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Matters arising

Evidence from a statewide vaccination RCT 
shows the limits of nudges
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Simple messages derived from behavioural science have increased 
the uptake of the seasonal flu vaccine1–5, and early studies from the 
coronavirus disease 2019 (COVID-19) vaccine rollout have found that 
this strategy works for recently eligible older adults6 and healthcare 
workers7. However, it is unknown whether messaging on its own will 
encourage vaccination against COVID-19 among reluctant populations. 
In a randomized controlled trial (RCT) five to eight weeks after all adults 
in the study population (n = 142,428) were eligible for vaccination, we 
find that the best-performing nudge in previous studies2,6 and seven 
additional messages—stressing vaccines’ safety, efficacy, minimiza-
tion of bad outcomes, accessibility (free, no identification required), 
protection of recipients’ families or widespread adoption—had no 
detectable effect among people who had not been vaccinated accord-
ing to state records. This suggests an important boundary condition 
for nudges that is consistent with a recent result from late in the flu 
season8. Public health authorities should consider simple messages to 
encourage vaccination at key inflection points (for example, rollout of 
paediatric COVID-19 vaccines and full Food and Drug Administration 
approval for adults), but may see diminishing returns if using them to 
encourage the more hesitant.

After a strong initial push, the rate of COVID-19 vaccinations declined 
in the USA. Efforts to encourage vaccination have run the gamut from 
free doughnuts and marijuana to million-dollar lotteries and rare expe-
riences such as driving at a superspeedway. Recently, Dai et al.6 reported 
promising results from an RCT evaluating another tactic—sending 
people short messages informed by behavioural science. The appeal 
of this approach is clear: it is cheap and minimally invasive. It is also 
well supported by convergent evidence: email messages increased 
COVID-19 vaccination appointment sign-ups among healthcare work-
ers7, and SMS1–3, mail4 and email5 messages have increased seasonal flu 
vaccinations. Moreover, it has garnered considerable media attention9, 
with pieces advocating it in The Washington Post, Fortune, The Guard-
ian, U.S. News & World Report and this journal10. Policymakers also took 
note, as several states implemented SMS campaigns9.

The Dai et al. study was conducted early in the COVID-19 vaccine 
rollout with recently eligible older adults. Although the results show the 
potential of nudges, it is unknown whether short messages can change 
motivations in the population that did not get vaccinated immediately. 
Indeed, Dai et. al. distinguish burden reduction (helping people to fol-
low through on pre-existing intentions) from demand creation (chang-
ing intentions), and numerous reviews find limited and mixed evidence 
on what drives demand11–14.

To test whether these findings generalize beyond the initial stages of 
COVID-19 vaccination, we evaluated the efficacy of text messages sent 
by the Rhode Island Department of Health (RIDOH) to increase uptake 

in May and June 2021. The messages included the best-performing ‘own-
ership’ language from Dai et al. and a related flu study2. This language 
was supplemented in most conditions with information about safety, 
efficacy or access, for example. This study offers a strong test of direct 
messaging because recipients were unvaccinated five to eight weeks 
after becoming eligible. It is also a realistic test of what a government 
can and, more importantly, cannot do (for example, craft messages 
containing false claims and send excessive communications).

RIDOH maintains separate databases of individuals who have been 
vaccinated and tested for COVID-19. Our study population is the differ-
ence of these lists (tested but not yet vaccinated) matched through a 
series of quasi-identifiers and excluding people under 18 when tested 
(final n = 142,428; see Extended Data Fig. 1 for randomization scheme). 
The primary outcome was vaccination by the end of the measurement 
period: 25 May 2021 to 21 June 2021 (one week after the last day of mes-
saging). At time of launch, all Rhode Islanders over 16 had been eligible 
to get vaccinated since 19 April 2021, and free, walk-in availability was 
widespread. The study was deemed exempt by RIDOH’s institutional 
review board. The sample size was dictated by policy goals, as all eligible 
individuals received messages. A previous study2 with more conditions 
and a sample size similar to our first iteration detected meaningful 
effects.

We created eight messages (Extended Data Table 1, Supplementary 
Information section 1) on the basis of behavioural science research 
on COVID-19 health behaviours and other vaccination contexts. 
All included ownership language (‘a vaccine is waiting for you’)2,6, 
a sentiment also appearing in a standalone condition. Other con-
ditions further emphasized safety, access, minimal likelihood of 
bad outcomes, reduced risk to one’s family, social norms or some 
combination. All included a link to a state-run page providing  
vaccination options.

Individuals were assigned to receive one of eight messages or no 
message (control group). We randomly divided the population into 
three consecutive iterations of 40,000, 39,709 or 78,394, and then 
into roughly equal groups per day within those weeks. Within these 
strata, individuals were assigned to receive one of eight messages or 
no message (control group).

To maximize overall vaccinations, in iterations 2 and 3 we used an 
adaptive design such that the likelihood of assignment to any given 
message was determined by message performance in the previous 
iteration, with an 𝜀-bounded Thompson sampler adjusting the prob-
ability of assignment to condition over time (Supplementary Informa-
tion section 2).

This study is a block-randomized experiment. All analyses (pre- 
registration: https://osf.io/pkhae) use either the Cochran–Mantel– 
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Haenszel (CMH) test for 9 (condition) × 2 (outcome) × 13 (day) 
strata tables or a block-specific weighting, which provides unbiased  
estimates of intent-to-treat effects and randomization-justified  
variance calculations.

No SMS message did substantially better or worse than the control 
whether vaccination rates were measured one week after the mes-
sages were sent or at the end of the study period. Figure 1 illustrates 
the small size of these differences: the largest positive difference 
was 0.002 for the ‘preventing bad outcomes’ condition (that is, 2% 
of control and 2.2% of ‘preventing bad outcomes’ were vaccinated). 
Furthermore, we see no evidence of differences in vaccination rates 
(however measured) between the control and an aggregated ‘any 
message’ condition (estimated difference in proportions vacci-
nated −0.001, 95% confidence interval (CI) −0.004 to 0.001, CMH 
test, P = 0.27), nor between the arms taken all together (CMH test 
for 9 × 2 × 13 table, P = 0.12). For demographics, see Extended Data 
Table 2; for additional analyses see Supplementary Information 
sections 3–6.

We find no evidence that a strategy found effective early in the 
vaccine rollout6,7 increased COVID-19 vaccination among people 
who remained unvaccinated five or more weeks after becoming 
eligible. Public health officials—especially those avoiding or legally 
barred from mandates—may turn to this strategy to increase vac-
cination rates among the less enthusiastic but will probably see 
minimal impact. Dai et al. highlighted a promising, valuable and 
low-cost tool that can help to increase vaccinations; although our 
result does not contradict theirs, it does bound the reach of such 
approaches, a possibility one of their co-authors contemplated 
elsewhere10.

One limitation of our study is that the initial recipient list may contain 
some vaccinated people. Rhode Island residents could get tested at 
home but vaccinated out of state, and certain sites (for example, Vet-
erans Affairs hospitals) do not need to report individual-level records 
to the state. Base rates may be inaccurate because of this and other 
sources of noise (Supplementary Information section 6), although 
this would not mask treatment effects, as message assignment was 
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Fig. 1 | Average treatment effects for the eight experimental conditions 
overall and proportions vaccinated by day. Top left, the differences in the 
proportion vaccinated by the end of the study between each message 
condition and the control or ‘no message’ condition (2% of the control 
condition was vaccinated within the study period). Top right, the differences in 
the proportion vaccinated within a week of message sending (1% of the control 
condition was vaccinated within a week of message sending). The total control 

condition participation was 11,327. The total size of each arm is shown on the 
right. All point estimates with 95% confidence intervals (CIs). No adjustment 
was made for multiple testing as no test cast doubt on the null of no difference. 
Bottom, proportions vaccinated by 22 June 2021 in each message by the date 
messages were sent. The grey vertical line shows the proportion vaccinated in 
the control condition. The 95% confidence intervals for small proportions 
come from the binomial ensemble method of ref. 17.
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random. Another limitation is that race and ethnicity information is 
incomplete (Extended Data Table 2).

The study by Dai et al. differed from ours in several ways, including 
population age (mean age 70 versus 39), message source (recipients’ 
health network versus a state agency), sign-up ease (recipients being 
directed to a sign-up system versus a page providing vaccination 
options) and vaccination context (appointments were scarce in 
February 2021 but abundant by May 2021). Although these factors 
could account for the different outcomes, flu vaccine findings sug-
gest otherwise: similar interventions have shown success among 
younger populations1, when issued by the state15, and using incon-
venient media (mailed letters4), and flu vaccines are comparatively 
easy to procure. One feature that Dai et al. and many flu vaccine stud-
ies do share is that they were conducted early in their respective 
campaigns, whereas ours was not. Notably, a study of older adults 
found increased uptake of flu vaccines due to postcard messages in 
October but not November, December or January8. Taken together, 
this suggests that nudges help early in vaccination campaigns, but 
the efficacy decays. Another COVID-19 study recently made public 
provides further support16.

Although we cannot identify the mechanism(s) responsible for decay-
ing efficacy of nudges, the possibilities include novelty effects early on, 
oversaturation effects later on, different types of hesitancy (logistical 
barriers versus objections to vaccines), and, especially for COVID-19, 
increasingly polarized discourse, divergent social norms and differential 
vaccine knowledge. Future work in public health communication should 
distinguish these mechanisms to better implement message campaigns. 
It may also be that short messages effectively encourage those some-
what inclined to vaccinate but cannot move those less inclined, regard-
less of timing, and with time, the former group shrinks. Despite our null 
result, nudges may serve foreseeable public health needs (for example, 
vaccinating children under 5 or promoting boosters) if timed correctly. 
Indeed, we know of no studies showing reduced vaccinations owing to 
message campaigns, so they carry little potential harm. However, their 
ability to move the more reluctant may be limited.

Reporting summary
Further information on experimental design is available in the Nature 
Research Reporting Summary linked to this paper.

Data availability
The data analysed in this paper were provided by the Rhode Island 
Department of Health and contains protected health information.  
To protect privacy, we cannot publicly post individual-level data. 
Qualified researchers with a valuable research question and rel-
evant approvals including ethical approval can request access to the 
de-identified data about this trial from the corresponding author.  
A formal contract will be signed and an independent data protection 
agency should oversee the sharing process to ensure the safety of the data. 
Lightly aggregated data that support most of the analyses in this paper can 
be found at https://github.com/thepolicylab/COVID-SMSExperiment. 
Some demographic analyses rely on publicly available data from the United 
States Census Bureau, the United States Department of Housing and Urban 
Development, the Rhode Island Geographical Information System and the 
Rhode Island Board of Elections. Copies of these data and, where appropri-
ate, the code that gathered the data are available at https://github.com/
thepolicylab/COVID-SMSExperiment.

Code availability
The code to replicate the analyses and figures in the paper and the 
Extended Data is available at https://github.com/thepolicylab/
COVID-SMSExperiment.
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Extended Data Fig. 1 | Randomization scheme and sample. RIDOH maintains 
separate databases of (a) individuals who have been vaccinated and (b) 
individuals who have been tested for COVID-19. Vaccination data comes from 
medical providers and pharmacies receiving vaccines supplied by the State of 
Rhode Island, who are required to participate in the Rhode Island Child and 
Adult Immunization Registry (RICAIR) through electronic data reporting. 
Immunization records can be accessed by an individual’s medical provider or 
by authorized RIDOH users conducting public health surveillance activities 
including linking vaccination records with the state’s COVID-19 testing or case 
databases to verify information collected during case investigation. COVID-19 
testing data (b) is reported to the state through the National Electronic Disease 
Surveillance System (NEDSS). Our study population is the difference of lists (a) 
and (b); the resulting database contained 162,504 unique entries. The study 

ended one day early after RIDOH received complaints about excessive 
communication. It is unclear how many complaints were received and how 
many were specifically about this study; other concurrent outreach efforts 
included SMS messages about COVID-19 testing and phone calls to older adults 
encouraging vaccination. Nevertheless, leadership halted all such 
communications out of concern that people would block crucial emergency 
messages. The final N for the study is 142,428. A small subset of the initial 
population (N ≈ 800) had chosen Spanish as their preferred language on testing 
sign-up forms. While we had initially planned to send this group messages 
translated into Spanish, an unresolved encoding problem prevented Spanish 
characters from displaying properly on some cell phones. The project team 
decided to reintroduce these individuals into the general study population for 
Iteration 3.
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Matters arising
Extended Data Table 1 | Messages used in the RCT and rationales

All messages were preceded by “A message from the Rhode Island Department of Health:” and concluded with “Click here for all the ways to claim your free dose: health.ri.gov/[address unique 
to the message condition].” Rationales are based on refs. 2,5,6,18–48. FK, Flesch–Kincaid readability score.
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Extended Data Table 2 | Demographics for study population

Demographic information was entered by individuals or medical technicians at the time of COVID-19 testing and was voluntary. Thus, this information is incomplete, with missing race and 
ethnicity values for 45% of individuals and missing gender for 10%. We report the demographics that are known as a partial look at the characteristics of the group.
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