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It is well established that religiosity correlates inversely with intelligence. A
prominent hypothesis states that this correlation reflects behavioral biases toward
intuitive problem solving, which causes errors when intuition conflicts with
reasoning. We tested predictions of this hypothesis by analyzing data from two
large-scale Internet-cohort studies (combined N = 63,235). We report that
atheists surpass religious individuals in terms of reasoning but not working-
memory performance. The religiosity effect is robust across sociodemographic
factors including age, education and country of origin. It varies significantly
across religions and this co-occurs with substantial cross-group differences in
religious dogmatism. Critically, the religiosity effect is strongest for tasks that
explicitly manipulate conflict; more specifically, atheists outperform the most
dogmatic religious group by a substantial margin (0.6 standard deviations) during
a color-word conflict task but not during a challenging matrix-reasoning task.
These results support the hypothesis that behavioral biases rather than impaired
general intelligence underlie the religiosity effect.
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Introduction

The relationship between religiosity and intelligence has been an important topic amongst

scientists and the public for some time (Harris, 2004; Dennett, 2006; Hitchens,

2007; Dawkins, 2008). Early evidence from the twentieth century suggested that religiosity
and intelligence negatively correlated amongst college students (Howells, 1928; Sinclair,
1928). Subsequently, Argyle (1958) concluded that intelligent students are less likely to be
religious. More recently, scientists have shown a striking paucity of religious belief

(Ecklund et al., 2016), particularly within the elites of the National Academy of Sciences

(Larson and Witham, 1998) and the Royal Society (Stirrat and Cornwell, 2013).

Psychometric population studies have now firmly established that religiosity influences
cognitive style (Shenhav et al., 2012), and that religiosity and intelligence negatively

correlate (Verhage, 1964; Pargament et al., 1998; Nyborg, 2009; Gervais and Norenzayan,

2012; Pennycook et al., 2013, 2014; Razmyar and Reeve, 2013; Zuckerman et al., 2013).

Furthermore, it has been reported that IQ and disbelief in God correlate at r = 0.60 across
137 countries (Lynn et al., 2009).

The cognitive sciences are establishing a mechanistic understanding of the religiosity
effect. For example, it has been seen that religious background modulates visual attention

(Colzato et al., 2008). Lesion studies have demonstrated that ventro-medial prefrontal

cortex lesion patients have elevated scores of religious fundamentalism (Asp et al., 2012).

Experimental studies have demsontrated that increases in religious fundamentalism relate
to increases in memory recall accuracy and higher rates of false-positives in a memory task
(Galen et al., 2009). Religious fundamentalism has also shown modest positive

correlations with life satisfaction (Carlucci et al., 2015) and negative correlations with

cognitive flexibility (Zhong et al., 2017) and openness (Saroglou, 2002; Carlucci et al.,

2011, 2015).

Dual-process models (Evans, 2008) assert that cognition is composed of intuitive and
logical information processing. Individual differences in cognitive style have been related
to the propensity to engage logical processes during problem solving (Stanovich and West,

1998). Meanwhile, recent experimental evidence has demonstrated a link between
religiosity and cognitive style (Gervais and Norenzayan, 2012; Pennycook et al., 2014).

From this, a prominent hypothesis has emerged which suggests that the religiosity effect is
underpinned by cognitive-behavioral biases that cause poorer detection of situations in
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which intuition and logic are in conflict (Pennycook et al., 2014). Put simply, religious

individuals are less likely to engage logical processes and be less efficient at detecting
reasoning conflicts; therefore, they are more likely to take intuitive answers at face value
and this impairs performance on intelligence tests. More broadly, from the perspective of
this “dual-process” hypothesis, religious cognition is facilitated and hallmarked by intuitive

decision making (Norenzayan and Gervais, 2013; Morgan, 2014; Oviedo, 2015).

It can be predicted from this hypothesis that the religiosity effect should be particularly
disadvantageous for handling problems with counterintuitive answers; however, as a
cognitive-behavioral bias, rather than reduced cognitive capacity per se, it follows that
religiosity may not affect all tasks that involve reasoning. Reasoning tasks without
intuitively obvious but logically correct answers may engage religious individual's latent
ability to resolve complicated problems.

Here, we apply a novel combination of analyses to data from two Internet-cohort studies
with detailed sociodemographic questionnaires and performance data from multiple
cognitive tasks. Critically, these cohorts are large enough for the religiosity effect to be
reliably examined in relation to, and while factoring out, a range of potentially confounding

sociodemographic factors.

In study 1, we test four predictions of the dual-process hypothesis. (1) The religiosity effect
should be greatest for reasoning latent variables as resolved via factor analysis. (2) The
religiosity effect should be greatest for reasoning tasks designed to involve conflict
resolution. (3) The religiosity effect should be in addition to, and not dependent on, other
sociodemographic variables. (4) The pattern of the religiosity effect across tasks should
differ qualitatively from those observed for other sociodemographic factors relating to
latent reasoning ability.

In study 2, we replicate the findings of study 1 and test the further predictions that
religious dogmatism mediates the religiosity-reasoning relationship at the levels of
individuals (5) and religious groups (6). Finally, we test whether conversion to, or apostasy

from, a religious group predicts cognitive performance (7).

Materials and Methods
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The cognitive tasks were all designed/adapted and programmed in Adobe Flex 3 for the
Internet. The tasks were based on classical paradigms from the cognitive neuroscience
literature to measure planning, reasoning, attention, and working memory abilities. The
entire battery of tasks took ~30 min to complete, with each task calculating one outcome
measure (Full descriptions of all task designs are reported in Supplementary Materials 2).
The tasks were presented in fixed sequence on a custom Internet server. A detailed
demographic assessment was conducted after completion of the task battery and this also
was programmed using Adobe Flex. The server for study 1 was programmed in ASP. The
server for study 2 was programmed in Ruby on Rails. The data for study 1 were collected
via the Internet between September and December 2010. The experiment URL was
originally advertised in a New Scientist feature, on the Discovery Channel website, in
the Daily Telegraph, and on social networking websites including Facebook and Twitter

(for further details please refer to Hampshire et al., 2012a). Study 2 was run in a similar

manner, but with a slightly different sub-set of tasks. Data were collected in the first 4
months of 2013 with advertisement through a press release associated with another article
that was published with data from the first study. Ethical approval for the study protocol
was awarded by the Cambridge Psychology Research Ethics Committes (2010.62) and the
University of Western Ontario Health Sciences Research Ethics Board (103472) for study 1
and 2 respectively. All subjects gave informed consent in accordance with the Declaration

of Helsinki prior to being able to access the cognitive and demographic assessment stages.

Statistical analyses were conducted in Matlab (R2015b, www.mathworks.com), unless

otherwise stated. Data from both studies were preprocessed using the following steps.
Participants with ages below 15 or above 90 and subjects with nonsensical responses to any
questionnaire question were excluded case-wise (see Hampshire et al., 2012a for details).

The cognitive data were standardized task-wise by subtracting the population mean to
center scores around zero and division by the population standard deviation to ensure unit
deviation. A wide filter of scores >5 SDs from the mean on any task were excluded case-
wise to remove any machine errors. Sociodemographic confounds including Age, Level of
Education and Country of Origin were controlled for by modeling them as main effects in a
Generalized Linear Model and extracting the resulting residuals using the SPSS V22
(Supplementary Materials 1).

Study 1 included 44,780 individuals; 12,576 reported themselves to be religious (Mean age
= 31.38, SD = 12.02), 14,018 agnostic (Mean age = 30.12, SD = 10.99) and 18,186 atheist
(Mean age = 29.98, SD = 11.26). Study 2 included 18,455 individuals; 10,876 reported
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themselves to be religious (Mean age = 34.02, SD = 14.26), 2,612 agnostic (Mean age =
30.44, SD = 12.31) and 4,967 atheist (Mean age = 29.73, SD = 11.86). When analyzing the
religious sub-groups, 3 groups were excluded due to low sample sizes (Religious Group 6 =
93, Religious Group 7 = 51, Religious Group 8 = 10). Sociodemographic variables are
reported in detail in the Supplementary Materials (Supplementary Tables 1—3, N.B. We
have previously demonstrated that gender does not have a significant effect on cognitive
performance in Owen et al., 2010; Hampshire et al., 2012a).

Latent variables were estimated separately from the studies 1 and 2 performance data in a
data-driven manner using principal component analysis (PCA). Following the Kaiser
convention there were 3 significant components (Eigenvalue, EV > 1) in both cases. In
Study 1, the first three unrotated components explained ~45% of the population variance
in performance (C1 = 27.733%, EV = 3.328, C2 = 9.359%, EV = 1.123, C3 = 8.355%, EV =
1.002). In study 2, the first three unrotated explained ~41% of the total variance (C1 =
24.469%, EV = 3.181, C2 = 8.812%, EV = 1.146, C3 = 7.934%, EV = 1.031) (Figure 1B).
When orthogonal rotation was applied using the varimax algorithm (Rotated variance
explained: Study 1, C1 = 17.154, C2 = 16.245, C3 = 12.047; Study 2, C1 = 14.904, C2 =
13.170, C3 = 13.140), the resultant task-component loadings were simple and interpretable
(Figure 1C, Supplementary Tables 7, 8). They were also qualitatively similar across the two
studies, despite differences in the exact composition of the batteries. For example, the
Colour Word Remapping (CWR), a variant of the Stroop task) and Grammatical Reasoning
loaded onto a Verbal Reasoning component, the Deductive Reasoning and Spatial
Rotations tasks loaded onto a more general Reasoning component and the Paired
Associate Learning (PAL), Spatial Span and Self-Ordered Search tasks loaded onto

a Working Memory component. Notably, the Grammatical Reasoning and CWR tasks
loaded more heavily onto the Reasoning component in study 1 and more heavily on the
Verbal Reasoning component in study 2, which likely reflects differences in the exact
compositions of the two testing batteries. A quantitative comparison of the 10 task-
component loadings that were common across studies 1 and 2 showed extremely high
correlation (Verbal Reasoning: r = 0.983, p < 0.001; Reasoning: r = 0.978, p < 0.001;
Working Memory: r = 0.923, p < 0.001). It was suggested during the review process that
an alternative dimensionality reduction technique, Principal Axis Factoring (PAF), be
applied to the data instead of PCA. A comparison of PCA and PAF was conducted using the
data from Study 1 (In both cases we followed the Kaiser convention and applied varimax
rotation). This analysis demonstrated that PCA provided a much more interpretable latent
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structure (Supplementary Figure 1) and explained substantially more of the total variance
(~45 and ~28%, respectively). From this comparison PCA was deemed as a more
appropriate method for the present analysis.

FIGURE 1
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Figure 1. (A) Age distributions plotted for each group in study
1 (Ai) and for study 2 (Aii,Aiii). Yellow lines indicate the 25,
50, and 75th percentiles within each groups distributions

e Joimses (bottom-to-top). PCA produced 3-component solutions

= =E (eigenvalues >1) for both study's. Bi,Bii) Scree plots with those
";::g:g“'% -*:T;f:’_r:; components extracted for calculating individual factor scores

highlighted in orange. Ci,Cii) Absolute loadings calculated
(Verbal Reasoning = red, Reasoning = blue, Working Memory = orange) using a
Varimax rotation plotted for each task (ranked by Verbal Reasoning loading).

It is important to note that analyzing data with extremely large numbers of samples affords
very high statistical power, which means that effects of negligible scale can have very low p-
values; therefore, in studies of this type a better gauge of significance is effect size. Here,
we conform to Cohen's notion of effect sizes, whereby an effect of ~0.2 standard deviations
(SDs) is small, ~0.5 SDs is medium and ~0.8 SDs is large. All other statistical values from
our analyses are reported in the Supplementary Tables and generally are p < 0.001 unless
otherwise indicated.

There were negligibly scaled but statistically significant differences across the groups in
terms of age (Figure 1A), education level, and country of origin (Supplementary Tables 4—
6); therefore, these variables were factored out of the performance data prior to the
analyses reported below.

Results
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Determining the Scale of the Reasoning Effect for Different
Latent Variables

Component scores were estimated for each individual by regressing task scores onto the
rotated component matrix. An “Overall Mean” score was also estimated for each individual
by averaging across the three component scores. In order to test prediction (1), these
composite scores were analyzed in separate one-way ANOVAs with Religious Class
(Religious, Agnostic, Atheist) as the between subject factor for both studies
(Supplementary Table 9).

Confirming prediction (1), an analysis of effect size demonstrated that the religiosity effects
was largest for reasoning latent variables. In study 1, the religious group was outperformed
by the agnostic and atheist groups (Figure 2A, Supplementary Tables 9—12) in terms of
Reasoning (Agnostic vs. Religious = 0.17 SDs, Atheist vs. Religious = 0.24 SDs), Verbal
Reasoning (Agnostic vs. Religious = 0.13 SDs, Atheist vs. Religious = 0.15 SDs) and Overall
Mean (Agnostic vs. Religious = 0.10 SDs, Atheist vs. Religious = 0.14 SDs) composite
scores. The differences in Working Memory scores were of negligible scale (Agnostic vs.
Religious = 0.001 SDs, Atheist vs. Religious = 0.015).

FIGURE 2
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11' 7 show the magnitude of differences between the Religious and

Atheist groups.

A similar pattern of results was evident for study 2 (Figure 2B, Supplementary Tables 9—
12): Reasoning (Agnostic vs. Religious = 0.12 SDs, Atheist vs. Religious = 0.13 SDs) Verbal
Reasoning (Agnostic vs. Religious = 0.21 SDs, Atheist vs. Religious = 0.19 SDs) and Overall
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Mean (Agnostic vs. Religious = 0.23 SDs, Atheist vs. Religious = 0.27 SDs). The effect for
Working Memory was again of negligible scale (Agnostic vs. Religious = 0.02 SDs, Atheist
vs. Religious = 0.09 SDs). These results confirmed that the religiosity effect is largest for
latent variables that underlie the performance of reasoning tasks.

Determining Whether the Religiosity Effect Is More
Pronounced for Reasoning Tasks that Explicitly Manipulate
Conflict

To test prediction (2), i.e., that the religiosity effect relates to conflict, analyses were
conducted focused on performances of individual cognitive tasks. Specifically, several of
the cognitive tasks loaded heavily on the reasoning latent variables and were explicitly
designed to manipulate conflict. These were, the CWR Task, which in accordance with the
classic Stroop paradigm (Stroop, 1935), places color and word mappings in direct conflict.
Unlike the traditional Stroop, meaning must be remapped to color and word on every trial,
which produces a more pronounced conflict effect (Hampshire et al., 2012a). The

Grammatical Reasoning Task involves a rapid sequence of trials that require the
relationship as described between two objects (i.e., the square contains the circle) to be
parsed and then in half of the trials inverted, i.e., due to inclusion of the word “not”
(Baddeley, 1968; Hampshire et al., 2012a,b). The Interlocking Polygons task involves

determining whether a line figure presented alone matches another that is presented as
part of an overlapping pair, a manipulation designed to cause perceptual conflict
(Hampshire et al., 2012a).

Notably, another of the tasks, Deductive Reasoning, also loads heavily onto the reasoning
component. This task involves deriving complex relational rules between the colors,
numbers and shapes of patterns that are presented in a 3 * 3 matrix; however, unlike CWR
and grammatical reasoning, it has no explicit conflict manipulation because there are no

intuitively obvious but erroneous answers (Owen et al., 2010; Hampshire et al., 2012a).

Some other tasks are not designed to involve reasoning or conflict, e.g., simple working
memory tasks including Digit Span where sequences of numbers must be remembered,
Spatial Span where sequences of locations must be remembered, and Monkey ladder where

the locations of numbers must be remembered.
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The performance data were standardized for each individual task and sociodemographic
confounds factored out prior to cross-group analysis. Cognitive data from both studies
were examined using a two-way ANOVA with Task as the within subject factor and
Religious Class (Religious, Agnostic, Atheist) as the between subject factor. There were
significant main effects of Religious Class and a significant interaction of Religious Class *
Task (Supplementary Table 13).

Examining the task data showed a consistent trend whereby atheists on average performed
numerically better than religious individuals for all tasks, with the agnostics tending to
place in between the other two groups. However, the scale of the effect varied substantially
across tasks. In support of prediction 2, the largest cross-group effect sizes were observed
for tasks that were explicitly designed to manipulate conflict (Figure 3A, Supplementary
Table 14). Specifically, in study 1 the largest religious-atheist group differences were for the
Grammatical Reasoning (Agnostic vs. Religious = 0.14 SDs, Atheist vs. Religious = 0.17
SDs), CWR (Agnostic vs. Religious = 0.08 SDs, Atheist vs. Religious = 0.14 SDs) and
Interlocking Polygons (Agnostic vs. Religious = 0.09 SDs, Atheist vs. religious = 0.13 SDs)
tasks. A similar pattern of results was observed in study 2 for the CWR (Agnostic vs.
Religious = 0.28 SDs, Atheist vs. Religious = 0.23 SDs) and Interlocking Polygons
(Agnostic vs. Religious = 0.18 SDs, Atheist vs. Religious = 0.23 SDs) tasks.

FIGURE 3
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Figure 3. The non-religious groups consistently outperforms
the religious group across cognitive tasks in both studies 1 and
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alternate demographic variables Age (Bi,Bii) and Computer game use (Ci,Cii).

Performance scores for all cognitive tasks are in Standard Deviation units (Mean = 0,
Fog ppntppst, the Deductive Reasoning task (study 1: Agnostic vs. Religious = 0.00 SDs,

Atheist vs. Religious = 0.02 SDs; study 2: Agnostic vs. Religious = 0.04 SDs, Atheist vs.
Religious = 0.01 SDs) and Digit Span task (study 1: Agnostic vs. Religious = 0.03 SDs,
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Atheist vs. Religious = 0.06 SDs; study 2: Agnostic vs. Religious = 0.08 SDs, Atheist vs.
Religious = 0.02 SDs) showed some of the smallest differences in scores between religious
and non-religious classes. These findings provide evidence in support of the hypothesis
that the religiosity effect relates to conflict as opposed to reasoning ability or intelligence
more generally (Pennycook et al., 2014).

Is The Conflict/Non-conflict Effect Specific to Religiosity?

One possibility was that the differences in religiosity effect sizes for reasoning tasks may
have been generic, e.g., relating to test-retest reliabilities or some other factor that could
lead to a general scaling of effect sizes. To rule out this possibility we examined how other
demographic variables, which also correlated with the Reasoning latent variables, related
to the performance of the individual tasks. These included age and frequency of computer
game use. Both age and computer gaming showed similarly scaled relationships with the
performance of the conflict (e.g., CWR) are non-conflict (e.g., Deductive Reasoning) tasks
(Figures 3B,C).

Is The Religiosity Effect Contingent on Other Sociodemographic
Variables?

The analyses thus far factored out potentially confounding sociodemographic variables
including age, country of origin and education level. Therefore, these variables did not
underlie the religiosity effect. However, the religiosity effect might still have been
contingent on those variables (e.g., being evident for older not younger adults). To examine
this possibility, further analysis of the with component scores from the religious and non-
religious groups were conducted across 6 age bins that covered the adult lifespan from 15
to 90 years. The stability of the Religious Class effects across ages was assessed for both
studies using two-way ANOVAs with Overall Mean component score as the dependent
variable, and with Religious Class (Religious, Agnostic, Atheist) and Age Group as between
subject factors. There was a substantial effect of Age Group. The interaction between Age
Group and Religious Class were statistically non-significant (Supplementary Table 15,
Figures 4Ai,Aii) whereas the Religious Class main effect was robust and evident across all
ages in both studies.
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represent Overall Mean component score in Standard Deviation units (Mean = 0, SD

= 1) for the religious (light gray), agnostic (gray), and Atheist (dark gray) groups.

Next, the stability of the religiosity effect was assessed across the Education factor using
two-way ANOVAs with Overall Mean component score as the dependent variable and
Religious Class (Religious, Agnostic, Atheist) and Level of Education as between subject
factors. The interactions between the Religious class and Education factor was statistically
non-significant. The main effect of Religious Class was robust and evident across all levels

of education (Supplementary Table 15, Figures 4Bi,Bii) in both studies.

Finally, the stability of the religiosity effect was assessed across Country of Origin (i.e.,
country indivdiuals were born in aggregated by global region) using a two-way ANOVA
with Overall Mean component score as the dependent variable and Religious Class
(Religious, Agnostic, Atheist) and Country of Origin as between subject factors. The
Religious Class main effect was robust and evident across all countries of origin. There was
a statistically significant interaction (Supplementary Table 15) for both studies; however,
the direction of the effect was evident for all countries of origin (Figures 4Ci,Cii). Together,
these analyses confirm that the religiosity effect is highly general, being evident across age
group, education level and countries of origin.

Does Religious Dogmatism Mediate the Religiosity-Reasoning
Effect?

Study 2 included questions designed to examine the religiosity construct in more detail.
One question that was framed as a Likert scale asked the participant to rate the strength of
their religious belief (e.g., 1 = Absolute Certainty, 5 = Atheist), and this was taken as a
proxy measure of religious dogmatism. Component scores from study 2 were binned
according to the 5-point self-assessment. Cognitive components scores were each modeled
as dependent variables in separate one-way ANOVAs with Individual Dogma as the
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between subject factor for both studies. Statistically significant main effects of Individual
Dogma were found for all cognitive components (Supplementary Tables 16, 17). There was
a clear pattern whereby cognitive performance increased as religious dogmatism
decreased. Those with the greatest dogmatism were outperformed by those with the lowest
dogmatism in Overall Mean (0.27 SDs) and Verbal Reasoning (0.19 SDs) scores (Figure 5A,
Supplementary Table 12). Dogmatism showed a smaller relationship with Working
Memory (0.11 SDs) and Reasoning (0.11 SDs) scores. Exemplifying the religious conflict
effect, those with the greatest dogmatism were outperformed by those with the lowest
dogmatism in tasks designed to manipulate conflict such as the CWR (0.20 SDs),
Interlocking Polygons (0.24 SDs) and Grammatical Reasoning (0.23 SDs) (Figure 6A,
Supplementary Table 18). Conversely, there were smaller differences in tasks that did not
manipulate conflict; critically, this was the case for the Deductive Reasoning task (0.056
SDs).

FIGURE 5

Figure 5. Examining the effect of religious dogmatism at the
individual and religious group level. (A) Cognitive component
performance by Individual self-rated religious dogmatism.
Individuals with the highest religious dogmatism (Absolute

Certainty) show significantly poorer performance scores than

those with the lowest religious dogmatism (Atheist) in Verbal
Reasoning and Overall Mean performance. (Bi) Religious
groups were ranked by their Group dogmatism score calculated by the difference in
proportions of the extreme belief responses. (Bii)Distributions individual dogmatism
within each religious group (1 = Absolute Certainty, 2 = Strong, 3 = Not Certain, 4 =
Very Doubtful, 5 = Atheist). (Ci—Civ) Cognitive performance varies across religious
BRYEPS. Groups with larger proportions of individuals with strong religious beliefs
show poorer performance, particularly in the Verbal Reasoning domain. Reasoning
HibareVbo Mingdaamivi dramgedn Yesk bR Sasoandg éved bfand Oiduall Mean (gray)
depfiortisnc¢Adared aroip StogchandsDe¢BYi dhuvriafiMeask €idi prohounced group
effects that is not observed in the non-conflict task. (C) Component scores compared

between apostates (those from a religious family and are non-religious) and
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Examining the Reasoning-Religiosity Relationship across
Religious Groups

The questionnaire from study 2 also enabled religious individuals to be sub-divided
according to religious groups (see Supplementary Table 1 for religious group sizes and age
ranges. N.B. Those religious groups with N < 300 were dropped from our sample). We first
assessed the effect of religious dogmatism on the religiosity-reasoning relationship at the
group level. A “group dogmatism” score was calculated to rank the religious groups
according to the difference in the proportion of low and high dogmatism individuals.
Figure 5Bi reports how the distributions of individual dogmatism varied across the groups.
The groups showed substantial differences in the average dogmatism scores of each
religious group, with this effect spanning 0.87 SD units. This effect was reflected by
correspondingly skewed cumulative distributions (Figure 5Bii). For example, Religious
Group 1 (R1) had an approximately Gaussian distribution in terms of strength of belief. R4
had a distribution that was heavily skewed toward weak belief. R1 had a distribution that
was heavily skewed toward strong belief.

Analysing the performance measures showed that the religious groups also differed
significantly and that this pattern of differences reflected the observed variability in
dogmatism. Specifically, the religious group with the highest mean dogmatism score was
significantly outperformed by the religious group with the lowest mean dogmatism score in
Verbal Reasoning (0.32 SDs), Overall Mean (0.23 SDs). Working Memory (0.11 SDs) and
Reasoning (0.11 SDs) scores showed smaller effects (Figure 5C, Supplementary Table 12).
Comparing the high dogmatism group to the Atheism group showed the most pronounced
effects (Reasoning = 0.22 SDs, Working Memory = 0.08 SDs, Verbal Reasoning = 0.33
SDs, Overall Mean = 0.43 SDs).

Conflict detection effects were also compared across the religious groups. The high
dogmatism group was outperformed by the low dogmatism group in tasks involving
conflict detection such as the CWR (0.60 SDs), Grammatical Reasoning (0.29 SDs) and
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Interlocking Polygons (0.17 SDs) (Figure 6B, Supplementary Table 19). In contrast the high
and low dogmatism groups did not differ in tasks that did not manipulate conflict, such as
the Deductive Reasoning (0.01 SDs). The magnitude of these effects was greatest when
comparing the high dogmatism group to the atheist group CWR (0.61 SDs), Grammatical
Reasoning (0.36 SDs) and Interlocking Polygons (0.49 SDs). In contrast there was little
difference between the highest dogmatism and the atheist groups for tasks without conflict,
such as the Deductive Reasoning (0.08 SDs).

Does Religious Conversion or Apostasy Relate to Cognitive
Performance?

Finally, component scores were compared between those who have grown up in a religious
family and are now non-religious (apostates) and those who have grown up in a non-
religious family and are now religious (converters). The apostates showed greater
component scores than the converters particularly within the Overall Mean (0.25 SDs) and
Verbal Reasoning (0.18 SDs) and Reasoning (0.11 SDs) domains. A small difference was
seen for Working Memory (0.08 SDs) (Figure 6C).

Discussion

We tested multiple predictions regarding the cognitive mechanism underlying the
relationship between religiosity and intelligence. The results accord well with the
hypothesis that the religiosity effect reflects cognitive-behavioral biases that impair conflict

detection (Gervais and Norenzayan, 2012; Pennycook et al., 2014), rather than general
intelligence. These biases are most disadvantageous during tasks that are designed to

introduce conflict between intuitive and logical answers.

Our analyses consistently confirmed that the non-religious groups have an advantage over
religious groups in their overall mean performance of cognitive tasks. The scale of these
effects was small but significant (Study 1 = 0.14 SDs; Study 2 = 0.27 SDs). This result
accords with the ~2—4 IQ point differences previously reported between religious and
atheist groups from large scale psychometric studies (Nyborg, 2009; Zuckerman et al.,

2013). A qualitativecomparison of the non-religious groups could lead to the interpretation
that the atheist group outperforms the agnostic group both at the level of the latent
variables and individual tasks. Despite this pattern being in accordance with the religious
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dogmatism's relationship to performance, a meaningful interpretation of this pattern is
challenging due to the small effect size and the lack of consistency at the level of individual

tasks across study 1 and 2.

Notably though, finer grained analyses of the data highlighted how comparing religious vs.
non-religious groups in this manner underestimates the specificity and magnitude of the
religiosity effect. Analysing religious dogmatism showed substantial differences across
religions (0.87 SDs). This variability in dogmatism related significantly to the religiosity
effect at the individual and the group level. The atheist group outperformed the most
dogmatic group by 0.43 SDs in terms of overall mean score, which would be 6.45 IQ points.
Previous studies demonstrated that individuals with low religious dogmatism score highly
during analytic reasoning tasks (Gervais and Norenzayan, 2012; Shenhav et al., 2012) and

on IQ (Lynn et al., 2009). Together, these consistent findings demonstrates failure to

override incorrect intuitive responses correlates with religious dogmatism. Contrasting the
relationships of religious dogmatism with performance between the levels of the individual
differences and religious groups revealed an interesting pattern. The small scaled effects
seen with Reasoning and Working Memory scores moved in opposing directions when
elevated to the religious group level. Specifically, the Reasoning effect increased from a
small to a medium scaled effect while the Working effect decreased from a small to a
negligible effect. This pattern suggests that the relationship between religious dogmatism
and the reasoning scores is more robust than with the Working Memory scores.

Our analyses extend the prior literature by demonstrating the highly robust and
generalizable nature of the religiosity effect. The effect was reproducible across the two
cohorts and evident after factoring out sociodemographic variables. Furthermore, the
effect was not contingent on those variables, being robustly evident for all conditions of
them. Critically, interactions between the religiosity effect and age or education level were

statistically non-significant.

An interesting conclusion from this study is that the basis of the religiosity effect should be
conceived of as a cognitive-behavioral bias, rather than impaired general intelligence. In
examining the latent data structure, the religiosity effect showed a significantly scaled
relationship with the reasoning components and little effect for the working memory
component. This pattern could have reflected impaired reasoning ability in religious
groups. However, not all tasks that loaded onto the reasoning latent variables showed a
religiosity effect. The most striking example of this was the deductive reasoning task, a type
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of matrix reasoning task that we designed to have by far the most complex problems in our
testing battery. This task requires that multiple rules, relating to different visual features
(e.g., color and shape), be integrated as higher-order relational constructs. High
dogmatism individuals and religious groups performed this task at a similar level to
atheists.

Conversely, the CWR and grammatical reasoning tasks consistently showed some of the
strongest religiosity effects. We intentionally designed these tasks to produce a conflict
between alternative rule mappings. For example, the CWR is a challenging variant of the
Stroop task (Stroop, 1935) that introduces a conflict between written to spoken word
mappings and color naming. This variability in the magnitude of the religiosity effect
across different reasoning-loaded tasks is most informative when compared with other
sociodemographic variables. It is not the case that the matrix-reasoning task is unreliable
or insensitive. Indeed, both age and computer game playing showed significantly scaled
effects with both deductive reasoning and CWR task performance, suggesting that they
relate to the ability that underlies this latent variable. Taken together, these results accord
closely with the hypothesis that religious dogmatism correlates with a cognitive-behavioral
tendency to forgo logical problem solving when an intuitive answer is available (Pennycook
et al., 2014). In further support of this hypothesis we observed that religious apostates
outperformed religious converts within the reasoning domains and that increased religious
dogmatism relates to lower scores on the conflict, but not deductive reasoning, tasks at the
individual and religious group levels. Comparing the highest dogma group to atheists
showed a 0.61 SDs difference for the CWR task.

Our findings have significant implications for understanding the religiosity effects impact

on higher cognition. From the dual-process perspective (Evans, 2008; Evans and

Stanovich, 2013), failures in reasoning arise when fast intuitive processes are not
overridden by slow logical processes. Individual differences in reasoning performance are
therefore relative to an individuals cognitive capacity and style. Together, our findings
suggest that the religiosity effect is not dependent on working memory laden logical
processes but on the tendency to respond with an intuitive answer when intuitive and
logical processes are in conflict.

Several limitations should be considered. Most notably, both of our cohorts were self-
selecting populations of internet users which could have introduced sampling biases.
However, the questionnaire data highlighted the wide variability and range of ages,
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education levels and countries of origin. This variability combined with the large cohort
sizes allowed for these potential confounds to be factored out of the data prior to the
analysis. Based on the robustness of the religiosity effect when accounting for other
sociodemographic variables, it is highly unlikely that the religiosity effect has a basis in a
confounding sociodemographic variable. Furthermore, when we took the largest and most
heterogeneous religious group available, we observed that additionally factoring out race
did not diminish the effect of religious dogmatism. Nonetheless, the non-random sampling
method may have biased the distributions of dogmatism across religious groups;
furthermore, religious groups likely vary in dogmatism dependent on region or sect.
Consequently, it is important not to infer too strongly that the differences in religious
dogmatism across groups extrapolate to the global population. Similarly, the small-to-
medium group effects observed here mean that there is very substantial overlap across
populations in terms of cognitive performances. It is therefore inappropriate to generalize

these effects to specific individuals.

Finally, a limitation for any observational and cross-sectional study is that cause and effect
cannot be directly inferred from correlational analyses. Future work may adopt
interventional approaches to examine causal relationships. Indeed, if the religiosity effect
is based on learnt cognitive-behavioral biases, then this holds some hope. Humans are
exceedingly capable of resolving maladaptive cognition via training therapies. In contrast,
the question of whether it is possible to train core abilities remains highly controversial
(Owen et al., 2010; Simons et al., 2016). An interesting future study could determine

whether cognitive training can ameliorate the religiosity effect by enabling individuals to
apply their latent reasoning abilities, even when there appears to be intuitive answers. A
previous study by Gervais and Norenzayan (2012) provides preliminary support for this

view. They examined the causal relationship between religious dogmatism and reasoning
by exposing individuals to exercises in analytical thinking. In the period post exercise,
reductions in religious dogmatism were evident. A timely question, is whether repeat
exercise might lead to lasting benefits in conflict detection, with consequently generalized

improvements in cognitive task performance.

In conclusion, religiosity is associated with poorer reasoning performance during tasks that
involve cognitive conflict. These effects may reflect learnt cognitive-behavioral biases
toward intuitive decision making, rather than underlying abilities to understand complex
logical rules or to maintain information in working memory. The effects are consistent in

two large cohorts and robust across sociodemographic variables. Future work may focus on
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deconstructing the religiosity and dogmatism constructs in greater detail (Evans,
2001; Whitehouse, 2002, 2004; Friedman and Rholes, 2007), determining how the impact

of these on real-world achievement is mediated by cognitive behavior, and testing whether
cognitive training may counter biases of the religious mind toward intuitive decision-

making.
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