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 1  Introduction 

Religion or the belief in supernatural entities has always been a very important aspect of human 

life as it is part of nearly every culture. It can be seen as one of the most controversial themes 

in human history as well as one of the most influential ones. Both in past and present it has 

shaped societies and enriched but also destroyed myriads of human lives. While religion may 

answer questions for those who believe, it raises questions for others: Why do people turn to 

religion? Do people who believe differ in specific traits from people who do not believe? To 

what extent do genetic factors contribute to a religious worldview? Or is it merely the 

surroundings that shape beliefs in supernatural agents? Are there brain differences between 

believers and atheists? Are religious people less intelligent than non-believers?  

The fact that different world religions were able to evolve indicates that people tend to 

adopt belief systems which can help them understand their surroundings (Razmyar & Reeve, 

2013). Furthermore, there is no doubt that religion has the potential for fulfilling certain needs, 

as it can provide a sense of both external and personal control (Kay, Gaucher, Napier, Callan, 

& Laurin, 2008). Along these lines, it offers the comforting idea that the world is organized, 

fair and to some extent predictable (Zuckerman, Silberman, & Hall, 2013). These pleasant 

effects constitute just some of many possible reasons why people turn to religion. A quite 

impressive amount of research has already accumulated concerning potential associations and 

causes of religiosity. Among other conceivable reasons and associations of religiosity, which 

are discussed below, one is of particular interest: cognitive ability. The fact that religiosity helps 

people in understanding their environment could be seen as an indicator that more intelligent 

individuals do not have to rely on faith constructs to the same amount as less intelligent beings. 

The question if and how intelligence is associated with religiosity has interested 

researchers for nearly a hundred years. The predominant finding of the corresponding studies 

suggests a negative relationship between intelligence and religiosity, indicating lower 

religiosity in people with higher cognitive abilities (e.g. Ganzach, & Gotlibovski, 2013; 

Pennycook, Cheyne, Koehler, & Fugelsang, 2013). The main emphasis of the present thesis is 

to quantitatively synthesize these findings and draw conclusions about direction and strength 

of the association between intelligence and religiosity. Possible reasons for its characteristics 

include cognitive style, the conforming nature of religion and its functional equivalence to 

intelligence. 

Because religion plays such an important role in the lives of so many people (Gallup, 

2015), the association currently under investigation needs to be examined carefully. In order to 

detect selective publishing which can lead to a biased impression of actual conditions, the 
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modern and sophisticated methods p-curve (Simonsohn, Simmons, & Nelson, 2014a) and p-

uniform (Van Assen, Van Aert, & Wicherts, 2014) are, additional to established funnel-plot 

modelling procedures, applied.  

 

 1.1  Difficulties in defining religiosity 

The definition of religiosity is and has always been a difficult task as the concept changes over 

time, is hard to grasp and to distinguish from related concepts like spirituality. The distinctness 

as well as the complexity of religions exacerbate a consistent definition which therefore remains 

absent till today. An approximation of a universal characterization is given in chapter 1.1.1. 

Nevertheless, questions arise if science even has access to religion because if it focuses on the 

extrinsic (social or individual) conditions, functions or consequences to describe religion, its 

subject is not religion anymore. The alternative would be a focus on the incomprehensible, 

potentially not even existing, holy numinous entities. Additionally, no researcher is free from 

culture-specific stereotypes, and those might affect the respective definition (Pollack, 1995). 

Besides these considerations there is far reaching consent that a person can be more or less 

religious, this dimension is quantifiable, and it is therefore possible to compare individuals 

based on this trait. 

 

 1.1.1  Religiosity versus spirituality 

The similarities and differences of both concepts should be briefly addressed in the following 

because of their potential different associations with intelligence, as discussed later. One of 

many possible definitions encompasses both concepts and clarifies them as “that realm of life 

which is concerned with ultimate purpose and meaning in life, a set of principles and ethics to 

live by, commitment to God or a higher power, a recognition of the transcendent in everyday 

experience, a selfless focus, and a set of beliefs and practices that is designed to facilitate a 

relationship with the transcendent” (Emmons 1999 cited by Clark 2004). This citation clarifies 

the resemblance of the two concepts as it can be read as a definition for either terms. Such 

similarities aggravate the distinction of religiosity and spirituality. One possible distinctive 

feature could be the degree of organization of the relation with the divine. Spirituality is a rather 

personal way of seeking connection with the supernatural whereas religiosity is more structured 

and socially embedded (Berry, 2005). “Some people may rate themselves as religious in terms 

of spirituality (i.e., beliefs and practices that refer to a transcendent seeking independent from 
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established religious traditions and customs), whereas others rate themselves as religious within 

the meaning of religiosity (i.e., beliefs and practices that are legitimized by an established 

tradition or religious group).” (Kandler & Riemann, 2013, p.309).  

 

 1.2  Omnipresent religiosity 

Despite the difficulties in defining religion, most people agree that it is prevalent in various 

forms and has an impact on many lives all around the globe. Atran and Norenzayan (2004) 

point out that just about every society exhibits counterfactual and counterintuitive beliefs in 

some sort of supernatural agent such as Gods, demons or angels. Moreover, a vast number of 

indices for public expression of (material) commitments to these supernatural agents exist. 

While nowadays offering and sacrifice consist mainly of time and money, at least in Western 

cultures, in the past there have been more extreme and ultimate forms like sacrificing lives. 

This feature is connected with the tendency of people to manage their existential anxieties by 

supernatural operators. Another commonality of all kinds of cultures according to the authors 

is some kind of “ritualized, rhythmic sensory coordination” (p. 713). 

According to Barrett (2008), there are some requirements for a successful God concept. 

They have to be “1) counterintuitive, 2) an intentional agent, 3) possessing strategic information, 

4) able to act in the human world in detectable ways and 5) capable of motivating behaviors 

that reinforce belief” (p. 149). This model has been challenged by Gervais and Henrich (2010) 

who argued that Zeus, once hallowed by a lot of followers, fulfills all these criteria but is 

nevertheless not worshiped any more. They conclude that context is more central to belief than 

content. Although content points are not irrelevant, religiosity at population level is at least as 

heavily influenced by the extent of already established dogmas. The fact that some states are 

more religious than others and that in different regions of the world people believe in different 

things also indicate that people are influenced in their faith by their surroundings. Although 

every person develops his or her individual belief, there seem to be some concepts or ideas 

casting a spell over many people and unite them in this regard. Probably it is just the numerous 

supporters that let a religion appear credible and desirable. 

Austria serves as an example. The majority of its inhabitants are formally members of a 

church. With approximately 5.1 million members at the end of 2017 the catholic church 

constitutes the largest religious group (Statista, 2018). Of course, membership of a religious 

group does not necessarily reflect what a person truly beliefs. Many people are baptized as 

children but do not wholeheartedly dispute or identify with their religion. They might also see 
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some benefits in belonging to the church-community, for example being eligible for 

ecclesiastical marriage or funeral. Social acceptance or even relations which provide 

professional benefits are further factors that constitute external motivation for church 

membership or other religious behavior (Allport & Ross, 1967). Independently from confession, 

about 64 percent of all Austrians reported 2015 that they belief in a God. At another survey in 

2016, 54% claimed that practicing their beliefs in everyday life is important to them (Statista, 

2018). 
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 2  What contributes to individual religiousness? 

Although some sort of religion exists in every human society and is mostly part of culture itself, 

individuals differ in their tendencies to accept dogmatic beliefs. This raises the question what 

contributes to the religiosity of an individual. It has been examined to what extents core 

psychological traits add to the acceptance of supernatural beliefs (Razmyar & Reeve, 2013). 

The personality traits agreeableness and conscientiousness could be linked to individual 

religiousness (Kandler & Riemann, 2013; Saroglou, 2010). The trait openness has been found 

to have different associations, depending on a distinction of religiosity and intelligence. 

Saroglou (2010) differentiated between these two concepts and found that spirituality is 

correlated with openness, but religiosity is not. In contrast, Kandler et al. (2013) did not 

distinguish between these two concepts and suggest a positive association between openness 

and religiousness. 

When religious beliefs are influenced by personality traits and these in term are affected 

by genetic factors (De Moor et al., 2012), the question of genetic influences of a person’s 

religiosity is not farfetched. Bradshaw and Ellison (2008) analyzed data of twins. They found 

that monozygotic twins have quite larger intrapair correlations in terms of several religiosity 

items like believing in being born again or making religious or spiritual commitment than 

dizygotic twins. This finding suggests that genetic factors may play a role for an individual’s 

religiosity. 

Besides personality traits and biological predispositions, the current life situation seems 

to make up an important part of the causes of individual religiosity. People who lose a sense of 

personal control tend to adopt belief systems to compensate their loss. This compensatory 

control goes beyond religion and can affect governmental systems or other social institutions 

(Kay et al., 2008). Incarceration is an obvious example for the loss of personal control. A survey 

of US-prison chaplains revealed that “America’s penitentiaries are a bustle of religious activity” 

(Lugo, Cooperman, Boddie, Funk, & O´Connel, 2012; p.11). Although it seems obvious that 

religion has the potential to comfort inmates in a very restrictive environment, their turn to 

religion could also be just due to other reasons like its occupational character, for example. 

Kerley, Allison and Graham (2006) did not find religiosity as a coping mechanism for negative 

emotions but it had an impact on the interaction with other inmates: less arguments amongst 

religious prisoners were recorded. 

Even neurophysiological correlates seem to confirm the soothing effect of religious 

conviction. Inzlicht, McGregor, Hirsh and Nash (2008) showed that it is accompanied by 

reduced reactivity in the anterior cingulate cortex, the same brain structure that plays an 
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important role in the experience of anxiety. Therefore, it could be argued that religious beliefs 

reduce anxiety. This may be an obvious reason why people turn to religion. Ellies, Wahab and 

Ratnasingan (2013) were able to show in surveys conducted in three countries characterized by 

quite different cultures (Malaysia, Turkey and the United States) that fear of death is positively 

correlated with religiosity. The greater one’s fear of death, the more religious one gets or vice 

versa. This goes in line with Park’s (2007) definition of religion as a system of meaning used 

by individuals to organize information about their surroundings. As a signifying system, it has 

cognitive, affective and motivational components that make up a person’s worldview and 

determine the way one’s experiences are interpreted as well as it can contribute to behavior. In 

this way a sense of meaning in life and global goals can be built up and facilitate life 

management (Park, 2007). Indications of positive health correlations with this meaning system 

are discussed in section 2.1. 

Therefore, religious beliefs as compensation for loss of personal control speaks for the 

soothing effect of religiosity. It provides hope and sense, reduces anxiety and therefore 

represents a good coping mechanism. This is further supported by the fact that people of low 

socioeconomic status are more likely to pray (Baker, 2008). Besides, biological predispositions 

seem to contribute to one’s susceptibility of religious beliefs. Of course, religiosity is 

multicausal, there is not a sole determinant. Bloom (2007) argues that children seem to get born 

with a sort of common-sense dualism which emerges from the “fact that we have two distinct 

cognitive functions, one for dealing with material objects and the other for social entities” 

(p.149). They believe stronger in a soul which is detached from the body than grown-ups do. 

The author interprets these findings as a general human tendency to believe in supernatural 

entities. 

 

 2.1  Benefits of religiosity 

Even though the literature suggests a negative correlation between intelligence and religiosity 

(as discussed later), the latter seems to have its benefits too. For instance, elderly religious 

people are less likely to suffer from cognitive decline or experience cognitive decline in a 

smaller extent than their non-religious counterparts (Ritchie, Gow, &  Deary, 2014). Van Ness 

and Kasl (2003) also showed a negative association between religious involvement and 

cognitive dysfunction, although the effect was rather short-lived. Such findings might be due 

to the fact that the measured variable was religious behavior (such as going to church or praying 

frequently) and not religious beliefs. Social aspects of religious attendance might help elderly 



Religiosity and Intelligence  11 

people to keep their brain busy and slow down cognitive decline. 

There is also evidence for another positive association with religiosity which applies 

already for children under the age of 12. Holder, Coleman and Wallace (2010) let 320 children 

rate their own spirituality and found that it is positively correlated with their self-reported 

happiness as well as their happiness according to the parents. A significant positive relationship 

between religious attitudes and happiness could be found for college populations as well 

(Jesarati, Hemmati, Mohammadi, Jesarati, & Moshiri, 2013). But religion has positive 

influences not only to subjective well-being or mental health. It has already been linked to 

physical health as there are findings which suggest that the risk for cardiovascular diseases 

decreases if belief in supernatural agents are held (Ferraro & Kim, 2014). The fact that 

especially Afro-american people benefit from their religious beliefs is explained by the fact that 

black churches follow a different concept in regards of the worship service procedures (Koch 

& Beckley, 2006) and the involvement of their members (Matrinez & Dougherty, 2013). This 

already suggests that external factors could be more responsible for the mental and physical 

health benefits than the religiosity in itself. Under consideration of physical as well as 

psychological consequences of religiosity it may seem beneficial to believe and is therefore a 

clever thing to do. However, believing in supernatural agents is - like all psychological 

mechanisms and all of human behavior - not necessarily one’s own choice, but rather the 

influence of the environment combined with biological predispositions. 

 

 

 2.2  Extrinsic vs intrinsic religiosity 

The points stated above already indicate that religiosity-related well-being has different origins. 

Allport and Ross (1967) distinguished between extrinsic and intrinsic religious orientation and 

presented a scale to measure both dimensions. Intrinsic religious orientation accounts for the 

actual religiosity of a person whereas extrinsic religious orientation describes the use of religion 

for psychological or social benefits. This distinction is an important approach because it 

differentiates the motives why people turn to religion. If they do it for its own sake or to fulfill 

personal psychological desires, their religiosity is intrinsic in nature and says more about the 

actual worldview of a person. When extrinsic incentives like relationships with peers are the 

root cause for one’s religious involvement, it might not be equally pronounced. 

Along these dimensions even differences in eating behavior could be found. In a large 

survey (Hart, Tinker, Bowen, Satia-Abouta, & McLerran, 2004), higher extrinsic religious 
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orientation correlated positively with the intake of low-fat food while no association was 

observed for eating behavior and intrinsic religious orientation. Extrinsic religious orientation 

can be motivated or accompanied by social support, which could also act as a source for health-

related behavior. Although such a finding leaves space for interpretation and causal inferences 

are almost impossible to be drawn, it once more indicates that these two dimensions on the 

religiosity-spectrum are qualitatively distinct. Their potentially different relations to 

intelligence are obvious because extrinsic motivated religiosity is a worse indicator for the 

actual beliefs of a person. Its correlation with cognitive abilities can therefore expected to be 

lower. 
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 3  How Intelligence relates to religiosity 

Considering the various individual traits that can add up to a person’s religiosity, another 

potential explanatory property stands to reason: cognitive ability. Assumptions about the nature 

of the relationship between religiosity and intelligence seem to predominantly promote a 

negative correlation. Clark (2004) gives examples of well-known intellectuals, such as Sigmund 

Freud or Karl Marx, who declined religion and viewed it as a maladaptive response which can 

comfort people and help them to feel better but is nevertheless illusionary. As Dutton (2014) 

point out, the French sociologist Emile Durkheim viewed religion as an instrument of power 

used by the elite to suppress and control the masses. The list of famous sceptics could be 

continued as desired. Knowing that the majority of researchers and intellectuals today reject 

religious beliefs or at least hold an agnostic world view (Larson & Witham, 1998) and that 

furthermore religious dogmata do not fit well in science-dominated paradigms raises the 

question if intelligent people tend to be less religious. 

Over the last century a remarkable body of research concerning the relationship between 

intelligence and religious beliefs has accumulated, starting with Howells (1928) and Sinclair 

(1928). They separately published findings which both indicate that religious beliefs decrease 

with increasing cognitive abilities. They kicked off a discussion about the association of 

religious beliefs and cognitive capability which lasts until today. Different measures of 

intelligence as well as of religiosity have been used to investigate this association, which has 

also been evaluated in different nations and for different sample characteristics regarding age 

or sex for example. While the findings about the existence and direction of the link are not 

entirely consistent, a negative correlation is predominant and finds therefore more support in 

the scientific community. A first quantitative approach to synthesize corresponding findings 

was done by Zuckerman, Silberman and Hall (2013) who found a negative correlation between 

intelligence and religiosity (see chapter 3.3). 

This association has also been examined on a larger scale than the individual one. Lynn, 

Harvey, and Nyborg (2009), for example, conducted a large survey across 137 nations and were 

able to show that the average national IQ is correlated with reported rates of atheism. Cribari-

Neto and Souza (2013) are of the opinion that average intelligence as well as religious disbelief 

are typically higher in developed countries. The authors argue that the better a country is 

developed and the richer it gets, the more reliable become its institutions. With better access to 

health services and benefits of technology, inhabitants’ lives are more stable. They are therefore 

less exposed to fear and uncertainties, conditions which increase the probability of people 

turning to religion. They found that the association between religious disbelief and intelligence 
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on a national level reported by Lynn et al. (2009) is strongest when national IQ is slightly above 

average. If national IQ is comparatively low, its association with disbelief is also rather small 

because it is based on critical reasoning. Stoet and Geary (2017) were able to show in a survey 

across 76 countries that in nations which are considered to be more religious, students achieve 

systematically lower scores in the Programme for International Student Assessment (PISA) and 

the Trends in International Mathematics and Science Study (TIMSS). Despite the difficulties in 

defining religiosity there is largely accordance about its negative relationship with cognitive 

ability. 

 

 3.1  Defining intelligence 

In order to examine a possible relation between religiosity and intelligence, the latter needs to 

be defined as well. Similar to religion or spirituality, there is not one single consensual 

definition of intelligence, but in contrast to these concepts there is broad acceptance of what 

intelligence is and can do. One rather general approach to conceptually determine intelligence 

comes from Sternberg (1997) who briefly defines it as the adaption to, selection and shaping of 

any environmental circumstances. This definition makes sense in an evolutionary context and 

contains common features of most definitions. Further similarities are that it is about basic 

mental processes as well as more complex tasks like problem solving, reasoning and decision-

making (Sacher, 2015).  

Following the more detailed definition of Gottfredson (1997), “intelligence is a very 

general mental capability that, among other things, involves the ability to reason, plan, solve 

problems, think abstractly, comprehend complex ideas, learn quickly and learn from experience. 

It is not merely book learning, a narrow academic skill, or test-taking smarts. Rather, it reflects 

a broader and deeper capability for comprehending our surroundings” (p.13). So defined, 

intelligence can be measured quite well which allows for comparison between people. The 

strength of this definition lies in emphasizing characteristics of the intelligence concept while 

differentiating from other factors or personality traits which could also explain academic 

achievement (Dutton, 2014). Although “several current theorists argue that there are many 

different "intelligences" (systems of abilities), only a few of which can be captured by standard 

psychometric tests” (Neisser et al., 1996, p.77), crucial for the current study is the analytic 

intelligence which is outlined above. 
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 3.2  Possible explanations for a negative correlation 

The apparently negative correlation of intelligence and religiosity arises questions about 

mechanisms and conditions causing it. Renownedly, correlation does not necessarily implicate 

causation as it is not clear which variable affects which. Besides, both factors could be 

influenced by a third variable (like genetic factors) or the link could emerge from systematic or 

even random errors. Nevertheless, regarding the current link under investigation, it can be 

assumed that intelligence has an impact on religiosity rather than the other way around. One 

reason for this assumption is that intelligence can be measured reliably at a younger age than 

religiosity (Kanazawa, 2010). Considering this, various attempts have been made to find 

explanations for the association of religiosity and intelligence. Some of them focus more on 

everyday circumstances while others take into account the long history of evolution and its 

shaping effects on the human mind. The explanation approaches listed below result from 

previous studies. No claim is made that this is a complete listing, but the most important theories 

are discussed. 

 

 3.2.1  Dual process model of the mind 

According to the dual-process model of the mind there are two different systems of information 

processing. Type I is the experiential or intuitive system, which is evolutionary older, rapid and 

responsible for automatic information processing. It outputs intuitive judgments and is affective. 

Type II is the rational or analytic system, which is slower and responsible for systematic 

information processing. Therefore, it relies on reflective judgments. These two systems can 

work independently, or they can interact as Type II involves critically investigating Type I 

experiences (Evans & Stanovich, 2013). There is evidence that individuals differ in their 

tendencies to rely on one of these systems, generally termed as “cognitive style” (Pacini & 

Epstein, 1999). Although related, cognitive style should not be mistaken for cognitive ability, 

because the latter describes what a person is potentially capable of. An instrument often used 

to measure cognitive style is the “cognitive reflection test (CRT)”. The answers to its` items 

may seem obvious at first sight, but it is the task of the user to override this incorrect intuitive 

response and engage in further reflection. CRT scores correlate with cognitive ability, in the 

sense that more intelligent people tend to score higher (Frederick, 2005). People with stronger 

belief in God were shown to obtain lower scores on this test (Yilmaz & Saribay, 2016) and self-

reported religiosity even decreased when people were instructed to think analytically (Gervais 

& Norenzayan, 2012). At first sight it might seem reasonable that religious people tend to use 
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an intuitive cognitive style because they rather adopt dogmatic belief systems than actively 

scrutinizing ideological constructs. Pennycook, Cheyne, Seli, Koehler and Fugelsang (2012), 

however, propose that religious beliefs are actually counter-intuitive because they lack logical 

consistence and are also conflicting empirical findings. The authors also bring up the idea that 

an analytic cognitive style could lead to less conventional ideas of God and therefore to a more 

personal view of the supernatural.  

Cognitive style has also been linked to political attitudes. Analytic cognitive style 

promotes liberalism (Yilmaz & Saribay, 2017a) while intuitive cognitive style or “low effort 

thinking” is more likely to lead to conservativism (Eidelman, Crandall, Goodman, & Blanchar, 

2012). Considering that religion is mostly aligned with conservativism (Piurko, Schwarzt, & 

Davidov, 2011), it seems logical that religious beliefs are rather due to an intuitive cognitive 

style than to an analytic one. But according to Saribay and Yilmaz (2017) and in line with 

Pennycook et al. (2012), analytic cognitive style uniquely predicts religiosity while cognitive 

ability is a better indicator for social and general (but not economic) conservativism. The 

authors argue with a time-shifted socialization of religion and politics. While religious belief 

systems have found their way into individual minds, primarily by applying Type I processes, 

they were then overridden by Type II reflections because of education and contradictions in 

religion. The political socialization took place later and due to the complex and abstract 

character of political issues, the political attitude of an adult may be more determined by the 

ability to process such complex issues rather than the skill to override intuitive thoughts. 

Razmyar and Reeve (2013) on the other hand point out that although analytic cognitive style 

and cognitive ability correlate, the latter seems to be a far better indicator for the disbelief of a 

person. Such apparent opposites could, at least to some degree, be due to the measures used to 

assess cognitive style and political orientation. The CRT has been criticized for its overreliance 

on numeracy skills and single-item measures of political attitudes are also problematic because 

they are too undifferentiated (Yilmaz & Saribay, 2017b). This also applies to assessments of 

religious orientation. As it emerges from the just given arguments and findings, there seems to 

be a connection of cognitive style, ability and religious attitudes, but the meaning of mediating 

effects is still unclear. 

 

 3.2.2  Savanna-IQ Interaction Hypothesis 

Kanazawa (2010) presents an explanation for the nature of this effect by combining the Savanna 

Principle (Kanazawa, 2004a) with a theory of the evolution of general intelligence (Kanazawa, 
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2004b). According to this author, adaptations of human beings, whether they are physical or 

psychological, are designed for conditions of evolutionary environments, rather than for the 

current conditions. Considering this, our mind is adapted to the African Savanna and has 

problems with foreign circumstances that did not exist back then. All cognitive mechanisms 

have their origin in an attempt to adapt to the environment and so does intelligence. While the 

emergence of domain-specific skills seems obvious, general intelligence is harder to explain in 

the line of evolutionary psychology. Kanazawa argues that general intelligence also once 

developed as a kind of a domain specific adaptation helping humans to find their way in an 

evolutionary novel context. Therefore, more intelligent people are better only in solving tasks 

which represent some evolutionary new challenges, but not in solving familiar problems, like 

mating or parenting for instance (Kanazawa, 2004b). As already stated above and as Kanazawa 

(2010) does not miss to point out, all prehistoric societies (just like all societies today) had 

religious tendencies. If atheism can be seen as evolutionary novel, it could explain in this line 

of argument why it is a characteristic of more intelligent people. The same would apply for 

every evolutionary novelty such as liberal worldviews or experiencing new things. This idea 

could dovetail with the above stated correlations of cognitive ability, cognitive style and 

political attitudes.  

Nevertheless, this whole theoretical construct is not free from criticism. Kanazawa`s 

distinction of “evolutionary novel” and “evolutionary familiar” is not unambiguously 

maintainable. Dutton (2014) provides an ostensive example by opposing his claim that 

liberalism, defined as caring about non-relatives, is evolutionary novel. In fact, extensive 

selfishness could also be evolutionary novel because if shown in the Savanna, it would have 

led to being outcast and therefore a threat for survival. Kanazawa`s theory is therefore neither 

falsifiable nor verifiable. 

 

 3.2.3  Functional equivalence 

The matter of the functional approach of religiosity has been elucidated above. It can provide a 

sense of control and enable one to hold on to the belief of a structured and orderly world, 

especially in situations where this feeling is threatened. A positive correlation between self-

enhancement and religiosity could also be shown (Sedikides & Gebauer, 2010) but notably only 

in terms of intrinsic religiosity. The authors argue that in religious societies intrinsic religiosity 

leads to an increase in self-worth because it is welcomed there. In contrast, “abusing” religion 

for other purposes is disapproved there. Their data confirms this argument, because the 
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association of intrinsic religiosity and self-enhancement was stronger in more religious cultures 

while at the same time the negative correlation of extrinsic religiosity and self-enhancement 

was more negative in these cultures than in less religious ones. The important social aspects of 

religiosity are discussed in the next chapter. In all, there seem to be certain desires, needs and 

reasons which let people turn to religion (Sedikides, 2010). Zuckerman et al. (2013) argue that 

these needs could be fulfilled by other means too. Along these lines, they suggest another 

explanation for the negative correlation of intelligence and religiosity by assuming that these 

traits are to some extent functionally equivalent which leads to less religiosity in people with 

higher intelligence. Belief in compensatory control, for example, could be linked to cognitive 

ability as well. In an examination of Miller and Lachman (2000), personal control beliefs were 

predictive for cognitive performance in a reasoning task. In addition to people wanting to have 

control of their situation, they also want to understand their surroundings, which makes sense 

in an evolutionary context, and religion offers an easy opportunity to do so. Intelligent people 

on the other hand are rather provided with the potential to apprehend how things work. Religion 

might not just act as a compensation for the loss of external control, but also as a locus of self-

control and self-regulation that could - at least to some degree - also explain positive outcomes 

like health benefits (McCullough & Willoughby, 2009). Analogously, self-regulatory functions 

were demonstrated for intelligence. A meta-analysis of 26 findings showed a moderate 

association of cognitive ability and the delay of gratifications as opposed to an immediate but 

smaller reward (Shamosh & Gray, 2008). The authors argument of a “cool”, more executive 

cognitive system in contrast to a more intuitive one is in line with the dual process model of the 

mind. 

 Regarding the self-enhancement increasing function of (intrinsic) religiosity, similar 

effects are believed to be valid for intelligence. Schermer and Vernon (2010) correlated a 

general factor of personality which comprises among others high self-esteem, emotional 

stability and intellectual openness, with intelligence. If more intelligent people tend to be more 

pronounced in this trait, they might not feel the need to turn to religion.  

Religiosity can be a refuge in times of loneliness too, because evidence suggests that 

people who lack social connection try to compensate by creating or turning to supernatural 

agents (Epley, Akalin, Waytz, & Cacioppo, 2008). Intelligence could be linked to a lower 

likelihood of divorce (Herrnstein & Murray, 1994), indicating that it can also lower loneliness. 

All these common features of religion and intelligence suggest that the possession of one makes 

the other redundant. 
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 3.2.4  The conforming nature of Religion 

At the beginning it was mentioned which factors contribute to individual religiosity. In this 

context, the influences of the social environment are of special interest. Religion is more than 

a set of individual beliefs as it has important social aspects. To the same extent as it can 

strengthen in-group bounds and promote sociability (Norenzayan & Shariff, 2008) it can be 

used as a justification to harm groups which hold different beliefs (Wellman & Tokuno, 2004). 

Non-believers have to resist the social pressure too and the question arises, if they differ from 

religious peers in certain traits, like intelligence or self-esteem. A meta-analysis (Rhodes & 

Wood, 1992) addressed this link and indeed showed that intelligence is correlated negatively 

with persuasion and conformity. Therefore, people with higher cognitive abilities are less likely 

to adopt belief systems or corresponding behaviors of their surroundings. Additionally, low 

self-esteem seems to make people vulnerable to conforming behavior. Religious behavior such 

as church attendance can be seen as a form of conformity rather than of actual belief (Kosa & 

Schommer, 1961).  

Woodley (2010) proposed a hypothesis concerning the predominantly liberal or left-

winged attitude of intelligent people. According to this author, individuals of high IQ are better 

at perceiving what political opinion dominates and at perceiving the benefits of conforming to 

this values canon, which would currently be a rather left-winged one in Western cultures, at 

least in Woodley`s views. Therefore, they conform to this quite liberal worldview. Nevertheless, 

there are some problems with this “Cultural Meditation Hypothesis”. As stated earlier, 

intelligence is more strongly associated with non-conformity than with conformity. Moreover, 

initial (political, social, etc.) ideas would then have to come from people with lower IQ whereas 

more intelligent persons would adopt them. This seems highly unlikely (Dutton, 2013). 

Furthermore, in religious societies people with higher education are typically the ones who are 

less religious. Because education and intelligence clearly correlate (Deary & Johnson, 2010), 

the more educated are also the ones who should adopt religion in such regions according to the 

Cultural Meditation Hypothesis (Dutton, 2014). 

Of course, the argument of religiosity based on conformity is only valid for environments 

in which the majority of people is religious and also shows corresponding behaviors. This 

applies to families as well as to nations. While the conforming nature of Western cultures in 

regard to religion is up to debate, in some Islamic countries the relation seems clearer because 

religion determines a large part of public life. In more atheistic regions like Scandinavia 

(Zuckerman, 2008), the fact that more intelligent people tend to non-conformity is not enough 

to explain the negative relation of intelligence and religiosity. Because this argument is not 
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universally applicable, it is considered rather weak, but the fact that countries differ in the 

religiosity of their inhabitants speaks for the hypothesis that people tend to adopt belief systems 

of their environment. 

 

 3.3  Initial meta-analytic evidence 

As stated above, Zuckerman, Silberman, and Hall (2013) conducted a meta-analysis regarding 

the relation of intelligence and religiosity. This study will briefly be outlined in the following 

because it acted as an initial point and an inspiration for the current analysis. Also, all of their 

63 included studies are (with one exception, see chapter 5.2.1) integrated here too. Of these 63 

correlational studies 53 reported a negative correlation. In total, 37 effects reached a 

significance level of .05, 35 of these correlations were negatively directed, indicating a negative 

association between religiosity and intelligence. Random-effects models showed a correlation 

of -.24 for college participants and the general population, which indicates a small-to-moderate 

effect. However, when underage participants were taken into account, the correlation was 

markedly smaller as it amounted to -.16. 

The authors also considered if assessing the relation between intelligence and religiosity 

was the main goal of the primary study, one of several goals, or not a goal at all. Under 

application of random-effects models, they did not find any significant relation to effect sizes. 

A fixed-effect analysis even showed that the negative association between religiosity and 

intelligence was more negative for studies in which it was not the main goal.  

Another research question was if the type of religiosity measure plays a role in 

determining effect sizes. The authors created the categories religious behavior, beliefs, group 

membership or a combination of measures. The argument was that religious beliefs measured 

by mostly questionnaires are a better indicator for the actual faith of a person than religious 

behavior such as church attendance which can easily be motivated by other factors like social 

acceptance. The correlation with intelligence indeed varied for different kinds of religiosity 

measure. While there was no difference between religious behavior and membership in 

religious organizations (which is hardly surprising because these concepts a quite similar), they 

did differ from studies which assessed religious beliefs. 

As Webster and Duffy (2016) point out, this meta-analysis displays some limitations. One 

of them is the profuse application of unweighted mean effect sizes. Thereby, the sample size of 

a study is neglected, and very small ones contribute to the same extent to the summary effect 

size as large ones. It is obvious that studies with a small N, which are less precise and therefore 
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more susceptible to show extreme inflated or deflated values, do not have the same accuracy as 

bigger studies with more robust estimates. The authors also coded if a study was published or 

not. This was to some extent a subjective assessment. According to them, status of publication 

did not influence the results, but neither a corresponding hypothesis nor the exact outcome were 

reported. Another limitation of this nevertheless pioneering publication is the insufficient 

detection of and correction for publication bias.  
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 4  Publication bias – detection and consequences 

A well-known problem of the effect size estimates of meta-analyses is that journals publish 

studies less often if results are non-significant (Simmons, Nelson, & Simonsohn, 2011). This 

problematic phenomenon is often referred to as “publication bias” or “file drawer problem” 

because “the journals are filled with the 5% of the studies that show Type I errors, while the file 

drawers back at the lab are filled with the 95% of the studies that show non-significant (e.g., 

p >.05) results” (Rosenthal, 1979). Evidence for publication bias is indeed overwhelming as 

Fanelli (2012) shows, who concluded that in psychology around 95% of published papers report 

significant results, 91% in ecology and up to 96% in biomedicine (p.898). The maximum 

expected ration would be 80%, presumed that this is also the power of the tests and only existing 

effects were examined. Therefore, published evidence does not representatively mirror reality 

(Ioannidis, 2008). This problem hints that publication bias can lead to misrepresentations in 

meta-analytic research papers which include primarily published papers. Smaller effect sizes 

are less likely to become significant, which leads to their underrepresentation in the published 

body of research. In order to counteract this artifact of research strategies and practices, 

different methods have been developed over the years. In the following, only the ones applied 

in the current thesis are introduced. Methods not addressed but worth mentioning are the 

outdated fail-safe N (Rosenthal, 1979), selection models (e.g. Terrin, Schmid, Lau, & Olkin, 

2003), or the test for excess significance (Ioannidis & Trikalinos, 2007). 

 

 4.1  Funnel plots 

Funnel-plots represent an exploratory tool to visually assess publication bias. They are basically 

scatter plots where the x-axis displays the effect sizes of the included studies and the y-axis 

shows the corresponding sample size or a related measure of it. Figure 1 shows a funnel-plot of 

randomly generated data. Under the assumption that the precision of a study increases with 

sample size, the effect sizes of studies with many participants, shown above in the graph, tend 

to vary less around the average effect than those of studies with a smaller N, shown further 

down. In the absence of publication bias, this results in an inverse funnel and explains the name 

for this type of graph. A combination of low N and little effect size leads more likely to non-

significant results. In presence of publication bias, such results would be missing, leading to an 

asymmetrical distribution around the y-axis. Other factors could also contribute to a non-

symmetrical distribution: Between study heterogeneity and the tendency for smaller studies to 

show greater effects than larger studies (Peters, Sutton, Jones, Abrams, & Rushton, 2006). 
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Because the visual analysis of possible publication bias is rather subjective, it needs more 

objective methods to quantify the connection of effect and sample size. Two possible 

approaches are discussed in the following section: Egger`s regression test (Egger, Smith, 

Schneider, & Minder, 1997) and the rank-correlation method (Begg & Mazumdar, 1994). 

 

 

Figure 1: Funnel plot with random data 

 

The x-axis displays effect size estimates of primary studies or in this case the corresponding 

Fisher’s z-values. The variable displayed on the y-axis (here the standard error), is dependent 

on the sample size. Studies with a larger N are more precise, thus varying less around the mean, 

studies with smaller N tend to extreme values and should therefore vary more around the mean. 

Smaller studies with lower precision are less likely to be published and should consequently be 

underrepresented in the case of publication bias, leading to an asymmetrical funnel plot. 
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 4.1.1  Egger`s regression test 

A linear approach which allows the usage of weighted (by the inverse of the sampling variance) 

as well as unweighted effect sizes, is Egger`s regression test (Egger et al., 1997). The “standard 

normal deviate” (SND), which is defined as the quotient of effect size and standard error is 

integrated in a regression model. The independent variable is the standardized effect size 

estimate while the dependent variable is the precision of the primary study. Studies with a 

smaller N tend to have a higher standard error and low precision as well as low SND. Studies 

with a larger N are more precise and exhibit– dependent on the effect size – a higher SND. If 

there is no publication bias, studies with a smaller N display on average the same effect sizes 

as studies with a larger N. Therefore, the intercept of the model should equal zero, leading to a 

straight regression line that passes the origin. That is, because the SND as well as the precision 

of smaller studies display a value close to zero. In contrast, due to their high precision, the SND 

of larger studies depends on direction and magnitude of the measured effect size (Fiebig, 

Rüdebusch, & Urban, 2012). The more the intercept deviates from zero, the stronger the 

publication bias (Egger, Smith, Schneider, & Minder, 1997). 

 

 4.1.2  Rank-correlation method 

A non-linear approach was presented by Begg and Mazumdar (1994), who suggested to test the 

relation of sample size and effect size. This method uses Kendall’s tau (τ) in order to evaluate 

the association between the standardized effect size and the variance of the effect. The primary 

studies are then ranked according to these two variables and compared pairwise with each other 

in this order. The z-value can then be tested for significance in a two-tailed test based on the z-

distribution. 

 

 

Equation 1: rank correlation 

x = number of pairs ranked in the same order 

y = number of which the order is reserved 

 

𝑧 =
𝑥 − 𝑦

 𝑘(𝑘 − 1)(2𝑘 + 5)/18
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 4.1.3  Trim and Fill 

The “Trim and Fill” – method is based on the idea of symmetry in terms of the distribution of 

values, namely effect sizes, around a true value, similar to the normal distribution (Fiebig et al., 

2012). This symmetry can be visualized with funnel plots. If it is not given, it can be synthesized 

by the trim-and-fill method. The main idea is to estimate how many studies would be needed 

to obtain funnel plot symmetry, using an iterative technique. At first, the number of studies 

which make up the asymmetric part is determined iteratively. Most extreme values are then 

trimmed so that the remaining distribution is symmetric (“trim”). With the remaining studies 

an adjusted symmetrical center of the funnel plot is computed. In the next part (“fill”), the 

removed studies and their counterparts are added around the center again, this time yielding a 

symmetric plot, which is then used to calculate the final estimator of the effect size. The 

counterparts are studies which are assumed to be missing due to publication bias. Their standard 

error is the same as the one of the matching partners and their effect sizes have the same distance 

to the summary effect (Duval & Tweedie, 2000). Trim and Fill performs best in case of 

moderate to large publication bias where it can improve the coverage probability for the true 

effect sizes by more than half (Idris, 2012).  

Funnel-plot-related procedures are not just methods to detect a possible publication bias, 

their results can be seen as a sensitivity analysis for the robustness of the finding of the meta-

analysis too. So, if a type-I-error is made by assuming publication bias in the actual absence of 

it, these procedures can still be useful. If the results remain similar in size even after imputation 

of assumed studies, the original (not corrected by trim-and-fill) effect is robust but inflated. 

This proceeding is independent from the presence or absence of publication bias (Fiebig et al., 

2012). Despite this benefit and the broad acceptance of this method it has its boundaries. 

“Although Trim and Fill is in common use, it rests on the unlikely assumption that the selective 

reporting of studies is driven by effect size rather than statistical significance” (Simonsohn, 

Nelson, & Simmons, 2014b; p. 667). The next two methods take this into account and base their 

effect estimates solely on published and significant results. 

 

 4.2  p-curve 

According to Simonsohn et al. (2014a), the distribution of statistically significant (and, of 

course, published) p-values, that are associated with effects comparing the same sign, is 

diagnostic of the evidential value of that set of findings. If the “p-curve”, as they call it, is 

skewed to the right, indicating more lower (e.g. .01) than higher (e.g. .04) p-values, the body of 
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research holds evidential value. A left-skewed p-curve is an indicator for publication bias or p-

hacking (chapter 4.5). Under the plausible assumption that researchers who practice p-hacking 

are satisfied with reaching significance, more p-values > .025 and < .05 than < .025 suggest p-

hacking for at least some of the primary studies. Under the H0 of no effect, the expected shape 

of p-curve is uniform, because each p-value has the same probability of occurring. The p-value 

displays the probability of observing an effect at least as extreme as the given one. If no effect 

is given, then p < .05 should occur in 5% of all cases, p < .04 in 4% and so on. As a 

consequence, .04 < p < .05 occurs in 1%, .03 < p < .04 also and so forth. 

There are two possibilities to test if the p-curve is significantly right-skewed. A simple 

approach is to divide p-values in p < .025 and .025 < p < .05 and to then conduct a binomial 

test. This method is robust against extreme values like p = .049 or p = .001 but it does not take 

into account the variability within the two blocks of p-values. Another method considers the 

continuous character of the p-curve. Therefore, one needs to compute the conditional p-values. 

The conditional p value of an observed effect reflects the probability of observing an effect at 

least as large as the current conditional on the effect size being statistically significant (which 

means in most cases a denominator of .05). Simonsohn et al. (2014a) referred to this as the “pp-

value”, because it is in fact the p-value of the p-value. In a second step the pp-values are 

aggregated based on Fisher`s method, which leads to a χ²-test for skewness with double the 

amount of degrees of freedom as there are p-values (Simonsohn et al., 2014a). This test for 

right-skew is implemented in the Web Application of p-curve (http://www.p-curve.com). 

 

 4.2.1  p-curve and effect size 

In the same year, the authors published another paper in which they present a method for 

computing effect size estimates using the p-curve (Simonsohn et al., 2014b). The basic idea is 

to compare the observed p-curve with an expected p-curve and to find the effect size estimate 

which leads to an expected p-curve that best fits the observed p-curve. Therefore, one has to 

find for each significant p-value the corresponding t-value, which leads to exactly this p-value. 

Afterwards, the probability of obtaining a t-value at least as extreme as the current is defined. 

Because of the continuous character of the distribution of p-values, the best way to do so is 

creating a function, which maps every possible significant t-value to the probability of 

containing a t-value that is at least as large. This is again the pp-value. Each candidate effect 

size has a corresponding distribution of pp-values. If the candidate effect size equals the true 

effect size, the pp-values should be distributed uniformly for the same reason why the p-values 
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are distributed uniformly under the null hypothesis of no effect. In order to estimate an effect 

size,  

the difference of the expected distribution of pp-values of various candidate effect sizes from 

the uniform distribution is determined by selecting a distribution with minimum differences.  

Although a variety of possible methods to compare distributions exist, the Kolmogorov-

Smirnov test is the method of choice for the current study, as it is a quite simple and robust one. 

Its test statistic D represents the biggest gap between the two distributions and can be interpreted 

intuitively as it displays the biggest gap in %. By an iterative process, the best fitting effect size 

is found, that is the one with a corresponding distribution of pp-values that fits the uniform 

distribution best. 

 

 4.3  p-uniform 

A quite similar approach to p-curve is “p-uniform” (Van Assen et al., 2014). This method is 

based on the same underlying logic but differs in its implementation. The name derives from 

the fact that the conditional p-values are distributed uniformly if the observed effect size equals 

the true effect size. Instead of comparing different distributions with the uniform one and 

looking for the smallest difference in order to estimate an effect size (p-curve), p-uniforms 

method consists of creating a function which leads to a uniform distribution and therefore to a 

summary effect estimate. P-uniform’s and p-curve’s tests of the hypothesis of no effect are 

identical. That is, assessing if the distribution of conditional p-values (pp-values) deviates 

significantly from the uniform distribution. 

A considerable advantage of p-uniform over p-curve is that it provides the user with 

confidence intervals around the point estimate of the true effect and with a formal test for 

publication bias. The latter consists of simply comparing the pp-value distribution of the 

traditional fixed-effect estimate of the same studies with the uniform distribution. Of the six 

possible estimates when applying p-uniform, the recommended one is the P-method, which is 

based on the Irwin-Hall distribution; the distribution of the sum of independent uniformly 

distributed random variables (van Aert, Wicherts, & van Assen, 2016). This is also the default 

setting in R. Other estimators refer to maximum likelihood, Fisher`s method and (similar to the 

application of p-curve) the Kolmogorov-Smirnov test or the Anderson-Darling test. 

Besides the restriction on statistically significant and published results, p-curve and p-

uniform should only be conducted with effects showing identical signs. Although these methods 

can perform better and estimate effect sizes more accurately than previous methods (Hedges & 
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Vevea, 2005), they do so only under certain conditions as outlined below. 

 4.4  Reservations for applying p-curve and p-uniform 

An important assumption of both p-curve and p-uniform is that all statistically significant 

results are published with the same probability. Considering the current practice preferring 

quantity over quality concerning published papers and evaluating researchers by the amount of 

published studies, this is a legitimate assumption. If conclusions from the behavior of the p-

curve concerning possible p-hacking are drawn, another assumption, which is based on the first 

one, must be made: Researchers who practice p-hacking are satisfied with reaching significance, 

so they stop at that point and do not try to further decrease the p-value. 

The methods also ensure more accurate effect size estimates only if certain 

circumstances are given. If the variability between effect sizes of the incorporated studies is too 

high, traditional meta-analytic methods may provide a better estimate, because p-curve and p-

uniform restrict themselves to significant results and heterogeneous effect sizes may contain 

very low and therefore likely non-significant results. These would then be underrepresented in 

the segment considered by the methods, leading them to overestimate effect sizes. 

If the majority of significant p-values are close to .05, either due to luck or by some forms 

of p-hacking, p-curve and p-uniform do not estimate effects accurately. In this case, p-curve 

behaves erratically because it is based on the t-distribution. For high t-values in combination 

with extreme noncentrality parameters, the corresponding algorithm does not convert into 

accurate probabilities. Therefore, conditional p-values might be negative or undefined, 

manifestations which are not intended for the current methods. P-uniform on the other hand is 

based on the normal distribution and behaves as it should but yields implausible negative effect 

size estimates (van Aert et al., 2016). For an overview how different kinds of p-hacking affect 

the two methods, see van Aert et al. (2016). 

 

 4.5  p-Hacking & Preregistration 

Because statistical significance can be seen as an implicit requirement for a study to be 

published, some researchers might use certain strategies in order to achieve significance. This 

practice is here referred to as “p-hacking”, however it is also known amongst others as 

“significance chasing” or “data snooping”. As Simmons, Nelson and Simonsohn (2011) point 

out, there exist a variety of methods to do so and this flexibility in data collection and analysis 

can turn null-findings into significant results easily. Researchers might test the same hypothesis 

using different methods and publish only the one that reaches significance. Or they might 
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exclude influential cases, such as statistical outliers, without reporting them. It is also a form of 

p-hacking to include many parameters in an investigation and rewrite hypotheses so that it 

seems only the ones with significant outcome were object of examination from the beginning. 

Because of the cumulation of α-errors, about one of twenty parameters reaches significance by 

chance without any true underlying effect (if the chosen α-level is 5%). Reporting only this 

parameter and neglecting the others leads to a biased impression of true conditions. These are 

just some examples of p-hacking. 

In the spirit of open science and to prevent artifacts due to p-hacking or researchers 

degrees of freedom, the current study has been preregistered on OSF.io (Open Science 

Framework) under the title “The Relation between Intelligence and Religiosity: A Meta-

Analysis under application of p-curve and p-uniform”1. Before beginning with data collection 

or analyzing, all relevant information was announced there. This includes not only hypotheses 

and data accumulation, but also information about statistical analyses that will be carried out in 

this study. Establishing a mandatory preregistration in the future could lead to more 

transparency and less distortion in the research context. 

 

 4.6  Implications of estimated effect size changes over the years 

Some sorts of p-hacking, like selective reporting of only significant results, or insufficient 

reporting of experimental conditions, lead to findings which are hard to replicate. Therefore, 

reported effect sizes often decrease over time. This “decline-effect” is not specific to the current 

topic, but is a general phenomenon whose origins are still under debate. Protzko and Schooler 

(2017) provide an overview of potential reasons as well as of different kinds of decline-effects. 

One possible explanation for such an effect refers to underpowered studies and therefore the 

sample size at use. Earlier studies of a new arising phenomenon often have a smaller N than 

latter ones and are therefore less precise and tend to yield extreme values. Subsequent studies 

are then typically conducted with a larger sample, are therefore more precise and lead on the 

whole to smaller effects according to regression to the middle. Publication bias could also be 

responsible for a decline of effect sizes. Newly emerging objects of study often provoke 

excitement, increasing chances of selective publishing because researchers do not want their 

theories and potentially new fields of study to be neglected. Besides scientists, editors also need 

to overcome temptation of outright rejecting non-significant results. A consequence of this 

problem is selective reporting of significant results and omitting all others. Because of their 

                                                
1 https://osf.io/ka2ym/ 
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career-boosting potential, authors of initial studies may be tempted to practice such forms of 

“p-hacking”, while authors of replications may not. If an effect was non-existent in the first 

place but falsely reported, methodological errors or insufficiencies could also contribute to a 

decline-effect when subsequent, more accurate findings reveal a null result. This is referred to 

as the “False-positive decline effect”. Because of analogous reasons, the magnitude of an 

existing true effect could have been overestimated in the past, leading to an “Inflated decline 

effect”. Another form of decline effect, the “Under-specified decline effect”, occurs when the 

specific conditions for observing an effect are reported insufficiently, making potential 

replications prone to bias. All these possible reasons for a decline effect refer to methodological 

pitfalls and therefore describe unsystematic decreases of effects. For the individual case, actual 

effect size and therefore genuine systematic decreases cannot be ruled out. Most plausible 

explanation approaches of such “Genuinely decreasing decline effects” consider changes in 

population like different cultural conditions.  

A telling example is the decline of religiosity in several western cultures (see Dutton, 

2014 for an overview). While religiosity has become less important across various nations, there 

seems to exist a positive effect for intelligence (Flynn, 1987). The Flynn-effect describes 

systematic increases in IQ-scores over generations. Likely causes of this phenomenon include 

environmental factors like a rise of years spent in school, an improvement of educational 

systems, more exposure to technology and changes in test-taking behavior. Growing genetic 

diversity caused by increasing mobility of individuals as well as a change in nutritional behavior 

are additional factors. Other causal biological parameters influenced by the environment are the 

amount of lead in the blood (potentially causing neurological damages) and childhood diseases 

causing pathogen stress (Pietschnig & Voracek, 2015). 

If intelligence is associated negatively with religiosity, a decrease of the latter over the 

last century could display a reflection of the Flynn-effect with people becoming more intelligent 

and therefore less religious (Lynn & Vanhanen, 2012). However, Dutton (2014) argues that a 

decrease in religiosity could be due to a less stressful environment and a spread of various 

ideologies, some of them opposing religion. Whether such ideologies, one of which is science, 

lead to a decline of religiosity, depends on the role of education as a mediating variable. While 

Ganzach, Ellies and Gotlibovski (2013) did not find education to mediate the effect of 

intelligence on religiosity, a state level investigation showed that education indeed mediates the 

influence of average IQ-rates and religiosity (Reeve & Basalik, 2011). This might also just 

apply for institutionalized religions which seem to be contrary to scientific worldviews to some 
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degree. Other faith constructs or spirituality could integrate scientific knowledge in its 

paradigms. 

Religiosity as well as intelligence are traits which can vary on population level on the 

long run. A possible influence of the time of publication should be taken into consideration 

because in the current analysis included studies were conducted over a period of about ninety 

years and besides possible genuinely changing effects, methodological flaws or selective 

reporting especially in older studies could contribute to effect size changes over the years. 
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 5  The present study 

The purpose of the present study is an update and extension of the religiosity-intelligence link 

found by Zuckerman et al. (2013). Their insufficient detection of publication bias is completed 

by applying the up-to-date publication-bias assessment techniques p-curve and p-uniform, as 

well as traditional random-effects calculations. In addition to this methodological update, the 

inclusion of more primary studies, the predominant part of them younger than the initial meta-

analysis, provides a more recent estimate of the actual state and allows for a more accurate 

inspection of a potential decline of effect sizes over the years.  

Moreover, subgroup-analyses should clarify if effects differ for varying kinds of religiosity 

measures as well as for different sample types (Precollege, College, Non-College). The same 

methods are also applied to test for summary effect size differences between studies using 

academic achievement and studies using standardized intelligence tests. In an exploratory 

analysis, sex is examined as a possible moderating variable. 

Besides the association of religiosity and intelligence a main emphasis of this work consists of 

properties of publication bias and possible ways to assess it properly. In this context it is also 

examined if the absolute effect estimator of published studies differs from the one of 

unpublished studies.  

 

 

 5.1  Hypotheses 

The literature suggests a negative correlation between intelligence and religiosity, an 

association which is expected to be found here as well. This effect will be stronger for studies 

which assessed religiosity via self-reporting of participants than for studies which assessed 

group membership or other religious behaviors. The correlation between intelligence and 

religiosity will further differ by sample type (Precollege, College, Non-college). 

There will be an association of effect size and time of publication. Studies published 

earlier (measured at year of publication) are expected to report a stronger correlation between 

religiosity and intelligence. Due to methodological artefacts, the magnitude of the summary 

effect of published studies will be higher than the one for unpublished studies. 
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 5.2  Methods 

 5.2.1  Literature search 

Relevant articles were searched in a variety of databases: PsycINFO, Pubmed, ISI Web of 

Knowledge, and Scopus using the following intelligence-related search terms: “IQ”, 

“intelligence”, “intelligence quotient” and “cognitive ability” and the religion-related search 

terms “religious”, “religiosity”, “religious beliefs” and “spirituality”. Each possible 

combination of an intelligence-related term and a religion-related term was realized. 

The search for unpublished Articles/Theses was conducted in the Open Access 

Dissertation and Theses database using the same terms. Additionally, a Google Scholar search 

with these key words was conducted. The research process has been carried out in June/July 

and was updated in August/September 2018. The title and/ or abstract of 853 possible relevant 

articles were screened. From 80 of those, full texts were acquired. While 66 did not meet 

inclusion criteria (Figure 2), 14 were included in the current analysis. This was done with the 

aid of the open-source reference management software “Zotero”. In all, 62 Studies were taken 

over from Zuckerman et al. (2013). One of their studies had to be omitted because there was no 

sample size reported, leading to a total of 76 independent correlation coefficients. 

Characteristics of included studies are shown in Table 1.  

 

 

 

 5.2.2  Inclusion criteria 

In order to be included, studies had to report a correlation coefficient (Pearson r) indicating the 

relationship between intelligence and religiosity on an individual level or the necessary 

statistics for computing such a correlation. Therefore, the studies had to have some indicator of 

intelligence, mainly IQ measures or grades, and of religiosity (for example self-reported 

religious belief, behavior, church attendance or membership of a religious group). Another key 

figure was sample size, studies not reporting it had to be omitted. Only healthy samples were 

included. Furthermore, studies which reported obviously erroneous results like correlation 

coefficients of -1.2, for example, were not included either. 

Finally, reported data had to be independent of data of other studies included in the 

current meta-analysis. This concerns mostly samples used on multiple occasions. Researchers 

sometimes consult already existing databases to test their hypothesis. An example is the 1997 

cohort of the National Longitudinal Survey of Youth (NLSY97) which is a sample of 8984 
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Americans and has served as a data source for several publications addressing the issue of 

interest (Ganzach, Ellis, & Gotlibovski, 2013; Ganzach & Gotlibovski, 2013; Ganzach & 

Gotlibovski, 2014). An inherently unproblematic practice can become a pitfall in systematic 

reviews, because it would be inappropriate to include data of the same probands. Concerning 

the inclusion criteria, all of these studies were considered equally eligible for the current 

analysis. Hypotheses were tested using the exact same sample, the same religiosity as well as 

the same intelligence measure. The study of Ganzach and Gotlibovski (2013) was included 

because the time span between intelligence and religiosity assessment was comparatively lower.  

In all three studies, participants were 15 years old on average when intelligence was measured.  

Ganzach, Ellis and Gotlibovski (2013) as well as Ganzach and Gotlibovski (2014) assessed 

religiosity when participants were 26 years old on average while the participants of Ganzach 

and Gotlibovski (2013) were 19, 22 and 25 years old on average (three follow-up interviews 

assessing religiosity were conducted). The coefficient of the earliest measure (average age: 19 

years) was included in the current analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: PRISMA- flow chart 
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The PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flow 

chart shows the process of study inclusion. While 62 correlations were obtained from a previous 

meta-analysis (Zuckerman et al., 2013), 14 new ones were extracted from literature, leading to 

a total of 76 effect sizes resulting from 66 different sources. 

 

 5.2.3  Data extraction and coding 

The following variables of interest were recorded: correlation coefficient of religiosity and 

intelligence, type of religiosity and intelligence measure, sample characteristics like size, 

proportion of males and level of education, year and status of publication as well as the exact 

p-values.  

For each study, an effect size – Pearson r – was extracted. Negative correlations 

indicated that lower intelligence was associated with higher religiosity and vice versa. If a 

correlation of religiosity with an intelligence test as well as with other indicators of cognitive 

ability such as school marks were given, the former was preferred because it can be seen as a 

better indicator for cognitive ability. 

Already Zuckerman et al. (2013) were able to show moderator effects of Grade Point 

Average (GPA), a ratio referring to academic success in high school and rather common in the 

US. They compared studies using GPA (k = 5) with studies using other methods (k = 54). 

Because of significant differences, they omitted studies using only GPA from further analyses. 

This point is also subject of the current study but examined with different methods. 

If correlation coefficients of more than one standardized test were reported in the 

primary study or if a coefficient for several items of religiosity were available, their mean was 

computed using Fisher’s z. After obtaining the Fisher’s z-value, it needed to be back-

transformed into a Pearson coefficient. 

 

 

Equation 2: converting Fisher`s z in r 

e = Euler number ~ 2.718 

r = Pearson correlation coefficient 

z = Fisher`s z 

 

𝑟 =
𝑒2𝑍 − 1

𝑒2𝑍 + 1
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Equation 3: converting r in Fisher`s z 

r = Pearson correlation coefficient 

z = Fisher`s z 

 

 

A similar approach was adopted regarding the type of religiosity measure: those who involved 

beliefs were preferred over those who involved behaviors like church attendance or praying as 

the latter can be motivated by other, extrinsic, reasons such as social acceptance instead of 

actual religious beliefs. Unlike Zuckerman et al. (2013), participation/membership in religious 

organizations was not treated as a category of its own. Instead it was seen as a form of behavior 

which can be motivated by quite similar conditions like, for instance, social support. The type 

of intelligence measure was coded to check for effect size differences between academic 

achievement and standardized intelligence tests and to give an overview of the different 

measures of cognitive ability which aim at various skills. In order to conduct the method of p-

curve, t-values were needed. They were computed on the basis of the formula: 

 

 

Equation 4: formula for t-values 

t = t-value 

n = sample size 

r = Pearson correlation coefficient 

 

 

For the publication bias assessment methods p-curve and p-uniform, the exact p-values were 

also needed. However, they were not always numerically exact reported. Sometimes researchers 

only report if the p-value is below .01 or .05, but not the exact magnitude. Because the p-value 

is a function of sample- and effect size, their exact values could be obtained conveniently. 

Associated p-values of above stated t-values were calculated. 

Besides the proportion of males and the number of participants, the only further sample 

characteristic coded was the attendance/ non-attendance of college. Samples were classified in 

𝑡 = 𝑟 ∙  
n − 2

1 − r2
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three categories: “College” (participants who visited college or university at the time of data 

collection), “Non-College” (participants who did not attend an institution of higher education 

at that time) and “Precollege” (participants who were too young to attend college). It was 

hypothesized that the correlation between intelligence and religiosity would differ according to 

sample type, because they vary in homogeneity regarding several variables, such as age, 

education, intelligence or religiosity. The participants of Ganzach and Gotlibovski (2013) were 

15 years old on average when intelligence was measured and 19 years old on average when 

religiosity was assessed. This study was therefore omitted from sample-type subgroup analyses. 

Status of publication was assessed using a binary coding: “published” or “unpublished”. 

Papers published in scientific journals as well as books were considered “published”, other 

records were considered “unpublished”. The year of publication is stated for all studies, 

including unpublished ones. In these cases, the year represents the time of completion/ delivery 

of mostly master’s and doctoral thesis.  

In the preregistration it was stated that the type of religion and the ethnic background of 

the participants were supposed to be coded. However, extraction of this variables was dropped 

due to insufficient reporting in primary studies. Because no further analyses concerning these 

variables were planned, this circumstance can be considered as negligible. 

The coding of the variables of interest was conducted twice, in July 2018 and again in 

October 2018. The included studies as well as the corresponding Fisher’s z values are shown in 

Figure 3. From the 66 included studies, 76 correlation coefficients of independent samples 

could be derived. Of the 43 significant correlations, 41 were negative. The total N was 90,997. 

Included studies were conducted over a time span of about ninety years, beginning in 1928 and 

ending in 2018. Sample sizes varied from 20 to 14277. 
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Table 1  

List of included studies 

Author 

 

Year 

 

N 

 

Effect size  

(r) 
 

p-value 
 

Sample 

 

Proportion  

of men in sample 

 

Religiosity  

type 

 

 

Intelligence  

measure 
 

Publication  

status 

 

Review Coverage 

in Zuckerman et al. 

(2013) 

(1)Howells 1928 461 -.25 <0.01 College .43 Beliefs Thorndike Intelligence Test, 

Iowa Comprehension Test, 

and GPA 

Published x 

(2)Howells 1928 n/a -.29 n/a College n/a Beliefs Not specified Published x 

Sinclair 1928 67 -.44 <0.01 College .48 Beliefs UEE Published x 

Carlson 1934 100 -.19 .058 College n/a Beliefs UEE Published x 
Franzblau 1934 354 -.15 .005 Precollege .44 Beliefs Terman Test of Mental 

Abilities 

Published x 

(1)Symington 1935 200 -.24 .001 College n/a Beliefs Otis Test of Mental Ability Published x 

(2)Symington 1935 160 -.47 <0.01 College n/a Beliefs Otis Test of Mental Ability Published x 

V.Jones 1938 268 -.24 <0.01 College n/a Beliefs UEE Published x 

Corey 1940 234 -.03 .648 College n/a Beliefs UEE Published x 

Gilliland 1940 326 .00 1.000 College n/a Beliefs Not specified Published x 

Gragg 1942 100 -.02 .843 College .50 Beliefs UEE Published x 

D.G.Brown, Lowe 1951 108 -.43 <0.01 College n/a Beliefs UEE Published x 

Dreger 1952 60 -.13 .322 Non-college .50 Beliefs Wonderlic Personnel Test Published x 

Kosa, Schommer 1961 361 .09 .088 College 1.00 Behavior Assorted tests and GPA Published x 

Hadden 1963 261 -.06 .334 College n/a Mixed GPA Published x 
Feather 1964 165 -.16 .040 College 1.00 Beliefs Syllogisms Published x 

Verhage 1964 1538 -.12 <0.01 Non-college n/a Behavior Groninger Intelligence Test Published x 

(1)Young, Dustin, 

Holtzman 

1966 481 .03 .512 College .69 Beliefs GPA Published x 

(2)Young, Dustin, 

Holtzman 

1966 574 -.11 .008 College .57 Beliefs GPA Published x 

Feather 1967 40 -.09 .581 College .50 Behavior Syllogisms Published x 

Bender 1968 96 -.10 .332 Non-college 1.00 Behavior UEE and GPA Published x 

Southern, Plant 1968 72 -.75 <0.01 Non-college .58 Beliefs Mensa membership Published x 

(1)Hoge 1969 179 -.12 .110 College n/a Mixed UEE Unpublished x 

(2)Hoge 1969 135 -.08 .356 College n/a Mixed UEE Unpublished x 
(3)Hoge 1969 327 -.07 .207 College n/a Mixed UEE Unpublished x 

Kahoe 1974 188 -.07 .001 College .38 Beliefs GPA / American College Published - 
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Author 

 

Year 

 

N 

 

Effect size  

(r) 
 

p-value 
 

Sample 

 

Proportion  

of men in sample 

 

Religiosity  

type 

 

 

Intelligence  

measure 
 

Publication  

status 

 

Review Coverage 

in Zuckerman et al. 

(2013) 

(1)Salter, Routledge 1974 339 -.15 .006 College n/a Beliefs UEE Published x 

(2)Salter, Routledge 1974 241 -.18 .005 College n/a Beliefs UEE Published x 

Foy 1975 36 -.50 .002 Non-college .50 Beliefs WAIS Unpublished x 

Poythress 1975 195 -.19 .008 College n/a Beliefs UEE Published x 

Dodrill 1976 44 .05 .747 Non-college .54 Beliefs WAIS Published x 

Francis 1979 2272 .04 .057 Precollege n/a Mixed IQ from school records Published x 
(1)Turner 1980 200 -.04 .574 Precollege 1.00 Beliefs Thurstone Primary Mental 

Abilities Scale 

Published x 

(2)Turner 1980 200 -.02 .779 Precollege 1.00 Beliefs Thurstone Primary Mental 

Abilities Scale 

Published x 

Francis, Pearson, Stubbs 1985 290 -.13 .055 Precollege .72 Beliefs IQ (not specified) Published x 

Francis;Francis 1997 711 -.04 .287 Precollege .40 Mixed Raven Progressive Matrices Published x 

(1)Blanchard-Fields, 

Hertzog, Stein, Pak 

2001 96 .04 1.000 College .60 Mixed Shipley Vocabulary Test Published x 

(2)Blanchard-Fields, 

Hertzog, Stein, Pak 

2001 219 -.32 <0.01 Non-college .42 Mixed Shipley Vocabulary Test Published x 

Crossman 2001 75 -.36 .002 Non-college .00 Beliefs Immediate free recall Unpublished x 

Saroglou, Scariot 2002 94 .13 .212 Precollege .41 Mixed GPA Published x 
Horowitz, Garber 2003 172 .05 .515 Precollege .46 Mixed WISC Vocabulary and Block 

design 

Published x 

Saroglou, Fiasse 2003 120 .07 .447 College .56 Beliefs GPA Published x 

Clark 2004 77 -.12 .299 College .22 Beliefs WAIS III Published - 

Carothers, Borkowski, 

Burke, Lefever, Whitman 

2005 101 -.25 .012 Non-college .00 Behavior WAIS-R Vocabulary and 

Block design 

Published x 

Ciesielski-Kaiser 2005 216 -.14 .040 College .36 Beliefs Shipley Institute for Living 

Scale 

Unpublished x 

McCullough, Enders, 

Brion, Jain 

2005 951 -.45 <0.01 Non-college n/a Beliefs Stanford-Binet Published x 

Deptula, Henry, Shoeny, 
Slavick 

2006 11963 -.10 <0.01 Precollege n/a Beliefs Modified Peabody Picture 
Vocabulary Test 

Published x 

Räsänen, Tirri, 

Nokelainen 

2006 142 -.17 .043 Precollege n/a Beliefs Assorted tests Published x 

Cottone, Drucker, Javier 2007 123 -.14 .122 College .35 Beliefs WAIS III comprehension and 

similarities and GPA 

Published x 

(1)Stanovich, West 2007 439 -.24 <0.01 College .24 Beliefs UEE Published x 
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Author 

 

Year 

 

N 

 

Effect size  

(r) 
 

p-value 
 

Sample 

 

Proportion  

of men in sample 

 

Religiosity  

type 

 

 

Intelligence  

measure 
 

Publication  

status 

 

Review Coverage 

in Zuckerman et al. 

(2013) 

(2)Stanovich, West 2007 1045 -.18 <0.01 College .31 Beliefs UEE Published x 

Szobot et al. 2007 236 .15 .021 Precollege 1.00 Behavior WAIS III block design and 

Vocabulary 

Published x 

Bloodgood, Turnley, 

Mudrack 

2008 230 -.15 .023 College .63 Behavior UEE Published x 

Bertsch, Pesta 2009 278 -.15 .012 College .42 Beliefs Wonderlic Personnel Test Published x 
Inzlicht, McGregor, 

Hirsh, Nash 

2009 22 -.13 .564 College .41 Beliefs Wonderlic Personnel Test Published x 

Nyborg 2009 3742 -.05 .002 Precollege n/a Behavior Assorted tests Published x 

(1) Boazman 2010 122 .13 .154 College .52 Mixed GPA Unpublished - 

(2) Boazman 2010 91 -.26 .013 College .34 Mixed GPA Unpublished - 

(1)Kanazawa 2010 14277 -.12 <0.01 Non-college .47 Beliefs Peabody Picture Vocabulary 

Test 

Published x 

(2)Kanazawa 2010 7160 -.14 <0.01 Non-college .44 Beliefs Verbal synonyms Published x 

Nokelainen, Tirri 2010 20 -.20 .398 Precollege .45 Beliefs WAIS III Published x 

Raman 2010 129 .15 .090 College n/a Mixed ACER Word Knowledge test Unpublished - 

Sherkat 2010 12994 -.15 <0.01 Non-college .43 Mixed Vocabulary Test Published x 

Lewis, Ritchie, Bates 2011 2155 -.16 <0.01 Non-college n/a Mixed Assorted tests Published x 
Shenav, Rand, Greene 2011 306 -.06 .295 College .35 Beliefs Shipley Vocabulary Test, and 

WAIS III Matrix Reasoning 

Test 

Published x 

Sherkat 2011 1780 -.34 <0.01 Non-college n/a Beliefs Scientific Literacy Scale from 

General Social Survey 

Published x 

(1)Pennycook, Cheyne, 

Seli, Koehler, Fugelsang 

2012 223 -.19 .004 Non-college .41 Mixed Assorted tests Published x 

(2)Pennycook, Cheyne, 

Seli, Koehler, Fugelsang 

2012 267 -.17 .005 Non-college .22 Mixed Assorted tests Published x 

Ganzach & Gotlibovski 2013 8984 -.23 <0.01 Mixed2 n/a Beliefs AFQT (Armed Forces 

Qualifying Test) 

Published - 

Pennycook, Cheyne, 2013 91 -.34 .001 College .27 Beliefs WordSum Published - 

                                                
2 The participants were 15 years old on average when intelligence was measured and 26 years old when religiosity was assessed.  
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Author 

 

Year 

 

N 

 

Effect size  

(r) 
 

p-value 
 

Sample 

 

Proportion  

of men in sample 

 

Religiosity  

type 

 

 

Intelligence  

measure 
 

Publication  

status 

 

Review Coverage 

in Zuckerman et al. 

(2013) 

Koehler & Fugelsang 

Razmyar & Reeve 2013 150 -.16 .050 College .47 Beliefs Employee Aptitude Survey - 

abbreviated 

Published - 

Ritchie, Gow & Deary 2014 550 -.15 <0.01 Non-college .43 Beliefs Raven`s Standard Progressive 

Matrizes, phonemic verbal 

fluency, logical memory from 
the Wechsler memory Scale- 

Revised 

Published - 

Pennycook, Cheyne, 

Barr, Koehler & 

Fugelsang 

2014 505 -.27 <.01 Non-college .52 Beliefs Numeracy, WordSum Published - 

Sacher 2015 44 -.01 .949 College .27 Beliefs Shipley-2 abbreviated test of 

intelligence 

Unpublished - 

Saribay & Yilmaz 2017 426 -.10 .039 Non-college .38 Beliefs WordSum, Base rate neutral 

problems 

Published - 

Stankov & Lee 2018 8883 -.19 <0.01 College .41 Mixed Number series test Published - 

Strimaitis 2018 110 -.14 .145 College .31 Beliefs Numeracy, CRT & 

Syllogisms 

Unpublished - 

Review Coverage: x indicates that study had been included in previous review (Zuckerman et al., 2013). – indicates that study had not been included in previous review. 

UEE= University Entrance Exams 

GPA= Grade Point Average 

n/a= not applicable 

WAIS= Wechsler Adult Intelligence Scale 

WISC= Wechsler Intelligence Scale for Children 

ACER= Australian Council for Educational research
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Figure 3: forest plot 

The forest plot includes all 76 Fisher’s z values of primary studies. The dashed line marks the 

zero point of no effect. 63 effect sizes reported in primary studies represent a negative 

correlation. The summary effect estimate represents a negative correlation as well. 
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 6  Analyses 

All data analyses were conducted using the open source software R (R i386 3.3.3). The α-level 

throughout the whole study was assumed, as common in psychological research, at .05. At one 

instance (Sacher, 2015) Kendall’s tau needed to be transformed into Pearson’s r. This was done 

under application of the following formula: r = sin (.5 πτ). Because of a quite considerable 

heterogeneity of effect sizes (see below), random-effects models were conducted to estimate 

the summary effect. Possible outliers were detected using a Baujat-plot and corresponding 

influence statistics. Different methods were applied in order to assess publication bias, namely:  

A visual inspection by a funnel-plot, formal tests for its asymmetry (Egger`s regression and 

Begg and Mazumdar`s rank correlation) as well as its modulation by the procedure of trim-and-

fill. Additionally, the modern methods of p-curve and p-uniform were applied (chapter 4). The 

latter were also used to estimate effect size. Only the significant, published results of same-

directed effects are included in the corresponding analysis (k = 37). Irwin-Hall-estimations were 

used for p-uniform calculations. 

Potential influences of moderating variables (type of religiosity- as well as intelligence 

measure, sample type, status of publication) were assessed using subgroup analyses. In this 

context mixed-effects models were applied. First, effect size estimates for each subgroup were 

computed based on random-effects models. The estimators were then compared using fixed-

effect models because the heterogeneity within each subgroup has already been taken into 

account in the first step. This corresponds essentially to a Wald-test, based on the equation3:  

 

 

Equation 5: difference in two effect size means 

se = standard errors 

µ = effect size means 

z = number of standard deviations comprising effect size differences 

 

Several measures of heterogeneity were applied. Cochran’s Q as the most common one is a 

measure of squared deviations of effect sizes from the mean and gives an estimate of total 

heterogeneity. Its output depends on the number of included subjects, in this case primary 

                                                
3 http://www.metafor-project.org 

z =
µ 1 − µ 2 

 SE µ 1 2 + SE µ 2 2
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studies. A significant Q-value indicates a heterogeneous distribution. The Q-statistic is 

composed of true effect size variations as well as sampling error. I² is based on the Q statistic. 

It can be interpreted intuitively as it displays the percentage of the total variability which is 

caused by “true” variations rather than sampling error. An I² of > 25% means small 

heterogeneity, an I² > 50% represents moderate heterogeneity, an I² > 75% means substantially 

heterogeneity (Knippschild, Baulig, & Krummenauer, 2015). Other measures of heterogeneity 

are τ², which is defined as the between-study variance (τ is the corresponding between-study 

standard deviation) and H², which is the quotient of the Q-statistic with its degrees of freedom 

and therefore cleaning up the dependence of the number of included subjects. To see if the year 

of publication influences reported effect sizes and for the exploratory analysis of sex differences, 

meta-regressions were applied. The R-code for all analyses is provided in Appendix A. 
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 7  Results 

A random-effects weighted meta-analysis of 76 coefficients revealed the hypothesized negative 

overall-correlation (r = -.142, 95% CI [-.178; -.106], p < .001). Heterogeneity of effect sizes (Q 

= 728.404, p < .0001, I² = 95.94%, τ² = 0.022, SE = 0.019) suggests moderator effects or several 

“true” effect sizes underlying in the population. One study (Southern & Plant, 1968) was 

identified as an influential case with the help of a Baujat-plot (t = -4.753). It has a comparatively 

small N of 72 and is therefore less precise than most other studies. The reported effect size for 

this publication is with r = .75 by far the largest. It is also highly significant (p < 0.001). In 

order to better evaluate to what extent this coefficient contributes to the overall-result, another 

random-effects model was conducted without this outlier. Its` results are shown in Table 2. 

Because of overlapping confidence intervals and therefore no significant differences in the 

overall estimators as well as still extant heterogeneity (Q = 681.243, p < .0001, I² = 94.78%), 

this outlier was retained and is part of all further analyses. 

 

Figure 4: Baujat-plot 

The Baujat-Plot (Figure 4) is a convenient tool to show which studies contribute the most to the 

overall-heterogeneity as well as the effect size. It shows the contribution of each study to the 

overall-heterogeneity (Q-statistics) on the x-axis and the influence on the overall-result on the 

y-axis (the standardized squared difference between the overall estimate of a fixed-effect model 

with and without the respective study).4 Influence statistics are displayed in Figure 5. 

                                                
4http://www.metafor-project.org 

http://www.metafor-project.org/
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Table 2  

Random-effects results for overall and subgroup analyses 

 Random-effects results Heterogeneity 

Studies Summary 

effect (r) 

SD p-values 
95% CI 

Q I² 

All (k = 76) 
-.142 .019 <.001 [-.178, -.106] 728.404*** 95.94% 

Without outlier 

(k = 75) 

-.134 .017 <.001 [-.167, -.101] 681.243*** 94.78% 

 

Without GPA   

(k = 64) 

-.165 .020 <.001 [-.201, -.127] 631.221*** 95.90% 

Only GPA        

(k = 7) 

-.015 .046 .742 [-.105, .075] 17.154** 67.18% 

GPA and other 

(k = 5) 

-.029 .093 .753 [-.209, .152] 44.843*** 89.37% 

**p<.01 ***p<.001 

SD = standard deviation 

95% CI = 95% confidence interval (value interval which contains the true value with a probability of 95%) 

Q = Cochran`s Q (measure of weighted squared deviations of effect sizes from the mean) 

I² = ratio of true heterogeneity to total observed variation 

 

 

Figure 5: influence (and weight) of outlier on total variance 

The graph displays which studies have the most impact on the total variance (τ²) as well as the 

weight of each study. The red dot marks the outlier (study id: 20). Because of the small sample 

size (N = 72) its distorting influence can be neglected. 
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 7.1   Publication bias and adjusted effect estimates 

 7.1.1  Funnel plot 

Detection of publication bias was limited to published results (k = 65). The funnel plot (Figure 

6) was formally tested for asymmetry. According to Egger`s regression test (Z = -0.503, p = .615) 

as well as the Rank correlation method (τ = -0.032, p = .704), there is no evidence for 

publication bias. In line with this, the Trim-and-Fill method yielded an estimated number of 

missing studies on the right side of 0 (SE = 4.479) and in a corrected estimator, which is also 

the result of a sensitivity analysis, of -.147 [-.187; -.107] (SE = 0.020; p < 0.001). 

 

Figure 6: funnel plot of published studies (k=65) 

 

Figure 6 shows the funnel plot of included published studies. The x-axis displays effect size 

estimates of primary studies or in this case the corresponding Fisher’s z-values. The y-axis 

displays the standard error. The plot at hand seems rather symmetrical. Formal tests for funnel 

plot asymmetry support this impression. 

 

 7.1.2  p-curve 

The distribution of statistically significant p-values is shown in Figure 7. Non-significant p-

values are omitted by the processes of p-curve and p-uniform automatically, significant p-values 

of positive correlations were excluded manually. The black line displays the values of published 
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studies and can therefore be designated as the “p-curve”, consisting of 37 studies. The behavior 

of the p-curve shows that there are more low p-values near .01 than high p-values near .05, 

indicating that the present body of research holds empirical evidence and the extent of p-

hacking is negligible. Table 3 contains the results of p-curve’s significance test of skewness, p-

curve yielded an effect size estimate of d = 0.492 (Figure 8). Cohen`s d was converted into 

Pearson’s r based on Equation 6. Consequently, p-curves estimated correlation coefficient is 

-.238. 

 

Figure 7: p-curve 

The black line shows the distribution of significant (α < .05) p-values of published findings and 

is therefore by definition the “p-curve”. The p-curve is obviously right-skewed with more low 

(near .01) than high (near .05) p-values. Formal tests for skewness are shown in Table 3. 

 

 

 

Equation 6: Converting Cohen`s d in a Pearson correlation coefficient 

d = Cohen`s d 

n = sample size 

𝑟 =  
𝑑

 𝑑2 + 
 𝑛1 + 𝑛2 2

𝑛1 𝑛2
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Table 3  

Significance testing of p-curves skewness 

 Binomialtest 

(Share of results 

 p < .025) 

Continuous Test  

(Aggregate with Stouffer Method) 

 

  Full p-curve 

(p`s < .05) 

Half p-curve (p`s < .025) 

Right skew (Studies 

contain evidential value) 

p < .0001 Z = -21.72 

p < .0001 

Z = -21.42 

p < .0001 

Flatter than 33% Power 

(Studies` evidential value, 

if any, is inadequate) 

p = .999 Z = 15.25 

p > .999 

Z = 18.91 

p > .999 

 

Statistical Power 

Power of tests included in 

p-curve (correcting for 

selective reporting) 

 Estimate: 99% 

90% Confidence Interval: (99%, 99%) 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 8: results of Kolmogorov-Smirnov of various candidate effect sizes 
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The dots represent outputs of the Kolmogorov-Smirnov test in implementation of p-curve. The 

output (D) allows an intuitive interpretation as it constitutes the biggest gap between the two 

distributions (the uniform distribution and the corresponding pp-value distribution of each 

candidate effect size). The lower the value the better, because it indicates the highest similarity 

to the uniform distribution. Therefore, the lowest D leads to the best effect size estimate which 

is displayed as Cohen`s d. 

 

 7.1.3  p-uniform 

P-uniform, based on the same 37 studies as p-curve, yielded an effect size estimate of -.172 

[-.206; -.146] (p < .001). The fixed-effect model with these studies yielded a slightly smaller 

effect of -.158 [-.164; -.151] (se = 0.003, p < .001). The pp-value distribution of the fixed-effect 

estimate did not differ substantially from the uniform distribution (p = .810), indicating that 

there is no publication bias present. The probability-probability plot in Figure 9 illustrates the 

magnitude of the misfit between expected and observed pp-values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph displays and compares observed and expected conditional p-values. In general, a 

probability-probability plot can be used to assess how closely a theoretical and an observed 

density distribution match. In case of a uniform distribution, the dots should be located on (or 

close to) the diagonal. Deviations from the diagonal can be a hint to heterogeneity of effect 

sizes. 

 

Figure 9: p-p (probability-probability) plot 
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Notably, the effect size estimates of p-curve and p-uniform are larger than the standard random-

effects estimation in the present analyses. This could be due to the fact that effect sizes of 

included studies were quite heterogeneous. Under heterogeneity, p-curve and p-uniform are 

likely to overestimate effect sizes (Van Aert, Wicherts, & van Assen, 2016). The 95% 

confidence intervals of p-uniform [-.206; -.146] and of the standard random-effects estimate 

[-.178; -.106] overlap. It can therefore be concluded that these estimates do not differ 

significantly. Unfortunately, p-curve`s method to estimate summary effects does not allow the 

computation of confidence intervals. The fact that p-curve`s and p-uniform`s estimates are 

slightly higher than the random-effects estimator is another indicator for the absence of 

publication bias. 

 

 7.2  Subgroup analyses 

 7.2.1  Intelligence Assessment 

To investigate if the association of academic achievement (Grade Point Average – GPA) and 

religiosity differs from the one of standardized intelligence tests and religiosity, the data was 

divided into three subgroups: Studies which did not use GPA, studies which used only GPA and 

studies which used GPA and some other measurement. Regarding the data at hand, the 

predominant part of included studies (k = 64) did not use GPA but psychometric measures of 

intelligence. Seven correlations were determined exclusively under application of this indicator 

and five studies reported the correlation of religiosity and GPA combined with other 

measurements. As Table 2 illustrates, mixed-effects models showed that studies without GPA 

had the highest correlation with intelligence and differed significantly from the summary effect 

of studies which only used GPA to measure intelligence (z = 3.001, p = .003). Studies which 

used GPA among other measures had moderate effect sizes and did not differ significantly from 

the subgroup with solely GPA assessment (z = -0.136, p = .892) nor from the group without 

GPA (z = 1.431, p = .152). This goes in line with the theoretical assumption that there is a 

difference in the association with religiosity depending on the type of intelligence assessment. 

School grades, although a quite noisy estimate, can still be seen as an indicator of one`s 

cognitive abilities. Because of these findings all further subgroup analyses were conducted once 

with all studies and once without studies using only GPA as assessment of intelligence. 
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 7.2.2  Religiosity measure 

It was hypothesized that effect size estimates differ depending on the type of religiosity 

assessment in the sense that religious behavior can be motivated by various factors and is 

therefore a weaker indicator of the actual religiosity of an individual than self-reported 

religiosity. Different types of religiosity assessments were also subjected to mixed-effects 

models (Table 4) which revealed a significant difference between the effect size estimate of 

studies using self-reported belief and studies using behavior in order to measure religiosity (z = 

2.473, p = .013). The estimate of the subgroup of those who used both measurements did not 

differ significantly from the one of findings which assessed religious behavior (z = -0.457, p 

= .648) but it did differ from the subgroup which applied self-reported beliefs as a measure of 

religiosity (z = 2.526, p = .012). In line with theoretical assumptions, the subgroup “belief” 

exhibits the strongest effect. Omitting studies which used only GPA as a measure of intelligence 

did not have a significant influence on these subgroup differences (beliefs-behavior: z = 2.704, 

p = .007; beliefs-mixed: z = 2.360, p = .018; behavior-mixed: z = -0.743, p = .458). None of 

these studies assessed religiosity based on religious behavior, leaving this subgroup unaffected 

by this step. As the corresponding coefficients demonstrate, there is substantial heterogeneity 

in all subgroups. The p-curves for the individual subgroups are shown in Appendix B. 

 

Table 4  

Religiosity measure as moderator 

 Random-effects results Heterogeneity 

Studies Summary 

effect (r) 

SE 95% CI Q I² 

Beliefs (k = 49) 

without GPA (k = 46) 

-.181 

 

-.193 

0.025 

 

0.026 

[-.228, -.133] 

 

[-.241, -.144] 

479.270*** 

 

454.758*** 

 95.94% 

 

95.97% 

Behavior (k = 9) 
-.060 0.043 

 

[-.143, .025] 30.557*** 83.76% 

Mixed (k = 18) 

without GPA (k = 14) 

-.084 

 

-.099 

0.030 

 

0.031 

[-.142, -.025] 

 

[-.159, -.038] 

164.317*** 

 

145.070*** 

93.54% 

 

94.07% 

 

 ***p<.001 
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SD = standard deviation 

95% CI = 95% confidence interval (value interval which contains the true value with a probability of 95%) 

Q = Cochran`s Q (measure of weighted squared deviations of effect sizes from the mean) 

I² = ratio of true heterogeneity to total observed variation 

 

 7.2.3  Sample type 

As predicted, effect size estimates differed according to sample types (Table 5). While there 

was virtually no effect for the Precollege-subgroup, the estimate for the probands currently 

engaging in college education was moderate. The respective mean effects differed significantly 

(z = -2.707, p = .007). The Non-College-group displayed the strongest effect which 

differentiated from both, the College-group (z = -2.487, p = .013) and the Pre-College-group (z 

= -4.292, p < .001).  Excluding GPA-based primary studies led to no substantial change in these 

results, as all the effect size estimates of the subgroups still differed significantly (precollege-

college: z = -2.827, p = .005; precollege-non-college: z = -4.126, p < .001; college-non-college: 

z = -2.121, p = .034). Analogous to above, this step is redundant within one subgroup, as no 

study relying solely on GPA as a measure of intelligence was conducted with Non-college 

participants. Heterogeneity of effect sizes in all subgroups remained large. Corresponding p-

curves are listed in Appendix B. 

 

Table 5  

Sample type as moderator 

 Random-effects results Heterogeneity 

Studies Summary 

effect (r) 

SE 95% CI Q I² 

Precollege (k = 12) 

without GPA (k = 11) 

-.028 

 

-.036 

0.028 

 

0.028 

[-.083, .027] 

 

[-.091, .019] 

34.841*** 

 

32.647*** 

74.36% 

74.89% 

College (k = 43) 

without GPA (k = 37) 

-.125 

 

-.140 

0.023 

 

0.024 

 

[-.169, -.081] 

 

[-.187, -.093] 

222.035*** 

 

190.765*** 

89.54% 

89.91% 

Non-college (k = 20) 
-.239 

 

0.042 [-.315, -.161] 266.946*** 
98.11% 

 ***p<.001 
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SD = standard deviation 

95% CI = 95% confidence interval (value interval which contains the true value with a probability of 95%) 

Q = Cochran`s Q (measure of weighted squared deviations of effect sizes from the mean) 

I² = ratio of true heterogeneity to total observed variation 

 

 7.2.4  Status of publication 

The majority of included findings were published (k = 65). To investigate if these studies 

reported stronger effects due to publication bias, mixed- effects models were conducted (Table 

6). They did not reveal significant differences (z = 0.593, p = .553), although effect size 

estimates conformed to the proposed direction, namely a slightly smaller effect for unpublished 

studies. The estimated effect size difference between published and unpublished studies 

remained non-significant (z = 0.628, p = .530) after omitting studies which measured 

intelligence based on GPA.  As it is the case in all previous subgroup-analyses, substantial 

heterogeneity was present throughout with comparatively the most homogenous effect size 

estimates among unpublished studies. 

 

Table 6  

Status of publication as moderator 

 Random-effects results Heterogeneity 

Studies Summary 

effect (r) 

SE 95% CI Q I² 

Published (k = 65) 

without GPA (k = 60) 

-.146 

 

-.160 

0.020 

 

0.021 

[-.185, -.107] 

 

[-.199, -.118] 

694.228*** 

 

663.502*** 

96.50% 

96.67% 

Unpublished (k = 11) 

without GPA (k = 9) 

-.114 

 

-.123 

0.052 

 

0.053 

[-.213, -.011] 

 

[-.225, -.019] 

30.120*** 

 

21.401** 

71.76% 

67.33% 

 

**p<.01 ***p<.001 

SD = standard deviation 

95% CI = 95% confidence interval (value interval which contains the true value with a probability of 95%) 

Q = Cochran`s Q (measure of weighted squared deviations of effect sizes from the mean) 

I² = ratio of true heterogeneity to total observed variation 
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 7.3  Decline effect 

To test for a possible decline-effect concerning the data at hand, a weighted mixed-effects meta-

regression was conducted using only the 65 published results (Figure 10). About 0.8 % of the 

variance of effect size estimates was explained by the time of publication. The model fit failed 

to reach significance (F = 0.497, p = .484). Although the regression model with one predictor 

did not explain the data well, the direction of the effect corresponds to the proposed one, that is 

a decline of effect size estimates over the years. For the case of “genuinely decreasing decline 

effects” all available studies, published or unpublished, should be taken into consideration. A 

corresponding meta-regression showed no such effect (F = 0.967, R² = .013, p = .329).  

 

 

 

 

 

 

 

 

 

 

 

 

In the coordinate system of the regression analysis, the x-axis displays the independent variable 

year of publication and the y-axis the dependent variable effect size estimates. Bubble size is 

designed according to study weight. As the regression line indicates, there is a positive non-

significant effect of time on the strenght of the correlation coefficients. 

 

 

Figure 10: meta regression with one predictor (year of publication) 
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Figure 11: meta regression with one predictor (year of publication), all studies included 

The regression model is analogous to above (Figure 10) with the difference that all studies, 

published as well as unpublished ones, are included. This model does not significantly explain 

variance of effect sizes (or only a negligible amount of it) either. 

 

 7.4  Sex 

To examine a potential moderating effect of sex, another meta-regression was conducted as an 

exploratory analysis. Sample size composition in regard to sex was not reported for all included 

studies. Only for 52 out of 76 proportion of men was available. They are shown in percentage 

terms in Table 1. Those could be included in the corresponding moderator analysis. The meta-

regression (Figure 12) showed a significant effect for sex (R² = .085, F = 4.665, p = 0.036). The 

negative association between intelligence and religiosity seems to be stronger for women than 

for men. 
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Figure 12: meta-regression with one predictor (proportion of male participants) 

The x-axis displays the proportion of male participants as the independent variable, the y-axis 

displays the reported effect size estimate of the respective study. The slope of the regression 

line indicates that there is an association between these variables. Effect size estimates decrease 

with increasing proportion of males. 
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 8  Discussion 

The main focus of the current study was a quantitative synthesis of the relation between 

intelligence and religiosity. A corresponding investigation resulted in an overall-correlation of 

-.14, a small effect according to Cohen`s guidelines (Cohen, 1988). The fact that this effect, 

although varying in magnitude, applies for different types of religiosity assessments as well as 

for various sample types clarifies that it is reliable and robust. This association has furthermore 

not declined over the years and could be shown in published and unpublished studies. 

The current study updates and extends the results of previous findings. The insufficient 

detection of publication bias in the initial review (Zuckerman et al., 2013) was supplemented 

by the modern and sophisticated, but nevertheless underapplied, methods of p-curve and p-

uniform. They do not only allow drawing conclusions about the evidential value of a set of 

studies, but also make it possible to compute summary effect estimates on significant effect 

sizes only. In that regard their application is novel in this context. These new methods, as well 

as already established ones, showed no evidence for publication bias. Concerning the body of 

research at hand, a significantly right-skewed p-curve indicated evidential value and a 

negligible amount of p-hacking, p-curve and p-uniform overestimated effect size due to 

substantial heterogeneity of correlation coefficients. The current coefficient is slightly smaller 

than the one found by Zuckerman et al. (2013), which is not due to a correction for publication 

bias, it rather arises from the inclusion of study weight as already Webster and Duffy (2016), 

who re-analyzed Zuckerman et al.`s (2013) data and came to the same value as the present one, 

point out. The current estimator is composed of 14 additional coefficients, under which more 

recent findings and more gray literature can be found. The fact that these two summary 

estimates equal in magnitude speaks for the accuracy and robustness of the estimator. 

The heterogeneity in all subgroups indicates that the investigated moderating variables 

alone are not responsible for the overall-heterogeneity and there might be other unobserved 

variables moderating the association of religiosity and intelligence in the population. The 

hypothesis concerning the stronger effect in studies assessing religiosity via self-reporting of 

participants in contrast to studies assessing religious behavior could be maintained. Religious 

behavior like church attendance or group membership is a poorer measure of an individual’s 

actual religiosity as it can be driven by other incentives than religiosity in itself. That 

intelligence is more negatively associated with religious beliefs than with religious behavior 

supports the distinction of intrinsic and extrinsic religiosity (Allport & Ross, 1967) on the one 

hand and the negative relation between cognitive ability and religiosity on the other hand 
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(Zuckerman et al., 2013). Concerning the assessment of religious beliefs, there is a variety of 

different approaches in the primary studies. Alongside obvious self-report, “behavior” as an 

umbrella term includes things like praying, church attendance or group membership. While the 

rough distinction in self-reported beliefs and self-reported or observed behavior is appropriate 

as effect size differences show, the context of religious behaviors should be taken into account. 

Though praying is actually a form of religious behavior, if it is done privately it indicates 

personal beliefs better than if they are motivated by extrinsic reasons. An item assessing such 

private behavior could therefore be considered as a measurement of religious beliefs too. 

The undirected hypothesis about effect size differences for various sample types was 

not rejected either. Nevertheless, the magnitude of effect sizes is rather contra-intuitive. It is 

surprising that the effect for college samples was moderate, because this group is seen as the 

most homogenous one in terms of cognitive ability, education, age, religiosity and other 

parameters. This effect size order can be attributed partly to the practical non-existing effect for 

Precollege samples which could be due to the fact that there are comparatively few studies for 

this subgroup, whose effect size estimate nevertheless heads into the proposed direction, 

implying a negative correlation of religiosity and cognitive ability for people of younger ages 

too. It can furthermore be assumed that in such an early age a religious worldview is not fully 

developed yet (Willits & Crider, 1989). The subdivision of participants into education-related 

samples might not be as distinct as it seems. Boazman (2010) for instance incorporated among 

other students from the TAMS (Texas Academy of Mathematics and Science) program, which 

allows gifted high-school students an early college entrance, two years before their high school 

graduation. At the time of data collection, the participants attended both high school and college. 

They were therefore classified as college students although their age could also qualify them as 

precollege participants. Furthermore, there could be degree holders in the Non-college group. 

The fact that they did not attend college at the time of data acquisition does not say anything 

about their educational level. Despite these points, this rough classification makes sense 

because it can be assumed that the subgroup of students is more homogeneous regarding the 

variables of interest such as education, cognitive ability or religiosity than the rest of the 

population. That effect sizes differed for these subgroups suggests a moderating effect of 

education. 

Mixed-effects models confirmed the expected difference of effect sizes regarding the type 

of intelligence assessment. The association between religiosity and academic achievement is 

comparatively lower than the one between religiosity and cognitive ability. School grades are 
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obviously a weaker indicator of one`s religiosity than standardized psychometric intelligence 

tests, but that the association in both sets of studies is still a negative one speaks once more for 

the robustness of the effect.  

The hypothesized difference in effect size of published and unpublished studies could not 

be supported. This could be due to the underrepresentation of unpublished results. They are 

clearly harder to find and of course less easily accessible. Therefore, confidence intervals are 

large for unpublished summary effects. It was furthermore not coded if the relation of religiosity 

and intelligence was the main goal of a study or not. This was not done because of two reasons. 

First, it would require subjective assessment. Second, there is no way to tell if the corresponding 

effect was the main goal of a study from the beginning or if it became such by randomly and 

unexpectedly reaching significance. In scientific communication this practice is called 

HARKing (Hypothesizing After the Results are Known) (Kerr, 1998). This also applies to the 

other way around: researchers might drop an initially stated hypothesis because it showed no 

significant results. Such practices are a form of p-hacking (see chapter 4.5). Considering the 

importance of statistical significance as a criterion for articles getting published, this 

circumstance could also contribute to the observed outcome. If the association of religiosity and 

intelligence was not significant, an article might have been published due to other (significant) 

outcomes. Unpublished studies in turn might not have been published due to missing 

significance but due to their nature. Nearly all of them were master- or doctoral theses. For 

these reasons, no reliable statement regarding the corresponding hypothesis about effect size 

differences can be derived from the current data. Nevertheless, the summary effect for 

unpublished studies is slightly smaller (although not reaching significance) than the one for 

published studies. It can therefore be argued that a larger number of unpublished studies would 

reveal the proposed difference. Here again, the significant negative association in both 

subgroups is an indicator for the robustness of the effect. 

Concerning the data at hand, no decline effect could be detected. That the association of 

religiosity and intelligence remains steady over the years does not necessarily mean that these 

two variables have not changed in strength in the population as a change in mean does not 

necessitate a change in correlation. But it suggests that there are no grave methodological flaws 

in primary studies, and it speaks once more for the accuracy of the estimator. Changing 

religiosity as well as IQ-rates across generations in turn do not necessarily have to lead to a 

change of their relationship. No genuine decline effect could be detected either, which does not 

necessarily mean that the two traits are unaffected by change. It needs to be mentioned that both 
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regression models (one for published and one for all studies), although not fitting the data well, 

show a regression line heading in the proposed direction. 

The current meta-analytic data are correlational and do not allow drawing conclusions 

about causal inferences. The discussed explanation models (chapter 3.2) are based on previous 

data which indicate that intelligence develops earlier than religiosity. One exception is 

Kanazawa`s (2010) approach, which is speculative as it relies solely on theoretical assumptions 

and is not supported by empirical data. While cognitive ability can be measured reliably at a 

quite early age and remains stable in adulthood (Larsen, Hartmann, & Nyborg, 2008), religious 

involvement is less stable (O`Connor, Hoge, & Alexander, 2002) and early assessed religiosity 

is a weak predictor of later religiosity (Willits & Crider, 1989). In time gap studies (Bender, 

1968; Horowitz & Garber, 2003), intelligence was measured several years before religiosity 

and has been shown to influence it. While most discussed reasons for a negative correlation of 

religiosity and intelligence presuppose that intelligence has an impact on religiosity rather than 

the other way around, Sherkat (2010) suggests a causality in the other direction. He found that 

religious beliefs and affiliations have a negative effect on verbal ability because they block 

access to secular education. 

A meta-regression showed that the association of religiosity and intelligence is stronger 

for women than it is for men. This finding leaves room to speculation. Besides methodological 

reasons, it should be considered if the effect is actually stronger for female samples. Women in 

general tend to be more religious than men (De Vaus & McAllister, 1987). This could be due to 

a greater feeling of guilt and the relieving effect of religion or sex-specific roles. Women are 

socialized to be more reconciling and emphasize conflict resolution. That might predispose 

them towards religious attitudes (Suziedelis & Potvin, 1981). Also, women who work full-time 

have been found to be less religious than those who do not (De Vaus & McAllister, 1987). 

Possible explanations for this finding concern a functional equivalence of working and religious 

involvement. Both can provide a sense in life and an identity, so working makes religion less 

relevant for certain people. Another explanation has its roots in the tendency of subordinate 

groups to adopt beliefs and values of dominant groups. If men outnumber women in a 

workplace and occupy leading positions, women might adjust their views to those of male 

authorities (De Vaus & McAllister, 1987). Women who do not work full-time might differ from 

those who do, regarding qualifications or level of education, a mediator of the intelligence-

religiosity link. 

The observed difference in effect sizes between men and women could be due to a different 
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status of the sexes in religious dogmas. The monotheistic religions make without a doubt a 

difference between men and women. When religion grants advantages and acts as an instrument 

of power, it is beneficial and therefore clever to be affiliated with it, even or especially if it is 

solely because of extrinsic reasons. When religion suppresses and discriminates against oneself 

on the other hand, still believing in it speaks more for an unelaborated acquisition of an 

institutionalized dogma. This argument might be more relevant for past times, as religions have 

managed to reform and provide more and more equal rights, but inequality in sex-roles is still 

substantial. 

 

 

 8.1  Limitations and future research 

Type of religiosity and culture was not coded due to insufficient reporting, preventing 

corresponding moderator analyses. The predominant part of included studies was conducted in 

the western hemisphere, most of them in the United States, therefore limiting generalizability. 

The discrimination between extrinsic and intrinsic religiosity that was assumed in the 

current analysis might apply in a stronger way to American Protestantism than to Catholicism 

or Judaism by way of example. The latter are characterized by a strong embeddedness of 

believers in their community. Common religious practices and rituals including other people 

are an inherent part of religious identity (Cohen et al., 2005). These differences give reason to 

assume that the stronger negative association of intelligence and religious beliefs (in contrast 

to religious behavior) may be valid mostly for American Protestants (Zuckerman et al., 2013). 

Additionally, longitudinal studies (Ritchie, Gow, & Deary, 2014; Van Ness & Kasl, 2003) 

showed that for the same participants the correlation of cognitive ability and religious beliefs 

can vary over the years. The same studies also revealed that older people can even benefit from 

a religious worldview, which helps them either directly or, more likely, over involvement in 

social groups to prevent cognitive decline. So, the beliefs of a person can lead to corresponding 

behaviors which can in turn have positive effects on mental and physical states. To what extent 

other kinds of social involvement like engaging in political parties for instance would lead to 

similar benefits remains a question for future research. But maybe religion plays a key role 

especially in the lives of older people because it has been shown to be associated with a 

reduction of anxiety, especially fear from death (Ellis, Wahab, & Ratnasingan, 2013). Religion 

has also been shown to promote healthy (Ferraro & Kim, 2014) as well as pro-social behaviors 
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(Norenzayan & Shariff, 2008). The current findings are not meant to belitt le all these positive 

aspects of religiosity. 

 

 8.1.1  Hard to define faith constructs 

Although most of the included studies of this meta-analysis apply to religion, some of them 

investigated the correlation of intelligence and spirituality (e.g. Clark, 2004; Sacher, 2015). The 

demarcation of these approaches was not maintained in the present study because several 

primary studies gathered corresponding information with single items asking about the belief 

in supernatural agents, for instance. Berry (2005) points out this issue and criticizes the often-

inadequate inventories used to measure religiosity and spirituality. He also argues that most of 

these instruments aim at Jewish or Christian faith constructs. That the specific kind of religion 

could not be considered, is also due to problems in demarcating the concept of religion from 

similar ones.  

Spirituality can be seen as a rather personal matter, derived from intrinsic motivation. 

Religiosity on the other hand is more institutionalized, quite dogmatic and lived out in public. 

There can be substantial differences in the causes why people turn to either concepts. Religiosity 

with its institutional character might let followers rather tend to influence the lives of people 

around them than spirituality. It would be of interest to examine if and to what extent people 

differ in this regard and how this dimension relates to intelligence. One of the very few available 

empirical findings displays a negative, but quite small association between self-reported 

spirituality and cognitive ability (Sacher, 2015). That such findings are quite rare could be due 

to the similarity of the concepts and of the instruments for measuring them. Effect sizes could 

differ from those of self-related religiosity as well as religiosity indicated by behavior. On the 

one hand, it might be a characteristic for more intelligent people to not blindly follow 

institutionalized belief dogmas, but to explore their own personal spirituality instead. This 

would speak for a less negative association of spirituality and intelligence. On the other hand, 

religious behavior can be motivated by non-religious reasons too, which in turn could reduce 

corresponding effect sizes. Acceptance in a group has evolutionary benefits (Alexander, 1974) 

and needs not to be indicative for lower cognitive capabilities. Spirituality is more non-

conformist than religiosity (Berry, 2005) but for the latter the distinction of self-reported belief 

and behavior needs to be maintained. 
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 8.2  Conclusion 

The results of the present study demonstrate a reliable but small negative association of 

religiosity and intelligence. This relation has been shown to be stronger for studies assessing 

religious beliefs than for studies assessing behavior. Furthermore, it differs for various sample 

types. Corresponding analyses did not show any sign of methodological artefacts in terms of 

publication bias or p-hacking. There is no evidence for publication bias or a decline of reported 

effects over time. Additionally, the absolute effects of published and unpublished studies did 

not differ significantly. 

Although for the present data the novel methods p-curve and p-uniform did not reveal a 

more accurate representation of the actual state, they might do so for other sets of studies. They 

do not only allow a better access to the file drawer, but also provide an impression of the 

evidential value of a set of studies. Ultimately, the fact that their effect estimates are more 

accurate than the ones of established methods if appropriate conditions are given, make their 

potential of superseding traditional approaches.  

The current data do not allow drawing causal relations. Nevertheless, various attempts 

to explain the negative correlation were discussed. The majority of them involve mediators 

linked to the concepts of religiosity and intelligence and suggest that cognitive ability has an 

impact on religiosity rather than the other way around. Like it is the case for all correlational 

data, more longitudinal studies seem to be appropriate to evaluate the effect`s causal direction.  
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 10  Appendix A: R-Code 

 

##packages and data 

library("robumeta") 

library("dplyr") 

library("psych") 

library (metafor) 

library (foreign) 

data.ges<-read.spss("C:/Users/Florian/Desktop/studies includedNEU5.sav", to.data.frame=T) 

 

###overall random effects model 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges) 

eszcor 

#random effects model 

REmodel<-rma(yi, vi, data=eszcor, method="REML") 

REmodel 

#convert fisher`s z to r 

predict(REmodel, transf=transf.ztor) 

#confidence interval for the amount of heterogeneity 

confint(REmodel, digits = 3) 

 

##forest-plot 

forest(REmodel,text.random = "Overall effect", xlim=c(-2.5,2.5), 

slab=paste(data.ges$StudyID), 

       at=c(-1.4,-1.2,-1.0,-.8,-.6,-.4,-.2,0,.2,.4,.6,.8,1.0,1.2,1.4), 

       digits=c(2,1), cex=.8)  

text.random = "Overall effect" 

text(-2.5, 78, "Author(s), Year", pos=4, cex=.8) 

text( 2.5, 78, "Fisher`s z [95% CI]", pos=2, cex=.8) 

 

##which studies contribute to heterogeinety? 

b_res<-rma(yi, vi, data=eszcor, slab=Study) 

b_res 

baujat(b_res) 
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#potentual outliers/ influencal cases 

inf <- influence(REmodel) 

print(inf) 

plot(inf) 

 

##meta-analysis without the influencial case (20) 

dataB=data.ges[-c(20),] 

dataB 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=dataB) 

eszcor 

#random effects model 

REmodel<-rma(yi, vi, data=eszcor, method="REML") 

REmodel 

#convert fisher`s z to r 

predict(REmodel, digits=3, transf=transf.ztor) 

#confidence interval for the amount of heterogeneity 

confint(REmodel, digits = 3)  

 

##Publicationbias 

###execute subgroup (7) before! 

funnel(REmodel7) 

#Tests for bias 

#egger`s regression test` 

regtest(REmodel7) 

#rank correlation test 

ranktest(REmodel7) 

#trim and fill 

REmodel.tf <- trimfill(REmodel7) 

REmodel.tf 

funnel(REmodel.tf) 

 

##p-uniform 

datap<-subset(data.ges_sample7, data.ges_sample7$correlation<0) 

datap 
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#p-uniform 

install.packages("puniform") 

library(puniform) 

puniform(ri=datap$correlation, ni=datap$N, alpha=.05, side="left", method="P", plot = 

TRUE) 

 

##p-curve 

#defining loss-function   

loss=function(t_obs,df_obs,d_est) {          #Syntax t_obs: vector of t-values, df_obs of degrees 

of freedom, d_est: candidate d  

  t_obs=abs(t_obs)                           #Take absolute value of t-value (p-curve assumes same 

sign and/or sign does not matter) 

  p_obs=2*(1-pt(t_obs,df=df_obs))            #Compute p-values of each t in t_obs so as to keep 

only p<.05 results 

  t.sig=subset(t_obs,p_obs<.05)              #Significant t-values 

  df.sig=subset(df_obs,p_obs<.05)            #d.f. associated with significant t.values 

  ncp_est=sqrt((df.sig+2)/4)*d_est           #Compute noncentrality parameter for that sample 

size and candidate effect size 

  tc=qt(.975,df.sig)                          #Compute critical t-value to get p=.05 

  power_est=1-pt(tc,df.sig,ncp_est)          #Compute power for obtaining that t-value or bigger, 

given the noncentrality parameter 

  p_larger=pt(t.sig,df=df.sig,ncp=ncp_est)   #Probability of obtaining a t-value bigger than the 

one that is observed (this is a vector) 

  ppr=(p_larger-(1-power_est))/power_est     #Conditional probability of larger t-value given 

that it is p<.05, pp-values 

  KSD=ks.test(ppr,punif)$statistic           #Kolmogorov Smirnov test on that vector against the 

theoretical U[0,1] distribution 

  return(KSD) } 

 

#find the best fitting effect size 

plotloss=function(t_obs,df_obs,dmin,dmax)   #Syntax, same as above plus: dmin/dmax: 

smallest/biggest d considered,  

{ loss.all=c()                              #Vector where results of fit for each candidate effect size are 

stored   

di=c()                                      #Vector where the respective effect sizes are stored   

for (i in 0:((dmax-dmin)*100)) {            #Do a loop considering every effect size between 

dmin and dmax in steps of .01    

d=dmin+i/100                                #What effect size are we considering?   

di=c(di,d)                                  #Add it to the vector of effect sizes    
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options(warn=-1)                            #turn off warning because R often generates warnings 

when using noncentral pt() and qt() that are inconsequential (they involve lack of precision at 

a degree where precision lacks practical relevance)  

loss.all=c(loss.all,loss(df_obs=df_obs,t_obs=t_obs,d_est=d)) #add loss for that effect size to 

the vector with all losses  

options(warn=0)                             #turn warnings back on   

} 

imin=match(min(loss.all),loss.all)          #Find the attempted effect size that leads to smallest 

los overall  

dstart=dmin+imin/100                        #Counting from dmin, what effect size is that?  

dhat=optimize(loss,c(dstart-.1, 

dstart+.1), df_obs=df_obs,t_obs=t_obs)      #Now optimize in the neighborhood of that effect 

size 

   

#PLOT RESULTS 

plot(di,loss.all,xlab="Effect size\nCohen-d", ylab="Loss (D stat in KS test)",ylim=c(0,1), 

main="How well does each effect size fit? (lower is better)") 

points(dhat$minimum,dhat$objective,pch=19,col="red",cex=2)    #Put a red dot in the 

estimated effect size  

   

#Add a label  

text(dhat$minimum,dhat$objective-.08,paste0("p-curve's estimate of effect 

size:\nd=",round(dhat$minimum,3)),col="red")  

return(dhat$minimum)  

}  

 

t_obs=c(-9.49, -6.69, -15.52, -3.95, -4.90, -15.24, -3.41, -4.98, -29.80, -5.53, -2.57, -5.17, 

-4.03, -3.48, -19.14, -2.88, -2.69, -5.91, -2.83, -2.81, -2.04, -7.52, -2.07, -17.29, 

-3.55, -2.85, -2.79, -2.52, -2.29, -11.96, -4.74, -14.44, -2.65, -2.13, -10.99, -3.06, 

-6.29) 

 

df_obs=c(70, 158, 949, 65, 106, 1778, 89, 217, 8982, 459, 99, 437, 266, 198, 8881, 221, 

193, 1043, 239, 265, 140, 2153, 163, 12992, 548, 352, 337, 276, 228, 7158, 1536, 14275, 

572, 424, 11961, 3740, 503) 

 

plotloss(t_obs = t_obs, df_obs = df_obs, dmin=-1, dmax=1) 
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####subgroup analysis 

##religiositymeasure 

#Beliefs 

data.ges_sample1=data.ges[data.ges$religiosityMeasure=="Beliefs",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample1) 

eszcor 

#random effects model 

REmodel1<-rma(yi, vi, data=eszcor, method="REML") 

REmodel1 

predict(REmodel1, transf=transf.ztor) 

 

#Behavior 

data.ges_sample2=data.ges[data.ges$religiosityMeasure=="Behavior",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample2) 

eszcor 

#random effects model 

REmodel2<-rma(yi, vi, data=eszcor, method="REML") 

REmodel2 

predict(REmodel2, transf=transf.ztor) 

 

#Mixed 

data.ges_sample3=data.ges[data.ges$religiosityMeasure=="mixed",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample3) 

eszcor 

#random effects model 

REmodel3<-rma(yi, vi, data=eszcor, method="REML") 

REmodel3 

predict(REmodel3, transf=transf.ztor) 

 

##compare omnibus 

comparison<-

data.frame(ES=c(coef(REmodel1),coef(REmodel2),coef(REmodel3)),SE=c(REmodel1$se,R

Emodel2$se,REmodel3$se),factor=c(1,2,3),tau2=round(c(REmodel1$tau2,REmodel2$tau2,R
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Emodel3$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

##compare pairwise 

##compare  beliefs-behavior (1-2) 

comparison<-

data.frame(ES=c(coef(REmodel1),coef(REmodel2)),SE=c(REmodel1$se,REmodel2$se),fact

or=c(1,2),tau2=round(c(REmodel1$tau2,REmodel2$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

##compare beliefs-mixed (1-3) 

comparison<-

data.frame(ES=c(coef(REmodel1),coef(REmodel3)),SE=c(REmodel1$se,REmodel3$se),fact

or=c(1,2),tau2=round(c(REmodel1$tau2,REmodel3$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

##compare behavior-mixed (2-3) 

comparison<-

data.frame(ES=c(coef(REmodel2),coef(REmodel3)),SE=c(REmodel2$se,REmodel3$se),fact

or=c(1,2),tau2=round(c(REmodel2$tau2,REmodel3$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

####sample type 

##Pre-College 

data.ges_sample4=data.ges[data.ges$sample=="Pre-College",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample4) 

eszcor 

#random effects model 

REmodel4<-rma(yi, vi, data=eszcor, method="REML") 

REmodel4 

predict(REmodel4, transf=transf.ztor) 
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##College 

data.ges_sample5=data.ges[data.ges$sample=="College",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample5) 

eszcor 

#random effects model 

REmodel5<-rma(yi, vi, data=eszcor, method="REML") 

REmodel5 

predict(REmodel5, transf=transf.ztor) 

 

##Non-College 

data.ges_sample6=data.ges[data.ges$sample=="Non-College",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample6) 

eszcor 

#random effects model 

REmodel6<-rma(yi, vi, data=eszcor, method="REML") 

REmodel6 

predict(REmodel6, transf=transf.ztor) 

 

##compare omnibus 

comparison<-

data.frame(ES=c(coef(REmodel4),coef(REmodel5),coef(REmodel6)),SE=c(REmodel4$se,R

Emodel5$se,REmodel6$se),factor=c(1,2,3),tau2=round(c(REmodel4$tau2,REmodel5$tau2,R

Emodel6$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

##compare pairwise 

#pre-college vs. college (4-5) 

comparison<-

data.frame(ES=c(coef(REmodel4),coef(REmodel5)),SE=c(REmodel4$se,REmodel5$se),fact

or=c(1,2),tau2=round(c(REmodel4$tau2,REmodel5$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 
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#pre-college vs. non-college (4-6) 

comparison<-

data.frame(ES=c(coef(REmodel4),coef(REmodel6)),SE=c(REmodel4$se,REmodel6$se),fact

or=c(1,2),tau2=round(c(REmodel4$tau2,REmodel6$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

#college - non-college (5-6) 

comparison<-

data.frame(ES=c(coef(REmodel5),coef(REmodel6)),SE=c(REmodel5$se,REmodel6$se),fact

or=c(1,2),tau2=round(c(REmodel5$tau2,REmodel6$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

 

####status of publication 

##published 

data.ges_sample7=data.ges[data.ges$publicationstatus=="published",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample7) 

eszcor 

#random effects model 

REmodel7<-rma(yi, vi, data=eszcor, method="REML") 

REmodel7 

predict(REmodel7, transf=transf.ztor) 

 

##unpublished 

data.ges_sample8=data.ges[data.ges$publicationstatus=="unpublished",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample8) 

eszcor 

#random effects model 

REmodel8<-rma(yi, vi, data=eszcor, method="REML") 

REmodel8 

predict(REmodel8, transf=transf.ztor) 
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##compare (omnibus=pairwise) 

comparison<-

data.frame(ES=c(coef(REmodel7),coef(REmodel8)),SE=c(REmodel7$se,REmodel8$se),fact

or=c(1,2),tau2=round(c(REmodel7$tau2,REmodel8$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

#### GPA 

##without GPA 

data.ges_sample9=data.ges[data.ges$intelligenceMeasure=="ohneGPA",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample9) 

eszcor 

#random effects model 

REmodel9<-rma(yi, vi, data=eszcor, method="REML") 

REmodel9 

predict(REmodel9, transf=transf.ztor) 

 

##only GPA 

data.ges_sample10=data.ges[data.ges$intelligenceMeasure=="GPA",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample10) 

eszcor 

#random effects model 

REmodel10<-rma(yi, vi, data=eszcor, method="REML") 

REmodel10 

predict(REmodel10, transf=transf.ztor) 

 

##mixed 

data.ges_sample11=data.ges[data.ges$intelligenceMeasure=="beides",] 

#fishers`z 

eszcor<-escalc(measure="ZCOR", ri=correlation, ni=N, data=data.ges_sample11) 

eszcor 

#random effects model 

REmodel11<-rma(yi, vi, data=eszcor, method="REML") 

REmodel11 
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predict(REmodel11, transf=transf.ztor) 

 

##compare omnibus 

comparison<-

data.frame(ES=c(coef(REmodel9),coef(REmodel10),coef(REmodel11)),SE=c(REmodel9$se,

REmodel10$se,REmodel11$se),factor=c(1,2,3),tau2=round(c(REmodel9$tau2,REmodel10$ta

u2,REmodel11$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

##compare pairwise 

#without GPA vs. only GPA (9-10) 

comparison<-

data.frame(ES=c(coef(REmodel9),coef(REmodel10)),SE=c(REmodel9$se,REmodel10$se),fa

ctor=c(1,2),tau2=round(c(REmodel9$tau2,REmodel10$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

#without GPA vs. mixed (9-11) 

comparison<-

data.frame(ES=c(coef(REmodel9),coef(REmodel11)),SE=c(REmodel9$se,REmodel11$se),fa

ctor=c(1,2),tau2=round(c(REmodel9$tau2,REmodel11$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

#only GPA - mixed (10-11) 

comparison<-

data.frame(ES=c(coef(REmodel10),coef(REmodel11)),SE=c(REmodel10$se,REmodel11$se),

factor=c(1,2),tau2=round(c(REmodel10$tau2,REmodel11$tau2),3)) 

comparison 

rma(ES, sei=SE,mods=~factor,method="FE",data=comparison,digits=3) 

 

 

####decline effect (only published) 

reg.d<-rma(ri=correlation,ni=N, mods=~yearofpublication,data=data.ges_sample7, measure= 

"ZCOR")  

reg.d 

x=data.ges_sample7$yearofpublication 
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y=data.ges_sample7$correlation 

plot(x,y,type= "p", cex =sqrt(data.ges$N/100) , xlab="year of publication", ylab="reported 

effect size estimate") 

m=lm(y~x) 

abline(a=m$coefficients[1],b=m$coefficients[2]) 

summary(m) 

 

###genuinely decreasing decline effect (published & unpublished) 

reg.d<-rma(ri=correlation,ni=N,mods=~yearofpublication,data=data.ges,measure="ZCOR")  

reg.d 

x=data.ges$yearofpublication 

y=data.ges$correlation 

plot(x,y,type= "p", cex =sqrt(data.ges$N/100) , xlab="year of publication", ylab="reported 

effect size estimate") 

m=lm(y~x) 

abline(a=m$coefficients[1],b=m$coefficients[2]) 

summary(m) 

 

 

#gender-regression 

reg.g<-rma(ri=correlation,ni=N,mods=~maleproportion,data=data.ges,measure="ZCOR")  

reg.g 

x=data.ges$maleproportion 

y=data.ges$correlation 

plot(x,y, xlab="proportion of males", ylab="reported effect size estimate") 

m=lm(y~x) 

abline(a=m$coefficients[1],b=m$coefficients[2]) 

summary(m) 

 

 

 

#p-curve(s) 

##example: religiosity measure - beliefs 

data.ges_sample1=data.ges[data.ges$religiosityMeasure=="Beliefs",] 

 

# pval extract and neg correlations 
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pVal=data.ges_sample1$pvalueNEW 

 

# only published and negative corr 

pVal_publ=pVal[data.ges_sample1$publicationstatus==1 & studies.included$correlation<0] 

 

 

N=200 

h_all=hist(pVal,bins) 

h_publ=hist(pVal_publ,bins) 

 

x=h_all$mids 

y=h_all$counts/length(pVal) 

plot(x, y, main=unique(Ind)[d], 

     xlab="p values", ylab="frequency", 

     xlim=c(0,.05),t='o',col='black') 

 

x=h_publ$mids 

y=h_publ$counts/length(pVal) 

lines(x,y,t='l',col='red') 

points(x,y,col='red') 
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 11  Appendix B: p-curves for subgroups 

Hereinafter are the p-curves for the subgroups regarding type of religiosity measure and sample 

type as well as the corresponding tests for skewness shown. They display the output of the web 

application of p-curve (www.p-curve.com). Only significant (p < .05), negative results of 

published studies are included. The p-curve for published results is shown in the main text. 

 11.1  Type of religiosity measure 

 11.1.1 Beliefs 

 

 

 

 

http://www.p-curve.com/
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 11.1.2 Behavior 
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 11.1.3 Mixed 
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 11.2  Sample type 

 11.2.1 Pre-College 
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 11.2.2 College 
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 11.2.3 Non-College 
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 12  Appendix C: Abstract 

A quite remarkable body of research concerning the relationship between intelligence and 

religiosity has accumulated over the past century. The predominant consensus among these 

findings is a negative correlation between the two variables, indicating that as cognitive ability 

increases, religiosity decreases. The current meta-analysis of k = 76 samples investigates this 

link and tests for publication bias under application of various methods, amongst them the 

modern approaches p-curve and p-uniform, which were also applied to estimate effect sizes. 

While there is no evidence for publication bias, random-effects models yielded an overall 

correlation of r = -.14. The effect differs for sample types, as it is virtually nonexistent for 

participants younger than college age (r = -.03) and strongest for the general population (r = 

-.24) with a moderate effect for college students (r = -.13). Moreover, the reported association 

is stronger for primary studies which gathered information about the religiosity of an individual 

on a direct way (r = -.18) as opposed to findings which use behavior as an indicator for one’s 

personal beliefs (r = -.06), because the latter can be motivated by other factors as well. 

Additionally, two potential methodological artifacts were considered. A meta-regression 

showed that the data at hand is not affected by a decline effect and mixed-effects models 

revealed just a slight but non-significant difference in the absolute effect sizes of published (r 

= -.15) and unpublished (r = -.11) studies.  Despite differences in effect size magnitude across 

various subgroups, the association of religiosity and intelligence is reliable and robust. Potential 

mediating variables include cognitive style, the conforming nature of religion and its functional 

equivalence to intelligence. 

 

 

 

 12.1  Zusammenfassung 

Im Laufe des letzten Jahrhunderts hat sich ein beträchtlicher Literaturkorpus in Bezug auf den 

Zusammenhang von Religiösität und Intelligenz angesammelt. Der überwiegende Teil dieser 

Studien berichtet eine negative Korrelation der beiden Variablen, was darauf hindeutet, dass 

mit zunehmenden kognitiven Fähigkeiten die Religiösität einer Person abnimmt. Die 

vorliegende Metaanalyse aus k = 76 Primärstudien untersuchte diese Verbindung und testete 

anhand verschiedener Methoden für Publikationsbias. Die modernen Ansätze p-curve und p-

uniform wurden auch für Effektschätzungen herangezogen. Keines dieser Verfahren lässt solch 

eine Verzerrung vermuten. Traditionelle random-effects modells zeigen eine Gesamtkorrelation 

von r = -.14. Effekte unterscheiden sich je nach Art der Stichprobe- während für ProbandInnen 
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vor dem Hochschulalter praktisch kein Effekt gefunden wurde (r = -.03), war jener der 

StudentInnen (r = -.13) im Verhältnis mittelmäßig ausgeprägt. Der stärkste Effekt wurde für 

Stichproben aus der Allgemeinbevölkerung ermittelt (r = -.24). Weiters hatte die Art der 

Religiösitätserhebung einen Einfluss auf die Stärke des Zusammenhangs. 

Selbstberichtserhebungen der Religiösität führten zu stärkeren Effekten (r = -.18) als 

Erhebungen von religiösen Verhaltensweisen (r = -.06), wohl weil letztere einen schlechteren 

Indikator für den tatsächlichen Glauben darstellen. Zusätzlich wurden zwei potentielle 

methodische Artefakte in Betracht gezogen. Eine Metaregression zeigte keinen Einfluss des 

Publikationsjahres auf die Größe der Effektschätzungen. Der durch Publikationsbias zu 

erwartende höhere absolute Effekt von publizierten Studien (r = -.15) unterschied sich nicht 

wesentlich von jenem unpublizierter Arbeiten (r = -.11). Trotz unterschiedlicher Effektstärken 

der einzelnen Subgruppen ist der Zusammenhang zwischen Religiösität und Intelligenz reliabel 

und robust. Potentielle mediierende Variablen schließen kognitiven Stil, den konformistischen 

Charakter von Religion sowie deren funktionelle Äquivalenz mit Intelligenz ein. 

 

 


