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The effectiveness of a pedometer intervention was affected
by manipulating the goals given to participants and by
providing social comparison feedback about how partici-
pants’ performance compared with others. In study 1
(n = 148), university staff members received a low,
medium, or high walking goal (10%, 50%, or 100%
increase over baseline walking). Participants walked
1358 more steps per day (95% confidence interval [CI],
729, 1985), when receiving a high goal than when receiv-
ing a medium goal, but a medium goal did not increase
walking relative to a low goal (554 more steps; 95% CI,
–71,1179). In study 2 (n = 64), participants received

individual feedback only or individual plus social com-
parison feedback. Participants walked 1120 more steps
per day (95% CI, 538, 1703) when receiving social compar-
ison feedback than when receiving only individual feed-
back. Goals and the performance of others act as
reference points and influence the effect that pedometer
feedback has on walking behavior, illustrating the applica-
bility of the principles of behavioral economics and social
psychology to the design of health behavior interventions.
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Walking has the potential to dramatically
impact public health and reduce health care

costs in the United States. Its many health benefits
include the prevention and management of multiple
chronic medical conditions, including cardiovascu-
lar disease, diabetes, obesity, and dementia.1 How-
ever, the vast majority of the US population does

not meet public health recommendations for engaging
in regular physical activity, such as walking.2 Across
a variety of health-related behaviors, including diet,
medication adherence, and physical activity, self-
monitoring is one of the most effective methods of pro-
moting behavior change. In the context of walking,
such self-monitoring can be achieved through the
use of a pedometer, which provides an objective
assessment of the number of steps walked. Random-
ized controlled trials of walking interventions indicate
that the use of a pedometer and tracking of daily steps
toward a goal (e.g., 10 000 steps/d) increases walking
by an average of 2500 steps/d.3 We apply principles
of behavioral economics to test the effect of 2 pedom-
eter interventions on individuals’ walking levels.

Research in behavioral economics (notably, Pros-
pect Theory4) indicates that decision makers code
outcomes as gains or losses relative to a reference
point. Goals act as reference points, with failure to
attain the goal experienced as a loss.5 Because deci-
sion makers are averse to losses, they are highly moti-
vated to achieve goals but less motivated to exceed
them. Social comparison information can also act as
a reference point, such that doing worse than others
is coded as a loss, whereas doing better than others
is coded as a gain. Individuals are thus especially
motivated to improve behavior when they learn that
they are doing worse than others.6
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In study 1, participants were randomly assigned to
receive a goal number of steps per day that was a small
(10%), medium (50%), or large (100%) increase rela-
tive to their baseline walking. We explored whether
higher goals motivated more walking (as predicted
by Goal-Setting Theory7) or whether a very high
goal would be less motivating than a more realistic
goal. Prospect Theory5 predicts that a very high goal
could be counterproductive if it means that perfor-
mance is always far from the reference point, where
the theoretical value function is flat. In study 2, par-
ticipants were randomly assigned to receive feedback
about their own performance only or feedback about
how their walking performance compared with that
of other study participants. We predicted that those
in the social comparison condition would walk
more than those in the control condition because
the social comparison provides a reference point.

METHOD

Subjects

The participants in study 1 were 148 university
staff members (125 women) who responded to
e-mail invitations. Two additional participants who
started the study but dropped out after attending
only the first in-person visit are not included in the
analyses. Participant age ranged from 22 to 60 y
(mean, 48 y), and 60% were non-Hispanic white,
16% African American, 14% Asian, 6% Hispanic,
with the remainder other races or multiple races.
The mean body mass index (BMI; based on self-
reported height and weight) was 27.87 (range,
18.64–45.10).

The participants in study 2 were 64 university staff
members (60 women; mean age, 45 y [range, 23–69 y];
72% were non-Hispanic white, 11% Asian, 9% Afri-
can American, and 8% Hispanic; and the mean BMI
was 27.66 [range 18.79–48.23]). Data from an addi-
tional 13 participants were excluded from analyses
(without looking at the data) because of experimenter
error in executing the protocol for these participants.
(Two of these participants received faulty social com-
parison feedback [or would have received faulty feed-
back, had they been in the social comparison
condition] because their baseline average was not
entered in the Weblog program. As a result, they
were always told [or would have been told] that
they did better than 99% of others. Eleven of the 13
participants received Weblog feedback as if they
were in the social comparison condition but e-mail

feedback as if they were in the control condition, or
the reverse.)

Procedure

The study received Institutional Review Board
approval. University staff were eligible to participate
if they were 18 y or older, proficient in English, and in
good health as assessed by the Physical Activity
Readiness Questionnaire (PAR-Q).8 Individuals
answering in the affirmative to any PAR-Q question,
apart from the item about taking prescription medica-
tion for elevated blood pressure, and those who were
pregnant were required to gain clearance from their
physician before they could participate in the study.
Because recruitment efforts targeted staff who
worked in the buildings where study sessions were
held, many of the participants knew one another
and saw each other regularly during the work week.
One hundred thirty-eight of 148 participants in study
1 reported on the exit survey that they knew other
people who were enrolled in the study.

Participants in both studies completed a 3-wk pro-
tocol that included a 1-wk baseline period followed
by a 2-wk intervention period. Participants attended
an initial session where they were issued a New Life-
styles NL-800 pedometer with 7-d memory and were
instructed to fill out a log sheet each day, recording
the time they put the pedometer on in the morning
and the time they took it off in the evening. Pedome-
ters were secured with a tamper-proof tie so that par-
ticipants could not open them to view their number of
steps. When participants returned 1 wk later,
research staff removed the tie to open the pedometers
and extracted the data from the 7-d memory. A base-
line average was computed for each participant as the
mean number of steps walked across each of the 6 full
days between the first visit and the second visit,
excluding any days on which the participant wore
the pedometer for fewer than 8 h or on which fewer
than 1000 steps were recorded.9 (In study 1, 42 of
148 participants had 1 to 4 of the 6 full baseline
days excluded [mean exclusions over all 148 partici-
pants was 0.43 days per participant]. In study 2, 8 of
65 participants had 1 or 2 of the 6 full baseline days
excluded [mean, 0.14].)

Participants then wore the pedometers for a 2-wk
intervention period, viewing the step count feedback
whenever desired and filling out daily log sheets. In
the middle of the 2-wk period, research staff called
each participant and walked him or her through the
process of reading out the 7-d memory on the pedom-
eter, so that the researchers would have pedometer
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memory step count data for each day of the study in
addition to the log sheets where participants
recorded their daily step totals themselves. At the
end of the 2-wk period, participants returned for
a final session to turn in pedometers and log sheets.
Step count data were again retrieved from each par-
ticipant’s pedometer using the 7-d memory function.

Participants completed questionnaires at the base-
line and final study sessions. The questionnaire at
both time points included the International Physical
Activity Questionnaire (Short Form; IPAQ, https://
sites.google.com/site/theipaq/), which includes
a self-report measure of walking. Questionnaire
measures other than the IPAQ walking items are not
presented here. Participants were offered lunch at
each of the in-person sessions and received a $40
gift card as a thank you after completing the study.
Participants in all conditions received standard infor-
mation about how to use their pedometers as well as
tips for how to increase the amount they walked.

In study 1, at the end of the baseline period, partic-
ipants were randomly assigned to receive a personal-
ized steps/d walking goal calculated as a 10%, 50%,
or 100% increase over their baseline average.
Research staff communicated the personalized goal
to each participant and encouraged her or him to
achieve or come as close as possible to the goal each
day. Participants were not told how the goals were
calculated, nor were they told their baseline average.
At the end of the baseline week, research staff erased
the memory on the pedometers before returning them
to participants so that they could not review their
baseline week performance, thus focusing partici-
pants’ attention on their goal. When keeping their
log sheets during the intervention period, partici-
pants were instructed to circle the smiley face that
appeared on the log sheet if they had met their goal
for the day and the frowning face if they had not, as
a way of focusing their attention on the relationship
between their walking behavior and their goal.

Study 2 differed from study 1 in that participants
were not given any goals, and they were asked to com-
plete a daily Weblog of walking behavior (on a study-
specific Web site). In the intervention phase, partici-
pants were randomly assigned to the control or social
comparison feedback condition. Those in the control
condition simply tracked their walking behavior and
tried to increase it. Those in the social comparison
condition also received social comparison feedback
via 2 mechanisms. First, when completing their
Weblog each day, a message was displayed that
said, ‘‘You did better than xx% of other people’’ (if
the participant was in the top half of the distribution)

or ‘‘You did worse than xx% of other people’’ (if the
participant was in the bottom half of the distribu-
tion). Second, participants received a personalized
e-mail twice per week with similar percentile infor-
mation corresponding to their performance over the
past 3 d. Control participants received twice-weekly
e-mails indicating whether they had completed the
Weblog as requested.

The social comparison feedback was based on an
actual comparison of the participant’s performance
to the performance of participants in study 1. We
used study 1 as the reference population because
that database was complete and available for compar-
ison prior to the first participant enrolling in study 2
and because the 2 studies drew from the same popu-
lation of university staff members. To determine the
percentile social comparison feedback, an algorithm
computed the difference between the participant’s
steps on the current day and her mean number of
steps during the baseline period. That difference
score was then compared with the distribution of
analogous difference scores from all the participants
on all the days of the intervention phase in study 1
to retrieve the appropriate percentile. If study 2 par-
ticipants were not compliant in completing the
Weblog, they could not receive the social comparison
feedback. Consequently, the twice-weekly e-mail to
participants in the social comparison condition
either gave social comparison feedback (if the partic-
ipant had completed the Weblog over the previous 3
d) or issued a request to update the Weblog (if the par-
ticipant had not completed the Weblog over the past 3
d). E-mails to the control participants simply indi-
cated whether the participant’s Weblog entries had
been received or whether the participant needed to
update the Weblog.

RESULTS

The primary outcome measure was steps walked
per day as recorded in the pedometer memory. We
calculated for each participant a baseline average
number of steps per day during the 6 full days of
the sealed pedometer baseline period and examined
daily steps walked during the 12 full days of the inter-
vention period. In study 1, most participants (99 of
148) had data for all 12 full days in the intervention
period; however, 16 had intervention period data
for only 1 wk or less, and 3 of these had data for fewer
than 6 d. In study 2, most participants (48 of 64) had
intervention period data for all 12 full days; however,
5 had data for only 1 wk. All participants in both
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studies were retained in the analyses regardless of the
number of days of data they had. In study 1, mean
number of steps per day during the baseline period

did not differ significantly across the 3 conditions,
F(2, 145) = 1.98, P = 0.14 (Figure 1), although baseline
walking was marginally higher in the medium goal
condition compared with the high goal condition
(506 step difference, 95% confidence interval [CI],
–23 to 1978). In study 2, the mean number of steps
per day during the baseline period did not differ sig-
nificantly between conditions, t(62) = 1.24, P = 0.22
(Figure 2). Subsequent analyses controlled for base-
line walking.

Steps per day during the intervention period were
subjected to a mixed model that included experimen-
tal condition, day of the intervention period (12
levels), and baseline average (centered). In both stud-
ies, we had data on steps walked during the interven-
tion period not only from the pedometer memory but
also from the log sheets that participants kept. Anal-
yses using the log sheet data show the same effects
(data not shown). The study data sets are available
from the first author upon request.

In study 1, participants assigned higher goals
walked more than those assigned lower goals (Figure
1). Walking during the intervention period was corre-
lated with baseline average, B = 0.94, t(144) = 18.46,
P\0.0001, and did not change systematically across
days, F(11, 1458) = 1.11, P = 0.35. Most importantly,
the experimental condition affected walking during
the intervention period, F(2, 144) = 19.71, P \
0.0001. Specifically, those with a medium goal

Figure 1 Least squares (LS) mean number of steps walked per day during the baseline and intervention study periods, as well as the mean

goal assigned in each of 3 experimental conditions of study 1. LS mean steps per day during the intervention period control for baseline

mean (centered) and day of intervention period. Error bars show 95% confidence interval.

Figure 2 Least squares (LS) mean number of steps walked per day
during the baseline and intervention study periods for participants

in the control and social comparison conditions in study 2. LS

mean steps per day during the intervention period control for base-
line mean (centered) and day of intervention period. Error bars

show 95% confidence interval.
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walked only 554 (95% CI, –71 to 1179) more steps per
day than those with a low goal, F(1, 144) = 3.07, P =
0.08, but those with a high goal walked 1358 (95%
CI, 729 to 1985) more steps per day than those with
a medium goal, F(1, 144) = 18.25, P \ 0.0001).

We examined whether goal achievement moder-
ated the effect of goal condition. Forty percent of par-
ticipants in the high condition never met their goal on
any day, compared with 16% in the medium condi-
tion and only 4% in the low condition, x2(2, n =
148) = 20.46, P = 0.0001, j = 0.37. We repeated the
mixed-model analysis using days 2 through 12 of
the intervention period. We dropped the day variable
and included instead a binary variable that indicated
whether the participant had met or achieved her goal
on the previous day. An interaction between experi-
mental condition and goal achievement on the previ-
ous day, F(2, 114) = 7.18, P = 0.001, indicated that the
effect of the experimental condition is strongest
among people who achieved their goal on the previ-
ous day. Thus, high goals are not much more motivat-
ing that medium goals when one has failed to achieve
them, but when one has achieved the very high goal,
it is more motivating than lower goals.

In study 2, participants who received social com-
parison feedback walked more than those who did
not (Figure 2). Walking during the intervention
period was correlated with baseline average, B =
0.75, t(61) = 13.02, P \ 0.0001, and did not change
systematically across days, F(11, 642) = 0.27, P =
0.99. Most importantly, experimental condition
affected walking during the intervention period,
F(1, 61) = 14.78, P = 0.0003. Participants in the social
comparison condition walked 1120 (95% CI, 538 to
1703) more steps per day than those in the control
condition.

In study 2, participants in the social comparison
condition were more compliant with completing
the Weblog than were those in the control condition,
presumably because the Weblog in the former condi-
tion provided new information (social rank) and was
therefore more engaging. For each participant, we
computed the percentage of e-mails during the inter-
vention period of the protocol that informed partici-
pants that they were not up to date in completing
their Weblog. That noncompliance rate averaged
25% (s, 0.26) for the control group, compared with
12% (s, 0.22) in the social comparison group, t(62) =
2.19, P = 0.03, a difference of 13% (95% CI, 1% to
25%). After statistically controlling for differences
in compliance, the effect of the social comparison
manipulation on steps walked remained (analyses
not shown).

Previous studies have found that behavior
declines when participants learn that they are per-
forming better than others6,10 or that social compari-
son feedback has little impact on those who are
performing better than others.11 To examine whether
the impact of the social comparison feedback in the
current study was due to the effects of being told
that one was doing worse than others or the effects
of being told one was doing better than others, or
both, we repeated the analysis using days 2 through
12 of the intervention period, dropping the day vari-
able and including instead a binary variable that indi-
cated whether the participant’s previous day
performance was in the top or bottom half of the com-
parison distribution (for participants in the experi-
mental condition, this corresponds to being told
that they performed better or worse than average).
This analysis revealed no interaction between exper-
imental condition and previous day’s performance,
F(1, 56) = 0.00, P = 0.98. (A follow-up analysis that
treated the previous day’s performance as a continu-
ous variable also did not reveal a significant interac-
tion.) That is, relative to the no-feedback control
condition, the social comparison feedback increased
performance to the same extent regardless of whether
the feedback was that one had done better (b = 893
steps, 95% CI, –27 to 1812) or worse than average
(b = 880 steps, 95% CI, 161 to 1598). Thus, unlike
previous studies,6,10,11 study 2 revealed no evidence
that the effects of social comparison feedback are lim-
ited to participants who learn that they were perform-
ing worse than average.

In both studies, participants reported on the IPAQ
how many days per week they walked for at least 10
min at a time and how much time they usually spent
walking on those days. We computed the log of the
reported minutes per week spent walking. In study
1, at the first visit, as expected, there were no differen-
ces across the 3 goal conditions in self-reported walk-
ing, F(2, 145) = 0.76, P = 0.47. We examined self-
reported walking at the end of the 3-wk protocol con-
trolling for self-reported walking at the first visit (cen-
tered) but found no differences across conditions, F(2,
98) = 1.12, P = 0.33 (see Table 1; the IPAQ was inadver-
tently omitted from the exit questionnaire for 49 par-
ticipants who are therefore missing responses for
this data point).

In study 2, at the first visit, there was an unex-
pected marginal difference between conditions in
self-reported walking, F(1, 63) = 3.65, P = 0.06, with
participants in the social comparison condition
reporting somewhat more walking, even though the
experimental manipulation had not yet been applied.
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We examined self-reported walking at the end of the
3-wk protocol controlling for self-reported walking at
the first visit (centered) but found no differences
across conditions, F(1, 59) = 1.69, P = 0.20 (see Table
1; 2 participants did not complete the exit question-
naire). Thus, self-reported walking did not reveal
the effect of the study interventions that the objective
pedometer measure did. This could be due to
decreased power resulting from missing observations
and lack of repeated measures in the self-report
assessment, or it could reflect participants’ inaccu-
rate recollection of their walking behavior.

DISCUSSION

In study 1, participants walked more when
assigned a high goal than a low or medium goal,
despite the fact that the high goal was arguably unre-
alistically high. Research in behavioral economics
indicates that goals act as reference points,5 and Pros-
pect Theory4 predicts that extremely high goals will
be less effective than realistic goals if, as a result of
the high goals, performance is coded as a large loss,
far from the reference point. Because the Prospect
Theory value function is relatively flat far from the
reference point, an increase in walking behavior at
that location would result in little increase in subjec-
tive value. A more realistic goal, however, might be
expected to place performance closer to the reference
point, where the value function is steeper and perfor-
mance increases would be more motivating. In con-
trast to this Prospect Theory prediction, social
psychology research indicates that specific, high,
challenging goals elicit higher performance than do
easy goals.7 Our results are more consistent with the
latter, although it is possible that our high goals
were not sufficiently high to produce the pattern

predicted by Prospect Theory. Future research is war-
ranted to examine whether the study results are
retained with even higher step goals.

In study 2, social comparison feedback motivated
participants to walk more than did simple individual
feedback, a result consistent with previous findings
that social comparison influences behavior by mak-
ing social norms salient.6 Some commercially avail-
able pedometer tools provide social comparison
leaderboards, and our results suggest such features
may motivate physical activity. The optimal nature
of social comparison feedback remains to be deter-
mined in future research. For example, in study 2,
participants in the social comparison condition
were told that they did better than p% of other people
or worse than (1 – p)% of other people, depending on
whether their percentile p was above or below 50%. It
is possible that feedback that reported ‘‘better than
p%’’ or ‘‘worse than (1 – p)%’’ for all participants
would have produced different results.

Limitations

The main limitation of the current studies is that
the participants were a self-selected group of mostly
women who volunteered for a study that was adver-
tised as one in which participants would wear
a pedometer and try to increase their walking activity.
Thus, these healthy adults were likely highly motivated
to become more physically active and may have been
more responsive to any intervention than would a less
select group. Future research will need to address
whether our interventions would have similar effects
in other samples. Because so few men volunteered for
the current studies, our data do not provide the power
to examine gender differences. In addition, the sample
size in study 2 was small, and in both studies, there
were marginal tendencies for the conditions to differ
in baseline walking activity. Our results found no ‘‘boo-
merang’’ effect of positive social comparison, as has
been found in some previous studies.6,10 This could
have been due to a competition effect driven by the
face-to-face nature of the interactions of the participants
or perhaps by subtle injunctive walking norms, as
injunctive norms have been found to eliminate the boo-
merang effect of positive social comparison. Further
research will be needed to investigate these possibilities.

CONCLUSION

Reference points to which individuals can com-
pare their feedback motivate changes in health

Table 1 Geometric Mean Self-Reported Number of
Minutes per Week Spent Walking

Study Condition

Baseline End of Intervention

Mean 95% CI LS Mean 95% CI

Experiment 1 n = 148 n = 99
Low 67 38, 118 213 150, 302
Medium 77 44, 136 260 183, 369
High 108 62, 191 314 217, 455

Experiment 2 n = 64 n = 62
Control 65 36, 117 143 85, 240
Social comp 141 80, 250 230 140, 380

Note: LS means for end-of-intervention control for baseline levels. CI =
confidence interval; LS = least squares.
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behavior. The current studies add to a growing litera-
ture demonstrating that principles from behavioral
economics and social psychology can be profitably
applied to the science of healthy behavior change.
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