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Abstract

Background: Healthy eating interventions that use behavior change techniques such as self-monitoring and feedback have been
associated with stronger effects. Mobile apps can make dietary self-monitoring easy with photography and potentially reach huge
populations.

Objective:  The aim of the study was to assess the factors related to sustained use of a free mobile app (“The Eatery”) that
promotes healthy eating through photographic dietary self-monitoring and peer feedback.

Methods: A retrospective analysis was conducted on the sample of 189,770 people who had downloaded the app and used it
at least once between October 2011 and April 2012. Adherence was defined based on frequency and duration of self-monitoring.
People who had taken more than one picture were classified as“ Users’ and people with one or no pictures as “Dropouts’. Users
who had taken at least 10 pictures and used the app for at least one week were classified as“Actives’, Users with 2-9 pictures as
“Semi-actives’, and Dropouts with one picture as “ Non-actives’. The associations between adherence, registration time, dietary
preferences, and peer feedback were examined. Changes in healthiness ratings over time were analyzed among Actives.
Results: Overall adherence was low—only 2.58% (4895/189,770) used the app actively. The day of week and time of day the
app wasinitially used was associated with adherence, where 20.28% (5237/25,820) of Users had started using the app during the
daytime on weekdays, in comparison to 15.34% (24,718/161,113) of Dropouts. Users with strict diets were more likely to be
Active (14.31%, 900/6291) than those who had not defined any diet (3.99%, 742/18,590), said they ate everything (9.47%,
3040/32,090), or reported some other diet (11.85%, 213/1798) (x23:826.6, P<.001). The average healthiness rating from peers
for thefirst picture was higher for Active users (0.55) than for Semi-actives (0.52) or Non-actives (0.49) (F, sg16,=225.9, P<.001).

Actives wrote more often a textual description for the first picture than Semi-actives or Non-actives (x%,=3515.1, P<.001).
Feedback beyond ratings was relatively infrequent: 3.83% (15,247/398,228) of pictures received comments and 15.39%
(61,299/398,228) received “likes” from other users. Activeswere more likely to have at |east one comment or one “like” for their
pictures than Semi-actives or Non-actives (x2,=343.6, P<.001, and x2,=909.6, P<.001, respectively). Only 9.89% (481/4863) of
Active users had a positive trend in their average healthiness ratings.

Conclusions: Most people who tried out this free mobile app for dietary self-monitoring did not continue using it actively and
those who did may already have been healthy eaters. Hence, the societal impact of such apps may remain small if they fail to
reach those who would be most in need of dietary changes. Incorporating additional self-regulation techniques such as goal -setting
and intention formation into the app could potentially increase user engagement and promote sustained use.
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Introduction

Dietary Self-Monitoring and Feedback

Despite various efforts to curb the growth of obesity, a
significant part of the population still eats unhealthy food in
excessive quantities. Knowledge about healthy eating is not
sufficient on its own to change eating behavior [1]. On an
individual level, onebehavioral strategy recommended in weight
control and improvement of dietary habits is self-monitoring
of food intake[2,3]. Moreover, healthy eating interventionsthat
use self-monitoring combined with other self-regulation
techniques from control theory, such asfeedback [4], appear to
be more effective than interventions that do not include these
techniques [5]. Smartphones and photography can be used to
make self-monitoring easy and convenient [6-9]. Due to the
wide penetration of smartphonesin the population, thisapproach
could reach alarge number of peoplewith small cost. However,
it is not known whether such mobile apps for independent use
would engage people and reach those who could benefit the
most from dietary monitoring.

Dietary self-monitoring prompts people to reflect on their
current behavior and compare it to ideal behavior [4,10]. In
weight loss studies, consistent recording of food intake appears
to be one of the most effective methods[3,11]. Yetitisnot clear
how consistent self-monitoring needs to be for the method to
be effective. The degree of monitoring is typically reported as
the number of food diaries/entries completed per day and/or
week, and the duration of the monitoring period has varied from
eight weeks to two yearsin different studies [3]. For example,
a six-month intervention study found that the average number
of food records per week was 3.7 and greater weight loss was
associated with more frequent monitoring [12]. Another study
on members of a free online weight loss program found that
more frequent weight monitoring was associated with greater
weight loss, but no association was found between dietary
monitoring frequency and weight loss [13]. Overdl, it is not
clear whether these results tell more about an individual’s
engagement to the program or specifically about the effect of
monitoring. Studies have also mostly focused on weight loss,
not on prevention of weight gain through improvement of eating
behavior.

Traditional methods for dietary self-monitoring include more
or less detailed food diaries and calorie counting [14]. These
methods can be burdensome to people [6,7,15-17] and suffer
from underreporting and recall issues[15-19]. Methodsthat can
minimize the temporal distance between eating and recording
food intake are likely to improve outcomes; the percentage of
food records made within 15 minutes of eating has been found
to be associated with weight loss [20]. Recently, smartphone
cameras have made just-in-time food journaling possible by
taking a photo of food. A pilot study using disposable cameras
suggeststhat recording food before eating can lead to increased
consideration of dietary habitsand alter food choices better than
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written diaries [21]. Capturing images of food may improve
adherence and accuracy in some groups, such as among
adolescents who may be less motivated to keep detailed food
diaries[8].

Feedback on performance is a self-regulation technique that
either reinforces the current behavior or creates a discrepancy
between current and ideal behavior [4]. Individualized feedback
has been found to be associated with higher adherenceto online
interventions promoting healthy lifestyles [22,23]. In terms of
the content of feedback, encouraging reflection and
self-monitoring may be more important than detailed analysis
of nutritional contents when the target is to change eating
behavior [10,24,25].

Mobile apps can provide automated feedback on the healthiness
of the food based on the photo and also leverage other usersto
provide feedback through crowdsourcing [6]. Althoughit isstill
difficult to estimate food ingredients and portion sizes from a
photograph, efforts to develop estimation algorithms based on
image processing or crowdsourcing are underway [6,16]. One
such app is PlateMate, which crowdsources nutritional
assessmentsfrom Amazon Mechanical Turk, whereindividuals
assessing the food pictures receive anominal payment for each
picture [6]. Evaluation of the app suggested that these
crowd-generated assessments were almost as accurate as those
done by professional nutritionists, although pictures containing
ambiguous items such as beverages or salad dressing received
inaccurate ratings [26]. Beyond nutritional assessments,
technology can be used to share advice and feedback on healthy
eating between users [27].

Adherenceto Mobile Apps

Numerous mobile apps for hedthy eating are available in
application markets. Although they are easily within anyone's
reach, attritionislikely to beasignificant challenge, sincethere
isusualy very little external pressure or incentive to continue
usage [28]. Little research exists about usage behavior of
health-promoting apps, but reviews on Web-based interventions
havefound that adherenceisgenerally lower outside randomized
controlled trials and some observational studies have reported
adherence rates as low as 1% [29]. One of the few articles
published about mobile app usage examined data that was
collected from 4125 users between August 2010 and January
2011 [30]. The study found that sessions with apps were short,
averaging a little more than a minute, and that different types
of apps were used during different times of the day.
Communication apps were the most frequently used, 49.50%
of app launches, whereasthe proportion of health appswas only
0.26% of all app launches [30]. More studies into health app
usage behavior are thus warranted. Considering that people’s
eating patterns and daily routines vary over the week [31,32],
analyzing the temporal context of app usage may help identify
the best times to start using an app that promotes lifestyle
changes.
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Study Objectives

This study assesses the overall usage and reach of afree mobile
app for hedthy eating (“The Eatery”) over a period from
October 2011 to April 2012. Specificaly, we examine the
indicators of sustained use of the app, especially focusing on
the initiation of self-monitoring and the influence of peer
feedback.

Methods

Mobile App

The Eatery was a free iPhone app developed by the company
Massive Health. The app was officially launched on November
1, 2011 in Apple's application market [33]. It was targeted
toward English-speaking people and presented as an easy and
fun way to eat healthily. I1ts main functions were photographic
food recording, self-evaluation of foods, and crowdsourced peer
feedback. Users were asked to take a picture of the foods they
were going to eat, rate the picture on an arbitrary healthiness
scale from fat (unheathy) to fit (healthy) (Figure 1), and
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optionally write a description for the picture. In addition to
self-eval uation, userswere prompted to rate another user’sfood
pictures every time they opened the app. They could rate as
many successive pictures as they wanted (Figure 1a). Each of
the user’s own food pictures received an average healthiness
rating that was calculated from ratings given by other users
(Figure 1b) and displayed as a number between O (“fat”) and
100 (“fit"). Other social support features of the app included
the option to follow other users and provide feedback for their
picturesintheform of commentsand “likes’. The app provided
automated feedback on the user’'s past eating behavior by
showing the past week’s day-to-day healthiness ratings and
overal rating (Figure 1c), allowing the user to note the worst
times as potential improvement points. Feedback was also given
on week-to-week progress in healthiness ratings and on social
comparison to other users (Figure 1c). Moreover, the app
provided information on past behavior by displaying the most
frequent eating locations (Figure 1d) and highlighting the best
and worst meal s of the week. The only background information
asked from the users was their dietary preference on the first
launch of the app.
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Figure 1. Screenshotsof The Eatery app: a) rating other people’sfood with fat-fit scale, b) feedback received for photographed food, ¢) weekly summary,
and d) summary of user’s time-of-day healthiness ratings and places eaten at most.

Study Sample

Altogether 189,770 users downloaded and used the app, The
Eatery, at least once between October 15, 2011, and April 3,
2012. During this time, they generated 429,288 pictures and
7,946,447 ratings. In May 2012, Massive Health, the devel oper
of the app, decided to make the anonymized dataset available
for research purposes upon contact. The authors obtained the
dataset from Massive Health in June 2012.

Data of users, pictures, and ratings included timestamps that
represented the local time of the user's mobile phone. The
timestamps that were stored when the user first used the app

http://www.jmir.org/2014/4/€109/
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included time zone information for 98.51% (186,933/189,770)
of the users. 68.41% (127,884/186,933) of them were from the
main US time zones (UTC-8 to UTC-5) and 12.48%
(23,335/186,933) were from the main European or Africantime
zones (UTC+0to UTC+3).

Definition of Variables

Table 1 liststhe variables used in the analyses of factorsrelated
to usage of the app. As the focus of this study is on dietary
self-monitoring, the usage period was defined as the time that
elapsed between the first and the last picture taken by the user,
even though the users who stopped taking their own food
pictures could still continue to rate other users' pictures.
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Category Variable

Description

Usage activity
Number of pictures

Usage period

Total number of pictures taken by the user

Time elapsed between thefirst picture and the last picture (ie, the duration of

self-monitoring)

Pictures per day

Ratings given for peers
Context of use

Registration time

Dietary preference

Average number of pictures the user took per day during the usage period

Total number of ratings the user gave for other users' pictures

Day of week (Sun-Sat) and time of day when the user first used the app
Theresponsethe user gaveto “How do you eat?’ question during thefirst launch

of the app. The preference categories are listed in Table 2.

Self-evaluation

Own healthiness rating
Picture description length
Peer feedback

Average healthiness rating
Number of ratings
Number of comments
Number of likes

Difference to peer ratings

Healthiness rating the user gave for an own picture (0 to 1)@

Number of characters written in the picture description

Mean peer rating given for the picture (0 to 1)2
Total number of peer ratings given for a picture
Total number of comments from peers for a picture
Total number of peerswho “liked” apicture

Difference between the user’s own healthiness rating and average healthiness

rating for a picture

3Healthiness ratings were stored as a decimal number from 0 (“fat”) to 1 (“fit"), whereas the user saw the ratings as numbers from 0 to 100, asin Figure
1b. Therating that was displayed to the user was a non-linear mapping from peer ratings and user’s own rating.

Exclusion Criteriain Analyses

Pictures that did not contain an actual image (3.13%,
13,433/429,288 were such “empty pictures’) were removed
from the data, resulting in a sample of 415,855 pictures for
analysis. The overall quality and content of the pictures was
screened by the researchers by examining arandom sample of
pictures. The examination reveal ed that, for some users, thefirst
picture served as atest picture (for example, they took apicture
of a chair to test out the application). Further examination
showed that pictures obtaining a low number of peer ratings
were typically something other than food, and therefore should
be removed from further analysis. By manual inspection, the
threshold of a valid picture was adjusted to 10 ratings: if the
first picture taken by a user had received less than 10 ratings,
the picture information was excluded and the second picture
was used instead. If the user had taken only one picture or the
second picture had received less than 10 ratings, the user was
excluded from the analyses concerning the peer feedback for
thefirst picture. The total number of picturesfor each user was
adjusted after the picture validity check of thefirst two pictures.
This decreased the total number of pictures by a user by two
pictures at most. Latter pictures were not examined. In total,
398,228 pictures (92.76% of al pictures and 95.76% of
non-empty pictures) were classified as valid pictures.

http://www.jmir.org/2014/4/e109/

Some users had not rated their own first picture—these users
were excluded when analyzing the difference between their own
and average peer healthiness ratings.

Adherence Levels

Individual usersin the dataset were divided into groups based
on their adherence, for the analysis of different indicators of
adherence (initiation context of self-monitoring and peer
feedback). The level of adherence was defined based on the
total number of picturestaken and the length of the usage period
of the app.

Two types of adherence classificationswere formed for different
analyses. In the first case, two user groups were formed: (1)
users who had taken no valid pictures or only one valid picture
(“Dropouts’, 86.39%, 163,949/189,770), and (2) userswho had
taken more than one valid picture (“Users’, 13.61%,
25,821/189,770). For users who had taken at least one valid
picture, three activity levels were defined: (1) “Actives’ who
had taken at least 10 pictures and had used the app at least one
week (2.58%, 4895/189,770), (2) “ Semi-actives’ who had taken
at least two pictures, but less than 10 pictures or whose usage
period was | ess than one week (11.03%, 20,926/189,770), and
(3) “Non-actives” who had taken only onevalid picture (17.36%,
32,948/189,770).

The proportion of users who had downloaded the app less than
oneweek before the sampling period ended (on March 28, 2012
or later) was 2.01% (3812/189,770). Hence, they could not be
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classified as Actives. They were till included in the analyses
dueto their small number.

Initiation of Self-M onitoring

The association between users' registration time and adherence
level was analyzed to determine whether the temporal context
of initial use could have an influence on subsequent usage
activity. Registration time was categorized into seven weekdays
and each day was divided into fivetimeintervals: time between
0-5 (night), 5-10 (morning), 10-15 (daytime), 15-19 (late
afternoon), and 19-24 (evening). These time intervals were
chosen to correspond to the natural periods of the day and based
on the assumption that most users were from Anglo-American
culture, since the app was in English and roughly 68%
(127,884/186,933) of the users registered from the main US
time zones. The number of Dropouts and Userswho had started
using the app on each weekday and time of day intervals were

calculated. The chi-square (x?) test was used to compare whether
the proportions of Dropouts and Users in weekday and time of
day intervals (35 options) were equal to each other. Bonferroni
correction was used to adjust for multiple comparisons and the
adjusted significance level was set at P=.0014. Further
comparisons were exploratory and were made based on initial
results. Registration time was not available for 1.49% of the
users (2837/189,770).

Dietary preferences were divided into four categories based on
the users' response to “How do you eat?’ question on the first
use of the app. Table 2 lists the answer options to the question

Helander et d

and the numbers of users in each category: (1) “Not defined”
included users who had not given any preference (42.22%,
80,118/189,770), (2) “Everything” included users who chose
the option “1 eat everything” (46.33%, 87,912/189,770), (3)
“Strict” included users who had at least one of the following
options chosen: “Low carb, no carb, or paleo”, “Low fat”, or
“Vegan/vegetarian”, (8.97%, 17,025/189,770), and (4) “Other”
included users who had chosen or written an option that was
not included in the first three classes (2.48%, 4715/189,770).
For example, the variations of “1 eat everything!” response such
as"| eat everything except...” were categorized as “ Other”.

The associations between dietary preferences and adherence
were analyzed by calculating the proportion of (1) Actives out
of Users + Non-actives (ie, out of all users who took at least
onevalid picture), and (2) Users out of Users + Non-activesfor
each dietary preference category. The chi-square test was used
to examine whether the proportionswere equal between different
dietary preference categories. Tukey’sHSD (honestly significant
difference) multiple comparison test among proportions was
used to analyze which dietary preference categories differed
from each other after obtaining significance value P<.05.

Finally, the existence and length of thetextual description given
for the first picture taken by the user were compared between
Active, Semi-active, and Non-active user groups. One-way
ANOVA (analysis of variance) was used for description length
and the chi-square test for the existence of the description. This
analysis was done to assess the engagement level of the user
during the initiation of self-monitoring.

Table 2. Numbers of users according to their dietary preferences based on “How do you eat?’ question.?

“How do you eat?’ Category Number of users, n (%)
n=189,770
Not defined Not defined 80,118 (42.22%)
“| eat everything!” Everything 87,912 (46.33%)
“Low fat” Strict 7778 (4.10%)
“Low carbs, no carbs, or paleo” Strict 7146 (3.77%)
“Vegan or vegetarian” Strict 6223 (3.28%)
“Complex carb diet” Other 2388 (1.26%)
“Other” Other 2427 (1.28%)
“Gluten free” or “gluten free” Other 229 (0.12%)
None of the above Other 1714 (0.90%)
Total Strict 17,025 (8.97%)
Total Other 4715 (2.48%)

3N ote that some users provided multiple responses to the question.

Peer Feedback

The amount and quality of peer feedback given for the first
picture (average healthiness score, number of likes, number of
comments, and difference to peer ratings) were compared
between Active, Semi-active, and Non-active user groups to
determine whether higher level of feedback on the initiation of
self-monitoring was connected with adherence. Only those who

http://www.jmir.org/2014/4/e109/

had at least one valid picture among the first two pictures they
had taken were included because the focus was on the initial
feedback. For continuous variables, one-way ANOVA was used
and for binary variables, the chi-squaretest was used to compare
whether the proportions were equal between user groups. The
numbers of ratings given by the usersin each dietary preference
category were also calculated to determine whether the stated
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dietary preference would have a connection to the user’s activity
in providing peer feedback to others.

Changesin Healthiness Ratings

Changesin healthinessratings were analyzed only among Active
users who had at least one valid picture among the first two
pictures they had taken (99.35% of Actives, 4863/4895). Other
user groups used the app for such a short time that no trend
could reliably be identified. First, a correlation coefficient
between the average healthiness rating of the first picture and
all subsequent pictures was determined. A change (linear
regression coefficient) in healthiness ratings as a function of
pictureindex and corresponding P value was calculated for each
Active user. The dependent variable was the healthiness rating
of apicture and the independent variable was the picture index
1,2,...,Nwhere N was the number of picturestaken by the user.
Note that the ordered list of pictures was used instead of real
timeaxis. If asignificant (P<.05) positivelinear coefficient was
found, the user was categorized into “ Improvers’ (improvement
in diet), and negative into “Decliners’ (deterioration in diet).
Student’s t test was used to compare whether usage activity
(number of pictures, usage period, and pictures per day) differed
between Improvers and other Actives.

Changes in eating behavior among users with different dietary
preferences were also examined. One-way ANOVA was used

Helander et d

to compare the average healthiness rating for the first picture
and the healthiness rating for all pictures between different
dietary preference categories. The number of Improvers or
Decliners in each dietary category was determined. The
chi-squaretest was used to examine whether there were an equal
proportion of Improversand Declinersin each dietary preference

category.

Results

Overall Adherence and Healthiness Ratings

Table 3 shows the numbers of users divided into different
adherence levels based on their usage activity. The average
number of pictures and usage period in days is also shown for
Semi-actives and Actives. Only 2.58% (4895/189,770) of the
users became Active users, whereas more than two-thirds of
the users did not take any valid pictures. On average, Actives
took 1.6 pictures per day and 14.99% (734/4895) of them took
more than three pictures per day.

Table 4 summarizes the statistics of valid pictures (92.76% of
all pictures, 398,228/429,288) in the dataset from The Eatery.
Their average healthiness rating, 0.58, was dightly above the
midpoint of the fat-fit scale from 0 to 1.

Table 3. Adherence datafor users who downloaded the free dietary self-monitoring app between October 15, 2011 and April 3, 2012 (n=189,770).

User group Activity level  Description Count, Pictures per user, Usage period in days,
n (%) mean (SD) mean (SD)
Dropouts  Non-users No pictures or no valid pictures 131,001 (69.03%) - -
Dropouts  Non-actives  Only 1 valid picture 32,948 (17.36%) - -
Users Semi-actives At least two valid pictures and lessthan 10 20,926 (11.03%) 4.1(3.7) 9.3(19.2)
pictures or usage period shorter than 7 days
Users Actives Atleast 10 picturesand usage period longer 4895 (2.58%) 58.9 (99.5) 46.6 (37.7)

than 7 days

Table 4. Statistics for the 398,228 valid pictures taken by 58,769 users of the dietary self-monitoring app “ The Eatery”.

Variable Description

Value,
mean (SD; range) or n (%)

Self-evaluations

Number of pictures with textual description

Average length of textual description (if existed) as number of characters

Peer feedback
Average healthiness rating
Number of pictures having at least one like
Average number of likes (if existed)
Number of pictures having at |least one comment

Average number of comments (if existed)

293,692 (73.75%)
26.1 (18.1; 1-248)

0.581 (0.195; 0.0261-0.986)
61,299 (15.39%)

1.3(0.9; 1-21)

15,247 (3.83%)

1.7 (1.4; 1-28)

Initiation of Self-Monitoring

The associations between users' registration time and adherence
level are presented in Figure 2, which comparesthe proportions

http://www.jmir.org/2014/4/e109/
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of Users and Dropouts who started using the app on each day
of week and time of day interval. A higher proportion of Users
started using the app during the daytime on weekdays than
Dropouts (20.28%, 5237/25,820 vs 15.34%, 24,718/161,113;
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X%,=356.3, P<.001). Moreover, a higher proportion of Users
started using the app especially during Tuesdays than Dropouts
(17.66%, 4561/25,820 vs 14.88%, 23,974/161,113; x*,=133.4,
P<.001).

Most common dietary preferences (see Table 2) reported by
users during the first use of the app were “| eat everything”
(46.33%) or undefined (42.22%). In total, 8.97% of the users
were considered to have Strict diets. Table 5 presents the
differences in adherence levels between dietary preference
groups among users who took at least one valid picture. Users
with Strict diets were the most likely (14.31%, 900/6291) and
userswho had not defined any diet weretheleast likely (3.99%,
742/18,590) to use the app actively. A similar trend was

Helander et d

observed when Semi-active users were included in the
comparisons: half (50.45%, 3174/6291) of the userswith Strict
diets were Semi-active or Active, a significantly higher
proportion than among users who had not defined their diets.

Engagement of the user during theinitiation of self-monitoring
was also assessed by examining the textual description given
for the first picture. A textual description for the first picture
was given by 26.09% (15,179/58,170) of userswho had at |east
one valid picture among the first two pictures they had taken.
Table 6 presents the comparisons between different adherence
groups. Active users had written adescription for thefirst picture
more often than Semi-actives or Non-actives, and the average
description was also longer in the number of characters.

Table 5. Proportions of Semi-active and Active usersin each dietary preference category out of all users who took at least one valid picture.

Users 1. Not defined, 2. Everything, 3. Strict, 4. Other, Test statistics Differencesin post
n (%) n (%) n (%) n (%) hoc comparisons
n=18,590 n=32,090 n=6291 n=1798

Actives/ UserstNon- 742 (4.0%) 3040 (9.47%) 900 (14.31%) 213 (11.9%) )(23:826.6 All groups

actives P<.001

Users/ UserstNon- 7188 (38.67%) 14,560 (45.37%) 3174 (50.45%) 899 (50.0%) X2 =371.8 All but not 3and 4

actives P<3001 ;

Table 6. Comparison of user engagement in thefirst self-monitoring entry between different adherence groups as measured by the presence and length

of textual description for the picture.

First picture characteristics 1. Non-actives 2. Semi-actives 3. Actives Test statistics Differencesin post hoc
(n=32,648) (n=20,659) (n=4863) comparisons

Presence of textual description, n (%) 5783 (17.71%) 6824 (33.03%) 2572 (52.89%) X22=3515- 1, P<.001 All groups

Number of charactersin description  20.1 (15.8) 23.4(17.5) 26.8(19.1) F2 15176=150.1, All groups

(if existed), mean (SD)

P<.001
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Figure 2. Correlations between users’ adherence level and their local registration time. Black=higher proportion of Users (P<.0014); White=higher
proportion of Dropouts; Grey=no difference. Numbers separated by slashes next to weekday and time of day labels are percentages of Users/Drop-outs

for corresponding rows and columns.

Weekday

Sun 15.6/17.5

Mon 15.2/15.1

Tue 17.7/14.9

Wed 14.6/13.5

Thu 12.0112.5

Fri 11.4/11.9

Sat 13.5/145

13.0/11.6
5-10

8.5/11.0

Time of day 0-5

(hours)

Peer Feedback

Feedback received by the users' first pictures was examined to
determine whether higher level of feedback on the initiation of
self-monitoring was connected with adherence. Thefirst picture
had at least one like among 7.68% (4470/58,170) of the users
and at | east one comment among 3.85% (2240/58,170) of them.
Table 7 presents the comparisons of variables related to peer
feedback between different adherence groups. Small but
significant differences were found between Active and less
active usersfor all variables: the average healthinessrating was

http://www.jmir.org/2014/4/€109/

XSL-FO

RenderX

20.4/20.3
15-19

29.1/33.6
19-24

29.0/23.5
10-15

higher and the proportion of pictures having comments and
likes was higher. Still, comments and likes were relatively rare
even among Active users.

Peer feedback was also examined from the perspective of users
who gave the ratings to others. Analysis of dietary preferences
and rating activity found that users in the “Not defined” diet
group gave 21.81% (1,732,976/7,946,447) of al ratings, users
inthe“Everything” group gave 52.83% (4,198,272/7,946,447),
userswith Strict diets gave 20.70% (1,645,134/7,946,447), and
users with some Other diet gave 4.66% (370,065/7,946,447) of
all ratings.
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Table 7. Amount and quality of peer feedback for theinitial self-monitoring record in the app between different adherence groups.

First picture characteristics 1. Non-actives 2. Semi-actives 3. Actives Test statistics Differences in post
(n=32,648) (n=20,659) (n=4863) hoc comparisons

Average healthinessrating,  0.49 (0.21) 0.52 (0.20) 0.55 (0.19) F258167=225.9, All groups

mean (SD) P<.001

Difference to peer ratings, 0.04 (0.22) 0.04 (0.21) 0.05 (0.18) F257738=5.1, land 3,

mean (SD) P=.006 2and 3

Having at least onelike, n (%) 2031 (6.22%) 1792 (8.67%) 647 (13.30%) X%=343.6, P<.001 All groups

Number of likes (if at least 1.1 (0.3) 1.1(0.4) 1.2 (0.4) F2 4467=13.6, P<.001 land3,

one), 2and3

mean (SD)

Having at |east one comment,

n (%) 663 (2.03%) 1088 (5.27%) 489 (10.06%) X°2=909.6, P<.001 All groups

Number of comments (if at 1.2 (0.6) 1.3(0.9) 14(11) F22237=15.1, land3,

least one), P<.001 2and3

mean (SD)

Changesin Healthiness Ratings

Among the 4863 Active userswho had at |east onevalid picture
as their first or second picture, 481 (9.89%) had a significant
positive trend in healthiness scores. These“ Improvers’ differed
from other Actives by having a higher total number of pictures
(mean 126.68, SD 183.73 vsmean 51.41, SD 82.16; tg5,=16.19;

P<.001), alonger usage period in days (mean 68.17, SD 42.95

vs mean 44.16, SD 36.34; t,g5=13.54; P<.001), and a higher
number of pictures per day (mean 1.80, SD 1.70 vs mean 1.55,
SD 1.58; t4g6,=3.25; P=.001). In other words, they used the app
for a longer time and did dietary self-monitoring more
frequently.

Userswith Strict diets had higher healthiness scores than users
in other dietary preference categories and they also had the
highest proportion of Improvers (Table 8).

Table 8. Average healthiness rating and number of users (Actives) that had a significant linear coefficient in their healthiness rating in each dietary

preference category.

Scores/users 1. Not defined 2. Everything 3. Strict 4. Other (n=212) Test statistics Differencesin post

(n=732) (n=3023) (n=896) hoc comparisons
Average healthiness  0.54 (0.19) 0.53(0.19) 0.60 (0.18) 0.56 (0.18) F3,4850=29.3, P<.001 land 3,
rating (first picture), 2and3
D

mean (SD) 3and 4

Average healthiness  0.56 (0.08) 0.57 (0.09) 0.63 (0.08) 0.60 (0.10) F34850=149.8, P<.001 All groups

rating (al pictures),

mean (SD)

Number of Improvers, 55 (7.51%) 281 (9.30%) 125 20 (9.43%) X23:22-57 P<.001 land3,

n (%) (13.95%) 2and 3

Number of Decliners, 14 (1.91%) 72 (2.38%) 32(3.57%) 6 (2.83%) X23:5- 4, P=.15 None

n (%)

; : eriod for majority of the users, many probably tried out the

Discussion P gonty Y probebly

Overall Adherenceand Changesin HealthinessRatings

Almost 190,000 people downloaded the app, The Eatery,
between October 2011 and April 2012, but attrition was very
high: less than 3% were active users, that is, used the app for
more than aweek and took 10 or more food pictures. Most of
the users did not take any pictures (69%) or took only one
picture (17%), which meansthat they only downloaded the app
and experimented with it once without starting dietary
self-monitoring. This is similar to most free apps, which are
easy to join and try out even if there is no serious intention or
commitment to start using the app [13,25]. Given the short usage

http://www.jmir.org/2014/4/e109/

RenderX

application for fun.

The Eatery was not marketed as a weight loss app but instead
asamethod to eat healthier (“ Stop counting calories, start eating
better”), and hence may have attracted a large number of users
with no real interest in dietary improvements and thus lacking
motivation for dietary self-monitoring. However, the few active
users used the application on average 1.5 months. Dietary
self-monitoring for this amount of time would be enough to
lead to increased awareness of eating habits and changes in
behavior, if done diligently. The average healthiness rating of
all pictures was 0.58, dlightly above the midpoint on the scale
of 0 (“fat”) to 1 (“fit"). Hence, users did not photograph only
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healthy foods and there was room for improvement. A positive
trend in healthiness ratings was still observed among only 10%
of active users (0.3% of all users). Even if we assume that this
trend reflects changes in their real-life eating behavior, the
impact of the app on eating choices (or choosing which foods
to record) appears to have been very small. Active users took
less than two pictures per day on average, which means that a
large portion of their eating was left unrecorded. Thus, the
positive trend among some users could aso mean that they
started “ gaming the system” by selectively photographing their
foodsto get better ratings and comments.

Initiation of Self-M onitoring

Users who used the app for the first time on weekdays
(especially on Tuesdays or Wednesdays) and during morning
or daytime became semi-active or active users more often than
those who started using the app during evenings or weekends.
Peopl€'s varying eating patterns that depend on their schedules
during workdays and outside work [34] can help explain this
finding. Prior studies have found that diet quality is generally
poorer during weekends than on weekdays and calorie intake
is higher, especially in the form of fat and alcohol [31,32,35],
so people do not necessarily want to start tracking their eating
a these times. Moreover, people are generaly less
work-oriented in the evening and during weekends and may try
out different apps just for fun. In contrast, someone who
downloads a healthy eating app in the middle of theweek during
daytime probably hasthe intention to start keeping track of their
eating. Thistime period could also be afruitful time to suggest
initiation of lifestyle changes, athough everyone does not have
the same work schedules.

The dietary preferences reported on the initial use were also
connected to adherencelevel. Userswho reported a“ strict” diet
(low fat, low/no carbs, or vegan/vegetarian) were most likely
to become active users. They also gave 21% of al ratings,
although only 9% of all users belonged to the strict group.
Hence, it is possible that users with strict diets were aready
most interested in healthy eating. Thisisalso supported by their
healthiness ratings. active users with strict diets had higher
average healthinessratingsfor their first picture and also higher
average healthiness ratings for all pictures than users in other
dietary preference groups.

The motivation of sustained users might already be seen on the
initiation of self-monitoring by looking at how much time and
cognitive capacity they devote to it. This is supported by the
finding that more than half of the active users (53%) gave a
textual description for their first picture whereas less than
one-fifth of the non-active users (18%) did so. In addition to
pre-existing intention to start dietary self-monitoring, theinitial
user experience of the app most likely influenced the users
intention to continue using it. Positive feedback received from
peers for thefirst picture taken by the user was associated with
higher adherence; active users had higher average healthiness
ratings for the first picture than less active users. This begs the
question—did they happen to take a picture of a healthy food
and were encouraged by the good feedback to continue using
the application or werethey aready hedlthy eaters, thus naturally
photographing a healthy food? Because a higher proportion of
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active users also used the app for thefirst time during weekdays
and daytime, the food that they chose to photograph first was
probably their workday lunch, which is often healthier than
foods that are eaten during weekends [35]. Hence, the timing
of the initia use of the dietary self-monitoring app may be
important both in terms of the users' pre-existing motivation
and the type of reinforcing feedback generated by the app.

Peer Feedback

Although active users obtained more comments and likes for
their picturesfrom peersthan those who took only few pictures,
the total percentage of pictures with comments (4%) and likes
(15%) was quite low. Thus, most users had no connection to
other users other than receiving and giving anonymous ratings.
The socia network formed in such away is very loose: users
neither know whose pictures they rate nor have any knowledge
of who rates their pictures. The app itself did not offer explicit
advice on what to do to improve eating habits or what congtitutes
a hedlthy diet. It may be that if users are merely told that their
meal is unhealthy but not given any advice on what to do to
make it better, they do not get enough value out of the
experience and subsequently lack motivation to continue using
the app [36]. People may also have very different ideas about
what healthy or “fit” food is, but these differences do not seem
to have influenced adherence in this study. Although the
difference between the user's own rating and average peer
ratings was highest among active users, in practice this
difference was very small.

An app like this relies on its users to provide one of its core
functions, that is, peer feedback. It would be interesting to study
what motivates people to participate in this crowdsourcing
activity of giving ratings to others. One explanation is the
reciprocity of the action: when a user rates someone else’'s
pictures, they also get ratingsfor their own. However, engaging
in this activity for a long time might require an existing
community or formation of stronger ties between users[27].

Limitations and Challenges

The most significant limitation of the study is the lack of
information about user demographics, behavioral outcomes,
and initial motives. For example, the association between
outcomes and adherence to dietary self-monitoring has been
found to differ between race and gender groups in weight loss
interventions [12], and it would have been interesting to see if
similar patterns had emerged in this context. In this study, the
application only provided data about the users dietary
preferences. The general statistics about smartphone users in
early 2012 suggest that iPhone users were dlightly older than
Android users and downloaded more appsin amonth than users
of other smartphone systems[37]. Users of The Eatery owned
aniPhonesoitispossiblethat their characteristicsfollowed the
same pattern. Collecting comprehensive data about users
background may be challenging in free apps, which aim for
fluent user experience, but creative waysto gather data such as
asking one question per usage occasion could be devised in
further studies.

The reliability of healthiness ratings is questionable because
they were entirely crowdsourced. The idea of crowdsourcing is
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to take an average of many individuals' estimates resulting in
an estimate that can be surprisingly close to the truth, although
individuals' separate values may lie far from it. Crowdsourced
ratings can be biased, resulting from cultural differences [26]
or rater’s own food preferences. When pictures are rated asin
this study, the quality of the picture is aso likely to make a
difference. Portion size estimation is difficult even when
measurement aids are present in the picture [18,19,38].
Moreover, usersdid not photograph everything they ate so there
isno way of knowing how healthily people ate in general and
whether the observed positive trend in heal thiness ratings among
10% of active users meant anything in practice.

Dietary decisions are often unconscious and affected by
environmental factors more than people believe [39]. In this
study, the location information of where the pictures were taken
was available, but was not exploited, although dietary behaviors
are likely to be linked with locations. In a recent study [40],
volunteers used Twitter to report their food and were encouraged
to add a photo and contextual information, such as company,
mood, and reasons for eating. The data was used visualize the
relationships between dietary and behavioral factors.

Some updates were released to the app during the six-month
timeframe of data collection. These updates consisted of minor
modification and fixes in the user interface of the app. They
may have had a minor influence on the user experience of the
app, but they were not included in the analyses since the main
features and functions remained the same.

Finaly, the app utilized self-regulation techniques of
self-monitoring and feedback, but lacked other techniques
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derived from control theory [4,5]. The app did not prompt users
to set specific goals or review behavioral goals and only
implicitly prompted intention formation (“eat healthy”).
Implementing these techniques could have given users a more
specific purpose for using the app. Practical advice for healthy
eating could also have been given by formation of
implementation intentions through if-then planning, which has
been shown to increase effectiveness of healthy eating
interventions [10].

Conclusions

Aswith most mobile apps, the mgjority of userstried the dietary
self-monitoring app only once. Adherence was higher among
users who had diets that were likely to restrict at least some
unhealthy foods, and these kinds of userswere also more active
in rating other users foods. This could mean that this kind of
an application attracts users with special diets and/or those
interested in food. Moreover, initiation of self-monitoring in
the middle of the week during daytime and the amount of
feedback from peers were connected to higher adherence.

Even though the findings show that the app reached a large
number of people, itsactual impact among users remained small
because most did not even start dietary self-monitoring with
the app. If people would use the app as intended for dietary
self-monitoring on aregular basis, they could experience some
benefits through heightened awareness of their eating habits.
Still, the app did not implement all self-regulation techniques
that could have strengthened its impact and it lacked means to
track changesin eating behavior systematically. Reaching those
users who could benefit the most from dietary self-monitoring
and maintaining their adherence remains a challenge.

Theauthorsthank SylviaCheng and Max Utter at Jawbonefor providing the Massive Health dataset and assisting with preliminary
data analyses. Massive Health was acquired by Jawbone in February of 2013 and Jawbone continues to support the Massive
Health application and associated research. The authors also thank Aleksi Salo at Tampere University of Technology for carrying
out data extraction.

This work was partially supported by the SalWe Research Program for Mind and Body (Tekes-the Finnish Funding Agency for
Technology and Innovation grant 1104/10).

Conflictsof Interest
None declared.

References

1. Contentol, BachG, Bronner Y, LytleL, Maloney S, Olson C, et a. The effectiveness of nutrition education and implications
for nutrition education policy, programs, and research: areview of research. Journal of Nutrition Education
1995;27(6):277-418.

2. Nationa Institute of Health (NIH). Clinical guidelines on the identification, evaluation, and treatment of overweight and
obesity in adults: the evidence report. Bethesda, MD: National Heart, Lung, and Blood Institute; 1998. URL: http://www.
nhibi.nih.gov/guidelines/obesity/prctgd_c.pdf [accessed 2013-11-04] [WebCite Cache ID 6KSKKOSU3]

3. BurkeLE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. JAm Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]

4.  Carver CS, Scheier MF. Control theory: auseful conceptual framework for personality-social, clinical, and health psychology.
Psychol Bull 1982 Jul;92(1):111-135. [Medline: 7134324]

5.  Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: ameta-regression. Health Psychol 2009 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]

http://www.jmir.org/2014/4/€109/ JMed Internet Res 2014 | vol. 16 | iss. 4 | €109 | p. 12

(page number not for citation purposes)


http://www.nhlbi.nih.gov/guidelines/obesity/prctgd_c.pdf
http://www.nhlbi.nih.gov/guidelines/obesity/prctgd_c.pdf
http://www.webcitation.org/

                                                6KsKK0SU3
http://europepmc.org/abstract/MED/21185970
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185970&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7134324&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Helander et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Stumbo PJ. New technology in dietary assessment: areview of digital methods in improving food record accuracy. Proc
Nutr Soc 2013 Feb;72(1):70-76. [doi: 10.1017/S0029665112002911] [Medline: 23336561]

Glanz K, Murphy S, Moylan J, Evensen D, Curb JD. Improving dietary self-monitoring and adherence with hand-held
computers: a pilot study. Am J Health Promot 2006;20(3):165-170. [Medline: 16422134]

Boushey CJ, Kerr DA, Wright J, Lutes KD, Ebert DS, Delp EJ. Use of technology in children's dietary assessment. Eur J
Clin Nutr 2009 Feb;63 Suppl 1:S50-S57 [FREE Full text] [doi: 10.1038/ejcn.2008.65] [Medline: 19190645]

Zhu F, Bosch M, Woo |, Kim S, Boushey CJ, Ebert DS, et al. The use of mobile devicesin aiding dietary assessment and
evaluation. |[EEE J Sel Top Signal Process 2010 Aug;4(4):756-766 [FREE Full text] [doi: 10.1109/JST SP.2010.2051471]
[Medline: 20862266]

Rothman AJ, Sheeran P, Wood W. Reflective and automatic processes in the initiation and maintenance of dietary change.
Ann Behav Med 2009 Dec;38 Suppl 1:$4-17. [doi: 10.1007/s12160-009-9118-3] [Medline: 19787308]

Baker RC, Kirschenbaum DS. Self-monitoring may be necessary for successful weight control. Behavior Therapy
1993;24(3):377-394. [doi: 10.1016/S00057894(05)80212-6]

Hollis JF, Gullion CM, StevensV J, Brantley PJ, Appel LJ, Ard JD, Weight L oss Maintenance Trial Research Group. Weight
loss during the intensive intervention phase of the weight-loss maintenance trial. Am J Prev Med 2008 Aug;35(2):118-126
[FREE Full text] [doi: 10.1016/j.amepre.2008.04.013] [Medline: 18617080]

Hwang KO, Ning J, Trickey AW, Sciamanna CN. Website usage and weight lossin a free commercia online weight loss
program: retrospective cohort study. JMed Internet Res 2013;15(1):e11 [FREE Full text] [doi: 10.2196/jmir.2195] [Medline:
23322819]

Thompson FE, Subar AF. Dietary assessment methodol ogy. In: Coulston AM, Boushey CJ, editors. Nutrition in the
Prevention and Treatment of Disease. San Diego, CA: Academic Press; 2008:3-39.

Thompson FE, Subar AF, Loria CM, Reedy JL, Baranowski T. Need for technological innovation in dietary assessment. J
Am Diet Assoc 2010 Jan;110(1):48-51 [FREE Full text] [doi: 10.1016/j.jada.2009.10.008] [Medline: 20102826]

Subar AF, Crafts J, Zimmerman TP, Wilson M, Mittl B, ISam NG, et al. Assessment of the accuracy of portion size reports
using computer-based food photographs aids in the devel opment of an automated self-administered 24-hour recall. JAm
Diet Assoc 2010 Jan;110(1):55-64 [FREE Full text] [doi: 10.1016/].jada.2009.10.007] [Medline: 20102828]

Daugherty BL, Schap TE, Ettienne-Gittens R, Zhu FM, Bosch M, Delp EJ, et al. Novel technologies for assessing dietary
intake: evaluating the usability of a mobile telephone food record among adults and adolescents. JMed Internet Res
2012;14(2):e58 [FREE Full text] [doi: 10.2196/jmir.1967] [Medline: 22504018]

Frobisher C, Maxwell SM. The estimation of food portion sizes: a comparison between using descriptions of portion sizes
and a photographic food atlas by children and adults. J Hum Nutr Diet 2003 Jun;16(3):181-188. [Medline: 12753111]
Lee CD, Chae J, Schap TE, Kerr DA, Delp EJ, Ebert DS, et a. Comparison of known food weights with image-based
portion-size automated estimation and adolescents' self-reported portion size. J Diabetes Sci Technol 2012 Mar;6(2):428-434
[FREE Full text] [Medline: 22538157]

Burke LE, Sereika SM, Music E, Warziski M, Styn MA, Stone A. Using instrumented paper diaries to document
self-monitoring patterns in weight loss. Contemp Clin Trials 2008 Mar;29(2):182-193 [FREE Full text] [doi:
10.1016/j.cct.2007.07.004] [Medline: 17702667]

Zepeda L, Deal D. Think before you eat: photographic food diaries as intervention tools to change dietary decision making
and attitudes. International Journal of Consumer Studies 2008;32(6):692-698. [doi: 10.1111/j.1470-6431.2008.00725.x]
Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et al. Which intervention characteristics are related
to more exposure to internet-delivered healthy lifestyle promotion interventions? A systematic review. JMed Internet Res
2011;13(1):e2 [FREE Full text] [doi: 10.2196/jmir.1639] [Medline: 21212045]

Cugelman B, Thelwall M, Dawes P. Online interventions for social marketing health behavior change campaigns: a
meta-analysis of psychological architectures and adherence factors. JMed Internet Res 2011;13(1):e17 [FREE Full text]
[doi: 10.2196/jmir.1367] [Medline: 21320854]

Helsel DL, Jakicic M, Otto AD. Comparison of techniques for self-monitoring eating and exercise behaviors on weight
lossin acorrespondence-based intervention. JAm Diet Assoc 2007 Oct;107(10):1807-1810. [doi: 10.1016/j.jada.2007.07.014]
[Medline: 17904942]

Klasnja P, Pratt W. Healthcare in the pocket: mapping the space of mobile-phone health interventions. J Biomed Inform
2012 Feb;45(1):184-198 [FREE Full text] [doi: 10.1016/].jbi.2011.08.017] [Medline: 21925288]

Noronha J, Hysen E, Zhang H, Krzysztof Z. Platemate: crowdsourcing nutritional analysis from food photographs. In:
Proceedings of the 24th Annual ACM Symposium on User Interface Software and Technology. New York, NY: ACM;
2011:1-12.

Parker A, Kantroo V, Lee HR, Osornio M, Sharma M, Grinter R. Health promotion as activism: building community
capacity to effect social change. In: CHI'12 Proceedings of the SIGCHI Conference on Human Factorsin Computing
Systems. New York, NY: ACM; 2012:99-108.

Eysenbach G. Thelaw of attrition. JMed Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

http://www.jmir.org/2014/4/€109/ JMed Internet Res 2014 | vol. 16 | iss. 4 | €109 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1017/S0029665112002911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23336561&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16422134&dopt=Abstract
http://europepmc.org/abstract/MED/19190645
http://dx.doi.org/10.1038/ejcn.2008.65
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19190645&dopt=Abstract
http://europepmc.org/abstract/MED/20862266
http://dx.doi.org/10.1109/JSTSP.2010.2051471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20862266&dopt=Abstract
http://dx.doi.org/10.1007/s12160-009-9118-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19787308&dopt=Abstract
http://dx.doi.org/10.1016/S00057894(05)80212-6
http://europepmc.org/abstract/MED/18617080
http://dx.doi.org/10.1016/j.amepre.2008.04.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18617080&dopt=Abstract
http://www.jmir.org/2013/1/e11/
http://dx.doi.org/10.2196/jmir.2195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23322819&dopt=Abstract
http://europepmc.org/abstract/MED/20102826
http://dx.doi.org/10.1016/j.jada.2009.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20102826&dopt=Abstract
http://europepmc.org/abstract/MED/20102828
http://dx.doi.org/10.1016/j.jada.2009.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20102828&dopt=Abstract
http://www.jmir.org/2012/2/e58/
http://dx.doi.org/10.2196/jmir.1967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22504018&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12753111&dopt=Abstract
http://jdst.org/worldpress/index.php?s=Volume+6%2C+Issue+2%3A+428+2012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22538157&dopt=Abstract
http://europepmc.org/abstract/MED/17702667
http://dx.doi.org/10.1016/j.cct.2007.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17702667&dopt=Abstract
http://dx.doi.org/10.1111/j.1470-6431.2008.00725.x
http://www.jmir.org/2011/1/e2/
http://dx.doi.org/10.2196/jmir.1639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212045&dopt=Abstract
http://www.jmir.org/2011/1/e17/
http://dx.doi.org/10.2196/jmir.1367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21320854&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2007.07.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17904942&dopt=Abstract
http://europepmc.org/abstract/MED/21925288
http://dx.doi.org/10.1016/j.jbi.2011.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21925288&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Helander et al

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

Kelders SM, Kok RN, Ossebaard HC, Van Gemert-Pijnen JE. Persuasive system design does matter: a systematic review
of adherence to web-based interventions. J Med Internet Res 2012;14(6):€152 [FREE Full text] [doi: 10.2196/jmir.2104]
[Medline: 23151820]

Bohmer M, Hecht B, Schéning J, Kriiger A, Bauer G. Falling asleep with Angry Birds, Facebook and Kindle: alarge scale
study on mobile application usage. In: MobileHCI'11 Proceedings of the 13th International Conference on Human Computer
Interaction with Mobile Devices and Services. New York, NY: ACM; 2011:47-56.

McCarthy S. Weekly patterns, diet quality and energy balance. Physiol Behav 2014 Mar 1:1 (forthcoming). [doi:
10.1016/j.physbeh.2014.02.046] [Medline: 24589367)

Racette SB, Weiss EP, Schechtman KB, Steger-May K, Villareal DT, Obert KA, et al. Influence of weekend lifestyle
patterns on body weight. Obesity (Silver Spring) 2008 Aug;16(8):1826-1830 [ EREE Full text] [doi: 10.1038/0by.2008.320]
[Medline: 18551108]

Massive Headlth. The Eatery website URL : https://eatery.massivehealth.com/ [accessed 2013-11-04] [WebCite Cache ID
6K sJsY gBx]

Jastran MM, Bisogni CA, Sobal J, Blake C, Devine CM. Eating routines. Embedded, val ue based, modifiable, and reflective.
Appetite 2009 Feb;52(1):127-136 [FREE Full text] [doi: 10.1016/j.appet.2008.09.003] [Medline: 18835305]

Haines PS, Hama MY, Guilkey DK, Popkin BM. Weekend eating in the United States is linked with greater energy, fat,
and alcohol intake. Obes Res 2003 Aug;11(8):945-949. [doi: 10.1038/0by.2003.130] [Medline: 12917498]

Gummerus J, Pihlstrom M. Context and mobile services value-in-use. Journal of Retailing and Consumer Services 2011
Nov;18(6):521-533. [doi: 10.1016/j.jretconser.2011.07.002]

Alexander A. Smartphone usage statistics 2012 (infographic) URL : http://ansonal ex.com/infographics/
smartphone-usage-statistics-2012-infographic/ [accessed 2014-03-31] [WebCite Cache ID 60TVN9507]

Hernandez T, Wilder L, Kuehn D, Rubotzky K, Moser-Veillon P, Godwin S, et al. Portion size estimation and expectation
of accuracy. Journal of Food Composition and Analysis 2006 Aug;19:S14-S21. [doi: 10.1016/j.jfca.2006.02.010]
Wansink B. Environmental factors that increase the food intake and consumption volume of unknowing consumers. Annu
Rev Nutr 2004;24:455-479. [doi: 10.1146/annurev.nutr.24.012003.132140] [Medline: 15189128]

Hingle M, Yoon D, Fowler J, Kobourov S, Schneider ML, Falk D, et a. Collection and visualization of dietary behavior
and reasons for eating using Twitter. JMed Internet Res 2013;15(6):€125 [FREE Full text] [doi: 10.2196/[mir.2613]
[Medline: 23796439]

Abbreviations

ANOVA: analysis of variance

Edited by G Eysenbach; submitted 05.11.13; peer-reviewed by P Sumbo, L Zepeda; comments to author 05.02.14; revised version
received 09.03.14; accepted 30.03.14; published 15.04.14

Please cite as:

Helander E, Kaipainen K, Korhonen I, Wansink B

Factors Related to Sustained Use of a Free Mobile App for Dietary Self-Monitoring With Photography and Peer Feedback: Retrospective
Cohort Study

J Med Internet Res 2014;16(4):€109

URL: http://www.jmir.org/2014/4/e109/

doi: 10.2196/jmir.3084
PMID: 24735567

©Elina Helander, Kirsikka Kaipainen, [Ikka Korhonen, Brian Wansink. Originally published in the Journal of Medical Internet
Research (http://www.jmir.org), 15.04.2014. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright and license
information must be included.

http://www.jmir.org/2014/4/€109/ JMed Internet Res 2014 | vol. 16 | iss. 4 | €109 | p. 14

RenderX

(page number not for citation purposes)


http://www.jmir.org/2012/6/e152/
http://dx.doi.org/10.2196/jmir.2104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151820&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2014.02.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24589367&dopt=Abstract
http://europepmc.org/abstract/MED/18551108
http://dx.doi.org/10.1038/oby.2008.320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18551108&dopt=Abstract
https://eatery.massivehealth.com/
http://www.webcitation.org/

                                                6KsJsYqBx
http://www.webcitation.org/

                                                6KsJsYqBx
http://europepmc.org/abstract/MED/18835305
http://dx.doi.org/10.1016/j.appet.2008.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18835305&dopt=Abstract
http://dx.doi.org/10.1038/oby.2003.130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12917498&dopt=Abstract
http://dx.doi.org/10.1016/j.jretconser.2011.07.002
http://ansonalex.com/infographics/smartphone-usage-statistics-2012-infographic/
http://ansonalex.com/infographics/smartphone-usage-statistics-2012-infographic/
http://www.webcitation.org/

                                                6OTvN95oZ
http://dx.doi.org/10.1016/j.jfca.2006.02.010
http://dx.doi.org/10.1146/annurev.nutr.24.012003.132140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15189128&dopt=Abstract
http://www.jmir.org/2013/6/e125/
http://dx.doi.org/10.2196/jmir.2613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23796439&dopt=Abstract
http://www.jmir.org/2014/4/e109/
http://dx.doi.org/10.2196/jmir.3084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24735567&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

