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ABSTRACT 

Objective: Flu vaccinations are recommended for almost everyone, but uptake may vary due 

to perceived social norms. We aimed to examine the relationship between perceived social 

circle vaccine coverage (including family, friends, and acquaintances) and own vaccination 

behavior, as well as potential mediators.  

Methods: In 2011, 357 participants from RAND’s American Life Panel reported perceived 

social circle vaccine coverage for the 2010-11 flu season, own vaccination behavior for the 

2009-10 and 2010-11 flu seasons, perceived flu risk without and with vaccination, and 

perceived vaccine safety. In 2012 and 2016, respectively, participants returned to report their 

own vaccination behavior for the 2011-12 flu season (N=338) and 2015-16 flu season 

(N=216).  

Results: Perceiving greater percent of 2010-11 social circle vaccine coverage was associated 

with greater likelihood of getting vaccinated in the 2010-11 flu season (OR=1.03, 95% 

CI=1.01-1.04), and the subsequent 2011-12 flu season (OR=1.02, 95% CI=1.01-1.03), but not 

the 2015-16 flu season (OR=1.00, 95% CI=.99-1.01), as seen in logistic regressions that 

controlled for demographics and 2009-10 vaccination behavior.  All significant relationships 

between social circle vaccine coverage and own vaccination behavior were mediated by 

perceived flu risk without vaccination.  

Conclusions: Perceived social circle vaccine coverage is associated with own vaccination 

behavior in the current and subsequent flu season, establishing behavior patterns that may 

persist into the future.  People’s vaccination decisions may be informed by their perceptions 

of their peers’ beliefs and behaviors.  We discuss intervention strategies for promoting 

vaccine uptake by counteracting negative and increasing positive perceived social norms.    

Keywords: influenza vaccination, risk perception, social sampling, social influences.  
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INTRODUCTION 

The CDC recommends routine annual influenza vaccination for almost everyone 

(Grohskopf et al., 2018). Influenza vaccine uptake has shown medium-sized correlations (in 

the .25-.36 range) to past vaccination behavior, and to perceptions of vaccine safety 

(Chapman & Coups, 1999). Health beliefs and behaviors may also be shared through social 

circles, including friends, family, and acquaintances (Brewer, Chapman, Rothman, Leask, & 

Kempe, 2016; Galesic, Olsson, & Rieskamp, 2018; Christakis & Fowler, 2013; McPherson, 

Smith-Lovin, & Cook, 2001). People’s perceptions of their social contacts’ behaviors have 

been found to be relatively accurate, and to influence their own behavior (Christiakis & 

Fowler, 2013; Galesic, Olsson, & Rieskamp, 2012; Galesic, Bruine de Bruin, et al., 2018).   

In a 2010 flu survey, respondents who reported that ‘most’ (vs. ‘very few’) of their 

friends/family had gotten the H1N1 vaccine had 8.31 times the odds of vaccine acceptance 

(Kumar et al., 2011).  In a 2012 flu survey, of the 39% respondents who said that the 

vaccination rates in their social circle influenced their vaccination decisions, 76% indicated 

that observing an increase in their social circle’s influenza vaccine coverage would encourage 

them to follow the perceived social norm to vaccinate rather than to ‘free ride’ on herd 

immunity (Parker, Vardavas, Marcum, & Gidengil, 2013).   

However, none of these studies reported on validated methodologies for assessing 

perceptions of social network characteristics (e.g., Galesic et al., 2012; McCarty, 2012; 

Sudman, 1985). In a study on childhood vaccinations that did use such a methodology, 

parents who conformed to recommendations for their children’s complete and on-time 

vaccinations reported having more social contacts who recommended such conformity than 

those who did not (72% vs. 13%), perhaps in part as a result of discussions of perceived risks 

and vaccine safety (Brunson, 2013). Although cross-sectional data suggest that people’s 

vaccination decisions may be influenced by their perceptions of their social contacts’ beliefs 
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and behaviors, the reverse is also possible: Individuals’ own vaccination decisions may 

influence their perceptions of their social contacts’ stance on vaccinations.  

Here, we therefore analyzed data from a survey that used a validated procedure for 

assessing social network characteristics, and asked participants to report their vaccination 

behavior over subsequent flu seasons.  Specifically, we examined whether (1) perceived 

social circle vaccine coverage was associated with flu vaccination behavior in cross-sectional 

and longitudinal analyses, and (2) perceptions of flu risk (with and without vaccination) and 

vaccine safety mediated these relationships, suggesting that beliefs shared through social 

circles play a role in flu vaccination behavior.  

METHOD 

Sample 

We conducted secondary analyses of a longitudinal online survey with RAND’s 

American Life Panel, which was recruited through multiple probability-based approaches 

(www.rand.org/labor/alp.html).  Interested individuals received equipment and internet 

access, if needed. Panel members are invited to answer online surveys for about $20 per 30 

minutes. In this case, participants were invited to complete a study “about your thoughts and 

experiences with the flu and flu vaccination, as well as the experiences of people close to 

you.” The survey was originally designed to provide empirical evidence for informing an 

agent-based model of vaccination behavior (Vardavas & Markum, 2013). Informed consent 

was obtained from all participants. RAND’s Human Subjects Protection Committee approved 

the survey. Table 1 shows the timing of the three survey waves and the associated measures.  

The three surveys (numbered 216, 257, and 460) are available from https://alpdata.rand.org/.  

We obtained data from 534 of 598 (89%) invited American Life Panel members who 

completed all relevant measures in Survey Wave 1 between September 2011 and February 

2013.  We limited our analyses to those 357 of the 598 invitees (60%) who completed Survey 
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Wave 1 in September 2011, before vaccine uptake among US adults for the 2011-12 flu 

season took off in October 2011 and ultimately reached approximately 38% by the end of 

Spring 2012 (Centers for Disease Control and Prevention, 2013).  The 2011-12 flu season 

started relatively late, with reports of outpatient visits for influenza-like illness remaining low 

through February 2012, and not peaking until mid-March 2012 (Centers for Disease Control 

and Prevention, 2012).  Thus, participants who completed Survey Wave 1 in September 2011 

reported their perceptions of their social circle’s 2010-11 vaccine coverage before they or 

their social contacts would likely have started getting vaccinated for the 2011-12 flu season, 

or getting the flu.  Limiting our analyses to those participants who completed Survey Wave 1 

in September 2011 did not affect the main conclusions of this paper.  

Average age among the 357 Survey Wave 1 participants who were included in our 

analyses was 49.45 (SD=15.41), with 51% identifying as women and 89% as white, and 46% 

reporting having a college degree.  By comparison, US Census Bureau statistics (2012) 

suggest that the American adult population at that time had a median age of 45-49 years old, 

while including 51% women, 81% whites, and 30% holding a college degree.  Participants’ 

own reported vaccine coverage in the 2010-11 flu season (43%) and the 2009-10 flu season 

(43%) and their mean perceived social circle vaccine coverage (37%) for the 2010-11 flu 

season were each only 2-4 percentage points off from the US population’s national vaccine 

coverage for 2010-11 (41%) and 2009-10 (40%) (Centers for Disease Control and 

Prevention, 2017).    

Of the 357 Survey Wave 1 participants who were included in our analyses, 338 (95%) 

completed Survey Wave 2 (May-July 2012), and 216 (61%) completed Survey Wave 3 

(September-October 2016).  Table S1 displays descriptive statistics, flagging significant 

differences in demographics and other Survey Wave 1 measures in comparisons (1) between 

invited panel members who completed Survey Wave 1 in September 2011 vs. later or not at 
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all, (2) between Survey Wave 1 participants who completed Survey Wave 2 vs. not, and (3) 

between Survey Wave 1 participants who completed Survey Wave 3 vs. not.  First, invited 

panel members who completed Survey Wave 1 in September 2011 did not significantly differ 

from those who did not complete it by then or at all, except that they were somewhat older 

(M=49.45, SD=15.41 vs. M=43.87, SD=15.44), t(579)=4.25, p<.001, significantly more likely 

to be white (89% vs. 80%), ぬ2(1)=8.86, p<.01, to have a college degree (46% vs. 36%), 

ぬ2(1)=5.59, p=.02, and to report that they got vaccinated in the 2009-10 flu season (43% vs. 

30%), ぬ2(1)=7.63, p<.01, while also being marginally more likely to report that they got 

vaccinated in the 2010-11 flu season (43% vs. 35%), ぬ2(1)=2.84, p=.09, and giving 

marginally higher ratings for vaccine safety (M=4.22, SD=2.39 vs. M=3.78, SD=2.44), 

t(525)=1.97, p=.05.  Second, included Survey Wave 1 participants who completed Survey 

Wave 2 (vs. not) were marginally older age (M=49.79, SD=15.27 vs. M=43.42, SD=17.04) 

t(355)=-1.76, p=.08.  Third, included Survey Wave 1 participants who completed Survey 

Wave 3 (vs. not) were significantly older (M=53.27, SD=13.26 vs. M=43.60, SD=16.64), 

t(355)=-6.08, p<.001, and significantly more likely to have a college education (50% vs. 

38%), ぬ2(1)=5.09, p=.02.   

Survey Wave 1 

Concurrent and past vaccination behavior. Participants first answered “During the last 

flu season (Fall 2010 to Spring 2011), did you get a seasonal flu vaccine (either a shot or 

nasal spray?”  The subsequent question used the same wording, but asked about “during the 

flu season before that (Fall 2009 to Spring 2010).”  Thus, the first question reflected 

vaccination behavior that was concurrent to reported perceptions of social circle vaccine 

coverage, which also focused on the 2010-11 flu season.   

Perceived social circle vaccine coverage. Following validated numerical estimation 

procedures for sizes of social networks and their subgroups (Galesic et al., 2012; McCarty et 
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al., 2001; Sudman, 1985),1 participants estimated the number of people from different social 

groups they had “regular contact with in the past six months” including “face-to-face, by 

phone or mail, or on the internet.” The social groups included family, close friends, 

coworkers, school or childhood relations, people who provide a service, neighbors, and 

others. Participants then judged how many out of the total number of these social contacts 

they knew and thought got vaccinated in the past year (Fall 2010 to Spring 2011). We 

computed the overall perceived percent of the social circle getting vaccinated in the 2010-11 

flu season, on a scale from 0-100%. 

Perceived flu risk and vaccine safety.  Participants judged their risk of getting the flu 

without vaccination, by answering “If you do not get the flu vaccine this year, what do you 

think are the chances that you will get the flu this flu season (between Fall 2011 and Spring 

2012).” They also judged their risk of getting the flu with vaccination, by answering the same 

question “if you do get the flu vaccine this year.”  Both questions were presented with a 0-

100% visual linear scale, following Bruine de Bruin & Carman (2018).  Participants also 

rated “concerns about safety, side effects, or getting sick from the vaccine” (1=not at all 

important, 7=extremely important).  Perceptions of flu risk without and with vaccination and 

perceptions of vaccine safety have been validated in terms of correlations with vaccination 

behavior (Bruine de Bruin & Carman, 2018; Chapman & Coups, 1999; Brewer, Chapman, 

Gibbons, Gerard, McCaul, & Weinstein, 2007), with 0-100% scales and 7-point Likert scales 

tending to show similar validity (Weinstein & Diefenbach, 1997).   

Demographic variables.  Participants reported their age, gender, race/ethnicity, and 

whether or not they had completed a college education. 

Follow-up survey waves. 

Vaccination behavior. Survey Wave 2 asked “During the last flu season (Fall 2011 to 

Spring 2012), did you get a seasonal flu vaccine (either a shot or nasal spray)?” (yes=1, 
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no=0). SurveyWave 3 asked how long ago participants last got vaccinated, including the 

recent Fall 2015-Spring 2016 flu season (yes=1, no=0). 

Analysis plan. 

To answer our first research question, we conducted three sets of analogous logistic 

regressions assessing relationships between reports of social circle vaccine coverage and of 

own vaccination behavior for three flu seasons.  All analyses treated perceived social circle 

vaccine coverage as a continuous variable, but we categorized the variable for presentation 

purposes (Figure 1A-C).  In the three analogous sets of logistic regressions, we predicted own 

vaccination behavior for (1) the 2010-11 flu season as reported in Survey Wave 1 (Table 2), 

(2) the 2011-12 flu season as reported in Survey Wave 2 (Table 3), and (3) the 2015-16 flu 

season as reported in Survey Wave 3 (Table 4), from perceived social circle vaccine coverage 

for the 2010-11 flu season reported in Survey Wave 1, after sequentially controlling for 

demographics (Model 1A), vaccination behavior reported for the 2009-10 flu season prior to 

the flu season of the social circle reports (Model 2A), and vaccination behavior in any 

subsequent flu seasons in the past (Models 3A-4A).   

To answer our second research question, we added the measures of perceived flu risk 

(without and with vaccination) and perceived vaccine safety to each logistic regression model 

(Tables 2-4; Model 1B-4B).  We then computed parallel mediation models to assess whether 

measures of perceived flu risk (with and without vaccination) and perceived vaccine safety 

mediated any relationships between social circle reports and vaccination behaviors (Table S3; 

Figures S1-S3).2   

RESULTS 

To answer our first research question, we examined relationships between reports of 

social circle vaccine coverage and of own vaccination behavior concurrently and over time 

(Figure 1A-C).  A first set of logistic regressions showed that greater 2010-11 social circle 
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vaccine coverage was significantly associated with concurrent reports of vaccination behavior 

in the 2010-11 flu season in Survey Wave 1 (Table 2), while accounting for demographics 

(Model 1A), as well as past vaccination behavior reported for the 2009-10 flu season (Model 

2A).3  A second set of logistic regressions showed that greater 2010-11 social circle vaccine 

coverage was significantly associated with vaccination behavior in the 2011-12 flu season as 

reported in Survey Wave 2 (Table 3), while accounting for demographics (Model 1A), as 

well as past vaccination behavior reported for the 2009-10 flu season (Model 2A) and the 

2010-11 flu season (Model 3A).  A third set of logistic regressions showed that greater 2010-

11 social circle vaccine coverage was only significantly associated with vaccination behavior 

in the 2015-16 flu season as reported in Survey Wave 3 (Table 4), when accounting for 

demographics (Model 1A).  That relationship was no longer significant after additionally 

controlling for past vaccination behavior reported for the 2009-10 flu season (Model 2A), as 

well as the 2010-11 flu season (Model 3A) and the 2011-12 flu season (Model 4A).4   

To answer our second research question, we added measures of perceived flu risk 

(without and with vaccination) and perceived vaccine safety to each logistic regression 

(Tables 2-4), and conducted tests for mediation (Table S3; Figures S1-S3).  Only perceived 

flu risk without vaccination significantly predicted vaccination behavior in all three flu 

seasons, when in addition to perceived 2010-11 social circle vaccine coverage, demographics 

(Tables 2-4; Model 1B) and 2009-10 vaccination behavior (Tables 2-4; Model 2B) were 

controlled for.  In the models that controlled for demographics and 2009-10 vaccination 

behavior, perceived flu risk with vaccination added significantly to the prediction of 2010-11 

vaccination behavior (Table 2; Model 2B), but only marginally to the prediction of 2011-12 

vaccination behavior (Table 3; Model 2B), and not to the prediction of 2015-16 vaccination 

behavior (Table 4; Model 2B).  In these models, perceived vaccine safety did not 

significantly add to the prediction of vaccination behavior in any of the flu seasons (Table 2-
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4; Model 2B).  After additionally taking into account 2010-11 vaccination behavior in models 

predicting later vaccination behavior, perceived flu risk without vaccination still significantly 

predicted 2011-12 vaccination behavior (Table 3; Model 3B) but not 2015-16 vaccination 

behavior (Table 4; Model 3B).  

Mediation analyses (Table S3) found that only perceived flu risk without vaccination 

systematically mediated relationships between perceived social circle vaccine coverage after 

taking into account demographics and past vaccination behavior, when predicting 2010-11 

vaccination behavior (Figure S1A-B), and 2011-12 vaccination behavior (Figure S2A-C).  In 

models predicting 2015-16 vaccination behavior (Table S3), this mediation was significant 

when taking into account demographics (Figure S3A), marginal when additionally 

considering 2009-10 vaccination behavior (Figure S3B), and not significant when 

additionally taking into account 2009-10, 2010-11, and 2011-12 vaccination behavior (Figure 

3C-D).   

DISCUSSION 

Our longitudinal analyses suggest that participants’ perceived social circle vaccine 

coverage was associated with their vaccination behavior as reported for the concurrent and 

subsequent flu seasons.  Relationships with vaccination behavior as reported five years later 

were accounted for by vaccination behaviors in intermediate flu seasons.  Thus, effects of 

perceived social circle vaccine coverage may persist into the future due to the formation of 

consistent behavioral patterns.  Indeed, vaccination behavior tends to be consistent across flu 

seasons (Chapman & Coups, 1999).   

Our findings suggest that participants who perceived greater social circle vaccine 

coverage followed the perceived social norm.  These conclusions are in line with previous 

survey research, in which participants stated that they would be more likely to get vaccinated 
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if they perceived increases in their peers’ vaccine coverage, rather than free ride (Parker et 

al., 2013).   

The significant relationships between social circle vaccine coverage and vaccination 

behavior were, at least in part, mediated by perceptions of flu risk without vaccination. Thus, 

people’s vaccination behavior may be informed by the social norms they perceive when 

observing their social contacts, as well as through explicit discussions with their social 

contacts about flu risks.   

Our analyses had several main limitations. First, the invitation to the study we 

analyzed referred to flu and flu vaccinations, which may have increased participation by 

individuals who were interested in the topic.  Although our sample was similar to the US 

Census (2012) at the time in terms of median age (45-49 year old) and percent of women 

(51%) and to estimates from the Centers for Disease Control and Prevention (2017) in terms 

of vaccination coverage (about 40%), our sample did include more individuals who self-

reported being white (89% vs. 81%), and having a college degree (46% vs. 30%).  Second, 

social circle vaccine coverage was only assessed for the 2010-11 flu season (Survey Wave 1), 

so we do not know whether changes in perceived social circle vaccine coverage may have 

occurred over subsequent flu seasons to inform vaccination behavior in 2015-2016 (Survey 

Wave 3).  Third, concurrent reports of participants’ own vaccination behavior and that of 

their social contacts may have been affected by social projection, or a tendency to 

overestimate the like-mindedness of social contacts (Ross, Greene, & House, 1977). 

However, correlations between reported 2010-11 social circle vaccine coverage and 

vaccination behavior in later flu seasons controlled for those concurrent reports of behavior. 

Fourth, our findings examined correlations over time, which warrants conclusions about 

temporal relationships but not about causation. Fifth, we analyzed self-reports of vaccination 

behavior, which may not necessarily reflect actual vaccination behavior.  However, self-
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reported vaccination behavior has been shown to have at least 90% sensitivity (i.e., percent of 

actual vaccinators who self-reported getting vaccinated) though specificity (i.e., percent of 

actual non-vaccinators who self-reported not getting vaccinated) has varied across adult 

samples from 65% to more than 90% (Irving, Donahue, Shay, Ellis-Coyle, & Belongia, 2009; 

Rolnick et al., 2013). 

Our findings have implications for interventions.  When people search for information 

about vaccination online, they are likely to come across negative views (Downs, Bruine de 

Bruin, & Fischhoff, 2008).  Exposure to more online posts from people with adverse 

vaccination experiences undermines intentions to vaccinate, even in the presence of statistical 

information about the actual likelihood of adverse events in the population (Betsch, 

Renkewitz, Ulshöfer, & Betsch 2011).  Especially individuals with lower numeracy skills 

may be persuaded by such personal narratives (Bruine de Bruin, Wallin, Parker, & Hanmer, 

2017).  Intervention strategies for counteracting the negative effects of anti-vaccine narratives 

on vaccination intentions may include warnings that narratives are not representative of the 

population (Betsch, Renkewitz, & Haase, 2013), and visual displays that make population 

statistics easier to understand (Fagerlin, Wang, & Ubel, 2005).   

To further promote flu vaccination, interventions could aim to draw attention to the 

behaviors and risk perceptions of peers who vaccinate.   Potentially, such interventions could 

broaden social perceptions beyond immediate social circles, which tend to consist of mostly 

like-minded individuals (McPherson et al., 2001).  Health communications have incorporated 

narratives from peers who have experienced specific medical treatments, so as to share 

information, increase engagement, and model behavior, among other things (Shaffer & 

Zikmund-Fisher, 2012).  Being randomly assigned to seeing friends declare on social media 

that they have voted (vs. to not seeing such declarations) increases the likelihood that people 

themselves will go out to vote (Bond et al., 2012).  Social norms interventions that highlight 
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information about the behavior of examplary peers inside and outside of one’s personal social 

network have also already been used for promoting pro-environmental behaviors such as 

reducing household energy use and increasing curbside recycling (Schultz, Nolan, Cialdini, 

Goldstein, & Griskevicius, 2007; Schultz, 1999).   

FOOTNOTES 

1 Three studies have validated our numerical estimation procedure for the size of social 

networks and subgroups.  The first showed that the numerical estimation procedure was 

better than name recall procedures for assessing social network sizes in groups with 

known networks (Sudman, 1985).  The second showed that the numerical estimation 

procedure (also referred to as the summation method) produced similar estimates as an 

alternative procedure in which network size was assessed on the basis of the number of 

social contacts a participant reported from a known subpopulation, such as those named 

‘Michael’ (McCarty et al., 2001).  The third showed that, in a national survey in the 

Netherlands, participants’ assessments of their social network characteristics (e.g., 

health problems, work stress, relationship problems) were relatively in line with their 

overall population statistics (Galesic et al., 2012).   

2 We computed Sobel tests to assess the significance of mediation patterns, because 

Sobel tests can handle the inclusion of linear regressions on the continuous mediator 

variables and logistic regressions on the dichotomous outcome variable (Herr, 2006).  

Sobel test results were replicated in bootstrapping mediation models with 5,000 

bootstrap samples, which relied on linear regression estimates for both the continuous 

mediator variables and the dichotomous outcome variables (Hayes, 2018). 

3 Our main findings for Survey Wave 1 were similar for the 215 Survey Wave 1 

participants who were included in the analyses for each of the three survey waves, as 

compared to the 142 Survey Wave 1 participants who did not return for either of the 
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subsequent survey waves.  Specifically, the relationship between perceived social circle 

vaccine coverage in the 2010-11 flu season and vaccination behavior in the 2010-11 flu 

season (Table 2) was unaffected by whether or not participants were included in 

analyses for each survey wave.  This is seen in the lack of significant interaction effects 

of perceived social circle vaccine coverage in the 2010-11 flu season with inclusion in 

analyses for each wave, when adding that interaction term to each model in Table 2 

(p>.05 for each).  Table S2 replicates the findings reported in Table 2, after limiting 

analyses of Survey Wave 1 to those 215 participants who were included in analyses for 

each survey wave (g=.05), with the exception that, for Model 1B, the perceptions of 

vaccine safety only marginally mediated the relationship between perceived 2010-11 

social circle vaccine coverage and 2010-11 vaccination behavior. 

4 In each model, we tested whether the relationship of perceived social circle vaccine 

coverage in the 2010-11 flu season with predicted vaccination behavior depended on 

whether or not participants vaccinated in the flu season prior to that (2009-10), the 

number of social groups reflected in the social circle, the size of the social circle, or the 

percent of social circle members for whom participants were sure (vs. thought) about 

vaccination behavior.  With two exceptions, interaction terms of perceived social circle 

vaccine coverage in the 2010-11 flu season with each of these variables were not 

significant when each was separately added to any of the models (while taking into 

account associated main effects) in Tables 2-4 (p>.05 for each).  The two exceptions 

were only observed for vaccination behavior in the 2010-11 flu season and not 

consistent across its models.  First, we found that participants who were more confident 

about their social contacts’ 2010-11 vaccination status showed stronger associations 

between perceived 2010-11 social circle vaccine coverage and vaccination behavior in 

2010-11 but only when 2009-10 vaccination behavior was not controlled for (Table 2, 
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Model 1A, 1B).  Second, we found a similar pattern for participants with larger social 

networks but only when 2009-10 vaccination behavior was controlled for (Table 2, 

Model 2A, 2B). 
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Table 1: Survey waves and associated measures. 

Measures Survey Wave 1 
(Sep 2011; 

N=357) 

Survey Wave 2 
(May-July 2012; 

N=338) 

Survey Wave 3 
(Sep-Oct 2016; 

N=216) 
Dependent variables    
Vaccination behavior  
in 2010-11 flu season 

X   

Vaccination behavior  
in 2011-12 flu season 

 X  

Vaccination behavior  
in 2015-16 flu season 

  X 

Predictor variable    
Perceived social circle vaccine 
coverage in 2010-11 flu season 

X   

Control variables    
Vaccination behavior  
in 2009-10 flu season 

X   

Perceived flu risk  
without vaccination 

X   

Perceived flu risk  
with vaccination 

X   

Perceived vaccine safety X   
Age X   
Female X   
College  
Education 

X   

White X   
 

Note: All analyses were limited to participants who completed Survey Wave 1 in September 
2011, before vaccine uptake among US adults took off for the 2011-12 flu season (Centers 
for Disease Control and Prevention, 2013). 
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Table 2: Logistic regressions predicting reported vaccination behavior for the 2010-11 flu season (Odds Ratio; 95% confidence interval) 
 
Predictor and control variables  

Model 
1A 

Model 
1B 

Model 
2A 

Model 
2B 

Perceived social circle vaccine  
coverage in 2010-11 flu season (0-100%) 

1.04***  
(1.03, 1.05) 

1.03***  
(1.02, 1.05) 

1.03***  
(1.01, 1.04) 

1.03***  
(1.01, 1.04) 

Perceived flu risk without vaccination 
(0-100%) 

 1.04*** a 
(1.02, 1.05) 

- 1.03** a 
(1.01, 1.04) 

Perceived flu risk with vaccination  
(0-100%) 

 .97***  
(.96, .99) 

- .97**  
(.95, .99) 

Perceived vaccine safety 
(1-7) 

 1.21** a 
(1.08,1.35) 

- 1.12 
(.96, 1.31) 

Age 1.05***  
(1.03, 1.07) 

1.05***  
(1.03, 1.07) 

1.05***  
(1.03, 1.08) 

1.05***  
(1.03, 1.08) 

Female 1.08 
(.66, 1.76) 

.94 
(.54, 1.63) 

1.06 
(.53, 2.11) 

.96 
(.46, 2.00) 

College  
Education 

1.10 
(.67, 1.80) 

.96 
(.55, 1.68) 

.55 
(.26, 1.14) 

.42* 
(.19, .94) 

White .86 
(.38, 1.93) 

.79 
(.31, 1.99) 

1.53 
(.48, 4.89) 

1.42 
(.40, 5.02) 

Past vaccination behavior  
in 2009-10 flu season 

- - 50.50***  
(23.76, 107.33) 

41.36***  
(18.74, 91.25) 

Nagelkerke R2 .33 .47 .70 .73 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
  a Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (p<.05) 
  b Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (p<.10) 
Note: Models were computed for participants who completed Survey Wave 1 in September 2011 (N=357).  All variables were reported in 
Survey Wave 1 in September 2011 (Table 1).   
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Table 3: Logistic regressions predicting reported vaccination behavior for the 2011-12 flu season (Odds Ratio; 95% confidence interval) 
 
Predictor and control variables  

Model 
1A 

Model 
1B 

Model 
2A 

Model 
2B 

Model 
3A 

Model 
3B 

Perceived social circle vaccine 
coverage in 2010-11 flu season  
(0-100%) 

1.04***  
(1.02,1.05) 

1.03***  
(1.02, 1.04) 

1.02***  
(1.01, 1.03) 

1.02**  
(1.01, 1.03) 

1.02* 
(1.00, 1.03) 

1.01+ 
(.99, 1.03) 

Perceived flu risk  
without vaccination (0-100%) 

 1.04*** a 
(1.03, 1.06) 

- 1.03*** a 
(1.02, 1.05) 

- 1.03** b 
(1.01, 1.04) 

Perceived flu risk  
with vaccination (0-100%) 

 .98* 
(.96, .99) 

- .98+ 
(.97, 1.00) 

- .99 
(.97, 1.01) 

Perceived vaccine safety 
(1-7) 

 1.13*b 
(1.01, 1.27) 

- 1.04 
(.91, 1.19) 

- 1.01 
(.88, 1.17) 

Age 1.07***  
(1.05, 1.09) 

1.08***  
(1.05, 1.10) 

1.07***  
(1.05, 1.10) 

1.08***  
(1.05, 1.10) 

1.07***  
(1.04, 1.09) 

1.07***  
(1.05, 1.10) 

Female 1.04 
(.63, 1.73) 

.90 
(.51, 1.59) 

.95 
(.53, 1.73) 

.83 
(.44, 1.57) 

.97 
(.50, 1.85) 

.85 
(.43, 1.68) 

College  
Education 

1.19 
(.72, 1.98) 

1.16 
(.66, 2.05) 

.81 
(.44, 1.48) 

.83 
(.43, 1.58) 

1.00 
(.51, 1.95) 

1.07 
(.53, 2.14) 

White .44* 
(.20, 1.00) 

.38 
(.16, .94) 

.47 
(.18, 1.22) 

.43+ 
(.16, 1.17) 

.37 
(.14, 1.01) 

.34 
(.12, .97) 

Past vaccination behavior  
in 2009-10 flu season 

  14.02***  
(7.42, 26.50) 

10.24***  
(5.23, 20.04) 

3.41**  
(1.48, 7.85) 

2.88* 
(1.20, 6.92) 

Past vaccination behavior 
in 2010-11 flu season 

  - - 10.44***  
(4.63, 23.52) 

8.81***  
(3.78, 20.52) 

Nagelkerke R2 .35 .48 .56 .60 .63 .66 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
  a Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (Sobel test, p<.05) 
  b Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (Sobel test, p<.10) 
Note: Models were computed for the 338 participants who returned for Survey Wave 2, while also having completed Survey Wave 1 in 
September 2011. The dependent variable was reported in Survey Wave 2 in May-July 2012.  All predictor and control variables were reported in 
Survey Wave 1 in September 2011 (Table 1).    
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Table 4: Logistic regressions predicting reported vaccination behavior for the 2015-16 flu season (Odds Ratio; 95% confidence interval) 
Predictor and control variables Model 

1A 
Model 

1B 
Model 

2A 
Model 

2B 
Model 

3A 
Model 

3B 
Model 

4A 
Model 

4B 
Perceived social circle vaccine 
coverage in 2010-11 flu 
season (0-100%) 

1.02**  
(1.01, 1.03) 

1.01+ 
(1.00, 1.03) 

1.00 
(.99, 1.01) 

1.00 
(.99,1.02) 

1.00 
(.98, 1.01) 

1.00 
(.98, 1.01) 

1.00 
(.98, 1.01) 

1.00 
(.98, 1.01) 

Perceived flu risk  
without vaccination (0-100%) 

 1.02**a  
(1.01, 1.04) 

- 1.02*b 
(1.00, 1.03) 

- 1.01 
(1.00, 1.03) 

- 1.01 
(.99, 1.03) 

Perceived flu risk  
with vaccination (0-100%) 

 .98+ 
(.97, 1.00) 

- .99 
(.97, 1.01) 

- .99 
(.98, 1.01) 

- .99 
(.98, 1.01) 

Perceived vaccine safety 
(1-7) 

 1.14+ 
(1.00, 1.30) 

- 1.06 
(.91, 1.22) 

- 1.04 
(.90, 1.21) 

- 1.04 
(.90, 1.21) 

Age 1.06***  
(1.03, 1.08) 

1.05***  
(1.03, 1.08) 

1.05**  
(1.02, 1.08) 

1.05**  
(1.02, 1.08) 

1.04**  
(1.01, 1.07) 

1.04**  
(1.01, 1.07) 

1.03* 
(1.00, 1.07) 

1.03* 
(1.00, 1.07) 

Female 1.41 
(.76, 2.58) 

1.18 
(.62,2.25) 

1.27 
(.65,2.48) 

1.13 
(.56, 2.25) 

1.20 
(.60, 2.38) 

1.12 
(.55, 2.27) 

1.16 
(.57,2.34) 

1.10 
(.53, 2.26) 

College  
Education 

1.92* 
(1.04,3.53) 

1.83+ 
(.95,3.54) 

1.28 
(.65, 2.52) 

1.31 
(.64, 2.65) 

1.32 
(.66, 2.65) 

1.32 
(.65,2.72) 

1.27 
(.62, 2.59) 

1.25 
(.60, 2.61) 

White 1.61 
(.57,4.54) 

1.35 
(.46, 3.96) 

2.41 
(.77, 7.55) 

2.21 
(.68, 7.20) 

2.49 
(.78, 8.00) 

2.27 
(.69, 7.45) 

2.89+ 
(.86, 9.68) 

2.65 
(.78, 9.03) 

Past vaccination behavior  
in 2009-10 flu season 

  8.46***  
(3.93, 
18.23) 

6.71***  
(2.98, 
15.07) 

3.54**  
(1.40,8.95) 

3.26* 
(1.25, 8.52) 

2.80* 
(1.06, 7.42) 

2.65+ 
(.97, 7.23) 

Past vaccination behavior 
in 2010-11 flu season  

  - - 4.71**  
(1.86,11.93

) 

3.97**  
(1.49, 
10.54) 

2.93* 
(1.04, 8.30) 

2.63+ 
(.90, 7.67) 

Past vaccination behavior  
in 2011-12 flu season (Survey 
Wave 2) 

  - - - - 2.93* 
(1.21, 7.10) 

2.76* 
(1.12, 6.79) 

Nagelkerke R2 .24 .32 .40 .43 .45 .46 .47 .48 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
  a Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (Sobel test, p<.05) 
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  b Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (Sobel test, p<.10) 
Note: Models were computed for the 216 participants who completed Survey Wave 3, with N=215 for Model 4 due to some participants having 
returned for Survey Wave 3 but not Survey Wave 2.  The dependent variable was reported in Survey Wave 3 in September-October 2016.  
Except where noted otherwise, predictor and control variables were reported in Survey Wave 1 in September 2011.   
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Figure 1: Percent of participants reporting getting vaccinated in (A) the 2010-11 flu season as 
reported in Survey Wave 1 (B) the 2011-12 flu season as reported in Survey Wave 2 and (C) 
the 2015-16 flu season as reported in Survey Wave 3, by social circle vaccine coverage in 
2010-11, as reported in Survey Wave 1.  

(A)  

   

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0-24% 25-49% 50-74% 75-100%

P
er

ce
nt

 o
f p

ar
tic

ip
an

ts
 g

et
tin

g 
va

cc
in

at
ed

 in
 2

01
0-1

1

Perceived social circle vaccine coverage in 2010-11



Social circles 26 
 

Figure 1 (contd.) 

(B)  

  

(C) 

  

Note:  Error bars reflect standard errors. Perceived social circle vaccine coverage is displayed 
in categories for presentation purposes, but treated as a continuous variable in all analyses.  
N=357 for Figure 2A, N=338 for Figure 2B, N=216 for Figure 2C. 
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Table S1: Descriptive statistics 

 Survey Wave 1 Survey Wave 2 Survey Wave 3 
 
 
 
Survey Wave 1 variable 

 
 

Invitees 
completing in 

September 2011 
(N=357) 

 
 

Invitees not 
completing in 

September 2011 
(N=224)a 

 
Survey 
Wave 1 

participants 
completing 

(N=338) 

Survey 
Wave 1 

participants 
not 

completing 
(N=19) 

 
Survey 
Wave 1 

participants 
completing 
(N=216) 

Survey 
Wave 1 

participants 
not 

completing 
(N=141) 

Mean (SD) age 49.45 
(15.41) 

43.87***  
(15.44) 

49.79 
(15.27) 

43.42+ 
(17.04) 

53.27 
(13.26) 

43.60***  
(16.64) 

Percent (N) female 50.98% 
(182) 

54.46% 
(122) 

50.59% 
(171) 

57.89% 
(11) 

51.85% 
(112) 

49.65% 
(70) 

Percent (N) with college education 45.66% 
(163) 

35.71%* 
(80) 

45.56% 
(154) 

47.37% 
(9) 

50.46% 
(109) 

38.30%* 
(54) 

Percent (N) white 88.52% 
(316) 

79.46%**  
(178) 

88.17% 
(298) 

94.74% 
(18) 

89.81% 
(194) 

86.52% 
(122) 

Mean (SD) reported social circle 
vaccine coverage (0-100%) 

36.59% 
(26.42) 

37.77% 
(28.44) 

36.87% 
(26.69) 

31.45% 
(20.79) 

36.47% 
(25.69) 

36.77% 
(27.58) 

Mean (SD) perceived flu risk 
without vaccination (0-100%) 

32.54% 
(25.69) 

30.44% 
(23.72) 

32.49% 
(25.64) 

32.90% 
(26.78) 

31.87% 
(24.94) 

33.58% 
(26.85) 

Mean (SD) perceived flu risk  
with vaccination (0-100%) 

19.65% 
(22.54) 

22.77% 
(22.57) 

19.22% 
(21.98) 

27.42% 
(30.61) 

19.17% 
(22.33) 

20.40% 
(22.91) 

Mean (SD) perceived vaccine 
safety (1-7) 

4.22 
(2.39) 

3.78+ 
(2.44) 

4.24 
(2.38) 

4.24 
(2.38) 

4.18 
(2.41) 

4.28 
(2.37) 

Percent (N) who reported 
vaccinating in 2010-11 flu season 

42.86% 
(153) 

35.12%+ 
(59) 

43.79% 
(148) 

26.32% 
(5) 

44.91% 
(97) 

39.72% 
(56) 

Percent (N) who reported 
vaccinating in 2009-10 flu season 

42.58% 
(152) 

29.81%**  
(48) 

42.90% 
(145) 

36.84% 
(7) 

43.06% 
(93) 

41.84% 
(59) 

aNumber of participants who had missing data varied across the variables.   
Note: Differences between groups were tested by t-tests for reported means, and by chi-square tests for reported percentages.   + p<.10; * p<.05; 
**  p<.01; ***  p<.001  
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Table S2: Logistic regressions predicting reported vaccination behavior for the 2010-11 flu season (Odds Ratio; 95% confidence interval) 
 
Predictor and control variables  

Model 
1A 

Model 
1B 

Model 
2A 

Model 
2B 

Social circle vaccine coverage  
in 2010-11 flu season (0-100%) 

1.05***  
(1.03, 1.06) 

1.04***  
(1.02, 1.06) 

1.03***  
(1.01, 1.05) 

1.03**  
(1.01, 1.05) 

Perceived flu risk  
without vaccination (0-100%) 

 1.04*** a 
(1.03, 1.06) 

- 1.04*** a 
(1.02, 1.06) 

Perceived flu risk  
with vaccination (0-100%) 

 .97**  
(.95, .99) 

- .98 
(.96, 1.01) 

Perceived vaccine safety (1-7)  1.24** b 
(1.06, 1.44) 

- 1.10 
(.90, 1.34) 

Age 1.06***  
(1.03, 1.08) 

1.06***  
(1.03, 1.09) 

1.05***  
(1.01, 1.09) 

1.05* 
(1.01, 1.09) 

Female 1.52 
(.78, 2.95) 

1.21 
(.56, 2.59) 

1.41 
(.59, 3.38) 

1.03 
(.40, 2.68) 

College  
Education 

2.24* 
(1.14, 4.37) 

2.45* 
(1.10, 5.45) 

1.02 
(.41, 2.52) 

1.02 
(.37, 2.83) 

White .65 
(.22, 1.93) 

.38 
(.11, 1.32) 

1.05 
(.24, 4.60) 

.83 
(.15, 4.45) 

Past vaccination behavior  
in 2009-10 flu season 

  31.60***  
(12.90, 77.40) 

25.86***  
(9.68, 69.10) 

Nagelkerke R2 .38 .53 .67 .71 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
  a Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (p<.05) 
  b Mediated the relationship between perceived 2010-11 social circle vaccine coverage and predicted vaccination behavior (p<.10) 
Note: Analyses repeat those from Table 2, while limiting the sample to those 215 participants who completed all survey waves, as well as 
Survey Wave 1 in September 2011.   All dependent and independent variables were reported in Survey Wave 1 in September 2011 before 
vaccine uptake among US adults took off for the 2011-12 flu season (Centers for Disease Control and Prevention, 2013)..   
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Table S3: Sobel z-test for mediation 
 
 2010-11 

Vaccination 
Behavior 

2011-12  
Vaccination Behavior 

2015-16  
Vaccination Behavior 

 
Predictor variable  

Figure 
S1A 

Figure 
S1B 

Figure
S2A 

Figure 
2B 

Figure 
S2C 

Figure 
S3A 

Figure 
S3B 

Figure 
S3C 

Figure 
S3D 

Perceived flu risk  
without vaccination (0-100%) 

3.81***  2.16* 3.79***  2.30* 1.82+ 2.55* 1.65+ .97 .73 

Perceived flu risk  
with vaccination (0-100%) 

-.47 -.67 -.52 -.66 -.60 -1.12 -.89 -.69 -.62 

Perceived vaccine safety (1-7) 2.55* 1.18 1.84+ .52 .16 1.49 .40 .25 .24 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
Note: Mediation models correspond to Figures S1-S3. We computed Sobel tests to assess the significance of mediation patterns, because Sobel 
tests can handle the inclusion of linear regressions on the continuous mediator variables and logistic regressions on the dichotomous outcome 
variable (Herr, 2006).  Sobel test results were replicated in bootstrapping mediation models with 5,000 bootstrap samples, which relied on linear 
regression estimates for both the continuous mediator variables and the dichotomous outcome variables (Hayes, 2018). 

  



Social circles 30 
 

Figure S1: Mediation models predicting vaccination behavior in the 2010-11 flu season, controlling for (A) demographics and (B) vaccination 
behavior in the 2009-10 flu season 
 
(A)                                                                                                           (B)  

   
 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
Note: Associated Sobel mediation tests appear in Table S3.  Linear regressions (unstandardized B) were used to predict each of the three 
continuous mediator variables (perceived flu risk without vaccination, perceived flu risk with mediation, and perceived vaccine safety).  Logistic 
regressions (OR) were used to predict the dichotomous outcome variable (vaccination behavior in 2010-11), respectively corresponding to 
models 1A-B and 2A-B in Table 2.  The direct effect [vs. total effect] of perceived social circle vaccine coverage on vaccination behavior in 
2010-11 reflects the relationship between these variables after [vs. before] controlling for the three mediatior variables.  
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Figure S2: Mediation models predicting vaccination behavior in the 2011-12 flu season, controlling for (A) demographics, (B) vaccination 
behavior in the 2009-10 flu season, and (C) vaccination behavior in the 2010-11 flu season 
 
(A)                                                                                                           (B)  
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Figure S2 (contd.) 
 
(C)                                                                                                            

 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
Note: Associated Sobel mediation tests appear in Table S3.  Linear regressions (unstandardized B) were used to predict each of the three 
continuous mediator variables (perceived flu risk without vaccination, perceived flu risk with mediation, and perceived vaccine safety).  Logistic 
regressions (OR) were used to predict the dichotomous outcome variable (vaccination behavior in 2011-12), respectively corresponding to 
models 1A-B, 2A-B, and 3A-B in Table 3.  The direct effect [vs. total effect] of perceived social circle vaccine coverage on vaccination behavior 
in 2010-11 reflects the relationship between these variables after [vs. before] controlling for the three mediatior variables. 
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Figure S3: Mediation models predicting vaccination behavior in the 2015-16 flu season, controlling for (A) demographics, (B) vaccination 
behavior in the 2009-10 flu season, (C) vaccination behavior in the 2010-11 flu season, and (D) vaccination behavior in the 2015-16 flu season. 
 
(A)                                                                                                           (B)  
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Figure S3 (contd.) 
 
(C)                                                                                                           (D) 

 
 
   + p<.10; * p<.05; **  p<.01; ***  p<.001 
Note: Associated Sobel mediation tests appear in Table S3.  Linear regressions (unstandardized B) were used to predict each of the three 
continuous mediator variables (perceived flu risk without vaccination, perceived flu risk with mediation, and perceived vaccine safety).  Logistic 
regressions (OR) were used to predict the dichotomous outcome variable (vaccination behavior in 2015-16), respectively corresponding to 
models 1A-B, 2A-B, 3A-B, and 4A-B in Table 4. The direct effect [vs. total effect] of perceived social circle vaccine coverage on vaccination 
behavior in 2010-11 reflects the relationship between these variables after [vs. before] controlling for the three mediatior variables. 

 


