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Social norms approaches have been widely applied in health promotionasa
cost-effective behaviour-change strategy, but have beenlittle evaluated as a
whole. We conducted a pre-registered systematic review and meta-analysis

of randomized controlled trials using social norms messaging in developed

countries targeted at changing health behaviours among 16+-year-olds

to evaluate their effectiveness. Relevant studies were identified through
searches in PsycINFO, Medline, Embase, Web of Science, TRIP, Cochrane
and grey literature sources. Risk of bias was assessed independently by two
reviewers using the Cochrane RoB 2 tool. A random-effects meta-analysis
standardized effect sizes to Cohen’s d, assessed heterogeneity with /?

and applied robust Bayesian meta-analysis to adjust for publication

bias. Searches resulted in 89 studies (n = 85,759), which exhibited a small
effect of social norms messaging on health behaviours (Cohen’sd=0.1,
95% confidence interval (CI) [0.09, 0.19], P < 0.001). However, this effect
disappeared after controlling for publication bias. We conducted moderator
analyses, finding no significant differences from the overall effect for
different types of social norms message, delivery modalities, health
domains or target populations. The review is limited by the lack of studies
assessing whether normative information changed participant perceptions,
inconsistent use of manipulation checks, and high heterogeneity across
studies in terms of target behaviour, population and intervention delivery,
affecting the robustness of conclusions. Our analysis suggests that when
appropriately controlling for publication bias, social norms messages are
not effective at improving health behaviours. Thus, future attempts at
improving public health should focus on alternative approaches.

Communicating social norms has become increasingly popular over
the pasttwo decades as asimple and cost-effective approach to behav-
iour change'?. Social norms are the informal or implicit rules that gov-
ern behaviour in particular social groups. According to an influential
accountinthebehavioural literature?, they are underpinned by a prefer-
ence for conforming with the behaviour of areference group because
individual group members expect others to do that too or because
they think that others expect them to conform. Thisideamapsontoa

distinction thatis sometimes made between ‘descriptive norms’ (how
others behave) and ‘injunctive norms’ (how others think we ought to
behave). If people prefer to conform with their reference group, then
giving information—a ‘social norms message’—about how members of
the reference group behave or think people ought to behave should
bringanindividual’sbehaviourinline with these norms. Thisisachieved
without changing financial incentives, hence interventions that use
social norm messages are sometimes considered a type of nudge*.
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Social norms interventions also serve to challenge possible
misperceptions people may have about what is normative. Applied
initially in the context of college student substance abuse, social
norms interventions focused on providing accurate information
on peer attitudes and drinking behaviours to close the gap between
the perceived and actual norm (see for example, ref. 5 for an early
statement; taken up further by for example, refs. 6-8). Social norms
interventions have since been applied to arange of different health
behaviours: to promote positive changes to dietary behaviour®™,
improve the clinical behaviour of healthcare workers", improve
vaccination uptake', increase contraceptive use® and reduce pre-
scription of antibiotics'". Such interventions encompass a variety
of messaging, for instance:

 Social proof (stating what the reference group does): “Book your
NHS health check. 6 million people have already attended”*®.

 Social comparison (giving feedback on the recipient’s behaviour
compared to the reference group): “The great majority (80%) of
practicesin England reduced or stabilized their antibiotic prescrib-
ingratesin 2016/17. However, your practice isin the minority that
have increased their prescribing by more than 4%”".

« Injunctive norms (stating what the reference group thinks people
oughttodo): “Alot of people aren’t aware that the typical student
thinks their peers should eat five servings of fruits and vegetables
eachday. Students think you should eat more fruitand vegetables

than you'd expect™.

Although some reviews have found social norms messages to be
an effective tool for behaviour change among healthcare practitioners
(for example, refs. 11,15), other reviews have found limited or mixed
results at changing health behaviours among the general population
(forexample, refs.10,18). For effective use inhealth policy, itis crucial to
understand which types of social norms message are (most) effective,
aswellas therelative effectiveness of different modes of delivery, and
on which health behaviours and populations social norms messages
are effective.

We conducted a systematic review and meta-analysis of rand-
omized controlled trials that evaluate social norms message interven-
tions across arange of healthbehaviours and delivery modalities. The
pre-registered aim of this study is to determine what characteristics of
social norms messages are most effective at changing health behav-
iours in people over the age of 16, including healthcare practition-
ers. Recognizing that there are cultural and structural differences
in populations and healthcare systems, and working within the UK
public health context, we were specifically looking for evidence of
the effectiveness of social norms messaging on the general adult
population and healthcare practitioners in developed countries (as
defined by UNCTAD").

The review seeks to answer the following research questions:

1. What type of social norm message is most effective at improv-
ing health behaviours (for example, social comparison, social
proof, injunctive)?

2. Whatkind of normative comparison is most effective at improv-
ing health behaviours (for example, population-level compari-
son, comparison to average or typical individual, figure shown
in absolute numbers or percentages)?

3. What modality of delivery is most effective at improving health
behaviours (for example, physical letter, email or text message,
poster, in-app or on-screen, verbal)?

4. For which health behaviours are social norms most effective at
achieving positive change (for example, exercise, alcohol reduc-
tion, healthy eating, healthscreening, prescribing, vaccination)?

5. Forwhich populations are social norms messages most effective
in terms of changing health behaviours (for example, patients,
health professionals)?

Results

Asystematicreview of the literature following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines®
found 110 papers. Of these papers, 60 had the information required
for a meta-analysis. Some papers reported multiple studies, giving a
total of 89 individual studies included in the analysis (see Table 1 for
study characteristics). Figure 1 presents the PRISMA flow diagrams
for the three searches.

Types of intervention

Of the 89 studies included, 22 focused on diet, 12 on screening, 10
on vaccination, 10 on alcohol consumption, 10 on prescribing, 9
on physical activity and 4 on sexual health. Twelve studies were
grouped as ‘other’: 3 studies on hand hygiene, 3 on sunscreen use,
2 onorgan donation, 2 on appointment attendance, 1 on mental
health and 1 on smoking. The 3 studies on sunscreen use were part
of the same paper.

Most studies (n =47) reported oninterventionsin the general pop-
ulation. Twenty-three studies focused specifically on college students,
13 on healthcare professionals and 6 on clinical patients. The studies
included diverse delivery methods for social norms interventions: 29
used physical materials (letters or printed leaflets), 33 were delivered
on-screen through mobile apps, websites, or similar displays, 10 were
sent via email or text messages and 10 employed multiple modali-
ties or audio, such as spoken word combined with images or text. In
addition, 7 interventions delivered social norms messages through
posters or signs.

Interventions included various types of both descriptive and
injunctive social norms message. The majority of studies (n=79) con-
centrated on descriptive social norms messaging, while 4 studies
utilized injunctive social norms messaging (for example, “A lot of
people aren’t aware that the typical student thinks their peers should
eat five servings of fruits and vegetables each day. Students think
you should eat more fruit and vegetables than you'd expect™.), and
6 studies employed a combination of both descriptive and injunc-
tive social norms messages (for example, “You thoughtthat __ %
of college students try to avoid consuming sugar sweetened drinks.
On average actually 90% of college students try to avoid consuming
sugar-sweetened drinks”.).

Afurther classification was made to distinguish between types of
descriptive social norms message. There were 27 studies reporting on
interventions using social comparison messaging with personalized
feedback, 22 of which presented feedback comparing the individual
to a percentage or proportion of the population (for example, “you
have some difficulty bouncing back from stressful situations. Your
resilience level is lower than 40% of males aged 18-29. Smiling Mind
has some good tools to build your resilience”?*), and 5 comparing the
individual to the population average (for example, “you prescribe
more than the average of PAMI doctors”*). There were 37 studies
using social proof messaging without comparison or personalized
feedback. Seven studies reported oninterventions using social proof
in the form of a population statement without numeric data (for
example, “In Southwark, thousands of people like you have attended
their health check and benefited from personalized health advice™.).
Six studies reported on interventions using social proof in the form
of apopulation statement with absolute numeric data (for example,
“Last year 12,000 women in Hillingdon took part in cervical screen-
ing. Your cervical smear test is due. To book please call <GP phone
number>"%) and 23 had a statement with proportion numeric data
(for example, “Last year in Hillingdon 7 out of 10 women took part
incervical screening. Your cervical smear testis due. To book please
call <GP phone number>"%). Seven studies used interventions with
social proof messaging in the form of a statement about the typical
individual, presenting numerical data (for example, “Did you know
most students eat a lot more vegetables than you might realize?
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Table 1| Description of included studies

Paper Population Type of social norms Mode of Domain Follow-up Control Intervention Control Cohen’sd
messaging delivery of health point N N (s.e.)
behaviour
Anderson” College Social proof - In-app/on Physical Tweek Active 39 14 0.12(0.31)
students population statement-  screen activity
numeric data -
proportion
Anderson™ College Social proof - In-app/on Physical 2weeks Active 46 14 -013(0.31)
students population statement-  screen activity
numeric data -
proportion
Anderson” College Social proof - In-app/on Physical 3weeks Active 30 13 0.01(0.33)
students population statement-  screen activity
numeric data -
proportion
Baretta” Non-clinical ~ Combined: Injunctive In-app/on Hand hygiene 32days Active 104 87 0.00 (0.15)
general + Social comparison - screen
population feedback comparing to
average of population
Beatty, 20187 Non-clinical ~ Social comparison - Email/text Physical 10weeks No 561 635 0.04 (0.06)
general feedback comparing message activity intervention
population to % or proportion
population
Bunten?’ Non-clinical ~ Social proof - typical In-app/on Diet Immediate Active 241 234 0.21(0.09)
general individual - no data screen
population
Chappell, 2021”7 Healthcare Social comparison - Physical Prescribing 5months No 602 612 0.06 (0.06)
professionals feedback comparing materials intervention
to % or proportion (letter, print)
population
Choi* Clinical Social comparison - In-app/on Mental health  Immediate Active 255 273 -0.02 (0.09)
patients feedback comparing screen
to % or proportion
population
Clayton, 20217 Non-clinical ~ Combined Physical Vaccination 6months No 146 163 -0.09 (0.11)
general materials intervention
population (letter, print)
Coker, 2022° Non-clinical  Social proof - Poster/sign  Diet Immediate No 22 22 0.01(0.3)
general population statement - intervention
population no data
Crane® Clinical Social comparison - In-app/on Alcohol 28days Active 98 81 0.04 (0.15)
patients feedback comparing screen consumption
to % or proportion
population
Croker, 2009%° Non-clinical ~ Social comparison - Spoken Diet Immediate No 284 256 0.14 (0.09)
general feedback comparing word intervention
population to % or proportion
population
Cunningham® Non-clinical ~ Social comparison - Physical Alcohol Tmonth No 435 206 -0.01(0.08)
general feedback comparing materials consumption intervention
population to % or proportion (letter, print)
population
Cunningham, Clinical Social comparison - In-app/on Alcohol 3months No 183 187 0.00(0.1)
2015% patients feedback comparing screen consumption intervention
to % or proportion
population
De Bauw™ Non-clinical ~ Social proof - In-app/on Diet Immediate Active 125 249 -0.07 (0.11)
general population statement-  screen
population numeric data
De Bauw™ Non-clinical  Social proof - In-app/on Diet Immediate Active 125 249 0.07 (0.11)
general population statement-  screen
population numeric data
Firkey“® College Social proof - In-app/on Sexual health  Immediate Active 101 m 0.78 (0.14)
students population statement-  screen

numeric data -
proportion
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Table 1(continued) | Description of included studies

Paper Population Type of social norms Mode of Domain Follow-up Control Intervention Control Cohen’sd
messaging delivery of health point N N (s.e.)
behaviour
Galizzi” Non-clinical  Social proof - In-app/on Vaccination Immediate Active 171 34 0.12(0.19)
general population statement-  screen
population numeric data -
proportion
Galizzi” Non-clinical  Social proof - In-app/on Vaccination Immediate Active 7 35 0.43(0.19)
general population statement-  screen
population numeric data -
proportion
Galizzi” Non-clinical  Social proof - In-app/on Vaccination Immediate Active 170 34 0.37(0.19)
general population statement-  screen
population numeric data -
proportion
Galizzi"” Non-clinical ~ Social proof - In-app/on Vaccination Immediate Active 7 34 0.38(0.19)
general population statement-  screen
population numeric data -
proportion
Galizzi” Non-clinical  Social proof - In-app/on Vaccination Immediate Active 170 34 0.34 (0.19)
general population statement-  screen
population numeric data -
proportion
Gold"” Healthcare Social comparison with  Physical Prescribing Tyear No 448 472 0.00 (0.08)
professionals personalized feedback  materials intervention
(letter, print)
Gold® Healthcare Social comparison - Physical Prescribing 6months No 324 302 0.00 (0.07)
professionals feedback comparing materials intervention
to % or proportion (letter, print)
population
Gorini®® Non-clinical ~ Social proof - Physical Screening Tmonth Active 1983 5566 0.18(0.03)
general population statement-  materials
population numeric data - (letter, print)
proportion
Gorini®® Non-clinical ~ Social comparison - Physical Screening 90days Active 1975 5566 0.11(0.03)
general feedback comparing materials
population to % or proportion (letter, print)
population
Graupensperger”  Non-clinical ~ Social proof - In-app/on Alcohol Tmonth Active 135 18 0.08(0.13)
general population statement-  screen consumption
population numeric data -
proportion
Gregorio- Non-clinical ~ Combined Physical Diet 2weeks Active 49 46 0.42 (0.21)
Pascual” general materials
population (letter, print)
Gumussoy®* College Social proof - Physical Diet Immediate Active 30 30 0.57(0.26)
students population statement-  materials
no data (letter, print)
Hallsworth, 2016%°  Healthcare Social comparison - Physical Prescribing 6months No 791 790 0.19 (0.05)
professionals feedback comparing materials intervention
to % or proportion (letter, print)
population
Hansen®® Clinical Social comparison - In-app/on Alcohol 12months No 365 358 -0.10, (0.07)
patients feedback comparingto  screen consumption intervention
average of population
Havard®’ Clinical Social proof - Physical Alcohol 6weeks No 124 120 0.02 (013)
patients population statement-  materials consumption intervention
numeric data - (letter, print)
proportion
Huf?® Non-clinical ~ Social proof - Email/text Screening 18 weeks No 1514 784 0.01(0.04)
general population statement-  message intervention
population numeric data -
proportion
Huf*® Non-clinical  Social proof - Email/text Screening 18 weeks No 1488 784 0.01(0.04)
general population statement-  message intervention
population numeric data
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Table 1(continued) | Description of included studies

Paper Population Type of social norms Mode of Domain Follow-up Control Intervention Control Cohen’sd
messaging delivery of health point N N (s.e.)
behaviour
Koeneman, 2017  Non-clinical ~ Social proof - Physical Physical 3months Active 10 9 0.71(0.48)
general population statement-  materials activity
population no data (letter, print)
Kroeze, 2008% Non-clinical ~ Social comparison - Physical Diet 6months Active 140 140 0.10(0.12)
general feedback comparing materials
population to % or proportion (letter, print)
population
Lee® College Social proof - Not Vaccination Immediate No 428 109 0.33(011)
students population statement -  specified - intervention
numeric data - ‘viewed’
proportion
Lewin, 2023%° Non-clinical ~ Social proof at In-app/on Alcohol Immediate Active 84 84 0.26 (0.15)
general population level - screen consumption
population proportions
Mahler® College Social proof - Spoken Sunscreen Tmonth Active 22 8 -0.02 (0.41)
students population statement-  word use
numeric data -
proportion
Mahler>® College Injunctive Physical Sunscreen Tmonth Active 24 8 0.22 (0.41)
students materials use

(letter, print)

Mahler®® College Combined Multimodal ~ Sunscreen Tmonth Active 21 7 0.59 (0.44)
students use
Marlow, 2021°' Non-clinical ~ Social proof - Email/text Screening Immediate Active 270 226 0.11(0.09)
general population statement-  message
population numeric data -
proportion
Martens, 2015% Non-clinical ~ Social comparison - Physical Alcohol 6months Active 163 162 0.07 (0.11)
general feedback comparing materials consumption
population to % or proportion (letter, print)
population
Matkovic, 2021% Non-clinical ~ Social proof - In-app/on Hand hygiene Immediate Active 68 65 -0.43 (0.18)
general population statement-  screen
population numeric data -
proportion
Michael, 2018°* Healthcare Social comparison - Multimodal  Prescribing 12months Active 51 58 0.11(0.20)

professionals feedback comparing
to % or proportion

population
Mollen*° Non-clinical ~ Social proof at In-app/on Diet Immediate Active 33 Y| 0.82(0.33)
general population level - no screen
population numbers
(including
college
students)
Mollen®® Non-clinical  Social proof at In-app/on Diet Immediate Active 40 sl 0.85(0.32)
general individual level - screen
population numerical information
(including
college
students)
Mollen®® Non-clinical Injunctive In-app/on Diet Immediate Active 37 4 0.47 (0.33)
general screen
population
(including
college
students)
Montanaro, 2018  College Social comparison - In-app/on Sexual health 3months No 31 28 -0.30(0.26)
students feedback comparing screen intervention
to % or proportion
population
Nijssen, 2022 Medical Social proof at Audio Smoking Immediate Active 1890 727 -0.05 (0.04)
centre population level - recorded
visitors proportions message
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Table 1(continued) | Description of included studies

Paper Population Type of social norms Mode of Domain Follow-up Control Intervention Control Cohen’sd
messaging delivery of health point N N (s.e.)
behaviour
Nix®' College Social comparison - Email/text Diet Tweek Active 42 M 0.47(0.22)
students feedback comparing message
to % or proportion
population
Perkins*® Non-clinical ~ Social proof - Multimodal  Alcohol 18months (4 No 218 162 0.99 (0.11)
general population statement - consumption time points)  intervention
population numeric data -
proportion
Persell, 2016% Healthcare Social comparison - Email/text Prescribing Tyear Active 14 14 0.44 (0.38)
professionals feedback comparing message
to % or proportion
population
Priebe™ College Social proof - Email/text Physical 15days Active 51 160 -0.07 (0.16)
students population statement-  message activity
numeric data -
proportion
Robinson® College Social proof - typical Poster/sign Diet Immediate Active 39 42 0.38(0.22)
students individual - numeric
data
Robinson® College Social proof - typical Multimodal  Diet Immediate Active 38 33 0.21(0.24)
students individual - numeric
data
Robinson® College Social proof - typical Multimodal  Diet Immediate Active 21 13 0.49 (0.36)
students individual - numeric
data
Robinson® College Injunctive Multimodal  Diet Immediate Active 22 14 -0.33 (0.34)
students
Sacarny, 2018% Healthcare Social comparison - Physical Prescribing 2years Active 2527 2528 0.34(0.03)
professionals feedback comparing materials
to % or proportion (letter, print)
population
Sallis, 20192 Non-clinical ~ Social comparison - Physical Diet 5months Active 1270 1327 0.41(0.04)
general feedback comparing materials
population to % or proportion (letter, print)
population
Sallis, 2019b* Non-clinical ~ Social proof - Physical Screening 6months Active 800 204 0.06 (0.08)
general population statement-  materials
population no data (letter, print)
Sallis, 2019b* Non-clinical ~ Social proof - Physical Screening 6months Active 723 203 0.20 (0.08)
general population statement-  materials
population no data (letter, print)
Sallis, 2019b* Non-clinical ~ Social proof - Physical Screening 6months Active 754 203 0.19 (0.08)
general population statement-  materials
population no data (letter, print)
Sallis, 2019b* Non-clinical ~ Social proof - Physical Screening 6months Active 778 204 0.20 (0.08)
general population statement-  materials
population no data (letter, print)
Schmidtke® Healthcare Social proof - typical Physical Vaccination 3months Active 1885 628 0.00 (0.05)
professionals individual - numeric materials
data (letter, print)
Schmidtke® Healthcare Injunctive Physical Vaccination 3months Active 1885 629 0.00 (0.05)
professionals materials
(letter, print)
Schmidtke® Healthcare Combined Physical Vaccination 3months Active 1885 628 0.00 (0.05)
professionals materials
(letter, print)
Siegel®® Non-clinical  Social proof - In-app/on Organ Immediate No 235 212 0.32(0.10)
general population statement-  screen donation intervention
population numeric data -
proportion
Siegel®® Non-clinical  Social proof - In-app/on Organ -Immediate No 246 259 0.30(0.09)
general population statement-  screen donation intervention
population numeric data -
proportion
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Table 1 (continued) | Description of included studies

Paper Population Type of social norms Mode of Domain Follow-up Control Intervention Control Cohen’sd
messaging delivery of health point N N (s.e.)
behaviour
Staudt'®® Non-clinical  Social comparison with  Physical Alcohol 3,6and No 815 831 0.03 (0.05)
general personalized feedback  materials 12months intervention
population (letter, print)
Teo™ Veterans, Social proof - Physical Appointment  Immediate Active 4353 4916 -0.01(0.02)
non-clinical population statement-  materials attendance
population no data (letter, print)
Teo'”' Veterans, Social proof - Physical Appointment  Immediate Active 2250 1641 -0.07 (0.03)
non-clinical population statement -  materials attendance
population no data (letter, print)
Thomas?® College Social proof - typical Poster/sign Diet Immediate Active 36 8 0.14(0.39)
students individual - numeric
data
Thomas?® College Social proof - Poster/sign  Diet Immediate Active 28 8 -0.09 (0.40)
students population statement -
numeric data
Thomas® College Social proof - typical Poster/sign Diet 1day Active 37 8 0.58(0.39)
students individual - numeric
data
Thomas?® College Social proof - Poster/sign  Diet 1day Active 39 8 0.66 (0.39)
students population statement -
numeric data
Thorndike, 2016'>  Non-clinical ~ Social comparison - Physical Diet 3months No 877 858 0.03 (0.05)
general feedback comparingto  materials intervention
population average of population (letter, print)
Torrente® Healthcare Social comparison - Email/text Prescribing 6months Active 906 905 0.10 (0.05)
professionals feedback comparingto message
average of population
Updegraff®' Non-clinical ~ Social proof - Poster/sign Hand hygiene 5months No 14 15 119 (0.41)
general population statement - intervention
population no data
van Bavel, 2014'  Non-clinical ~ Social comparison - In-app/on Physical Immediate No 400 400 0.05(0.07)
general feedback comparing screen activity intervention
population to % or proportion
population
Wagner'* Healthcare Social comparison - Email/text Prescribing 12months No 207 217 0.16 (0.12)
professionals feedback comparing message intervention
to % or proportion
population
Wagner'** Healthcare Social comparison - Email/text Prescribing 12months No 216 217 0.20 (0.12)
professionals feedback comparing message intervention
to % or proportion
population
Waite'® Non-clinical ~ Social proof - In-app/on Screening Immediate Active 91 89 -0.02 (0.15)
general population statement-  screen
population no data
Waite'®® Non-clinical ~ Social proof - In-app/on Screening Immediate Active 91 89 0.06 (0.15)
general population statement-  screen
population no data
Wally'®® College Combined In-app/on Physical 8days No 43 17 0.53(0.29)
students screen activity intervention
Wally™®® College Social comparison - In-app/on Physical 8days No 43 17 0.62 (0.29)
students feedback comparingto  screen activity intervention
average of population
Wilding'”’ Clinical Social proof - Physical Screening 16weeks No 3583 3590 -0.02(0.02)
patients population statement-  materials intervention
numeric data (letter, print)
Young, 2013'® College Social proof - typical In-app/on Sexual health  Immediate No 24 25 0.78 (0.09)
students individual - no data screen intervention
Young, 2013'%¢ Non-clinical ~ Social proof - typical In-app/on Sexual health Immediate Active 79 75 -0.35(0.16)
general individual - no data screen
population
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Fig.1| PRISMA flow diagrams. PRISMA flowcharts detailing the identification and screening of records for the systematic review and meta-analysis. a, Details for the
search conducted in May 2021. b, Second search inJune 2022. ¢, Final search conducted in April 2024.

Although, alot of people aren’t aware, the typical student eats over
three servings of vegetables each day”*®), and three studies used a
statement about the typical individual but without any numeric data
(for example, “Swap to this product chosen by customers who buy
similar groceries to you™”).

In a substantial portion of the studies (n=34), outcomes were
measured immediately after the intervention was delivered. In the
remaining included studies (n = 55), follow-up periods varied from
1day to 2 years, with the majority (n = 40) falling within the range
of 1-6 months. Table 1 provides a detailed breakdown of follow-up
times. Following the pre-registered analysis plan, when outcomes were
assessed at multiple follow-up time points, weincluded the results from
the furthest time point reported.

Risk of bias

Arisk of bias assessment using the Cochrane RoB 2 tool* showed that
out of the 89 studies, most (n = 34) had low concerns, 23 had moderate
concerns, and 3were deemed to have a high risk. The primary concerns

Randomized process

Deviations from intended interventions

Missing outcome data

Measurement of the outcome

Selection of the reported result

L

Overall RoB

0% 25% 50% 75%

W High

100%

[0 Low [ Some concerns

Fig. 2| ‘Risk of bias’ assessment summary. Breakdown of ‘risk of bias’ assessment.

in most studies centred around two key aspects: bias resulting from
deviations from the intended interventions and bias in the selection
of the reported results. Figure 2 presents a breakdown of the ‘risk of
bias’ assessment across all domains.
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Fig. 3 | Forest plot of studies with effect sizes >0.10. Forest plot showing
individual study effect sizes above Cohen’s d = 0.10 (k = 48) with corresponding
95% Cls. Each dot represents the estimated effect size from a single study, and
the horizontal bars represent the 95% Cl of that estimate. The diamond shapes at
the bottom represent combined effect size estimates from random-effects meta-
analysis, NoBMA and RoBMA models. Statistical tests conducted were two-sided.
No corrections were made for multiple comparisons.

Effect sizes

We observed heterogeneous resultsamongthe included studies, with
4 studies exhibiting large positive effects (Cohen’s d above 0.8), 9 stud-
ieswithamoderate positive effect (Cohen’s dbetween 0.5and 0.8), 22
studies with asmall positive effect (Cohen’sdbetween 0.2 and 0.5) and
36 studies exhibiting effects below Cohen’s d 0.2. We also observed 18
studies displaying trivial to small negative effects (Cohen’s d between
-0.01and-0.4).

Meta-analysis

Alinear random-effects model found a small statistically significant
effect of social norms interventions on health behaviours (Cohen’s
d=0.14,95%CI[0.09,0.19], P < 0.001) (Figs. 3and 4). This effect was
reliable across pre-registered sensitivity analyses, with only small
differences, including the removal of influential outliers (Cohen’s

d=0.11,95% CI[0.08, 0.14], P < 0.001) and the removal of studies
with overall ratings of ‘high’ and ‘some concerns’ in the ‘risk of bias’
assessment (Cohen’sd =0.19,95% CI1[0.12, 0.26], P < 0.001). Thereis
moderate variability in the effect sizes, asindicated by the estimated
between-study heterogeneity of 7= 0.18 (95% CI [0.15, 0.25]). The
predicted effect size ranged from d = -0.43 to 1.19, indicating that
adverse effects cannot be ruled out. A power analysis based on the
median number of participants for the intervention and control
groups indicated that a Cohen’s d of 0.05 could be detected with
85% power, while a subgroup difference of 0.1 could be detected
with 79% power.

Moderator analyses

We examined four moderator variables: type of social norm mes-
saging, mode of delivery, health behaviour and target population.
Correlations among the four moderators were all large and signifi-
cant. A multiple meta-regression model that included all variables
as predictors yielded high variance inflation factor scores, indicat-
ing non-tolerable multicollinearity®. Due to this issue, we avoided
using a multiple meta-regression approach, as it would probably
produce unreliable results. Instead, we initially tested each mod-
erator variable in separate simple meta-regression models, followed
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Fig. 4 | Forest plot of studies with effect sizes <0.10. Forest plot showing
individual study effect sizes below Cohen’s d = 0.10 (k = 41) with corresponding
95% Cls. Each dot represents the estimated effect size froma single study, and
the horizontal bars represent the 95% Cl of that estimate. The diamond shapes at
the bottom represent combined effect size estimates from random-effects meta-
analysis, NoBMA and RoBMA models. Statistical tests conducted were two-sided.
No corrections were made for multiple comparisons.
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Fig. 5| Funnel plot of study effect sizes. Funnel plot showing the distribution
of standard errors of individual studies. Each observationis represented as a
function of its effect size and standard error.

by Bayesian model-averaged meta-regression and robust Bayesian
meta-regression models for each moderator.

Moderator analyses showed significant variation in effect sizes
across different types of social norm message, modes of delivery, tar-
geted behaviours and populations. The omnibus test for social norm
type was significant (QM(9) = 38.76, P< 0.001, 7= 0.18), although no
specific categories yielded significant deviations from the grand mean.

The delivery format also moderated effects significantly
(QM(5) =40.31,P<0.001, 7= 0.17). Of the delivery modes, only physi-
cal materials (for example, leaflets, brochures) were associated with
asignificant, albeit small, negative deviation from the grand mean
(Cohen’s d=-0.10,95% CI[-0.22, 0.02], P=0.034), even though the
confidenceinterval spans zero. All other formats, including digital and
audio/multimodal channels, did not significantly influence outcomes.
Differences by target behaviour were also significant (QM(8) = 37.20,
P<0.001, 7=0.18), but none of the behavioural domains examined
showed significant deviations.

Finally, population subgroup analyses indicated significant mod-
eration (QM(4) =46.27, P<0.001, = 0.16). Interventions delivered
to university students were associated with a small but significant
deviation from the grand mean (Cohen’s d = 0.17, 95% CI [0.04, 0.31],
P<0.001). Nosignificant effects were observed among clinical patients,
healthcare professionals or the general non-clinical population.

Addressing publication bias

Inlight of recent findings that evidence for the effect of nudging inter-
ventions does not remain significant after adjusting for publication
bias®®, we re-evaluated our data with similar adjustments. Specifically,
we employed robust Bayesian meta-analysis® to account for potential
publication bias.

Visual inspection of a funnel plot presenting the relationship
between effect sizes and their standard errors revealed an overrepre-
sentation of positive effect sizes in studies with low precision (Fig. 5).
Although an Egger’s test*” showed significant evidence for funnel plot
asymmetry (z=3.57,P< 0.001), itisimportant to note that such tests
andvisualinspectionmethods, including funnel plots, are often under-
powered and insufficient for conclusively identifying publication bias.
Simulation studies® have demonstrated that more robust methods,
such as Bayesian model-averaged meta-analytic approaches with
publication bias adjustments, should be appliedirrespective of visual
or statistical indications of bias from funnel plots or Egger’s tests.

Asarobustness check, wefirst tested our hypotheses using a Bayes-
ian model-averaged meta-analytic model and then applied the same
model with publication bias adjustment (RoBMA), which accounts for
potential publication bias more reliably. Results are detailed in Table 1.

A Bayesian model-averaged meta-analytic model with weakly
informative priors (N(0, 1) and N(0, 0.5)) showed the same overall
effect (Cohen’sd = 0.14, 95% credible intervals (Crl) [0.09, 0.19], Bayes
factor (BF)y, = 0.00). This effect was reliable across prior sensitivity
analyses, with strongly informative priors (N(0.5, 0.1)) leading to a
slightly larger but still small estimate (Cohen’s d = 0.16, 95% Crl1 [0.11,
0.21], BF; = 0.00), and flatimproper priors (N(0,1,000)) showing the
same effect (Cohen’sd = 0.14,95% Crl[0.09, 0.19], BF ,, = 0.00).

After adjusting for publication bias via robust Bayesian
meta-analysis, the effect of social norms interventions on health
behaviours was no longer statistically significant (Cohen’s d = 0.01,
95% Cr1[0.00, 0.09]). The Bayes factor for this effect indicates strong
evidence for the null hypothesis of no effect (BF,, = 0.11; see refs. 34,35)
and there was very strong evidence for the presence of publication bias
(BF,, =259.537). This model also showed substantial variability in the
effect sizes, the estimated between-study heterogeneity being 7= 0.17
(95% Cl1[0.13, 0.21]).

Werepeated the moderation tests, following the same procedure
of applying a Bayesian unadjusted model and a Bayesian bias-adjusted
model. For both Bayesian unadjusted and bias-adjusted models, none
ofthe predictor levels showed significant differences from the overall
effect for any of the moderator variables examined. Bayes factors for
all moderator variables showed strong evidence in favour of the null
hypothesis. Results are detailed in Table 2. Bayesian estimates based
on weakly informative priors still show very small effects for the sub-
group of messages presenting numeric datafroma‘typicalindividual’,
messages delivered through posters or signs, the target domain of diet
and the subpopulation of university students, although the credible
intervals span zero (Table 2). The observed effects in the frequentist
and unadjusted Bayesian model disappeared after adjusting for pub-
lication bias (see Fig. 6).

Discussion

Theresults of our meta-analysis, which included 89 studiesin 60 papers,
indicated that social normsinterventions have asmall but statistically
significant positive effect on healthbehaviours. This effect, however, no
longer holds after adjusting for publication bias. A funnel plot revealed
anoverrepresentation of positive effect sizes in studies with low power,
indicating publicationbias. After adjusting for publication bias through
robust Bayesian meta-analysis, we found no effect and moderate evi-
dence for the absence of an effect. We found substantial variability
in the effect sizes of individual studies. Overall, our analysis showed
that while the omnibus tests indicated significant moderation for the
pre-registered variables (type of messaging, mode of delivery, health
domain and population), none of the individual levels significantly
differed from the grand mean for any variable tested after adjusting
for publication bias, suggesting no meaningful moderation effect at
the level of specific subgroups.

Our findings contradict much of the previous literature that has
found social norms messaging interventions to be effective atimprov-
ing health behaviours®", It must be noted, however, that the effects
observed in the literature are consistently very small, and results in
many cases are mixed (for example, refs. 10,18). To the best of our
knowledge, all previous meta-analyses of social norms interventions
onhealthbehaviours were conducted using frequentist analytic meth-
ods. Theresults of our frequentist models are largely consistent with
previous literature, showing small to null effects. A key contribution
this study makes to the literature is the replication of these analyses
using amore robustanalyticapproach thataccounts for conservative
priors and publication bias.

Our finding that there is no effect of social norms messaging after
adjusting for publication bias is consistent with the wider literature
on the effectiveness of nudging. Reference 30 found that evidence
for the effectiveness of nudging interventions froma meta-analysisin
ref. 35 no longer held after adjusting for publication bias. This relates
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Table 2 | Results of the main and moderator analyses using a frequentist random-effects model, NoBMA and RoBMA

Combined N Random effects NoBMA RoBMA
89 0.14[0.09, 0.14], 0.14[0.09, 0.19], 0.01[0.00, 0.09],
1(89)=0.18 BF,,=0.00 BF,,=0.11
Type of social norms messaging
Omnibus 89 QM(d.f.=9)=38.76, P<0.001, BF,=0.00 BF,;=1,000
1(89)=0.18
Combined -0.01[-0.27,0.25], P=0.916 0.00[0.00, 0.00] 0.00[0.00, 0.00]
Injunctive 4 -0.07 [-0.44, 0.29], P=0.576 0.00[0.00, 0.00] 0.00[0.00, 0.00]

Social comparison to % or proportion of population 22 -0.01[-0.15, 0.14], P=0.897

0.00[0.00, 0.00]

0.00[0.00, 0.00]

Social comparison to average of population 5 -0.06 [-0.30, 0.18], P=0.470

0.00[0.00, 0.00]

0.00[0.00, 0.00]

Social proof - population statement (no data) 13 0.03[-0.15, 0.21], P=0.649

0.00[0.00, 0.00]

0.00[0.00, 0.00]

Social proof - population statement (absolute data) 6 -0.10 [-0.34, 0.15], P=0.263

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00 [0.00, 0.00]

0.01[0.00, 0.00]

0.00 [0.00, 0.00]

BFo,=15.15

BF.,=142.86

0.00 [-0.06, 0.00]

0.00 [0.00, 0.00]

0.00[0.00, 0.09]

0.00[0.00, 0.00]

-0.01[-0.10, 0.00]

0.00[0.00, 0.00]

-0.01[-0.10, 0.00]

0.00[0.00, 0.00]

Social proof - population statement (proportion) 23 0.09 [-0.06, 0.24], P=0.096
Social proof - typical individual (no data) 3 -0.01[-0.36, 0.35], P=0.949
Social proof - typical individual (numeric data) 7 0.14[-0.15, 0.43], P=0.188
Mode of delivery
Omnibus 89 QM(d.f.=5)=40.31, P<0.001,
(89)=0.17

In-app/on screen 33 -0.05[-0.17, 0.08], P=0.322
Audio/multimodal 10 0.07[-0.12, 0.25], P= 0.346
Email/text message 10 -0.10 [-0.29, 0.06], P=0.119
Physical materials 29 -0.10[-0.22, 0.02], P=0.034
Poster/sign 7 0.18[-0.12, 0.48], P=0.134

0.01[0.00, 0.18]

0.00[0.00, 0.00]

Health behaviour

BF=1,000

BFy=2,522.54

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.01[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

0.00[0.00, 0.00]

BF4,=0.90

BF,=13.89

-0.08 [-0.25, 0.00]

-0.01[-0.15, 0.00]

-0.02 [-0.11, 0.05]

0.00[0.00, 0.04]

0.00 [-0.06, 0.07]

0.00[0.00, 0.05]

Omnibus 89 QM(d.f.=8)=37.20, P<0.001,
7(89)=0.18
Alcohol consumption 10 -0.01[-0.19, 0.16], P=0.825
Other 12 -0.08 [-0.26, 0.10], P=0.208
Diet 22 0.09 [-0.06, 0.25], P=0.102
Physical activity 9 -0.03[-0.26, 0.21], P=0.764
Prescribing 10 0.00[-0.18, 0.17], P=0.951
Screening 12 -0.05 [-0.21, 0.10], P=0.364
Sexual health 4 0.08 [-0.25, 0.41], P=0.497
Vaccination 10 0.00 [-0.18, 0.18], P=0.991
Population
Omnibus 89 QM(d.f.=4)=46.27, P<0.001,
7(89)=0.16
Clinical patients 6 -0.15[-0.30, 0.00], P=0.015
Healthcare professionals 13 -0.03 [-0.14, 0.09], P=0.529
Non-clinical general 47 0.01[-0.08, 0.09], P=0.880
University students 23 0.17 [0.04, 0.31], P=0.002

0.09[0.00, 0.26]

0.01[0.00, 0.10]

The analyses were conducted using a random-effects model with the combined sample size (N) of 89 unless otherwise specified. For each comparison, 95% Crls are provided. In the case
of the NoBMA and RoBMA models, Bayes factor (BF,) is reported. The statistical tests used include omnibus tests for group differences, with the corresponding QM statistic and degrees of
freedom (d.f.). Where applicable, P values are reported. No corrections for multiple comparisons were applied. The direction of effects (positive or negative) and the corresponding credible

intervals are displayed for each model. The P values are indicated as exact values when available.

to the main issue identified through the ‘risk of bias’ assessment of
the included studies, which was the selection of the reported result
(Fig.2). Apotential explanation for the discrepancy between our con-
clusions and those of previous reviews, as further evidenced by the
difference between the unadjusted and bias-adjusted results, is that
positive results are more likely to be selected and published. Thisisin
line with more recent findings from ref. 36 which found that despite
pre-registration, many randomized controlled trials conducted by

nudge units provide insufficient detail in their pre-analysis plans
and final reports, making it difficult to assess the extent of selective
reporting. Notably, focusing the analysis on papers with low risk of bias
yielded ahigher overall effect estimate for the frequentist model, war-
ranting further investigation. Given this phenomenon, aninteresting
avenue for future research could be to conduct meta-analyses focusing
solely on papers published after the replication crisis publicity and the
advent of the open science movement.
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Fig. 6| Moderation analysis of subgroups. Forest plot of moderation analyses
showing differences from the grand mean for various subgroups of social norms
messaging interventions, including results from the frequentist random-
effects meta-regression, NoBMA and RoBMA models. Each point represents the
estimated difference from the grand mean for that subgroup, and horizontal

Difference from the grand mean

lines represent 95% Cls (for the frequentist model) and Crls (for the Bayesian
models) around those estimates. Estimates are derived from three models:
random-effects (black circles), NoBMA (purple squares) and RoBMA (blue
triangles). Data are presented as point estimates + 95% Cls or Crls. Statistical tests
conducted were two-sided. No corrections were made for multiple comparisons.

In our meta-analysis, we only extracted data about primary
hypotheses and favoured intention-to-treat over per-protocol analyses.
Therefore, significant results in per-protocol or subgroup analyses may
not have been included. It is possible that social norm interventions
are more effective in particular subgroups (for example, risky drink-
ers”). However, we considered our approach to be areasonable one for
pooling datain this domain. Studies are rarely powered for subgroup

analysis, which increases the chance of false positives in those tests,
and nudges are oftenrolled out across whole populations, with aclaim
that small average effects are impactful over a large population (for
example, refs.38,39). Focusing on population averages addresses the
literature onits own terms.

Omnibus tests of moderation were significant for all variables;
however, when examiningindividual-variable levels against the overall
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effect, we found that none differed from the grand mean significantly.
Allfour moderator models still showed substantial heterogeneity with
tranging from 0.20to 0.24, suggesting that heterogeneity evenamong
moderator levels may contribute to the discrepancies in effect sizes
andyield results that are less meaningful*®*. This heterogeneity could
explainwhy our findings differ fromthose reportedin previous studies,
although the evidence from previous literature is mixed*.

The type of social norm messaging did not moderate the effec-
tiveness of social norms interventions on health behaviours. Our
findings contradict two previous meta-analyses, one showing that
descriptive norms can affect intentions to undertake positive health-
care behaviours*’, and another finding that interventions that used
social comparison had a positive, albeit very small, effect on the
clinical behaviour of healthcare workers with a standardized mean
difference (SMD) of 0.06 (95% CI [0.04-0.08])". In both cases, we
found that our frequentist models replicated the results, with the
effective types of message all being descriptive norms and social
comparisons with a small effect. However, these effects no longer
hold in the RoBMA model.

Mode of delivery did not moderate the effect of social norms
interventions on healthbehaviours. It should be noted that the studies
in each category, of which allbut one came from the same paper®, were
fairly heterogeneous (except those on posters and signs). Nevertheless,
our findings are reasonably consistent with those of ref. 11; results of
the frequentist model on delivery by email, in writing and in mixed
format were all consistent with the average effect size they found
(whichwas very small). Once more, when adjusting for publicationbias
through RoBMA, the effects seem to no longer hold. One study in this
analysis stands out due to the much larger effect with a very precise
estimate®. Unlike many other studies included in this analysis, which
provide a one-time message or single feedback letter, ref. 43 employed
an intensive media intervention on a statewide level over the course
of 15 months, which is the longest intervention period of any of the
included studies.

The effect size of social norm messaging interventions did not
vary across different health domains. Diet was the domain with the
highest estimated difference from the overall effect, although this
difference was not significant. The direction of the effect is consist-
ent with other reviews that have found that conveying normative
information—including not only social norms messaging, but also
modelling of behaviour and implicit messages conveyed by por-
tion size—is effective in changing dietary behaviour®°. We did not
find a statistically significant effect of feedback in the domain of
prescribing, which contrasts with ref. 11 that found a small effect of
social norm messages on prescribing behaviours (SMD 0.11, 95% CI
[0.09-0.13], n=21), and ref. 15 that found an effect of social norms
feedback on antibiotic prescribing. The latter included a different
sample of papers, including lower-quality designs (non-randomized
studies with concurrent controls and controlled before-and-after
studies, as well as randomized controlled trials (RCTs)). Both these
meta-analyses did not include some more recent studies that found
null effects (for example, ref. 17).

Amongallsubgroups, only college students showed a significant
effectiveness of socialnormsinterventions according to the frequentist
model, but this effect disappeared after adjusting for publication bias.
To the best of our knowledge, there have been no other meta-analyses
of social normsinterventions on the health behaviours of college stu-
dents. We did not find a statistically significant effect of social norms
interventions on behaviours of healthcare workers. This contrasts
with ref. 11, which found a very small effect of social norms messages
on healthcare workers’ clinical behaviour (95% CI[0.07-0.10]). It is
worth noting that, while most studies included sample populations
with unknown previous levels of the target behaviour, some studies
included sample populations due to their above- or below-average
levels of target behaviour (that is, higher-risk groups), such as low

mental resilience’ and excessive levels of alcohol consumption**. Itis
possible that normative messages affect higher-risk groups differently.
Future research could investigate this further.

Social norms messaging is supposed to work via a preference for
conformity with the behaviour of the group. Itis motivated by the key
assumption that perceptions of peers’ attitudes and behaviourisincor-
rect. Social norms messages aim to correct recipients’ perceptions of
social norms and therefore positively influence their behaviour. Of
the 89 studies included in this review, only 10 elicited participants’
perceived norms pre-intervention'>?**=! Thus, it remains unclear
whether the normative information changed participant perceptions
of the norm at all. Moreover, only 17 studies included manipulation
checks, verifying participants’ understanding and awareness of the
norm?-2645-485052-61 Many of the studies we covered were field experi-
ments, so it is difficult to measure anything other than behaviour.
Nevertheless, future studies could consider whether it is possible to
elicit people’s perceptions of norms, both before and after receiving
the message, which may shed some light on the mixed effectiveness
of messaging.

There was moderate heterogeneity in the results of the studiesin
our meta-analysis (7= 0.22), with some studies exhibiting moderate to
large positive effects and afew exhibiting negative effects. This may not
besurprising giventhat theincluded studies are themselves heteroge-
neousinterms of target behaviour, population and mode of delivery.
We remain cautious in interpreting meta-analytic averages when the
studies exhibit high heterogeneity***'. It may be more useful to look for
explanations of the heterogeneity*’. Indeed, the pre-registered aim of
our study was to conduct moderator analyses, to give guidance on what
characteristics of social norm messages are more effective atachieving
positive healthbehaviour change, and on what types of behaviour and
population they are more effective on. Nevertheless, we did not find
any significant effects among our selected moderators.

Socialnormsinterventions appear to have limited effectiveness
in improving health behaviours. Our meta-analysis suggests that
any small effects previously reported could be the result of selec-
tive reporting. The presence of moderate heterogeneity in all our
modelsindicates that we should interpret the meta-analytic average
with caution. The pooling of effect sizes from substantially different
intervention types, populations and outcome targets means that we
cannot draw firm conclusions from the pooled effect alone. However,
the examination of pre-registered moderators suggests that this type
of heterogeneity is not the reason why results might be inconsistent;
moderators did not account for any considerable percentage of the
heterogeneity and yielded null results when comparing individual
subgroups to the overall pooled effect. Heterogeneity may be stem-
ming from other factors, such as mode of measurement or follow-up
time®. Key questions for further research are the longevity of any
effects of social norms messaging and the effectiveness of repeatedly
using the same intervention. At a policy level, future interventions
for improving public health outcomes should explore alternative
approaches.

Methods

The meta-analysis methods adhered to the Cochrane guidelines for
conducting systematic reviews of interventions® and followed the
PRISMA standards®. The protocol for this study was registered on
PROSPERO (https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42021253063) before conducting data extraction.

Inclusion criteria

1. Study type: randomized controlled trial

2. Language: reported in English

3. Population: people aged 16 or older in developed countries
(see the United Nations Conference on Trade and Development

2023 country classifications" for further details)
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4. Intervention:

(a) Social norms message interventions targeting single health
behaviours alone or multiple health behaviours, or health-
care workers’ behaviours.

(b) Includes messages that provide normative information about
the behaviour of others within a relevant reference group,
which may include social comparisons (target performance
relative to areference group), social proof (information about
what the reference group does), injunctive norms (informa-
tion about what ought to be done) or a combination thereof.

(c) Messages can be delivered through any modality, and they
caninclude pictures, as well as text or verbal messages.

(d) It must be possible to assess the effectiveness of the social
norms aspect of the intervention; thus, if there is a multicom-
ponent intervention, then the control condition must allow
the effectiveness of the social norm component to be assessed,
or the social norms element must be the main active ingredi-
ent of the intervention. All types of control were considered,
including studies with both active and passive controls.

5. Outcomes: the study should include objective behavioural
outcomes or intention to perform behavioural outcomes. Ex-
amples of relevant outcomes: alcohol consumption, exercise or
physical activity, fruit and vegetable consumption, prescribing,
handwashing, uptake of screening, uptake of health checks and
uptake of vaccination.

Exclusion criteria
Studies were excludedif:

1. They were conference abstracts, unpublished theses, discus-
sion papers, editorials, policy articles, and epidemiological,
cross-sectional or longitudinal observational studies, or
non-randomized controlled trials.

2. Theydid notinclude a social norms approach to health behav-

iour change.

Social norms interventions did not target a health behaviour.

4. Itwas not possible to isolate the effect of social norms, for ex-
ample, a multicomponent intervention with a no-intervention
control where the social norms component was not the main
active ingredient.

5. They targeted the following populations or health behaviours:
defecation, female genital mutilation (FGM), alcohol or can-
nabis consumption in college students or school students,
populations in developing countries.

6. The population whose behaviour was targeted included adoles-
cents or children under the age of 16.

w

Our exclusion criteriawere designed to exclude literature oninter-
ventions thatare not applicable to the healthcare context of developed
countries and do not target the general adult population (of patients
or health care practitioners). To achieve this, we excluded literature on
the basis of two factors: location (populationsin developing countries)
and health behaviours that are not relevant to majority of the general
population in developed countries (such as defecation and FGM).
We also excluded literature pertaining to interventions on alcohol or
cannabis consumption in college students or school students. These
interventions target a problem specific to a very particular type of
community and population (young educated adults, generally all
living together). Further, there is an extensive body of literature on
this population, whichwould have disproportionately influenced our
results (see for example, ref. 64 for areview).

Search strategy
A combination of focused searches were undertaken, including
searches of bibliographic databases and searches for grey literature.

Searches were conducted on the following databases:

* PsycINFO

» Medline

« Embase

 Psychology and Behavioral Science Collection
» Web of Science

* TRIP

« Cochrane

We also searched for grey literature by asking for studies from
providers on the Cabinet Office Behavioural Insights procurement
framework, and behavioural science research and consultancy groups,
including the Behavioural Insights Team (BIT), Penn SoNG (University
of Pennsylvania), CogCo (the Cognition Company) and Behaviour
Change for Good (Wharton), and by searching PROSPERO for other
registered reviews that might be relevant and asking their authors for
reference lists.

Search terms and limits

Search terms were derived from the inclusion criteria in relation to
study design (that is, RCT), population (adults), intervention (social
norms) and outcomes (health behaviours). We used both free text and
thesaural terms. They were combined using Boolean and proximity
operators to search the electronic databases stated above® as follows
(also see Supplementary Table1):

[social norms OR ((social OR descriptive OR injunctive OR sub-
jective) AND (norm OR norms)) OR (peer OR family OR social) AND
influence*]

AND

[letter OR text messaging OR (feedback OR leaflet* OR campaign*
OR program* or letter* OR text* OR email OR e-mail OR (change*
behavio?r*))]

AND

(drug prescriptions OR prescrib* OR antimicrobial stewardship
OR ((antimicrobial OR anti-microbial) stewardship))

OR

(infection control* OR (hand* AND (wash* OR hygiene)))

OR

(overweight OR obesity OR (overweight OR obes*) OR (weight
AND (control OR gain ORloss)))

OR

(exercise OR sedentary behavio?r OR (physical activity OR exercis*
OR ‘resistance training’))

OR

(diet OR feedback behaviour OR (snack* OR diet* OR nutrition) OR
‘eating behavio?r’ OR ((fruit OR vegetable*) AND (consum* OR eat*)))

OR

(sexual behaviour OR unsafe sex) OR (sexual AND (health OR
behavio?r)) OR (‘condom use’ OR ‘using condom* OR ‘safe sex’)

OR

(oral health OR ((oral OR dental) AND (health OR hygiene OR
care)))

OR

(substance-related disorders OR (‘drug use’ OR ‘using drugs’ OR
‘drug abuse’ OR ‘drug misuse’ OR ‘drug mis-use’) OR (drug* AND tak*))

OR

((alcoholic intoxication OR alcoholism OR binge drinking) OR
(‘binge drinking’ OR “alcohol consum* OR “alcohol misuse’ OR “alcohol
mis-use’))

OR

(screentime OR (screen viewing OR ‘screen time”))

OR

(public health OR ‘public health’)

AND

[RCT OR ‘randomi?ed controlled trial*]
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Several limits were placed on the search, including alanguage filter
to select only studies published in English, and an RCT filter to select
only RCTs, since we anticipated alarge number of studies and wanted to
restrict tothe gold standard for provision of evidence of effectiveness.
The specific search terms used were not pre-registered in the protocol.

Exploratory searches were conducted in February 2021, and pri-
mary searches were conducted inMarch2021andre-runin April2022to
guarantee that newly published studies areincluded in the systematic
review. Our cut-off date for retrieval of papers and grey literature for the
first search was 31 May 2021, and 17 June 2022 for the updated search.
Afinal database search was conducted in March 2024.

Study screening
Rayyan QCRI reference management software® was used to manage
records. Once arecord of the number of references downloaded from
each database was recorded, they were combined, with duplicate
references removed.

Initially, titles and abstracts were screened by two reviewers (out
of N.G., T.P., C.E.R.E., S.L.F. and aresearch assistant). If the studies did
not meet theinclusion criteria (or met the exclusion criteria) they were
excluded. Where titles met theinclusion criteria (but did not meet the
exclusion criteria), or it was unclear, the citation was retained and the
full text of the paper obtained. Disagreements were resolved by discus-
sion. Full texts were screened by two reviewers.

Data extraction

Datawere extracted by onereviewer, and asecond reviewer checked for
correctness and completeness of extracted data. There was one extrac-
tor and one checker per paper. Reviewers and checkers were taken
fromapoolincluding T.P., C.E.R.E.S.L.F., aresearch assistant and R.C.

Raw data on social norms intervention methods were extracted
from each study using a dataextractiontemplate. Reviewerstested the
data extraction template using three randomly selected articles. Raw
descriptive data from each study were extracted by one reviewer and
checked by a second reviewer to ensure consistency of social norms
coding. Statistical data from included studies, including the type of
outcome data, the statistical significance testing conducted and meas-
ures of effect sizes used, were extracted and compiledinaraw datatable
(see Supplementary Table 1). Where the necessary value for the analysis
was neither available nor reported in the study, authors were contacted
directly and asked to provide any missing data, where applicable.

We extracted data regarding results of the main hypothesis (or
hypotheses) only, not from additional subgroup analyses or explora-
tory analyses. When authors provided both intention-to-treat (ITT)
and per-protocol (PP) results, we extracted the more conservative
ITT values.

‘Risk of bias’ (quality) assessment

The quality of the papers included was assessed for risk of bias using
the Cochrane RoB 2 tool*. Risk of bias was assessed independently by
tworeviewers.

Analyticapproach
Analyses were conducted in R (v.4.4.1)* using the packages metafor®’
(v.4.6-0) and RoBMA®® (v.3.1). Effects of included studies were not
uniformly reported (for example, some studies included means and
standard deviations, others odds ratios, yet othersincluded regression
coefficients and so on). To adequately compare the studies, results
needed to be converted to acommon effect size, Cohen’s d.
Following this standardization, we performed a random-effects
regression®, employing the restricted maximum likelihood estimation
method, to obtain an overall effect. We displayed the results of indi-
vidual studies and syntheses visually using forest plots. Heterogeneity
of the effect sizes were calculated using the /* statistic’, and the vari-
ance of the underlying distribution of true effect sizes was estimated

with the 7 statistic®*”’2. We also performed the analysis following the
removal of studies with overall ratings of ‘high’ and ‘some concerns’in
the ‘risk of bias’ assessment®’.

We conducted moderator analyses to determine the effective-
ness that specific characteristics of interventions have on interven-
tion outcomes. The moderators were type of social norm messaging,
mode of delivery, health behaviour, target population and quality of
studies as determined by the ‘risk of bias’ assessment. We conducted
acomparison of each group with the grand mean of all groups for each
moderator. We further interrogated the significant moderators by
including other variables in the model as a robustness check.

The moderators were based on the pre-registered protocol. The
categorization of types of social norms message was derived induc-
tively from the search results (that is, looking at the text of the social
norm messages we found) to group similar messages so that they
could be compared in the meta-analysis. Each social norm message
was classified by one of our pool of reviewers and the coding checked
by asecond reviewer. The categorization was pre-registered before
the data analysis began.

Finally, we tested for publication bias and applied robust Bayes-
ian meta-analysis, abias correction technique that makes multimodel
inferences about the presence or absence of an effect, heterogeneity
and publicationbias, by applying selection models that estimate rela-
tive publication probabilities and modelling the relationship between
effectsizes and standard errors®. As arobustness check, we first tested
our main hypotheses using a Bayesian model-averaged meta-analytic
model. We then applied the same model with an adjustment for pub-
lication bias (ROBMA). We repeated the same process for each of the
four moderation models. We conducted prior sensitivity analyses for
all the models.

These analyses were pre-registered on the Open Science Frame-
work at

https://osf.io/jkd4v/?view_only=c509214920af454684762a76b
9402009f.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data for this paper’s analyses were compiled by the authors
from the studies identified in the systematic review. Searches
were conducted on the following databases: PsycINFO (https://
www.apa.org/pubs/databases/psycinfo), Medine (https://www.
nlm.nih.gov/medline/medline_home.html), Embase (https://
www.elsevier.com/en-gb/products/embase), Psychology and
Behavioral Science Collection (https://www.ebsco.com/prod-
ucts/research-databases/psychology-behavioural-sciences-
collection), Web of Science (https://clarivate.com/academia-
government/scientific-and-academic-research/research-
discovery-and-referencing/web-of-science/), TRIP (https:/www.trip-
database.com/) and Cochrane (https://www.cochrane.org/). Data used
intheanalysis are available onthe Open Science Framework repository
at https://doi.org/10.17605/0SF.10/JKD4YV (ref. 73).

Code availability
The codetoreplicate the analysisis available onthe OpenScience Frame-
work repository at https://doi.org/10.17605/0SF.I0/JKD4YV (ref. 73).
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Study description Systematic review and quantitative meta-analysis

Research sample 89 randomised controlled trials using social norms messaging in developed countries to change health behaviours among 16+ year-
olds. Of the 89 studies included, 22 focused on diet, 12 on screening, 10 on vaccination, 10 on alcohol consumption, 10 on
prescribing, nine on physical activity, and four on sexual health. There were 12 studies that we grouped as “other”; three studies on
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smoking. The three studies on sunscreen use were part of the same paper.
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students, 13 on healthcare professionals, and six on clinical patients. The studies included diverse delivery methods for social norms
interventions: 29 used physical materials (letters or printed leaflets), 33 were delivered on-screen through mobile apps, websites, or
similar displays, 10 were sent via email or text messages, and 10 employed multiple modalities or audio, such as spoken word
combined with images or text. Additionally, seven interventions delivered social norms messages through posters or signs.

Interventions included various types of both descriptive and injunctive social norms messages. The majority of studies (n = 79)
concentrated on descriptive social norms messaging, while four studies utilised injunctive social norms messaging (e.g. “A lot of
people aren’t aware that the typical student thinks their peers should eat five servings of fruits and vegetables each day. Students
think you should eat more fruit and vegetables than you’d expect.”9), and six studies employed a combination of both descriptive
and injunctive social norms messages (e.g. “You thought that % of college students try to avoid consuming sugar sweetened
drinks. On average actually 90% of college students try to avoid consuming sugar-sweetened drinks.”21).

Sampling strategy Randomised controlled trials using social norms messaging in developed countries to change health behaviours among 16+ year-olds.
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Study type: Randomised controlled trial (RCT)
Language: Reported in English
Population: People aged 16 or older in developed countries (see the United Nations Conference on Trade and Development 2023
country classifications for further details)
Intervention:
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Data collection
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behaviours.

Includes messages that provide normative information about the behaviour of others within a relevant reference group, which may
include social comparisons (target performance relative to a reference group), social proof (information about what the reference
group does), injunctive norms (information about what ought to be done) or a combination thereof.

Messages can be delivered through any modality; and they can include pictures, as well as text or verbal messages.

It must be possible to assess the effectiveness of the social norms aspect of the intervention, so if there is a multi-component
intervention, then the control condition must allow the effectiveness of the social norm component to be assessed, or the social
norms element must be the main active ingredient of the intervention. All types of controls were considered, including studies with
both active and passive controls.

Outcomes: The study should include objective behavioural outcomes or intention to perform behavioural outcomes. Examples of
relevant outcomes: alcohol consumption, exercise or physical activity, fruit and vegetable consumption, prescribing, handwashing,
uptake of screening, uptake of health checks, and uptake of vaccination.

A combination of focussed searches were undertaken, including searches of bibliographic databases, and searches for grey literature.

Searches were conducted on the following databases:

PsycINFO

Medline

Embase

Psychology and Behavioral Science Collection

Web of Science

TRIP

Cochrane

We also searched for grey literature, by asking for studies from providers on the Cabinet Office Behavioural Insights procurement
framework, and behavioural science research and consultancy groups, including the Behavioural Insights Team (BIT), Penn SoNG
(University of Pennsylvania), CogCo (the Cognition Company Ltd) and Behaviour Change for Good (Wharton), and by searching
PROSPERO for other registered reviews that might be relevant and asking their authors for reference lists.

Search terms and limits

Search terms were derived from the inclusion criteria in relation to study design (i.e. RCT), population (adults), intervention (social
norms) and outcomes (health behaviours). We used both free text and thesaural terms. They were combined using Boolean and
proximity operators to search the electronic databases stated above62 as follows (also see Supplementary Information):
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influence*]

AND
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OR

(exercise OR sedentary behavio?r OR (physical activity OR exercis* OR “resistance training”)

OR

(diet OR feedback behaviour OR (snack* OR diet* OR nutrition) OR “eating behavio?r” OR ((fruit OR vegetable*) AND (consum* OR
eat*))

OR

(sexual behaviour OR unsafe sex) OR (sexual AND (health OR behavio?r)) OR (“condom use” OR “using condom*” OR “safe sex”)
OR

(oral health OR ((oral OR dental) AND (health OR hygiene OR care)))

OR

(substance-related disorders OR (“drug use” OR “using drugs” OR “drug abuse” OR “drug misuse” OR “drug mis-use”) OR (drug* AND
tak*))

OR

((alcoholic intoxication OR alcoholism OR binge drinking) OR (“binge drinking” OR “alcohol consum*” OR “alcohol misuse” OR
“alcohol mis-use”))

OR

(screen time OR (screen viewing OR “screen time”))
OR

(public health OR “public health”)]

AND

[RCT OR “randomi?ed controlled trial*”]

Several limits were placed on the search, including a language filter to select only studies published in English, and an RCT filter to
select only RCTs, since we anticipated a large number of studies and wanted to restrict to the gold standard for provision of evidence
of effectiveness.

Exploratory searches were conducted in February 2021 and primary searches were conducted in March 2021 and re-run in April
2022 to guarantee that newly published studies are included in the systematic review. Our cut off date for retrieval of papers and
grey literature for the first search was 31st May 2021 and 17th June 2022 for the updated search. A final database search was
conducted in March 2024.

Exploratory searches were conducted in February 2021 and primary searches were conducted in March 2021 and re-run in April
2022 to guarantee that newly published studies are included in the systematic review. Our cut off date for retrieval of papers and
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grey literature for the first search was 31st May 2021 and 17th June 2022 for the updated search. A final database search was
conducted in March 2024.

Data exclusions Studies were excluded if:
They were conference abstracts, unpublished theses, discussion papers, editorials, policy articles, and epidemiological, cross-
sectional or longitudinal observational studies or non-randomised controlled trials.
They did not include a social norms approach to health behaviour change.
Social norms interventions did not target a health behaviour.
It was not possible to isolate the effect of social norms, e.g., a multi-component intervention with a no-intervention control where
the social norms component was not the main active ingredient.
They targeted the following populations or health behaviours: defecation, Female genital mutilation (FGM), alcohol or cannabis
consumption in college students or school students, populations in developing countries.
If the population whose behaviour was targeted included adolescents or children under the age of 16.

Non-participation No participants were involved in the study.

Randomization This is a meta-analysis so randomisation was not applicable as we did not use any experimental methods.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |:| ChIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

X X X X X X X
Oooodoog

Plants

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied-
Authentication Describe-any-atthentication-procedures foreach seed stock-tised-or-novel-genotype generated.—Describe-any-experiments-tsed-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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