi-identifiers are safe because they maintain the
re-identification risk below a threshold. These are region,
gender, and year of birth. The only combination that was
consistently low risk was region and gender. That such examples
of high re-identification risk exist for two mainstream
professions aready makes a strong case that many common
quasi-identifiers should not be disclosed. However, one can
also argue that many potentially important variables for
researchers would be made unavailable.

These findings therefore indicate that the use of heuristics may
betoo restrictive and that data custodians should consider more
sophisticated statistical disclosure techniques to ensure that
important variables are retained in a data set while ensuring that
privacy is maintained.

This research was partially funded by ajoint grant from Ontario Centres of Excellence (CITO) and Tria Stat Corporation under
the Student Internship Program, as well as a grant from the Office of the Privacy Commissioner of Canada. We wish to thank
the following people for reviewing earlier versions of this paper and providing extensive feedback: Sheila Chapman, Nour
El-Kadri, Anita Fineberg, Debra Grant, and Mary Lysyk. We a so wish to thank Latanya Sweeney for her suggestions and input
during the initial design of this study. This program of research was approved by the Research Ethics Board of the Children’s
Hospital of Eastern Ontario Research I nstitute.

Conflictsof Interest

Khaled EI Emam is a co-founder of and has financial interests in Trial Stat Corporation, which develops e ectronic data capture
systemsfor clinical research.

hittp:/Awww.j mir.org/2006/4/e28/ JMed Internet Res 2006 | vol. 8 | iss. 4 628 | p.86

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH El Emamet a

Appendix 1

Monte Carlo DI S Simulation

In thisappendix we report on aMonte Carlo simulation to demonstrate and eval uate the characteristics of dataintrusion simulation.
We used data on the 23506 physicians listed by the College of Physicians and Surgeons of Ontario as our population. We created
random samples of various sizes from that population.

For the simulation we drew samplesvarying in sizefrom 100 to 3000 individuals. A series of three quasi-identifierswere evaluated
individually: gender, work postal code, and the work forward sortation area. Each sample size was drawn 1000 times and, in each
case, the estimate of the probability of successful re-identification was calculated from the sample. Since we have the population
dataset aswell, it was possible to compute the actual probability using the population data set. The bias of the predicted probability
is computed by comparing it with the actual probability.

Figure5. The probability of a successful re-identification attack (y-axis) for various sample sizes (x-axis) based on a Monte Carlo simulation
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Figure 1 showsthe resultsfor the forward sortation area of the work postal code. The graph showsthe predicted and actual values
based on the sample and the population, respectively. These are averages across 1000 iterations for each sample size. It can be
seen that the bias is quite small for the full range of sampling fractions studied. The highest sampling fraction was just under
13%, and the smallest sampling fraction was 0.04%. The magnitude of bias ranges from 0.00015 to 0.0016. For our purposes,
thisbiasis quite small and indicatesthat the predicted probability is quite robust even for small sampling fractions. Similar results
were obtained for the other quasi-identifiers examined.

It should &l so be noted that the probability of re-identification increases with sampling fraction. Thisis consistent with the common
recommendation made in the disclosure control community to minimize the size of the samplethat isreleased because that lowers
therisk of re-identification. Therefore, one approach to reduce the risk of re-identification is to release a smaller data set.
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Appendix 2

Evaluating Genderizing Software

The purpose of the evaluation described hereisto find out how accurate current softwareisfor predicting gender from first names.
This capability isimportant in the construction of identification databases as a name is often available and we wish to obtain the
gender quasi-identifier to match with aresearch database.

The data set that we tested with was the list of 23506 practising physicians in Ontario, for which we knew the correct gender. A
search for genderizing software was performed on MedLine (no date limit), Journal of Marketing (2002 to present), Marketing
(January 1996 to present), aswell as Web searches on Yahoo and Google. The search terms used were “ genderizer or genderizing
or genderizing” and “ software or tool or API”. Nine products wereidentified aswell asthe gender list provided by the US Census
Bureau. Of the products, a number of them used the same underlying API. We contacted the vendors for the remaining products
and were only able to successfully contact and purchase four products. The Census Bureau list is available for free. Each of the
four products as well as the Census Bureau list was used to predict the actual gender for the list of physicians.

The results are shown in Table 1. The overall accuracy shown in the table is the ssmple proportion of overall predictions that
were accurate. Precision, recall, and the f-measure are standard measures of binary classification accuracy. While the accuracy
measures are quite high overall and tend to be quite close to each other, Personator with Genderbase had the best results for this
dataset. Thisisthetool that we used in our study to predict gender in the lawyer data set (LSUC). Given that this data set consists
of heterogeneous Canadian professionals working in an Anglophone environment, it is reasonable to generalize to other similar
groups. We cannot make broader generalizations to professionals, for example, in Francophone areas (eg, Quebec).

Table 3. Results of evaluating the accuracy of various tools for predicting gender from first names
Male Female

ParseRat (overall accuracy = 0.81)

Precision 0.988 0.989
Recall 0.818 0.80
F-measure 0.89 0.88

Per sonator (overall accuracy = 0.81)

Precision 0.98 0.99
Recall 0.82 0.79
F-measure 0.89 0.88

Per sonator with Gender base (overall accuracy = 0.89)

Precision 0.98 0.98
Recall 0.9 0.87
F-measure 0.94 0.93

MAILERS+4 (overall accuracy = 0.78)

Precision 0.988 0.997
Recall 0.78 0.77
F-measure 0.87 0.87

US Census Bureau (overall accuracy = 0.77)

Precision 0.98 0.996

Recall 0.77 0.78

F-measure 0.86 0.88
Appendix 3

Personal Property Security Registries
The following isthe list of locations across Canada to obtain PPSR information for the construction of identification databases.
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Table5.
Province/Territory URL
British Columbia https://www.bconline.gov.bc.ca
Alberta Available from authorized registry agents
Saskatchewan http://www.isc.ca
Manitoba https://direct.gov.mb.ca/ppr/
Ontario https://www.personal property.gov.on.ca/ppsrweb/en/enquiry/cc_enquiry.jsp
Quebec http://si2.rdprm.gouv.qc.ca/index.asp
New Brunswick https://www.web11.snb.ca/snb7001/e/2000/2700e_6.asp
Nova Scotia http://www.acol .ca/Services/PPR/NS/menu.html
Prince Edward Island http://www.acol .cal Services/PPR/PE/menu.html
Newfoundland and L abrador http://www.acol .ca/Services/PPR/NF/menu.html
Northwest Territories http://www.acol .cal Services/ PPR/NT/menu.html
Nunavut http://www.acol .ca/Services/PPR/NU/menu.html
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