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Abstract

Background: Innovative approaches are needed to understand barriersto and facilitators of physical activity among insufficiently
active adults. Although social comparison processes (ie, self-evaluations relative to others) are often used to motivate physical
activity in digital environments, user preferences and responses to comparison information are poorly understood.

Objective: We used an iterative approach to better understand users’ selection of comparison targets, how they interacted with
their selected targets, and how they responded to these targets.

Methods: Across 3 studies, different samples of insufficiently active college students used the Fithit system (Fitbit LLC) to
track their steps per day as well as a separate, adaptive web platform each day for 7 to 9 days (N=112). The adaptive platform
was designed with different layouts for each study; each allowed participants to select their preferred comparison target from
various sets of options, view the desired amount of information about their sel ected target, and rate their physical activity motivation
before and after viewing information about their selected target. Targets were presented as achieving physical activity at various
levels below and above their own, which were accessed via the Fitbit system each day. We examined the types of comparison
target selections, time spent viewing and number of elements viewed for each type of target, and day-level associations between
comparison selections and physical activity outcomes (motivation and behavior).

Results: Study 1 (n=5) demonstrated that the new web platform could be used as intended and that participants' interactions
with the platform (ie, the type of target selected, the time spent viewing the selected target’s profile, and the number of profile
elementsviewed) varied acrossthe days. Studies 2 (n=53) and 3 (n=54) replicated these findings; in both studies, age was positively
associated with time spent viewing the selected target’s profile and the number of profile elements viewed. Across all studies,
upward targets (who had more steps per day than the participant) were sel ected more often than downward targets (who had fewer
steps per day than the participant), although only asubset of either type of target selection was associated with benefitsfor physical
activity motivation or behavior.

Conclusions: Capturing physical activity—based social comparison preferences is feasible in an adaptive digital environment,
and day-to-day differencesin preferencesfor social comparison targets are associated with day-to-day changesin physical activity
motivation and behavior. Findings show that participants only sometimes focus on the comparison opportunities that support
their physical activity motivation or behavior, which helps explain previous, equivocal findings regarding the benefits of physical
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activity—based comparisons. Additional investigation of day-level determinants of comparison selections and responsesis needed
to fully understand how best to harness comparison processes in digital tools to promote physical activity.

(JMIR Hum Factors 2023;10:e41239) doi: 10.2196/41239
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Introduction

Background

Engaging in regular physical activity (PA) has wide-ranging
and meaningful benefits for physical and mental health [1-3].
Although activity of moderate to vigorous intensity confers
unique cardiovascular protection [4], lighter-intensity activity
islinked to positive outcomes and is recommended to promote
health [5,6]. Conversely, physical inactivity isakey contributor
to many of theleading causes of death in the United States and
worldwide, including cardiovascular disease and cancer [7-9].
| dentifying determinants of PA engagement hasbeen aresearch
priority for several decades and has informed a myriad of
prevention and intervention efforts[10]. However, despite these
efforts, adults in the United States rarely engage in sufficient
PA to protect their health; recent estimates indicate that only
50% meet recommended levels of PA [11], although estimates
vary by calculation approach [12]. Consequently, thereisaclear
need for work that can offer additional insightsinto PA barriers
and facilitators—particularly those that could inform PA
promotion efforts on alarge scale.

Digital tools such as web platforms and mobile apps show
promise for maximizing accessibility to PA resources as they
are available for use as needed and can respond to varying
contexts in daily life. Specifically, these tools can harness the
power of the socia environment to support PA by connecting
individuals with other users without requiring synchronous
interaction [13]. For example, social comparison processes can
be activated by sharing PA data between users as captured by
awearable monitor [14]. Exposureto others' PA behavior allows
users to evaluate their own PA relative to that of others [15]
using features such as leaderboards and competitive challenges
[16,17]. Upward comparison, via exposure to someone doing
better with PA (eg, with more steps per day), can inspire the
comparer to reach the upward target's level and provide
guidancefor how to achieve asimilar outcome[18]. Downward
comparison, viaexposure to someone doing worsewith PA (eg,
with fewer steps per day), can prompt the comparer to avoid
becoming like the downward target to maintain their status
[19,20]. Socia comparison is expected to work in these ways
to motivate users to maintain or increase their PA [21,22].

As a result, features of digital PA tools that activate social
comparison processes are popular and have received
considerable attention [14,23]. Literature in this area shows
some evidence that social comparisons affect PA motivation
and behavior (via digital tools and more broadly [24-26]). For
instance, direct accessto information about others' PA behavior
results in attending more group exercise classes than access to
discussions with others about PA (to facilitate social support
[27]). However, the effects of comparisons in both upward and
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downward directions on PA outcomes are heterogeneous and
poorly understood. Some people experience decreased PA
motivation or behavior in response to social comparisons,
including those that are self-selected from a range of options
[27-29].

Furthermore, responses to comparisons of PA (with respect to
motivation and behavior) are not necessarily consistent for the
same person across time; a person may respond positively at
some times and negatively at others depending on the daily
context [30]. In addition to the direction of a comparison
(upward vsdownward), afeature that may affect acomparison’s
proximal influence on PA outcomesisits scale, or the relative
distance between the comparer and target. Comparisonsto others
doing just alittle bit better or worse than the self may have the
biggest impact as the target's outcome seems achievable
(upward) or imminent (downward) and the comparer is
motivated to improve or maintain their status [15,31,32]. In
contrast, comparisons to others who are doing much better or
worse may be demotivating as the target’s outcome seems
unattainable (upward) or unlikely (downward).

Despite the ubiquity of social comparison features in digital
tools to promote PA, the optima approach to activating
comparison processes in a digital environment is not clear.
Allowing users to select their preferred comparison target
appears to be more effective for promoting PA than restricting
exposureto asingle (nonpreferred) target [33], and many digital
comparison opportunities allow the user to select or focuson a
subset of targets from a range of options (eg, leaderboards).
However, as noted, even self-selection often resultsin negative
responses. Specifically, there is a current need for additional
insights into users comparison selections, their interactions
with these selections, and the extent to which users respond
positively (vs negatively) to their selections in a digital PA
environment.

Aims of This Study

Given the availability of digital features that activate social
comparison processes to promote PA and the equivocal nature
of evidence in this area, there is a need for an improved
understanding of PA-based comparison selections and responses
inadigital environment. Additional information inthisdomain
could elucidate the nature of PA-based comparison processes
and help identify the comparisons that are associated with
benefits for PA outcomes (vs harms). The aims of this study
wereto describe PA-based comparison selections (direction and
scale) and examine day-level associations between comparison
selections and PA outcomes (motivation and behavior), both
overall and for within-person differences across days. To achieve
these aims, we used data from an existing 3-study series that
allowed participants to select a PA-based comparison target
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from different sets of optionswith respect to direction and scale.
PA motivation was assessed both before and after comparison
exposure each day, and PA behavior was captured in steps per
day using the Fitbit platform (Fitbit LLC).

Methods

Study Series Overview

As part of alarger series of studies to investigate the potential
for personalizing social comparison opportunitiesin the context
of a socia exergame [34-37], participants in each study
completed 7 to 28 total days of data collection. In studies 2 and
3, thefirst 9 days constituted an exploratory period during which
all participants selected from various sets of comparison options;
the following days introduced a personalized experimental
manipulation for half of the participants based on random
assignment. This report describes a set of secondary analyses
that examine comparison selections, interactions with these
selections viaaweb platform, and associated consequences for
PA motivation and behavior during only theinitial 7- or 9-day
exploratory period in each study.

Recruitment and Eligibility

Consistent Components Across Studies

Across studies, participants were recruited from the Drexel
University undergraduate student participant pool using both
in-class recruiting and a web-based study scheduling platform
(Sona Systems). Students were eligible to participate if they
were aged =18 years, had daily access to a desktop or laptop

Table 1. Demographic characteristics of each sample (N=112).
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computer, self-reported that PA wasimportant to them, and had
access to a Fitbit account or were willing to create one. Use of
either aFitbit wearable device or the Fitbit smartphone app was
acceptable. Students were excluded if they had a medical
condition that limited their ability to engage in moderate- or
vigorous-intensity PA or were under medical advisement to
avoid moderate or vigorous PA.

Participants—Study 1

Of the 11 undergraduate students who expressed interest in
participating, 6 (55%) enrolled inthisinitial pilot phase. Intotal,
17% (1/6) of the participants did not complete any days of data
collection and were excluded, resulting in asample of 5 students.
The average participant took 4690 (SE 1767.99) steps per day
during the study period. All participants were undergraduate
students aged =18 years, however, further demographic data
were not collected during thisinitial pilot.

Participants—Study 2

Through rolling recruitment over the course of 2 months, 119
students expressed interest in participating. Of these 119
students, 66 (55.5%) did not complete the required days of data
collection, resulting in 53 (44.5%) participants who enrolled in
study 2. The sample comprised 57% (30/53) women and was
racialy representative of an undergraduate population, with
most participants identifying as White (28/53, 53%) or Asian
(13/53, 25%; see Table 1 for further demographic information).
The average participant took 6376 (SE 351.43) steps per day
during the baseline study period.

Demographics Study 1%(n=5)  Study 2 (n=53) Study 3 (n=54)
Gender, n (%)

Women _b 30(57) 37 (69)

Men — 23 (43) 17 (31)

Age (years), mean (SD; range)

Race, n (%)

White — 28(53)
Asian — 13 (25)
Multiracial — 5(9)
Black — 4(8)
Other — 2(4)
American Indian or AlaskaNative — 1(2
Prefer not to say — 0(0)

Ethnicity, n (%)

Hispanic or Latino — 3(6)
Not Hispanic or Latino — 49 (92)
Not reported — 1(2

22.45 (7.40; 18-53)

20.31 (2.93;18-36)

23 (43)
22 (41)
4(7)
2(4)
2(4)
0(0)
12

7(13)
47 (87)
0(0)

3Demographic data were not collected for study 1.
PNot available.
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Participants—Study 3

Through rolling recruitment over 3 months, 90 students
expressed interest in participating. Of these 90 students, 35
(39%) did not complete the required days of data collection,
resulting in 54 (60%) participantswho enrolled in study 3. Most
of the participants were women (37/54, 69%) and the majority
of students identified as White (23/54, 43%) or Asian (22/54,
41%,; see Table 1 for further details). The average participant
took 3609 (SE 339.32) steps per day during the baseline study
period.

M easures

Social Comparison Selections

Asdescribed in the following sections, participants were asked
to select user profilesto view each day from arange of options
that represented upward and downward comparisons relative
to their own PA behavior. They could select multiple profiles
each day to view partia information but could only select 1
profileto view in full. Telemetry built into the web application
tracked the participants’ navigation of the web app, including
the profiles they viewed (in part or in full), the time spent
viewing profiles, and the fields they chose to observe for their
full selected profile. Comparison selections were operationally
defined with respect to the total number each day, the time spent
viewing profiles, the number of profile elements viewed, and
the direction and scale of the profile selected for full viewing.

Motivation to Exercise

Participants in studies 2 and 3 self-reported their immediate
motivation to exercise at the start and end of their participation
each day (ie, before and after their comparison selections and
exposure). Responses to the following statement—"Overall, |
would rate my current motivation to exercise as...”—wererated
on a scae from 1 (very low motivation) to 5 (very high
motivation) at each time point. This approach to assessing
motivation was guided by previouswork in this area, including
prior work by the investigators [28,38].

PA Behavior

To maximize accessibility, activity behavior was defined as
total stepsper day; stepsareacommonly used metric to evaluate
PA behavior and are associated with health outcomes[39]. Daily
step count totals were measured using data pulled from either
a Fitbit wearable device or the Fitbit MobileTrack smartphone
app. The app is synced to a participant’s accelerometer on their
smartphone, which shows validity for assessing steps across
devices and operating systems [40]. Of note, we alowed for
heterogeneity in the device used to measure daily steps to
enhancethe generalizability of findings acrossindividualswith
and without the means to purchase a wrist-worn device. This
approach has been used in prior work, which shows that Fitbit
devices and the MobileTrack app do not generate meaningfully
different step estimates [41]. Fitbit step data from the previous
day were synced with the study website and then displayed to
participants when they logged into the study platform each day.

Procedures

After completing a web-based screening survey to determine
eigibility, eligible individuals provided electronic informed
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consent and were then directed to a second web page where
they completed a battery of global self-report questionnaires
(not included in this report). Participants were then given a
username and log-in for the daily web-based activity, where on
first log-in, they were directed to authenticate a Fitbit account
with our web platform so that daily steps could be retrieved.
Starting the following day (which allowed for the sign-up day’s
stepsto be used in thefirst session), the user was introduced to
therelevant activities described in thefollowing sections. Users
were asked to log in and complete a session once per day; the
time of day was not specified.

Upon log-in, the web server queried the user’s steps for the
previous day via the Fitbit application programming interface
(API). If it was detected viathe API call that Fitbit did not yet
have a full account of the previous day's steps, the web
application directed the participant to open the Fitbit app on
their mobile device to prompt a data upload. Of note for study
2, there was a short period during data collection (3 days) in
which the Fitbit server was not properly syncing with the study
website. Asaresult, participants steps displayed upon logging
in represented steps from the last successful sync rather than
from the previous day’strue step count. Thiserror wasremedied
on the day it was identified.

Daily Social Comparison Task

Overview

As in several previous studies, opportunities to make social
comparisons came through viewing profiles of individuals
described as similar to the participant [42]. After completing
the motivation assessment, participants in each study had the
opportunity to select one or more profilesto view. These profiles
described other individuals who had recently engaged in more
or less PA than the participant to represent upward or downward
comparison targets at arange of distancesfrom the participant’s
own recent PA behavior. Profile optionsincluded only minimal
information, including only their username (eg, “dmf25") and
step total. Participants were able to click on multiple selections
to learn additional information but could only select 1 profile
to view in full.

Study 1

Study 1 was designed as a proof-of-concept pilot to ensure that
the systemsworked correctly and that the platform could detect
participants’ navigation behavior. Participants were asked to
engage in a 5-minute session on the web platform once per day
for 7 days. After logging in each day, participants were greeted
with their own step total for the previous day, as tracked by
their Fitbit device or app. Thiswas posted next to 4 profiles of
“other users,” which were created by the system; 2 presented
upward comparisons (ie, with step totals of 110% and 130% of
the participant’s steps from the day before), and 2 presented
downward comparisons (ie, with step totals of 90% and 70%
of the participant’s stepsfrom the day before; Figure 1). Ineach
case, a margin of —2% to +2% was applied as noise to protect
against potential identification of the study’saim.

As noted, participants could select multiple profiles to learn
additional information about the users, including their city of
residence and favorite location to exercise (as shown in Figure
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2). However, they would have to select 1 profiletoview infull  (eg, height and weight), exercise preferences (eg, preferred

to complete the task for the day. Upon selecting a profileto  forms of PA), and other persona information (eg, hobbies,

view in full, participants viewed a page containing a user’'s Figure 3).

demographics (eg, age, sex, and profession), physical appearance

Figure 1. View of the study web page that included 4 comparison targets to select from.
T Complate

| My Dashboard

‘You walked 7290 steps yesterday!

x Please select the prof-!e of another active person o learn maore about them.

Flease knaw that your information is kept confidential, so we will never display o
share your information in a profile for other participants to view.

7290

Your Steps Yesterday

6583 STEPS | mit1s

T892 STEPS | awvnss

5050 STEPS | rohse

9513 STEPS | rga2s

Figure 2. View of the Overview study web page, in which a profile has been initially selected but not yet selected to view in full. Participants could
still go back and peruse other profiles to select from before selecting their final profile for full details (comparison target). Avg: average.
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Figure 3. Once committing to a profile during adaily session, participants are taken to a Details page that lists full information regarding the profile.

7290

Your Steps Yesterday

>

v

Mary Talarovich
Geaptiic Designer

mit16 | 5785 Steps Today | 3.8 Average Miles per Day

Bio

Steps
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Nutrition

Exercise

Gym

Classes

stats

>

>

Study 2

The goal of study 2 was to examine patterns of user profile
selection (ie, comparison targets) and response with respect to
PA motivation and behavior. A revised web platform facilitated
engagement in adaily, 2-minute task involving the selection of
potential social comparison targets (9 daystotal). After logging
in each day, participants viewed a page displaying their step
count from the previous day (as collected from the Fitbit API
either viaa Fitbit wearable device or a smartphone step tracker
synced to the Fitbit app). After reporting their initial motivation
to exercise (1-5 rating scal€), participants were presented with
4 profiles of other “users’ of the application, as in study 1.
However, instead of offering a consistent set of profiles with
respect to step total (ie, 70%, 90%, 110%, and 130% of the
participant’s own steps), participants were assigned to one of
the following profile sets each day: (1) al 4 profiles lower than
the participant’s (downward options only) at 90%, 80%, 70%,
and 60% of the participant’s own step total from the previous
day; (2) a mix of profiles—2 downward (lower than the
participant’s own step total from the previous day at 90% and
80%) and 2 upward (higher than the participant’s own step total
fromthe previousday at 110% and 120%); and (3) all 4 profiles
higher than the participant’s (upward options only) at 110%,
120%, 130%, and 140% of the participant’s own step total from
the previous day.

https://humanfactors.,jmir.org/2023/1/e41239
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In each case, amargin of —2% to +2% was applied as noise to
protect against potential identification of the study’saim. After
viewing their selected full profile, participants were asked to
report their exercise motivation asecond time (1-5 rating scale).

Study 3

The purpose of study 3 was to examine the trandation of the
profile selection platform to a gamified context, whereby
participants were assigned to teams of 3 users. A further revised
version of the web application alowed participants to view
other users' PA behavior and personal information (representing
comparison targets) using a new format. As in study 2,
participantswere asked to log in and report their initial exercise
motivation (1-5 rating scale). They then viewed brief
descriptions of 2 additional profiles (as opposed to 4 in studies
1 and 2) in leaderboard format and were asked to select 1 to
view additional information (Figure 4).

After selecting a profile, participants could view a subset of
personal information (Figure 5); this view retained their own
step total from the previous day to facilitate comparison with
the selected user. Participants could access a full Details page
once they selected afinal profileto view in full.

However, unlike in the previous studies, step totals for other
usersin study 3included datafrom other participants completing
their data collection at the same time (ie, user data that were
not created by the platform). Each participant was randomly
assigned to ateam with another user who began the study at the
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same time; these participants each saw the other’s step totals
as 1 of their 2 profile options. The third user profile displayed
in each session was generated and assigned by the platform,
selected from the following options: (1) the third profile showed
a step total 20% lower than the lower of the 2 live participants,
and the individual participant had either the most steps or was
in the middle; (2) the third profile showed a step total between
that of the 2 live participants, and the individual participant had
either the most or the least steps; and (3) the third profile showed
astep total 20% higher than the higher of the 2 live participants,
and the individual participant had either the least steps or was
in themiddle.

In each case, a random noise factor of —2% to +2% was added
to obscure our process. This approach was designed to test
mani pul ations of the game environment for the 2 live participant
teammates by showing afabricated third user who might provide
an optimal comparison experience for the live teammates.

Arigoeta

Across the studies, the distances between the user’s steps and
the target’s steps (eg, 80% and 140%) were guided by the
principle of offering arealistic range of options and by relevant
literature. Specifically, there is evidence supporting the Kéhler
effect and “motivation gain” in ateam game environment that
showsthat participants’ performanceimproveswith ateammate
who performs approximately 20% better than they do [43,44].
Under conditionsin which usersin this study saw both upward
and downward targets as options, —20% was offered for
symmetry. Other options were selected to retain realism while
capturing distances from the user’s own steps that would be
perceptible and large enough to show differencesin associations
with motivation or behavior. In study 3, the design particulars
(ie, percentages bel ow, between, or above 2 real users) resulted
in alarger range and set of targets. A summary of each study
designis presented in Table 2.

Figure 4. Options for selecting from 2 user profiles, listing them and the user in descending order and representing their step totals visualy (ie, a

leaderboard format).

Profile Selection

Please select the profile of another active user below to learmn more about them. You can only select one profile each

day to view their full information

j You

lava7

I

Figure5. Initia profile view in study 3. Avg: average.

Profile: lav97
7290
Your Steps Yesterday
lavaT's Information
Steps v

Location

Colorado Springs, CO

Interests v

7290 Steps
Yesterday

6261 Steps
Yesterday

5225 Steps
Yesterday

6261
IaviTs Steps Yesterday

select View Full Info for one profile each day
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Table 2. Summary of design distinctions between the studiesin this series (k=3).

Design feature Study 1

Study 2

Study 3

Presentation format Unordered list; user's own steps

from the day before next to list of

target options
Comparison target options 4 4
presented each day, n
Range of comparison target  70-130 60-140

distance from the user (steps
per day), %

Daily conditionassignments None—same set of target options
presented each day (2 upward and
2 downward); step totals differed

based on user’s own steps per day

per day

Unordered list; user's own steps from the
day before next to list of target options

Randomized to 1 of 3 sets of targets—up-
ward targets only, downward targets only,
or mixed (2 upward and 2 downward); step
totals differed based on user’s own steps

Leaderboard (user ranked in de-
scending order against 2 others)

0->2000

Randomized to 1 of 3 sets of tar-
gets—upward targets only, down-
ward targets only, or mixed (1 up-
ward and 1 downward)

Statistical Analyses

All analyses were conducted using SAS (version 9.4; SAS
Ingtitute). Missing data were minimal; data were missing for
20% (7/35) of daysin study 1 (because of low compliance from
1 participant), 1% (5/477) of daysin study 2, and 4.9% (24/486)
of daysin study 3. Additional datawere removed from relevant
analyses where unreasonable values were observed, including
values for time spent viewing profiles (>6 minutes; 4
observations) and steps per day (<100; 38 observations). The
resulting data sets for studies 2 and 3 included 472 and 387
observations, respectively. These data sets afforded power of
>0.80 for the primary, within-person tests described in this
section (o of .05 [45]), athough we emphasize effect sizes
throughout—PA is described in steps per day, and al other
associations are described using semipartia correlation
coefficients (sr). Between-person testswereincluded to describe
potential trends only as power was limited by modest sample
sizes.

We first used empty models to calculate intraclass correlation
coefficients (ICCs) to determine the proportion of variance
attributable to between-person stability in the outcomes of
interest. This included participant navigation behavior when
interacting with comparison target profiles (time spent viewing
the selected profile and number of elements viewed) and PA
outcomes (motivation to exercise and steps per day), which
were treated as continuous in al models. Motivation was not
assessed in study 1; total steps per day were assessed in all 3
studies. Changein motivation in studies 2 and 3 was cal culated
by subtracting motivation before profile selection from
motivation after selection.

Our first aim was to describe PA-based comparison selections,
including participant navigation of the platfform and the
comparison direction and scale of the selected profile. To
address this aim, we initially examined whether gender,
racial/ethnic identification, and age (age treated as continuous
and centered at the grand mean) differentially predicted
navigation behavior. We then used descriptives to examine the
frequencies of user profile selectionsin categories, representing
the user’s steps as a percentage of the participant’s steps from
the previous day (rounded to the nearest 10). The direction and
scale of comparison targets (profiles) selected (al studies), the

https://humanfactors.jmir.org/2023/1/e41239

direction or directions of targets presented using randomization
(studies 2 and 3), and whether the selected profile represented
the other active participant or the fabricated user (study 3) were
treated as categorical and subsequently used as predictors of
PA outcomes.

Our second aim wasto examine day-level associations between
comparison selectionsand PA outcomes (motivation to exercise
and steps per day). Anayses used multilevel modeling
techniquesusing SAS PROC MIXED with restricted maximum
likelihood estimation to address the nested data structure (ie,
days nested within individuals). Gender, racia/ethnic
identification, and age were used as covariatesin al multilevel
models (studies 2 and 3), with comparison target direction and
scale (all studies), the randomized set of targets (studies 2 and
3), and fabricated user versus not (study 3) as predictors of PA
outcomes. Although users accessed the platform at a range of
times across the days of observation in each study, sensitivity
analyses showed that the time of day at which users accessed
the platform was not associated with any of our outcomes of
interest and did not meaningfully change the results or
conclusions reported in the next section. For parsimony, we
reported the results of all tests without time of day as an
additional covariate.

Finally, new navigation behavior and motivation variableswere
created for studies 2 and 3: between- and within-person variance
were distinguished by calculating each person’s mean across
days (between-person) and the difference between thisperson’s
mean and the response on a given day (within-person; ie,
person-mean centering [46]). This allowed for testing whether
steps per day were associated with within-person fluctuation in
navigation behavior or motivation, controlling for typical
navigation behavior or typical changein motivation from before
to after comparison.

Ethics Approval

All procedures were approved by theinstitutional review board
of Drexel University (approval 1901006917).

Informed Consent and Compensation

All participants provided documentation of informed consent.
Compensation for participation was provided through either
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extracredit in college courses or electronic gift cards depending
onindividua preference.

Results

Study 1

Of the 5 individuals who participated in the initia
proof-of-concept test, 4 (80%) completed the expected daily
uses of theweb platform (ie, 6-7 within 19 days of enrollment);
1 (20%) participant completed 2 daily uses during the allotted
time frame. Participants elected to view the full profile for the
first user they selected on 71% (20/28 sel ections) of days. Across
days, participants spent an average of 40 (range 3.3-145) seconds
on their selected full profile and clicked on an average of 5
(range 0-29) profile elements. Less than 40% of the variability
in both the amount of time each participant spent on their
selected profiles and the number of elements they elected to
view was attributable to stable, between-person differences
(ICC=0.28 and 0.36, respectively), suggesting considerable
within-person variability in these behaviors across days (P<.001
inall cases).

Arigo et a

Selecting to view the full profile of upward comparison targets
was considerably more frequent than selecting downward
targets, with upward targets representing 75% (21/28) of the
observed selections. The most popular selection was the user
with 130% of the participant’s own steps from the previous day
(13/28, 46% of selections, Table 2). Relativeto all other choices,
participants spent slightly longer viewing targets with 110% of
their own steps from the previous day (contrast B=18.53, SE
12.51 seconds; Fg=2.19; P=.19) but clicked on more profile
elements when viewing targets with 90% of their own steps
from the previous day (contrast B=8.18, SE 3.31 clicks; Fg=2.47;
P=.05). Within-person, neither theamount of time spent viewing
profiles nor the number of profile elements viewed were
associated with steps per day (P=.53, P=.99 respectively).
However, participants took nearly 4000 more steps on days
when they selected upward targets than on days when they
selected downward targets (F; 3=5.31; P=.10), with the most
steps occurring on days when they selected targets with 110%
of their own steps from the previous day (Table 3).

Table 3. Steps per day by profile (comparison target) selection; percentages represent the step totals of the selected profile relative to the participant’s

steps from the previous day rounded to the nearest 10% (n=28).

Type of target Frequency, n (%) Steps per day, B (SE)
70% 3(11) 4023.82 (2927.76)
90% 4(14) 1448.51 (2665.40)
110% 8(29) 7152.59 (2321.05)
130% 14 (50) 6081.24 (2050.10)
Downward (70% or 90%) 7 (25) 2241.73 (2358.08)
Upward (110% or 130%) 21 (75) 6403.27 (2015.87)
Study 2 However, overall, the most popular comparison target selection

Similar to study 1, participants elected to view the full profile
for the first user they selected on the vast mgjority of days
(425/472, 90% of selections). Across days, participants spent
an average of 18 (range 1.4-130) seconds on their selected full
profile and clicked on an average of 9 (range 0-64) profile
elements. Most of the variability in both the amount of time
each participant spent with their selected profiles and the number
of elements they elected to view was attributable to stable,
between-person differences (ICC=0.53 and 0.63, respectively),
although both showed evidence of fluctuation for the same
person across days (P<.001 for both within-person variance
components). Men spent slightly longer viewing each profile
and selected to view more profile el ements than women (P=.09
and P=.13, respectively); both behaviors were aso positively
associated with age (P=.02 and P=.02, respectively). However,
neither time spent viewing nor the number of elements selected
meaningfully differed based on racial/ethnic identification, the
set of profile options presented, or the type of target selected
(P=.63, P=.11, P=.39, P=.36, P=.91, P=.56, respectively).

Upward comparison target selections were dlightly more
freqguent than downward comparison target selections,
representing 54.2% (258/476) of al final profile selections.

https://humanfactors.jmir.org/2023/1/e41239

for viewing the full profile were downward targets at 90% of
the participant’s steps from the previous day (Table 4). On days
when only downward target optionswere presented, participants
most often selected the target with the step count closest to their
own (ie, 90% of their steps from the previous day); this trend
was reversed on days when only upward target options were
presented (ie, 140% of their steps from the previous day, the
farthest from their own). When presented with both upward and
downward target options, they selected the target with the
highest overall step count (ie, 120% of their steps from the
previous day).

Average change in motivation from before to after selection
was dightly positive across the days (B=0.10, SE 0.05), with
considerable within-person variability (1ICC=0.18). The lowest
increases in motivation occurred on days when only downward
target options were presented (Table 4). Interestingly,
participants showed decreases in motivation to exercise only
on days when they selected targets with 60% and 110% of their
own steps from the previous day (Table 4). These represented
the farthest downward and closest upward targets from their
own steps, respectively. Participants showed increases in
motivation on dayswhen they selected all other targets (contrast
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F400=5.38; P=.02; sr=0.32), and thistrend did not change when
controlling for the set of target options shown.

With respect to steps per day, participants took approximately
540 fewer steps on dayswhen both downward and upward target
selections were presented relative to only upward or only
downward targets (contrast F,,;7=—3.80; P=.05). Steps were
highest on days when participants selected targets most distant
from themselves in both directions—they took approximately
725 more steps on days when they selected targets with 60%
and 140% of their own steps from the previous day relative to

Arigo et a

targets closer to their own steps (contrast F»04=3.76; P=.05).
As noted, participants did not always select targets that led to
increases in motivation to exercise. Within-person, neither
motivation nor steps differed based on the amount of time spent
viewing the selected profile or the number of profile elements
viewed (P=.28, P=.21, P=.81, P=.90, respectively). However,
controlling for their typical change in motivation to exercise
from before to after comparison, on dayswhen participantswere
more (vsless) motivated than usual after viewing their selected
target, they engaged in more steps (F 4,5=9.24; P=.003).

Table4. Motivation to exercise and steps per day by profile (comparison target) selection in study 2; percentages represent the step totals of the selected
profile relative to the participant’s steps from the previous day rounded to the nearest 10% (n=472).

Freguency, n (%)

Change in motivation to exercise, B (SE)

Steps per day, B (SE)

Type of target selected
60% 34(7.2) -0.04(0.11) 6932.36 (597.06)
70% 32(7.2) 0.11(0.11) 6215.89 (605.29)
80% 51 (10.8) 0.21 (0.09) 5697.40 (515.19)
90% 100 (21.2) 0.02 (0.07) 6356.75 (418.57)
110% 84 (17.8) -0.01 (0.08) 6078.63 (444.95)
120% 93 (19.7) 0.14 (0.07) 6447.72 (424.89)
130% 21 (4.4) 0.20 (0.14) 6515.59 (733.75)
140% 60 (12.7) 0.19 (0.09) 6965.72 (733.75)

Type or types of target options shown
Downward only 159 (33.7) 0.04 (0.06) 6573.20 (367.93)
Downward and upward (2 each) 159 (33.7) 0.12 (0.06) 6020.79 (366.82)
Upward only 159 (33.7) 0.11 (0.06) 6556.29 (368.49)

Study 3 to 20,610% of their steps from the previous day. This

Participants elected to view thefull profilefor thefirst user they
selected on 96.9% (375/387 selections) of occasions. Across
days, participants spent an average of 72 (range 1-351) seconds
on their selected full profile and clicked to view an average of
12 (range 0-54) profile elements. As in study 2, although the
amount of time each participant spent with their selected profiles
and the number of elements they elected to view were fairly
stable (ICC=0.58 and 0.65, respectively), they showed some
variation for the same person across days (within-person
variance components; P<.001 in all cases). The time spent
viewing profiles and the number of profile elements selected
were again positively associated with age (P=.04 and P=.03,
respectively), although neither behavior was associated with
the set of profile options presented, whether the selected profile
represented an upward or downward target, or whether the
selected profile was of the fabricated user versus the real
participant (P=.63, P=.75, P=.88, P=.92, P=.14, P=.80,
respectively). However, unlike in study 2, neither the amount
of time spent on the selected profile nor the number of profile
edlements selected differed by gender or racia/ethnic
identification (P=.93, P=.34, P=.93, P=.35, respectively).

The method used to generate profiles in study 3 resulted in
participant selections of comparison targets ranging from 0%
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represented selections of users with step totals ranging from 0
t0 21,132 steps, with 88 selections of userswho had <1000 steps
and 27 selections of users with >10,000 steps. This generated
>90 individual categories of selection, with most of these
categories representing upward targets (ie, the selected users
had more steps than the participants on the previous day). For
ease of interpretation, upward selections were recategorized by
percentages of the participants steps, as shown in Table 5.
Participants sel ected the fabricated user on most days (210/387,
54.3%); they were more likely to choose the fabricated user
when they selected upward (vs downward) targets (F; 33=4.44,
P=.04) and wereleast likely to choose the fabricated user when
that user was shown as last on the leaderboard (F; 335=10.20;
P<.001).

Asin studies 1 and 2, upward selections were more frequent
than downward selections and represented 57.1% (221/387) of
all targets selected. However, unlikein study 2, the most popular
choice overall was upward at 120% of the participants’ steps
from the previous day (55/387, 14.2% of selections; Table 5).
Users with 120% of the participants’ steps from the previous
day represented 41.4% (53/128) of all selections on dayswhen
the fabricated participant was at the top of the leaderboard but
<1%(1/127, 0.8% and 1/132, 0.8%) of selectionson dayswhen
the fabricated user was second or third. Close in overal
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frequency of selectionswere userswith 80% of the participant’s ~ selections). Of note, selecting to view the profilefor auser with
steps (asin study 2; 41/387, 10.6% of selections) and userswith
200% to 999% of the participant’s steps (41/387, 10.6% of

the same number of steps the participant had on the previous
day occurred on 2.3% (9/387) of the days.

Table 5. Change in motivation to exercise before to after profile (comparison target) selection and steps per day by profile selection in study 3;
percentages represent the step totals of the selected profile relative to the participant’s steps from the previous day rounded to the nearest 10% (n=387).

Frequency, n (%)

Changein motivation to exercise, B (SE)  Steps per day, B (SE)

Type of target
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
110%
120%
130%
140%
150%
160%
170%
180%
190%
200%
110%-199%
200%-999%
1000%-1999%
>2000%
Type or types of target options shown

Participant either first or second on leaderboard
(fabricated user was third or last)

Participant either first or third (last) on leaderboard
(fabricated user was second)

Participant either second or third (last) on leaderboard
(fabricated user was first)

Selected fabricated user
No

Yes

10 (2.6)
8(2.1)
13 (3.4)
6 (1.6)
5(1.3)
21 (5.4)
21 (5.4)
19 (4.9)
41 (10.6)
22 (5.7)
9(2.3)
14.(3.6)
55 (14.2)
9(2.3)
11(2.8)
4(1)

6 (1.6)
10 (2.6)
5(1.3)

6 (1.6)
5(1.3)
18 (4.7)
41 (10.6)
8(2.1)
20 (5.2)

127 (32.8)

132 (34.1)

128 (33.1)

177 (45.7)
210 (54.3)

-0.07 (0.27) 3838.82 (1160.46)
-0.09 (0.30) 2635.07 (1137.18)
0.06 (0.24) 3964.32 (922.67)
0.18 (0.35) 3697.40 (1277.26)
-0.74 (0.38) 3263.22 (1391.01)
0.24 (0.20) 3004.35 (874.38)
0.39 (0.20) 3404.35 (1127.69)
0.50 (0.21) 3221.15 (1130.97)
-0.03 (0.16) 2243.21 (901.90)
0.10 (0.20) 3440.08 (877.97)
0.32 (0.29) 3337.31 (1432.54)
0.07 (0.24) 3598.14 (1053.33)
-0.09 (0.14) 3454.85 (747.45)
0.28 (0.29) 3221.15 (1130.97)
-0.11(0.26) 2422.84 (1127.69)
0.16 (0.42) 344854 (1551.14)
-0.25 (0.35) 3891.26 (1299.39)
0.06 (0.27) 334557 (1093.40)
0.14 (0.38) 5536.70 (1382.12)
051 (0.35) 1878.49 (1378.49)
0.04 (0.38) 2900.83 (1372.52)
-0.12(0.21) 3675.08 (938.78)
0.29 (0.16) 2949.21 (781.46)
-0.10 (0.31) 3915.49 (1299.92)
-0.16 (0.21) 3771.33 (962.49)
0.05 (0.11) 3510.65 (667.93)
0.17 (0.12) 3033.56 (669.24)
0.02 (0.12) 3573.50 (668.77)
0.06 (0.11) 3248.29 (653.82)
0.09 (0.10) 3463.86 (642.90)

Average change in motivation to exercise from before to after
selection was again positive across days but extremely small
(B=0.08, SE 0.51), although within-person variability was
predominant (ICC=0.04). Increases in motivation were largest

https://humanfactors.jmir.org/2023/1/e41239

on days when participants selected users with 190% of their
steps from the previous day, followed by users with 70% of
their steps from the previous day (Table 5). Participants
motivation decreased on dayswhen they selected upward targets
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with steps farthest from their own (ie, >2000% of their steps
from the previous day) as well as on days when they selected
userswith 10%, 40%, 80%, 120%, and 160% of their stepsfrom
the previous day; the greatest decreases were seen on dayswith
selections of 40% of the participants own steps from the
previous day. Change in motivation was highest on days when
the fabricated user was placed between a given participant and
the other real participant on the leaderboard relative to days
when the fabricated user appeared above or below both real
participants (contrast Fsg=2.34; P=.12; sr=0.17). Change in
motivation did not meaningfully differ between days when
participants selected an upward or downward target (collapsed
across percentage categories; F,;=.97; P=.34) or between days
when they selected the fabricated user versus the other live
participant (F,5=.00; P=.98).

With respect to steps per day, participants took approximately
500 fewer steps on days when the fabricated user was placed
between themselves and the other real participant on the
leaderboard relative to days when the fabricated user appeared
above or below both real participants (contrast Fz;5=2.89;
P=.09). Steps did not meaningfully differ between days when
participants did and did not select to view the profile of the
fabricated user (F45=.56; P=.46). Although steps aso did not
differ overall based on the comparison direction and scale of
the selected profile (P=.90, P=.99, respectively), interestingly,
steps were highest on days when participants selected users
with 180% of their own steps from the previous day
(approximately 5500 steps) and lowest on days when they
selected users with 190% of their own steps from the previous
day (approximately 1900 steps; Table 5). Steps also did not
meaningfully differ between days when participants selected
an upward versus a downward target (collapsed across
percentage categories; P=.90).

Neither motivation nor steps were associated with daily
fluctuation in the amount of time each participant spent on their
selected profiles or the number of elementsthey elected to view
(within-person; P=.60, P=.64, P=.38, P=.34, respectively).
Finaly, although the within-person association between
participants’ mativation and steps per day was not significant
(F304=1.11; P=.29), it was noteworthy that the direction of the
association was negative—unlikein study 2, on dayswhen they
were more motivated than usual after viewing their selected
profile, participants took fewer steps than usual (B=-186.84,
SE 177.65).

Discussion

Principal Findings

Social comparison processes can be activated to promote PA
in digital environments, although individuals' interactions with
and responsesto self-selected comparison targetsin this context
are poorly understood. As social comparison featuresare aready
built into many existing digital PA tools [14,16,23], this series
of studieswas designed to provide additional information about
this important aspect of digital PA promotion. We created
unigque web-based platforms to capture individuals' selections
of social comparison targets, their interactionswith information
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about the selected targets, and their subjective responses to the
selected targets over 7 to 9 days, as well as their PA behavior
on each of these days. We observed several similarities and
differences across these studies that can shed additional light
on this area.

First, participants chose to view the full profile of the first
participant they selected on the vast majority of days
(71%-97%), although many participants explored other profiles
before returning to and settling on thefirst one they had selected.
Participants also interacted with the platform and their selected
profiles differently across days. They did not merely settleinto
apattern of the same behavior each day despite the consistency
and simplicity of the task. This underscores the appeal of
PA-based comparisonsand their potential to sustain engagement
with digital tools, although additional testing over longer periods
is needed.

Second, in both studies where demographic information was
collected, older participants spent more time viewing profiles
and selected more profile elements to view than younger
participants. This stands in contrast to existing cross-sectional
evidence, which suggests that older people are less interested
in comparisons than younger people [47]. It is possible that our
findings reflect a general tendency among older people to pay
more attention to their participation in research than younger
people [48]. Alternatively, it is possible that cross-sectional,
retrospective self-evaluations of comparison activity do not
align with observable behavior; this potential discrepancy is
worthy of further investigation given that social comparison is
often captured using global self-report measures [49,50]. Also
noteworthy is that, although the participants ages in these
studies ranged from 18 to 56 years, we recruited students
enrolled in college who were predominantly in their early 20s.
As such, associations with age warrant further investigation.
Other observations of differencesin behavioral interactionswith
social comparison information based on demographics (eg,
gender) were not consistent across the studies in this series,
although the power for these comparisons was limited.

Third, across al studies, the profiles of upward comparison
targets were selected for full viewing more often than those of
downward comparison targets. This was not an artifact of
randomized exposure—each participant had an equal number
of opportunities to select upward and downward targets.
Moreover, participantstended to sel ect upward targetsthat were
distant from themselves (ie, those who had many more steps
than they had) rather than upward targets closer to themselves.
Selecting to make upward comparisons, particularly when a
range of optionsis available, is often motivated by a desire for
self-improvement [51,52]. Given that participants in these
studies indicated that PA isimportant to them, selecting targets
doing extremely well with PA offered an opportunity to learn
information from that target that could support achievement of
asimilar high status[53]. For example, participants could learn
new ways to be active from the profiles of very active
participants, giving them opportunitiesto set PA goalsto model
the target.

However, despite the relative popularity of upward targets,
participants also frequently selected downward targets and
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tended to select downward targets close in steps to their own
(vs more distant from their own). Self-selection of downward
targets is often motivated by a desire for self-enhancement
[51,52]; seeing onesalf as doing better than someone elsein a
valued domain can be satisfying and provide an emotional boost.
The variety of selections across days may indicate day-to-day
variability in participants needs and immediate goalsthat could
be met with comparison opportunities [54,55].

Importantly, participants did not always select the target that
was most useful with respect to either subjective PA motivation
or PA behavior—many selections were associated with
decreasesin mativation, low PA engagement, or both. Similarly,
a participant’s change in PA motivation as a result of viewing
their selected comparison target was not consistently associated
with their PA behavior. Subsets of previous work in this area
show important aspects of comparisons that may help explain
these findings and, thus, warrant further consideration. One is
that people do not always select the comparison opportunities
that fulfill either self-improvement or self-enhancement goals;
at times, their intentions are to confirm that their own situation
isbad or could worsen or to justify not making difficult behavior
changes such as increasing their PA (eg, “I’'m aready doing
better than someone else, so I'm doing fine” [56,57]). Even
when they do have positive, goal-oriented intentions for
selecting particular comparison opportunities (eg, to learn
important information or to feel better), their expectations are
not always met by the target provided [58]. In such situations,
the comparison opportunity may actually lead to negative
outcomes.

In addition, the affective consequences and behavioral correlates
of a social comparison selection opportunity may depend on
how the comparer interprets the information they receive. The
| dentification-Contrast Model of comparison processes [59]
proposes that the comparer can focus on either similarities or
differences between themselves and a target (reflecting
identification with vs contrast against the target, respectively).
| dentifying with an upward target highlightsthe possibility that
the comparer can achieve similar (better) outcomes, and
contrasting against adownward target highlightsthe comparer’s
current success (as the outcome could be worse). Conversely,
identifying with adownward target suggeststhat the comparer’s
situation is bad or may become worse; contrasting against an
upward target highlightsthe comparer’sinferiority and suggests
that the likelihood of achieving similar success is low. In the
context of PA and similar comparisons of health behaviors,
there is recent evidence showing that greater (vs less)
identification with active othersis associated with more frequent
attendance to exercise classes [60], and identification and
contrast processes moderate the association between the type
of target selected (upward vs downward) and motivation to
engagein healthy behavior [28]. Identification and contrast with
respect to both upward and downward comparisons are aso
known to differ between people and show evidence of
fluctuation for the same person over time [61-63]. Thus, in this
series of studies, the high day-to-day variability in participants
PA outcomes that were not fully explained by the direction or
scale of the selected target may be dueto individual or day-level
differences in the extent of identification or contrast with the
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target. Assessment of these processesin future work could more
fully explicate the complexity of socia comparison and its
optimal use to promote PA engagement. As discussed further
inthis section, to effectively isolate the source of thisvariability,
removing potential noise coming from variability in the time
of day of social comparison selections and exposure would be
optimal in future studies.

Finally, we observed differences in findings between studies
that may generate additional hypotheses to be tested in future
work. For example, PA motivation in response to viewing the
selected comparison target was positively associated with
within-person behavior in study 2 but not in study 3. Study 2
presented the list of target selection options and the selected
target’s step total side by side with the participant’s step total
from the previous day. In contrast, study 3 presented socia
comparison target selection options in a leaderboard format
such that the participant saw a visual representation of their
rank against the 2 other users. These differences may affect the
psychological dynamics of comparison selections and their
associations with PA motivation and behavior, in general or for
specific individuals. Target selection options in study 3 aso
included both areal participant and afabricated user, wherethe
ultimate goal was to determine the optimal placement of the
fabricated user to balance the comparison effects on both of the
real users. In this study, PA motivation increased the most on
days when the fabricated user was in the middle of the
leaderboard (between the 2 real users), but steps were lowest
on these days. The leaderboard and bal ance approach may have
blunted the potential negative effects of comparisons but also
blunted some positive effects.

Participants who enrolled in study 2 were also noticeably more
active than those who enrolled in study 3 (and study 1); relative
to the US guideline of achieving 10,000 steps per day [6], the
average activity level was moderatein study 2 and low in study
3 (and study 1). It is possible that the general correspondence
between PA motivation and behavior is stronger for those who
are moderately active than for those who are inactive in that
those who are moderately active are better able to enact their
PA motivation. Distinctions between studies could be due to
participant characteristics, study design, or a combination of
both. Asaresult, it isnot yet clear whether one study designis
more useful than another for activating beneficial PA-based
social comparisons or whether there is a subset for whom one
is superior to another.

Strengthsand Limitations of This Research

This series of studies has severa strengths. Specificaly, all 3
studies used obj ective assessment of comparison target (profile)
selection, interactions with the target (ie, time spent viewing
and number of profile elementsviewed), and PA behavior (steps
per day) across several days. Studies 2 and 3 aso captured
motivation to exercise both before and after target selection
using a momentary item that was tested in previous work
[28,38]. Retention of enrolled participants was high across
studies, with minimal missing data. In addition, we used a
multilevel analytic approach that allowed for maximizing the
utility of intensive repeated assessments, with insightsinto daily
behavior across participants as well as within-person
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associations across days. Finally, we took an iterative approach
such that the platforms used in each study were dlightly different
with respect to the comparison target options to alow for
preliminary comparisons between and across studies. Although
the sample sizes in each study were modest and do not afford
definitive conclusions about the sources of divergent results,
observations of consistency and inconsistency across studies
provide a strong foundation for hypothesis-driven research on
alarger scale.

In addition to modest sample sizes, several other limitationsare
noteworthy. Participants’ access to the web platform was not
restricted to a particular time of day or constrained to be
consistent for the same participant across days. Consequently,
participants may have taken part at varying times of day (eg,
before vs midway through vs after engaging in most of their
steps for that day). Although participants comparisons were
anchored to their stepsfor the previousday, which were already
completed, and controlling for time of day did not alter our
findings, this inconsistency could mask any effects of socia
comparison selections on motivation or PA behavior for the
current day by allowing for considerable noise between and
within participants. In addition, the precision of PA behavior
captured likely varied by participant as some used wearable PA
monitors (eg, Fitbit wristbands) whereas others used less
sensitive  smartphone accelerometers. Assessment of PA
motivation and behavior was also misaligned—motivation
referred to “exercise” (ie, structured bouts of sustained,
moderate—to vigorous—intensity movement), and behavior was
captured with respect to steps (ie, overall movement at any
intensity, including light activity). Although motivation did
predict within-person behavior in study 2, thisdiscrepancy may
further help explain the lack of association in study 3. Future
work should ensure that assessments of cognitive determinants
of PA and PA behavior refer to the same behavioral outcomes.

Finally, participantswereall studentsenrolled in college courses
who reported that PA was important to them. This ensured that
the dimension of comparison (PA) was relevant to the
participants[15]. The average participant in each study also fell
far short of US recommendations for PA behavior (ie, 10,000
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steps per day), suggesting that participants generally represented
individuals who could benefit from increasing PA—a target
population of interest. However, recruitment from college
courses and requiring participants to endorse a preexisting
interest in PA resulted in samples of well-educated, motivated,
and predominantly White young adults. As noted, there is
existing evidence indicating that younger adults report more
interest in and show stronger responses to social comparison
information than older adults [47]. This may limit the
effectiveness of social comparison processesasaPA promotion
tool for younger adults, who already tend to be more active than
older adults in the United States [11]. These are common
problems in digital health research, particularly early-stage
work. Additional attention needs to be paid to recruiting and
retaining diverse samples to fully understand the range of PA
social comparison preferences and responsesthat may be useful
for promoting PA.

Conclusions

Despite these limitations, these findings have several important
implications. With respect to platform interface design, users
show interest in viewing the profiles of other users and engage
with profile content when theinitial information available offers
social comparison opportunities. Furthermore, as social
comparison target selections are often not associated with
benefits for PA motivation or behavior, the current real-world
conditions for digital PA promotion tools (which offer
unrestricted access to other users [14]) do not appear to mest
users needs. Outcomes could be improved with subtle
manipulation of comparison target options. These exploratory
findings show that constraining users PA-based socia
comparison options and changing their options acrossdays (with
respect to direction and scale) is both feasible and acceptable,
with high completion rates. Animportant next stepisto identify
the people and immediate contexts for which certain types of
comparisons are optimal (eg, older vs younger adults, men vs
women, or high vslow precomparison motivation) to allow for
systems to offer the PA-based social comparison opportunities
that are most likely to benefit usersin their daily lives.

Thiswork was partially supported by the US National Science Foundation under award 1816470 (principal investigator: JZ) and
the Novo Nordisk Foundation Grant under award NNF200C0066119. Support for the first author’s time was provided by the
US National Ingtitutes of Health under award K23HL 136657 (principal investigator: DA). The authorswould liketo thank Thomas
Boyd Fox and Evan Freed for their assistance with data collection and platform development, as well as Evan Forman, PhD, and
Santiago Ontafion, PhD, for their contributions to the iterative study design.

Conflictsof I nterest
None declared.

References

1. Rebar AL, Stanton R, Geard D, Short C, Duncan MJ, Vandelanotte C. A meta-meta-analysis of the effect of physical activity
on depression and anxiety in non-clinical adult populations. Health Psychol Rev 2015;9(3):366-378 [FREE Full text] [doi:
10.1080/17437199.2015.1022901] [Medline: 25739893]

2. Rener M, Niermann C, Jekauc D, Woll A. Long-term health benefits of physical activity--a systematic review of longitudinal
studies. BMC Public Health 2013 Sep 08;13:813 [FREE Full text] [doi: 10.1186/1471-2458-13-813] [Medline: 24010994]

https://humanfactors,jmir.org/2023/1/e41239 JMIR Hum Factors 2023 | vol. 10 | e41239 | p. 14

(page number not for citation purposes)


https://pubmed.ncbi.nlm.nih.gov/25739893/
http://dx.doi.org/10.1080/17437199.2015.1022901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25739893&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/24010994/
http://dx.doi.org/10.1186/1471-2458-13-813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24010994&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Arigoet a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Warburton DE, Bredin SS. Health benefits of physical activity: a systematic review of current systematic reviews. Curr
Opin Cardiol 2017 Sep;32(5):541-556 [FREE Full text] [doi: 10.1097/HCO.0000000000000437] [Medline: 28708630]
Powell KE, Paluch AE, Blair SN. Physical activity for health: what kind? How much? How intense? On top of what? Annu
Rev Public Health 2011;32:349-365 [FREE Full text] [doi: 10.1146/annurev-publhealth-031210-101151] [Medline:
21128761]

Amagasa S, Machida M, Fukushima N, Kikuchi H, Takamiya T, Odagiri Y, et al. |s objectively measured light-intensity
physical activity associated with health outcomes after adjustment for moderate-to-vigorous physical activity in adults? A
systematic review. Int J Behav Nutr Phys Act 2018 Jul 09;15(1):65 [FREE Full text] [doi: 10.1186/s12966-018-0695-7]
[Medline: 29986718]

Physical activity guidelinesfor Americans. 2nd edition. U.S. Department of Health and Human Services. 2018. URL : https:/
[health.gov/sites/defaul t/files/2019-09/Physical_Activity_Guidelines 2nd_edition.pdf [accessed 2021-06-01]

Kokkinos P, Sheriff H, Kheirbek R. Physical inactivity and mortality risk. Cardiol Res Pract 2011 Jan 20;2011:924945
[FREE Full text] [doi: 10.4061/2011/924945] [Medline: 21318105]

Lynch BM, Leitzmann MF. An evaluation of the evidence relating to physical inactivity, sedentary behavior, and cancer
incidence and mortality. Curr Epidemiol Rep 2017 Aug 18;4(3):221-231 [FREE Full text] [doi: 10.1007/s40471-017-0119-7]
Leel, ShiromaEJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, Lancet Physical Activity Series Working Group. Effect
of physical inactivity on major non-communicable diseasesworldwide: an analysis of burden of disease and life expectancy.
Lancet 2012 Jul 21;380(9838):219-229 [FREE Full text] [doi: 10.1016/S0140-6736(12)61031-9] [Medline: 22818936]
Rhodes RE, Janssen |, Bredin SS, Warburton DE, Bauman A. Physical activity: health impact, prevalence, correlates and
interventions. Psychol Health 2017 Aug;32(8):942-975 [ FREE Full text] [doi: 10.1080/08870446.2017.1325486] [Medline:
28554222]

Katzmarzyk PT, LeelM, Martin CK, Blair SN. Epidemiology of physical activity and exercisetraining in the United States.
Prog Cardiovasc Dis 2017 Jun;60(1):3-10 [FREE Full text] [doi: 10.1016/j.pcad.2017.01.004] [Medline: 28089610]
Zenko Z, WillisEA, White DA. Proportion of adults meeting the 2018 physical activity guidelinesfor Americans according
to accelerometers. Front Public Health 2019 Jun 07;7:135 [EREE Full text] [doi: 10.3389/fpubh.2019.00135] [Medline:
31231627]

Elaheebocus SM, Weal M, Morrison L, Yardley L. Peer-based socia media featuresin behavior change interventions:
systematic review. JMed Internet Res 2018 Feb 22;20(2):€20 [FREE Full text] [doi: 10.2196/jmir.8342] [Medline: 29472174]
Arigo D, Brown MM, Pasko K, Suls J. Social comparison featuresin physical activity promotion apps. scoping meta-review.
JMed Internet Res 2020 Mar 27;22(3):€15642 [FREE Full text] [doi: 10.2196/15642] [Medline: 32217499]

Festinger L. A theory of social comparison processes. Hum Relat 1954 May;7(2):117-140 [FREE Full text] [doi:
10.1177/001872675400700202]

Schoeppe S, Salmon J, Williams SL, Power D, Alley S, Rebar AL, et al. Effects of an activity tracker and app intervention
to increase physical activity in whole families-the step it up family feasibility study. Int J Environ Res Public Health 2020
Oct 20;17(20):7655 [FREE Full text] [doi: 10.3390/ijerph17207655] [Medline: 33092219]

Jee H. Review of researches on smartphone applications for physical activity promotion in healthy adults. J Exerc Rehabil
2017 Feb;13(1):3-11 [FREE Full text] [doi: 10.12965/jer.1732928.464] [Medline: 28349027]

Bandura A. Health promotion from the perspective of social cognitive theory. Psychol Health 1998 Jul;13(4):623-649
[FREE Full text] [doi: 10.1080/08870449808407422]

Wills TA. Downward comparison principlesin social psychology. Psychol Bull 1981;90(2):245-271 [FREE Full text] [doi:
10.1037/0033-2909.90.2.245]

Carmack Taylor CL, Kulik J, Badr H, Smith M, Basen-Engquist K, Penedo F, et al. A social comparison theory analysis
of group composition and efficacy of cancer support group programs. Soc Sci Med 2007 Jul;65(2):262-273 [FREE Full
text] [doi: 10.1016/j.socscimed.2007.03.024] [Medline: 17448580]

Kappen DL, Mirza-Babaei P, Nacke LE. Gamification through the application of motivational affordances for physical
activity technology. In: Proceedings of the 2017 Annual Symposium on Computer-Human Interaction in Play. 2017 Presented
at: CHI PLAY '17; October 15-18, 2017; Amsterdam, The Netherlands p. 5-18 URL: https://dl.acm.org/doi/proceedings/
10.1145/3116595 [doi: 10.1145/3116595.3116604]

Ganal O, Ledbetter SM. How to motivate with leaderboards. Habitry. 2018 May 31. URL: https://medium.com/
practical-motivati on-science/how-to-motivate-with-leaderboards-da5a461fb2f 6 [accessed 2021-05-28]

Conroy DE, Bennett GG, Lagoa CM, Wolin KY. Steps towards digital tools for personalised physical activity promotion.
Br J Sports Med 2022 Apr;56(8):424-425. [doi: 10.1136/bjsports-2021-104169] [Medline: 34531188]

Hydari MZ, Adjerid I, Striegel AD. Health wearables, gamification, and healthful activity. Manag Sci (forthcoming) 2022
Dec 19:1-19 [FREE Full text] [doi: 10.1287/mnsc.2022.4581]

Patel MS, VolppKG, RosinR, Bellamy SL, Small DS, Fletcher MA, et al. A randomized trial of social comparison feedback
and financial incentives to increase physical activity. Am JHealth Promot 2016 Jul;30(6):416-424 [FREE Full text] [doi:
10.1177/0890117116658195] [Medline: 27422252]

https://humanfactors,jmir.org/2023/1/e41239 JMIR Hum Factors 2023 | vol. 10 | e41239 | p. 15

(page number not for citation purposes)


https://pubmed.ncbi.nlm.nih.gov/28708630/
http://dx.doi.org/10.1097/HCO.0000000000000437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28708630&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/21128761/
http://dx.doi.org/10.1146/annurev-publhealth-031210-101151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21128761&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/29986718/
http://dx.doi.org/10.1186/s12966-018-0695-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29986718&dopt=Abstract
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://doi.org/10.4061/2011/924945
http://dx.doi.org/10.4061/2011/924945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21318105&dopt=Abstract
https://link.springer.com/article/10.1007/s40471-017-0119-7
http://dx.doi.org/10.1007/s40471-017-0119-7
https://europepmc.org/abstract/MED/22818936
http://dx.doi.org/10.1016/S0140-6736(12)61031-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22818936&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/28554222/
http://dx.doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554222&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/28089610/
http://dx.doi.org/10.1016/j.pcad.2017.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28089610&dopt=Abstract
https://europepmc.org/abstract/MED/31231627
http://dx.doi.org/10.3389/fpubh.2019.00135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31231627&dopt=Abstract
https://www.jmir.org/2018/2/e20/
http://dx.doi.org/10.2196/jmir.8342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29472174&dopt=Abstract
https://www.jmir.org/2020/3/e15642/
http://dx.doi.org/10.2196/15642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217499&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/001872675400700202
http://dx.doi.org/10.1177/001872675400700202
https://www.mdpi.com/resolver?pii=ijerph17207655
http://dx.doi.org/10.3390/ijerph17207655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33092219&dopt=Abstract
https://europepmc.org/abstract/MED/28349027
http://dx.doi.org/10.12965/jer.1732928.464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28349027&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/08870449808407422
http://dx.doi.org/10.1080/08870449808407422
https://psycnet.apa.org/record/1981-30307-001
http://dx.doi.org/10.1037/0033-2909.90.2.245
https://pubmed.ncbi.nlm.nih.gov/17448580/
https://pubmed.ncbi.nlm.nih.gov/17448580/
http://dx.doi.org/10.1016/j.socscimed.2007.03.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17448580&dopt=Abstract
https://dl.acm.org/doi/proceedings/10.1145/3116595
https://dl.acm.org/doi/proceedings/10.1145/3116595
http://dx.doi.org/10.1145/3116595.3116604
https://medium.com/practical-motivation-science/how-to-motivate-with-leaderboards-da5a461fb2f6
https://medium.com/practical-motivation-science/how-to-motivate-with-leaderboards-da5a461fb2f6
http://dx.doi.org/10.1136/bjsports-2021-104169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34531188&dopt=Abstract
https://pubsonline.informs.org/doi/epdf/10.1287/mnsc.2022.4581
http://dx.doi.org/10.1287/mnsc.2022.4581
https://europepmc.org/abstract/MED/27422252
http://dx.doi.org/10.1177/0890117116658195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27422252&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Arigoet a

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.
47.

Williams SL, French DP. What are the most effective intervention techniques for changing physical activity self-efficacy
and physical activity behaviour--and are they the same? Health Educ Res 2011 Apr;26(2):308-322 [FREE Full text] [doi:
10.1093/her/cyr005] [Medline; 21321008]

Zhang J, Brackhill D, Yang S, Becker J, Herbert N, CentolaD. Support or competition? How online social networksincrease
physical activity: arandomized controlled trial. Prev Med Rep 2016 Dec;4:453-458 [FREE Full text] [doi:
10.1016/j.pmedr.2016.08.008] [Medline: 27617191]

Arigo D, Smyth JM, Suls JM. Perceptions of similarity and response to selected comparison targetsin type 2 diabetes.
Psychol Health 2015;30(10):1206-1220 [FREE Full text] [doi: 10.1080/08870446.2015.1040018] [Medline: 25871344]
Did K, Hofmann W. Inspired to perspire: theinterplay of social comparison direction and standard extremity in the context
of challenging exercising goals. Soc Cogn 2019 Jun;37(3):247-265 [FREE Full text] [doi: 10.1521/s0c0.2019.37.3.247]
Arigo D, Mogle JA, Smyth JM. Relations between social comparisons and physical activity among women in midlife with
elevated risk for cardiovascular disease: an ecological momentary assessment study. JBehav Med 2021 Oct;44(5):579-590
[FREE Full text] [doi: 10.1007/s10865-021-00229-7] [Medline: 33982214]

Merchant G, Weibel N, PinaL, Griswold WG, Fowler JH, Ayala GX, et al. Face-to-face and online networks: college
students' experiencesin aweight-loss trial. J Health Commun 2017 Jan;22(1):75-83 [FREE Full text] [doi:
10.1080/10810730.2016.1250847] [Medline: 28060581]

Muller D, Fayant MP. On being exposed to superior others: consequences of self-threatening upward social comparisons.
Soc Persona Psychol Compass 2010 Aug 02;4(8):621-634 [FREE Full text] [doi: 10.1111/j.1751-9004.2010.00279.x]
Mollee J, Klein M. The effectiveness of upward and downward social comparison of physical activity in an online
intervention. In: Proceedings of the 15th International Conference on Ubiquitous Computing and Communications and
2016 8th International Symposium on Cyberspace and Security. 2016 Presented at: |UCC-CSS '16; December 14-16, 2016;
Granada, Spain p. 109-115 URL: https://research.vu.nl/en/publications/

the-eff ectiveness-of -upward-and-downward-soci al -comparison-of -phy [doi: 10.1109/iucc-¢ss.2016.023]

Gray RC, Zhu J, Arigo D, Forman E, Ontafién S. Player modeling via multi-armed bandits. In: Proceedings of the 15th
International Conference on the Foundations of Digital Games. 2020 Sep Presented at: FDG '20; September 15-18, 2020;
Bugibba, Maltap. 1-8 URL: https.//dl.acm.org/doi/10.1145/3402942.3402952 [doi: 10.1145/3402942.3402952]

Zhu J, Dalla DH, Gray RC, Villareale J, Ontafidon S, Forman EM, et al. Personalization paradox in behavior change apps:
lessons from a social comparison-based personalized app for physical activity. Proc ACM Hum Comput Interact 2021 Apr
13;5(CSCW1):116 [FREE Full text] [doi: 10.1145/3449190]

Villareale J, Gray RC, Furgan A, Fox T, Zhu J. Enhancing social exergames through idle game design. In: Proceedings of
the 14th International Conference on the Foundations of Digital Games. 2019 Aug Presented at: FDG '19; August 26-30,
2019; San Luis Obispo, CA, USA p. 1-5. [doi: 10.1145/3337722.3341827)

Zhu J, Ontanon S. Player-centered Al for automatic game personalization: open problems. In; Proceedings of the 15th
International Conference on the Foundations of Digital Games. 2020 Sep Presented at: FDG '20; September 15-18, 2020;
Bugibba, Maltap. 1-8. [doi: 10.1145/3402942.3402951]

Arigo D, Brown MM, Shank F, Young CM. Ecological momentary assessment of associations between social interactions
and physical activity outcomesamong women in midlifewith CV D risk conditions. Ann Behav Med 2023 Jan 02;57(1):50-60.
[doi: 10.1093/abm/kaac031] [Medline: 35916784]

Hana S, Ross NA, Dasgupta K. Steps, moderate-to-vigorous physical activity, and cardiometabolic profiles. Prev Med
2018 Feb;107:69-74 [FREE Full text] [doi: 10.1016/j.ypmed.2017.11.007] [Medline: 29126915]

Hochsmann C, Knaier R, Eymann J, Hintermann J, Infanger D, Schmidt-Trucksiss A. Validity of activity trackers,
smartphones, and phone applications to measure steps in various walking conditions. Scand J Med Sci Sports 2018
Jul;28(7):1818-1827 [FREE Full text] [doi: 10.1111/sms.13074] [Medline: 29460319]

Beagle AJ, Tison GH, Aschbacher K, Olgin JE, Marcus GM, Pletcher MJ. Comparison of the physical activity measured
by a consumer wearable activity tracker and that measured by self-report: cross-sectional analysis of the health eHeart
study. IMIR Mhealth Uhealth 2020 Dec 29;8(12):€22090 [FREE Full text] [doi: 10.2196/22090] [Medline: 33372896]
Derlega VJ, Robinett |, Winstead BA, Saadeh GM. Psychological impact of comparing oneself to other persons with
diabetes. J Loss Trauma 2005 Apr 20;10(3):293-311 [FREE Full text] [doi: 10.1080/15325020590928234]

Feltz DL, Kerr NL, Irwin BC. Buddy up: the Kéhler effect applied to health games. J Sport Exerc Psychol 2011
Aug;33(4):506-526 [FREE Full text] [doi: 10.1123/jsep.33.4.506] [Medline; 21808077]

Hertel G, Kerr NL, Messé LA. Motivation gainsin performance groups. paradigmatic and theoretical developments on the
Kdhler effect. J Pers Soc Psychol 2000 Oct;79(4):580-601 [FREE Full text] [Medline: 11045740]

Maas CJ, Hox JJ. Sufficient sample sizes for multilevel modeling. Methodology 2006 Sep 01;1(3):86-92 [FREE Full text]
[doi: 10.1027/1614-2241.1.3.86]

Hoffman L. Longitudinal Analysis: Modeling Within-Person Fluctuation and Change. Oxfordshire, UK: Routledge; 2015.
Callan MJ, Kim H, Matthews WJ. Age differences in social comparison tendency and personal relative deprivation. Pers
Individ Dif 2015 Dec 01;87:196-199 [FREE Full text] [doi: 10.1016/j.paid.2015.08.003]

https://humanfactors,jmir.org/2023/1/e41239 JMIR Hum Factors 2023 | vol. 10 | e41239 | p. 16

(page number not for citation purposes)


https://pubmed.ncbi.nlm.nih.gov/21321008/
http://dx.doi.org/10.1093/her/cyr005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21321008&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(16)30093-6
http://dx.doi.org/10.1016/j.pmedr.2016.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27617191&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/25871344/
http://dx.doi.org/10.1080/08870446.2015.1040018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25871344&dopt=Abstract
https://doi.org/10.1521/soco.2019.37.3.247
http://dx.doi.org/10.1521/soco.2019.37.3.247
https://europepmc.org/abstract/MED/33982214
http://dx.doi.org/10.1007/s10865-021-00229-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33982214&dopt=Abstract
https://europepmc.org/abstract/MED/28060581
http://dx.doi.org/10.1080/10810730.2016.1250847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28060581&dopt=Abstract
https://compass.onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-9004.2010.00279.x
http://dx.doi.org/10.1111/j.1751-9004.2010.00279.x
https://research.vu.nl/en/publications/the-effectiveness-of-upward-and-downward-social-comparison-of-phy
https://research.vu.nl/en/publications/the-effectiveness-of-upward-and-downward-social-comparison-of-phy
http://dx.doi.org/10.1109/iucc-css.2016.023
https://dl.acm.org/doi/10.1145/3402942.3402952
http://dx.doi.org/10.1145/3402942.3402952
https://dl.acm.org/doi/10.1145/3449190
http://dx.doi.org/10.1145/3449190
http://dx.doi.org/10.1145/3337722.3341827
http://dx.doi.org/10.1145/3402942.3402951
http://dx.doi.org/10.1093/abm/kaac031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35916784&dopt=Abstract
https://europepmc.org/abstract/MED/29126915
http://dx.doi.org/10.1016/j.ypmed.2017.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29126915&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/29460319/
http://dx.doi.org/10.1111/sms.13074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29460319&dopt=Abstract
https://mhealth.jmir.org/2020/12/e22090/
http://dx.doi.org/10.2196/22090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33372896&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/15325020590928234
http://dx.doi.org/10.1080/15325020590928234
https://pubmed.ncbi.nlm.nih.gov/21808077/
http://dx.doi.org/10.1123/jsep.33.4.506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21808077&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/11045740/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11045740&dopt=Abstract
https://econtent.hogrefe.com/doi/abs/10.1027/1614-2241.1.3.86
http://dx.doi.org/10.1027/1614-2241.1.3.86
https://www.sciencedirect.com/science/article/abs/pii/S0191886915005085
http://dx.doi.org/10.1016/j.paid.2015.08.003
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Arigoet a

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Robb KA, Gatting L, Wardle J. What impact do questionnaire length and monetary incentives have on mailed health
psychology survey response? Br J Health Psychol 2017 Nov;22(4):671-685 [FREE Full text] [doi: 10.1111/bjhp.12239]
[Medline: 28422369]

Arigo D, Suls M, Smyth JM. Social comparisons and chronic illness: research synthesis and clinical implications. Health
Psychol Rev 2014;8(2):154-214 [FREE Full text] [doi: 10.1080/17437199.2011.634572] [Medline: 25053133]

Wood JV. What is social comparison and how should we study it? Pers Soc Psychol Bull 1996 May;22(5):520-537 [FREE
Full text] [doi: 10.1177/0146167296225009]

Helgeson VS, Mickelson KD. Motives for social comparison. Pers Soc Psychol Bull 1995 Nov;21(11):1200-1209 [FREE
Full text] [doi: 10.1177/01461672952111008]

Buunk AP, Cohen-Schotanus J, van Nek RH. Why and how people engage in social comparison whilelearning social skills
in groups. Group Dyn Theory Res Pract 2007 Sep;11(3):140-152 [FREE Full text] [doi: 10.1037/1089-2699.11.3.140]
Bounoual, Cury F, Regner |, Huguet P, Barron KE, Elliot AJ. Motivated use of information about others: linking the 2 x
2 achievement goal model to social comparison propensities and processes. Br J Soc Psychol 2012 Dec;51(4):626-641
[FREE Full text] [doi: 10.1111/j.2044-8309.2011.02027.x] [Medline: 21635273]

Arigo D, Mogle JA, Brown MM, Pasko K, TraversL, Sweeder L, et al. Methods to assess social comparison processes
within personsin daily life: a scoping review. Front Psychol 2020 Jan 22;10:2909 [FREE Full text] [doi:
10.3389/fpsyq.2019.02909] [Medline: 32038352]

Baldwin M, Mussweiler T. The culture of social comparison. Proc Natl Acad Sci U SA 2018 Sep 25;115(39):E9067-E9074
[FREE Full text] [doi: 10.1073/pnas.1721555115] [Medline: 30201717]

Schokker MC, Keers JC, Bouma J, Links TP, Sanderman R, Wolffenbuttel BH, et al. The impact of social comparison
information on motivation in patients with diabetes as a function of regulatory focus and self-efficacy. Health Psychol 2010
Jul;29(4):438-445 [FREE Full text] [doi: 10.1037/a0019878] [Medline: 20658832]

Wood JV. Theory and research concerning social comparisons of personal attributes. Psychol Bull 1989 Sep;106(2):231-248
[FREE Full text] [doi: 10.1037/0033-2909.106.2.231]

Arigo D, Cornell M, Smyth JM. Social comparisonsin adults with type 2 diabetes: patients reasons for target selection.
Psychol Health 2018 Jul;33(7):906-924 [FREE Full text] [doi: 10.1080/08870446.2018.1432759] [Medline: 29424244
Buunk BP, Y bemaJF. Social comparisonsand occupational stress: the identification-contrast model. In: Buunk BP, Gibbons
FX, editors. Health, Coping, and Well-being: Perspectives from Social Comparison Theory. London, UK: Psychology
Press; 1997:359-388.

Stevens M, White S, Robertson AM, Cruwys T. Repeated exercise class attendance: the role of class members' similarity
and social identification. Psychol Sport Exerc 2022 Jul;61:102212 [FREE Full text] [doi: 10.1016/.psychsport.2022.102212]
Van der Zee K, Buunk B, Sanderman R, Botke G, van den Bergh F. Social comparison and coping with cancer treatment.
Pers Individ Dif 2000 Jan;28(1):17-34 [FREE Full text] [doi: 10.1016/50191-8869(99)00045-8]

Arigo D, Haggerty K. Social comparisons and long-term rehabilitation for traumatic brain injury: alongitudinal study. J
Health Psychol 2018 Nov;23(13):1743-1748 [FREE Full text] [doi: 10.1177/1359105316669583] [Medline: 27708125]
Arigo D, Torous J. Development of a mobile assessment tool for understanding social comparison processes among
individuals with schizophrenia: two-phase survey study. IMIR Form Res 2022 May 02;6(5):€36541 [FREE Full text] [doi:
10.2196/36541] [Medline: 35499856]

Abbreviations

API: application programming interface
ICC: intraclass correlation coefficient
PA: physica activity

sr: semipartial correlation coefficient

Edited by A Kushniruk; submitted 19.07.22; peer-reviewed by A Graham, L Schumacher; commentsto author 06.10.22; revised version
received 27.11.22; accepted 01.01.23; published 27.02.23

Please cite as:

Arigo D, Gray RC, Dallal DH, Villareale J, Zhu J

Sdlection of and Response to Physical Activity—Based Social Comparisons in a Digital Environment: Series of Daily Assessment
Sudies

JMIR Hum Factors 2023; 10:e41239

URL.: https://humanfactors.jmir.org/2023/1/e41239

doi: 10.2196/41239

PMID:

https://humanfactors,jmir.org/2023/1/e41239 JMIR Hum Factors 2023 | vol. 10 | e41239 | p. 17

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/28422369
http://dx.doi.org/10.1111/bjhp.12239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28422369&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/25053133/
http://dx.doi.org/10.1080/17437199.2011.634572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25053133&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/0146167296225009
https://journals.sagepub.com/doi/abs/10.1177/0146167296225009
http://dx.doi.org/10.1177/0146167296225009
https://asu.pure.elsevier.com/en/publications/motives-for-social-comparison
https://asu.pure.elsevier.com/en/publications/motives-for-social-comparison
http://dx.doi.org/10.1177/01461672952111008
https://psycnet.apa.org/record/2007-14184-002
http://dx.doi.org/10.1037/1089-2699.11.3.140
https://pubmed.ncbi.nlm.nih.gov/21635273/
http://dx.doi.org/10.1111/j.2044-8309.2011.02027.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21635273&dopt=Abstract
https://europepmc.org/abstract/MED/32038352
http://dx.doi.org/10.3389/fpsyg.2019.02909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32038352&dopt=Abstract
https://www.pnas.org/doi/abs/10.1073/pnas.1721555115?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1073/pnas.1721555115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30201717&dopt=Abstract
https://core.ac.uk/reader/148232387?utm_source=linkout
http://dx.doi.org/10.1037/a0019878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20658832&dopt=Abstract
https://psycnet.apa.org/record/1990-01271-001
http://dx.doi.org/10.1037/0033-2909.106.2.231
https://pubmed.ncbi.nlm.nih.gov/29424244/
http://dx.doi.org/10.1080/08870446.2018.1432759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29424244&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1469029222000802
http://dx.doi.org/10.1016/j.psychsport.2022.102212
https://psycnet.apa.org/record/1999-01174-002
http://dx.doi.org/10.1016/s0191-8869(99)00045-8
https://pubmed.ncbi.nlm.nih.gov/27708125/
http://dx.doi.org/10.1177/1359105316669583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27708125&dopt=Abstract
https://formative.jmir.org/2022/5/e36541/
http://dx.doi.org/10.2196/36541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35499856&dopt=Abstract
https://humanfactors.jmir.org/2023/1/e41239
http://dx.doi.org/10.2196/41239
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/

JMIR HUMAN FACTORS Arigoet a

©Danielle Arigo, Robert C Gray, Diane H Dallal, Jennifer Villareale, Jichen Zhu. Originaly published in IMIR Human Factors
(https://humanfactors.,jmir.org), 27.02.2023. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Human Factors, is properly cited. The complete bibliographic

information, alink to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

https://humanfactors,jmir.org/2023/1/e41239 JMIR Hum Factors 2023 | vol. 10 | e41239 | p. 18

(page number not for citation purposes)


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

