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Abstract 

Policymakers increasingly rely on behavioral science in response to global challenges, 

such as climate change or global health crises. But applying behavioral science faces an 

important problem. Interventions exert substantially different effects across contexts and 

individuals. We examine this heterogeneity for different paradigms that provide the basis for many 

behavioral interventions. We study the paradigms across one in-person and 10 online panels with 

over 11000 respondents. We propose a framework of typically omitted moderators to explain this 

heterogeneity. The framework’s factors (Fluid Intelligence, Attentiveness, Crystallized 

Intelligence, and Experience) affect the effectiveness of many behavioral interventions and 

preference measures. The observed treatment effect depends on the distribution of moderators in 

each sample. Our results motivate observing these moderators and provide a theoretical and 

empirical framework for understanding varying effect sizes.  
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Introduction 

Effective responses to global challenges often require individual behavior change. A 

successful vaccine only achieves full efficiency if enough people choose to be vaccinated. 

Improving public transport to reduce carbon emissions must also change commuting choices. 

Behavioral science can help to advance change with “behavioral interventions”, also referred to 

as nudges, behavioral insights, or choice architecture. Behavioral interventions are typically less 

costly than monetary incentives, intensive persuasion, or education (1). This has resulted in many 

calls for their increased use in policy, but others argue that applications are premature (2–4). One 

challenge to identifying successful interventions is that the magnitude of change produced by an 

intervention can vary across settings and populations (5–8). Even replicating an identical 

intervention in different laboratories can produce quite dissimilar results (9–11) and effects often 

differ across subsets of a population (for example, as a function of SES (12)). This has led to a 

call for a “heterogeneity revolution” in applying behavioral science (13). Understanding 

heterogeneity is important beyond policy applications: It enables researchers to build more 

complete and robust theories, exposing boundary conditions and identifying additional predictors. 

Consider a policy that reduces carbon emissions by defaulting utility customers into more 

expensive green energy. While they generally increase the use of green energy, default effects 

are stickier among people with lower SES (14). From a policy perspective, the result may be 

undesirable: The poorer, who are responsible for fewer emissions, pay relatively more than the 

rich. From a theoretical perspective, this finding is important because it informs researchers of 

settings where defaults may not work. 

This paper (i) demonstrates the importance of heterogeneity in standard paradigms used 

to develop behavioral interventions, (ii) develops a guiding framework for explaining 

heterogeneity, and (iii) demonstrates techniques for improving the robustness of research. We 

build on the key insight that the effect of one variable, like a default manipulation, may depend 

upon a third variable (like SES) that varies, but is not observed in the original setting. To 

understand heterogeneity, it is necessary to measure and model this omitted moderator. 

Neglecting it may limit our ability to generalize results.  

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=858135293423259&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:5906f586-af04-4711-99ce-e19b677b27b1
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=019314886639271722&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:9f85577a-7405-4a84-9a62-7be2b0bbe4c7,defcb1ae-3959-4e34-9832-34e2063d2016:140a14f6-5df5-4486-b80a-b8eeea2462a8,defcb1ae-3959-4e34-9832-34e2063d2016:a103c0ae-0f8a-400f-b75f-2bddd0a3a00a
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=8343332148476097&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:abcea130-6ec5-47f0-9fe5-a3e0c6b81fe6,defcb1ae-3959-4e34-9832-34e2063d2016:5ad3c778-70df-484d-a02a-8fab45d4700b,defcb1ae-3959-4e34-9832-34e2063d2016:415152ac-6605-4058-8868-35b5ee1d52c1,defcb1ae-3959-4e34-9832-34e2063d2016:3f5d5e52-5bcd-4892-bffd-2d4f997df3e9
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=5363359436382631&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:385ecaca-f374-43e8-baee-863918e38e27,defcb1ae-3959-4e34-9832-34e2063d2016:14edad2f-4b48-4c0c-bdd8-b776e35e9b21,defcb1ae-3959-4e34-9832-34e2063d2016:de3181d1-535d-4084-bf6a-2f1b2c7ef0ba
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=018746008094917&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:6fac3ca1-f292-4e1e-9c07-b51581993842
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=8105105747629294&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:146cead5-145d-4591-9b59-eeb8601980bb
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=7005467694247407&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:3f81fab7-a760-4ec2-801b-742a1d0f8dfd
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To do this, we leverage the variation that exists across different offline and online panels, 

ranging from widely used commercial panels to a student laboratory sample. We demonstrate this 

heterogeneity for many paradigms that are the basis for behavioral interventions. We then show 

how exposing omitted moderators can explain this heterogeneity and aid theory construction. 

While our primary focus is on studying heterogeneity in behavioral science as a whole, 

understanding panel differences is important. Online panels have become increasingly common 

across the social sciences, including psychology, economics, sociology, and political science 

(15–19).  

Imagine that an identical manipulation, like a default, has a large effect in one panel and 

an insignificant effect in another. We may ask, are there characteristics of the panel that explain 

this discrepancy? Online panels may differ substantially in their distribution of moderators. To 

exploit this variation, we use different panels and measure typically omitted moderators. 

Performing identical paradigms across panels minimizes variability in study execution to reveal 

differences in moderators (20). Our data can be regarded as a complementary extension to large, 

coordinated replication studies (9, 10, 21). However, instead of limiting our efforts to one panel, 

we exploit panel differences to produce purposive variation (22), making moderators and the 

resulting heterogeneity more easily observable.  

Studies investigating demographic differences between online (23, 24) and other panels 

(25, 26) have led to mixed results. Some are consistent with small differences and little 

heterogeneity of effect sizes, and other research has identified differences beyond demographics 

that are more strongly associated with effect sizes (23, 27, 28). Paradigms in the behavioral 

sciences have a large set of possible moderators, many of which may be specific to the 

paradigm. We focus on a set of fundamental moderators that are relevant across many 

paradigms and contexts. Measuring possible moderators is often burdensome, particularly in an 

online setting. To accommodate this, we propose measures that are reliable and brief, and we 

exploit measures such as reaction time that may be implicitly collected. These measures provide 

a starting point that we later complement with more sophisticated measures. 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=45032103402221346&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:19f4e49f-86d9-428d-b294-7b88393c9fde,defcb1ae-3959-4e34-9832-34e2063d2016:cda29a01-06ec-424e-a678-83d14fb63a2d,defcb1ae-3959-4e34-9832-34e2063d2016:fae3d143-a9bc-465e-a8e2-4c84ef6f2d1a,defcb1ae-3959-4e34-9832-34e2063d2016:b433b3d2-7cfc-4e9b-8ce6-049097ba79fd,defcb1ae-3959-4e34-9832-34e2063d2016:356b06b8-70fd-4b8b-8bb4-bbe1c5a1f7d9
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=5489141248318802&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:19961ab5-7882-450c-b73e-d541430f6bf7
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=8192648282746712&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:385ecaca-f374-43e8-baee-863918e38e27,defcb1ae-3959-4e34-9832-34e2063d2016:14edad2f-4b48-4c0c-bdd8-b776e35e9b21,defcb1ae-3959-4e34-9832-34e2063d2016:e738f1ca-9081-4ea1-8e65-ea4dcb2a4752
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=1681516645007307&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:bd555a35-0e53-417f-8307-fb02ef2bd840
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=21161648693361268&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:3d54356f-a326-4af8-89c8-f0a87d34fff3,defcb1ae-3959-4e34-9832-34e2063d2016:441a0502-f318-4487-901c-4e5dbb7ef19e
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=16923029975940118&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:169fc4a1-c1ff-4b94-aa47-3f7a8a2fec01,defcb1ae-3959-4e34-9832-34e2063d2016:449cf588-f811-4e29-a333-9c58c32b82be
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=6857062186215409&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:1c65eb21-cf1a-4f3c-b360-627f541b6302,defcb1ae-3959-4e34-9832-34e2063d2016:3d54356f-a326-4af8-89c8-f0a87d34fff3,defcb1ae-3959-4e34-9832-34e2063d2016:4f815907-3209-426d-9ff5-4ae2a653a551


 

 

5 

 

Classification: Internal 

Two widely discussed cognitive constructs are likely to affect how individuals encode, 

process, and integrate information in the paradigms: Fluid and Crystallized Intelligence. We also 

examine measures that are specific to the respondents’ interaction with the paradigm: The 

Attentiveness of respondents to a particular paradigm and their past Experience with that 

intervention. We summarize this framework using the acronym FACE, representing: Fluid 

Intelligence, Attentiveness, Crystallized Intelligence, and Experience. As illustrated below, the 

four factors differ on two dimensions: 1) whether they are a function of the person, or the 

interaction of the paradigm and the person and 2) whether they represent real-time cognitive 

abilities or whether they are indicators of accumulated experience. 

 

Many researchers have documented individual differences in concepts related to Fluid 

Intelligence, such as the speed of processing, numerical sophistication, numeracy, and cognitive 

reflection (29). It is separable from other forms of intelligence and has been shown to decrease 

with age. Interventions in the behavioral sciences are likely to be affected by similar variables, for 

instance, numerical skills. Imagine that an intervention uses numeric data to communicate the 

frequency of vaccine side effects. The effectiveness of such an intervention might be moderated 

by Fluid Intelligence in general, and by numeric skills in particular. For example, Peters et al. 

show that numeracy affects framing and risk attitudes (30). To measure Fluid Intelligence, we 

initially use related surveys such as the Berlin Numeracy Test (31) and the Cognitive Reflection 

Task and its variant (32, 33), and later moved to more recently developed items that have been 

Person Specific 
Paradigm - Person  

Interaction 

Accumulated Experience 

Real-time Cognitive Ability 

Fluid 
Intelligence 

Attentiveness 

Crystallized 
Intelligence 

Experience 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=33446121957143227&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:3561c724-9fa2-40d8-a183-1001c36ef6f2
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=0009567418528809712&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:06caff39-9f16-4ed4-a8d4-8519bc49db06
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=6394389067079087&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:a59a1458-87ee-46a8-82bd-d47180530b86
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=024219380373600496&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:a9b1ca77-d2b8-4b62-8d36-5647de09121a,defcb1ae-3959-4e34-9832-34e2063d2016:f295a83c-181e-497a-9ff8-d07e348f7748
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more extensively tested as measures of fluid intelligence, including Raven-like matrices and 3-D 

rotation tasks (34) (see the Supporting Information 3 and 4).  

In contrast, Crystallized Intelligence focuses on knowledge of the world and is thought to 

be the result of accumulated experience. Accordingly, it has been found to increase with age, at 

least until ones’ 60s (35, 36). The effect of interventions requiring comprehension of text or 

knowledge of the world might be increased by Crystallized Intelligence. Measures of Crystallized 

Intelligence have long played a separate role in understanding cognitive performance and can 

compensate for decreases in Fluid Intelligence (35, 36). A common measure of Crystallized 

Intelligence is a person’s passive and active vocabulary, which we adopt in line with Li et al. In 

other cases, we use one’s age and highest level of education as a proxy for Crystallized 

Intelligence, two measures that have been shown to correlate with Crystallized Intelligence (38). 

Some research suggests that individuals high in Crystallized Intelligence may rely more heavily 

on their knowledge and experience and are thus less likely to be influenced by certain 

interventions (37). 

Attentiveness of respondents has been an enduring concern in research, both in-person 

and online, when respondents are not directly monitored. Respondents not paying attention to 

tasks can reduce the size of measured effects (23, 39–41). In survey-based experiments, 

attention checks are commonly used to filter for attentive participants. All else equal, the amount 

of time an individual spends interacting with presented information is likely correlated with how 

deeply the respondent is processing the presented material. We measure Attentiveness using 

respondents’ response times in the paradigms, easily measured in standard survey packages.  

Finally, Experience (i.e. Naivete (27)), refers to familiarity with the intervention and is a 

likely moderator of behavioral interventions. Some panels are composed of a limited number of 

participants who spend a significant amount of time doing experimental tasks and thus may have 

seen similar or identical paradigms on multiple occasions. MTurk, for example, is thought to have 

only 7300 active panelists, who report doing over 300 experimental tasks (42). There is evidence 

that this exposure can reduce the size of observed treatments (27, 43, 44). Familiarity with 

information has several influences on the processing of the information. The effects of repeated 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=5508170244914258&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:48fe803a-c5fa-4ee9-ab49-c2d2e13e45b0
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=573602677652954&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:9543f1cd-b6b2-492f-a150-fcaf47d8bf73,defcb1ae-3959-4e34-9832-34e2063d2016:49470bdd-3f2d-4e8a-8d6d-3bacfdfd2e8d
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=3074554943349157&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:9543f1cd-b6b2-492f-a150-fcaf47d8bf73,defcb1ae-3959-4e34-9832-34e2063d2016:49470bdd-3f2d-4e8a-8d6d-3bacfdfd2e8d
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=026791608561491875&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:11a248e7-1286-43a4-9552-d4524cda7439
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=2984417527188953&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:9a6cfbfc-342c-4eab-9b75-e66b1524594b
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=9418597982340045&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:3d54356f-a326-4af8-89c8-f0a87d34fff3,defcb1ae-3959-4e34-9832-34e2063d2016:aa6213b6-981d-4fcb-8bfe-2f6f4f1d34fd,defcb1ae-3959-4e34-9832-34e2063d2016:31b32e11-6a1e-428e-86fd-e7fe027489e6,defcb1ae-3959-4e34-9832-34e2063d2016:6d9736f3-6f58-4c92-8772-afc40f810547
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=06407205818832429&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:1c65eb21-cf1a-4f3c-b360-627f541b6302
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=8526909341869802&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:020284a2-e303-4444-9e05-5c5dd2f19384
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=21837514564581995&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:69395219-87b2-44be-897d-4c6af95754fe,defcb1ae-3959-4e34-9832-34e2063d2016:0ec2462a-a37c-4672-ac53-47253b02877d,defcb1ae-3959-4e34-9832-34e2063d2016:1c65eb21-cf1a-4f3c-b360-627f541b6302
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questions may lead to simple recall of past answers, the use of simplified heuristics, or a lack of 

attention. Such concerns have led to the development of alternative forms of tests such as the 

CRT (33). We measured Experience by asking respondents directly, for each paradigm, whether 

they had seen these questions before, on a three-point scale. 

In all studies, we verify the FACE framework by using a multigroup factor analysis, 

assuming strong measurement invariance and allowing factors to correlate (see Supporting 

Information 2.3). Of course, the FACE framework is just an initial proposal to explain unobserved 

heterogeneity using variables that have been somewhat neglected. Other variables such as 

demographics and personality may well affect outcomes and treatments. While we believe that 

the FACE framework is a good, domain-general starting point for identifying variables that have 

been previously neglected, we will examine the effect of other potential moderators, such as 

demographics and the Big 5, using the TIPI scale.  

We first demonstrate the effect of heterogeneity by documenting panel differences for 

several standard paradigms. This can be tested by looking for differences in the effect size as a 

function of the panel. Next, we try to account for the differences across panels using the FACE 

factors. Our focus will be asking if the treatments are more or less effective, as the FACE factor 

scores change. To give a concrete statistical example, we ask if the framing effect interacts with 

Attentiveness or Crystallized Intelligence. Finally, we ask if these interactions reduce or eliminate 

the panel differences. Several studies address the replicability of the observed panel differences 

and extend our analysis to preference elicitation. 

We conducted 5 preregistered studies with over 11000 respondents using 10 online 

panels and one laboratory student panel. Each study employed several well-studied paradigms 

from the literature that have either been the subject of a large replication project (9, 10, 21, 45) or 

been examined in a meta-analysis (46, 47). This provides us with a data-driven effect size 

standard for comparison. These paradigms could be implemented online, were not time-intensive, 

and spanned a range of expected effect sizes. All panels were presented with identical 

questionnaires. We included panels commonly used in academic online experiments (MTurk, 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=8138611557505101&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:f295a83c-181e-497a-9ff8-d07e348f7748
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=6706816058720371&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:06e9c730-4c27-4e49-89a4-dece3778f5c0,defcb1ae-3959-4e34-9832-34e2063d2016:e738f1ca-9081-4ea1-8e65-ea4dcb2a4752,defcb1ae-3959-4e34-9832-34e2063d2016:385ecaca-f374-43e8-baee-863918e38e27,defcb1ae-3959-4e34-9832-34e2063d2016:14edad2f-4b48-4c0c-bdd8-b776e35e9b21
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=19301132648078512&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:43157131-c89f-4b65-b535-cfe4c3ea1417,defcb1ae-3959-4e34-9832-34e2063d2016:2673ff19-36b2-4d0f-98c1-df1f2f050bd7
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CloudResearch, and Prolific Academic) and panels primarily used in market research. We also 

included two panels labeled by Prolific as nationally representative of the US and UK.  

In Study 1, we examined how the effect sizes of five paradigms changed across 11 

panels (see Supporting Information 1). We label these Local Warming (48), Defaults (49), 

Framing (50), Less-is-better (51), and Sunk Cost (52). Study 2 and Study 4 replicated the results 

with improved measures of the FACE factors. In Study 3, we extended our results to two 

paradigms from the broader social science literature, False Consensus (53) and the Trolley 

Problem (54)) as well as self-report and choice measures for three economic preferences, Time, 

Risk, and Reciprocity (55)). In Study 5 we further improved our understanding of heterogeneity 

with additional measures. 

 

Results 

Study 1 produced substantial heterogeneity in effect sizes of the five paradigms across 

11 panels and 6438 participants, depicted in Figure 1. The first two plots present the default and 

framing paradigms, which showed large differences across panels. To characterize these 

differences, we conducted a regression analysis predicting the responses in each paradigm with 

the treatment, panel, and their interaction (see Supporting Information 2.2). Equation 1 illustrates 

this analysis: 

𝑦𝑖 = 𝛽0 + 𝛿0𝑇𝑖 + ∑ γ0𝑑𝑝𝑖
𝑃
𝑝=1 + ∑ ϵ0𝑇𝑖𝑑𝑝𝑖

𝑃
𝑝=1 , 

y = outcome variable, i = respondent index T =dummy coded treatment variable, p = index 

for panel, P = vector of Panels, dp = dummy coded panel variable. 

(1) 

Fig. 1. Effect sizes observed in Study 1, sorted by size of the default effect observed in 

each panel. Error bars in the effect size plots represent 95% CI around the effect sizes. 

Sample sizes are reported in the legend. The dashed vertical lines represent the 

benchmark effect sizes from meta-analyses or a Many Labs replication study. The 

statistics below each plot summarize the heterogeneity of conditional treatment effects 

without (τ2) and with (τ2(MOD)), moderators in the regression models. 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=4625381334191988&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:9cfbd91c-241d-4d1d-908c-9c2d69d8d1c6
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=7368187251079155&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:332e5167-b28f-41b3-9b70-5974e22ae78f
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=2304378347506616&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:c4a2102e-abfd-4d71-8c94-fb7aab3bc478
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=6503651713562921&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:06499630-f66c-46d6-b424-e8cc7cfaa994
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=998674645220392&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:16095d8f-2416-47be-a8e6-34982f779b97
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=5983371613321566&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:f091b827-d665-42c3-9f0e-b385d133f609
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=19291891570145414&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:cf5342e7-07c7-48ad-aa94-4a1ca3bf1d9d
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=0219983349163988&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:ad9256cd-100c-41f9-bf9e-1ac61cc72cf2
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The analysis confirms what we see in Figure 1: Panels produced different effect sizes for 

identical paradigms. Importantly, these differences varied across the paradigms. No one panel 

produced bigger (or smaller) effects across all paradigms, meaning that no one panel produced 

‘better’ (or ‘worse’) results for all items. This is illustrated in Figure 1 by the different distribution of 

the default and framing effects across panels. Focusing on two of the most commonly used online 

panels, we find that the default effect was larger on MTurk (D = 0.76) than on Prolific (D = 0.29), 

while the framing effect was larger on Prolific (D = 0.96) than on MTurk (D = 0.31). Across all 

panels, default effects are negatively correlated with the effects in other paradigms (e.g., τ(default, 

framing) = -0.25). This inversion demonstrates that heterogeneity in effect sizes results from an 

interaction of the paradigm and the panel. The analysis was robust when respondents who failed 

one or two attention check questions were omitted (64% passed both checks; see Supporting 

Information 2.2). The only paradigm that did not show heterogeneity across panels was local 

warming, which also failed to replicate when averaged across all panels.* 

 
*While local warming has been shown to be a significant but small effect, the size of the effect 

depends upon the variability in temperature at the time and location in the study. When this study 
was run such variability was low. To remove this source of heterogeneity, we dropped this 
paradigm in subsequent studies. 
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We argue that this heterogeneity in effects is due in part to differences in previously 

unobserved moderators across panels. To test this, we conducted an exploratory factor analysis 

with oblimin factor rotation of our measured moderators. This produced the four factors of the 

FACE framework (RMSEA = 0.03, CFI = 0.99), suggesting the factors Fluid Intelligence (cognitive 

reflection task and numeracy), Attentiveness (response times in the paradigms), Crystallized 

Intelligence (education), and Experience (with the individual paradigms). The largest correlation 

between factors was r = -0.368. See Supporting Information 2.3 for more information on the factor 

analyses.  

 

Fig. 2. Radar Charts of the panels’ average z-scores on the FACE factors in Study 1: F = 

Fluid Intelligence, A = Attentiveness, C = Crystallized Intelligence, E = Experience. The red 

lines illustrate the average scores in each panel, the light gray area illustrates the average 

scores across panels. The inner border is the minimum and the outer line is the maximum 

average score on the respective FACE factors across panels. 

 

 

Figure 2 illustrates the large differences in panel characteristics. Each radar plot presents 

a panels’ average factor scores as red lines. The light gray areas represent the average score 
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across all panels in Study 1. For example, the first row depicts the profile of three commonly used 

panels (student, MTurk, and Prolific). We see that MTurk participants are low in Attentiveness (z 

= -0.23) and high in Experience (1.33). In contrast, Prolific participants are attentive (0.25) and 

much lower in Experience (-0.03). The student sample is most attentive (0.29) and, naturally, 

because they are young and just starting school, have low in Crystallized Intelligence (-1.37). We 

next assessed moderation by adding the four moderators’ main effects and interactions with the 

treatments to the previous regression models, schematically illustrated in Equation 2. 

𝑦𝑖 = 𝛽0 + 𝛿0𝑇𝑖 + ∑ γ0𝑑𝑝𝑖
𝑃
𝑝=1 + ∑ ϵ0𝑇𝑖𝑑𝑝𝑖

𝑃
𝑝=1 + 𝛽1𝐹𝑖 + 𝛽2𝐴𝑖 + 𝛽3𝐶𝑖 + 𝛽4𝐸𝑖 + 𝛿1𝑇𝑖𝐹𝑖 +

𝛿2𝑇𝑖𝐴𝑖 + 𝛿3𝑇𝑖𝐶𝑖 + 𝛿4𝑇𝑖𝐸𝑖, 

F, A, C, E = factor scores. 

(2) 

Adding moderators to the regression models reduced the panel main effects by 58% and 

the interaction effects with the treatment by 29%, on average; and heterogeneity of treatment 

effects (τ2) by 18%, on average. Adding the moderators further increased model fit across all 

paradigms, accounting for model complexity (see Supporting Information 2.4). Figure 3 illustrates 

the models, with rows and columns representing moderators and paradigms, respectively. 

Looking at the leftmost cell of the second row, the relationship between Attentiveness and the 

default effect, the two non-parallel lines indicate that default effects grow smaller with higher 

Attentiveness. In contrast, the last cell in that column shows that default effects increase in size 

with Experience. Experienced (vs. naive) respondents show larger default effects. Such 

interactions are clear demonstrations that Attentiveness and Experience are moderators of the 

default effect. The graphs also show main effects of treatment, the distance between the lines, 

and the main effect of the moderator on the outcome, shown by the slopes.  

 

Fig. 3. Effects of moderators. Each column represents the predictions of one paradigm (on 

the y-axis) as a function of FACE moderators (on the x-axis). In the local warming 

paradigm, the IV (concern about climate change) was split into three equal intervals to 

illustrate an eventual interaction. 
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 We focus on differences in the framing and default effects to illustrate the importance of 

these moderators. Both paradigms show a striking negative correlation of effect sizes across 

panels in Figure 1. As we have seen, the size of the default effect decreases as Attentiveness 

increases. In contrast, the default effect increases with self-reported Experience. The second 

column shows that these two moderators have the opposite effect on framing: Framing effects 

increase with Attentiveness and decrease with Experience. Thus, the markedly different effects of 

panel on the default and framing effects are explained by the moderators, which differ across 

panels and have opposite effects on the two paradigms. These results show that heterogeneity is 

complex, and a function of both task and panel characteristics. 

To test the reliability and the robustness of Study 1’s results, we first ran Study 2 (N = 

1057), which replicated the reversal pattern of results for the default and framing paradigms for 

the MTurk and Prolific panels (see Supporting Information 1.3). To illustrate the stability of our 

findings, Figure 4 plots the effect sizes in the four experimental paradigms and panels that we 
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used repeatedly across studies. Note that respondents could participate in the research only once 

(e.g., respondents in Study 1 could not participate in Studies 2, 3 or 4). 

 

Fig. 4. Effect sizes in Defaults, Framing, Less-is-better, and Sunk Cost observed in Studies 

1, 2, 4, and 5 in the online panels MTurk, Lucid and Prolific. Error bars in the effect size 

plots represent 95% CI around the effect sizes. The dashed vertical lines represent the 

benchmark effect sizes from meta-analyses or a Many Labs replication study.  

 

 

Next, Study 3 extended the analysis of heterogeneity to two paradigms from social 

psychology, the trolley problem (54) and the false consensus effect (53), as well as measures 

central to economics—preferences for risk, time and reciprocity. The two panels used, Prolific 

and MTurk, showed significant differences in preferences, the correlation between choice and 

self-reported preferences, and in the trolley problem. As in other studies, the relationship of 

choice-based and self-report measures of preferences is surprisingly weak and varied between 

panels (Prolific: rrisk = .223, rtime =.191; MTurk: rrisk = .173, rtime =.030). Despite new measures of 

Fluid Intelligence, we reproduced the FACE framework and explained panel differences by 

introducing the improved FACE factors as moderators (see Supporting Information 3 and Table 

S16). After adding FACE moderators, we observed no significant difference in the correlation of 

preference measures between panels. Across all paradigms in Study 3, the FACE framework 

accounted for 63% of the variance in panel effects.  

In Study 4 (N = 1460), we improved our measure of Crystallized Intelligence for the 

FACE framework and replicated the same analysis on the between-subjects paradigms of Study 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=7311178132396747&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:cf5342e7-07c7-48ad-aa94-4a1ca3bf1d9d
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=23258689317202008&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:f091b827-d665-42c3-9f0e-b385d133f609
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1. We also added TIPI scales for measuring personality traits as alternative moderators. After 

adding FACE moderators, panel main effects and interactions were reduced by 68%. Moreover, 

FACE factors helped to explain on average 30% more variance compared to demographic 

variables (8%) and TIPI (21%).  

Finally, in Study 5 (N = 1460) we used both the improved measure of Crystallized and 

Fluid Intelligence. We again replicated the FACE factor structure and found that the FACE factors 

explain more heterogeneity than TIPI or demographic variables. Figure 5 shows the fit of the 

models. Adding FACE moderators reduced panel main effects and interactions by 80%. 

 

Fig. 5. Explained variance of the regression models predicting the outcome variables in 

Study 5 with different moderators. Each of the models contains main effects of the 

treatment, the panel, and interaction terms of the panel and the treatment. All moderator 

variables are added with main effects and interactions with the treatment. As demographic 

variables, we added the gender, age, and education of the respondent. TIPI contains the 

personality traits extraversion, agreeableness, openness, conscientiousness, and 

neuroticism, and FACE contains the four factors Fluid Intelligence, Attentiveness, 

Crystallized Intelligence and Experience. 

 

 

 

Discussion 
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We demonstrate that basic phenomena from the decision, social, and economic sciences 

vary more widely across samples than previously documented (18, 25, 26). The amount of 

heterogeneity we observe suggests that we generally cannot (or do not) study treatment effects. 

Instead, we study conditional treatment effects, conditional on the sample selected. Although the 

observed pattern of heterogeneity is complex, and more complex than is commonly assumed, it is 

systematic. We propose a framework to understand the complex pattern. The FACE framework 

serves as a starting point to help social and behavioral scientists develop more robust theory and 

more confidently apply behavioral science in policy.  

A researcher might be concerned that participants pay attention to stimuli and respond by 

adding attention checks to eliminate respondents. We think this solved the wrong problem for two 

reasons: First, our results suggest that there is more to heterogeneity than attention. Experience 

with the paradigm and the Fluid and Crystallized strengths of the respondent are also important. 

Second, these moderators do not just affect how strongly the manipulation affects the 

respondent, but also fundamentally change their response.  

 To explore this, we introduced a measure in Study 5 of how well the respondents 

understood the manipulation by asking them to identify what they had read (see Supporting 

Information). While the FACE variables affect the strength or Dosage of the treatment, they also 

affect the effect of the manipulation on the outcome. About 25% of the average explained 

variance in the outcome was explained by this measure. As one would expect, respondents with 

higher Crystallized and Fluid Intelligence and those who paid more attention seemed better able 

to identify their treatment, while greater Experience reduced identification. However, that is not 

the whole story. There were still significant effects of the FACE factors and their interactions on 

the outcomes, explaining about 26% of the average explained variance in the outcome. This 

suggests that the heterogeneous effects seen in Figure 1 are not just due to how strongly the 

intervention affects respondents. An important question for future research is understanding how 

variables like FACE affect these and a broader set of paradigms. 

The FACE framework may also contribute to our understanding of failed and successful 

replications, an issue at the forefront of the replication crisis in social science. We suggest that 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=5422158443891381&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:b433b3d2-7cfc-4e9b-8ce6-049097ba79fd,defcb1ae-3959-4e34-9832-34e2063d2016:169fc4a1-c1ff-4b94-aa47-3f7a8a2fec01,defcb1ae-3959-4e34-9832-34e2063d2016:449cf588-f811-4e29-a333-9c58c32b82be
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collecting FACE factors would be useful in future replication attempts. It would be great to 

observe that FACE factors could explain why some paradigms are more robustly replicated in 

some samples, but not in others.  

Our approach bears similarity to past attempts at generalizing from an imperfect sample, 

such as multilevel regression with poststratification (56). Poststratification is typically based on 

observed, true, and stable values; while the true distributions of the moderator variables in the 

FACE framework are unknown and can vary over time (e.g., Attentiveness and Experience). Our 

results suggest that considering these FACE factors may be at least as relevant.  

We make two methodological contributions that could be applied in future research. To 

advance the investigation of moderators, we propose a technique to create purposive variation by 

exploiting the existing variety of online panels. We encourage researchers to employ a similar 

approach, while measuring FACE factors. Future research could further improve the proposed 

measures and explore other important moderators such as need for cognition or political affiliation 

particularly when generalizing to other tasks. The FACE framework helps to evaluate how effects 

vary across different parts of society and affect implementations of interventions such as defaults. 

When applied widely, the framework offers the potential to develop a theory on the structure of 

paradigms and their interaction with FACE. 

 

Methods and Materials 

In Study 1a, we tested five behavioral interventions on eight online panels (detailed 

information can be found in Supporting Information 1.1). These included one regression with an 

instrumental variable (local warming (48)) and four between-subjects experimental paradigms, 

including the default effect (organ donation (49)), the framing effect (unusual disease (50)), the 

less-is-better effect (51), and the sunk cost effect (52). We collected demographic variables 

(gender, age, income, and political orientation), Crystallized Intelligence (education, age), Fluid 

Intelligence (the cognitive reflection task and numeracy (31, 32), Experience with each paradigm 

and online research in general, and measures of Attentiveness (response times), as well as two 

attention checks. In addition to panels that are ubiquitous in academic research (MTurk, Cloud 

https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=9871250747023889&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:625a1b4d-a867-4b7f-85a2-aec46bbbcc83
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=6879880947340258&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:9cfbd91c-241d-4d1d-908c-9c2d69d8d1c6
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=7519830964275659&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:332e5167-b28f-41b3-9b70-5974e22ae78f
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=10586998740128728&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:c4a2102e-abfd-4d71-8c94-fb7aab3bc478
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=8765093033355111&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:06499630-f66c-46d6-b424-e8cc7cfaa994
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=7206143869336056&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:16095d8f-2416-47be-a8e6-34982f779b97
https://app.readcube.com/library/defcb1ae-3959-4e34-9832-34e2063d2016/all?uuid=4916881008489026&item_ids=defcb1ae-3959-4e34-9832-34e2063d2016:a9b1ca77-d2b8-4b62-8d36-5647de09121a,defcb1ae-3959-4e34-9832-34e2063d2016:a59a1458-87ee-46a8-82bd-d47180530b86
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Research and Prolific) we used commercial providers that vary in quality (four distinct panels and 

a blended panel from Lucid Marketplace). To include in-person data collection, we used a large 

sample of students from a European university in Study 1b and added samples often termed 

representative by providers, from the US and UK, stratified on age, race, and gender, from 

Prolific. We also replicated the survey on new samples from MTurk and Prolific, pre-registering 

the pattern of effect sizes (Study 2). 

In Study 3, we improved our measure of Fluid Intelligence. We added the 3-D rotation 

items and Raven-like matrices from the International Cognitive Ability Resource. Here, we 

focused on two panels most used in academic research, Prolific and MTurk, since they showed 

quite different patterns of moderation in Study 1. We also varied the time of day (1:00 am, 9:00 

am, and 5:00 pm EST) and day of the week (Wednesday and Sunday) of data collection, 

because this had been previously described as a source of variation (57). In Study 4 we used 

only the between-subjects paradigms of Study 1 and added vocabulary tests to improve the 

measures of Crystallized Intelligence. We again distributed the survey across four data collection 

periods, and sampled participants from Prolific, MTurk and Lucid Marketplace. Study 5 was 

distributed in the same manner as Study 4. We used the 3D rotations tasks and matrix questions 

as measures of Fluid Intelligence and vocabulary test for Crystallized Intelligence. We further 

asked respondents for each paradigm, on a five-point Likert scale, which of the two treatments for 

each paradigm they saw. 

 We report our analyses using regressions and factors based on a confirmatory factor 

analysis, but also examined the effects of moderators using seemingly unrelated regressions 

(when appropriate) and structural equation modeling in Study 1, and conducted exploratory factor 

analysis to identify the FACE factors in each study (sections 2.5 and 2.6 Supporting Information). 

The effects we report are robust across procedures. All data and code is available online 

(https://osf.io/7kqg9/). 
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