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ABSTRACT 

INTRODUCTION:  Despite its importance and having few significant technological barriers, hand 

hygiene continues to pose a serious problem in public health. In addition to the highly public 

impact of hand hygiene promotion accompanying the COVID-19 pandemic, inadequate 

compliance with recommended hand- washing and -sanitizing procedures contributes 

substantially to healthcare associated infections, food-borne illness and seasonal flu 

transmission, school- and workplace-based outbreaks, and other arenas of preventable disease. 

“Nudges” – simple, inexpensive cues or selection-environment features that are designed with 

cognitive biases in mind – are used frequently to promote compliance in a variety of health-

related activities, including hand hygiene compliance.  

AIM: To systematically review the literature discussing the efficacy of nudging in promoting 

hand hygiene, and to statistically summarize the results of those studies.  

METHODS: Consistent with PRISMA and Cochrane guidelines for completing a systematic 

review and meta-analysis (SRMA), this study performs a planned and detailed review of 

literature through multiple appropriate databases and external resources, selects studies based 

upon predetermined inclusion and exclusion criteria, sequentially screens titles, abstracts, and 

full-texts for relevance and usability, extracts data systematically, and summarizes statistical 

results and effect sizes. Technological assistance is used to promote thoroughness and 

evaluative integrity. Specifically, Zotero is used in the selection and screening of studies, and R, 

R Markdown, and the R packages metafor1 and clubSandwich2 are used for conducting a meta-

analysis using a correlated and hierarchical effects model.3 

RESULTS:  14 studies contributing 34 effect sizes were analyzed using a multivariate random 

effects model with Robust Variance Estimation. The mean log odds ratio (LOR) was 1.416, with 

a mean odds ratio and 95% confidence interval of 4.12 [2.295 – 7.4] for hand hygiene within 

nudge-conditions compared to controls.  

DISCUSSION: Nudges significantly increase hand hygiene compliance in a variety of populations 

and socio-cultural contexts, though publication bias may exaggerate their efficacy
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Chapter 1: Introduction 

Background  

 In the year 1900, the rate of mortality for children under 5 in the United States was 

approximately 257 per 100,000 births9. Consistent with that staggering figure, the leading causes of 

death excluding child mortality in 1920 included influenza/pneumonia (1st, with 202/100,000 deaths: 

~12%), tuberculosis (2nd, with 194/100,000 deaths: ~11%), gastrointestinal infections/diarrhea (3rd, with 

143/100,000 deaths, ~8.5%), and diphtheria (10th, with 40/100,000: ~3%.)10. While cancer, heart disease, 

and stroke were all in the top 10, they cumulatively were responsible for ~18% of deaths, while the 

aforementioned infections constituted more than 1 in 3 at ~35% of all causes of mortality.6  

 By 2010, mortality from all causes was down 54%11. Child mortality was down by 250 to only 7 

deaths per 100,00012. Influenza/Pneumonia was around 16/100,000 (~2%)7. Diphtheria was 

approximated to have a prevalence of less than 1 – 1 case, not percent—per year13. Likewise, 

tuberculosis shifted from 194/100,000 deaths to a mere 2.4/100,000 cases14. No other infectious disease 

appeared in the top 10 leading causes, and had child mortality been listed, it would have failed also to 

reach the top 10 by a considerable margin. The scientific and technological progress made in the key 

domains of vaccination, gynecology, and water and environmental sanitation are indisputably to thank 

for these shifts15. 

 On the other hand, cancer and heart diseases have roughly tripled in terms of their percentage 

representations – together they caused nearly 1.2 million deaths (~ 50%) in 20107. Additionally, new 

players like diabetes, non-infectious airway diseases, and suicide have filled the spots vacated by the 

infections of 1910. Strokes, neurodegenerative disease, and nephropathies have stubbornly held their 

positions, and accidents – though declining—have also stayed in the running7. Meanwhile, some 

oddballs have emerged into public consciousness: Healthcare-associated infections (HCAIs) caused 

nearly 100,000 deaths in 201816; antibiotic-resistant infections lead to somewhere between 30,000 – 

50,000 deaths annually17; and, of course, the COVID-19 pandemic scarcely requires mentioning.  

 In some part, these figures are paradoxical: as the deleteriousness of infectious disease has 

declined, the population lives longer, leading to higher rates of death from age-related illness (e.g., 

cancer, Alzheimer’s disease, and, to a lesser extent, heart disease and stroke). The same innovations 

that permitted the development of technologies for prevention, diagnosis, and treatment also 

permitted high-speed travel and interstate commerce, exacerbating the threat of international 

pandemic-emergence. The engines powering ambulances also power the vehicles of drunk drivers. The 

hospitals that safely deliver so many infants every year and the antibiotics that have driven away 

gastrointestinal disease become vectors for the transmission of artificially enhanced pathogens.  

 Still, it is hard not to notice something else unique about the present state: how distinctly 

unmysterious, solvable, and behavioral the principal ailments are. Without digressing into metrics of 

Potentially Preventable Deaths18, Disability-Adjusted Life-Years19, Years of Potential Life Lost20, and so 

on, it is incontrovertible that the etiologies, biomechanics, and risk factors associated with virtually all of 

the leading causes of death in the United States and elsewhere in the developed world are well-

understood and widely known21. In contrast to a past characterized by Aristotelian theories of disease 

and limited microscopy, where sickness and death were, in many cases, black boxes (misfortune, bad 

humors, divine retribution, and so on), today there are theories of most maladies that fully or partially 
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satisfy the Bradford-Hill criteria and related diagnostic frameworks22. Mokdad, et al, estimated in 2005 

that the “Actual causes of death” in the United States accounted for nearly 45% of deaths—causes like 

tobacco, poor diet, sedentary lifestyle, alcohol consumption, motor vehicle crashes, drug use, sexual 

behaviors, and driving accidents23.  

Relatedly, as the comprehensibility of these sicknesses increases, so also does their tractability. 

Since this paper is not intended to serve as review of estimates, it will simply be left to the reader’s 

imagination to consider the costs and benefits of (in no particular order, and globally as well): whole 

foods plant-based diets, widespread compliance with vaccination, medication, and sanitation, sex 

education and appropriate use of condoms, annual checkups, needle exchanges, mosquito nets, insect 

repellant, nicotine patches, bike paths, walking trails, whole food school lunches, free addiction 

counseling, naloxone, sugar-level restrictions, and so on.  

However, consideration of these inexpensive, widely available, and highly effective options, 

almost begs for discussion of the third component above. Namely, the discussion of why, given the 

existence of those things, they are not already being used. The presence of the aforementioned 

resources (not available to everyone, of course, but for a considerable majority) is insufficient. As with 

all tools, they must be taken up and used, voluntarily and consistently, or their value remains latent. 

Musing about the same topic, Atul Gawande wrote that the problem with modern medicine is not one 

of ignorance, but of ineptitude24. That is, for the great majority of illnesses and death in the modern, 

developed world, 1) it is well- and widely-known what causes and prevents disease, 2) the mechanisms 

of prevention are cheap, available, and effective, and 3) the persistence of these pathologies is due to 

widespread failure to act, whether at the individual, organizational, or governmental levels.  

Behavioral Science 

 Gawande’s observation appears in his book The Checklist Manifesto17, which details the 

astonishing success of a hospital experiment implementing a checklist system for healthcare workers to 

follow regarding sanitation, the checking of medication and equipment, and the consistent following of 

protocol during care. Doctors and nurses, it turns out, make mistakes like the rest: they forget things, 

rely too heavily on intuition, and occasionally misread labels. In a 21st -century hospital equipped with 

magnetic-resonate imaging technology, cutting edge genetic medications, and millimetrically precise 

robotic surgeons, a sheet of paper with boxes on it turned out to be the difference-maker vis-à-vis 

healthcare error, malpractice, mistreatment, and HCAI25s.  

 From Stanley Milgram’s famous experiments showing how easily people would bend to 

authority figures26, to Kahneman and Tversky’s Nobel Prize-winning cataloguing of biases27, to the 

bestsellers of Katy Milkman28, Dan Ariely29, and others, behavioral science takes up the tasking of 

answering the question: “Why do we do what we do?” Of particular importance is the question of why 

individuals act in a way that is inconsistent with their self-described values and goals—how a person can 

be aware of an option that she acknowledges to be better, and yet select an alternative. Identifying the 

structure of such situations, the circumstances that give rise to them, and the mechanisms that can 

improve decision-making under them is the goal of this research30. Obviously, it is not limited to topics 

of health: we are unnervingly prone to not saving for retirement, overusing our credit cards, destroying 

the environment, gambling away our paychecks, and urinating with insouciance to accuracy (see below).  
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Nudges 

Apparently coined by James Wilk31, and described in detail by D. J. Stewart in 1995, “Nudging” 

became popularized in 2008 with the publication of a book on the subject by economist Richard Thaler 

and legal scholar Cass Sunstein32. The latter define a nudge as “any aspect of the choice architecture 

that alters people’s behavior in a predictable way without forbidding any options or significantly 

changing their economic incentives.”25 They add that nudges ought to be easy and cheap, and that they 

cannot involve mandates. In short, a nudge describes a microeconomic intervention in which the 

presentation of options to the agent (the “choice architecture”25) is modified in a way such that the 

agent is more likely (through the exploitation of cognitive biases and heuristics) to choose X over Y.  

Perhaps the most famous example of a nudge is the projection of an image of a fly in a men’s 

urinal33. Researchers found that men using the urinal paid considerably more care to using the urinal in a 

sanitary way, presumably because the subjects were “aiming” at the fly. Though a bit unsavory, the 

example is useful and illustrative. First there is no restriction of individual choice, thus it is not a law. As 

such, it requires no political maneuvering to implement, and it requires no enforcement. Secondly, it is 

easy, quick, and inexpensive to implement. Thirdly, despite both previous points, it is consistently 

significantly effective at achieving the desired outcome. Another common type of nudge is that which 

relies upon the “Default Bias” such that the agent is told to do nothing if they want to choose option X34. 

For example, not submitting a formal request indicates enrollment in a retirement plan, or not opting 

out in a drivers’ license application indicates enrollment in an organ donation plan35. 

A fourth consideration (not so relevant to the urinal example) is that nudges are easy to avoid. 

There are always exceptions to any general rule, and well-informed people may have an idiosyncratic 

rationale for pursuing an option that may not be generally recommended. For example, a financial 

advisor may not prefer to enroll in a company-sponsored retirement plan, as he believes he can manage 

his retirement fund in a more appropriate way. A nudging approach makes it relatively easy for him to 

opt out of the option that is generally the best choice, while still capturing the apathetic and uninformed 

who might otherwise neglect saving at all.  

Ethical Considerations and Nudging  

Unsurprisingly, Nudge Theory has given rise to an ongoing ethical debate36. Understanding that 

individuals predictably act in a particular way when presented a specific choice architecture can be (and 

is) used in marketing, political strategy, and other contexts in which the well-being of the actor is not the 

primary goal37. Activists, for example, allege that this is the motivating principle behind voter laws 

requiring photo ID38. That is, though it’s true that acquiring an identification card is relatively cheap and 

accessible, certain portions of the population are statistically less likely to have done so, and the claims 

regarding election fraud, they argue, are merely a veneer for discouraging voter participation.  

Generally speaking, the nomenclature within the field describes “nudging” as efforts to this 

effect that increase the probability of an agent choosing something valuable or beneficent (as judged by 

the agent)28. When the presentation of choice is structured to increase the probability of an agent 

choosing something harmful, the term “sludge” is used28. And Yanoff, in 201739, added the term “boost” 

to refer to related technique that does not so much exploit the cognitive predictability of the agent, but 

rather seeks to inform or educate the agent about the presence of a potentially “nudging” or “nudge-



4 
 

worthy” environment (that is, an environment in which there exists a predictable risk of bias or 

judgement-making error).  

Even in the absence of ulterior or exploitative motives, some critics maintain that nudging 

remains unethical – after all, who is to decide what another individual should do40? Thaler and Sunstein 

make three points of relevance: 1) any appropriate nudge ought to orient towards the outcome that the 

individual him- or herself would agree is superior; 2) the ethical position of nudging – “libertarian 

paternalism” – is justified given the regularity with which individuals make decisions that are later 

regretted; and 3) “No-Nudge” is itself a sufficient position, even if it is accidental28. That is (to the latter 

point), a randomly designed choice architecture inevitably produces some option that is – given what is 

known about judgement, bias, and choice – more likely to be chosen. Thus, they suggest, it is better to 

design an architecture that actively seeks for that option to be a beneficent one, rather than risking it 

being a detrimental purely by chance.  

A final consideration of relevance to public health is that nudges vary significantly in terms of 

their effectiveness on the basis of an agent’s prior affective position41. Specifically, nudging tends to fail 

to modify behavior when an actor has a strong preexisting sentiment, either for or against X. This has 

been confirmed in experiments42, and is intuitive: if one is, say, extremely opposed to vaccination, 

believing it to be toxic and a mechanism of control, a personalized text message reminder is unlikely 

going to change his or her mind. On the other hand, if an individual is highly conscientious with a 

positive disposition to healthcare, she will likely seek out vaccines, with or without a reminder. Given 

this, it is incumbent upon public health professionals to consider carefully the weight they give to a 

nudge campaign. The option of non-compliance paired with the ineffective nature on the extremely 

positioned will likely leave some small-but-significant portion of the population unaddressed. In 

situations like non-vaccination, it is precisely the extremely positioned that give rise to the concern43 

(likewise, with, say, masks and social distancing in the COVID-19 pandemic44). On the other hand, 

medication compliance may realistically be a problem of forgetfulness or something similar, and the 

bulk of the targeted population may be susceptible to strategic nudges.  

Nudge Types 

A nudge’s structure is derived from a corresponding cognitive bias, heuristic, or otherwise 

predictable inclination. Table 1 highlights some of these, as well as providing illustrative examples of 

their real-life instantiation. This is by no means an exhaustive taxonomy, but underscores some of the 

most popular types, as well as the nudges appearing in the studies used in this review. Simply put, James 

Clear injuncts45, “make it obvious, make it attractive, and make it easy.” 

Table 1: Nudge Types 

Mechanism General Idea Example(s) Intervention(s) 

 
Default Bias/Status Quo 
Bias: the tendency to 
make no changes unless 
a change is required.27  
 

 
Procrastination; 
taking the path of 
least resistance.  

 
Procrastinating 
scheduling an 
appointment or 
cancelling a subscription 
because of an aversion 
to getting on the phone.  

 
Automatically refilling 
prescriptions.46  
 
Default enrollment in 
organ donation program 



5 
 

 on drivers’ license 
forms.32 

 

 
Salience/ WYSIATI 
(“What you see is all 
there is”): the tendency 
to fail to consider 
anything which is not 
obvious or immediate.47 
 

 
Forgetfulness; 
prioritizing the 
immediate, 
obvious, and 
urgent.  

 
Forgetting to schedule 
an annual mammogram.  
 
Leaving a debit card in 
an ATM after grabbing 
out the cash.48  

 
Text message reminders 
of upcoming 
appointments.28  
 
Signs or pop-ups alerting 
to act.49  
 
Graphical display of 
relevant quantitative 
data. 
 
Placing nutritious food 
near a register or at eye-
level.50  
 

 
Social Desirability Bias: 
the tendency to do what 
others are doing, to 
respond more pro-
socially when being 
observed, to be 
motivated by the 
interests of others, or 
the desire to be admired 
or to fit in.51  
 

 
Wanting to be 
thought well of, 
wanting to avoid 
conflict or 
consequences. 

 
Drinking more at private 
events than at corporate 
events.  
 
Driving more carefully 
with a guest in the car 
than when driving solo.  

 
Posting images of 
“watching eyes” in 
contexts of private 
behavior.52  
 
Underscoring an 
individual’s performance 
in comparison to peers.  
 
Injunctions referencing 
aspects of social 
responsibility.28  
 

 
Hyperbolic Discounting: 
AKA “present bias,” the 
tendency to prefer 
immediate rewards to 
delayed ones, or to act in 
a way that is inconsistent 
with our long-term 
values.53 
  

 
Consistently 
caving to 
temptation. 

 
Committing to a diet, but 
having seconds when 
dinner is served.  
 
Committing to safe sex, 
but neglecting barriers in 
the heat-of-the-moment. 

 
Pre-commitments: for 
example, ordering food 
ahead of time, rather 
than when hungry; 
agreeing to pay a cash 
penalty for not 
completing goals; 
voluntarily "self-
banning” from casinos.54 
 

 
Availability Heuristic: The 
tendency to make 
judgements of 

 
What makes the 
news gets 
reported; non-

 
Believing driving to be 
safer than flying, due to 
frequent or recent news 

 
Intuitive or visual 
explanations of accurate 
probabilities.  
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probability on the basis 
of how easily examples 
come to mind.44 

 

events do not get 
counted.   

stories about plane 
crashes. 

 
Counterfactual thought 
experiments.  
 
Providing a flow-chart 
for selecting a health-
care plan.55 
 

 
Loss Aversion/Negativity 
Bias: the tendency to 
internalize negative 
information or outcomes 
more than positive 
ones.56 
 

 
 
Assigning negative 
outcomes roughly 
twice the affective 
weight as 
proportional 
positive outcomes. 
 

 
Losing $100 or getting 
ripped off for $100 
contrasted with winning 
$100.57  

 
Underscoring 
consequences of 
inaction, often with an 
option to act 
immediately.  
 
Graphic depictions of 
consequences, like 
images of diseased lungs 
on the front of cigarette 
packages.58  
 
Negative “framing” (see 
below). 

 
Framing: the tendency to 
interpret economically or 
mathematically 
equivalent information 
based on scenario; to be 
subconsciously 
influenced by 
environmental cues.44 

 

 
Shifting norms, 
goals, or 
evaluative criteria 
on the basis of 
perceived 
circumstantial 
appropriateness.  

 
Refusing an operation 
that has a 10% death 
rate, but accepting an 
operation that has a 90% 
survival rate.59 
 
Giving more generously 
when in a familial 
environment than when 
in a corporate 
environment. 
 
 

 
Presenting information 
with a positive spin 
when something ought 
to be done, and with a 
negative spin when it 
ought not be.  
 
Placing “just-cleaned” 
aroma dispensers in 
environments needing 
to stay tidy.  
 
Placing images of flies on 
the basins of men’s 
urinals.  

 

Hand Hygiene 

 This thesis will explore the ways in which this concept of nudging has been deployed in public 

health interventions to promote hand hygiene and will estimate their efficacy. As far as “nudgeable” 

outcomes go, hand hygiene offers a nearly perfect target: 1) it is (at least in the developed world, 
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though increasingly elsewhere*) ubiquitously accessible60, requiring no advanced knowledge or 

technology; it is not prone to controversy, nor to affective extremes61; 3) compliance is in the interest of 

the agent; and 4) it is inexpensive and highly effective62. Indeed, the World Bank considers hygiene in 

general to be the most cost-effective intervention for reducing the global healthcare burden. Put simply, 

it is likely that biases, heuristics, or choice-architectural idiosyncrasies (inconvenience, forgetfulness, 

etc.) are to blame for imperfect compliance63.  

 The costs of this noncompliance are high. Globally, it is estimated that 1 million deaths per year 

could be prevented with effective hand hygiene (including 50% of all deaths related to diarrheal 

diseases)64. The transmission of foodborne diseases and seasonal respiratory infections including cold 

and influenza can be significantly influenced by the extent of adequate hand hygiene61. Even when non-

lethal, these sicknesses contribute to work and school absenteeism65, carrying dramatic costs 

economically, socially, and educationally. In clinical environments, healthcare practitioners clean their 

hands only around half-as-often as is recommended by the CDC66. As a consequence, approximately 3% 

of all hospital patients at any given time have a HCAI67. Of course, the widespread initiatives, PSAs, and 

reminders accompanying the COVID-19 pandemic further highlight the necessity of good hand hygiene, 

despite being amplifications of what public health experts irrespectively endorse.  

 Hand hygiene does not correspond to a singular act – say, washing with water and soap—and 

any of these dimensions may be considered. For example, “hand hygiene” encompasses glove-wearing 

in clinical settings, hand-sanitizing, context-specific guidelines (e.g., before handling food, after using the 

restroom), duration of time spent scrubbing, temperature of water, and even fingernail length68. Thus, 

interventions could in theory target any or all of these (or others still) as outcomes. However, given that 

2/5 Americans report failing to wash their hands after using the bathroom69, researchers could be 

forgiven for starting with simply washing or sanitizing. Predictably, this was the outcome measured in 

the majority of the studies included in this review.  

 

 

 

 

 

 

 

 

 

 
* UNICEF reports 71% of the global population having handwashing facilities with soap and water 
available in the home, and did not report on availability elsewhere (work, school, etc.). 
 



8 
 

Chapter 2: Literature Review 

 As suggested above, researchers have noticed the applicability of nudging in a variety of 

healthcare-related practices and domains. Prior literature has explored – in addition to hand hygiene – 

using nudges to promote medication compliance, wellness visit consistency, cessation of substance 

abuse, safer driving habits, exercise and activity promotion, and so on70. The COVID-19 pandemic saw a 

wave of creative implementations as well: text-message campaigns to encourage vaccination, 

widespread signage encouraging distancing and mask compliance, and a wide variety of modest 

incentives (from cash to free beer!) for testing and/or vaccination71, and more. At more abstract levels, 

nudges have been explored in things like health insurance plan selection and estimating susceptibility to 

disease. Several universities have created centers and initiatives for researching nudges in health 

contexts, including the University of Pennsylvania’s Perelman School of Medicine’s Nudge Unit72. 

Similarly, governments have also established comparable institutions for policy advisement that includes 

advisement on health-related topics.  

 This abundance of research has likewise produced a number of SRMAs synopsizing findings and 

estimating effects. A 23-study review on promoting fruit and vegetable consumption found a moderate 

positive effect in 20174. A more general review in 2016 found a slight improvement in overall dietary 

quality with nudging73. Zlatevska, et al., summarized literature relating to using smaller portion-sizes or 

serving dishes on number of calories consumed, also reporting a modest positive finding74. Cardario and 

Chandon performed a meta-analysis of experiments themselves, seeking to identify which nudges 

conferred the greatest effect on dietary choices, finding that behavioral interventions to discourage 

unhealthy eating were most effective75.  

 Obviously, not all meta-analyses have explored healthy eating. A 2021 meta-analysis on the use 

of nudges to overcome vaccine hesitancy found mixed results76. Though not a meta-analysis, Katherine 

Milkman spearheaded a 680,000+ person “mega-study” on the effect of nudging to promote flu 

vaccination77. Using a text-message system generating personalized text-message reminders, the team 

found an increase of about 7% over the control portion. In 2021, Mertens, et al, published what might 

be called a “meta-meta-analysis” in which nudges were assessed for effect on the basis of the domain of 

the target: health, education, personal finance, etc.78 They found that among 84 then-eligible effect 

sizes there was a modest, but significant, effect towards the desirable outcome across a pooled sample 

of 122,762 ([d = .34], 95% CI = [0.22 – 0.45].74 Oddly, “food” was considered a different category of 

nudge, but was found to be even more positive in effect: 111 effect sizes with 12,515 total participants 

finding d=.72, 95% CI = [.49 - .95].  

Despite this breadth of research, the review of literature failed to identify any extant SRMAs 

that addressed the efficacy of nudging interventions in the promotion of hand hygiene. The details of 

the included and relevant literature are explained in the sections that follow. However, it is worth 

mentioning that across a variety of registries, a number of RCTs were identified that would shed light on 

the target of this review that were—at the time of writing – incomplete. (These studies are listed in 

Appendix 1.) Once these results are in, the consideration of their findings ought to shed even more light 

on the question of nudges’ efficacy in promoting hand hygiene.  
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Chapter 3: Methodology: 

Systematic Review 

 A research review (or “narrative review”) is an attempt to cast a wide net through extant 

literature, capturing and summarizing the findings across multiple studies for the purpose of synopsizing 

the state, efficacy, and impact of a particular intervention or field79. A Systematic Review represents a 

refinement of this process. As one pair of researchers80 put it: “A systematic review is a summary of the 

…literature that uses explicit and reproducible methods to systematically search, critically appraise, and 

synthesize on a specific issue. It synthesizes the results of multiple primary studies related to each other 

by using strategies that reduce biases and random errors.” Thus, one might say that the “System” is the 

essential component of differentiation. Multiple professional and standards commissions have arisen to 

provide guidance on the performance on these reviews, including the Campbell Collaboration81, 

Cochrane3, PRISMA82, and others. The Campbell Collaboration materials hosted on the Open Learning 

Initiative at Carnegie Mellon University (OLI) defines it in this way:83  

 (Systematic Review) is:  

• a distinct form of research which 

• uses explicit criteria and transparent replicable procedures 

• to identify, assess, and synthesize results of multiple studies 

• in order to address a central research question, 

• while minimizing bias and error at each step in the review process.  

Harris Cooper and OLI outline seven steps that a systematic review must follow, specifying step-

specific standards by which researchers must abide to ensure integrity, replicability, and bias-

reduction:80  

1) Problem Formulation – including defining inclusion criteria, establishing a satisfactory team, 

and developing a protocol for research. 

2) Searching the Literature – comprehensively, including searches for “grey literature” 

(research that is unpublished (in the “file-drawer”) or that is published in or under unusual 

circumstances). 

3) Screening Potentially Eligible Studies – using structured and predefined tools. 

4) Data Extraction and Coding – with protocols for establishing and resolving issues related to 

interrater agreement.  

5) Critical Appraisal – using explicit and justified metrics of primary study validity.  

6) Meta-Analysis – see below.  

7) Report Preparation – using documented methods, and reporting the details of the 

procedure, decisions, and composition sufficiently for an external researcher to replicate the 

process.  

Where the body of this review does not explicitly and adequately address these criteria, further 

details are provided in described appendices.  
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Meta-Analysis 

Pioneered by Gene Glass and Mary Lee Smith in 1976 and 197784, this methodology involves the 

pooling of measures of statistical impact from a disparate body of evidence produced in previously 

published studies and experiments. Meta analysis 1) is characterized by the evaluation and 

summarization of multiple studies; 2) contextualizes effect size across various times, places, and 

researcher teams, thus expanding external validity; 3) considers variegated sample sizes, contexts, and 

methodologies allowing for the standardization of potential sources of bias, outliers, and other 

methodological noise, thus expanding internal validity; and 4) yields benchmark references that reflect 

the average significance of the interventions they study80.  

Population, Intervention, Comparison, Outcome, Study (PICOS)85: 

Eligibility criteria for studies included in this SRMA were the following:  

1) Populations: No exclusions were based upon age, race, gender, profession, nationality, country 

of origin, country of study, or profession. While exclusion was permitted on the basis of 

language of publication (limited to English), this nevertheless included populations from 

multiple non-English-speaking countries, including Bangladesh, Thailand, The Netherlands, 

Norway, Slovenia, and Denmark. Roughly, this represented four categories of population: 

healthcare workers, schoolchildren, visitors (to healthcare related facilities or in public 

locations), and organizational-affiliated adults (for example, military personnel on a military 

base). Though these weren’t explicitly specified as contexts or populations for inclusion, their 

emergence is unsurprising, as these environments (healthcare settings and large gatherings of 

unrelated people) are where hand hygiene-related disease transmission is most probable.  

2) Interventions: The principal restriction upon interventions was that they were consistent with 

the criteria set out by Thaler and Sunstein, namely that they were cheap to implement, easily 

avoided, and non-coercive. Relatedly, since the focus of this paper is nudging, only those papers 

in which the authors described their intervention as having been inspired by or derived from 

Nudge Theory (or implied it through nomenclature and referenced literature) were included. 

Title and Abstract Screening, below, discusses this in more detail, but the essential rationale is 

that what a researcher does not consider a nudge could easily look like a nudge, while in fact 

being derived from a quite different theoretical framework. Put simply: it was decided that not 

every cheap and non-coercive attempt to promote hand hygiene qualifies as a nudge.  

3) Comparison: All included studies were required to have a quantitative effect size describing a 

difference between a group being nudged and a group not being nudged with respect to the 

targeted outcome. In some cases, these groups were established via random assignment, but 

the majority of the studies were quasi-experimental, using single- and multi-arm pre-post 

designs86. For example, measuring hand disinfection routine compliance amongst a group of 

healthcare workers before and after a nudge, or measuring frequency of hand-hygiene amongst 

hospital visitors in a given month (with no nudge) versus visitors in the following month (with a 

nudge).  

4) Outcomes: No restrictions were made in terms of the outcome of measure, provided it was 

related to hand hygiene. As mentioned above, in principle this could cover a wide variety of 

outcomes, but in practice it was found to be handwashing, hand-sanitizing, handwashing with 

soap, or compliance with a specified protocol of hand-disinfecting steps. Specifically, this was 
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measured either before entering a potentially high-risk environment (e.g., a hospital), or after a 

potentially unsanitary activity (e.g., sneezing, restroom use). That being said, details below 

outline certain judgements that were made with respect to eligibility vis-à-vis insufficiently 

reported quantitative data, and/or metrics of atypical outcomes (specifically, measurements of 

the volume of hand-sanitizing substance missing over time, rather than a count of observed 

instances of compliance).  

5) Studies: The study design, as mentioned, typically followed a pre-post quasi-experimental 

format. In single-arm studies, the most common format was one in which a specific population 

was randomly selected (e.g., physicians and nurses on a given hospital ward or floor), then 

observed complying with hand hygiene protocols during a non-intervention interval versus an 

interval in which they were nudged. In some cases, this was itself followed by additional 

intervals using different nudges or multiple nudges in combination. The multi-arm studies did 

the same, but with groups established based upon day or time of visit. Studies in which nudges 

were discussed, but in which no intervention was performed were excluded, as were studies 

which only reported interventions consisting of nudges and some additional intervention (for 

example, hand hygiene educational modules).   

  

Literature Search 

Search was performed on the following databases: Databases: PubMed, EBSCOhost, Cochrane 

Library, and Google Scholar. Further external resources that were perused for possibly relevant 

materials included the University of Pennsylvania’s Perelman School of Medicine- Nudge Unit, The 

Agency for Healthcare Research and Quality, greylit.org, Canadian Electronic Library, CHODARR, and 

opengrey.eu Cochrane Training, and Carnegie Mellon University’s Open Learning Initiative Systematic 

Review course. 

Search terms consisted of “Nudg*,” “Health,” “Hand,” “Wash*,” “Hygiene,” “Choice 
Architecture” and “Sanit*.” Combination search terms used were: ‘‘‘Nudg*’’ AND ‘‘hand’’ OR “health”’’ 
OR ‘‘‘‘Nudg* AND ‘‘wash*’’’’ OR ‘‘‘‘Nudg*’’ AND ‘‘sanit*’’’’ OR ‘‘‘‘Nudg*’’ AND ‘‘hygiene’’’’ OR ‘‘‘‘Choice 
Architecture” AND “hand”” OR  ‘‘‘‘Choice Architecture’’ AND “wash*”” OR “”Choice Architecture” AND 
“hygiene”” OR “”Choice Architecture” AND “sanit*””.  

 
The following criteria were used to guide and inform the literature search: 

-Published after 2008* 
-Publication in an OECD Country (irrespective of country of study) 
-No indication of retraction or significant corrigenda  
-Published in English  
 

As a limited example of the search process, on EBSCOhost, full text Boolean search, limited by 
year 2007 or after, English language, and excluding non-academic databases, “TX Nudg* AND TX Hand 
AND TX(Wash* OR sanit* OR hygiene)  = 84,071 matches. Refinements restricted to academic articles, 
books, reports, and conference materials produced 14,908 matches. Finally, restricting to empirical, 
quantitative, field, or longitudinal studies, or literature or systematic reviews, or replications, clinical 

 
* This being the year that Thaler and Sunstein published “Nudge,” thereby introducing the term into common 
usage and conferring its contemporary meaning in microeconomic research.  
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trials, or meta-analyses yielded 85 matches. Comparable search on Google Scholar found 128 matches. 
Comparable search on PubMed yielded 47 results. Additional Search performed on greylit.org, Cochrane 
Library, University of Pennsylvania’s Perelman School of Medicine- Nudge Unit, The Agency for 
Healthcare Research and Quality Canadian Electronic Library, CHODARR, and opengrey.eu found no 
relevant additional documentation.  
 
Title and Abstract Screening  
 

All eligible papers were imported to Zotero87, where duplicates and retracted articles were 
deleted. and the remaining articles were screened by title and abstract, after which 58 studies remained 
which were determined to be eligible for full-text review. During screening, two studies were identified 
that had performed prior narrative or systematic reviews of nudges related to factors of hygiene, one in 
the context of food preparation88 and the other in terms of clinical practice.89 Where these summaries 
referenced published studies on hand hygiene, those studies were also examined. Four of the prior 
studies were already captured in the extant search results. Of the remaining eleven, none made 
reference to having been inspired or designed with respect to Nudge Theory (presumably why they 
were not captured in the previous search process). That recently published reviews found no studies 
undiscovered in the literature search further verifies the thoroughness of the search process. Likewise, 
the search yielded several master’s theses, pre-prints, and other potentially grey literature forms, 
further suggesting comprehensiveness of literature review.  
 
 The content of the title and abstract screening tool can be found in Appendix 2, but the most 
impactful criteria were that the study was an experimental intervention, that the nature of the 
intervention was identified as a nudge, and that the authors reported a quantitative effect size measure.  
The majority of studies that were deemed to be ineligible were those that implemented interventions 
that were consistent with the definition of a nudge, but which described neither the intervention nor 
the theoretical framework in terms of nudging. For example, UNICEF’s Water, Sanitation, and Hygiene 
(WASH) program was referenced in one90, while others made reference to the Health Belief Model 
(HBM)91 and the Extended Parallel Processing Model (EPPM)92. Given that the scope of this review 
references the efficacy of “nudges,” interventions consistent with the definition but without the 
theoretical framework at best answer one-half of the question, thus they were excluded from the meta-
analysis. That said, the consistency of the interventions with the definition of a nudge sheds light on the 
absolute effect of the intervention when implemented, and may be amenable to modification or 
recharacterization in future studies, and may be found in Appendix 1. Two studies were identified in 
which the authors explicitly referenced nudging/nudge theory, and where the outcome was a 
quantitative measure of hand hygiene, but full text review found the substance of the intervention to 
fail to meet the definition of a nudge. That is, the “nudge” either was an inaccurate descriptor for an 
intervention that included multiple components of an educational and interactive program, or the 
nudge was only presented in conjunction with these types of broader interventions.  Three papers 
identified all made reference to the same study population, approaching the intervention from multiple 
lenses93,94,95. This data was included, but only once. Figure 2 below96 illustrates the search, selection, and 
inclusion process.  
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Figure 1: PRISMA Literature Search Diagram*  

 
*“Reasons” referenced herein may be matched to descriptors in the screening tool in Appendix 2.  
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Full-Text Review and Data Extraction 
 

Studies varied in terms of outcomes, complicating estimates of effect size. Specifically, some 
studies measured in terms of the number of handwashing/hand-sanitizing instances, others in terms of 
the compliance with a particular hand-disinfecting procedure (use of gloves, sequence of hand-hygiene 
practices, duration of time spent washing, and so on), and still others in terms of the volume of hand-
soap/-sanitizer used. While all included studies include some form of effect size, the inconsistency of 
outcome metric may pose a challenge in terms of external validity. Thus, these studies were excluded 
from statistical summarization, but may be found in Appendix 1. Not included in Appendix 1 were 
studies that appeared to meet criteria, but were found, upon closer inspection, to be theoretical or 
preliminary – e.g., quantitative data on a nudge, but dealing with affect (for example, “Please estimate 
how much nudge affected you”).  
 

Another complicating component of some studies was that they tested multiple nudges in an 

additive way. For example, a no-nudge baseline week may be compared to a week with a salience 

nudge, a week with an ease nudge, and a week with a salience and ease nudge. Since the scope of this 

review is not comparing nudges by type, but summarizing nudging in general, these were computed as 

simply separate dependent effect sizes (i.e., each was compared to the baseline, then was folded into 

the summary weighted effect size with adjustments for dependent effects). Generally speaking, this was 

found suitable on the basis of the facts that sample sizes were comparable, and there was no ostensible 

linearity between number of nudges and outcome efficacy. Similarly, some papers included follow-ups 

for intervals after the nudge was removed, attempting to test for the durability of the effected change. 

These data were not included in the MA. The data extraction codebook is available as Appendix 3. 

The following table summarizes the studies selected, indicating the year of the study, the 

country in which the study was performed, the setting or context in which the nudge was implemented, 

the intervention or type of nudge used, the duration of the study, the sample size or event count, the 

outcome being measured, and the principal quantitative findings. 
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Author(s) 
Country 
Year 

Setting/Design Intervention(s) 
/Nudge-Type 

Duration Sample 
Size: N=  

Outcome Measured Quantitative Summary:   

Aarestrup, 
et, al, 
2016 
Denmark97 

At the entrance to a hospital, use 
of a hand sanitizer dispenser was 
measured for baseline, with a sign 
encouraging hand sanitizer use, 
and with an additional message 
about safety for relatives.  

Reminder 
Social 
Desirability  

5 Days 90 Proportion of 
entrants using hand 
sanitizer upon 
entering a hospital 

Baseline: 3%  
Intervention_1: 20% 
Intervention_2: 67% 

Deshmukh, 
et al, 
2019, 
India98 

In a school, a wall-mounted "social 
robot" reminded students to wash 
their hands after using the 
restroom and before eating.  

Salience 9 Days 100 Proportion of key 
times for 
handwashing where 
hands were washed.  

Baseline: 25%  
Intervention: 65.45% 

Dreibelbis, et 
al, 
2016, 
Bangladesh99 

At a school, a handwashing station 
was erected near the lavatory. 
Baseline was taken, then a short 
footpath was added 
(intervention_1), and then colorful 
footsteps were painted leading to 
the station (Intervention_2).  

Salience 6 Weeks 734 Proportion of post-
lavatory handwashing 
opportunities taken. 

Baseline: 4% 
Intervention_1: 68% 
Intervention_2: 74% 
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Grover, et al,  
2018 
Bangladesh
100 

Across 10 different schools, 
baseline was taken for 2 groups of 
5 schools. Subsequently, 5 schools 
received simultaneous nudges of a 
path, bright paint for the wash 
station, hand-prints on the wash 
station, a dedicated soap 
dispenser, and arrows/footprints 
leading to the station 
(Intervention_1). Another group 
was nudged in the same way, but 
sequentially, with one nudge 
added after another.  

Salience 6 
Months 

3722 Proportion of post-
lavatory handwashing 
opportunities taken. 

Baseline_Group_1: 28% 
Intervention_Group_1: 
54% 
Baseline_Group_2: 17% 
Intervention_Group_2: 
63%  

Hansen, et 
al, 
2021, 
Denmark101 

In a sequence of combinations, a 
total of 9 different variations of 
nudging were contrasted with a 
baseline, where the outcome was 
hand sanitizer use upon entering a 
hospital.  

Salience 
Social 
Desirability 
Loss 
Aversion/Negat
ivity Bias  

50 Days 46,435 Proportion of 
entrants who 
sanitized hands upon 
entering hospital.  

The individual 
configuration counts can 
be found in Appendix 4, 
but in summary:  
Baseline: <1% 
Average of Interventions: 
9.8% 

King, et al,  
2016 
United 
States102 

At a teaching hospital in Miami, 
hospital employees were observed 
for use of hand-sanitizer upon 
entering an intensive care ward. 
Intervention_1 was nudged with a 
citrus fragrance, while 
intervention_2 was nudged with 
an image depicting "watching 
eyes"-- a cropped image of human 
faces. 

Priming 
(Olfactory) 
Social 
Desirability  

3 
Months 

404 Proportion of 
instances of entering 
the ward that were 
accompanied by 
hand-sanitizer use.  

Baseline: 15% 
Intervention_1: 46.89% 
Intervention_2: 21.67% 
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Mlakar, et al,  
2017 
Slovenia103 

In a nursing home, nursing home 
staff were monitored following 
patient interactions for compliance 
with hand-disinfecting protocols 
(control). Afterwards, the addition 
of a "watching eyes" image was 
placed near locations where 
interactions were taking place 
(Intervention).  

Social 
Desirability 

5 
Months 

8 Proportion of 
instances of 
compliance with full 
hand-disinfecting 
procedure following 
occupant 
interactions. 

Baseline: 56.29% 
Intervention: 60.74% 

Mobekk & 
Stokke,  
2020 
Norway104 

At the entrance to a hospital, a 
hand sanitizing dispenser was 
dispensed alone, with a sign 
indicating that it was the norm to 
clean hands before entering 
(Intervention_1), and with an 
additional sign suggesting that 
hand sanitizing was for the safety 
of relatives (intervention_2). 

Salience 
Social 
Desirability  

 
300 Proportion of 

entrants using hand 
sanitizer upon 
entering a hospital 

Baseline: 7% 
Intervention_1: 46% 
Intervention_2: 40% 

Naluonde, et 
al,  
2019 
Zambia105 

In 25 schools, business-as-usual 
practices were accompanied by 
counts of post-restroom hand-
washing instances (control), while 
in 25 other schools, students 
leaving class for the restroom were 
given a "hall-pass" of hand-soap 
tied to a wearable lanyard 
(Intervention).  

Salience 4 
Months 

10,732 Proportion of lavatory 
uses that were 
followed by hand-
washing 
(Intervention_1), and 
proportion of 
students who used 
soap (Intervention_2) 

Baseline_1: 58.4% 
Intervention_1: 60.09% 
Baseline_2: 47.5% 
Intervention_1, 
Outcome_2:  50.3% 

Palinko, et 
al, 
2021, 
Denmark106 

At the entrance to a hospital 
cafeteria, a standard-fare hand-
sanitizer dispenser (control) was 
compared to a robotic-interface 
dispenser (Intervention). 

Salience 2 Days 363 Proportion of 
entrants using hand 
sanitizer upon 
entering a cafeteria.  

Baseline: 47% 
Intervention: 68% 
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Pfattheicher, 
et al,  
2018 
Germany107 

Near the sink in a women's 
restroom, an image of "watching 
eyes" was placed on the wall. 

Social 
Desirability 

1 Week 354 Proportion of women 
who, upon using the 
restroom, washed 
hands before leaving 

Baseline: 72% 
Intervention: 83.3% 

Weijers & de 
Koning, 
2021 
The 
Netherlands
108 

In an outdoor shopping area, 
during the COVID-19 pandemic, a 
table was setup outside of a shop 
with a hand sanitizer dispenser 
available (control). Later a sign was 
added advertising availability, and 
arrows were placed on the ground 
pointing the stand out 
(intervention_1). After, a different 
sign was used that emphasized the 
risks associated with un-sanitized 
hands vis-a-vis COVID-19 
(Intervention_2).  

Salience 
Loss 
Aversion/Negat
ivity Bias 

3 Days 451 Proportion of store 
entrants who used 
hand-sanitizer.  

Baseline: 33.3% 
Intervention_1: 42.5% 
Intervention_2: 37.7% 

Wichaidit, et 
al, 
2020, 
Thailand109 

In multiple areas in a hospital, 
hospital visitors were observed 
engaging in activities that justified 
hand-disinfecting. Afterwards, 
pedal-operated sanitizer stations 
with signs and footprint images 
encouraging use. 

Salience 9 Days 466 Proportion of events 
warranting hand 
disinfecting taken.  

Baseline: 0% 
Intervention: 19% 

Wiik, 
2019, 
Norway110 

At the entrance to a mess hall on a 
military base, 2 baseline measures 
were taken: one for whether hands 
were washed with soap prior to 
entering, and a second for whether 
hands were sanitized or not. The 
intervention of signage varied in 
message via frequent rotation, 
with varying messages. 

Salience 
Social 
Desirability  

2 Weeks 480 Proportion of 
individuals 
washing/sanitizing 
hands upon entering 
a mess hall. 

Baseline_1: 90.4% 
Intervention_1: 97.09% 
Baseline_2: 52.17% 
Intervention_2: 37.86% 
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Statistical Analysis:  

 Odds Ratio111 

 Given the familiar epidemiological 2x2 table , the odds ratio (OR) is given by the formula:  

  Outcome  

  Yes No 

Exposed Yes a b 

No c D 

Figure 2: 2x2 Table 

(3)                  𝑂𝑅: (𝑎/𝑏)/(𝑐/𝑑)  =  
𝑎𝑑

𝑏𝑐
 

That is, the odds ratio is the odds of experiencing an outcome given and exposure, divided by the odds 

of experiencing the same outcome given non-exposure. As the performance of meta-analytic summary 

requires that included studies possess – or offer sufficient data-related detail to infer— a common 

outcome-metric, 4 studies were deemed eligible by all existing criteria, but were excluded from analysis 

because of the manner/level of detail provided. These are discussed below. No attempt was made to 

contact the authors for additional details.  

 As the OR cannot, by definition, be negative, but simultaneously has no upper limit, analysis is 

conventionally performed on the log odds ratio (LOR), which is then exponentiated for interpretative 

purposes.  

(4)                     𝐿𝑜𝑔 𝑂𝑑𝑑𝑠 𝑅𝑎𝑡𝑖𝑜 = 𝑙𝑛(𝑂𝑅) = 𝑙𝑜𝑔𝑒 (
𝑎𝑑

𝑏𝑐
) 

and 

(5)                      𝑂𝑑𝑑𝑠 𝑅𝑎𝑡𝑖𝑜 =  𝑒𝑥𝑝(𝑙𝑛(𝑂𝑅) 

The standard error of which is estimated with the root of the sum of the reciprocals of {a, b, c, d}: 

(6)                       𝑆𝐸(𝑙𝑛(𝑂𝑅)) =  √(1/𝑎) + (1/𝑏) + (1/𝑐) + (1/𝑑) 

With corresponding confidence interval of:  

(7)                 CI = e[ln(𝑂𝑅)±1.96(√(1/𝑎)+(1/𝑏)+(1/𝑐)+(1/𝑑))] 

The majority of eligible papers presented odds ratios and/or explicit counts from which odds 

ratios were easily derived. In some cases, means or proportions had to be used to convert the results 

into odds ratios when other measures of effect were reported. All of the relevant counts were 

formatted into 2x2 tables, and the Practical Meta-Analysis Effect Size Calculator (from Wilson, George 

Mason University)112 was used to compute the OR, 95% CI, log-OR, and Log V-OR. These data were 

uploaded into a spreadsheet that can be found in Appendix 4. 

 Inverse-Variance Weighted Average113  

The output of a meta-analysis is an average effect size, which is computed from the individual 

studies’ effect sizes, weighted by their precision. Generally, this computation is performed in 
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concordance with the Inverse-Variance Weighted Average: the assignment of greater weight to (usually 

larger) studies which have lower standard errors. For example, the fixed effect model is given by the 

equation (where k = the number of studies):  

(8)               𝐸𝑆 =
(∑ 𝑤𝑖𝐸𝑆𝑖

𝑘
𝑖=1 )

(∑ 𝑤𝑖
𝑘
𝑖=1 )

 

With the following standard error: 

(9)                   𝑆𝐸𝐸𝑆 = √(
1

∑ 𝑤𝑖
) 

And with upper- and lower-confidence intervals defined by:  

(10)                    ESu/l = 𝐸𝑆 ± 𝑍(1−α)(𝑆𝐸𝐸𝑆) 

This estimate, however, assumes a “fixed” effect – that population parameter is a constant, yet-

undiscovered effect. To explore this assumption, homogeneity tests are typically performed to estimate 

the extent of variation in effect size between studies. This is frequently given by the Q-Test: 

(11)              𝑄 = (∑ 𝑤𝑖𝐸𝑆2
𝑖

𝑘
𝑖=1 ) −

(∑ 𝑤𝑖𝐸𝑆𝑖
𝑘
𝑖=1 )

2

(∑ 𝑤𝑖
𝑘
𝑖=1 )

 

Also, the I-Squared index provides a relative descriptive estimate of the extent of difference explainable 

by random effects as opposed to true heterogeneity:  

(12)                𝐼2 = (
𝑄−𝑑𝑓

𝑄
) 𝑥100% 

In this study, a number of factors were identified that required modification and/or deviation 

from the standard fixed effects analysis described here. While the general logic remains unchanged, the 

specific implementation herein is described in the following section. 

Random, Dependent, and Multivariate Effects 

 Firstly, given the diversity of the study contexts and participants, the data in this analysis do not 

warrant the assumptions of the fixed effect model. Thus, this study uses the so-called Random Effects 

Model114, which incorporates a weight that additionally accounts for the inter-study variation. This 

weight is described by: 

(13)                  
1

𝑣𝑎𝑟𝑓𝑖𝑥𝑒𝑑+τ2 

While the model implemented through metafor in this analysis uses a Restricted Maximum Likelihood115,  

a related computation for the Tau-Squared value in the denominator is given by:  

(14)                 τ2 =
𝑄−(𝑘−1)

∑ 𝑤𝑖−
∑ 𝑤𝑖

2

∑ 𝑤𝑖

 

Likewise, using Tau-Squared permits the calculation of a heterogeneity prediction interval, which is less 

fraught and more descriptive than the I-squared value presented above (where 𝑡𝑐𝑟𝑖𝑡𝑘−2
 is the 

corresponding critical value with k-2 degrees of freedom): 
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(15)                   𝑃𝐼 = 𝐸𝑆 ± 𝑡𝑐𝑟𝑖𝑡𝑘−2
√(𝑣𝑎𝑟𝐸𝑆 + τ2) 

 Secondly, while the random effects model accommodates variation more suitably, it does not – 

on its own – account for intra-study correlations of effect size. That is, many of the identified studies 

reported multiple, dependent effect sizes—either by comparing multiple treatment groups to a single 

control, or by reporting multiple outcomes for the nudged intervention. In the past, this type of issue 

has been resolved using Unit-of-Analysis Shifting116 or Synthetic Effect Sizes117. However, the former 

requires that each individual effect size be linked to a corresponding control group (which is not the case 

in all of the studies described herein), and the latter requires effect size estimates relating to distinct 

outcomes (which is not the case in any of the included studies). Thus, to accommodate the multiple and 

dependent effect sizes in this dataset, meta-regression techniques are deployed to bypass assumptions 

of non-correlation within effect sizes. Specifically, a multivariate random effects model using an imputed 

variance-covariance matrix and Robust Variance Estimation (RVE) is deployed. The full details of these 

techniques are beyond the scope of this review, but may be perused in Hedges, et al (2010)118, Rodgers 

and Pustejovsky (2021)119, Veichtbauer (2010)120, and Fisher, et al, (2017)121.  
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Chapter 4: Results 

In total, 14 studies – contributing a total of 34 effect sizes – were analyzed using R (version 4.1.2122), and 

the metafor1 and clubSandwich2 packages.  The initial composite median log odds ratio estimate was 

1.6178 (OR = 5.042), with an interquartile range of 1.875 (OR= 6.524). Applying the random effects 

model, the unadjusted average effect was 1.5664 (OR = 4.789), with a 95% confidence interval = [1.113 

– 2.0216] (OR = [3.043 – 7.55], p <.0001). Tests of heterogeneity found 𝐼2= 98.77%, 𝜏2 = 1.7036 (SE = 

.4477), and Q = 1972.01 (p < .0001).  

Multivariate Model with Imputed Covariance Matrix 

Continuing with the multivariate model using the imputed covariates, the average effect was 

1.416 (SE = .2987, z = 4.74, p <.0001, 95% CI [.8307 – 2.0015]). The prediction interval estimated with 

the “predict()” function in metafor was found to be = 1.416, with bounds at (-1.066 – 3.898). The study-

level variance (𝜏2) was estimated equal to 0.61, and the within-study variance (𝜔2) was estimated equal 

to 0.90. In terms of heterogeneity, Q was estimated at 4616.9043 (p <.0001). Figure 16, below, shows 

the Forest plot for this model. 

The RVE was estimated at: Intercept = 1.42 (SE = .301, df = 11.5, p <.001). The total variance, 

including both within-study and between-study variance, was estimated (calculated with sigma^2.1 + 

sigma^2.2) = 1.514, with corresponding prediction intervals (calculated as meanLOR ± 1.96*(total 

variance) = [-1.5518 – 4.3839].  

Publication Bias 

The Egger’s Test for Funnel Plot Asymmetry found z = 2.4682 (p=.0136), with a limit estimate of b = 

0.9495 (CI: .0318 – 1.5971) (see Figure 17 below). The null hypothesis of Egger’s Test is that symmetry is 

present, thus significance – as found here—suggests possible asymmetry due to publication bias. 

Similarly, the contoured funnel plot is generated assuming effect sizes are independent, under which 

(see Figure 18 below) few of the studies were found to fall inside of an insignificance-indicating region. 

The absence of studies failing to meet a significance threshold further reinforce possible publication 

bias.  

On the other hand, the “Egger’s Sandwich” test (used to discern the extent of correlation 

between effect size and sample size) uses a regression model fit with cumulative sample size as a 

predictor and effect size as an outcome. A negative, result, then would indicate a tendency for small 

samples to be responsible for larger effects, possibly obfuscating the true effect size of the intervention. 

The intercept estimate for this model = 1.124, SE = .32 (t-stat = 3.5, Satterthwaite =11.44 (p = .0047)), 

with a regression coefficient for sample size = .0000141, SE = .0001 (t-stat = 1.33, Satterthwaite = 1.42 

(p=.349). The closeness of this regression coefficient to zero is inconsistent, then, with some patterns of 

publication bias, possibly bolstering confidence in these findings  
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Figure 16: Multivariate Random Effects Model 
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 Figure 17: Traditional Funnel Plot  
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Figure 18: Contoured Funnel Plot 
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Discussion 

Summary of Findings 

 At all levels of adjustment, these results indicate that nudging is significant for promoting hand 
hygiene, with only 6 of 34 effect sizes indicating a null or negative effect. That said, the measures of 
heterogeneity suggest more nuanced context-related analysis may be necessary for the determination 
of optimal nudge-context matching. Interestingly, the two studies that included negative effect sizes 
also included positive effect sizes with different interventions. Given that these took place in 
environments with a single population (schools and a military base for Naluonde, et al, and Wiik, 
respectively), it’s plausible that the effect was attenuated by an adaptive effect: as the nudge become 
familiar, it merged into the background and diminished in effectiveness. This however, is speculative, 
and is not found in other studies with constant populations. Of considerable concern are the Egger’s test 
results and the RVE estimates. Given these values, the diversity of contexts and populations, and the 
fact that at least one of the studies was associated with a corporately sponsored experiment testing the 
efficacy of a nudge-related product, there is a very real possibility of publication bias skewing the 
results. More research is warranted with respect to 1) the durability of the nudge over time within a 
fixed population; 2) comparative analysis of the specific nudge-types; and 3) the place- and population-
related distinctions that define contextual applicability.  
 
 As mentioned above, five studies were identified that met inclusion criteria, but were not 
amenable to summary analysis. These studies also found positive results from nudging, and are 
summarized in Table 3 below:  
 
 
Limitations 
 As a thesis submitted as a component of curricular requirements for a graduate program in 
public health, it was necessary to make certain departures from professional guidelines in the 
performance of a meta-analysis. For example, interrater reliability is a generally recommended metric 
during phases of literature search and paper-selection80. This, however, would have required the 
inclusion of additional research collaborators, and would have violated the integrity of the thesis as an 
original, independent piece of research. Similarly, the engagement of a research librarian to assist in 
search comprehensiveness was – though normally recommended – outside the scope of permissions for 
the assignment.   
 As a further consideration with respect to methodology, much of the work completed for the 
thesis was work that coincided with homework assignments in the PHPH 8890: Special Topics in 
Biostatistics—Meta-Analysis course at Georgia State University. As such, mechanisms for publication 
integrity—for example, pre-registration of the SRMA with a professional institution – were also not 
completed. As such, the document in its present iteration should be considered suitable only as a 
curricular assignment, not as a formal academic document ready for publication.  
 In terms of external validity, several important factors exceed the scope of this project.  

• Firstly, the focus of the paper – nudging – constitutes a broad array of interventional techniques. 
While other research has performed stratifications on the efficacy of nudges by types of nudge, 
this paper did not do so. Further research exploring whether a given nudge is superior to 
alternatives is warranted.  

• Relatedly, the studies included took place in multiple settings and with diverse populations. It is 
not, for example, obviously free of bias to infer that variation in this sense has no bearing on 
outcome. For example, it is not obvious that children in the context of a school are reasonably 
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comparable to healthcare professionals in a treatment ward. Factors like education, professional 
obligation, seriousness of or punitive consequences accompanying non-compliance, maturity, 
and personality may carry significant implications for the efficacy and appropriateness of an 
intervention.   

• Finally, the breadth of broader social, economic, and cultural contexts may also have 
implications respecting generalizability. What works in a primary school in Bangladesh may 
reasonably be held to not work in a nursing home in Denmark. However, the dearth of studies 
performed in more explicitly comparable socio-economic contexts would have precluded the 
SRMA being performed, had this paper stipulated such as a criterion for inclusion.  
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Author(s) 

Country 

Year 

Setting/Design 
Intervention(s)/Nudge-

Type 
Duration 

Sample 

Size: N=  

Outcome 

Measured 
Quantitative Summary:   

 

 
The following studies were not included in the meta-analysis, despite having met criteria for inclusion, as they did not report sufficient detail 

to reconstruct counts/odds ratios: 
 

Caris, et al,  

2018, 

The 

Netherlands123 

In a university hospital, 

healthcare staff were 

measured before-and-

after for frequency of 

hand-sanitizing at key 

hygiene moments, with 

nudges being later 

deployed in the form of 

sign-reminders. Salience. 6 Weeks Unclear 

Number of times a 

hand-sanitizing 

dispenser was 

used.  

From the paper: "The six dispensers 

together were used 2842 times. Both 

posters increased the overall use of 

the entrance dispenser on ward B 

[poster 1: relative risk: 1.61 (95% 

confidence interval: 1.18–2.20), 

poster 2: 1.72 (1.17–2.53)] but not of 

the entrance dispenser on ward A 

[poster 1: 1.04 (0.79–1.38), poster 2: 

1.07 (0.80–1.42)]." 

 

Stangerup, et 

al,  

2020, 

Denmark124 

In an Orthopedic Surgery 

Ward, healthcare workers 

were counted sanitizing 

their hands after 

potentially contaminating 

events, before and after 

the introduction of an 

electronic reminder 

system.  Salience 

4.5 

Months 84 

Proportion of 

times 

contaminating 

events were met 

with hand sanitizer 

use.  

Baseline_Doctors: 30% 

Intervention_Doctors: 55% 

Baseline_Nurses: 42% 

Intervention_Nurses: 61% 

 

Štefančič & 

Jevšnik, 

2020, 

Food preparation workers 

in a nursing home were 

measured on a variety of 

hygiene-related practices 

(including but not limited 

Salience 

Framing 

Loss Aversion 

6 

Months 12 

Proportion of 

times best 

practices 

recommended a 

hygienic practice 

Unclear -- there are multiple metrics 

reported making individual practice 

disentanglement challenging. 
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Slovenia125 to hand-hygiene) for a 

baseline interval, then 

over 4 intervals with 

varying nudges 

that was followed 

by such a practice. 

Stirapongsasuti, 

et al, 

2021, 

Japan126 

In two corporate settings, 

social robot interactions 

were used to encourage 

hand sanitizer use during 

the COVID-19 pandemic, 

across 3 intervention 

levels (baseline, floor 

arrows only, robot 

interaction, and 

personalized robot 

interaction).  Salience 6 Days 50 

Number of times a 

hand-sanitizing 

dispenser was 

used.  

In a before-and-after model, total 

number of times used: 

Baseline_Group_1: 4 

Intervention_1_G1: 9 

Intervention_2_G1: 22 

Intervention_3_G1: 42 

Baseline_Group_2: 15 

Intervention_1_G2: 16 

Intervention_2_G2: 70 

Intervention_3_G2: 90 

 

Watson, et al,  

2019 

Iraq127 

In an Iraqi refugee camp, 

children were given clear 

bars of soap that had a 

toy embedded within it. 

Measures were taken key 

hand hygiene moments 

where hands were 

washed, before soap 

distribution and after.  Unclear 1 month Unclear 

Proportion of 

times 

handwashing 

events were met 

with handwashing.  

Baseline: 24% 

Intervention: 40% 

 

 Table 3: Studies Not Included in Statistical Analysis 
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Conclusion  

 Hand hygiene – despite its nearly universal accessibility in developed countries, its comparative 

cheapness, and its uncontroversial nature – remains an under-practiced mechanism for improving public 

health. In domains as varied as schools, hospitals, and restaurants, hand hygiene compliance and 

observation of best practices would provide significant benefits with respect to virtually all aspects of 

infectious disease control. However, hand hygiene is behavioral, and thus not amenable to centralized 

or top-down implementation methods. Nudges – cheap, easily implemented modifications to choice 

environments – appear to significantly improve hand hygiene compliance in a variety of socio-cultural 

contexts and across a variety of population demographics. Further research may shed light on precisely 

the types of nudges that are most effective for a given population, as well as clarifying the extent of and 

causes underlying publication bias in this field.  
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Appendix 1 

Relevant Excluded Studies  

The following studies were not included because they were – at the time of writing – incomplete 

and/or unpublished.  

Makata K, Kinung’hi S, Hansen C, et al. Hand hygiene intervention to optimize helminth infection 
control: Design and baseline results of Mikono Safi–An ongoing school-based cluster-
randomised controlled trial in NW Tanzania. Chenette E, ed. PLOS ONE. 2020;15(12):e0242240. 
doi:10.1371/journal.pone.0242240 

 

The Effect of Behaviour Change Interventions on Use of Public Handwashing Stations in Bangladesh - Full 
Text View - ClinicalTrials.gov. Clinicaltrials.gov. Published 2021. Accessed April 10, 2022. 
https://clinicaltrials.gov/ct2/show/NCT04765540 

 
Mugambe RK, Mselle JS, Ssekamatte T, et al. Impact of mhealth messages and environmental cues on 

hand hygiene practice among healthcare workers in the greater Kampala metropolitan area, 
Uganda: study protocol for a cluster randomized trial. BMC Health Services Research. 
2021;21(1). doi:10.1186/s12913-021-06082-3 

 
 
 

The following studies (Takebayashi. Blackwell, and Dassen) were excluded on the basis of 
incompatible outcome measure (volume, in ml, of hand sanitizer dispensed). In addition to being 
incompatible with the other studies (given their different focus on outcome measure), these studies 
were deemed to be more methodologically suspect, as the outcome could be gamed by accidents or 
repetitious but superfluous use. That said, all three studies showed moderate—but consistent – 
increases in volume of hand disinfectant/soap used following the implementation of the nudges.  
 

Blackwell, C., Goya-Tocchetto, D., & Sturman, Z. (2017). Nudges in the restroom: how hand-washing can 

be impacted by environmental cues. Available at SSRN 3007866. 

Dassen, L. (2021). Clean your hands please!: Using nudging to improve hand hygiene amongst Dutch 

citizens during COVID-19 (Bachelor's thesis, University of Twente). 

Takebayashi, M., & Takebayashi, K. (2021). Control experiment for health center users to compare the 

usage of hand sanitizers through nudges during the COVID-19 pandemic in Japan. International 

Research Journal of Public and Environmental Health, 8(6), 299-303. 

 

 

 

Huang was excluded on the basis of using an organizational-level model – all reported effects 
were reported at the level of schools, not at the level of individuals and their behavior. As a multi-level 
project, the study likely produced usable data, but it was not reported and could not be located online.  

https://clinicaltrials.gov/ct2/show/NCT04765540
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Huang, H. C., Le, N., Battle, M., Villasenor, J. M., & Maule, L. (2021). Nudging Handwashing among 

Primary School Students in the Philippines: Evidence from a Cluster Randomized Trial. The 

American journal of tropical medicine and hygiene, 105(6), 1806-1815. 
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Appendix 2 

Abstract and Title Screening Tool  

a.  Tool:  

i. Does the title or abstract: 

1. 1_Indicate the use of English? 

Yes = Continue; No = Discard.  

2. 2_ Indicate any evidence of having been retracted? 

Yes = Discard; No = Continue. Unclear = Full-Text Review 

3. 2_Indicate publication after 1995? 

Yes = Continue; No = Discard.  

4. 3_Indicate the explicit use of a Nudge or the use of Nudge Theory as a theoretical 

framework? 

Yes = Continue; No = Discard. Unclear = Full-Text Review 

5. 4_Indicate the paper analyzes a health-related outcome? 

Yes = Continue; No = Discard.  

6. 5_Indicate the use of or reference of experimental or quasi-experimental 

procedures? 

Yes = Continue; No = Discard; Unclear = Full-Text Review 

7. 6_Indicate the collection of a quantitative metric or design? 

Yes = Continue; No = Discard; Unclear = Full-Text Review 

b. Rationale, respectively:  

1. I simply don’t have the linguistic breadth or capability to discern the usefulness of foreign-

language studies. 

2. The modern “Nudge” theory did not become defined prior to 1995; truthfully, the 

popularization of the idea followed the 2008 book by Sunstein and Thaler, so there will 

doubtfully be any studies prior to that.  

3. Making reference to any behavioral intervention (or to the related concepts of “Sludge” or 

“Boost”) will likely make reference to the Nudge theory, but won’t be admissible for the 

assessment of the efficacy of nudge interventions. 

4. Nudges are frequently applied to spheres of marketing, finance, economics, policy, and so 

forth, and those studies may also include otherwise relevant components (quantitative, 

nudges, experimental, and etc.). These need to be removed to keep the emphasis upon 

applications to public health and preventative health behaviors.  

5. Discerning efficacy – as opposed to propositions or discussions of policy implications, 

theoretical underpinnings, and so on – requires some kind of trial; associational studies 

may be useful, but given the substandard quality of evidence, if a sufficient number of 

studies using exp. or quasi-exp. designs can be found, that would be preferable. 

6. Quantitative results are required for the meta-analysis component of the review. 
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Appendix 3 

Data Extraction Codebook 

1) What as the nudge intended to promote the outcome of hand-washing, sanitizing, or otherwise 

hand-hygiene?  

a. Yes 

b. No/Unclear = STOP 

2) Were study participants:  

a. Divided into intervention/control groups? 

i. How are the comparison or control groups formed? 

1. Random Assignment or Process? 

2. Other (STOP) 

ii. Specify RCT Design: 

1. Simple Random Assignment  

2. Systematic Random Assignment  

3. Stratified/Blocked 

4. Yoked Pairs 

5. Matched Pairs 

6. Cluster Randomized Assignment 

7. Other (SPECIFY) 

8. Unclear 

iii. Who performed group assignment? 

1. Research Staff 

2. Program Staff/Professional Staff 

3. Other (SPECIFY) 

4. Unclear 

iv. How was random assignment performed? 

1. Computer Generated 

2. Random Numbers Table 

3. Coins or Dice 

4. Envelopes 

5. Other (SPECIFY) 

6. Unclear 

b. A single group in a before/after or repeated measures study? 

c. Neither (STOP) 

3) Dates 

a. Input start and end dates of the study 

4) Funding 

a. Please list all sources of funding or potential conflicts of interest, to the highest level of 

available specificity 

5) Settings 

a. Where was the study performed? 

i. Retail Environment  

ii. Clinical Environment  
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iii. Food Preparation Environment 

iv. School Environment  

v. Home Environment 

vi. Workplace Environment  

vii. Public Space 

viii. Digital Environment  

b. How many separate treatment sites/environments were included? 

c. Were there implementation differences across sites? 

i. Yes (DESCRIBE) 

ii. No  

1. Explicitly Stated? 

2. Inferred From Description? 

iii. Unclear  

d. In what city, state, country did the study take place? 

6) Is there specification of the nudge intervention adhering to the standard nudge definition? 

a. Non-Coercive? 

b. Economically Insignificant? 

c. Easily and Cheaply Avoided? 

d. Easily and Cheaply Ignored? 

e. Other (Specify) 

f. No (STOP) 

7) Through what media was the nudge implemented: 

a. Physical Environment Modification 

b. Signage or Ambient Stimuli 

c. Mobile Device 

d. Email 

e. Snail-Mail 

f. Television 

g. Other (for example, auto-enrollment) 

8) What type of Nudge was implemented? 

a. Default or Opt-Out 

b. Reminder 

c. Negativity Bias or Framing 

d. Physical Environment Modification 

e. Ease Enhancement 

f. Informational Media 

g. Recommendation 

h. Social Desirability or Responsibility  

i. Salience Modification 

j. Decision Protocol 

9) Demographic Characteristics (if included): 

a. N =  

b. %Male 

c. Race/Ethnicity:  
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i. %White 

ii. %Black 

iii. %AIAN 

iv. %Hispanic 

v. %Other 

d. Socioeconomic Status 

e. Age of Participants: 

i. % <30 

ii. % 30-50 

iii. % 50+ 

10) Were there significant differences between the intervention and control groups at baseline? 

a. Yes (DESCRIBE) 

b. No 

c. Unclear 

11) What type of Effect Size measure was collected? 

a. Mean Difference (e.g., Cohen’s D) 

b. Odds Ratio 

c. Correlation Coefficient (e.g., Pearson’s r) 

d. Other (SPECIFY) 
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Appendix 4 

R code and Extracted Data Table 
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Thesis_FINAL-model.R 

goffm 

2022-04-13 

#The code used herein was built around/implemented via modifications from the 
resources provided by Dr. Terri Pigott, 
#of Georiga State University, and the documentation for the packages mentione
d below.  
 
library(metafor) 

## Loading required package: Matrix 

##  
## Loading the 'metafor' package (version 3.0-2). For an 
## introduction to the package please type: help(metafor) 

library(clubSandwich) 

## Warning: package 'clubSandwich' was built under R version 4.1.3 

## Registered S3 method overwritten by 'clubSandwich': 
##   method    from     
##   bread.mlm sandwich 

setwd("C:/Users/goffm/OneDrive/Documents/R") 
#As discussed in the methods section, this analysis is built upon the "metafo
r" and "clubSandwich" R packages. 
 
Nudge <- readxl::read_xlsx("Thesis_FX.xlsx") 
 
str(Nudge) 

## tibble [34 x 14] (S3: tbl_df/tbl/data.frame) 
##  $ Study      : chr [1:34] "Aarestrup, et al, 2016" NA "Deshmukh, et al, 2
019" "Dreibelbis, et al, 2016" ... 
##  $ StudyID    : num [1:34] 1 1 2 3 3 4 4 5 5 5 ... 
##  $ OutcomeID  : num [1:34] 101 102 103 104 105 106 107 108 109 110 ... 
##  $ Trt_N      : num [1:34] 30 30 521 158 119 ... 
##  $ Ct_Trt_Pos : num [1:34] 20 6 341 108 69 460 542 35 33 351 ... 
##  $ Ct_Trt_Neg : num [1:34] 10 24 180 50 50 ... 
##  $ Ctrl_N     : num [1:34] 30 30 92 145 145 ... 
##  $ Ct_Ctrl_Pos: num [1:34] 1 1 20 26 26 121 43 23 23 23 ... 
##  $ Ct_Ctrl_Neg: num [1:34] 29 29 72 119 119 ... 
##  $ OR         : num [1:34] 58 7.25 6.82 9.89 6.14 ... 
##  $ 95%CI_low  : num [1:34] 6.871 0.816 4.025 9.76 3.611 ... 
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##  $ 95%CI_high : num [1:34] 489.6 64.5 11.6 17 11 ... 
##  $ OR.logged  : num [1:34] 4.06 1.98 1.92 2.29 1.84 ... 
##  $ V.Or.logged: num [1:34] 1.1845 1.2428 0.0724 0.076 0.0814 ... 

table(Nudge$Study) 

##  
##      Aarestrup, et al, 2016       Deshmukh, et al, 2019  
##                           1                           1  
##     Dreibelbis, et al, 2016         Grover, et al, 2018  
##                           1                           1  
##         Hansen, et al, 2021           King, et al, 2016  
##                           1                           1  
##         Mlakar, et al, 2107     Mobekk and Stokke, 2020  
##                           1                           1  
##       Naluonde, et al, 2019        Palinko, et al, 2021  
##                           1                           1  
##   Pfattheicher, et al, 2018 Weijers and de Koning, 2020  
##                           1                           1  
##      Wichaidit, et al, 2020                  Wiik, 2019  
##                           1                           1 

#Effect Size Calculator  
#The code below calculates the Log Odds Ratio using the sample N and the coun
t of events. 
#Then it assigns the output to variables named "lor" (log odds ratio) and "Va
rlor" (variance). 
 
Nudge <- escalc(measure = "OR",  
                ai = Ct_Trt_Pos, n1i = Trt_N,  
                ci = Ct_Ctrl_Pos, n2i = Ctrl_N, 
                data = Nudge,   
                var.names = c("lor", "varlor"))   
 
 
summary(Nudge$lor) 

##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max.  
## -0.5823  0.5170  1.6178  1.6472  2.3925  4.0911 

#Standard Random Effects Model  
 
Nudge_re <- rma(yi = lor,  
                vi = varlor,  
                data = Nudge, 
                method = "REML")   
 
summary(Nudge_re) 

##  
## Random-Effects Model (k = 34; tau^2 estimator: REML) 
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##  
##   logLik  deviance       AIC       BIC      AICc  
## -57.1419  114.2838  118.2838  121.2768  118.6838    
##  
## tau^2 (estimated amount of total heterogeneity): 1.7063 (SE = 0.4477) 
## tau (square root of estimated tau^2 value):      1.3063 
## I^2 (total heterogeneity / total variability):   98.77% 
## H^2 (total variability / sampling variability):  81.09 
##  
## Test for Heterogeneity: 
## Q(df = 33) = 1972.0138, p-val < .0001 
##  
## Model Results: 
##  
## estimate      se    zval    pval   ci.lb   ci.ub  
##   1.5664  0.2322  6.7448  <.0001  1.1113  2.0216  ***  
##  
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

#Multivariate Effect Size Model + Imputed Covariance Matrix + RVE    
 
V_list <- impute_covariance_matrix(vi = Nudge$varlor, 
                                   cluster = Nudge$StudyID, 
                                   r = .80) 
 
NudgeSub2 <- rma.mv(yi = lor,  
                    V = V_list,  
                    random = ~1 | StudyID/OutcomeID,  
                    data = Nudge,            
                    method = "REML")                       
 
summary(NudgeSub2) 

##  
## Multivariate Meta-Analysis Model (k = 34; method: REML) 
##  
##   logLik  Deviance       AIC       BIC      AICc  
## -52.2552  104.5105  110.5105  115.0000  111.3381    
##  
## Variance Components: 
##  
##             estim    sqrt  nlvls  fixed             factor  
## sigma^2.1  0.6099  0.7809     14     no            StudyID  
## sigma^2.2  0.9043  0.9509     34     no  StudyID/OutcomeID  
##  
## Test for Heterogeneity: 
## Q(df = 33) = 4616.9043, p-val < .0001 
##  
## Model Results: 
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##  
## estimate      se    zval    pval   ci.lb   ci.ub  
##   1.4161  0.2987  4.7415  <.0001  0.8307  2.0015  ***  
##  
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

NudCef <- coef_test(NudgeSub2, 
                    cluster = Nudge$StudyID, 
                    vcov = "CR2") 
 
NudCef 

##    Coef. Estimate    SE t-stat d.f. (Satt) p-val (Satt) Sig. 
##  intrcpt     1.42 0.301   4.71        11.5       <0.001  *** 

predict(NudgeSub2) 

##  
##    pred     se  ci.lb  ci.ub   pi.lb  pi.ub  
##  1.4161 0.2987 0.8307 2.0015 -1.0657 3.8979 

#Forest Plot and Traditional Funnel Plot: 
 
forest(NudgeSub2, slab = Nudge$Study, cex=.5, atransf= exp, header="Author(s) 
and Year") 

 

funnel(NudgeSub2) 
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#Contoured Funnel Plot:  
 
 
IndepRE_Nudge <- rma(yi = lor, 
               vi = varlor, 
               data = Nudge, 
               method = "REML") 
 
 
funnel(IndepRE_Nudge, 
       level=c(90, 95, 99),  
       shade=c("white","gray55","gray75"),  
       refline = 0,  
       legend=TRUE) 
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#Egger's Sandwich 
 
 
Nudge$Tot_N = Nudge$Trt_N + Nudge$Ctrl_N 
 
 
eggers <- rma.mv(yi = lor,  
                 V = V_list,  
                 mods = ~ Tot_N, 
                 random = ~1 | StudyID/OutcomeID, 
                 data = Nudge, 
                 method = "REML") 
 
summary(eggers) 

##  
## Multivariate Meta-Analysis Model (k = 34; method: REML) 
##  
##   logLik  Deviance       AIC       BIC      AICc  
## -49.4594   98.9187  106.9187  112.7817  108.4002    
##  
## Variance Components: 
##  
##             estim    sqrt  nlvls  fixed             factor  
## sigma^2.1  0.5539  0.7442     14     no            StudyID  
## sigma^2.2  0.8537  0.9240     34     no  StudyID/OutcomeID  
##  
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## Test for Residual Heterogeneity: 
## QE(df = 32) = 3584.6135, p-val < .0001 
##  
## Test of Moderators (coefficient 2): 
## QM(df = 1) = 2.4087, p-val = 0.1207 
##  
## Model Results: 
##  
##          estimate      se    zval    pval    ci.lb   ci.ub  
## intrcpt    1.1244  0.3419  3.2882  0.0010   0.4542  1.7945  **  
## Tot_N      0.0001  0.0001  1.5520  0.1207  -0.0000  0.0003      
##  
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

#Using clubSandwich to get the RVE estimate for the Egger's sandwich test 
 
eggerscef <- coef_test(eggers, 
                       cluster=Nudge$StudyID,  
                       vcov = "CR2")  
eggerscef 

##    Coef. Estimate       SE t-stat d.f. (Satt) p-val (Satt) Sig. 
##  intrcpt 1.124350 0.321118   3.50       11.44      0.00468   ** 
##    Tot_N 0.000141 0.000106   1.33        1.52      0.34939 
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