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ABSTRACT

Whilepreviousstudieshaveshownthatcommunicatingherdimmunitycanincreaseimmunization
intentions,itisunclearhowthedefinitionofthebeneficiariesinfluencesintentions.Inavignette
study,usinganewhypothetical influenzavirus,4,172participantsfromfiveEuropeancountries
(Bulgaria,N=873;Denmark,N=896;England,N=873;Estonia,N=916;andItaly,N=745)were
randomizedtooneofthreeexperimentalconditions:(1)control(nomentionofherdimmunity),(2)
society(socialbenefitofimmunizationforoverallsocietymentioned),and(3)friends(socialbenefit
forfriendsandfamilymembersmentioned).Whilethestudydidnotfindthatcommunicatingherd
immunityinfluencedoverallimmunizationintentionsacrossthefivecountries,itfoundsubstantial
cross-countrydifferencesintheeffectofthecommunication.InEngland,friendsincreasedintentions,
whilesocietyincreasedintentionsinDenmarkbutdecreaseditinItaly.Whilecommunicatingthe
socialbenefitofimmunizationcaninfluenceintentions,itscontrastingeffectshighlighttheimportance
ofempiricallytesting.

KEywORDS
Behavioural Intervention, Communication, Decision Making, Framing, Herd Immunity, Immunization, Nudge, 
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INTRODUCTION

Severaltheoreticalstudieshavedefinedtheimmunizationdecisionasatrade-offbetweentheperceived
utilityofimmunizationandnon-immunization(Bauch&Earn,2004;Bauchetal.,2010;Betschet
al.,2013;Brewer&Fazekas2007;Galvanietal.,2007;Manfredietal.,2009;Nguyenetal.,2011).
Theutilitiesaretherebydefinedasthedifferencebetweenexpectedcostsofcontractingthevirusand
side-effectsofvaccination,whilethecostsareeithertheproductoftheseverityandtheprobability
ofinfectionortheproductoftheseverityandtheprobabilityofside-effects.Arationalindividual
would only get immunized if the perceived utility of immunization is higher than the expected
utilityofinfection.Immunization,however,doesnotonlyyieldadirecteffectonreducingtherisk
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ofinfection,butitalsohasanindirectsocialeffectofreducingthetransmissionofthevirus,called
herdimmunity(Fineetal.,2011).

Assuming that thecostof immunization is independentof thenumberof individuals
gettingvaccinated,makingthisindirecteffectofimmunizationsalientcouldinfluencethe
perceivedutilityofimmunizationandnon-immunization.Therehavebeenseveralstudies
looking at the effect of communicating the social benefit of immunization on attitudes
andintentions(seeHakimetal.,2019forarecentsystematicreview).Individualswhose
utilitydoesnotonlydependontheirwellbeingbutalsoonthoseoftheirsocialenvironment
perceivetheutilityofimmunizationashigherwhenherdimmunityisknown(Shimetal.,
2012; Betsch et al., 2013). Differently, communicating herd immunity can also decrease
immunization intentions for self-serving individuals (Dawes, 1980). The awareness of
herd immunity increases the perceived utility of non-immunization for these individuals
as they believe that more people would get immunized (Hershey et al.1994; Bauch &
Earn, 2004; Manfredi et al., 2009; Betsch et al., 2013). As the risk of infection reduces
withthenumberofindividualsimmunized,theindividualbenefitofgettingimmunization
decreases. Individualsmay, therefore,decide to free-rideandprofit fromherd immunity,
avoidingindividualcostsofimmunization(Fineetal.,2011;Betschetal.,2013).Empirical
evidenceappearsconsistentwith theseconjectures.Researchusingexperimental surveys
has shown that communicating herd immunity can increase free-riding behaviour when
themessageemphasizedtheindividualbenefitofothersgettingimmunized(Betschetal.,
2013).Differently,severalstudieshaveshownthatexplainingtheconceptofherdimmunity
can increase the willingness to be vaccinated in western countries and when the cost of
immunizationislowandnon-vaccinatorshavelowresponsibility(Arnesenetal.,2018;Betsch
etal.,2017,Böhmetal.,2019).Whiletheseresultssuggestthatherdimmunityinfluences
immunizationintentions,itisnotclearhowthedefinitionofitsbeneficiariesinfluencethe
reactiontothemessage.Whileexperimentalstudiesonsocialpreferenceshaveshownthat
individualsaremotivatedbythewellbeingofothers,individualmayholdsocialidentitiesat
variouslevelsofabstraction,rangingfromconcretegroupsofindividuals(e.g.,ownfriends
andfamily)tobroadercategoriesofindividualssuchascitizensoftheircountry(Andreoni
etal.,2008;Charness&Gneezy,2008).Previousstudiesonsocialpreferenceshaveshown
that individualsexhibitmorealtruisticpreferences if theyknowmoreabout thepotential
recipients,suchastheirsocialbelonging(Eckel&Grossman,1996;Bohnet&Frey,1999;
Burnham, 2003; Charness & Gneezy, 2008). Similarly, other studies show that altruistic
behaviourisnegativelyrelatedtosocialdistance;e.g.whetherbeneficiariesareclosefriends
ornot(Jones&Rachlin,2006;Leideretal.2009;Goereeetal.2009).Assuch,individual
intention to get immunized for the benefit of others may depend on the social distance
betweenthedecision-makerandthebeneficiariesofherdimmunity.

THE CURRENT RESEARCH

The purpose of the current research was to explore how the framing of herd immunity
influencesvaccinationintentions.Specifically,weinvestigatedwhetherthedefinitionofthe
beneficiariesofherdimmunityaffectsimmunizationintentions.Inlinewithstudiesonsocial
distanceandaltruism,weexpectedthathighlightingtheindirecteffectofimmunizationfor
theclosesocialenvironmentwouldincreaseimmunizationintentions.Inlinewiththetheory
thatimmunizationisastrategicdecision,wepredictthatindividualsarelesswillingtoget
immunizedastheybelievethatotherswouldgetvaccinatedwhentheyhearaboutthesocial
benefitofimmunization.
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METHOD

Procedure
Aweb-basedexperimentalsurveywasdevelopedonSurveyMonkeytodeterminehowtheframing
ofherdimmunityinfluencesvaccinationintentionsinfiveEuropeancountries(Bulgaria,Denmark,
England,EstoniaandItaly).Thesurveywasconductedin2015andfeaturedrepresentativesamples
ofmenandwomenaged18–54yearswhowereinvitedbyasurveyvendor(Norstat)totakepartin
anonlinesurveyonimmunization.Studyparticipantswhocompletedthesurveyreceivedasmall
financialincentivefromthesurveyvendor,whichwasdefinedbythelengthofthequestionnaire
andvariedacrossthefivecountries.Studyparticipantswhowerefilteredoutordroppedoutofthe
surveydidnotreceiveanincentive.

Atthestartofthesurvey,studyparticipantswereaskedtogiveexplicitconsentfortheirdatatobe
usedandpublishedaspartofthisresearchprojectbeforetheycouldcontinueinthesurvey.Wethen
collectedinformationabouttheparticipants’sociodemographiccharacteristicssuchasage,education
andemployment.Screeningquestionsonageandgenderwereusedtomakethesamplesasnationally
representativeaspossible.Afterthesequestions,studyparticipantswereindividuallyrandomisedto
oneofthreeexperimentalvignetteswithdifferentinformationaboutanewhypotheticalinfluenza
virus.Eachparticipantwastoldaboutavirusthatcancauseseverepainandillnessforaroundtwo
weeks.Theinformationfurtherstatedthatthemostcommonsymptomsofthisvirusareheadache,
musclepainandgeneraldiscomfort.Whilethevirusisnotlethalfornormalhealthypeople,itcan
causeserioushealthproblemsorevendeathforvulnerablepeoplesuchassmallchildren,elderlyand
chronicallysickpeople.Thevirusishighlycontagiousandvaccinationcanreducetheriskofgetting
andspreadingthevirus.Thevaccinationhasmainlyonlysmallside-effectsintheformofpotential
nauseaandmilddiscomfortforsomedaysafterthevaccination.Furthermore,thedescriptionofthe
virusalsocontainedinformationaboutthebeneficiariesofthevaccination.Forthoseinthecontrol
condition,thefinalparagraphstatedthattheyshouldimaginehavingreadanadvertisementfrom
theirlocalministryofhealthtogetvaccinatedtoreducetheirownriskofgettingthevirus.Thosein
thesocietyconditionweregiventhesentence:“Imaginethatyoureadanadvertisementfromyour
localministryofhealthtogetvaccinatedtoreduceyourownriskofgettingthevirusandprotectthe
mostvulnerablepeopleinyourcountryfromgettingthevirus”,whilethoseinthefriendscondition
receivedthesentence:“Imaginethatyoureadanadvertisementfromyourlocalministryofhealthto
getvaccinatedtoreduceyourownriskofgettingthevirusandprotectyourmostvulnerablefriends
andfamilymembers,suchasyourchildren,yourparentsoryourgrandparentsfromgettingthevirus.”
Theallocationratioforthethreeparallelconditionswas1:1:1.

Theprimaryoutcomewastheintentiontogetvaccinatedagainstthenewinfluenzavirus.This
wasmeasuredusingthequestion:“Wouldyougetvaccinatedagainstthevirus?”withresponseson
apartiallylabelledeight-pointscale,where1meantthatonewoulddefinitelynotgetvaccinatedand
8indicatedthatonewoulddefinitelygetvaccinated.

Thesecondaryoutcomesfocusedontheimpactofthebeneficiaries’descriptionontheexpectation
ofpeer’sbehaviourandperceptionoftheimmunizationprogramme.Toexploreifthecommunicating
herd immunityhadan impacton theperceived importanceof the immunizationprogramme,we
includedthequestion:“Doyoubelievethatgettingvaccinatedagainstthevirusissociallyimportant?”.
Additionally,weaskedstudyparticipantswhethertheythoughtthatmostpeoplewouldgetimmunized
withthequestion:“Doyouthinkthatmostpeoplewillgetvaccinated?”Bothitemsfeatureda“Yes”
anda“No”responseoptions.

Wefurtheraskedstudyparticipantstostatetheirperceivedhealthstatusandriskpreferencewith
thequestions:“Howwouldyoudescribeyouroverallhealth?”and“Wouldyoudescribeyourselfasa
risk-taker?”.Bothitemsfeaturedpartiallylabelledeight-pointLikertscales.Inthecaseofthehealth
question,1meantthattheirhealthwasverypoorand8meantexcellent.Fortheriskquestion,1meant
thattheywouldalwaysplayitsafewhile8meanttheywouldalwaystaketherisk.Both,theself-rated
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healthquestionandtheriskpreferencequestionwereadaptedfrompreviousstudies(Erikssonetal.,
2001;Dohmenetal.,2011).Surveyquestionswerepilot-testedwithasmallsampleof142English
participantsandrevisedaccordingtorespondents’commentsbeforefielding.

We used the health and risk questions as well as the sociodemographic variables as
covariates in multivariable ordered logistic regressions to investigate the effect of the
experimentalconditionsonimmunizationintentions.Thesamplesizewascalculatedbefore
datacollectionbasedonestimatesobtainedfromthepilotstudy.Thecalculationindicatedthat
weneededatleast250individualsperexperimentalgroupandcountrytodetectadifference
ofatleast10%intheproportionofnon-intenderseffectsizepercondition,withapowerof
80%atthe5%levelofsignificance.

Wecompareoverallscreeningintentionsacrossthethreeexperimentalcondition(i.e.,forallfive
countries),aswellasintentionsineachcountry.Whileweonlyreportadjustedoddsratios(aORs)
and95%confidenceintervals(95%CIs)theexperimentalmanipulationinthetext,thefullmodels
showingallthecovariatesaredisplayedinSupplementaryTables2,3and4.Thestatisticalanalysis
wasconductedwithStata/SEversion15.1(StataCorpLP,CollegeStation,TX).Theresearchproject
receivedfullethicalapprovaloftheinstitute’sethicscommittee.Whilethedesignandanalysisplan
oftheexperimentwerenotpreregistered,alldataandmaterialsarepubliclyavailableviatheOpen
ScienceFrameworkandcanbeaccessedathttps://osf.io/8wukj/.

RESULTS

Participants
Theexperimentalstudyusedasampleof4172individualsfromBulgaria(N=873),Denmark(N=896),
Estonia(N=916),Italy(N=745)andEngland(N=742).Mostparticipantswereagedbetween18
and29(20.9%),hadpaidwork(66.8%),didnothaveauniversitydegree(65.8%),reportedrelatively
goodhealth(Mean6.22outof8),andwererelativelyrisk-neutral(Mean4.35outof8).Therewere
no statistically significantdifferences in sociodemographiccharacteristics,health statusand risk
preferences,indicatingthattherewerenoimbalancesduetolevelsofdrop-outvaryingamongthe
threeexperimentalconditions(seeSupplementaryTableS1fortheoverallpopulationandTables
S1a-efortheindividualcountries).

Effect on Immunization Intentions
ThedistributionsoftheimmunizationintentionsarepresentedinFigure1.Moststudyparticipants
statedthattheywoulddefinitelygetvaccinated.

Theresultsoftheorderedlogisticregression,reportedinTable1,showedthat,comparedwiththe
controlcondition,thesocietyandfriendsconditionsdidnotincreaseoverallimmunizationintentions
(aOR:1.02;95%CI:0.89–1.16andaOR:1.13;95%CI:0.99–1.29).

AnexaminationofimmunizationintentionswithinthefivecountriesinTable1reveals,however,
thatcommunicatingthesocialbenefitforfriendsandfamilyincreasedimmunizationintentionsin
Denmark(aOR:1.49;95%CI:1.12–1.98)anddecreaseditinItaly(aOR:0.6195%CI:0.45–0.84).
Differently,whilepresenting thesocialbenefitof immunizationfor friendsandfamily increased
immunizationintentionsinEngland(aOR:1.52;95%CI:1.10–2.10),itdidnotaffectimmunization
intentionsinanyothercountries.

Effect on the Perceived Social Importance of the Immunization Programme
Inlinewiththehighoverallimmunizationintentions,moststudyparticipantsthoughtthat
getting vaccinated is socially important (63.6% in control, 64.9% in society and 67.0%
in friends). There was no statistically significant difference across the experimental

https://osf.io/8wukj/
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conditionsfortheoverallsample(seeTable2).Lookingattheindividualcountries,table
3showsthatonlyinthecaseofEstonia,studyparticipantsinthefriendsconditionwere
more likely tostate that the immunization issocially important (74.7%vs66.4%,aOR:
1.46;95%CI:1.01–2.09).

Figure 1. Distribution of immunization intentions across the three experimental conditions

Table 1. Adjusted ordered logistic regression on immunization intentions [1;8]

Overall Bulgaria Denmark England Estonia Italy

OR 95% 
CI OR 95% 

CI OR 95% CI OR 95% 
CI OR 95% 

CI OR 95% CI

Condition

Control Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Society 1.02 0.89-
1.16 0.98 0.74-

1.29 1.49 1.12-
1.98** 1.29 0.95-

1.76 0.80 0.61-
1.06 0.61 0.45-

0.84**

Friends 1.13 0.99-
1.29 1.11 0.83-

1.48 1.15 0.87-
1.52 1.52 1.10-

2.10* 0.97 0.73-
1.29 0.90 0.65-

1.24

4,172 873 873 896 742 916 745

Covariates included in the regression models are country (for the overall sample), gender, age, education, employment status, health status and risk 
preferences. The full models can be found in the supplementary files, Table S2.

* p<0.05; ** p<0.01
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Effect on Expectations of Others’ Behaviour
Acrossthefivecountries, themajorityofstudyparticipantsbelievedthatmostpeoplewouldget
immunizedagainstthevirus(56.3%incontrol,55.9%insocietyand58.5%infriends).Theadjusted
logisticregressionsdonotrevealanyeffectoftheinterventionsonbelievingthatmostpeoplewould
getvaccinated(seeTable3).Furthermore,lookingatexpectationswithinthefivecountriesdidnot
revealanydifferences.

General Discussion
Toourknowledge,thisisoneofthefirststudiestohaveinvestigatedhowthecommunicationof
herdimmunityaffectsimmunizationintentionsinacross-countrysetting(Betschetal.,2017).Inan
onlineexperiment,wetestedwhethermentioningthesocialbenefitofimmunizationforthesociety
orfriendsandfamilyinfluenceimmunizationintentions.Differenttopreviousstudies,wedonotfind
thataddinginformationaboutherdimmunityaffectsoverallimmunizationintentionsorperceptionof
theimmunizationprogramme(Arnesenetal.,2018;Betschetal.,2017,Böhmetal.,2019).Similar
toBetschandcolleagues(2017)wefoundsomesubstantialcross-countrydifferences,suggesting
thattheeffectissensitivetotheculturalcontext.

Asexpectedbythetheoryofsocialdistance,individualsinEnglandweremorelikelytoget
immunizediftheyknewthatthebeneficiariesareclosetothem.Whilewefoundoppositereactions
inthesocietyconditionforDenmarkandItaly,wecannotexplainthesewithstrategicdecisionmaking
inItalyasthestudyparticipantsthereinthesocietyconditionwerenotmorelikelytoexpectthat

Table 2. Logistic regression on thinking that getting vaccinated is socially important [0;1]
C

on
di

tio
n Overall Bulgaria Denmark England Estland Italy

(%) OR 95% 
CI (%) OR 95% 

C (%) OR 95% 
CI (%) OR 95% 

CI (%) OR 95% 
CI (%) OR 95% 

CI

Control (63.6) Ref. (60.1) Ref. (58.6) Ref. (66.4) Ref. (67.4) Ref. (67.3) Ref.

Society (64.9) 1.06
0.90
-
1.23

(57.1) 0.89 0.64-
1.23 (65.8) 1.39

0.99
-
1.95

(67.9) 1.08
0.74
-
1.57

(68.0) 1.03 0.73-
1.44 (66.2) 0.89 0.60-

1.31

Friends (67.0) 1.16
0.99
-
1.36

(61.8) 1.09 0.77-
1.55 (61.7) 1.14

0.81
-
1.58

(74.7) 1.48
0.99
-
2.21

(74.7) 1.46 1.01-
2.09* (62.5) 0.77 0.52-

1.14

N 4,172 873 896 742 916 745

Covariates included in the adjusted model are country (for the overall sample), gender, age, education, employment status, health status and risk prefer-
ences. The full model can be found in the supplementary files, Table S4.

* p<0.05; ** p<0.01

Table 3. Logistic regression on expectations that the majority is getting vaccinated [0;1]

C
on

di
tio

n Overall Bulgaria Denmark England Estland Italy

(%) OR 95% 
CI (%) OR 95% 

CI (%) OR 95% 
CI (%) OR 95% 

CI (%) OR 95% 
CI (%) OR 95% 

CI

Control (56.3) Ref. (45.2) Ref. (53.6) Ref. (69.3) Ref. (51.5) Ref. (67.3) Ref.

Society (55.9) 0.97
0.83
-
1.12

(44.2) 0.96
0.69
-
1.32

(59.3) 1.26
0.91
-
1.75

(64.2) 0.80
0.55
-
1.17

(50.6) 0.96
0.70
-
1.31

(63.6) 0.83
0.57
-
1.21

Friends (58.5) 1.07
0.92
-
1.25

(43.5) 0.95
0.68
-
1.33

(56.7) 1.16
0.84
-
1.60

(70.4) 1.06
0.71
-
1.58

(55.3) 1.16
0.84
-
1.60

(69.2) 1.06
0.72
-
1.57

N 4,172 873 896 742 916 745

Covariates included in the adjusted model are country (for the overall sample), gender, age, education, employment status, health status and risk prefer-
ences. The full model can be found in the supplementary files, Table S3.

* p<0.05; ** p<0.01
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mostpeoplewouldgetimmunizedthanthoseinthecontrolcondition.Ingeneral,wedidnotfindany
evidencethattheinterventionsinfluencedexpectationsaboutpeer’simmunizationbehaviour.We,
therefore,concludethatthedifferenteffectsonintentionstothesocietyinterventionwerecausedby
alternativereasons,suchastrustinthehealthauthority(Cook,2001).Trustmayplayaroleinthe
immunizationdecision.Mostindividualsareunabletoassessthequalityoftheworkdonebythehealth
authority.Fortheseindividuals,thedecisiontoseekimmunizationisthusanactoftrustinthehealth
authority(Cappelenetal.,2010.).WhilethissuggeststhatinthecaseofItaly,participantsmayhave
perceivedtheirhealthauthorityaslesstrustworthy,whentheinformationabouttheimmunization
programmecontainedaparagraphonherdimmunity,wedonotfindevidenceforthisinoursocial
importanceoutcomevariable.Participants in thesocietyconditionwereas likely toperceive the
immunizationassociallyimportantthanthoseinthecontrolcondition.

LIMITATIONS OF THE EXPERIMENTAL STUDy

Ourstudyhasseverallimitationswhichcallforfollow-upresearch.Firstly,weonlyassessedintentions
togetimmunized.Therefore,theutilityofcommunicatingherdimmunityinchangingimmunization
behaviourcannotbedeterminedfromthisstudy.Accordingtothe‘intention-behaviourgap’,intention
togetimmunizeddoesnotnecessarilytranslatetogettingvaccinated(Sheeran,2002;Webb&Sheeran,
2006). Thus, additional strategies may be required to build on motivational changes to increase
immunizationrates,suchasimplementationprompts(Milkmanetal.,2011).Furthermore,thetwo
binaryquestionsontheperceivedsocialimportanceandexpectationofotherindividuals’behaviour
maynothavebeendiscriminatingenough to link the individualperceptionof the immunization
programmeandexpectationswith immunization intentions.Additionally,weusedahypothetical
influenzavirusforthevignetteswhichlimitsexternalvalidity.Futurestudiescouldinvestigatethe
effectofframingthebeneficiariesofherdimmunityinthecurrentCOVID-19pandemic.

Finally,whileweobservedsomeeffectsonimmunizationintentionsinsomecountries,wefailed
toexplainthemwithoursecondaryoutcomevariables.Futureresearchshouldincludealternative
variablesthatcouldexplaintheeffectofcommunicatingherdimmunityonimmunizationbehaviour,
suchasattitudestowardsvaccinationingeneral(Betschetal.,2018).

CONCLUSION

Thisstudytestedtheeffectofframingthebeneficiariesofherdimmunityinfivecountries.While,across
thefivecountries,mentioningthesocialbenefitofimmunizationforthesocietyorfriendsandfamilydid
notinfluenceimmunizationintentions,wefoundsomesubstantialcross-countrydifferencesintheeffectof
thetwomessages.CommunicatingthesocialbenefitforfriendsandfamilyincreasedintentionsinEngland.
InDenmark,however,higherimmunizationintentionswereobservedwhenthemessagementionedthe
socialbenefitofimmunizationforthesociety.InItaly,thesamemessagedecreasedimmunizationintentions.
Thesecontrastingeffectsofthemessagessuggestthattheframingthebeneficiariesofherdimmunityis
sensitivetotheculturalcontextandhighlighttheimportanceofempiricallytestingmessagesbeforehand.
Finally,ourfindingshavesignificantpotentialimplicationsforthecurrentCOVID-19pandemic.Asthe
COVID-19vaccinationprogrammeis theonlyuniversallyacceptablewaytoachieveherdimmunity,
it is thereforeimportant toalsoimproveuptakeofvaccine-hesitant individuals.Communicatingherd
immunitycouldimprovetheperceivedutilityofimmunizationandimproveuptaketopreventdeaths,
reducehospitalizationsandacceleratetheprocessofincrementallyopeningupsociety.

SUPPORTING INFORMATION

Additionalanalysescontainingthefullregressionmodelscanbeaccessedinthesupportinginformationfile.
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