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Abstract
The current set of within-subject, single-case design studies examined how exposure to social comparison information may 
impact physical activity in sedentary individuals. In Study 1, participants (N = 6) were exposed to two Fitbit challenges, one 
with a physically active confederate and another with a sedentary confederate. Each challenge phase lasted 7 days, during 
which participants were able to compare their daily steps to the assigned confederate on a ranked leaderboard, received 
notifications if their cumulative steps were surpassed by the confederate, and a notification indicating if they won at the 
conclusion of each challenge (i.e., active confederate in challenge one then sedentary confederate in challenge two, or vice 
versa). Study 2 replicated the procedures used in Study 1 but controlled for the distance between confederate and participant 
daily steps (N = 4). In Study 3, participants (N = 4) were exposed to the same confederate twice to evaluate potential order 
effects. Results showed that physical activity increased for most participants, but the direction and magnitude of effects 
differed across participants, challenge type, and order of confederate exposure. The factors producing differential respond-
ing to the Fitbit challenges, and the implications for future research on the effects of competition and social comparison on 
behavior, are discussed.
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The Physical Activity Guidelines for Americans (PAGA) 
recommends that adults engage in 10,000 steps per day (US 
Department of Health & Human Services [USDA], 2018). 
Walking is a primary method that is recommended for 
increasing physical activity and improving overall health. 
In 2018, the USDA reported that only half of Americans 
met these guidelines, contributing to 10% of premature 
mortality and $117 billion dollars in health care costs. A 
number of barriers may affect compliance with PAGA 
guidelines, including physical limitations, chronic illness, 
and socioeconomic status. Thus, efficient and easily accessi-
ble interventions for increasing physical activity are needed 
(Gordon-Larsen et al., 2006; Salmon et al., 2003), and tech-
nology-based interventions are of particular interest for the 
potential to meet this need.

Opportunities for social comparison, or self-evaluation  
relative to others, may be a powerful component in  
technology-based interventions for increasing physi-
cal activity (Chapman et al., 2016; Zhang et al., 2016;  
Zuckerman & Gal-Oz, 2014). Specifically, social com-
parison processes can be activated via exposure to other 
people’s physical activity ranked against one’s own 
(Arigo et al., 2020). Traditionally, the effects of physical  
activity-based social comparisons have been evaluated 
using group designs. For example, Chapman et al. (2016) 
evaluated the use of general feedback on the participant’s 
own performance, compared to the delivery of feedback 
on how walking performance compared to another partici-
pants’ performance. Participants who received the latter 
social comparison feedback (n = 31) walked an average of 
1120 more steps per day than participants in the control 
group (n = 31; Chapman et al., 2016). Further investiga-
tion is needed to understand how contextual factors associ-
ated with instances of social comparison may differentially 
impact physical activity.
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Social Comparison and Competition

Social comparison may facilitate healthy competition 
between users of technology-based interventions (Arigo 
et al., 2020). In the present report, the word “competition” 
is used as a summary term describing conditions under 
which the availability of a reward is limited or unavail-
able to all subjects who respond, depending on individual 
performance (Schmitt, 1976). A review by Cariveau et al. 
(2020) noted that differences between competitor perfor-
mance may serve as an additional cue under lean schedules 
of reinforcement and that “nearly winning” might produce 
more persistent responding than conditions where levels 
of performance are vastly different. In addition, competi-
tive arrangements have been associated with higher rates 
of responding than cooperative arrangements, but the use 
of competitive arrangements in applied contexts warrants 
further research (Cariveau et al., 2020; Schmitt, 1981).

Whether the competitor is above or below their coun-
terpart’s performance may also impact responding. In the 
framework of social comparison theory, “upward compari-
son” occurs when a person is exposed to another individu-
al’s performance that is perceived as better than their own, 
whereas “downward comparison” occurs when a person 
is exposed to performance that is perceived as worse than 
their own (Wills, 1981; Wood et al., 1985). Garcia et al. 
(2013) further defined social comparison in the context 
of competition as involving a combination of individual 
and situational factors, with individual factors including 
variables such as performance relevance (i.e., value of 
perceived performance in a particular activity) and situ-
ational factors such as incentive structure, proximity to a 
standard, or perceived similarity to another competitor. 
Garcia et al. (2013) also stated that “comparison concerns” 
may manifest when one’s level of performance could be 
surpassed. In the remainder of the current report, we use 
“social comparison” to describe instances of direct expo-
sure (i.e., behavior) or indirect exposure (i.e., permanent 
products or some information on competitor performance) 
to another individual’s performance.

Commercially available wearable accelerometers such  
as the Fitbit can be used to track daily steps. Several 
platforms associated with these tools engage social  
comparison processes through challenges (competi-
tions) and group/dyadic leaderboards that visually rank 
a user’s steps against that of other users (Arigo et al., 
2020). However, further research is needed to establish 
if, how, and with whom social comparison is effective 
for increasing physical activity among sedentary adults. 
Specifically, Arigo and Suls (2018) called for researchers 
to examine the mechanisms impacting user engagement  
and behavioral outcomes associated with using applica-
tions that employ social comparison features. A better 

understanding of social comparison processes may inform 
the personalization of treatment options across users 
and social comparison contexts (Arigo & Suls, 2018). 
Within the Fitbit platform, the Fitbit challenge is a fea-
ture that allows users to engage in a competition for the 
highest step count, measured by the Fitbit accelerome-
ter and displayed via a leaderboard and through notifi-
cations. To our knowledge, no other research has been 
conducted evaluating the impact of exposure to social  
comparison information during Fitbit challenges on physi-
cal activity.

In response to calls for additional work in this area, the 
current report presents three exploratory studies that use 
within-subject, single-case experimental designs to examine 
the effects of engaging in Fitbit challenges on the daily steps 
of sedentary adults. Single-case research designs utilize 
repeated measurement to demonstrate experimental control 
within subjects, in which functional relations are evident if 
the dependent variable changes across phases (e.g., steps 
are low during baseline, steps increase during interven-
tion, steps decrease when the intervention is removed, etc.). 
After a baseline period in which each participant served as 
their own baseline, each participant was exposed to chal-
lenges prompting upward comparison (competitor engaged 
in higher daily steps) or downward comparison (competitor 
engaged in lower daily steps).

In Study 1, participants competed with an active con-
federate (> 10,000 average steps per day) and a sedentary 
confederate (< 6,000 average steps per day) in two sepa-
rate challenges, to evaluate potential differences in physical 
activity response to each type of comparison target. In Study 
2, each participant competed with an active confederate and 
a sedentary confederate in two separate challenges; here, the 
active confederate’s steps were approximately 3,000 steps 
above (active confederate) or below (sedentary confeder-
ate) the participants’ previous daily steps, to control for dis-
tance between competitors. Study 3 was identical to Study 
1, except that each participant was exposed to the active 
confederate or sedentary confederate twice, rather than to 
one of each, to examine the potential role of order effects.

Method

Study 1

All procedures were reviewed and approved by the Institu-
tional Review Board at the supporting institution. A rigorous  
within-subject, single-case reversal design with counter- 
balanced exposure was used to measure each participant’s steps  
during baseline compared to their own steps during Fitbit 
challenges (Dallery et al., 2013, 2015; Parker & Vannest, 
2012). In other words, daily steps were repeatedly measured 
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across phases with and without exposure to Fitbit challenges, 
with some participants exposed to one type of challenge 
(e.g., active) first and others exposed to the other type of 
challenge (e.g., sedentary) first. Sample size calculations to 
reach a particular level of power were not necessary; in sin-
gle-case designs, the manipulation is evaluated within rather 
than across subjects, such that each subject serves as their 
own control (See Dallery et al., 2013 for additional infor-
mation on single subject research designs and associated 
analytic approaches). Participants were recruited via email 
announcements distributed to staff, students, and faculty at 
a large state university in the Northeastern US. The eligibil-
ity criteria included that participants (a) be over 18 years 
of age, (b) report being sedentary (i.e., not exercising more 
than once a week), (c) be willing to wear and sync the Fitbit 
device daily, and (d) own a smartphone with an active data 
plan for at least 7 weeks. Exclusion criteria included hav-
ing owned a Fitbit prior to the study or being diagnosed 
with health conditions that would limit ability to engage in 
physical activity.

Outcome of Interest: Steps per Day

Participant steps served as the primary outcome and were 
recorded objectively by the Fitbit device. Data points below 
1,000 steps were excluded from analysis because extremely 
low daily steps (i.e., 500 steps) were frequently correlated 
with reports of interference with measurement across partic-
ipants (i.e., forgetting to charge or wear the device). Single-
case designs use repeated assessment, which violates many 
of the assumptions of inferential statistics. For this reason, 
the primary methods of evaluating the effects of our experi-
mental manipulation were visual analysis and descriptive 
statistics. Visual analysis involves looking for trends in the 
data (i.e., steps increasing or decreasing), changes in level, 
and variability (i.e., bounce) across phases, and prioritizing 
clinically significant changes within-subject over statistical 
significance (Dallery et al., 2013).

Tau-U was also calculated to supplement visual analysis 
and analyze overlap between baseline and challenge phases 
for each participant while accounting for intervention phase 
trends and correcting for baseline trends (Parker et al., 2011). 
Tau-U, denoted by τ, serves as an index of nonoverlapping 
data points (PND), but does not account for magnitude of 
effects. Because single-case designs involve repeated meas-
ures and the evaluation of behavior across phases, which 
violate the assumptions of traditional inferential statistics, 
Tau-U was developed to account for those deviations from 
traditional group designs and is intended to serve as a proxy 
for other effect size measures. Values closer to zero indicate 
a greater amount of overlap and values closer to 1 indicate 

the least amount of overlap. A positive value indicates that 
data points in the treatment condition were higher than base-
line, and a negative value indicates that data in the treatment 
condition were lower. Variance of the sample used for Tau-U 
calculations, or the square of standard deviation, is denoted 
by s2.

Procedure

Two confederates competed with participants during chal-
lenge phases. The active confederate (last author) exceeded 
10,000 steps per day on average. The sedentary confederate 
(first author) engaged in less than 6,000 steps per day on 
average. Participants exposed to the sedentary confederate 
during the first challenge competed with the active confed-
erate during the second challenge, and vice versa, to coun-
terbalance order of exposure. Fitbit challenges used in the 
current study were the 5-day Workweek Hustle (i.e., Mon-
day through Friday with the winner having the most steps 
during the 5-day period) and the 2-day Weekend Warrior 
(i.e., Saturday and Sunday, with the winner having the most 
steps during the 2-day period); thus, each challenge phase 
included one Workweek Hustle and one Weekend Warrior 
challenge. Because physical activity levels can differ for 
adults from weekdays to weekends, we differentiated the 
Workweek Hustle and Weekend Warrior data points for vis-
ual analysis (Miller & Brown, 2004). The Workweek Hus-
tle and Weekend Warrior challenges were identical, other 
than challenge duration and temporal location (i.e., week-
days versus weekends). Data were collected in two rounds, 
with Darien (Age: 63, Race/Ethnicity: White/Caucasian), 
Amy (Age: 28, Race/Ethnicity: White/Caucasian), and Raye 
(Age: 32, Race/Ethnicity: Black/African American) in the 
first round and Mina (Age: 45, Race/Ethnicity: White/Cau-
casian), Lita (Age: 21, Race/Ethnicity: Hispanic/Latine), and 
Artemis (Age: 75, Race/Ethnicity: White/Caucasian) in the 
second round (pseudonyms are used to maintain participant 
anonymity). See Table 1 for additional demographic infor-
mation for all participants.

Intake

Each participant provided written informed consent and com-
pleted a series of questionnaires assessing basic demographic 
information (e.g., gender, age, ethnicity, race) at the start of 
the study, before the experiment began. Participants from 
round one were permitted to keep the Fitbit loaned to them, 
whereas participants from round 2 were entered into a lottery 
for $50 in gift cards of their choosing at the conclusion of the 
study. Participants were made aware that compensation was 
in no way tied to their performance during the study.
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Each participant received a Fitbit Charge HR device 
and charger and was trained to use the Fitbit application on 
their personal smartphone. All participants were instructed 
to charge, wear, and sync their Fitbit Charge HR device 
daily. Participants were also informed of physical activity 
guidelines (i.e., recommended 10,000 steps per day) and 
briefly discussed common ways for increasing daily steps 
(i.e., taking the stairs, parking further away from their 
destination). All researchers were trained on intake pro-
cedures to ensure that conversations were consistent across 
participants. Fitbit profiles were customized to maintain 
anonymity for the duration of the study (e.g., profile pic-
ture set as the university logo for both confederates and 
actual participants, profile name set as study ID to avoid 
name-gender association). Information on gender, age, 

and Fitbit friends were all set to private. Participants were 
instructed not to engage in challenges with other Fitbit 
users during the study and were asked if they engaged in 
other challenges at the end of the study. In addition, par-
ticipants accepted friend invitations from an administrative 
account (i.e., no device paired or observable user history) 
managed by the first author. The Fitbit application allowed 
users to observe friend’s steps whenever they chose, so an 
administrative account was used to facilitate challenges 
with confederates and avoid exposure to confederate steps 
during return to baseline or subsequent challenge phases 
(i.e., observing the active confederates’ steps by check-
ing their profile while in a challenge with the sedentary 
confederate, or seeing confederates’ steps during return 
to baseline).

Table 1   Participant demographics

N/A indicates items where participants elected not to respond

Participant Sex/gender Age BMI Race/Ethnicity Marital status Education Employment 
status

Housing Income

Study 1
Darien Male 63 36.8 White/ 

Caucasian
Married Associate’s 

degree
Employed for 

wages
Owned  

(free of loan)
$100,000–

$149,999
Mina Female 45 35.9 White/ 

Caucasian
Married Doctorate 

degree
Employed for 

wages
Owned  

(free of loan)
$100,000–

$149,999
Amy Female 28 30.4 White/ 

Caucasian
Not married Bachelor’s 

degree
Employed for 

wages
Owned  

(free of loan)
$100,000–

$149,999
Raye Female 32 32.7 Black/African 

American
Married Bachelor’s 

degree
Employed for 

wages
Rented $80,000–$89,000

Lita Female 21 42.3 Hispanic/Latin Single Some college Student Rented Less than 
$10,000

Artemis Male 75 23.1 White/ 
Caucasian

N/A Master’s 
degree

Retired Owned (free of 
loan)

$50,000–$59,999

Study 2
Lilian Female 29 52.4 Black/African 

American, 
White/ 
Caucasian

Single Associate’s 
degree

Employed for 
wages

Rented Less than 
$10,000

Angelica Female 35 30.7 White/ 
Caucasian

Married Master’s 
degree

Employed for 
wages

Owned (mortgage 
or loan)

$100,000–
$149,999

Suzie Female 21 25.2 Asian, White/
Caucasian

Long-term 
relationship

Associate’s 
degree

Employed for 
wages

Owned (free of 
loan)

$90,000–$99,999

Thomas Male 59 33.1 White/ 
Caucasian

Married Some college Employed for 
wages

Owned (mortgage 
or loan)

$40,000–$49,000

Stage 3
Trent Male 32 35.1 Not specified Married Doctorate 

degree
Employed for 

wages
Owned (mortgage 

or loan)
$50,000–$59,000

Quinn Female 59 22.8 White/ 
Caucasian

Married Bachelor’s 
degree

Employed for 
wages

Owned (mortgage 
or loan)

$100,000–
$149,999

Jane Female 57 29.9 White/ 
Caucasian

Married Bachelor’s 
degree

Employed for 
wages

Owned (mortgage 
or loan)

$100,000–
$149,999

Daria Female 21 26.6 White/ 
Caucasian

Never married Associate’s 
degree

Student Rent $80,000–$89,999
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Baseline

The duration of baseline for each participant lasted up to 
two weeks, depending on stability of the data. The stabil-
ity criteria required that the final data point during baseline 
(i.e., Sunday) be no more than 10% from the mean of the last 
three consecutive data points. If the stability criteria were 
not met after two weeks, challenge phases began due to time 
limitations.

Active Challenge Phase

Participants began a 5-day Workweek Hustle followed by a 
2-day Weekend Warrior challenge against the active confed-
erate. Challenge invitations were sent by the first author to 
the participant and confederate to facilitate both challenges, 
accompanied by a brief email explaining that the challenge 
would soon begin. The first author was removed from the chal-
lenge after both users accepted the invitation, and prior to the 
beginning of the challenge, to control for potential reactivity 
to researcher presence in the challenge. The Fitbit device auto-
matically uploaded step data upon opening the Fitbit applica-
tion, so participants could observe the confederate’s daily and 
cumulative steps taken and their own rank on the leaderboard. 
The active confederate engaged in 10,000 steps or higher per 
day during the challenges (M = 13,290; range: 9,929–18,123), 
thus participants could win the Workweek Hustle or Weekend 
Warrior if they had a higher cumulative step count than the 
active confederate. Participants could also see the confeder-
ate’s weekly average based on the previous week, and received 
periodic, automatic push notifications triggered by changes 
in the competitor’s step count relative to the user’s rank on 
the leaderboard (e.g., “Look out, user two is catching up with 
5,000 steps!”). Users that engaged in the highest cumulative 
step count (i.e., steps accumulated across the entire challenge 
duration) also received a celebratory notification from the Fit-
bit application indicating that they won the challenge upon 
challenge completion.

Return to Baseline

Participants returned to the previous baseline conditions 
for 7 days. No challenge was in place, but participants were 
required to wear the Fitbit daily. Participants were unable to 
observe confederate steps during this phase.

Sedentary Challenge Phase

The sedentary challenge phase was identical to the active 
challenge phase, but the participants were paired with the 
sedentary confederate. The sedentary confederate engaged 
in less than 6,000 steps per day on average during challenges 

(M = 2,812, range: 896 to 7,294), thus participants could win 
either challenge if they had a higher cumulative step count 
than the sedentary confederate.

Exit Interview

Participants completed a Treatment Acceptability Question-
naire which included opened-ended questions allowing par-
ticipants to provide feedback on the challenges and whether 
they would participate again, then were compensated with 
the Fitbit device (round one) or entered into a $50 gift card 
lottery (round two) and thanked for their participation. The 
first author debriefed participants regarding the use of con-
federates after data collection was complete.

Study 2

Study 2 was identical to Study 1, except that the confed-
erate’s steps were approximately 3,000 steps above (active 
confederate) or below (sedentary confederate) the partici-
pants’ previous daily steps during challenge phases. Previ-
ous research indicates that responding under competitive 
arrangements may differ according to the difference in com-
petitor performance levels (Muller & Fayant, 2010; Schmitt, 
2000). Thus, a 3,000 step difference was utilized to ensure a 
smaller distance between participant and confederate perfor-
mance than in Study 1. Three participants, Lilian (Age: 29, 
Race/Ethnicity: Black/African American), Angelica (Age: 
35, Race/Ethnicity: White/Caucasian), and Suzie (Age: 
21, Race/Ethnicity: Asian, White/Caucasian), were each 
exposed to the sedentary challenge first and one participant, 
Thomas (Age: 59, Race/Ethnicity: White/Caucasian), was 
exposed to the active confederate first. Efforts were made to 
recruit more participants who would be exposed to the active 
confederate first, but recruitment was terminated due to the 
onset of the COVID-19 pandemic. One participant (Suzie) 
was exposed to three challenge phases after experiencing 
technical difficulties during her active challenge phase. Spe-
cifically, Suzie’s Fitbit failed to sync to her mobile phone 
frequently, which affected the active confederate’s ability 
to base their daily steps on the participant’s last synced day. 
For this reason, Suzie requested to re-do the challenge phase 
(active) and those data were included for analysis.

Participant steps were checked by the investigator each 
morning at approximately 7:00 AM. The investigator logged 
into the participants’ Fitbit account and exported the data 
from the previous day. Confederates’ steps were, on aver-
age, approximately 3,000 steps above (active; M = 2,828.62, 
range: 896–7,294) or below (sedentary; M = 3,366.81, range: 
687–8,543) the participants’ steps from the previous day. 
The second author served as both the active and sedentary 
confederate, wearing two different Fitbits (i.e., removed one 
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Fitbit upon reaching × steps above for the active confederate 
or below for the sedentary confederate).

Study 3

Jane (Age: 57, Race/Ethnicity: White/Caucasian) and Daria 
(Age: 21, Race/Ethnicity: White/Caucasian) competed the 
sedentary confederate and Trent (Age: 32, Race/Ethnicity: 
Not specified) and Quinn (Age: 59, Race/Ethnicity: White/
Caucasian) competed with the active confederate for both 
challenge phases to evaluate the impact of repeated expo-
sure to similar confederate performance and further examine 
potential order effects observed in Studies 1 and 2. Confed-
erate usernames were changed between the first and second 
challenge to make it appear as though participants were 
competing against two different individuals with similar 
levels of physical activity, to closely match the experience 
of participants in Studies 1 and 2. All other study procedures 
were identical to Study 1, with the exception that the con-
federate in this case was the third author.

Results

Study 1

Darien and Mina participated in the active challenge first 
and the sedentary challenge second. Amy, Raye, Lita, and 
Artemis participated in the sedentary challenge first and the 
active challenge second. The battery on Lita’s Fitbit died 
during the final 2 days of baseline and she reported losing 
the Fitbit charger on the first return to baseline day, limit-
ing data collection to the final 3 days of that phase. One 
data point was omitted for Artemis during return to baseline 
because his Fitbit did not reset from the prior day (i.e., the 
Fitbit application incorrectly counted steps from Monday 
into Tuesday for Tuesday’s daily count) after he synced at 
midnight.

Daily steps for all participants in Study 1, and Tau-U 
scores across phases, are displayed in Fig. 1. Within-person 
variability in daily step counts was high across participants. 
Of particular note, Darien and Mina showed an increas-
ing trend during the active challenge phase and engaged in 
their highest daily steps during that condition, followed by 
a decreasing trend in no challenge for Darien. There was 
another increase in steps during the sedentary challenge 
phase for Darien but a lower level relative to the active chal-
lenge phase. Most participants (Amy, Raye, Lita) exposed 
to the sedentary challenge first also showed higher levels 
of steps compared to their own baseline steps, but the dif-
ference in level was smaller compared to those exposed to 
the active challenge first. Together, these findings show 
that participants exposed to the active confederate first 

displayed a larger increase in steps across challenge phases 
one (median step difference range: 1625–7511; Tau-U 
range: 0.755–1) and two (median step difference range: 
774–2557; Tau-U range: 0.633–0.694) relative to baseline 
and return to baseline (no challenge) phases, compared to 
participants exposed to the sedentary confederate first in 
challenge one (median step difference range: 143–1731; 
Tau-U range: − 0.607–0.270) and two (median step differ-
ence range: − 295–3273; Tau-U range: − 0.383 to − 0.122).

TAQ results indicated that the large distance between par-
ticipant and confederate performance levels were apparent 
to Amy, Raye, and Darien, which they perceived as unlikely 
and lacked believability. All but one participant (Amy) said 
they would engage in a Fitbit challenge again in the future.

Study 2

Thomas competed in the active challenge first. Angelica, 
Lilian, and Susie competed in the sedentary challenge first. 
For Angelica, one data point from the sedentary challenge 
phase (day 13 = 773), one data point from return to baseline 
(day 21 = 392). One data point from Suzie’s second active 
challenge phase (day 42 = 0) was omitted from analyses 
for meeting exclusion criteria. Daily steps for all partici-
pants in Study 2, as well as Tau-U scores across phases, are 
displayed in Fig. 2. As in Study 1, the participant exposed 
to the active confederate first displayed a larger percent 
increase in median daily steps from baseline to challenge 
one (median step difference = 2,805; Tau-U = 0.755) and 
return to baseline to challenge two (median step differ-
ence = 1,158; Tau-U = 0.633) than those exposed to the sed-
entary confederate first in challenge one (median step differ-
ence range: − 2,178 – 135; Tau-U range: − 0.257 – 0) and the 
active confederate in challenge two (median step difference 
range: − 2,071 – 1,827; Tau-U range: − 0.510 – 0.2381). 
TAQ results indicated that three out of four participants (i.e., 
Angelica, Suzie, and Thomas) reported that they would par-
ticipate in the study again.

Study 3

Trent and Quinn competed with the active confederate for 
both challenge phases and Jane and Daria competed with the 
sedentary confederate for both challenge phases. For Trent, 
one baseline data point (day 1 = 840) was omitted from anal-
yses for meeting exclusion criteria. For Quinn, one return 
to baseline data point (day 15 = 711), and two data points 
from the second active challenge phase (day 26 = 817, day 
27 = 800) were omitted from analysis for meeting exclusion 
criteria. Jane and Daria competed with a sedentary confed-
erate for both challenge phases. Two of Daria’s data points 
from the second challenge phase (day 27 = 177, day 28 = 0) 
were omitted from analyses for meeting exclusion criteria.
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Daily steps for all participants in Study 3, as well 
as Tau-U scores across phases, are displayed in Fig. 3. 
Results were variable across participants despite control-
ling for order of exposure to confederates. Participants 
exposed to the active confederate twice showed little to 
no change in daily steps from baseline to challenge one 
(median step difference range: − 397 – 70; Tau-U range: 
0.095 to − 0.225) and little to no change from return to 
baseline to challenge two for one participant (median step 

difference range: 416 – 474; Tau-U range: 0.061 – 0.567). 
Participants exposed to the sedentary confederate twice 
also showed little to no changes from baseline to chal-
lenge one (median step difference range: − 481 – 229;  
Tau-U range: 0.061 – 0.184) and some change from return 
to baseline to challenge two (median step difference range: 
1,090 – 2,919; Tau-U range: 0.674 – 0.829). TAQ results 
indicated that Jane and Daria would participate in a chal-
lenge again, but Trent and Quinn would not.
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Fig. 1   Study 1 participant daily steps. Note: Dashed data paths indi-
cate confederate daily steps. Closed circles indicate weekdays and 
open circles indicate weekends. “L” indicates when participants 
received a losing notification at the end of the challenge, and “W” 

indicates when they received a winning notification at the end of 
the challenge. Horizontal lines indicate median participant steps per 
phase. Confidence intervals are reported at 90%
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Fig. 2   Study 2 daily steps. Note: 
Dashed data paths indicate 
confederate daily steps. Closed 
circles indicate weekdays and 
open circles indicate weekends. 
“L” indicates when participants 
received a losing notification 
at the end of the challenge, 
and “W” indicates when they 
received a winning notifica-
tion at the end of the chal-
lenge. Horizontal lines indicate 
median participant steps per 
phase. Confidence intervals are 
reported at 90%
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Discussion

The present studies were designed to evaluate change in an 
individual’s physical activity when exposed to a confed-
erate’s physical activity progress (i.e., social comparison 
information in the context of a competition) in a Fitbit chal-
lenge. In Study 1, all participants (Darien, Mina, Amy, Raye,  
Lita, Artemis) displayed some percent increase in median 
daily steps from baseline to the challenge phases, although 
the magnitude of change and the variability of steps within 
phases varied greatly across participants. In Study 2, Thomas 
displayed some percent increase in median daily steps from 
baseline to challenge phases, but Lilian, Suzie, and Angelica 
did not. Participants exposed to the active confederate first 
in Studies 1 and 2 showed the largest percent increase in 
median daily steps taken. In Study 3, Trent, Jane, and Daria 
displayed increases in median daily steps from baseline to 
the final challenge phase, but Quinn did not. Thus, over-
all, the Fitbit challenge did appear to have some impact on 
individuals’ steps, but the direction and magnitude of those 
effects differed across individuals, challenge type, and order 
of exposure.

Individual and situational factors impacting responding 
to social comparison may have contributed to the variability 
in effects observed across participants (Garcia et al., 2013; 
Gibbons & Buunk, 1999; Suls et al., 2002). For example, 
perceived similarity (e.g., age, gender), psychological close-
ness (i.e., perceiving a connection with the other person, 
such as a friend or family member), and perceived ability for 
the performance in question may impact outcomes (Gerber 
et al., 2018; Suls et al., 2002). The number of competitors in 
a study may also differentially impact responding (Garcia & 
Tor, 2009). In all three studies, participants competed with 
one other person, but Fitbit challenges can include up to 10 
users; thus, future research may manipulate the number of 
competitors. Furthermore, the value of winning a challenge 
likely differs according to the importance of physical activity 
as a dimension of performance and the individual’s learning 
history (Garcia et al., 2013; Locke, 2007).

Social comparison theory suggests that individuals may 
respond differently when exposed to performance that is 
relatively better (upward comparison) than when exposed 
to performance that is relatively worse (downward com-
parison; Buunk et al., 1990), and makes the distinction 
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Fig. 3   Study 3 daily steps. Note: Dashed data paths indicate confed-
erate daily steps. Closed circles indicate weekdays and open circles 
indicate weekends. L indicates when participants received a losing 
notification at the end of the challenge, and W indicates when they 

received a winning notification at the end of the challenge. Horizontal 
lines indicate median participant steps per phase. Confidence inter-
vals are reported at 90%
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between the reinforcing or punishing effects of that 
exposure based on comparison direction and the type of 
responding observed (Garcia et al., 2013). A variety of 
behaviors may produce avoidance of aversive comparison 
concerns in the context of a Fitbit challenge. By increas-
ing daily step count beyond the active confederate’s steps, 
aversive comparison concerns may have been avoided 
while simultaneously achieving winning outcomes such 
as those discussed by Zerger et al. (2017).

For example, in Study 1, TAQ results showed that Mina 
walked further after seeing she was behind the active con-
federate and reported being encouraged by being ahead 
during their challenge with the sedentary confederate. In  
Study 2, Angelica reported that she was determined to “come  
out on top” during the active challenge. Alternatively, 
exposure to high levels of performance may have a pun-
ishing effect, where an individual may choose to stop par-
ticipating entirely. For example, in Study 1, Amy reported 
that she saw the active confederate’s steps as unbeliev-
ably high on the TAQ, and displayed a decreasing trend 
following exposure to the active confederate during her 
second challenge. In Study 3, Quinn reported that there  
was no way she could compete with the active confederate 
because her steps were so low on the TAQ. These results 
suggest that individuals may respond differently to distinct 
levels of performance as one of multiple variables impact-
ing participant steps in a Fitbit challenge.

It is unclear why participants in Studies 1 and 2 who 
were exposed to the active challenge first displayed a 
larger increase in steps, compared to those exposed to the 
sedentary challenge first. In Study 1, Darien displayed the 
largest percent increase in steps, but also had a low base-
line average. In Study 2, only one participant, Thomas, 
was exposed to the active confederate first, but he also 
showed the highest percent increase in steps during the 
active challenge phase compared to the other three partici-
pants. Several factors could have contributed to the larger 
increase in steps for the active first group. One possible 
explanation for the order effects observed is that partici-
pants exposed to the sedentary challenge first developed 
a lower standard for performance than those exposed to 
the active confederate first. In other words, the criteria for 
winning or avoiding losing were vastly different during 
the sedentary challenge compared to the active challenge. 
Thus, the ratio requirement greatly decreased for the active 
first group when moving to the second challenge, whereas 
the ratio requirement greatly increased for the sedentary 
first group. From a social comparison perspective, having 
the initial sense that one is already “doing well” (i.e., bet-
ter than others) with respect to steps may have lowered the 
perceived necessity or value of efforts to change behavior 
(Wills, 1981), which carried over to the active phase.

In Study 1, the abrupt increase in criteria for access-
ing reinforcement (i.e., the large distance between the 
participant and the confederate) may have been too large 
for participants exposed to the sedentary confederate dur-
ing the first challenge. In Study 2, the distance between 
confederate and participant performance levels was set to 
approximately 3,000 steps above or below, but participants 
exposed to the sedentary challenge first (Lilian, Angelica, 
and Suzie) still displayed a smaller increase in steps from 
baseline to the final treatment phase than Thomas. Future 
research might involve a parametric analysis of distance 
to evaluate whether repeated exposure to varying levels of 
participant performance (e.g., 1,000 steps above vs. 3,000 
steps above) differentially impacts the participant’s steps. 
In Study 3, participants were exposed to the same challenge 
twice (active-active or sedentary-sedentary). There was no 
reliable difference in steps as a function of the challenges 
for Trent and Quinn, even though they were also exposed 
to the active challenge first. Further research is needed to 
determine whether these observed differences were unique 
to this study or whether they would be replicated.

Limitations

Some limitations to the current series of studies are worth 
noting. First, although most participants reported checking 
the leaderboard at least once per day during challenge phases, 
quantitative data were not collected on syncing frequency, 
frequency of checking the leaderboard, or the exact time and 
frequency of syncing by confederates. Although participants 
were not explicitly provided with a personal goal of 10,000 
steps per day, they were made aware of the current physical 
activity guidelines during consent procedures; thus, it is pos-
sible that these guidelines served as a standard for compari-
son in combination with, or in place of, confederate steps. It 
is also unclear whether participants attended to the automatic 
push notifications sent through the application.

In addition, our inclusion criteria required participants to 
report being sedentary; thus, it is possible that participants 
reported being sedentary while still regularly engaging in 
medium to high levels of physical activity. We also excluded 
people who already owned a Fitbit, but did not inquire about 
other step measuring device, and there may have been some 
varying levels of experience with step measuring devices; 
however, any effect of those experiences would have held 
constant because of the within-subject nature of the design. 
There are also limitations associated with any intervention 
using a Fitbit device and measuring across an extended 
period of time. Users could forget to charge or put on their 
watch. Users could also attempt to increase their step count 
without walking (e.g., shaking wrist repeatedly could 
increase steps). We also did not measure daily steps beyond 
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the 7-day period, so the long-term effects of engaging in 
Fitbit Challenges are unknown.

There are some limitations specific to Study 2. First, it 
was difficult to control for “real time” similarity between 
participant and confederate steps. For the purposes of this 
study, the independent variable was approximately 3,000 
steps above or below the participant’s step count on the 
previous day. However, it was difficult to ensure that the 
previous day’s step count would be similar to the actual 
number of steps the participant would take that day. This 
often resulted in a large range of differences between par-
ticipant and confederate steps. The 3,000 step distance was 
used to increase believability, but it is possible that a larger 
difference in steps may have produced different outcomes. In 
addition, three of the four participants were exposed to the 
sedentary confederate during the first challenge phase and 
the active confederate during the second challenge phase; 
only Thomas was exposed to the active confederate first. We 
were also unable to recruit additional participants due to the 
onset of the COVID-19 pandemic.

Furthermore, there is a certain amount of natural variability 
that occurs when measuring daily steps, which poses some 
unique considerations for the analysis and presentation of 
data when steps are the primary dependent variable (Valbuena 
et al., 2017). In the current study, we provided mean lines and 
Tau-U calculations to supplement visual analysis, but it is dif-
ficult to determine all sources of variability and change in daily 
steps given the present arrangement. Future research might 
ask participants to keep a daily log of activities to capture 
additional influences on daily steps, to provide further insight 
into the additional factors that impact changes in daily steps. 
These may include the number of competitors in a challenge, 
familiarity with other competitors, frequency of exposure to 
challenge-related stimuli (e.g., checking the leaderboard), and 
the value of winning per participant, as discussed.

Conclusion

The current study offers a useful starting point for research 
evaluating the impact of introducing exposure to social 
comparison information on individuals’ physical activity. 
Competitive arrangements such as Fitbit challenges may be 
an effective method for increasing daily steps taken for some 
individuals, but these effects are likely to vary depending on 
the learning history of the participant and different contexts 
present during challenges. Future research should seek to 
isolate the environmental variables that establish winning 
as valuable to maximize the efficacy of interventions using 
competition or social comparison and identify the circum-
stances under which competition or exposure to social com-
parison information may or may not be an appropriate or 
effective intervention across individuals.
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