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The theory that health behaviors spread through social groups implies that efforts to
control COVID-19 through vaccination will succeed if people believe that others in
their groups are getting vaccinated. But “others” can refer to many groups, including
one’s family, neighbors, fellow city or state dwellers, or copartisans. One challenge to
examining these understudied distinctions is that many factors may confound observed
relationships between perceived social norms (what people believe others do) and
intended behaviors (what people themselves will do), as there are plausible common
causes for both. We address these issues using survey data collected in the United States
during late fall 2020 (n = 824) and spring 2021 (n = 996) and a matched design that
approximates pair-randomized experiments. We find a strong relationship between per-
ceived vaccination social norms and vaccination intentions when controlling for real
risk factors (e.g., age), as well as dimensions known to predict COVID-19 preventive
behaviors (e.g., trust in scientists). The strength of the relationship declines as the que-
ried social group grows larger and more heterogeneous. The relationship for copartisans
is second in magnitude to that of family and friends among Republicans but undetect-
able for Democrats. Sensitivity analysis shows that these relationships could be
explained away only by an unmeasured variable with large effects (odds ratios between
2 and 15) on social norms perceptions and vaccination intentions. In addition, a predic-
tion from the “false consensus” view that intentions cause perceived social norms is not
supported. We discuss the implications for public health policy and understanding
social norms.

social norms j COVID-19 j vaccination

Beliefs about others’ behavior—perceived social norms—influence people’s own actions
and intentions (1–4).* The idea that social norms drive health behaviors has guided
research in public health generally (7–9) and on vaccination specifically (10, 11). Stud-
ies from COVID-19 find that people are more likely to vaccinate (12–14), wash their
hands (15, 16), wear masks (17), stay at home (16), and social distance (15, 17–22, 23)
the more they believe that other people engage in these preventive behaviors.
While the idea that what others do affects our own behaviors is well-established,

there is less consensus about exactly who such others are (24). People belong to many
partially overlapping groups that vary in size, homogeneity, and relevance (Fig. 1; see
ref. 25 for a similar conception) and thus likely think about these groups differently.
Yet a close read of COVID-19 social norms studies shows that “others” can refer to
numerous different groups, from family and friends (15, 17, 19, 21) or close social ties
(20, 22) to neighbors (14, 26), people in one’s community (19), fellow survey respond-
ents (11), people in one’s country (12, 16, 18), people in general (13), or all of human-
kind (22). Ignoring this distinction has implications for social norms research—studies
ostensibly on the same effect may be measuring very different instantiations—as well as
for public health strategies hoping to harness the evident strength of social norms
through messaging or other interventions.
We examine this issue in two studies comparing people’s own vaccination intentions

with their perceptions of others’ intentions. Study 1 measured these perceptions among
four groups of others: family and friends; neighbors; city residents; and state residents.
Study 2 replicates the first and adds perceptions of vaccination intentions among co-
and outpartisans, a dimension that to our knowledge has not been explored previously.
We created homogeneous matched pairs to account for the fact that people in the same
groups have many common characteristics that can explain away apparent social norms
effects. For instance, an older adult may count more older than younger adults among
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*Social norms are commonly divided into injunctive norms (what people think is right to do) and descriptive norms (what
people in fact do) (5). Here, we focus on the latter to avoid introducing a moral dimension (6) that further complicates an
already complex problem space. All references to social norms in our studies refer to descriptive norms.

PNAS 2022 Vol. 119 No. 29 e2118770119 https://doi.org/10.1073/pnas.2118770119 1 of 8

RESEARCH ARTICLE | PSYCHOLOGICAL AND COGNITIVE SCIENCES

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 jw
bo

w
er

s@
ill

in
oi

s.
ed

u 
on

 J
ul

y 
12

, 2
02

2 
fr

om
 I

P 
ad

dr
es

s 
2.

13
9.

14
0.

13
1.

https://orcid.org/0000-0002-7283-2549
https://orcid.org/0000-0002-4048-1166
https://orcid.org/0000-0001-8920-7152
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nathaniel_rabb@brown.edu
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2118770119/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2118770119/-/DCSupplemental
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.2118770119&domain=pdf&date_stamp=2022-07-09


her friends. If she does, then her greater likelihood of vaccina-
tion could be due to a higher risk of poor COVID-19 out-
comes (27) rather than beliefs about what her friends (who are
also at higher risk) plan to do. Similarly, Democrats are likely
to report higher vaccination intentions (28) and may perceive
greater intentions among family and friends because they know
more Democrats (29, 30). In both cases, people’s beliefs about
others’ intentions and their own intentions have a common
cause, rather than the beliefs causing the intentions. The pair-
matched research design allows us to control for all of these
confounds by comparing, say, two Democratic women who are
within a few years of the same age and then asking whether the
member of the pair who believes that more members of her
family and friends group will get vaccinated also has higher
intentions to be vaccinated herself.
We find that social norms perceptions predict vaccination

intentions above and beyond numerous measured and plausible
confounding influences, and that the strength of the relation-
ship between descriptive social norms and vaccination inten-
tions declines as groups become larger and more heterogeneous.
We also find that among Republicans, perceptions of coparti-
sans’ intentions have the second-strongest relationship with
one’s own intentions, trailing only family and friends. To
address two related threats to these inferences, we report 1) a
formal sensitivity analysis showing that some unobserved vari-
able driving the results would need to generate extremely large
effects to change the interpretation, and 2) an additional result
inconsistent with the “false consensus” interpretation (31)
whereby people’s own intentions drive their social norms per-
ceptions rather than the other way around. We then discuss
implications for public health and policy.

The Present Studies

A hypothetical experimental approach to the common cause
problem would isolate differences in social norms perceptions
by placing respondents into pairs that are highly similar on
potentially confounding dimensions and then randomly assign-
ing one member of each pair to perceive that more others will
get vaccinated. We build on the intuitions from this idealized
“pair-randomized” scenario in creating our own nonrandom-
ized design since assigning perceptions to people would be

difficult and would teach us more about the effects of assigning
perceptions than about the perceptions themselves. Study 1
placed 824 survey respondents into 412 matched pairs† created
to be highly similar on characteristics that either constitute risk
factors or that have demonstrably predicted COVID-19 health
behaviors even though they are not associated with risk. Study
2 placed 996 respondents into 498 pairs, similarly matched.
For known risk factors, pairs were required to be identical on
gender [female, male (33)] and race [White, Black, Latino,
other (33–35)], and highly similar on age (27), education (36),
and family income (34,37). For other dimensions associated
with COVID-19 health behaviors, pairs were required to be
identical on party ID [Democrat, Republican, other (28, 38)]
and similar on political ideology [liberal, conservative (39)],
trust in science (40, 41), trust in government (39, 42), religios-
ity (43), COVID-19 knowledge (44), and subjective assess-
ments of that knowledge (45). The ensuing matched designs
are conceptually equivalent to analyses using stratification, a
method long used in the study of health behaviors (46); see
Rosenbaum (47) for an overview of current techniques, and see
SI Appendix, section S12 for further discussion.

Was this process successful? Hansen and Bowers (48) devel-
oped a single test of the null hypothesis of no differences
between the members of a matched pair’s covariate values taken
all together. The result of this omnibus test for study 1 is
χ2 (7) = 5.1, P = 0.65; that is, the covariate-to-perceptions
relationship in our nonrandomized paired design is consistent
with what we would see in a pair-randomized experiment.
Within pairs, the person who perceives more positive vaccina-
tion social norms is no more or less likely to have higher values
on any of the matching variables than the person who perceives
that fewer people intend to be vaccinated in their social con-
text. The omnibus test for study 2 also indicated a design
that compares favorably with a pair-randomized experiment,
χ2 (9) = 2.6, P = 0.98. Table 1 shows individual tests of the
null hypothesis of no differences between higher and lower per-
ceivers within pairs for all covariates. These tests produced no
unadjusted P value less than 0.13; after adjusting for multiple
testing using the Holm method, all P = 1. See SI Appendix,
section S4 for details on the distribution of differences.

Results

For data and analysis code, see github.com/thepolicylab/
COVID-VaccinesSocialNorms. The analysis is one of several
questions from our broad preanalysis plan (osf.io/fqvp3); study
2 replicates the result from study 1 employing the same analysis
strategy with the addition of perceived vaccination intentions
among partisan groups. Deviations from preregistered analyses
are explained in SI Appendix, section S1, and the other research
questions are examined in SI Appendix, sections S5 and S10.

Study 1. We regress respondents’ reported intentions on their
perceptions of social norms for each of the groups of interest,
conditional on pair. This is conceptually equivalent to compar-
ing the intentions of the higher with the lower perceiver
within-pair and taking the average across all of the pair differ-
ences. Perceptions were recoded to run from 0 = none to 6 = all
group members will definitely vaccinate. Vaccination inten-
tions were coded 1 to 5 (M = 3.76, SDunadjusted = 1.31).
The coefficients in Fig. 2 (Left) represent average differ-
ences in vaccination intention associated with a one-unit

Fig. 1. Groups to which an individual belongs form partially overlapping
sets. Sizes of circles represent both the size of the set and the “closeness”
of the group (personal relevance, homogeneity).

†We used a nonbipartite matching algorithm (32) to create the pairs. Details and code are
available at https://github.com/thepolicylab/COVID-VaccinesSocialNorms.
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difference in perceptions of others’ intentions. Fig. 2 (Right)
shows the strong relationships between perceptions and
intentions: A difference of even one point in perceptions of
family/friends’ intentions produces, on average, a difference
of 0.35 points in intentions, which is roughly equal to 1/4
SD difference in the outcome.
The relationships decline in strength for perceptions of

norms in larger and more heterogeneous groups, and we can
easily reject the null of no average effect for all of them (all
P values < 0.001, two-tailed). The vaccination intention differ-
ence related to a one-point difference between perceived social
norms is 0.24 at the state level, 0.28 at the city level, 0.30
among neighbors, and 0.35 among family and friends. To
interpret these coefficients, consider the difference of one scale
point—the change, for instance, in believing that “about three
quarters” as opposed to “about half” of one’s family and friends
will get vaccinated. Given that the mean vaccination intention
was 3.76 (between “not sure” and “maybe will”), even a one-
point difference in perceived social norms can push intentions
from this mean to “maybe will.” Comparing the coefficients,
we can reject the hypothesis that the differences associated with
family/friends are the same as the differences associated with the
other levels considered all together with P = 0.045 [seemingly
unrelated regression framework for testing linear hypotheses across
equations (49)]. However, we do not have strong evidence that
the neighborhood perceptions are more powerful than even larger
groups (city and state perceptions combined, P = 0.39) or that
the city effect differs from the state effect (P = 0.35).
Fig. 2 also shows that the family and friends group effect size is

consistent with results from the most directly comparable prior
study: Tunçgenç et al. (22) also controlled for demographics
including partisan identity and reported coefficients for perceived
social norms/own behavior relationships of 0.42 and 0.416. These
values are similar to the relationship we observed in the
unmatched population (0.44) and the matched design (0.35).

Study 2. Since study 2 happened after some respondents were
eligible for vaccines, intentions to vaccinate were only asked
of people who did not report having started vaccination.
The outcome variable used here is coded 1 if a person had
already begun vaccinations or responded that they “definitely
will” get vaccinated and 0 otherwise; 66% of the population
met this criterion. For intentions among the subset who had
not yet been vaccinated, M = 3.5, SDunadjusted = 1.54, and
there was no indication of a ceiling effect, as just 43% of
those who had not been vaccinated (or 25.7% of the whole
group) responded that they “definitely will” as soon as they
are eligible. Fig. 3 shows the same pattern seen in study
1—perceptions of others’ vaccination intentions predict
own vaccination intention or behavior—with the exception
that here the state effect was indistinguishable from zero
(family and friends, P < 0.001; neighbors, P < 0.001; city,
P = 0.03; state, P = 0.17). For example, a difference of one
unit in perceptions of vaccination intentions among family
members produces a 0.09 percentage point difference in the
outcome; a six-unit difference, the maximum difference
between any two people in a pair, would increase the pro-
portion of people who definitely would vaccinate or already
have by 6*0.09 = 0.54 if all perception differences were this
large. The pattern of decreasing yet still strong relationships
also appears. Note that effect sizes are not directly compara-
ble to those in study 1 because the outcome measure here is
dichotomous rather than continuous.

Fig. 3 also shows that among Republicans, the social
norms–intentions relationship for copartisans is similar to
other close groups.‡ Overall, the effect of beliefs about

Table 1. Tests of mean differences between rank-ordered higher and lower perceivers of social norms for
continuous variables used to match respondents in study 1 and study 2

Variable

Mean
lower

perceiver

Mean
higher

perceiver Difference
Standardized
difference P Padj.

Study 1
Liberal/conservative ideology 3.02913 3.03641 0.007282 0.005408 0.8877 1
Age 48.89563 48.71845 �0.177184 �0.010232 0.5336 1
Family income 6.28155 6.32039 0.038835 0.012427 0.6716 1
Education 3.67718 3.73301 0.055825 0.038231 0.1319 1
Trust in science 3.90655 3.90655 0.000000 0.000000 1.0000 1
COVID-19 knowledge 0.76335 0.77063 0.007282 0.052088 0.3883 1
Subjective COVID-19 knowledge 3.97573 3.97573 0.000000 0.000000 1.0000 1
Religiosity 0.32949 0.33568 0.006189 0.033275 0.5565 1
Family income missingness 0.07767 0.06553 �0.012136 �0.047026 0.2971 1
COVID-19 knowledge missingness 0.06068 0.06068 0.000000 0.000000 1.0000 1
Subjective COVID-19 knowledge missingness 0.93932 0.93932 0.000000 0.000000 1.0000 1

Study 2
Liberal/conservative ideology 3.0843 3.1064 0.0220884 0.0155571 0.4875 1
Age 50.2952 50.4137 0.1184739 0.0069468 0.5349 1
Family income 6.1265 6.1245 �0.0020080 �0.0006334 0.9802 1
Education 3.7048 3.6827 �0.0220884 �0.0151481 0.6692 1
Trust in government 2.2533 2.2537 0.0003347 0.0005367 0.9880 1
Trust in science 3.8996 3.9217 0.0220884 0.0221226 0.3447 1
Subjective COVID-19 knowledge 3.4920 3.4679 �0.0240964 �0.0260201 0.6534 1
Religiosity 0.5030 0.5068 0.0037830 0.0128432 0.8171 1
Family income missingness 0.1145 0.1225 0.0080321 0.0248313 0.5791 1

‡Independents were excluded from the party ID analysis for conceptual and methodological
reasons. Conceptually, self-assignment to this group implies a desire to stand apart from a
bipolar conception of political identity, so it is ambiguous whether Independents count as
outpartisans to Democrats or Republicans. But sidestepping this issue by including them in
both outpartisan groups yields an analysis where individuals are counted twice.
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Republican copartisans is second in magnitude behind that
of family and friends (P = 0.045). The same pattern does
not hold among Democrats (P = 0.551). Perceptions of the
intentions of outpartisan others also show no discernible
effect: The Republican within the Republican pair who
thinks that Democrats are more likely to be vaccinated is no
more or less likely to report that she will be vaccinated than
the Republican who thinks that Democrats are not likely to
be vaccinated (P = 0.942), and vice versa for Democrats
(P = 0.871).

Sensitivity to Hidden Bias. Both studies showed relationships
between perceived social norms and vaccination intentions
increasing in strength as the norm holders grow closer or
more personally relevant to the individual. The relationship
between perceptions and confounding common causes was
consistent with that of a randomized experiment, thus mini-
mizing the likelihood that measured factors explain away
social norms effects. Of course, we did not randomly place
perceptions of social norms into people’s heads, and the
possibility that some unmeasured factor causes both different
vaccination intentions and different beliefs about others’
intentions remains.
While we cannot name or measure this potential variable,

we can assess how strong its relationship with perceived
social norms and vaccination intentions would have to be to
qualitatively change our results (i.e., to make the social
norms–intentions relationship indistinguishable from zero in
our hypothesis tests). Rosenbaum and Silber (50) use Δ to
reflect how an unobserved covariate might increase the odds of
a positive difference in outcome within-pair and K to reflect
the same for treatment within-pair. For the present purposes, Δ
is the odds that the person with higher vaccination intentions
has them because of an unobserved covariate, and is the odds
that the person with higher social norms perceptions has them
because of this unobserved covariate. The family/friends

perceptions relationship was most resistant to hidden bias in
both studies (K = 4.5, Δ = 14.7 in study 1; K = 3.1, Δ = 5.9
in study 2). Thus, in study 1, only a hidden factor that
increases the odds of being the higher perceiver by 4.5 times
and of being more likely to vaccinate by 14.7 times would
change the observed P value from <0.0000001 to 0.051.§

Across all perceived social norms variables for which the
strength of the relationships was detectably different from zero,
even the weakest relationships would need an unobserved
covariate with at least K = 2.5 and Δ = 2.4 (perceptions of
state-level norms in study 1) and at least K = 2.1 and Δ = 1.5
(perceptions of city-level norms in study 2).

To put this result in perspective, we examined a variable
that was not included in the pair-matched design but could
account for differences in both vaccination intentions and
perceived social norms: risk perception (51). We calculated
the odds of reporting greater social norms perceptions and
vaccination intentions given higher perceptions of the risk of
becoming infected with COVID-19 over the next month
(0 to 100% chance) or of experiencing severe side effects from
the COVID-19 vaccine (agreement on a 1 to 5 scale that
“getting vaccinated would put me at risk for vaccine side
effects”). These odds ratios can then be directly compared
with the values that would change the results from significant
to nonsignificant (Δ and K) and hence provide evidence that
risk perception explains away the results. Among all odds
ratios capturing relationships between risk perception and
either vaccination intention or social norms perceptions,
the largest was 1.88, yet the smallest required by the sensitiv-
ity analysis was 2.2. Thus, differences in risk perception
within-pair do not seem to threaten our interpretation (SI
Appendix, section S8).

Fig. 2. (Left) Study 1 average relationships within-pair between a one-unit difference in perceptions of vaccination intentions of others (0 = no one in the
group will definitely vaccinate to 6 = all people in the group definitely will vaccinate) on own intention (1 = definitely won’t vaccinate to 5 = definitely will vac-
cinate) for the pair-matched design (n = 824) and the full valid data (n = 1,992). (Right) Point estimates from the paired design plus 95% CIs created with het-
eroskedasticity-consistent (HC2) SEs. All P values for the null hypothesis of no effects <0.001, two-tailed.

§This is equivalent to a value of Γ = 3.5 for Rosenbaum’s sensitivity parameter, using the
Rosenbaum and Silber (50) approach to decompose Γ into two parts: an effect on treat-
ment or selection (here, perception rank within-pair) and outcome (here, outcome rank
within-pair).
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False Consensus and Directionality. Another possibility is
that the results could be wholly or partly due to false consen-
sus effects (31). In this view, social norms are not driving
health behaviors; rather, people believe that others do what
they themselves plan to do and respond to our questions by
inferring from their own intentions. Although we cannot
definitely settle questions of directionality in these cross-
sectional studies, the false consensus hypothesis makes a pre-
diction that we can investigate using our data. If perceptions
of others are dictated by people’s own intentions, then we
would expect respondents with the most extreme intentions
to have the least accurate perceptions because they systemati-
cally over- or underestimate others’ intentions. To test this,
we calculated accuracy scores for the population from which
respondents were drawn for study 2 by comparing respond-
ents’ estimates of how many people in a group would get
vaccinated with independent estimates of the vaccination
intentions for these same groups; this was only possible at
the state level, as no independent survey data were available
for cities, neighborhoods, or families and friends groups.
Respondents received a 1 if their estimates of how many
people in their state intended to get vaccinated were close to
independent, contemporaneous survey estimates and a 0 if
not (SI Appendix, section S5). Accuracy was operationalized
as choosing the response option closest to the independent
survey estimate on either side; in other words, if the true
state-level estimate at the time was 63% (as it was for Ala-
bama), then either “about half” or “about three quarters”
would count as correct. We then created a variable dividing
the sample into one group consisting of those who gave the
most extreme responses regarding their own intentions (5 =
definitely will and 1 = definitely won’t) and another consist-
ing of people with moderate ratings (2, 3, or 4). Against the
prediction from false consensus, people with the strongest
pro- or antivaccination intentions were not more likely to
provide incorrect state-level estimates (in either direction)
than people with moderate intentions, χ 2 (1) = 2.15, P = 0.
14. The direction of these weak differences was inconsistent

with the false consensus hypothesis: More people in the
“extreme” categories for own vaccination (64.8%) than peo-
ple with moderate views (60%) gave accurate estimates.

Discussion

Using a quasiexperimental design with surveys conducted at
different points in the COVID-19 pandemic and vaccine
rollout, we find that beliefs about others’ intentions to get vac-
cinated predict people’s own intentions even when holding
constant demographic variables that reflect risk of poor
COVID-19 outcomes [gender (33), race (33–35), age (27),
education (36), and family income (34, 37)] as well as variables
that have been shown to predict COVID-19 health behaviors
even though they are not associated with differential risk [parti-
san identity (28, 38), political ideology (39), trust in science
(40, 41), trust in government (39, 42), religiosity (39),
COVID-19 knowledge (44), and subjective assessments of that
knowledge (45)]. Moreover, who those others are—one’s
friends and family, neighbors, or city or state coresidents—dic-
tates the strength of the relationship, which declines as the
groups get larger and more diffuse. This pattern is consistent
with some existing health behavior models—the theory of
planned behavior, for instance, predicts that social norms will
factor into decision making to the extent they are associated
with personally significant referents (52), while the theory of
normative social behavior (53) similarly expects group identifi-
cation to modulate effects of descriptive norms on behaviors—
and has been observed in a social norms study on energy con-
sumption (54) (as reported in ref. 55). Among Republicans,
beliefs about copartisans’ intentions predicted people’s own
intentions with magnitudes between the “friends or family”
and “neighbors” relationships. Beliefs about outpartisans
appeared irrelevant to vaccination intentions for Democrats
and Republicans. A sensitivity analysis shows that if both per-
ceived social norms and vaccination intentions were caused by
some unmeasurable variable, the effect of this variable would
have to be extremely large to change the interpretation. And a

Fig. 3. (Left) Study 2 average relationships within-pair between a one-unit difference in perceptions of vaccination intentions of others (0 = no one in the
group will definitely vaccinate to 6 = all people in the group definitely will vaccinate) on own intention or behavior (1 = definitely will vaccinate/has already
vaccinated, 0 = otherwise) for the pair-matched design (n = 996) and the full valid data (n = 1,497). (Right) Point estimates from the paired design plus 95%
CIs created with HC2 SEs. Note that coefficient magnitudes reflect the dichotomous outcome measure, in contrast to the continuous measure in study 1.
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prediction from the false consensus hypothesis (i.e., that inten-
tions cause social norms perceptions rather than the other way
around) was not supported.
One limitation of our studies is that they cannot speak to

mechanisms. It is unknown whether people’s vaccination inten-
tions are influenced by perceived social norms due to a desire
for reward or fear of sanction from one’s community, to social
learning, or to some other mechanism. Another limitation is
that our measures do not distinguish family from friends; it is
possible that the two groups’ intentions would show different
relationships with people’s own intentions. In addition, our
sample after matching was whiter than the US population as a
whole and all participants were US residents. While the demo-
graphics of our matched sample are a limitation, Bogart and
colleagues (56) report a similar relationship among Black Amer-
icans. Finally, our study measured intentions to get vaccinated
rather than actual vaccinations. The gap between intentions
and behaviors has been substantial in other vaccination contexts
like seasonal flu (57) or H1N1 (58). However, recent results
suggest this gap is much smaller for COVID-19. A study from
Sweden linking survey responses with subsequent vaccination
records found a roughly 10 percentage point discrepancy
between intentions and actions (59). Comparisons of self-reported
vaccination status with previously measured intentions show a
very similar correspondence in US samples (60, 61) but a larger
gap in China (62). Thus, while people’s stated intentions almost
certainly overestimate subsequent behaviors to some extent, in
the case of COVID-19, the extent does not render them
uninformative.
These results have implications for both social norms

research and public health policy. Although studies have shown
effects of perceived others’ beliefs on people’s own COVID-
related behaviors, the means of operationalizing others have run
the gamut from family or friends (15) to fellow nationals (18)
to all of humankind (22). We find that these distinctions mat-
ter for vaccination, the most critical COVID-related health
behavior. Researchers studying social norms and public health
should measure perceived social norms of multiple groups and
consider how the characteristics of the respondent match those
of the groups.
Policy implications are more complex. Most straightfor-

wardly, public health communications that use social norms
information cannot treat various groups as interchangeable.
Messages reporting how many people in one’s country have
been vaccinated may show less influence than those reporting
numbers at the state level, which in turn may show less influ-
ence than those reporting city numbers. A similar distinction
among reference groups is seen in COVID-related messages
using imperatives [e.g., “do it for your community” versus “do
it for your family” (63, 64)].
The social norms–vaccination relationship was unequivocally

strongest for the friends and family group in both studies, and
convergent survey evidence is consistent with this finding. In
April 2021, the Kaiser Family Foundation COVID-19 Vaccine
Monitor found that among 18- to 29-y-olds, 68% of those
who reported that more than half of their friends had been vac-
cinated were themselves vaccinated, while the number was just
19% for people reporting less than half of their friends had
been vaccinated (65). Similarly, in June 2021, 77% of vacci-
nated adults said that everyone in their household had been
vaccinated, while 75% of unvaccinated adults said that no one
in their household had been vaccinated (66). Public health
authorities hoping to employ social norms in messaging there-
fore face a problematic choice between making implausible

claims about people’s close social ties (how could a health
department official know what my family did?) and making
plausible but weaker claims about larger, more diffuse groups.
Indeed, assertions about social norms in larger groups have
fared poorly in the literature. Moehring and colleagues (13)
presented a large, multinational sample (n = 437,236) with
percentages in people’s regions that intended to get vaccinated
against COVID-19 as estimated on a prior survey. This infor-
mation yielded a small increase in stated vaccination intentions,
but the gains were driven by less than half of the countries, the
United States not among them. Sinclair and Agerstr€om (14)
manipulated rather than reported the proportions (85 versus
45%) of “people in general” or people in respondents’ age
groups intending to get vaccinated; neither stated proportion
increased intentions relative to control in a UK sample. Using a
similar manipulation, Sasaki et al. (67) find no effect among
Japanese respondents. Directly informing people of the vaccina-
tion status of their close ties, as Gerber et al. (68) did with past
voting behavior, is not possible given the medically sensitive
nature of the information. And since we find no evidence that
misperceived social norms are associated with intentions, inter-
ventions that have targeted other risky behaviors [e.g., excessive
drinking (69)] by correcting perceptions may yield little return
for vaccination (although future work should test this assump-
tion about people’s closest ties, for instance by using snowball
sampling).

However, evidence from non-COVID vaccine studies sug-
gests that demonstrating social proof at the individual level,
rather than asserting it in blanket messaging about groups,
could be effective. Badges indicating who had been vaccinated
against seasonal flu increase vaccine uptake among healthcare
workers (70, 71); notably, blanket messages in letters mailed to
healthcare workers did not (72). Conceptually similar interven-
tions have been effective at increasing voter turnout. People
who saw that a number of their Facebook friends had voted
were in turn more likely to vote (73). Note, however, that refs.
70 and 71 did not test social proof in perfect isolation, as the
interventions contained several features (e.g., healthcare workers
who did not get vaccinated were required to wear masks). And
elections are discrete events but vaccination campaigns are
ongoing, so stronger and less transient interventions than, for
example, “I got vaccinated” stickers distributed at vaccination
sites are probably required. Researchers might look to more
elaborate interventions exploiting first-degree ties from other
domains. For instance, Paluck et al. (74) found that conducting
conflict-reduction workshops with adolescent students but
allowing the students to develop their own peer-facing strate-
gies and materials reduced the frequency of fights recorded by
school administrations. The context-specific nature of such
approaches is appealing given the dynamic nature of social
norms (75). Interventions that exploit the structure of norm
holders’ networks may also be fruitful (76); see, for instance,
ref. 77.

The strong relationship between beliefs about copartisans’
behaviors and people’s own intentions among Republicans, a
group that has been consistently less likely to vaccinate against
COVID-19 (28), suggests that explicit partisan appeals could
increase uptake. But it is unclear whether the sort of “elite cues”
(i.e., messages from leaders) that have shown promise in survey
experiments (78, 79) would fulfill this function. Recall that we
asked about vaccination intentions of Democrats, Republicans,
and Independents generally, not the intentions of group lead-
ers. We doubt that provaccination messages from delegates of
groups more often associated with antivaccination attitudes
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would hurt campaigns to encourage vaccination. But the most
promising interventions are those that harness the power of
social proof demonstrated by the copartisans that people are
most likely to trust: their family and friends.

Materials and Methods

Populations, COVID-19 Context, and Data Sources. Data for study 1 come
from surveys fielded by YouGov for The Policy Lab and Rhode Island Department
of Health, 10 to 17 November and 11 to 20 December 2020. The November
survey included 500 Rhode Island (RI) residents and 1,000 non-RI US resi-
dents; the December survey included 500 RI residents only. Because the
behavior of 18- to 29-y-olds was a policy concern at the time, we also over-
sampled young adults through outreach to colleges and universities; 694
respondents voluntarily completed an identical Qualtrics survey. The first
COVID-19 vaccine was approved 11 December 2020 and became available
to healthcare workers and select others shortly after. Data for study 2 come
from a similar survey also fielded by YouGov and conducted 18 to 31 March
2021, with 500 RI residents and 1,000 non-RI US residents. At this time,
older residents and those with underlying conditions had become eligible
for vaccination. This research was classified as public health surveillance by
the Brown University Institutional Review Board and thus was exempt
from review.

Measures. We measured perceived social norms in study 1 by asking respond-
ents four questions: “How many people in ____ do you believe will definitely
get vaccinated? (Give your best estimate)” with the blank filled by “your network
of family and friends,” “your neighborhood,” “your city or town,” and “your state”
on a 1 to 7 scale (1 = none, 2 = a few [less than a quarter], 3 = about a quar-
ter, 4 = about half, 5 = about three quarters, 6 = most [more than three quar-
ters], 7 = all). Study 2 included these questions and added perceptions of three

partisan groups (“How many Republicans/Democrats/Independents do you
believe will definitely get vaccinated?”).

Because data for study 1 were collected before COVID-19 vaccines were
approved, we measured respondents’ own vaccine intentions by asking, “If and
when a coronavirus vaccine becomes available, will you get vaccinated?” (1 =
definitely won’t, 2 = maybe won’t, 3 = not sure, 4 = maybe will, 5 = definitely
will). Since vaccines were available to some groups at the time of study 2, vac-
cine intentions were measured by creating a composite variable with value 1 if a
respondent either reported having begun vaccination or responded “definitely
will” when asked “Are you going to get vaccinated for coronavirus as soon as it’s
possible to do so?” (same scale as study 1), and value 0 otherwise. See SI
Appendix, section S2 for an analysis using the continuous rather than dichoto-
mous composite variable; results do not differ.

Trust in science was captured by calculating the average across two questions
(trust in information from public health scientists, how much scientists under-
stand COVID-19). Trust in government was measured by averaging across trust
in federal, state, and local government. COVID-19 knowledge was measured
using an eight-item true/false knowledge battery, while subjective assessments
of knowledge came from a single question asking how much respondents
understand COVID-19 (study 1) or COVID-19 vaccines (study 2). See SI Appendix,
section S3 for question wordings and https://osf.io/8dnjs/ for complete survey
instruments.

Data Availability. Data and analysis code reported in this article have been
deposited in the GitHub repository (https://github.com/thepolicylab/COVID-
VaccinesSocialNorms) (80) .
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22. B. Tunçgenç et al., Social influence matters: We follow pandemic guidelines most when our close
circle does. Br. J. Psychol. 112, 763–780 (2021).

23. J. Farias, R. Pilati, Violating social distancing amid the COVID-19 pandemic: Psychological factors
to improve compliance. J. Appl. Soc. Psychol. 52, 233–245 (2022).

24. C. J. Wong, Boundaries of Obligation in American Politics: Geographic, National, and Racial
Communities (Cambridge University Press, 2010).

25. A. Gelman, Y. Margalit, Social penumbras predict political attitudes. Proc. Natl. Acad. Sci. U.S.A.
118, e2019375118 (2021).

26. T. Cruwys et al., Perceived COVID-19 risk is attenuated by ingroup trust: Evidence from three
empirical studies. BMC Public Health 21, 869 (2021).

27. Z. Wu, J. M. McGoogan, Characteristics of and important lessons from the coronavirus disease
2019 (COVID-19) outbreak in China: Summary of a report of 72314 cases from the Chinese Center
for Disease Control and Prevention. JAMA 323, 1239–1242 (2020).

28. S. Kreps et al., Factors associated with US adults’ likelihood of accepting COVID-19 vaccination.
JAMA Netw. Open 3, e2025594 (2020).

29. C. Lang, S. Pearson-Merkowitz, Partisan sorting in the United States, 1972–2012: New evidence
from a dynamic analysis. Polit. Geogr. 48, 119–129 (2015).

30. M. Mosleh, C. Martel, D. Eckles, D. G. Rand, Shared partisanship dramatically increases social tie
formation in a Twitter field experiment. Proc. Natl. Acad. Sci. U.S.A. 118, e2022761118 (2021).

31. W. Bruine de Bruin, M. Galesic, A. M. Parker, R. Vardavas, The role of social circle perceptions in
“false consensus” about population statistics: Evidence from a national flu survey.Med. Decis.
Making 40, 235–241 (2020).

32. J. R. Zubizarreta, C. Kilcioglu, J. P. Vielma, designmatch: Matched Samples That Are Balanced and
Representative by Design (R Package Version 0.3, 2018). https://CRAN.R-project.org/
package=designmatch (Accessed 19 February 2021).

33. J. Kopel et al., Racial and gender-based differences in COVID-19. Front. Public Health 8, 418
(2020).

34. T. F. Liao, F. De Maio, Association of social and economic inequality with coronavirus disease 2019
incidence and mortality across US counties. JAMA Netw. Open 4, e2034578 (2021).

35. S. Adhikari et al., Assessment of community-level disparities in coronavirus disease 2019
(COVID-19) infections and deaths in large US metropolitan areas. JAMA Netw. Open 3,
e2016938 (2020).

36. A. K. Dalsania et al., The relationship between social determinants of health and racial disparities
in COVID-19 mortality. J. Racial Ethn. Health Disparities 9, 288–295 (2022).

37. M. Karmakar, P. M. Lantz, R. Tipirneni, Association of social and demographic factors with COVID-
19 incidence and death rates in the US. JAMA Netw. Open 4, e2036462 (2021).

38. A. Gollwitzer et al., Partisan differences in physical distancing are linked to health outcomes during
the COVID-19 pandemic. Nat. Hum. Behav. 4, 1186–1197 (2020).

39. H. Rothgerber et al., Politicizing the COVID-19 pandemic: Ideological differences in adherence to
social distancing. PsyArXiv [Preprint] (2020). https://doi.org/10.31234/osf.io/k23cv
(Accessed 29 April 2020).

40. J. Koetke, K. Schumann, T. Porter, Trust in science increases conservative support for social
distancing. Group Process. Intergroup Relat. 24, 680–697 (2021).

PNAS 2022 Vol. 119 No. 29 e2118770119 https://doi.org/10.1073/pnas.2118770119 7 of 8

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 jw
bo

w
er

s@
ill

in
oi

s.
ed

u 
on

 J
ul

y 
12

, 2
02

2 
fr

om
 I

P 
ad

dr
es

s 
2.

13
9.

14
0.

13
1.

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2118770119/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2118770119/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2118770119/-/DCSupplemental
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2118770119/-/DCSupplemental
https://osf.io/8dnjs/
https://github.com/thepolicylab/COVID-VaccinesSocialNorms
https://github.com/thepolicylab/COVID-VaccinesSocialNorms
https://papers.ssrn.com/abstract=3782082
https://papers.ssrn.com/abstract=3782082
https://doi.org/10.2139/ssrn.3782082
https://doi.org/10.31234/osf.io/sybta
https://psyarxiv.com/9whp4/
https://doi.org/10.31234/osf.io/97jry
https://doi.org/10.31234/osf.io/fet6z
https://doi.org/10.31234/osf.io/fet6z
https://www.researchsquare.com/article/rs-106840/v1
https://papers.ssrn.com/abstract=3602166
https://doi.org/10.1177/13684302211023562
https://CRAN.R-project.org/package=designmatch
https://CRAN.R-project.org/package=designmatch
https://doi.org/10.31234/osf.io/k23cv


41. M. D. Stosic, S. Helwig, M. A. Ruben, Greater belief in science predicts mask-wearing behavior
during COVID-19. Pers. Individ. Dif. 176, 110769 (2021).

42. Q. Han et al., Trust in government regarding COVID-19 and its associations with preventive health
behaviour and prosocial behaviour during the pandemic: A cross-sectional and longitudinal study.
Psychol. Med., 10.1017/S0033291721001306 (2021).

43. M. A. Milligan, D. L. Hoyt, A. K. Gold, M. Hiserodt, M. W. Otto, COVID-19 vaccine acceptance:
Influential roles of political party and religiosity. Psychol. Health Med., 10.1080/13548506.2021.
1969026 (2021).

44. L. Ning et al., The impacts of knowledge, risk perception, emotion and information on citizens’
protective behaviors during the outbreak of COVID-19: A cross-sectional study in China. BMC
Public Health 20, 1751 (2020).

45. K. Motoki, T. Saito, Y. Takano, Scientific literacy linked to attitudes toward COVID-19 vaccinations: A
pre-registered study. Front. Commun. 6, 707391 (2021).

46. J. Cornfield et al., Smoking and lung cancer: Recent evidence and a discussion of some questions.
J. Natl. Cancer Inst. 22, 173–203 (1959).

47. P. R. Rosenbaum, Modern algorithms for matching in observational studies. Annu. Rev. Stat. Appl.
7, 143–176 (2020).

48. B. B. Hansen, J. Bowers, Covariate balance in simple, stratified and clustered comparative studies.
Stat. Sci. 23, 219–236 (2008).

49. A. Zellner, An efficient method of estimating seemingly unrelated regressions and tests for
aggregation bias. J. Am. Stat. Assoc. 57, 348–368 (1962).

50. P. R. Rosenbaum, J. H. Silber, Amplification of sensitivity analysis in matched observational
studies. J. Am. Stat. Assoc. 104, 1398–1405 (2009).

51. M. Siegrist, L. Luchsinger, A. Bearth, The impact of trust and risk perception on the acceptance of
measures to reduce COVID-19 cases. Risk Anal. 41, 787–800 (2021).

52. I. Ajzen, A. W. Kruglanski, Reasoned action in the service of goal pursuit. Psychol. Rev. 126,
774–786 (2019).

53. R. N. Rimal, K. Real, Understanding the influence of perceived norms on behaviors. Commun.
Theory 13, 184–203 (2003).

54. J. M. Nolan, P. W. Schultz, R. B. Cialdini, N. J. Goldstein, V. Griskevicius, Normative social influence
is underdetected. Pers. Soc. Psychol. Bull. 34, 913–923 (2008).

55. V. Griskevicius, R. B. Cialdini, N. J. Goldstein, Social norms: An underestimated and
underemployed lever for managing climate change. Int. J. Sustain. Commun. 3, 5–13 (2008).

56. L. M. Bogart et al., COVID-19 vaccine intentions and mistrust in a national sample of Black
Americans. J. Natl. Med. Assoc. 113, 599–611 (2022).

57. K. M. Harris, J. Maurer, N. Lurie, Do people who intend to get a flu shot actually get one? J. Gen.
Intern. Med. 24, 1311–1313 (2009).

58. Q. Liao, B. J. Cowling, W. W. T. Lam, R. Fielding, Factors affecting intention to receive and self-
reported receipt of 2009 pandemic (H1N1) vaccine in Hong Kong: A longitudinal study. PLoS One
6, e17713 (2011).

59. P. Campos-Mercade et al., Monetary incentives increase COVID-19 vaccinations. Science374, 879–882 (2021).
60. A. Kirzinger, G. Sparks, M. Brodie, KFF COVID-19 Vaccine Monitor: In their own words, six months

later (2021). https://www.kff.org/report-section/kff-covid-19-vaccine-monitor-in-their-own-words-
six-months-later-findings (Accessed 03 August 2021).

61. V. Galasso et al., From anti-vax intentions to vaccination: Panel and experimental evidence from
nine countries (2022). https://www.nber.org/papers/w29741 (Accessed 27 February 2022).

62. J. Wang et al., From COVID-19 vaccination intention to actual vaccine uptake: A longitudinal study
among Chinese adults after six months of a national vaccination campaign. Expert Rev. Vaccines
21, 385–395 (2022).

63. S. Banker, J. Park, Evaluating prosocial COVID-19 messaging frames: Evidence from a field study
on Facebook. Judgm. Decis. Mak. 15, 1037–1043 (2020).

64. N. Rabb, D. Glick, A. Houston, J. Bowers, D. Yokum, No evidence that collective-good appeals
best promote COVID-related health behaviors. Proc. Natl. Acad. Sci. U.S.A. 118, e2100662118
(2021).

65. L. Hamel, L. Lopes, G. Sparks, M. Stokes, M. Brodie, KFF COVID-19 Vaccine Monitor: April 2021
(2021). https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-april-
2021/ (Accessed 21 May 2021).

66. L. Hamel et al., KFF COVID-19 Vaccine Monitor: June 2021 (2021). https://www.kff.org/
coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-june-2021/ (Accessed 02 July
2021).

67. S. Sasaki, T. Saito, F. Ohtake, Nudges for COVID-19 voluntary vaccination: How to explain peer
information? (2021). https://papers.ssrn.com/abstract=3866284 (Accessed 16 July 2021).

68. A. S. Gerber, D. P. Green, C. W. Larimer, Social pressure and voter turnout: Evidence from a large-
scale field experiment. Am. Polit. Sci. Rev. 102, 33–48 (2008).

69. C. M. Schroeder, D. A. Prentice, Exposing pluralistic ignorance to reduce alcohol use among
college students. J. Appl. Soc. Psychol. 28, 2150–2180 (1998).

70. A. Iten, C. Bonfillon, T. Bouvard, C.-A. Siegrist, D. Pittet, P037: Nosocomial influenza prevention
using multi-modal intervention strategies: 20 years of experience. Antimicrob. Resist. Infect.
Control 2, 37 (2013).

71. R. M. Modak, S. M. Parris, J. P. Dilisi, A. Premkumar, Increasing influenza vaccination rates among
hospital employees without a mandatory policy. Infect. Control Hosp. Epidemiol. 33, 1288–1289
(2012).

72. K. A. Schmidtke et al., Randomised controlled trial of a theory-based intervention to prompt front-
line staff to take up the seasonal influenza vaccine. BMJ Qual. Saf. 29, 189–197 (2020).

73. R. M. Bond et al., A 61-million-person experiment in social influence and political mobilization.
Nature 489, 295–298 (2012).

74. E. L. Paluck, H. Shepherd, P. M. Aronow, Changing climates of conflict: A social network
experiment in 56 schools. Proc. Natl. Acad. Sci. U.S.A. 113, 566–571 (2016).

75. D. Prentice, E. L. Paluck, Engineering social change using social norms: Lessons from the study of
collective action. Curr. Opin. Psychol. 35, 138–142 (2020).

76. K. P. Smith, N. A. Christakis, Social networks and health. Annu. Rev. Sociol. 34, 405–429
(2008).

77. G. F. Chami, S. E. Ahnert, N. B. Kabatereine, E. M. Tukahebwa, Social network fragmentation and
community health. Proc. Natl. Acad. Sci. U.S.A. 114, E7425–E7431 (2017).

78. S. L. Pink, J. Chu, J. N. Druckman, D. G. Rand, R. Willer, Elite party cues increase vaccination
intentions among Republicans. Proc. Natl. Acad. Sci. U.S.A. 118, e2106559118 (2021).

79. C. T. Robertson, K. Bentele, B. Meyerson, A. S. A. Wood, J. Salwa, Effects of political versus expert
messaging on vaccination intentions of Trump voters (2021). https://papers.ssrn.com/
abstract=3840933 (Accessed 07 May 2021).

80. N. Rabb, J. Bowers, D. Glick, K. H. Wilson, D. Yokum, The influence of social norms varies with
“others” groups: Evidence from COVID-19 vaccination intentions. GitHub Repository. https://
github.com/thepolicylab/COVID-VaccinesSocialNorms. Accessed 28 September 2021.

8 of 8 https://doi.org/10.1073/pnas.2118770119 pnas.org

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 jw
bo

w
er

s@
ill

in
oi

s.
ed

u 
on

 J
ul

y 
12

, 2
02

2 
fr

om
 I

P 
ad

dr
es

s 
2.

13
9.

14
0.

13
1.

https://doi.org/10.1017/S0033291721001306
https://doi.org/10.1080/13548506.2021.1969026
https://doi.org/10.1080/13548506.2021.1969026
https://www.kff.org/report-section/kff-covid-19-vaccine-monitor-in-their-own-words-six-months-later-findings
https://www.kff.org/report-section/kff-covid-19-vaccine-monitor-in-their-own-words-six-months-later-findings
https://www.nber.org/papers/w29741
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-april-2021/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-april-2021/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-june-2021/
https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitor-june-2021/
https://papers.ssrn.com/abstract=3866284
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3840933
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3840933
https://github.com/thepolicylab/COVID-VaccinesSocialNorms
https://github.com/thepolicylab/COVID-VaccinesSocialNorms

