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Abstract

This research investigated whether people change their food preferences and eating behav-
ior in response to health-based social norms. One hundred twenty participants rated a
series of healthy and unhealthy food images. After each rating, participants sometimes
viewed a rating that ostensibly represented the average rating of previous participants. In
fact, these average ratings were manipulated to convey a particular social norm. Partici-
pants either saw average ratings that favored healthy foods, favored unhealthy foods, or did
not see any average ratings. Participants then re-rated those same food images after
approximately ten minutes and again three days later. After the norm manipulation, partici-
pants were given the chance to take as many M&Ms as they wanted. Participants exposed
to a healthy social norm consistently reported lower preferences for unhealthy foods as
compared to participants in the other two conditions. This preference difference persisted
three days after the social norm manipulation. However, health-based social norm manipu-
lations did not influence the amount of M&Ms participants took. Although health-based
social norm manipulations can influence stated food preferences, in this case they did not
influence subsequent eating behavior.

Introduction

People who primarily consume whole grains, fruits, and vegetables typically live healthier, lon-
ger lives than people who primarily consume saturated fat and added sugars [1]. Increased
availability and consumption of unhealthy foods is one factor contributing to an increase in
obesity [2], a disease linked to many serious health conditions and mortality [3]. As such, a
better understanding of factors influencing eating behavior can pave the way for targeted inter-
ventions that can encourage healthier eating and ultimately improve quality of life.

Here, we focus on social factors that influence food consumption, particularly social norms.
Social norms are the rules that define the values, beliefs, and behaviors of a given group [4].
Scientists typically describe two types of norms: injunctive and descriptive. Injunctive norms
describe one’s perception of what other people think we should do in a given situation whereas
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descriptive norms describe one’s perception of what most people actually do in a given situa-
tion. When it comes to food consumption, the injunctive norm is likely health-positive (i.e.,
People should eat healthy foods and limit their consumption of unhealthy foods). However,
the descriptive norm is less straightforward.

Descriptive norms can powerfully influence behavior, even when people fail to see their
importance [5]. Consider energy conservation. When asked to rank a list of reasons for con-
serving energy at home, residential energy users rated environmental, societal, and financial
benefits above social norms. In actuality, people who believed that others were conserving
energy engaged in more energy saving efforts themselves [6,7]. Descriptive norms predicted
energy conservation more than any other motivator. Manipulating perceptions of social
norms can have important, real-world consequences in many domains. For instance, telling
people that their friends are voting in an election can encourage more people to vote [8,9], and
telling college students that their peers avoid binge drinking has the ability to reduce problem-
atic drinking behavior, potentially saving lives [10,11].

People overwhelmingly believe that their eating behavior reflects non-social factors includ-
ing their hunger or satiety and their idiosyncratic taste preferences [12,13]. However, social
norms often exert powerful effects on individuals’ eating [14]. Studies that manipulate percep-
tion of these norms typically employ a remote confederate paradigm [15-18]. In this paradigm,
participants are led to believe that previous participants ate either a large amount or a small
amount of a particular food item—cookies, doughnuts, pizza, etc. The participant is then per-
mitted to eat as much or as little of that particular food item as they want. These studies consis-
tently find that participants consume amounts similar to the remote confederates before them,
suggesting that remote confederate behavior influenced the participants’ behavior.

Remote confederate studies provide important demonstrations of descriptive norms influ-
encing eating behavior, but the inferences scientists can draw from these paradigms are lim-
ited. In these studies, participants are exposed to a social norm about one specific food item, as
opposed to general “rules” governing their peers’ eating behavior. As such, it remains unclear
whether participants who learn that remote confederates ate a small amount of one food (e.g.,
cookies) would generalize this knowledge to a broader social norm and also eat less of a second
unhealthy food (e.g., pizza). Further, these studies investigate only the immediate effects of
social norm manipulations, and thus do not clarify the extent to which norm-based food pref-
erences persist over time. One obvious direction for this work is the construction of norm-
based interventions to encourage healthy eating. Intervention studies that have investigated
whether descriptive norms can be used to encourage healthier eating have had mixed results
[19]. In order to assess the effectiveness of such interventions, it is important to first assess
whether the effects of social norm manipulations can be generalized to related stimuli and
whether they persist over time.

The present study addressed these limitations by adopting a paradigm we and others have
used to study social influence [20-25], including over food preferences [22]. In this recent
study, participants rated their preferences for healthy and unhealthy food images and then saw
the average rating that previous participants ostensibly gave those same food images. For
example, a participant might rate a picture of spinach as “7” and then see that the average rat-
ing for spinach was a “4.” These average ratings were manipulated such that roughly 1/3 of
responses were higher than the participant’s initial rating, 1/3 were lower than the participant’s
initial rating, and 1/3 matched the participant’s initial rating. Participants then rated the same
set of food images a second time, without viewing average ratings. During these second ratings,
participants changed their food preferences to align with those of the group [22]. Crucially,
though each participant rated both healthy and unhealthy images, peer ratings varied indepen-
dently of the healthfulness of the stimuli. A participant might learn that their peer group liked
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chocolate cake and spinach equally. Interestingly, participants exhibited equal levels of suscep-
tibility to social influence over both healthy and unhealthy foods.

The present study modified this paradigm to investigate whether social norms not only
alter preferences for specific food items, but can also change participants’ preferences for an
entire category of foods: healthy versus unhealthy. To do this, we manipulated average peer rat-
ings so that they followed a clear rule. Participants were randomly assigned to one of three
conditions and either observed peer ratings that favored healthy foods (Healthy Norm condi-
tion), observed peer ratings that favored unhealthy foods (Unhealthy Norm condition), or saw
no peer ratings (No Norm condition). Participants then completed two follow-up rating ses-
sions. Unlike previous conformity paradigms, these re-rating sessions included novel healthy
and unhealthy food items that participants did not see in the first rating session. The second
re-rating session took place three days after the norm manipulation.

This modified paradigm addressed the limitations in remote confederate studies by focus-
ing on the generalizability and persistence of social norms. In this design, participants had to
learn the norm rule by integrating norm information for a range of food items. Participants
then had to apply this rule to novel stimuli. Comparing follow-up ratings for food items in the
first task that were associated with norm information (repeated images) with ratings for
images not in the first task and therefore not associated with norm information (novel images)
allowed us to better understand how people encode rule-based social norm information. If
participants only updated their preferences on an item-by-item basis, ratings for repeated
images should align with group norms, but ratings for novel images should not. However, if
participants learned and generalized a norm rule (e.g., the group prefers healthy foods), ratings
for repeated and novel images should both align with group norms. Further, the second fol-
low-up session made it possible to determine whether the effects of the norm manipulation
persisted three days later. We predicted that participants would conform to the rule-based
norm manipulation by aligning their preferences to the group ratings, that these preference
differences would generalize to novel stimuli, and that this conformity would persist three
days later.

Finally, we investigated potential additional consequences of this novel social norm manip-
ulation. Although plenty of evidence suggests that conformity paradigms like the one we
employ here cause participants to change their stated preferences, it is not known whether this
translates into any other related changes. Changing stated food preferences in a computer task
does not necessarily mean that participants will similarly change their eating behavior. Thus,
we investigated changes in eating behavior by giving participants the opportunity to take as
much of an unhealthy, palatable food as they wanted before leaving the testing session. We
also investigated changes in health perception by asking participants to rate how healthy they
believed each food item to be. Health perception can influence eating behavior [26-28] and
might be more susceptible to social influence. Investigating health perceptions and real-world
eating behavior helped us understand what potential this social norm manipulation might
have as an intervention strategy to encourage healthier eating. More generally, investigating
how participants respond to health norms can teach us more about how descriptive norms are
transmitted from a group to an individual.

Method
Participants

Participants signed up to attend two testing sessions, in exchange for monetary compensation.
One hundred twenty (84 female) non-dieting, non-vegetarian Stanford students between 18
and 25 years old participated in the first testing session. Participants were an average age of
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19.9 years old (SD = 1.67) and had an average BMI of 22.0 (SD = 2.44). Participants in the
Healthy Norm condition (29 female) were an average age of 20.08 years old (SD = 1.53) and
had an average BMI of 21.15 (SD = 2.15). Participants in the Unhealthy Norm condition (24
female) were an average age of 19.83 years old (SD = 1.81) and had an average BMI of 22.51
(SD = 2.46). Participants in the No Norm condition (31 female) were an average of 19.78 years
old (SD = 1.69) and had an average BMI of 22.41 (SD = 2.50). There were no differences in age
or gender between conditions. However, participants in the Healthy Norm condition had sig-
nificantly lower BMI than participants in the Unhealthy Norm (p = .01) and No Norm (p =
.02) conditions. Because participants were assigned conditions randomly, this represents a fail-
ure of randomization. BMI was not a significant predictor of any outcome variables and was
therefore not included as a covariate. Further, BMI did not moderate the effect of condition on
any outcome variables. Two participants failed to attend the second testing session and one
participant was unable to complete the final task due to a computer failure. Stanford’s Institu-
tional Review Board approved the study and all participants provided informed, written
consent.

Procedure

Participants completed four image-rating tasks—two during the first testing session, and two
during a second testing session three days later.

Testing Session #1. In the first task, participants rated their preferences for a series of 180
food images. Half of these images depicted healthy foods (e.g., grapes, green beans, etc.; aver-
age of 132 calories per 100 grams) and the other half depicted unhealthy foods (e.g., chips,
cookies, etc.; average of 352 calories per 100 grams). The nutritional qualities of foods in these
groups differed significantly (all ps < .001). Participants made self paced ratings of their prefer-
ences for each food on an 8-point Likert scale (1 = dislike, 8 = like). After making each rating,
participants viewed the average rating for that same food item, ostensibly calculated from rat-
ings of 200 other Stanford students. We will refer to this as the peer rating. The participant’s
rating and the peer rating appeared on the same scale for two seconds, highlighting any differ-
ences between the two ratings (Fig 1).

Peer ratings were manipulated to adhere to one of two health norms. Participants in the
Healthy Norm condition (N = 40) saw peer ratings that favored healthy foods, whereas partici-
pants in the Unhealthy Norm condition (N = 40) saw peer ratings that favored unhealthy
foods. Favored foods (i.e., healthy foods in the Healthy Norm condition and unhealthy foods
in the Unhealthy norm condition) were paired with peer ratings that had a mean of 6.5 (mod-
erate-high liking on the 8 point scale) and a standard deviation of 1, whereas un-favored foods
(e.g., unhealthy foods in the Healthy Norm condition) were paired with peer ratings with a
mean of 2.5 and a standard deviation of 1. To increase credibility, peer ratings were never ‘1’
or ‘8, as it would be unlikely for an “average” preference to be on the either extreme end of
our scale. These extreme ratings have damaged believability in prior work (Zaki, Schirmer, &
Mitchell, 2011). Participants in the No Norm condition (N = 40) did not see any peer ratings,
and acted as a control group.

After a 10-minute filler task of responding to survey items, participants completed the sec-
ond image-rating task. Here, participants rated their preferences for 180 food images. Again,
90 of these food images depicted healthy foods and 90 of these food images depicted
unhealthy foods. 120 of these images were repeated items from the first rating task and there-
fore had been previously paired with peer ratings. The remaining 60 images were novel
images (30 healthy foods and 30 unhealthy foods) that had not been previously paired with
peer ratings.
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Fig 1. Task design. During each trial, participants viewed and rated their preference for a food item. Participants could take as long as they
liked to rate their preferences, though each food image remained on the screen for at least 2 seconds. If participants took longer than 2
seconds to respond, the image remained on screen for an additional 0.5 seconds. Afterward, the peer rating appeared for 2 seconds. The
difference between the participant’s rating and the peer rating was always indicated above the green box. When the ratings were identical the
text said, “agree.”

doi:10.1371/journal.pone.0166286.9001

After the re-rating task, participants were excused from the first testing session. On their
way out, participants were encouraged to take M&Ms from a jar. The jar could hold 1.5 quarts
(1420 ml) and was nearly filled with M&Ms. After the experimenter offered M&Ms to each
participant she intentionally turned around to work on a computer behind a divider, obscur-
ing her view of the participant. This created the illusion that the experimenter would not know
how much candy participants took, thus encouraging participants to eat as much as they liked
[18]. In fact, we weighed this jar before participants arrived and after they left to determine the
amount of M&M s each participant took. This is a widely-used measure of eating behavior
[29-35]. Though this measure is not a comprehensive assessment of eating behavior, it serves
as a simple assessment of whether or not social norm information about health preferences
might impact eating behavior. Because liking a food is a good predictor of eating it [36], we
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predicted that participants who show an increased preference for unhealthy foods would con-
sume more M&Ms.

Testing Session #2. Three days after completing the first testing session, participants
returned to the lab for their second testing session. First, participants rated their preferences
for all 240 food images (180 images from the first rating task and the 60 novel images from the
second rating task).

Finally, participants completed the fourth image-rating task, where they rated all 240
images once again. Instead of rating their preference for each food, participants rated how
healthy they believed each food to be, using an 8-point Likert scale (1 = unhealthy, 8 = healthy).
This was our measure of health perception.

Results
Conformity

First we determined whether participants conformed: that is, adjusted their ratings to align
with peer ratings on an item-by-item basis. To investigate this, we applied an analysis used in
our prior work [22], as well as other recent conformity research [24]. We grouped each trial
into one of three feedback bins: Peers Higher (25.8% of all trials), Peers Lower (31.4% of all tri-
als), and Peers Same (42.8% of all trials). These conditions included, respectively, trials on
which peer ratings were 2 or more points higher, 2 or more points lower, or within one point
of the participant’s own initial rating. We then computed the amount that participants shifted
their rating of items in each bin between initial and follow-up ratings. For instance, if partici-
pants increased their rating of a food in the peers higher condition (which were associated with
high group ratings), this would indicate conformity to the group. We conducted a mixed
effects analysis to compare participants’ rating shift across trial type, entering feedback type
(i.e., Peers Lower, Peers Same, Peers Higher) as a fixed effect and participant as a random
effect. We also entered participants’ initial ratings for each trial as a fixed effect covariate to
control for the possibility that our results could be explained by regression to the mean [37].
Note that this analysis did not include information about the type of food (healthy versus
unhealthy) participants viewed in each trial.

Consistent with a conformity account, participants’ follow-up ratings shifted to align with
peer ratings. Participants decreased their ratings for foods that their peers rated lower (M =
-0.29, t =-3.23, p < .01) and increased their ratings for foods that their peers rated higher
(M=0.21,t=2.88, p < .01; Fig 2). Participants also decreased their ratings for foods that their
peers rated the same (M = -0.07, t = -2.93, p < .01), though this decrease was significantly less
than the decrease for foods that their peers rated lower (#(79) = 6.19, p < .001, d = .70).

Preferences

After establishing that participants shifted their preferences in response to social norms for
individual items, we then investigated whether participants shifted their preferences for entire
categories of foods. We expected that participants in the Healthy Norm condition would show
an increased preference for healthy foods and participants in the Unhealthy Norm condition
would show an increased preference for unhealthy foods. As predicted, there was a statistically
significant difference between conditions for preferences for healthy foods (F(2,117) = 3.61,

p =.03) as well as preferences for unhealthy foods (F(2,117) = 12.85, p < .001). Participants in
the Healthy Norm condition (M = 5.23, SD = .64, (78) = 2.22, p = .029, d = 0.50) and No
Norm condition (M = 5.24, SD = .75, #(78) = -2.21, p = .03, d = -0.50) stated a greater prefer-
ence for healthy foods than participants in the Unhealthy Norm condition (M = 4.83, SD =
.93). There were no statistically significant differences between the Healthy Norm condition
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Fig 2. Participants shift preference ratings to conform to peer ratings. Participants decreased their preferences for items that
their peers rated lower (Peers Lower) and the same (Peers Same). Participants increased their preferences for items that their peers
rated higher (Peers Higher). This figure includes all trials from all participants. Error bars represent SEM.

doi:10.1371/journal.pone.0166286.9002

and the No Norm condition for preferences for healthy foods (p = .91). Participants in the
Unhealthy Norm condition (M = 4.91, SD = .78, t(78) = -4.87, p < .001, d = -1.10) and No
Norm condition (M = 4.68, SD = .94, £(78) = -3.50, p = .001, d = -0.79) stated a greater prefer-
ence for unhealthy foods than participants in the Healthy Norm condition (M = 3.91,

SD = 1.04). There were no statistically significant differences between the Unhealthy Norm
condition and the No Norm condition for preferences for unhealthy foods in the first rating
session (p = .28; Fig 3).

Follow-Up Ratings. After establishing that participants shifted their food preferences to
align with their norm condition during the norm manipulation, we investigated whether these
preference differences continued in the absence of peer feedback. To do this, we first examined
the overall pattern of preferences for healthy and unhealthy foods during the follow-up rating
session. This session took place 10 minutes after the norm manipulation. Participants rated
their preference for a series of healthy and unhealthy images without viewing any peer ratings.

There was a statistically significant difference between conditions for preferences for
unhealthy foods (F(2,117) = 12.38, p < .001) but not for healthy foods. Participants in the
Healthy Norm condition (M = 3.90, SD = 1.05) preferred unhealthy foods less than partici-
pants in the Unhealthy Norm condition (M = 4.91, SD = .80, £(78) = -4.87, p < .001, d = -1.10)
and No Norm condition (M = 4.63, SD = .96, #(78) = -3.28, p = .002, d = -0.74). There were no
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Fig 3. Initial preference ratings align with manipulated norms. Preference ratings during the norm manipulation show that participants in the
Healthy Norm condition have a greater preference for healthy foods than participants in the Unhealthy Norm condition and that participants in the
Unhealthy Norm condition have a greater preference for unhealthy foods than participants in the Healthy Norm condition. Error bars represent

SEM.

doi:10.1371/journal.pone.0166286.9003

statistically significant differences between the Unhealthy Norm condition and the No Norm
condition for preferences for unhealthy foods in the re-rating session (p = .19; Fig 4A).

Repeated vs. Novel Images. Conformity—participants’ shift in rating to match group
preferences for specific food items—likely contributed to differences in food preferences
across our healthy and unhealthy norm conditions. However, if people internalized not only
item-level information about group preferences, but also rules governing group norms, then
our participants should exhibit influence even over novel food items that were not initially
paired with any peer ratings. To examine this possibility, we investigated whether participants
exhibited similar preference differences between conditions when rating novel food items.
Although food images for participants in the No Norm condition were never paired with peer
feedback, we were still able to compute preferences for repeated images (images that appeared
in both the initial and re-rating image sets) and novel images (images that only appeared dur-
ing the re-rating sets).

Consistent with previous analyses, participants in the Healthy Norm condition (M = 3.88,
SD = 1.11) preferred novel unhealthy foods less than participants in the Unhealthy Norm con-
dition (M = 4.93, SD = .85, 1(78) = -4.78, p < .001, d = -1.08) and No Norm condition
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Fig 4. Between-condition preference differences for unhealthy foods persist three days after norm manipulation. Participants in the Healthy
Norm condition prefer unhealthy foods less than participants in the Unhealthy Norm condition and No Norm condition. This preference difference
persists even three days after the norm manipulation. These graphs show preferences for all food stimuli presented during each rating session
(repeated and novel images are collapsed). Error bars represent SEM.

doi:10.1371/journal.pone.0166286.9004

(M =4.60, SD = 1.03, #(78) = -3.04, p = .003, d = -0.69). There were no statistically significant
differences between the Healthy Norm condition and the Unhealthy Norm condition (p = .08)
or No Norm condition (p = .97) for preferences for novel healthy foods.

If participants changed their preferences for novel food images to the same extent that they
changed their preferences for repeated food images, there should be no differences in prefer-
ences for healthy repeated and novel images and no differences in preferences for unhealthy
repeated and novel images within each condition. To test this, we ran a paired-sample t-test
between repeated and novel images for each category of images (healthy and unhealthy) for
each norm condition. For both the Healthy Norm condition and the Unhealthy Norm condi-
tion, there were no differences in ratings between repeated healthy (Mpzariny Norm = 5.06,
SDtealthy Norm = 725 MUnhealthy Norm = 4.695 SDUnhealthy Norm = -86) and repeated unhealthy
(MHealthy Norm = 3.91, SDHealthy Norm = 1.04; MUnhealthy Norm = 4.90, SDUnhealthy Norm = 79)
images and compared to novel healthy (Myeaitny norm = 5.08, SDrieatthy Norm = -90, £(39) = -.31,
p=.76,d = -0.05 Mupheaithy Norm = 469, SDUnheatthy Norm = 1.04, 1(39) = .10, p = .92, d = .17)
and novel unhealthy (Mpeainy Norm = 3-88, SDreatthy Norm = 1.11, H(39) = 45, p = .65, d = .07;
MUnheatthy Norm = 493, SDUnhealthy Norm = -85, 1(39) = -.73, p = 47, d = -0.12; Fig 5) images. The
similar pattern of preferences between repeated and novel images indicates that participants
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Fig 5. Norm-related preferences spread to novel food images. Within each norm condition, preferences for novel images do not differ from
preferences for repeated images. Error bars represent SEM.

doi:10.1371/journal.pone.0166286.g005

extrapolated peer feedback beyond specific items, and instead internalized a social norm rule
about categories of foods.

Persistence of Influence After a 3-day Delay. Next we examined whether the preference
differences in the first re-rating session persisted through to the second re-rating session that
took place three days after the norm manipulation. We first looked at the overall pattern of
preferences for all healthy and unhealthy foods in the final preference-rating session. As with
the two previous preference-rating sessions, there was a statistically significant difference
between conditions for preferences for unhealthy foods (F(2,115) = 7.50, p = .001) three days
later. Participants in the Healthy Norm condition (M = 3.95, SD = 1.12) rated unhealthy foods
lower than participants in the Unhealthy Norm condition (M = 4.81, SD = .88, (76) = -3.78,
p < .001, d = -0.87) and No Norm condition (M = 4.60, SD = 1.05, #(77) = -2.64,p = .01, d =
-0.60). There were no statistically significant differences between the Unhealthy Norm condi-
tion and the No Norm condition for preferences for healthy foods (p = .35; Fig 4B).

Because this final re-rating task included novel and repeated food images, we ran a paired-
sample t-test between healthy / unhealthy novel and repeated food images to investigate
whether between-condition preference differences held for all images, or only those images
that were initially paired with peer ratings. For both the Healthy Norm condition and the
Unhealthy Norm condition, there were no differences in ratings between repeated healthy
(MHeatthy Norm = 5195 SDteaithy Norm = -735 MUnhealthy Norm = 4-83, SDUnhealthy Norm = -93) and
repeated unhealthy (Myeaithy Norm = 3.96, SDteatthy Norm = 1.125 MUphealthy Norm = 4.81,
SDUnheaithy Norm = -88) images and compared to novel healthy (Mpeainy Norm = 5.09,

SDHealthy Norm = -86, £(38) = 1.99, p = .054, d=.32 MUnhealthy Norm = 4.73, SDUnhealthy Norm =
1.05, t(38) = 1.97, p = .06, d = .32) and novel unhealthy (Myeaithy Norm = 3.92, SDteaithy Norm =
115, £(38) = .72, p = 47, d = 115 Mypheattny Norm = 482, SDUheatthy Norm = 91, #(38) = -21, p =
.84, d =-0.03) images. This again suggests that participants shifted their food preferences in
response to rule based social norms, even three days after the initial norm manipulation.
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Health Perception

We also examined whether there were any differences in health perception between condi-
tions. For each participant, we calculated the average health rating they gave healthy foods and
the average health rating they gave unhealthy foods. We then ran a one-way ANOVA to look
for differences in health ratings for healthy and unhealthy foods. There was a statistically sig-
nificant difference between conditions for health ratings of unhealthy foods (F(2,114) = 3.62,
p = .03). Participants in the Unhealthy Norm condition (M = 2.40, SD = .50) rated unhealthy
foods as being significantly healthier than participants in the Healthy Norm condition

(M =211, 8D = .56, #(75) = -2.42, p = .02, d = -0.56) and No Norm condition (M = 2.11,

SD = .57, 1(76) = 2.36, p = .02, d = 0.54). There were no statistically significant differences
between the Healthy Norm condition and the No Norm condition (p = .96).

In-Lab Eating Behavior

Finally, we investigated whether social norms influenced the amount of M&Ms that partici-
pants took immediately following the norm manipulation. We used a one-way ANOVA to
look for differences in the amount of M&Ms (measured in grams) that participants took in
each condition. There were no differences in the amount of M&M:s that participants took
(F(2,117) = .58, p = .56). Participants in the Healthy Norm condition (M = 4.90, SD = 7.54) did
not take significantly less M&Ms than participants in the Unhealthy Norm condition

(M =5.80,SD =7.58, (78) = -0.53, p = .60, d = -0.12) and No Norm condition (M = 4.18,

SD =4.82, 1(78) = .51, p = .61, d = 0.12). There were no statistically significant differences
between the Unhealthy Norm condition and the No Norm condition for preferences for
healthy foods in the re-rating session (p = .27).

Discussion

The present study adds to our understanding of how social norms impact food preferences in
several important ways. Using a novel version of an existing conformity paradigm, we demon-
strated that people learn not only to adopt peers’ preferences for particular food items. Instead,
they appear to internalize a broader ‘health rule’ based on peer ratings, and then apply this rule
when judging novel stimuli. This is both theoretically and practically interesting. First, this
finding provides insight into how people update their preferences in response to social norm
information. In our prior work, participants received social norm information about individ-
ual food items, irrespective of a norm rule [22]. There, participants updated their preferences
on an item-by-item basis. Our present work demonstrates that when social norm information
has an underlying norm rule, participants can update their preferences more globally. Future
work should investigate whether participants are similarly able to learn and generalize norm
rules about other types of stimuli. Second, this insight suggests that it may be possible to sys-
tematically manipulate perceptions of social norms. Rather than communicating a specific
norm message (e.g., to conserve electricity or to vote in a particular election) it may be possible
to convey more general messages (e.g., to be environmentally friendly or to participate in
democracy).

The present study also highlights an interesting asymmetry in how health norms are pro-
cessed. Participants in the Healthy Norm condition exhibited a decreased preference for
unhealthy foods. However, participants in the Unhealthy Norm condition did not exhibit a
corresponding decrease in their preferences for healthy foods. Although our study purpose-
fully focused on the role of descriptive social norms, this asymmetry might be explained when
considering the role of injunctive social norms [38]. Given that food-based injunctive norms
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are often health-positive (i.e., people should prefer healthy foods) it is possible that an injunc-
tive norm was implicitly present across all conditions.

Consistent with this prediction, a recent study examined the interplay of injunctive and
descriptive norms on intentions to engage in energy conservation [39]. Participants were
exposed to one injunctive and one descriptive norm. These norms were either congruent (e.g.,
both supportive of energy conservation) or conflicted (e.g., one norm was supportive of energy
conservation and the other norm was unsupportive). Participants exposed to congruent, sup-
portive norms reported higher intentions to conserve energy than participants exposed to con-
flicted norms. Similarly, in the present study, participants in the Healthy Norm condition
received descriptive information congruent with an implicit injunctive norm. However, partic-
ipants in the Unhealthy Norm condition received descriptive norm information that conflicted
with an implicit injunctive norm. The conflicted norm information in the Unhealthy Norm
condition may have weakened the effects of our descriptive social norm manipulation.

The asymmetry in our results might also be a result of using a Stanford population. Califor-
nia is a relatively healthy state [40-41] and Stanford is a particularly healthy university [42].
Though the Stanford student body is diverse, while students are on campus they have easy
access to healthy foods. Many studies link the availability of healthful foods to health factors
such as diet and obesity [43-45]. Indeed, participants stated a consistently high preference for
healthy foods across all conditions. Given that our participants had a strong, pre-existing pref-
erence for healthy foods, they may have been unwilling to change this preference, even in
response to competing descriptive norm information. Many classic studies on confirmation
bias find that people have a tendency to accept evidence that confirms their pre-existing opin-
ions and to be critical of information that goes against these opinions [46]. When people have
strong biases (e.g., healthy foods are preferable), social influence in the opposite direction
might be less influential. It is possible that we would have seen a greater effect of our norm
manipulation—and less asymmetry—in a population that did not have a strong preference for
healthy foods. Future studies should investigate how important demographic information—
SES, BMI, gender, etc—interacts with this health-based social norm intervention.

The preference differences elicited by our norm manipulation persisted three days later. A
recent study using a similar conformity paradigm to investigate changes in ratings of facial
attractiveness also found that effects of their social norm manipulation lasted for three days
[20], suggesting that persistence is possible in different domains. Again, an important applica-
tion of this work is whether or not social norms—and this paradigm in particular—might
function as an intervention strategy to promote healthy eating. Evidence of persistence in this
paradigm is encouraging. A cornerstone of a successful intervention is the ability to improve
outcomes long into the future [47].

Our results also highlight a potential limitation this paradigm might have as an intervention
strategy. Though participants in the Healthy Norm condition decreased their preferences for
unhealthy foods, these participants did not take fewer M&Ms than participants in the other
two conditions, suggesting that this norm manipulation might not influence subsequent eating
behavior. One explanation could be that participants are only changing their public prefer-
ences, not changing the way they privately think about food. People may change their stated
preferences simply to avoid social rejection while privately continuing to hold their own pref-
erences [48]. It might also be the case that participants’ eating behavior did change as a result
of our norm manipulation, but that our measure of eating behavior simply did not capture
these changes. Participants may have changed their consumption of healthy foods, experienced
changes in their eating behavior several days after the norm manipulation, or adjusted their
eating behavior in a myriad of other ways. Future studies should more comprehensively inves-
tigate the relation between shifting food preferences and eating behavior. For example,
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allowing participants to choose from a range of healthy and unhealthy food options would
allow us to more precisely determine both the type and quantity of food that participants
choose to eat after a social norm manipulation. Of course, even if we conclusively determined
that this particular social norm manipulation never affects eating behavior this would be an
informative null finding. It might be the case that social norm manipulations have to be spe-
cific to a particular eating behavior measure (e.g., quantity-based or food choice) in order to
effectively alter eating behavior.

The fact that we did observe changes in health perception does suggest that participants are
indeed internalizing the norm information to some extent. Participants in the Unhealthy
Norm condition perceived unhealthy foods as being significantly healthier than the other
norm conditions. Because participants never learned social norm information about how oth-
ers perceived the healthfulness of these food items, it is unclear why we found this difference
in health perception and further unclear what consequences this difference could have on par-
ticipants’ eating behavior. Though we did not find a change in eating behavior directly, many
studies underscore the importance of having accurate health perceptions. People who demon-
strate more accurate health perception tend to have better nutritional knowledge [49], better
diets [27-29], and lower BMI [26]. A change in health perception could lay the foundation for
long-term changes in diet. More research will have to be done to investigate the extent to
which these particular changes in health perception influence later eating behavior.

Finally, it is important to note that this social norm manipulation might have influenced
eating behavior in a population motivated to change their eating behavior. Importantly, our
sample was restricted to non-dieters, a group that presumably has little motivation to change
their eating behavior. Dieters differ from non-dieters in important ways. For example, dieters
have been shown to categorize food in terms of ‘guilt’ more readily than non-dieters [50]. For
a population of dieters, our manipulation might have been even more salient and more likely
to lead to changes in eating behavior. Using health-based norm manipulations might be a
fruitful way to explore many complexities of social norm transmission.

Social norms can powerfully change people’s food preferences but their effects on subse-
quent eating behavior may be more limited. Given the social nature of eating, it is likely that
social norms do influence eating behavior in some capacity and future research should con-
tinue to explore this relationship.

Acknowledgments
The authors thank Lauren Chen, Christina Chwyl, Brent Hughes, Sylvia Morelli, Laura Ngan,

and Erik Nook for assistance and feedback.
Author Contributions
Conceptualization: ET JZ.

Data curation: ET.

Formal analysis: ET MS.

Funding acquisition: JZ.

Methodology: ET JZ.

Project administration: JZ.

Resources: JZ.

Supervision: JZ.

PLOS ONE | DOI:10.1371/journal.pone.0166286 November 18, 2016 13/16



@° PLOS | ONE

Social Norms Shift Food Preferences

Writing - original draft: ET.

Writing - review & editing: JZ MS.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Trichopoulou A, Vasilopoulou E. Mediterranean diet and longevity. European journal of cancer preven-
tion: the official journal of the European Cancer Prevention Organisation (ECP). 2004; 13:453—-6. PMID:
15452459.

Swinburn B, Sacks G, Hall K. The global obesity pandemic: shaped by global drivers and local environ-
ments. The Lancet. 2011; 378:804—14.

Wellman NS, Friedberg B. Causes and consequences of adult obesity: health, social and economic
impacts in the United States. Asia Pacific journal of clinical nutrition. 2002; 11:S705-S9.

Cialdini RB, Trost MR. Social influence: Social norms, conformity and compliance. 1998.

Aarts H, Dijksterhuis A. The silence of the library: Environment, situational norm, and social behavior.
Journal of Personality and Social Psychology. 2003; 84:18-28. doi: 10.1037/0022-3514.84.1.18 PMID:
12518968

Nolan JM, Schultz PW, Cialdini RB, Goldstein NJ, Griskevicius V. Normative Social Influence is Under-
detected. Personality and Social Psychology Bulletin. 2008; 34:913-23. doi: 10.1177/
0146167208316691 PMID: 18550863

Schultz PW, Nolan JM, Cialdini RB, Goldstein NJ, Griskevicius V. The constructive, destructive, and
reconstructive power of social norms. Psychological Science. 2007; 18:429. doi: 10.1111/j.1467-9280.
2007.01917.x PMID: 17576283.

Bond RM, Fariss CJ, Jones JJ, Kramer ADI, Marlow C, Settle JE, et al. A 61-million-person experiment
in social influence and political mobilization. Nature. 2012; 489:295-8. doi: 10.1038/nature11421 PMID:
22972300.

Gerber AS, Rogers T. Descriptive Social Norms and Motivation to Vote: Everybody’s Voting and so
Should You. The Journal of Politics. 2009; 71:178. doi: 10.1017/S0022381608090117

Bewick BM, West R, Gill J, O'May F, Mulhern B, Barkham M, et al. Providing web-based feedback and
social norms information to reduce student alcohol intake: a multisite investigation. Journal of Medical
Internet Research. 2010; 12(5):e59. doi: 10.2196/jmir.1461 PMID: 21169171

Perkins HW. Social norms and the prevention of alcohol misuse in collegiate contexts. Journal of Stud-
ies on Alcohol, supplement. 2002;(14: ):164-72.

Mook DG, Votaw C. How Important is Hedonism? Reasons Given by College Students for Ending a
Meal. Appetite. 1992; 18:69-75. doi: 10.1016/0195-6663(92)90211-N PMID: 1562203.

Zylan KD. Gender differences in the reasons given for meal termination. Appetite. 1996; 26:37—44. doi:
10.1006/appe.1996.0003 PMID: 8660031.

Robinson E, Thomas J, Aveyard P, Higgs S. What Everyone Else Is Eating: A Systematic Review and
Meta-Analysis of the Effect of Informational Eating Norms on Eating Behavior. Journal of the Academy
of Nutrition and Dietetics. 2014; 114:414—29. doi: 10.1016/j.jand.2013.11.009 PMID: 24388484

Feeney JR, Polivy J, Pliner P, Sullivan MD. Comparing live and remote models in eating conformity
research. Eating Behaviors. 2011; 12:75-7. doi: 10.1016/j.eatbeh.2010.09.007 PMID: 21184979

Pliner P, Mann N. Influence of social norms and palatability on amount consumed and food choice.
Appetite. 2004; 42:227-37. doi: 10.1016/j.appet.2003.12.001 PMID: 15010187

Robinson E, Benwell H, Higgs S. Food intake norms increase and decrease snack food intake in a
remote confederate study. Appetite. 2013; 65:20—4. doi: 10.1016/j.appet.2013.01.010 PMID: 23380039

Roth DA, Herman CP, Polivy J, Pliner P. Self-presentational conflict in social eating situations: a norma-
tive perspective. Appetite. 2001; 36:165—71. doi: 10.1006/appe.2000.0388 PMID: 11237352

Robinson E. Physiology & Behavior Perceived social norms and eating behaviour: An evaluation of
studies and future directions. Physiology & Behavior. 2015; 152:397—-401. doi: 10.1016/j.physbeh.2015.
06.010 PMID: 26072177

Huang Y, Kendrick KM, Yu R. Conformity to the Opinions of Other People Lasts for No More Than 3
Days. Psychological Science. 2014; 25:1388-93. doi: 10.1177/0956797614532104 PMID: 24855020

Klucharev V, Hytdnen K, Rijpkema M, Smidts A, Fernandez G. Reinforcement Learning Signal Predicts
Social Conformity. Neuron. 2009; 61:140-51. doi: 10.1016/j.neuron.2008.11.027 PMID: 19146819

Nook EC, Zaki J. Social Norms Shift Behavioral and Neural Responses to Foods. Journal of Cognitive
Neuroscience. 2015; 27:1412-26. doi: 10.1162/jocn_a_00795 PMID: 25671502

PLOS ONE | DOI:10.1371/journal.pone.0166286 November 18, 2016 14/16


http://www.ncbi.nlm.nih.gov/pubmed/15452459
http://dx.doi.org/10.1037/0022-3514.84.1.18
http://www.ncbi.nlm.nih.gov/pubmed/12518968
http://dx.doi.org/10.1177/0146167208316691
http://dx.doi.org/10.1177/0146167208316691
http://www.ncbi.nlm.nih.gov/pubmed/18550863
http://dx.doi.org/10.1111/j.1467-9280.2007.01917.x
http://dx.doi.org/10.1111/j.1467-9280.2007.01917.x
http://www.ncbi.nlm.nih.gov/pubmed/17576283
http://dx.doi.org/10.1038/nature11421
http://www.ncbi.nlm.nih.gov/pubmed/22972300
http://dx.doi.org/10.1017/S0022381608090117
http://dx.doi.org/10.2196/jmir.1461
http://www.ncbi.nlm.nih.gov/pubmed/21169171
http://dx.doi.org/10.1016/0195-6663(92)90211-N
http://www.ncbi.nlm.nih.gov/pubmed/1562203
http://dx.doi.org/10.1006/appe.1996.0003
http://www.ncbi.nlm.nih.gov/pubmed/8660031
http://dx.doi.org/10.1016/j.jand.2013.11.009
http://www.ncbi.nlm.nih.gov/pubmed/24388484
http://dx.doi.org/10.1016/j.eatbeh.2010.09.007
http://www.ncbi.nlm.nih.gov/pubmed/21184979
http://dx.doi.org/10.1016/j.appet.2003.12.001
http://www.ncbi.nlm.nih.gov/pubmed/15010187
http://dx.doi.org/10.1016/j.appet.2013.01.010
http://www.ncbi.nlm.nih.gov/pubmed/23380039
http://dx.doi.org/10.1006/appe.2000.0388
http://www.ncbi.nlm.nih.gov/pubmed/11237352
http://dx.doi.org/10.1016/j.physbeh.2015.06.010
http://dx.doi.org/10.1016/j.physbeh.2015.06.010
http://www.ncbi.nlm.nih.gov/pubmed/26072177
http://dx.doi.org/10.1177/0956797614532104
http://www.ncbi.nlm.nih.gov/pubmed/24855020
http://dx.doi.org/10.1016/j.neuron.2008.11.027
http://www.ncbi.nlm.nih.gov/pubmed/19146819
http://dx.doi.org/10.1162/jocn_a_00795
http://www.ncbi.nlm.nih.gov/pubmed/25671502

@° PLOS | ONE

Social Norms Shift Food Preferences

23.

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Shestakova A, Rieskamp J, Tugin S, Ossadtchi A, Krutitskaya J, Klucharev V. Electrophysiological pre-
cursors of social conformity. Social Cognitive and Affective Neuroscience. 2013; 8:756—63. doi: 10.
1093/scan/nss064 PMID: 22683703

Toelch U, Dolan RJ. Informational and Normative Influences in Conformity from a Neurocomputational
Perspective. Trends in Cognitive Sciences. 2015; 19:579-89. doi: 10.1016/}.tics.2015.07.007 PMID:
26412096

Zaki J, Schirmer J, Mitchell JP. Social Influence Modulates the Neural Computation of Value. Psycho-
logical Science. 2011; 22:894-900. doi: 10.1177/0956797611411057 PMID: 21653908

Carels RA, Harper J, Konrad K. Qualitative perceptions and caloric estimations of healthy and
unhealthy foods by behavioral weight loss participants. 2006; 46:199—-206. doi: 10.1016/j.appet.2005.
12.002 PMID: 16466830

Harnack L, Block G., Subar A., Lane S., & Brand R. Association of cancer prevention-related nutrition
knowledge, beliefs, and attitudes to cancer prevention dietary behavior. Journal of the American Die-
tetic Association. 1997; 97:957-65. doi: 10.1016/S0002-8223(97)00231-9 PMID: 9284871

Wardle J, Parmenter K, Waller J. Nutrition knowledge and food intake. 2000:269-75.

Cavallo DA, Pinto A. Effects of mood induction on eating behavior and cigarette craving in dietary
restrainers. Eating Behaviors. 2001; 2:113—-27. PMID: 15001041

Hermans RCJ, Engels RCME, Larsen JK, Herman CP. Modeling of palatable food intake. The influence
of quality of social interaction. Appetite. 2009; 52:801—4. doi: 10.1016/j.appet.2009.03.008 PMID:
19501786

Lambert KG, Neal T, Noyes J, Parker C, Worrel P. Food-Related Stimuli Increase Desire to Eat in Hun-
gry and Satiated Human Subjects. Current Psychology. 1991; 10:297-303.

Mori D, Chaiken S, Pliner P. "Eating Lightly " and the Self-Presentation of Femininity. Journal of Person-
ality and Social Psychology. 1987; 53:693-702. PMID: 3681647

Salerno A, Janiszewski C. Hedonic Eating Goals and Emotion: When. Journal of Consumer Research.
2014; 41. doi: 10.1086/675299

Strien TV, Herman CP, Anschutz D. The Predictive Validity of the DEBQ-External Eating Scale For Eat-
ing in Response to Food Commercials While Watching Television. International Journal of Eating Disor-
ders. 2012; 42:257—62. doi: 10.1002/eat.20940 PMID: 21560138

Vartanian LR, Sokol N, Herman CP, Polivy J. Social Models Provide a Norm of Appropriate Food Intake
for Young Women. PLoS ONE. 2013; 8:€79268. doi: 10.1371/journal.pone.0079268 PMID: 24236117

Garbinsky EN, Morewedge CK, Shiv B. Does liking or wanting determine repeat consumption delay?
Appetite. 2014; 72:59-65. doi: 10.1016/j.appet.2013.09.025 PMID: 24104055.

Schnuerch R, Schnuerch M, Gibbons H. Assessing and correcting for regression toward the mean in
deviance-induced social conformity. Frontiers in Psychology. 2015; 06:1-9. doi: 10.3389/fpsyg.2015.
00669 PMID: 26052299

Jacobson RP, Mortensen CR, Cialdini RB. Bodies obliged and unbound: Differentiated response ten-
dencies for injunctive and descriptive social norms. Journal of Personality and Social Psychology. 2011;
100:433-48. doi: 10.1037/20021470 PMID: 21171790

Smith JR, Louis WR, Terry DJ, Greenaway KH, Clarke MR, Cheng X. Congruent or conflicted? The
impact of injunctive and descriptive norms on environmental intentions. Journal of Environmental Psy-
chology. 2012; 32:353-61. doi: 10.1016/j.jenvp.2012.06.001

Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Koplan JP. The Continuing Epidemics of Obe-
sity and Diabetes in the United States. The Journal of the American Medical Association. 2001;
286:1195-200. PMID: 11559264

Wang Y, Beydoun MA. The Obesity Epidemic in the United States—Gender, Age, Socioeconomic,
Racial / Ethnic, and Geographic Characteristics: A Systematic Review and Meta-Regression Analysis.
Epidemiologic Reviews. 2007; 29:6-28. doi: 10.1093/epirev/mxm007 PMID: 17510091

Birnholz Z. Stanford wins Pac-12 Fitness Challenge. The Stanford Daily. Stanford2015.

Cheadle A, Psaty BM, Curry S, Wagner E, Diehr P, Koepsell T, et al. Community-level comparisons
between the grocery store environment and individual dietary practices. Preventive medicine. 1991; 20
(2):250-61. PMID: 2057471

Fisher BD, Strogatz DS. Community measures of low-fat milk consumption: comparing store shelves
with households. American Journal of Public Health. 1999; 89(2):235-7. PMID: 9949755

Morland KB, Evenson KR. Obesity prevalence and the local food environment Health & Place. 2009;
15:491-5. doi: 10.1016/j.healthplace.2008.09.004 PMID: 19022700

Nickerson RS. Confirmation Bias: A Ubiquitous Phenomenon in Many Guises. 1998; 2:175-220.

PLOS ONE | DOI:10.1371/journal.pone.0166286 November 18, 2016 15/16


http://dx.doi.org/10.1093/scan/nss064
http://dx.doi.org/10.1093/scan/nss064
http://www.ncbi.nlm.nih.gov/pubmed/22683703
http://dx.doi.org/10.1016/j.tics.2015.07.007
http://www.ncbi.nlm.nih.gov/pubmed/26412096
http://dx.doi.org/10.1177/0956797611411057
http://www.ncbi.nlm.nih.gov/pubmed/21653908
http://dx.doi.org/10.1016/j.appet.2005.12.002
http://dx.doi.org/10.1016/j.appet.2005.12.002
http://www.ncbi.nlm.nih.gov/pubmed/16466830
http://dx.doi.org/10.1016/S0002-8223(97)00231-9
http://www.ncbi.nlm.nih.gov/pubmed/9284871
http://www.ncbi.nlm.nih.gov/pubmed/15001041
http://dx.doi.org/10.1016/j.appet.2009.03.008
http://www.ncbi.nlm.nih.gov/pubmed/19501786
http://www.ncbi.nlm.nih.gov/pubmed/3681647
http://dx.doi.org/10.1086/675299
http://dx.doi.org/10.1002/eat.20940
http://www.ncbi.nlm.nih.gov/pubmed/21560138
http://dx.doi.org/10.1371/journal.pone.0079268
http://www.ncbi.nlm.nih.gov/pubmed/24236117
http://dx.doi.org/10.1016/j.appet.2013.09.025
http://www.ncbi.nlm.nih.gov/pubmed/24104055
http://dx.doi.org/10.3389/fpsyg.2015.00669
http://dx.doi.org/10.3389/fpsyg.2015.00669
http://www.ncbi.nlm.nih.gov/pubmed/26052299
http://dx.doi.org/10.1037/a0021470
http://www.ncbi.nlm.nih.gov/pubmed/21171790
http://dx.doi.org/10.1016/j.jenvp.2012.06.001
http://www.ncbi.nlm.nih.gov/pubmed/11559264
http://dx.doi.org/10.1093/epirev/mxm007
http://www.ncbi.nlm.nih.gov/pubmed/17510091
http://www.ncbi.nlm.nih.gov/pubmed/2057471
http://www.ncbi.nlm.nih.gov/pubmed/9949755
http://dx.doi.org/10.1016/j.healthplace.2008.09.004
http://www.ncbi.nlm.nih.gov/pubmed/19022700

@° PLOS | ONE

Social Norms Shift Food Preferences

47.

48.

49.

50.

Walton GM. The New Science of Wise Psychological Interventions. Current Directions in Psychological
Science. 2014; 23:63-82. doi: 10.1177/0963721413512856

Cialdini RB, Goldstein NJ. Social influence: compliance and conformity. Annual review of psychology.
2004; 55:591-621. doi: 10.1146/annurev.psych.55.090902.142015 PMID: 14744228.

Ares G, Giménez A, Gambaro A. Influence of nutritional knowledge on perceived healthiness and will-
ingness to try functional foods. Appetite. 2008; 51(3):663-8. doi: 10.1016/j.appet.2008.05.061 PMID:
18582509

King GA, Herman CP, Polivy J. Food Perception in Dieters and Non-dieters. 1987:147-58.

PLOS ONE | DOI:10.1371/journal.pone.0166286 November 18, 2016 16/16


http://dx.doi.org/10.1177/0963721413512856
http://dx.doi.org/10.1146/annurev.psych.55.090902.142015
http://www.ncbi.nlm.nih.gov/pubmed/14744228
http://dx.doi.org/10.1016/j.appet.2008.05.061
http://www.ncbi.nlm.nih.gov/pubmed/18582509

