


 
 

 

 

ABSTRACT 

 

Genetic Links among Ideology, Cognitive Style, Big Five Personality,  

and Executive Functions 

by 

 

Aleksander Jan Ksiazkiewicz 

 

This dissertation provides novel insights into the role of genes in political 

attitudes and behaviors by examining the role of genes in political traits over time and by 

uncovering two novel sets of potential mediators between genes and politics. Chapter 1 

provides an exhaustive review of the biopolitics literature, lays out a theoretical 

framework for the study of biopolitics, and reviews twin study methodology. Chapters 2 

and 3 report results from twin study analyses that rely on an original survey of twins that 

was conducted in the fall of 2012 in cooperation with the Minnesota Center for Twin and 

Family Research. Chapter 2 conducts one of the first genetically-informative panel 

studies of political traits. It finds that genetic factors are the primary contributors to trait 

stability over a four year period in mid-life, but that only environmental factors contribute 

to trait change over the same period. Chapter 3 conducts the first ever behavioral genetic 

analysis of three measures of cognitive style—the need for cognition, the need for 

cognitive closure, and the need to evaluate. It then shows that the correlations between 

cognitive style and political traits are driven, in most cases, primarily by genetic factors. 

This finding suggests that cognitive style variables may mediate the role of genes in 

politics, a possibility that is left open for future research. Chapter 4 utilizes an original 

online panel, collected via Amazon Mechanical Turk, to examine whether individual 

differences in executive functions are related to political traits. The results suggest that 



 
 

 

updating, a form of executive function, is related to several political traits. Moreover, 

because individual differences in executive functions are highly heritable, updating may 

mediate the genetic effect on politics. Chapter 5 summarizes the main contributions of 

this research, which include evidence of the role of genes in political trait stability in mid-

life, the heritability of widely-studied cognitive style measures, and the possibility that 

cognitive style and executive functions mediate the role of genes in politics. The final 

chapter also lays out a research agenda for the biopolitics field. In short, this dissertation 

strongly supports integrating genes into political science theory. 
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Chapter 1: A Decade of Biopolitics Research: Contributions, Questions, and Ways 

Forward 

The role of genes in political attitudes and behaviors has become an important 

subject of debate. While some political scientists remain skeptical that genes have a 

meaningful role to play in understanding politics (e.g., Bartels 2013; Charney 2008a, 

2008b), there have been significant advances in our understanding of the role of biology 

in politics in the decade since Alford, Funk, and Hibbing’s (2005) seminal piece about 

genetic effects on political attitudes. The ensuing research, which has focused largely on 

studying twins raised together, has consistently shown that both genetic and 

environmental factors have a role to play in politics, in the United States (e.g., Funk, 

Smith, Alford, Hibbing, Eaton, Krueger, Eaves, and Hibbing 2013) and abroad (e.g., Bell, 

Schermer, and Vernon 2009; Hatemi, Medland, Morley, Heath, and Martin 2007). The 

results of studies of twins raised together are corroborated by research using twins raised 

apart (e.g., Bouchard, Segal, Tellegen, McGue, Keyes, and Krueger 2003), using 

extended family designs (e.g., Hatemi et al. 2010), and using molecular genetic 

techniques that examine unrelated individuals, such as genome-wide association studies 

(GWAS; e.g., Benjamin et al. 2012b; Hatemi, Gillespie, et al. 2011). In sum, research 

using behavioral genetic and molecular genetic methods leaves little doubt that genetic 

factors play important roles in political attitudes and behaviors in interaction with 

environmental factors. 

In light of these findings, attention has increasingly turned to understanding the 

pathways through which political attitudes are influenced by genes (e.g., Smith, Oxley, 

Hibbing, Alford, and Hibbing 2011b). Some research has attempted to link political 
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attitudes with particular biological traits using methods drawn from molecular genetics 

(e.g., Dawes and Fowler 2009), neuroscience (e.g., Amodio, Jost, Master, and Yee 2007), 

or psychophysiology (e.g., Oxley et al. 2008). Twin studies have also been used to search 

for and examine potential mediators of the genetic effect on politics, with a particular 

focus on the Big Five personality traits of openness to new experiences and 

conscientiousness (for a review of Big Five in politics, see Gerber, Huber, Doherty, and 

Dowling 2010; Gerber, Huber, Doherty, Dowling, and Ha 2010; Gerber, Huber, Doherty, 

Dowling, Raso, and Ha 2011; Mondak 2010; Mondak, Hibbing, Canache, Seligson, and 

Anderson 2010; Sibley, Osborne, and Duckitt 2012). However, there is still much that we 

do not understand about how political attitudes are affected by genes. For example, we 

know very little about the role that genetic factors play in the stability or change of 

political attitudes over time (see Chapter 2), the role of personality traits other than Big 

Five in the relationship between genes and politics (see Chapter 3), and the relationship 

between highly-heritable executive functions and politics (see Chapter 4). This 

dissertation addresses these pressing questions and sheds new light on how political traits 

are affected by genes. 

This chapter contains five sections. Section 1 provides an explicit justification for 

the study of biological processes as they relate to political phenomena, particularly 

political ideology. Section 2 reviews the existing biology and politics literature, and 

demonstrates how a biological understanding of politics can be used to amend and 

improve existing theories of political ideology. Section 3 discusses the twin study 

methodology, which is the basis of the analyses in Chapters 2 and 3 and which provides 

the motivation for the analyses in Chapter 4. Section 4 describes the sample and methods 



3 
 

  

used to gather the data analyzed in Chapters 2 and 3 (the description of the sample and 

methods used to gather the data analyzed in Chapter 4 is contained in that chapter). 

Section 5 outlines the structure of the dissertation and the main contributions of the 

empirical chapters. 

Section 1: Why study genes and politics? 

Biopolitics has made important contributions to the study of political ideology, 

political participation, and other areas of political science (see Section 2 for a more 

extensive review). In particular, biopolitics research has helped political scientists 

understand the formation of political ideology, and research in this area serves as an 

example of how genetically-informative data
1
 can be used to improve existing political 

science theories. The motivated social cognition view of political ideology, developed 

primarily by Jost and colleagues (e.g., Jost, Federico, and Napier 2009; Jost, Glaser, 

Kruglanski, and Sulloway 2003), is particularly well-suited to integrating traditional 

political science approaches to political ideology and a biopolitics approach (see 

Verhulst, Hatemi, and Eaves 2012). Three major theoretical approaches to the formation 

of political ideology—group-based theories, socialization-based theories, and 

personality-based theories—can be reconciled with and extended by biopolitics research 

by adopting a motivated social cognition approach. 

Conventional theories of political ideology 

                                                           
1
 The term genetically-informative data refers to any dataset that can be used to better understand the role 

of genes in a particular trait. Twin datasets are a canonical type of genetically-informative data. Another 

widely used type of genetically-informative data is provided by extended families, which may include 

biological siblings, adopted individuals, half-siblings, parent-child pairs, cousins, and so on. More recently, 

molecular genetic methods have opened the door to genetically-informative studies of unrelated 

individuals. 
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Broadly speaking, three theoretical traditions have developed in the political 

science literature to explain the sources of political ideology: group-based or identity-

based theories, socialization-based theories, and personality-based or dispositional 

theories. Each of these perspectives has deep historical roots within the literature, but it 

should be noted that although these approaches may sometimes be at odds, they are often 

complementary. Complex political behaviors are often best accounted for by combining 

these different theoretical approaches rather than pitting them against one another. 

Some of the earliest political science research on voting and political ideology, in 

what came to be known as the Columbia school, proposed that the mechanism underlying 

adult political ideology is social group membership. Membership in a group, it was 

suggested, may lead an individual to support policies that benefit that group both out of 

self-interest and out of concern for other group members (Berelson, Lazarsfeld, and 

McPhee 1954; Lazarsfeld, Berelson, and Gaudet 1944). This group-based view of the 

political process has been updated over the decades to draw on important research in 

social psychology (e.g., social identity theory, Tajfel and Turner 1986; see also Huddy 

2001), and identity politics remains an influential approach within political science (e.g., 

McClain, Johnson Carew, Walton, and Watts 2009; Monroe, Hankin, and van Vechten 

2000). However, although this approach typically posits that group identity precedes 

political attitudes, recent research has shown that in some cases attitudes and beliefs may 

drive identification with groups (Egan 2012). This suggests that, at least in some cases, it 

is not that shared group membership drives people to vote alike; rather, shared political 

preferences drive people to identify with particular groups. Nevertheless, taking a 

sociological, group-based view of political ideology has a venerable tradition in political 
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science and remains an important perspective in explaining individual differences in 

political ideology. 

Socialization-based theories, advocated early on by scholars at the University of 

Michigan, point to early-life familial socialization as a key factor in the development of 

party identification and subsequent political attitudes (Campbell, Converse, Miller, and 

Stokes 1960; see also Green, Palmquist, and Schickler 2002). Subsequent research has 

suggested that political values, political activism, and voting are also shaped by early and 

adolescent life experiences (e.g., Jennings and Markus 1984; Jennings and Niemi 1974; 

Jennings, Stoker, and Bowers 2009; Kroh 2009; Sapiro 2004). In sum, this line of work 

suggests that political attitudes and behaviors can be habituated and that they can, at least 

in part, be traced to earlier life experiences. As applied to party identification, the 

socialization-based approach has been challenged by “revisionists” who argue that party 

identification is instead a running tally of life experiences (Achen 1992; Fiorina 1981), 

with recent research suggesting that both the Michigan model and the revisionist model 

have merit, albeit for different populations of individuals (Kroh and Selb 2009). 

Dispositional or personality-based theories argue that variation in political 

attitudes arises from individual differences in personality. There are several types of 

personality traits that have been linked to political attitudes, ranging from 

authoritarianism to Big Five personality traits to cognitive style. The earliest personality-

based theories of politics sought to explain authoritarianism (Adorno, Frenkel-Brunswik, 

Levinson, and Sanford 1950), a personality trait that encourages order and deference to 

hierarchy. Authoritarian personality traits have been shown to affect both family life and 

political life (for a contemporary defense of authoritarianism as a personality trait, see 
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Ludeke and Krueger 2013). The F-scale developed by Adorno and colleagues (1950) has 

since been replaced by measures of related constructs, such as right wing 

authoritarianism (Altemeyer 1981; Stenner 2005) and social dominance orientation 

(Sidanius and Pratto 1999), which also consider how general orientations toward power 

and hierarchy influence preferences over the organization of social life. 

In recent years, personality and politics researchers have also examined the 

relationship between Big Five personality traits (openness to new experiences, 

conscientiousness, extraversion, agreeableness, and neuroticism) and political ideology 

(Gerber et al. 2010; Gerber et al. 2011a; Mondak 2010; Mondak et al. 2010). The most 

common findings in the literature are that openness to new experiences correlates 

positively with political liberalism, conscientiousness correlates negatively with political 

liberalism, and extraversion correlates positively with social types of political 

participation (e.g., Carney, Jost, Gosling, and Potter 2008; Gerber et al. 2011b; Mondak 

and Halperin 2008; Mondak et al. 2010). Recent research suggests that openness to new 

experiences and extraversion also play a role in explaining vote switching behavior 

(Bakker, Klemmensen, Nørgaard, and Schumacher in press). Although these inter-group 

differences in personality may be somewhat overstated due to the predominant use of 

self-report measures for personality traits (Ludeke, Reifen Tagar, and DeYoung 

forthcoming), these traits have nevertheless been shown to predict political behaviors. 

A third set of personality traits that is often linked to political attitudes 

encompasses cognitive style. Cognitive style is a set of individual differences that 

characterizes information search and information processing behaviors. In particular, the 

need for cognition (Cacioppo and Petty 1982), the need for cognitive closure (Webster 
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and Kruglanski 1994), and the need to evaluate (Jarvis and Petty 1996) have been linked 

to political ideology (e.g., Jost, Federico, and Napier 2009; see Chapter 3 for a thorough 

review of this literature). 

Ideology as motivated social cognition 

Identity-based, socialization-based, and personality-based approaches to the study 

of political ideology can be reconciled within an overarching theory of political ideology 

as a form of motivated social cognition (Jost et al. 2003). According to this view, people 

adopt their political views in response to bottom-up pressures from within the person, but 

in an environment defined by top-down pressures that are external to the person (Jost, 

Federico, and Napier 2009). In other words, the bottom-up factors predispose individuals 

toward a particular belief from a menu defined by elites. 

All three of the approaches to political ideology outlined above—the group 

theory, the socialization theory, and the personality theory—can at least in part be 

integrated into the bottom-up process as described by the motivated social cognition 

approach. Jost et al. (2009) distinguish three types of motives for adopting a particular 

political ideology. First, relational motives include “the desire to affiliate and establish 

interpersonal relationships; a need for personal or social identification, solidarity with 

others, and shared reality.” These play a key role in some of the group-oriented factors 

that are at the core of the Columbia school approach and the early political socialization 

that underlies the Michigan school. Existential motives represent “the drive to manage 

threatening circumstances; a personal search for security, self-esteem, and meaning in 

life.” These include death anxiety and threat management, factors that may be better 

captured by personality-based theories and which have been shown to result in either 
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worldview defense or conservative shifting depending on contextual factors (Burke, 

Kosloff, and Landau 2013). Finally, epistemic motives address “the drive to reduce 

uncertainty, complexity, or ambiguity; cognitive preference for certainty, structure, order, 

and/or closure.” These motives are most closely related to attempts to link personality 

research to political ideology, including authoritarianism, social dominance orientation, 

Big Five, and the cognitive style variables examined in Chapter 3. 

The top-down process by which elites define the range of possible political views 

within a society is related to, but also distinct from, the group-based and socialization-

based theories. Membership in a group translates to political ideology in part because 

elites in the group define the group interest and the beliefs that are entangled with group 

identity (e.g., Lenz 2013). Similarly, familial socialization is a type of top-down 

transmission of beliefs from one generation to the next and school socialization also plays 

a role in this process (e.g., Jennings, Stoker, and Bowers 2009). Nevertheless, as 

discussed in the preceding paragraph, group-based and socialization-based theories also 

rely on psychological motivations which can affect political ideology in a bottom-up 

fashion. 

How can understanding genes contribute to political science theory? 

Verhulst, Hatemi, and Eaves (2012) argue that the top-down/bottom-up approach 

proposed by Jost et al. (2009) can easily be linked to the behavioral genetic tradition. In a 

biometric model, variance in a trait is decomposed into three components: a heritable 

component, a common environment component (which captures variation due to factors 

like familial socialization and schooling), and a unique environmental component (which 

captures variation due to random life events; see Section 3 for a detailed description of 
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twin models and the variance components which they estimate). Verhulst and colleagues 

(2012) argue that the bottom-up pathway can be thought of as capturing genetic variance 

in a trait and the top-down pathway can be thought of as capturing environmental 

variance in a trait. This insight can be linked back to each of the three approaches to 

political ideology discussed above.  

For group-based theories, some studies have considered the role of genetic factors 

in being part of specific communities, for example showing that the genes which underlie 

religiosity also underlie political attitudes (Friesen and Ksiazkiewicz forthcoming; 

Ludeke, Johnson, and Bouchard 2013). Research has also considered the effect of genetic 

factors on various features of a person’s social network (Fowler, Dawes, and Christakis 

2009), which may have relevance for the types and number of group identities which can 

activate their political behaviors. Heritable personality factors, like extraversion (Loehlin, 

McCrae, Costa, and John 1998), have also been shown to predict group-based political 

participation (e.g., Mondak et al. 2010) and may provide another pathway for genetic 

factors to be relevant for group-based theories. In these ways, the study of biology and 

politics can unearth important but previously unconsidered processes which play a role in 

group-identity formation and in the likelihood that group-identities will inform political 

beliefs and behaviors. 

For socialization-based theories, the discovery of a genetic component to political 

ideology (e.g., Alford, Funk, and Hibbing 2005; Hatemi et al. 2014) suggests that, in part, 

parent-child correlations in political attitudes are the result of the sharing of genetic 

material across generations and not purely the result of parental socialization. Moreover, 

research on assortative mating for political ideology (e.g., Alford, Hatemi, Hibbing, 
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Martin, and Eaves 2011; Klofstad, McDermott, and Hatemi 2012) further complicates the 

process of intergenerational political transmission as parental genotypes are correlated in 

ways that are meaningful for political traits. The end result of assortative mating for 

political ideology may be that offspring have stronger genetic predispositions toward 

parental political ideology than they would if assortative mating for political ideology did 

not occur. This process heightens the genetic component of the parent-offspring 

correlation and further challenges purely environmental theories of intergenerational 

transmission. However, there is some evidence that parental socialization of political 

beliefs and attachments has a stronger effect in adolescence while individuals are still in 

their parental home, but that this effect dissipates and is replaced by genetic factors in 

early adulthood (e.g., Eaves, Martin, Schieken, Meyer, Silberg, Neale, and Core 1997; 

Hatemi, Funk, Medland, Maes, Silbert, Martin, and Eaves 2009), which nicely parallels 

research on the development of personality (e.g., Caspi, Roberts, and Shiner 2005; 

Hopwood, Donnellan, Blonigen, Krueger, McGue, Iacono, and Burt 2011).  

Existing biopolitics research has primarily focused on the possible genetic link 

between personality and politics. Most directly, genes have been shown to play a role in 

authoritarianism (e.g., Ludeke and Krueger 2013; McCourt, Bouchard, Lykken, Tellegen, 

and Keyes 1999). The hypothesis that the parent-offspring correlation for 

authoritarianism may be driven in part by genetic factors is also supported indirectly by 

evidence that parental authoritarianism predicts offspring orientations toward 

conventional and status-based authority figures in early childhood, well before explicit 

political socialization is likely to play much of a role in offspring authoritarianism 

(Reifen Tagar, Federico, Lyons, Ludeke, and Koenig 2014). Besides authoritarianism, 
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many studies have shown that genes play a role in Big Five traits (e.g., Jang, Livesley, 

and Vernon 1996; Loehlin, McCrae, Costa, and John 1998), which are known to be 

related to political attitudes (e.g., Sibley, Osborne, and Duckitt 2012) and participation in 

politics (e.g., Mondak et al. 2010). Recent research has shown that personality traits 

related to the Big Five have common genetic foundations with political ideology (e.g., 

Verhulst, Hatemi, and Martin 2010), with some analyses challenging the causal priority 

of personality in the development of political beliefs (e.g., Hatemi and Verhulst 2015; 

Verhulst, Eaves, and Hatemi 2012). Finally, although the heritability of the need for 

cognition, the need for cognitive closure, and the need to evaluate have not been 

previously shown, these politically-relevant cognitive style variables are likely to be 

heritable given the heritability of other psychological individual differences (Bouchard 

and McGue 2003). Confirming that these types of cognitive style are heritable and that 

their relationships with political traits are primarily and often exclusively genetic is a 

major contribution to our understanding of the role of genes in political traits because it 

identifies several new pathways from genes to politics (see Chapter 3). 

Although there are many intuitive and appealing links between the top-

down/bottom-up model and the biometric model, as proposed by Verhulst and colleagues 

(2012), the neat overlap between these models only exists to a point. The epistemic, 

existential, and relational motives that characterize the bottom-up pathway of the 

motivated social cognition model (Jost et al. 2009) also have significant environmental 

variance, so it may be reductionist to claim that the bottom-up pathway is purely genetic. 

In fact, political socialization, which is an environmental and not genetic process, is 

explicitly part of relational motives in the Jost et al. model. Chapter 3 provides some 
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evidence to suggest that it is the genetic variation in epistemic motives (specifically the 

need for cognition, the need for cognitive closure, and the need to evaluate) that is related 

to political ideology, rather than the environmental variation in these motives, but this is 

not necessarily the case for every type of motive. 

More importantly, the top-down pathway cannot be reduced to the common 

environmental and unique environmental contributors to variance in political ideology 

(again, see Section 3 for a detailed definition of these variance components). The 

variance components estimated in a twin study are meant to represent variation within a 

particular population, but they cannot capture constant features of the political 

environment that are shared by all members in a population and which form a crucial part 

of top-down formation of ideology. The biometric model does not account for what Jost 

et al. (2009) call the discursive superstructure, the particular arrangement of ideas that 

elites in society have used to structure political discourse, because it is a constant across 

all members of the population. The same limitation applies to other important 

institutional and historical elements that feed into the discursive superstructure, like 

electoral and party systems, political and media institutions, technologies and economic 

structures, and so on. 

This discussion is not meant to point to a flaw in recent efforts to apply 

genetically-informative models to political ideology, but rather serves as a cautionary 

note about the interpretation of such models. The effect of genes on political ideology 

and the pathways through which that effect manifests will differ across populations, 

places, and times, just as the effects of group membership, socialization, and personality 

on ideology can differ across populations, places, and times. For example, McFarland 
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(1998) argues that the underlying predisposition to develop a fundamentalist belief 

system, which is characterized by support for a particular creed, condemning disbelief, 

and maintaining boundaries between believers and outsiders, can lead to strikingly 

different belief systems across environmental contexts. He finds that this predisposition 

predicts adhering to fundamentalist Christianity in the United States and support for the 

Communist Party in the Soviet Union. In both cases, fundamentalism predicts prejudice 

toward outgroups, although who qualifies as a member of an outgroup varies across 

contexts (McFarland 1998). If genes play a role in the predisposition to develop a 

fundamentalist belief system, then this may be a case where the effect of genes on 

political traits leads to dramatically different outcomes across national contexts. 

As another example of how contextual factors can change the relationship 

between personality traits and political ideology, consider the need for cognitive closure 

(Webster and Kruglanski 1994), which can manifest itself politically as a desire to 

maintain the status quo (e.g., Federico, Ergun, and Hunt 2014). This personality trait 

correlates positively with social and economic conservatism in Western Europe. In 

Eastern Europe, the need for cognitive closure also correlates positively with social 

conservatism, but it correlates negatively with economic conservatism (Kossowska and 

Van Hiel 2003). Kossowska and Van Hiel (2003) argue that this is because the content of 

traditional social values in Eastern and Western Europe is much more similar than the 

content of traditional economic values. In the West, where market institutions are the 

status quo, change is represented by movement toward greater government intervention 

in the economy, and so the need for cognitive closure correlates positively with the 

maintenance of traditional market-oriented institutions. By contrast, in Eastern Europe, 
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which has a long history of centrally-planned economic activity, change is represented by 

movement toward a free market system, and so the need for cognitive closure correlates 

positively with the maintenance of traditional centrally-planned institutions. Just as the 

effect of epistemic motives, like the need for cognitive closure, differs as a function of 

the discursive superstructure, so too may genetic effects differ as a function of social and 

political institutions (see Nørgaard, Ksiazkiewicz, Dawes, Christensen, McGue, Krueger, 

and Klemmensen n.d. for evidence on this point in a cross-national comparison of the 

United States and Denmark in genetically-informative samples). 

In sum, the plethora of existing mechanisms that has been proposed to explain the 

development of political ideology, including group influences, socialization, and 

personality traits, has provided important insights into the origins and functions of 

political ideology. Many of these approaches share a common assumption that political 

beliefs spring from some earlier source, of which genes may be a part. Exploring the role 

of genes in political outcomes and elucidating potential genetic mechanisms is not meant 

as a replacement for these established theories, but rather as a supplement that can cause 

us to revisit well-known findings in order to create new insights into political life. 

Section 2: What have we learned by studying genes and politics? 

The examination of the role of genes in politics over the past decade has led to 

significant advancements in the study of political ideology and party identification, 

political behaviors, and other traits that are relevant to various aspects of political life. 

Genes and political attitudes 

Behavioral geneticists have expressed sporadic interest in genetic effects on 

political and social attitudes for many years (e.g., Eaves and Eysenck 1974; Martin, 
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Eaves, Heath, Jardine, Feingold, and Eysenck 1986). But it is only in the past decade that 

political scientists themselves have begun to examine the role of genetic and biological 

processes in political phenomena. In that short time, numerous studies have shown that 

genes do play a role in both political attitudes (e.g., Alford, Funk, and Hibbing 2005; 

Bell, Schermer, and Vernon 2009; Eaves and Hatemi 2008; Hatemi, Alford, Hibbing, 

Martin, and Eaves 2009; Hatemi, Funk, et al. 2009; Hatemi, Gillespie, et al. 2011; Smith, 

Alford, Hatemi, Eaves, Funk, and Hibbing 2012) and in political behaviors like voting 

(e.g., Dawes and Fowler 2009; Fowler, Baker, and Dawes 2008; Fowler and Dawes 2008; 

Hatemi, Medland, Morley, Heath, and Martin 2007). This literature has spawned 

extensive reviews in political science (Alford and Hibbing 2008; Ebstein, Israel, Chew, 

Zhong, and Knafo 2010; Fowler and Schreiber 2008; Hatemi, Dawes, Frost-Keller, 

Settle, and Verhulst 2011; Hatemi and McDermott 2012a; Hibbing, Smith, Peterson, and 

Feher 2014; see also the edited volume by Hatemi and McDermott 2011 and the book by 

Hibbing, Smith, and Alford 2013) with similar interest and reviews in other social 

sciences including economics (e.g., Beauchamp et al. 2011; Benjamin et al. 2012a), 

sociology (Freese 2008, 2009, 2011), and criminology (e.g., Wright et al. 2015). Cross-

sectional twin studies of political ideology have even become numerous enough to 

warrant a cross-national meta-analysis (Hatemi et al. 2014).  

Twin studies of political ideology have relied on many different measures of 

ideology. These include multi-item scales like the Wilson-Patterson Attitude Inventory 

(Wilson and Patterson 1968; e.g., Alford, Funk, and Hibbing 2005), single-item measures 

(e.g., Settle, Dawes, and Fowler 2009), latent variables extracted with factor analysis 

(e.g., Bell, Schermer, and Vernon 2009), the Society Works Best index (Smith et al. 
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2011b; e.g., Funk et al. 2013), and combinations of these measures (Funk et al. 2013). 

Each of these measurement strategies has found that genes play a role in the direction of 

political ideology, a result that was reaffirmed by meta-analysis (Hatemi et al. 2014).  

The finding from twin studies that political ideology is heritable has also been 

confirmed using other methodologies. For example, research using molecular genetic 

measures from unrelated individuals have confirmed that genes play a role in political 

ideology by utilizing a genome wide association methodology (Benjamin et al. 2012b; 

Hatemi, Gillespie, et al. 2011; Hatemi et al. 2014). There is also neuroscience evidence 

that there are structural brain differences between liberals and conservatives in the 

anterior cingulate cortex and right amygdala (Kanai, Feilden, Firth, and Rees 2011). 

Combined with research into political attitudes using twins raised apart (Bouchard et al. 

2003) and extended family studies (Hatemi et al. 2010), there is convergent, multi-

method evidence that genetic and biological factors do play a role in political attitudes. 

In light of this, recent research has turned to identifying intermediate variables, or 

mediators, between genes and political ideology (e.g., Smith et al. 2011b), such as 

personality traits (Verhulst, Hatemi, and Martin 2010) and cognitive ability (e.g., 

Oskarsson, Cesarini, Dawes, Fowler, Johannesson, Magnusson, and Teorell 

forthcoming). Instead of a mediating relationship, some researchers have suggested that 

personality and political ideology both arise independently from some of the same 

genetic influences in a process called pleiotropy (Hatemi and Verhulst 2015; Verhulst, 

Eaves, and Hatemi 2012). Building on research into the potential mediators between 

genes and political ideology, this dissertation demonstrates that the relationships between 

political traits and various types of cognitive style are primarily genetic (see Chapter 3) 
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and that executive functions may be linked to political traits genetically (see Chapter 4). 

However, as the measures of cognitive style and executive functions at the center of those 

chapters do not include longitudinal data, this dissertation leaves the mediation versus 

pleiotropy debate for future research (see Chapter 5). 

There are also genetic studies that focus on specific policy attitudes rather than 

ideology in general. Alford, Funk, and Hibbing (2005) disaggregated the Wilson-

Patterson index and found heritability in all of the 28 individual policy areas that 

compose it (although the method they used did not allow for significance tests of these 

estimates). In a Canadian sample, Bell and colleagues (2009) examined the heritability of 

a number of factor-analytically derived issue domains and found heritability on 

religiosity/social conservatism, economic equality, competition/business, and 

ethnic/racial minorities but not on environmentalism or preference for an activist state on 

social issues. Verhulst, Hatemi, and colleagues have variously distinguished social, 

economic, and military/defense attitudes (Verhulst, Hatemi, and Eaves 2012), religious, 

sex, out-group, and punishment attitudes (Verhulst, Hatemi, and Martin 2010), and social 

and religious ideology (Hatemi and Verhulst 2015). Related research has shown that 

religiosity is heritable (e.g., Eaves, Hatemi, Prom-Wormley, and Murrelle 2008) and that 

genes link religiosity and political conservatism (Ludeke, Johnson, and Bouchard 2013), 

but that this genetic link is especially strong between religiosity and social conservatism 

rather than economic conservatism (Friesen and Ksiazkiewicz forthcoming). 

There are also a number of cases in which attitudes in a specific domain have 

been shown to be heritable and to be related to a specific physiological mechanism which 

may be related to the genetic effect. For example, there is a significant genetic component 
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to support for abortion rights and gay rights (Eaves and Hatemi 2008), and this set of 

attitudes has been linked physiological disgust-response (Smith, Oxley, Hibbing, Alford, 

and Hibbing 2011a; Balzer and Jacobs 2011) and neurological reactions to disgusting 

images (Ahn et al. 2014). Together, these results indicate that physiological and 

neurological disgust-response may mediate the genetic effect on these issue attitudes, 

although research has yet to address this possibility directly.  

Foreign policy attitudes provide another example. This subset of political attitudes 

is heritable (Cranmer and Dawes 2012) and has been linked to startle response (Oxley, et 

al. 2008). Perhaps relatedly, individual differences in fear dispositions have been linked 

by genetic mechanisms to negative out-group opinions, such as pro-segregation and anti-

immigrant attitudes (Hatemi, McDermott, Eaves, Kendler, and Neale 2013).  

Political scientists have used neuroscience methods to demonstrate that 

egalitarianism and economic redistribution are linked to empathy (Dawes et al. 2012); 

they have also used physiological methods to show that egalitarianism and economic 

redistribution are linked to respondents’ current blood glucose levels (Aarøe and Petersen 

2013; Petersen, Aarøe, Jensen, and Curry 2014).
2
 Research has also shown that although 

economic attitudes may be affected in the short term by major life events that increase 

financial risks, over time the genetic factors reassert themselves (Hatemi 2013). Related 

research has shown that personality traits which are face-validly related to economic and 

redistributive preferences are also heritable. These include preferences for giving and risk 

taking (Cesarini, Dawes, Johannesson, Lichtenstein, and Wallace 2009), which may rely 

on somewhat different neural mechanisms in liberals and conservatives (Schreiber et al. 

                                                           
2
 See Chapter 5 for a study proposal which looks at resting metabolic rate as a trait-level individual 

difference in propensity to feel hunger which may also capture variation in redistributive attitudes. 
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2013), and overconfidence in one’s abilities (Cesarini, Lichtenstein, Johannesson, and 

Wallace 2009; Johnson and Fowler 2011). 

In sum, these results suggest that while there is value in studying genetic effects 

on aggregate political ideology, there are likely many pathways through which genetic 

effects are mediated and these mechanisms may vary across issue areas. 

Genes and political behaviors 

Of course, not all behavioral genetic studies of political phenomena have focused 

on attitudes and beliefs. Besides political ideology, research has also looked at the role of 

biological factors in vote choice. Fazekas and Littvay (2012) argue that genetic factors 

may account for dispositional differences between individuals in their voting decision 

strategy. In addition, physiological measures, like electrodermal activity in response to 

seeing a portrait of President Obama, predict independent variance in the strength of 

individuals’ candidate preferences and support for Obamacare (Wagner, Deppe, Jacobs, 

Friesen, Smith, and Hibbing 2014). 

Voter turnout has also been a topic of study in biopolitics. Turnout has been found 

to have a heritable component in studies using a twin methodology in the United States 

(Fowler, Baker, and Dawes 2008), in Australia (Hatemi, Medland, Morley, Heath, and 

Martin 2007), in Canada (Bell, Schermer, and Vernon 2009), and in Sweden (Cesarini, 

Johannesson, and Oskarsson 2014). Genetic relationships have been found between voter 

turnout and an individual’s sense of general efficacy (Littvay, Weith, and Dawes 2011) 

and civic duty (Loewen and Dawes 2012; Klemmensen, Hatemi, Hobolt, Petersen, 

Skytthe, and Nørgaard 2012), as well as extraversion, personal control, and cognitive 

ability (Dawes, Cesarini, Fowler, Johannesson, Magnusson, and Oskarsson 2014). 
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Interest in politics, a standard predictor of voter turnout, is heritable (Bell, Schermer, and 

Vernon 2009) and has a genetic correlation with external efficacy (Klemmensen, Hatemi, 

Hobolt, Skytthe, and Nørgaard 2012), which is also a predictor of turnout. 

While there is no physiological research that specifically focuses on voter turnout 

of which I am aware, there are studies that have looked at the role of physiological 

factors in political participation more broadly construed. These studies have found 

relationships between participation and baseline cortisol levels (French, Smith, Alford, 

Guck, Birnie, and Hibbing 2014), a physiological measure of stress response, as well as 

electrodermal activity (Gruszczynski, Balzer, Jacobs, Smith, and Hibbing 2013), a 

physiological measure of arousal. 

There is, however, a growing literature on identifying the specific genetic 

mechanisms underlying individual differences in turnout. Some have proposed that 

candidate genes related to serotonin and dopamine regulation play a role in turnout 

(Dawes and Fowler 2009; Fowler and Dawes 2008), although others have raised doubts 

about these results (Charney and English 2012). In general, molecular geneticists note 

that caution should be exercised regarding candidate gene studies until they are replicated 

in very large samples because of the danger of false positives for any particular single 

nucleotide polymorphism (Ioannidis, Ntzani, Trikalinos, and Contopoulos-Ioannidis 

2001; cf. Chabris et al. 2012). Nevertheless, subsequent research has replicated the 

associations between 5-HTTLPR, a serotonin transporter gene, and political participation 

and voter turnout (Deppe, Stoltenberg, Smith, and Hibbing 2013), as well as providing an 

explicit response to the critics alongside a second replication (Fowler and Dawes 2013). 

Moreover, there is some evidence to suggest that the effect of genetic factors in turnout 
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and participation more broadly may be moderated by social factors such as friendship 

(Settle, Dawes, Christakis, and Fowler 2010; see also Christakis and Fowler 2014). 

Genes and other politically relevant traits 

Finally, there are a number of other streams of biopolitics research not directly 

related to political attitudes or political participation, but that may nevertheless be of 

importance to political science research. Among the most important of these streams is 

genetic research which has looked at party identification, although with somewhat mixed 

results. Some researchers have found that the direction of party identification does not 

have a heritable component in the United States, but strength of partisanship does (Dawes 

and Fowler 2009; Hatemi, Alford, et al. 2009; Settle, Dawes, and Fowler 2009). This 

contrasts with findings on ideology discussed above, some of which have explicitly tested 

the direction-intensity distinction and found that direction is heritable but intensity is not 

(Settle, Dawes, and Fowler 2009; but see Chapter 2). However, in a Canadian sample, 

party identification and affect toward parties were found to have a genetic component 

(Bell, Schermer, and Vernon 2009). Moreover, recent research has suggested that 

whether genes affect the direction of party identification may vary within a country over 

time, increasing, for example, in the U.S. context as a function of polarization in the 

political environment (Fazekas and Littvay 2015). Thus, more research on the heritability 

of party identification is called for across diverse populations to determine how, when, 

and why genes play a role in this process. 

Another stream of biological research that may be of relevance to political 

scientists considers the role of genes in social networks. Recent work suggests that genes 

are related to features of a person’s social network, including the number of people who 
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consider the individual a friend, the degree to which an individual’s friends are also 

friends with each other, and an individual’s centrality in the network (Fowler, Dawes, and 

Christakis 2009). Genes also play a role in occupying a leadership position, although the 

specific genetic mechanisms for this process are unclear (De Neve, Mikhaylov, Dawes, 

Christakis, and Fowler 2013). Moreover, friendship networks have been shown to be 

characterized by homophily, meaning that certain genetic variants are positively 

correlated among friends (Fowler, Settle, and Christakis 2011). 

Social trust is another phenomenon of relevance to political science which has 

been shown to be heritable (Sturgis et al. 2010), as are individual differences in the 

perceived acceptability of dishonest actions (Loewen, Dawes, Mazar, Johannesson, 

Koellinger, Magnusson 2013). The role of genes in social trust, as in other complex traits, 

depends on the population being studied and environmental factors in society. For 

example, Ojeda (forhtcoming) found that the role of genes in social trust in the United 

States dramatically increased immediately following 9/11, an effect which gradually 

decayed over time. In attempting to identify possible mediators of the genetic effect on 

social trust, research has found genetic links to extraversion, personal control, and 

intelligence (Oskarsson, Dawes, Johannesson, and Magnusson 2012). Physiologically, 

this may be driven by differences in oxytocin levels or oxytocin processing, as social 

trust has been experimentally manipulated by administering oxytocin in humans 

(Merolla, Burnett, Pyle, Ahmadi, and Zak 2013). However, no effect on social trust was 

found when considering nine polymorphisms in the oxytocin receptor gene (Apicella et 

al. 2010), suggesting that this physiological pathway requires further research. 
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Genetic factors have been shown to play a role in media consumption patterns 

(Kirzinger, Weber, and Johnson 2012). This finding is particularly important for the 

studies of attitude stability and change, such as those examined in Chapter 2, because 

media consumption patterns will affect the kinds of information that a person is exposed 

to and may thereby affect the likelihood of attitude change during a political campaign. 

Moreover, physiological data has shown that liberals and conservatives differ in how they 

direct their attention (Dodd, Hibbing, and Smith 2011), with subsequent research 

showing that conservatives are more likely to attend to negative stimuli than liberals 

(Carraro, Castelli, and Macchiella 2011; Dodd, Balzer, Jacobs, Gruszczynski, Smith, and 

Hibbing 2012; Hibbing, Smith, and Alford 2014). It has been hypothesized that these 

differences in negativity bias may be driven by the orientation toward change in general, 

rather than political conservatism specifically (Ludeke and DeYoung 2014). Subsequent 

research has implicated attentional biases for emotional materials as an explanatory factor 

(Mills, Smith, Hibbing, and Dodd 2014) and has integrated these findings into an 

evolutionary psychology framework (Petersen and Aarøe 2014). Regardless of the 

source, negativity bias remains another meaningful difference between liberals and 

conservatives that appears to have a biological foundation. 

Some researchers have proposed that biopolitics research, including behavioral 

genetics and neuroscience, can help us to better understand the role of gender in society 

(Hannagan 2008). Behavioral genetic methods have been applied to developing better 

theories of the gender gap in political attitudes (Hatemi, Medland, and Eaves 2009) and 

the gender gap in political knowledge (Hannagan, Littvay, and Popa 2014). 
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Finally, Hatemi and McDermott (2012b) have argued for using genetic methods 

to better understand and prevent political violence. By developing a clearer understanding 

of who is predisposed to participate in political violence and under what circumstances, it 

is possible to develop interventions to prevent violence from occurring. For example, 

subsequent research found that individual differences in the MAOA gene interacted with 

exposure to violence in youth to increase the likelihood of utilizing physical aggression in 

adulthood (McDermott, Dawes, Prom-Wormley, Eaves, and Hatemi 2013).  

In sum, the conclusion from this literature is clear: genes and biological processes 

play an important role in a wide variety of political traits and behaviors. The next section 

explains the theoretical and methodological basis of the twin study methods that have 

been central to this literature and will be utilized in the analyses in Chapters 2 and 3. 

Section 3: The twin method 

The twin study method has a long pedigree, stretching back at least to the mid-

1920s and perhaps as far back as the work of Francis Galton in 1875 (Rende, Plomin, and 

Vandenberg 1990). Twin studies are used to determine the extent to which genes and 

upbringing influence a particular phenotype (i.e., observed trait, attitude, or behavior). 

The basic intuition of the design is that if a trait shows greater similarity among 

monozygotic twins (who share all of their genetic code) as compared to dizygotic twins 

(who share, on average, half of the genetic code that varies among humans
3
 the same 

amount as typical siblings) this suggests that the trait has a heritable component. By 

contrast, if a trait is purely environmental, twins should be equally similar regardless of 

zygosity, since all twins reared together share a common family environment with their 

                                                           
3
 Specifically, half of their segregating DNA. 
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co-twin (for a review of twin methods see Medland and Hatemi 2009; see Smith et al. 

2012 for a discussion of the assumptions underlying twin methodology). 

However, while twin designs are a staple in behavioral genetics, this methodology 

is relatively new in political science. Some political scientists have been particularly 

vocal in challenging the validity of the classical twin design by questioning its underlying 

assumptions (Beckwith and Morris 2008; Charney 2008a, 2008b; Shultziner 2013a, b).
4
 

Similar critiques have also been raised in other disciplines (e.g., Burt and Simons 2015; 

Joseph 2013). These critiques have been thoroughly addressed by others in the literature 

(e.g., Alford, Funk, and Hibbing 2008a, 2008b; Barnes and Boutwell 2015; Hannagan 

and Hatemi 2008; Smith et al. 2012; Verhulst and Hatemi 2013; Wright et al. 2015), but 

some of the more pertinent points are discussed below. 

The classical twin design is often called an ACE model because it decomposes the 

variance of a trait into three components: A for the additive genetic component of the 

variance, C for the common environment component (i.e., family upbringing and other 

experiences shared by both twins), and E for the unique environment component (i.e., 

experiences unique to each twin; this component also contains measurement error). There 

is also a fourth term that is implicit in this model, D, which accounts for non-additive 

genetic effects.
5
 However, inclusion of this term makes the model unidentified when 

using data only on MZ and DZ twins. Thus, D is usually fixed at zero in political science 

applications, resulting in an ACE model. 

                                                           
4
 These same scholars have recently critiqued other techniques used in contemporary political genetics 

research, such as candidate gene studies, which will not be addressed below (Charney and English 2012). 
5
 When considering a single base pair on the genome where there is variability between people, where we 

label one variant a and the other variant A, an individual could have any one of three genotypes: aa, aA, or 

AA. A non-additive effect occurs when the effect of moving from aa to aA is not equivalent to the effect of 

moving from aA to AA. Thus, a large non-additive component (D) in a twin model indicates that non-

additive effects are present at many of the base pairs that affect the trait of interest. 
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It is important to recognize that the decomposition of variance for any trait is 

population-specific. In a different sample, at a different time, in a different place, the 

proportions of variance that can be attributed to any one element may vary (for a brief 

and informative discussion on this point in the context of epidemiology, see Freese 

2006). This may be particularly true of political phenomena, which are constrained and 

defined by social contexts and institutions. 

Assumptions of twin studies 

Decomposing the variance of a trait is typically accomplished through a structural 

equation model (Neale and Cardon 1992), though it is also possible to estimate univariate 

ACE models in a regression framework (DeFries and Fulker 1985; Smith and Hatemi 

2013). Like all statistical models, the ACE model is based on various assumptions that, if 

violated, can result in biases in the estimates of heritability and environmental influence 

that the model produces. For those skeptical that genes play a role in political attitudes 

and behaviors, violations that lead to over-estimates of A, the genetic component in an 

ACE model, are particularly problematic. In general, an over-estimate of A will occur 

when the trait correlation among MZ twins is inflated relative to the correlation among 

DZ twins for reasons other than the difference in genetic relatedness. Conversely, an 

under-estimate of A will occur when the trait correlation among DZ twins is inflated 

relative to the correlation among MZ twins. There are three assumptions that, if violated, 

will lead to upwardly biased estimates of A, the heritability parameter.  

The most commonly discussed violation pertains to the equal environments 

assumption (EEA). In the ACE model, the common environment parameter, C, is 

assumed to have an equal influence on both MZ and DZ twins. This is because C is 
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meant to capture the portion of the variance that is completely shared within twin pairs 

regardless of their zygosity (i.e., the shared environment of each twin pair). The 

challenge to this assumption states that MZ twins have a more similar environment than 

DZ twins, because, for example, parents treat MZ twins more similarly than they treat DZ 

twins. As a result, the MZ correlation on the trait of interest is inflated and some of the 

shared variance among MZ twins that is the result of the shared environment is 

misattributed to genetics. However, empirical work suggests that the EEA is not violated 

at least with regard to political phenotypes (Smith et al. 2012), including in the 2008 

survey of the sample examined in Chapters 2 and 3 of this dissertation (Littvay 2012). 

That is, parents socialize their children into their political beliefs equally regardless of 

zygosity. 

A second assumption whose violation can lead to over-estimation of A is that 

there is no interaction between genetic variants at the same or different locations on the 

genome. Strictly speaking, the A component is an estimate of additive genetic effects 

(i.e., thousands of small, independent effects resulting from variation in single 

nucleotides that comprise the genome), rather than non-additive effects. These non-

additive effects can be either dominance effects, where alleles are interacting at a 

particular genetic locus (see footnote 5 above), or epistatic effects, which are the result of 

gene-by-gene interaction. Epistasis is relatively common and presents an endemic 

problem in genetic research (Zuk, Hechter, Sunyaev, and Lander 2012). Observational 

methods, like twin studies, routinely estimate a greater additive genetic component than 

the empirically observed sum of known additive genetic effects (based on, for example, 

genome wide complex trait analysis), even on heavily studied traits; this is called the 
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problem of missing heritability. Zuk and colleagues (2012) argue that much of this 

“missing heritability” is the result of epistatic effects being misattributed to additive 

genetic effects. That is, non-additive, gene-by-gene interactions are being misattributed to 

A, in part because both non-additive effects at a genetic locus (i.e., dominance) and non-

additive effects across loci (i.e., epistatis) are fixed to zero in a classic ACE model in 

order to make the model identified. However, some of this “missing heritability” may 

ultimately be accounted for by additive effects that result from rare genetic variants, 

which are not captured in the conventional genome wide association studies that raise the 

specter of missing heritability in the first place (e.g., Zuk et al. 2014). Insofar as epistatis 

and dominance do contribute to missing heritability, this simply means that A is giving us 

an estimate of broad-sense heritability (i.e., additive and non-additive genetic effects) 

rather than narrow-sense heritability (i.e., only additive genetic effects). When A is 

significant, the proper interpretation in a classical twin design is that genes play a role in 

the trait being studied, but the estimate should be treated as one of broad-sense 

heritability since it may also be picking up non-additive effects that should be explored 

using other methods.
6
 Thus, unlike the equal environments assumption, this second form 

of inflating A, when interpreted correctly, is less problematic for political scientists, as 

our traditional theories do not account for any genetic effects on political traits and 

behaviors, regardless of whether these genetic effects are additive, dominant, or epistatic. 

A third possibility is the existence of gene-environment correlation. People with 

certain genotypes may select into environments that are conducive to their traits or that 

are more likely to generate certain traits. Consider the “IQ paradox,” that IQ is highly 

heritable, but that environmental factors are known to have large influences on IQ from 

                                                           
6
 This is why some behavioral genetic researchers choose to label the A component H instead. 
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non-genetic research. Researchers have suggested that one solution is that people who are 

predisposed to have higher IQ may select into environments that foster higher IQ, thus 

creating a virtuous cycle (Dickens and Flynn 2001a, 2001b). Analogously, individuals 

who are predisposed to be high in openness to new experiences may be exposed to a 

greater variety of life experiences, which may bolster their openness and also contribute 

to the development of liberal political attitudes (in accordance with a motivated social 

cognition view of ideology, Jost et al. 2003). In this sense, the genetic effects captured by 

A may not be purely biological, but rather speak to a biological predisposition to select 

into particular types of environments. Violations of this assumption, then, are once again 

about the interpretation of A, which is inflated if we take a narrow view of it as additive 

genetic effects, but not if we treat it as an estimate of broad-sense heritability. 

However, not all violations of ACE model assumptions lead to overestimates of 

even narrow-sense heritability. There is an assumption of twin models which is routinely 

violated in studies of political phenotypes and which can lead to an under-estimation of A 

when violated: the assumption of no assortative mating. This assumption holds that 

people do not choose mates based on the phenotype in question (e.g., a person is not 

more likely to mate with another person who shares his or her political attitudes). The 

effect of this is that DZ twins share more of their genes on average than they would if 

mating were completely random (MZ twins share 100% under any mating scenario by 

definition). The result of this increased relatedness among DZ twins is that their trait-

level correlation increases relative to MZ twins, which results in an over-estimate of C 

and an under-estimate of A. Given that there is extremely strong assortative mating on 

political phenotypes (Alford, Hatemi, Hibbing, Martin, and Eaves 2011; Klofstad, 
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McDermott, and Hatemi 2012, 2013; see also Hobbs, Christakis, and Fowler 2014), the 

result is that a classic twin model may underestimate the heritability of political 

phenotypes and over-estimate the effect of common environmental factors, C. 

Finally, it is also important to recognize that estimates of A are population-

specific and may vary widely across populations as a function of differences in 

environmental factors. A classical twin design assumes that there is no gene-by-

environment interaction. That is, genes may lead to the phenotype in question only under 

specific environmental parameters; this seems particularly likely for complex phenotypes 

like political attitudes and behaviors. For example, genetic effects on height are estimated 

to be much larger in nutritionally rich, affluent societies than in impoverished ones (e.g., 

Silventoinen 2003), with little variation in the size of the genetic component on body 

height among affluent countries even when mean levels differ significantly (Silventoinen 

et al. 2003). There is also greater variability in IQ in high socioeconomic status families 

and virtually no effect of genetic factors in impoverished families (e.g., Turkheimer, 

Haley, Waldron, D’Onofrio, and Gottesman 2003). This is not to say that any of the 

estimates of heritability are wrong in one population or another. Rather, this assumption 

acknowledges the reality that the extent to which genetic factors can and do influence a 

trait is contingent on population-specific, environmental factors. It may truly be the case 

that when there is little variation in available nutrition in a population, genes account for 

a greater proportion of population variance, and that when there are vast differences in 

access to nutrition, genetic factors are overwhelmed by these environmental differences 

in accounting for variation in the population. The possibility of gene-by-environment 

interactions means that we must be cautious not to reify the estimate of A and assume that 
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just because a trait is heritable in one population that it will be similarly heritable in all 

others. Rather, we should treat the classical twin design as what it is: a first cut at 

determining whether genes play a role in a phenotype that should be followed up with 

replications in different populations, theorizing about the types of environmental factors 

which might heighten or mute heritability, and the use of more sophisticated (and more 

costly) methods in future research, such as family studies or molecular genetic methods.  

While violations of these five assumptions may push estimates in opposite 

directions (e.g., a phenotype that is subject to epistatic effects and assortative mating will 

have A biased both up and down), there is no guarantee that these violations will balance 

out in any systematic way. However, since equal environments assumption violations do 

not appear to hold for political phenotypes, and since dominance effects, epistatic effects, 

gene-by-environment correlations, and gene-by-environment interactions are all at least 

partly genetic, one should simply interpret A as an estimate of broad-sense heritability, or 

the sum of all genetic pathways in a particular environment. In fact, because broad-sense 

heritability is an additive function of A, D, and epistatic effects and because an ACE 

model fixes D and epistatic effects to zero, strictly speaking estimates of A in an ACE 

model are (misspecified) estimates of broad-sense heritability. In sum, if the real concern 

is to have an accurate estimate of the influence of genes on politics, a classical twin 

design seems more likely to under-estimate the role of genes due to violations of 

assortative mating than to over-estimate them due to violations of the equal environments 

assumption. If the goal is simply to demonstrate that genes play a role in political traits 

and in linking traits together with each other and over time, subject to future study with 
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extended family designs and genome wide association designs, then the ACE model is 

sufficient for the task. 

Section 4: Sample characteristics and data collection 

Chapters 2 and 3 of this dissertation rely on a survey of 1349 monozygotic (MZ 

or “identical”) and dizygotic (DZ or “fraternal”) twins conducted in 2008 and 2009 (see 

Funk et al. 2013 for a detailed description of the 2008/9 sample)
7
 and a follow-up survey 

that I designed and executed with 1176 of these twins in the weeks leading up to the 2012 

U.S. presidential election (supported by Rice University’s Social Sciences Research 

Institute and donations received via the SciFund Challenge). These data were collected in 

cooperation with the Minnesota Center for Twin and Family Research at the University 

of Minnesota. 

Individuals were selected for participation in the 2012 survey on the condition 

that they were part of a complete twin pair in the 2008 survey. Participants were asked to 

complete a paper survey by mail and an implicit association test over the internet. Each 

mailer contained the survey materials, a $2 bill (as a novelty and nominal thanks for 

completing the survey), and postage-paid return envelope. Participants who completed 

the survey were also entered into a drawing for one of 24 $100 prizes. In addition to the 

mailer, participants were sent reminders by email and were called by telephone by one of 

three research assistants if they had not responded within a specified timeframe. The 

purpose of the calls was to answer any questions and remind participants of the deadline 

to enter the drawing. The ultimate response rate was approximately 75%. 

                                                           
7
 The 2008 twin data employed in this project were collected with the financial support of the National 

Science Foundation in the form of SES-0721378, PI: John R. Hibbing; Co-PIs: John R. Alford, Lindon J. 

Eaves, Carolyn L. Funk, Peter K. Hatemi, and Kevin B. Smith, and with the cooperation of the Minnesota 

Twin Registry at the University of Minnesota, Robert Krueger and Matthew McGue, Directors. 
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The 2012 survey consisted of a subset of items used in the 2008 study, with three 

additional economic ideology items on the Wilson-Patterson inventory (the 2008 

inventory contained only three economic items) and three scales to measure cognitive 

style: the need for cognition (Cacioppo, Petty, and Kao 1984), the need for cognitive 

closure (Roets and Van Hiel 2011), and the need to evaluate (Jarvis and Petty 1996). 

Detailed descriptions of the Wilson-Patterson inventory and other political trait measures 

are provided in Chapter 2 and detailed descriptions of the three cognitive style measures 

are provided in Chapter 3. The full scales are available in the Appendix. 

The survey was eight pages long. The first three pages of the survey covered the 

topics of voting behavior, interest in politics, political participation behaviors, 

membership in groups, discussion of politics, ideological self-placement, party 

identification, and feeling thermometers. The fourth and fifth pages were the Wilson-

Patterson inventory. Pages six through eight were the three cognitive style measures. 

Many, though not all, of these items are used in the analyses presented in this dissertation 

(see Chapter 2 for a detailed discussion of which items are used in Chapters 2 and 3; see 

Chapter 3 for a discussion of the cognitive style measures). 

Sample characteristics and limitations - twin sample 

In 2008, there were 589 complete twin pairs, of which 353 were monozygotic and 

236 were dizygotic. In 2012, there were 349 complete twin pairs, of which 229 were 

monozygotic and 120 were dizygotic. 

Demographic information for the twin sample is presented in Table 1.1. With 

regard to certain demographic factors, the twin sample is relatively homogeneous. This is 

primarily because the sample is drawn from a birth-based registry with all participants 
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born between 1947 and 1956 in Minnesota. Thus, participants ranged in age from 57 to 

65 years with a mean of 60.3 at the 2012 assessment. The sample is overwhelmingly 

white (over 98%) and is also somewhat skewed female. There is considerable variation in 

education, with the median education category being “some college or A.A. degree” and 

about 38% reporting a college degree or higher. In comparing the first two columns of 

Table 1.1, there does not appear to be any bias resulting from sample attrition across a 

number of demographic and political variables, except for a small increase in the 

proportion of MZ twins in the sample. 

Table 1.1: Twin Study Sample Demographics 

 

2008 (full) 2008 (partial) 2012 

MZ 58.6% 62.0% n/a 

Female 62.4% 62.5% n/a 

Age (mean) 56.2 56.3 60.3 

Education (mean; 0 to 5) 2.99 3.05 n/a 

White 98.6% 98.9% n/a 

Black 0.2% 0.3% n/a 

Democrat 38.4% 38.4% 40.7% 

Independent 30.5% 30.4% 27.1% 

Republican 31.1% 31.2% 32.2% 

Interest in politics (mean; 0 to 1) 0.61 0.61 0.65 

Participation in politics (mean; 0 to 1) 0.34 0.36 0.34 

Political sophistication (mean; 0 to 1) 0.71 0.73 n/a 

WP ideology (mean; 0 to 1) 0.54 0.53 0.54 

N 1349 882 882 
The first column represents all respondents in 2008. The second column represents the 

2008 values for respondents who completed the 2012 survey. The third column 

represents responses in 2012. Cells marked n/a were not measured in 2012. 

On the political variables, however, there is still considerable variability in the 

sample (see Chapter 2 for a detailed description of the measures). Using both a Wilson-

Patterson measure of political ideology and a single-item measure (not shown), the 2012 

sample is slightly conservative (0.54 in both cases on a zero to one scale). On social 

issues, the sample mean is at the scale midpoint (0.50; not shown), but on economic 
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issues it is considerably conservative (0.61; not shown). The sample is also slightly 

Democratic if one includes leaners as independents (as in Table 1.1). The same is true if 

leaners are categorized as partisans, with just over 50% of participants identifying as 

leaning Democrats or stronger, with 10% true independents, and 40% Republicans. The 

sample is also above the mid-point on interest in politics in 2012 (0.65), but well below 

the mid-point on participation in politics (0.34). 

The relative homogeneity of the sample presents both strengths and challenges. 

The homogeneity may raise questions regarding the generalizability of the results. These 

are mitigated somewhat by the research questions being asked in this study. Although the 

extent to which genetic factors affect various political traits may vary as a function of 

environmental factors, as highlighted by the examples of height (e.g., Silventoinen 2003) 

and intelligence (Turkheimer et al. 2003), it seems less likely that the stability of genetic 

effects on political variables over time should differ, for example, as a function of birth 

state or race. The role of genetic factors in political traits increases with age (e.g., Eaves 

et al. 1997), which may suggest that the genetic stability of political traits will be higher 

in this sample compared to a sample of young adults. Thus, the results of Chapter 2 are 

still informative, with the greatest additional insight flowing from a replication in a young 

adult sample in future research. 

Generalizability is also not an insurmountable concern for Chapter 3. Once again, 

there is no reason why the relationship between cognitive style and political ideology 

should differ by birth state or race. The relationship between cognitive style and political 

ideology may be stronger in this older cohort than in younger ones, although the 

correlations are similar to those found in previous research (e.g., Jost et al. 2003). There 
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is no reason to believe that if the cognitive style to ideology link is genetic in this sample 

that it would not also be genetic in another sample of Americans. 

On the positive side, having a relatively homogeneous sample increases the 

internal validity of the twin study. If the role of genes in political traits does differ 

dramatically across some demographic factor that is constant or near constant in this 

sample, then having a homogenous sample will maximize the ability of the data to send a 

clear signal about the heritability of political traits for people with the demographic 

profile of the sample. In a more diverse sample, the genetic signal might be masked by 

mixing subpopulations in which the relationships are at odds with each other (e.g., if the 

stability of genetic effects varies across the life course, then mixing young and old 

participants will over-estimate the stability of genetic effects in younger participants and 

under-estimate the stability of genetic effects in older participants). For example, research 

has shown the potential for cohort effects in gene expression (Rosenquist, Lehrer, 

O’Malley, Zaslavsky, Smoller, and Christakis 2015). In sum, the homogeneity of this 

twin sample can aid the discovery of new genetic effects, the boundaries of which can be 

explored in subsequent research that compares genetic effects across different 

populations (e.g., Nørgaard, Ksiazkiewicz, et al. n.d.). 

Study design - Mechanical Turk 

Chapter 4 utilizes a convenience sample of 162 participants recruited through 

Amazon Mechanical Turk (MTurk). This platform has been increasingly used by a wide 

range of social scientists as an affordable alternative to student samples because it 

provides a broader demographic profile (for discussions of this platform, see Berinsky, 

Huber, and Lenz 2012 and Buhrmester, Kwang, and Gosling 2011). Relying on research 
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in cognitive psychology which suggests that “individual differences in executive 

functions are almost entirely genetic in origin” (Friedman, Miyake, Young, DeFries, 

Corley, and Hewitt 2008), this chapter examines whether executive functions are related 

to many of the political traits and types of cognitive style examined in Chapters 2 and 3. 

The purpose of this study is to identify correlations with political traits that would be 

worth exploring in a genetically-informative sample in the future. A detailed discussion 

of the executive function measures and MTurk sample demographics can be found in 

Chapter 4. 

Section 5: Structure and contributions of the dissertation 

Chapter 2 presents results from one of the first genetically-informative panel 

studies to address traits of interest to political science and provides three insights into the 

role of genes in politics. First, consistent with and in some cases extending past research, 

this chapter shows that political attributes, including political ideology, social ideology, 

economic ideology, strength of political attitudes, certainty of political attitudes, party 

identification, interest in politics, and participation in politics all have significant genetic 

and environmental components. Second, extending past research, this chapter shows that, 

over a four year period, genetic effects are stable in each of these traits and the 

environmental effects are somewhat less stable. Third, this chapter shows that most of the 

stability in these constructs can be attributed to genetic factors and that most of the 

change in these constructs can be attributed to environmental factors. 

Chapter 3 presents results which, for the first time, show that the need for 

cognition (Cacioppo and Petty 1982), the need for cognitive closure (Webster and 

Kruglanski 1994), and the need to evaluate (Jarvis and Petty 1996) have heritable 
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components. This chapter also shows that the well-established correlation between these 

types of cognitive style and political ideology (e.g., Jost et al. 2003; Jost, Federico, and 

Napier 2009) is largely, if not exclusively, the result of genetic factors. These genetic 

factors are found to account for unique genetic variance in political ideology that is not 

accounted for by Big Five personality traits. To provide context for these findings, the 

third chapter reviews the literature on cognitive style, discusses the methodology utilized 

to establish mediation of genetic effects, and reviews the controversy regarding whether 

personality is a mediator of the genetic effect on political attitudes. 

Chapter 4 explores the role of individual differences in executive functions, which 

have been found to be highly heritable (Friedman et al. 2008), in cognitive style, political 

ideology, and strength of political attitudes. The literature on executive functions and 

political traits is limited, so the purpose of this chapter is primarily exploratory as a 

springboard for future research. 

Chapter 5 summarizes the results of this dissertation and lays out a vision for the 

future of biopolitics research in the coming years. The emphasis is on proposing new 

research ideas and potential mediators of the genetic effects on political traits. 

  



39 
 

  

Chapter 2: The Role of Genes and Environments in Political Trait Stability and 

Change
8
 

Although the discipline has learned much from existing biology and politics 

research (see Chapter 1), one major gap in the literature is that the study of genetic effects 

on adult political attitudes has been primarily cross-sectional, rather than longitudinal. 

The paucity of longitudinal research in this area arises out of a lack of panel data on 

political traits in genetically-informative populations, such as twins. The result is that we 

know little about the role of genes in many of the phenomena of interest to political 

scientists, such as identity formation, changing patterns of participation, or attitude 

stability and persuasion. 

Some scholars have considered the role of genes in political traits over time with 

existing data. Some early research was able to confirm the existence of over-time genetic 

correlations for political beliefs, but using considerably different measures at different 

time points (Eaves, Last, Young, and Martin 1978). In subsequent research, Eaves and 

colleagues (1997) used cross-sectional data on individuals across age cohorts to 

demonstrate differences in the size of the genetic component in political beliefs at 

different ages. However, because they did not have repeated measures for individuals, 

they were unable to consider the relative contributions of genetic and environmental 

factors to stability and change in political attitudes. More recent research has relied on 

longitudinal data regarding political beliefs in a sample moving from adolescence to early 

adulthood (e.g., Hatemi, Funk, et al. 2009), but these data do not tell us about how genes 

affect politics after the impressionable years of early adulthood. Finally, some recent 

                                                           
8
 Portions of this chapter were developed as part of a collaboration with Asbjorn Nørgaard, Chris Dawes, 

Kaare Christensen, Matt McGue, and Robert Krueger. Some portions of the text and analyses in this 

chapter are incorporated into our paper. 
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research has examined the effects of life events on the role of genes in politics (Hatemi 

2013) and the co-development of personality traits and political attitudes (Hatemi and 

Verhulst 2015), but did not address the role of genetic factors in attitude stability or 

change per se. In sum, this research provides reason to believe that genes play an 

important role in explaining political traits in mid-life, but have not addressed whether 

these genetic effects are stable in mid-life and what role, if any, they play in attitude 

change over time. 

This chapter presents longitudinal analyses of several political attitudes and traits 

over a four year period in mid-life. These include various aspects of political ideology, 

party identification, interest in politics, and participation in politics. The goals of the 

analyses are to determine, for each political variable, the extent to which genetic and 

environmental factors explain its variation cross-sectionally at each time point, the extent 

to which these genetic and environmental effects are stable over time in mid-life, and the 

extent to which change in each variable is the result of genetic or environmental factors. 

To accomplish these goals, the chapter relies on a comparison of the 2008 and 2012 

Minnesota Twin Registry data (see Chapter 1 for a detailed description of the sample and 

study procedures). 

This chapter includes four sections. Section 1 reviews the existing literature on 

the stability of political ideology, party identification, interest in politics, and 

participation in politics. This section also lays out the theoretical justification for 

researching the role of genes in politics over time and presents the hypotheses examined 

in the subsequent analyses. Section 2 presents cross-sectional, univariate analyses of each 

variable in the 2008 and 2012 data in order to examine the similarity in the variance 
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structure of these traits over time and in order to identify the best fitting models for each 

variable at each time point. Section 3 uses bivariate analyses to identify the extent to 

which genetic and environmental factors contribute to the stability and change in each of 

these political traits. Section 4 discusses the broader implications of these findings for 

political science theory. 

Section 1: Political traits over time 

Researchers have long sought to explain stability and change in political ideology, 

party identification, and related constructs, as well as stability and change in interest and 

participation in politics.  

Political ideology and party identification 

Research on the multi-year stability of political attitudes goes back to the earliest 

American National Election Study panels that found remarkable attitude instability across 

election cycles among many voters, in contrast to the stability of party identification over 

time (Campbell, Converse, Miller, and Stokes 1960; Converse 1964; Converse 1970). 

This work was later criticized for using single-item measures of political ideology which 

exaggerate the extent of ideological instability as a result of measurement error (Achen 

1975; Sullivan, Pierson, and Marcus 1978). The criticism of single-item measures of 

political attitudes was reiterated in recent years in a prominent study which showed that 

when multi-item measures of political attitudes are used, there is considerable stability in 

political preferences over time, even approaching that of party identification 

(Ansolabehere, Rodden, and Snyder 2008). The importance of using multi-item measures 

of political ideology when studying its longitudinal stability is also confirmed using very 

long panels, which have shown remarkable stability in political attitudes and party 
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identification even over periods approaching four decades (Sears and Funk 1999). In 

sum, when reliably measured, both political ideology and party identification display a 

high degree of stability in adulthood. From this research, it is possible to derive a pair of 

simple hypotheses: 

H2.1a: A single-item measure of political ideology will exhibit less over-time 

stability than a multi-item measure of political ideology. 

H2.1b: The reduced stability in the single-item measure relative to a multi-item 

measure is the result of greater measurement error in the single-item measure. 

The observed stability of political attitudes over time could arise from a 

combination of sources. From a motivated social cognition perspective (Jost, Glaser, 

Kruglanski, and Sulloway 2003; see Chapter 1 discussion of different approaches to the 

study of ideology), the stability of political ideology over time can be accounted for by 

stability in the underlying motives to adopt a particular political orientation. These 

include relational motivations rooted in part in familial socialization and group identities, 

as well as epistemic and existential motivations rooted primarily in personality traits 

(Jost, Federico, and Napier 2009). 

By creating stable relational motives that lead to attitude crystallization, familial 

socialization may not only contribute to the development of political ideology and party 

identification (e.g., Campbell et al. 1960; Jennings and Niemi 1968), but also to the long-

term stability of these traits (Campbell et al. 1960; Markus 1979; Sears 1975; Sears and 

Funk 1999). The effectiveness of the socialization process varies across families (e.g., as 

a function of the homogeneity of the parents’ views), across issues (e.g., as a function of 

centrality, concreteness, and affect), and across historical eras (e.g., as a function of the 
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discursive superstructure; see Jennings, Stoker, and Bowers 2009 for an overview of the 

socialization literature). Similarly, throughout early life, individuals develop social group 

identities, like gender, ethnic, and class identities, which may prove to be politically-

relevant later in life. In other words, by generating politically-relevant relational motives, 

familial socialization and early-acquired group identities can induce political attitude 

stability over the life course. 

Personality traits, which underlie epistemic and, in part, existential motives, also 

begin to emerge early in life. This includes Big Five personality traits, which have been 

related to political ideology (e.g., Sibley et al. 2012), and personality traits like 

authoritarianism, which are explicitly political (e.g., Adorno, Frenkel-Brunswick, 

Levinson, and Sanford 1950; Altemeyer 1981; Stenner 2005). Insofar as personality traits 

are stable over the life course (e.g., Caspi, Roberts, and Shiner 2005), they may act as a 

stabilizing force on political beliefs, although there are some researchers who challenge 

the notion that personality precedes political beliefs (e.g., Hatemi and Verhulst 2015). 

However, political attitudes are not static objects, and their stability varies over 

the life course in predictable ways. At times in the life course when the underlying 

motivations for adopting a political ideology are likely to shift, for example as a result of 

large changes in one’s life circumstance, researchers are likely to observe ideological 

instability. A prominent example of such a period is the ‘impressionable years’ of early 

adulthood, during which individuals leave their familial homes and have to adapt to 

living in broader society (Alwin and Krosnick 1991; Jennings and Markus 1984; Markus 

1979; Sears and Funk 1999; see Kinder 2006 for a review of life-course effects). These 

environmental changes can precipitate changes in social identities and personality traits, 
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which may then get translated into political beliefs. The result is reduced parent-child 

correlations after individuals leave their parental homes (Jennings, Stoker, and Bowers 

2009). In mid-life, once individuals’ life situations are once again relatively stable, 

political attitudes are more stable over time than during the impressionable years. 

Genes may play an important, albeit different, role in both the impressionable 

years and in mid-life. There is evidence to suggest that once individuals leave their 

familial home, the role of genetic factors in explaining political attitudes steadily 

increases and the role of socialization steadily decreases (Eaves et al. 1997; Hatemi et al. 

2009). This may be the result of a process called active gene-environment correlation. 

This occurs when individuals select into environments which are compatible with their 

genetic predispositions (see Dick 2005 for an introduction). Individuals in early 

adulthood experience large changes in their environments as a result of leaving their 

familial homes, but also have considerably more control over their environments than 

adolescents. This new freedom may allow personality traits and, indirectly, genetic 

predispositions to affect the environments that people inhabit, which, over time, affect the 

development of their political beliefs. 

Although the data presented in this chapter cannot test this formulation of the 

impressionable years hypothesis, as participants were already in mid-life at the time of 

the surveys, it can test one of the down-stream consequences of this theory. Namely, this 

approach suggests that political attitudes should be highly heritable in mid-life, consistent 

with the findings of Eaves et al. (1997). 

H2.2: Political traits are significantly heritable in mid-life. 
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However, not all political attitudes are likely to be equally heritable. Research has 

shown that symbolic political attitudes exhibit greater stability due to their greater 

centrality and affective attachment (Petty and Krosnick 2014; Prislin 1996; Sears 1983). 

It may also be the case that these central and affectively charged attitudes exhibit greater 

stability because they satisfy psychological needs. For example, consider the distinction 

between social and economic ideology, which remains theoretically important in political 

science (e.g., Feldman and Johnston 2014) and is somewhat understudied in the 

biopolitics literature (but see, for example, Hatemi et al. 2014 and Oskarsson et al. 

forthcoming). Social ideology has been shown to have a larger heritable component than 

economic ideology (e.g., Friesen and Ksiazkiewicz forthcoming; Oskarsson et al. 

forthcoming), and social ideology is also more closely tied to Big Five personality traits 

than economic ideology (e.g., Carney et al. 2008). Together, these results suggest that the 

genetic factors which underlie personality traits may be more closely related to social 

ideology than economic ideology, which may account for the larger heritable component 

in social ideology. 

H2.3: Social ideology has a larger heritable component than economic ideology 

If the heritability of political traits in mid-life is the result of a gradual 

accumulation of environmentally-mediated influences, then it should also be the case that 

in mid-life the genetic effect on political ideology should be stable over time. The 

pioneering work of Eaves et al. (1978) reported evidence that genes may play a role in 

political attitude stability. That study relied on two measures of political ideology, each 

administered at a different point in time separated by several years, and found a sizeable, 

but not perfect, correlation between the genetic components of the two measures (rA = 
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0.72). It is unclear from that early research whether the genetic correlation deviated from 

unity because the genetic effect on political attitudes changed over time or whether it 

deviated from unity because of differences in the measures of political ideology at the 

two time points. Remarkably, subsequent research has yet to revisit this question by using 

the same measures of political ideology at two time points in the same individuals. 

H2.4a: The heritable components of political traits will be positively correlated 

over time. 

H2.4b: The heritable components of political traits will be perfectly correlated 

over time. 

It follows that if the genetic components of political traits are highly or perfectly 

correlated over time, then genes will likely act as a stabilizing force in political traits. The 

notion that the elevated role of genes in political attitudes in mid-life may have a 

stabilizing effect on political attitudes is consistent with the finding from experimental 

research that high heritability attitudes are more resistant to change than low heritability 

attitudes (Tesser 1993; Tesser, Whitaker, Martin and Ward 1998). At the same time, 

Hatemi (2013) used a twin sample to demonstrate that dramatic life events introduce 

environmental shocks which can, at least temporarily, increase the role of environmental 

factors in political traits. 

H2.5a: Genetic factors contribute to the stability of political traits. 

H2.5b: Environmental factors are the primary drivers of change in political traits. 

Although the discussion thus far has focused on political attitudes, the same 

arguments apply to the stability of party identification. Party identification is very 

symbolically and affectively loaded for many voters. Despite relying on a simple two-



47 
 

  

question procedure, the entangling of partisanship with an individual’s self-concept may 

account in part for why party identification is remarkably stable over time. Therefore, 

insofar as genetic factors play a role in party identification (which has not been the case 

in every American sample, see Hatemi et al. 2009), these genetic factors should be stable 

over time, as with political ideology. 

Finally, the analyses below also consider stability in particular aspects of political 

attitudes. Specifically, they consider two novel measures of global political attitude 

strength and global political attitude certainty. While it is well known that attitudes about 

which individuals feel strongly or certainly tend be more stable over time (e.g., Prislin 

1996; Petty and Krosnick 2014), it is worth considering what role genetic and 

environmental factors play in variation in attitude strength and certainty and whether 

these effects are themselves stable over time. In other words, the analyses examine H2.2 

(that these traits will be heritable), H2.4 (that the genetic components will be correlated 

over time), and H2.5 (that genes will drive stability while environments drive change) 

with regard to attitude strength and attitude certainty, as well as political ideology and 

party identification. 

Interest and participation in politics 

Besides political ideology and party identification, understanding stability and 

change in interest in politics and participation in politics have also been active areas of 

research in political behavior (e.g., Prior 2010; Green and Shachar 2000; Plutzer 2002). 

In addition to the familial socialization effects that also play a role in the 

development of political ideology and party identification, the school environment has 

been identified as particularly important in predicting interest and participation in 
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politics. The effect of schooling on participation and interest arises out of activities like 

volunteering, civic education, and participation in school government (e.g., Andolina, 

Jenkins, Zukin, and Keeter 2003; Brady, Verba, and Schlozman 1995; Verba, Schlozman, 

and Brady 1995). This socialization process may rely in part on habit formation (e.g., 

Fowler 2006), which has been shown to be an important component of understanding 

voter turnout in field experiments (e.g., Gerber, Green, and Shachar 2003), longitudinal 

analyses (e.g., Denny and Doyle 2009), and meta-analytic studies (Geys 2006). 

However, habit formation may not be the entire story in explaining the stability of 

interest in politics and political participation over time. Whether one chooses to 

participate in the first place is influenced by individual differences in internal efficacy 

(e.g., Valentino, Gregorowicz, and Groenendyk 2009) and other personality traits, like 

Big Five personality traits (e.g., Mondak, Hibbing, Canache, Seligson, and Anderson 

2010) and cognitive style (e.g., O’Hara, Walter, and Christopher 2009; see Chapter 3). As 

genes play a role in participation in politics (e.g., Fowler, Baker, and Dawes 2008) and in 

the stability of personality traits (e.g., Caspi, Roberts, and Shiner 2005), it may be that 

genes are contributing to the stability of interest and participatory behaviors through 

personality. This hypothesis has received support from studies showing that the link 

between participation and efficacy is at least in part genetic (Klemmensen, Hatemi, 

Hobolt, Petersen, Skytthe, and Nørgaard 2012; Littvay, Weith, and Dawes 2011), with 

individual differences in baseline cortisol levels identified as a possible biological 

pathway (French, Smith, Alford, Guck, Birnie, and Hibbing 2014). Taken together, these 

findings suggest that biological factors, perhaps mediated through personality traits and 
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active gene-environment correlation (i.e., exposure and habituation to participation), may 

contribute to the stability of interest in politics and political participation over time. 

Moreover, cross-sectional research has shown that interest in politics is heritable 

across national contexts (Klemmensen, Hatemi, Hobolt, Skytthe, and Nørgaard 2012), as 

is participation in politics (Klemmensen et al. 2012a). In sum, these literatures make 

interest in politics and participation in politics promising variables to consider in studying 

the role of genes in stability and change in political traits; the analyses test H2.2, H2.4, 

and H2.5 with regard to these variables, as well. 

Section 2: Cross-sectional analyses 

The first step in conducting this longitudinal analysis is to examine the variance 

structure of each of the traits of interest - political ideology, social ideology, economic 

ideology, attitude strength, attitude certainty, party identification, interest in politics, and 

participation in politics - at each of the two time points. If the best-fitting model at each 

time point is the same, which is the case for all of the variables examined except 

participation in politics, then it is justifiable to conduct the longitudinal analyses using 

that best-fitting model in Section 3. 

Methodology 

The cross-sectional analyses rely on the classical twin design (see Chapter 1 for a 

detailed description of this method). In brief, this method decomposes the variance of a 

given trait into three component parts: an additive genetic component (A), a common 

environment component (C), and a unique environment component (E). This 

decomposition relies on comparing the cross-twin correlations of monozygotic (MZ), or 

identical, and dizygotic (DZ), or fraternal, twins. In general, for each trait, to the extent 
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that the cross-twin correlation for MZ twins (rMZ) is greater than the cross-twin 

correlation for DZ twins (rDZ), genes explain a greater portion of the variance in that 

trait. The beginning of each subsection presents rMZ and rDZ for each variable at each 

wave that is discussed in that subsection (see Tables 2.1, 2.2, and 2.3). The ACE analyses 

begin by estimating a saturated model for each variable, which acts as the baseline 

against which model fit for the ACE model and its submodels is assessed. The next step 

is to estimate an ACE model, which does not restrict any of the A, C, or E paths. A 

graphical representation of a univariate ACE model of social ideology is presented in 

Figure 2.1; models for each variable analyzed below are estimated independently. The 

last step is to estimate AE, CE, and E submodels, which constrain the A and/or C 

components to zero, and compare the fit of these to the ACE model. The discussion 

focuses on the best fitting model (ACE, AE, CE, or E), which for most of these variables 

is the AE model.  

Scale construction and data preparation were conducted using Stata 11 (StataCorp 

2009) and all twin analyses were conducted using OpenMx (Boker et al. 2011). Where 

applicable, 95% confidence intervals are reported in the text in square brackets following 

parameter estimates. 

Measures: Political ideology 

I rely on several measures of political ideology in the 2008 and 2012 data. First, 

there is a single-item measure of ideology which asks “Generally speaking, which of 

these best describes your political views?” and provides seven response options from 

extremely liberal to extremely conservative. This measure captures a symbolic  
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ideological affiliation and is most similar to the types of measures used in mass survey 

research. 

The remaining measures of political ideology rely on a Wilson-Patterson 

inventory (available in full in the Appendix). This measure utilizes a two-step procedure 

to assess participants’ issue attitudes. First, participants were given a list of 27 topics and 

were asked to “please indicate whether you agree or disagree with each topic.” The 

response options were disagree, uncertain, and agree. Response options were identified a 

priori as either liberal or conservative. The responses were coded such that the 

conservative position was given a 1, the liberal position a -1, and uncertain a 0. Next, 

participants were given the same list of topics and were asked to “tell us how strongly 

you feel about each one.” The response options were not strongly, strongly, and very 
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strongly. These response options were coded 1, 2, and 3, respectively. To form a single, 

seven-point response for each topic, attitude direction and attitude strength were 

multiplied together to form a scale ranging from -3 to 3. The same items were used in 

2008 and in 2012, with three additional economic ideology items added to the 2012 

survey. 

Using the Wilson-Patterson inventory, it was possible to measure several types of 

political ideology. First, all of the items which were present on the 2008 survey were 

combined to form a unidimensional measure of political ideology in both 2008 and 2012. 

Both measures showed good reliability (Cronbach’s α2008 = 0.87; Cronbach’s α2012 = 

0.89). Second, twelve social ideology items that were present in both 2008 and 2012 were 

combined to form a social ideology scale. These items were selected for inclusion in the 

scale a priori. Both social ideology measures showed good reliability (Cronbach’s α2008 = 

0.84; Cronbach’s α2012 = 0.85). Third, three economic ideology items that were present in 

both 2008 and 2012 were combined to form an economic ideology scale. Once again, the 

items for this subscale were selected for inclusion a priori. The 3-item economic 

ideology measures showed poor reliability in 2008 (Cronbach’s α2008 = 0.54) and 

acceptable reliability in 2012 (Cronbach’s α2012 = 0.62). In 2012, a second economic 

ideology scale was created which combined these three topics with three additional 

economic ideology topics which were not included in 2008. This improved the reliability 

of the economic ideology measure somewhat (Cronbach’s α6-item = 0.72). 

Results and Discussion: Political ideology (H2.1a, H2.1b, H2.2, H2.3) 

Consider the monozygotic and dizygotic correlations displayed in Table 2.1. For 

each measure of ideology, rMZ is greater than rDZ. In fact, in most cases, rMZ is 
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Table 2.1: Cross-Twin Within-Trait Correlations for Political Ideology  

 

 

rMZ rDZ 

2008 Single-item ideology 0.51 0.22 

 Wilson-Patterson ideology (27-item) 0.65 0.36 

 Social ideology (12-item) 0.63 0.38 

 Economic ideology (3-item) 0.39 0.22 

2012 Single-item ideology 0.49 0.12 

 Wilson-Patterson ideology (27-item) 0.72 0.36 

 Social ideology (12-item) 0.68 0.36 

 Economic ideology (3-item) 0.50 0.13 

 Economic ideology (6-item) 0.52 0.14 
Correlations were estimated jointly for each variable in turn in a saturated model using 

OpenMx. rMZ and rDZ represent the monozygotic and dizygotic cross-twin correlations, 

respectively. 

approximately double rDZ, which would suggest that common environmental influences 

do not play a role in political ideology in mid-life and that the best-fitting model will be 

an AE model. OpenMx indicated that in all cases the ACE model displayed adequate fit 

compared to the saturated model, but the best-fitting model was an AE model (see 

Appendix for full estimates). 

The models suggest that for each measure of ideology both genetic and unique 

environmental factors play a role, with little to no role for common environmental 

factors. This finding is in keeping with a recent meta-analysis of the heritability of 

political ideology across various national contexts (Hatemi et al. 2014). In the data 

presented here, the heritability estimates range from 72.1% (for the full Wilson-Patterson 

scale in 2012) to 39.2% (for economic ideology in 2008). Common environmental 

factors, such as parental socialization, shared friends, or common schooling, do not 

explain a significant portion of the variation for any of the measures of ideology in either 

2008 or in 2012. However, it is important to recognize that these estimates are for an 

older, largely white, American population and that in other populations, the role of 
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common environmental factors in explaining population variance in political ideology 

may be greater (e.g., Nørgaard, Ksiazkiewicz, et al. n.d.). 

Besides demonstrating the heritability of political ideology (confirming H2.2), 

these results also speak to a number of broader debates in the literature. First, the results 

highlight the importance of utilizing multi-item measures of political ideology in order to 

reduce measurement error. The single-item measure of political ideology has a lower 4-

year correlation than the full-scale Wilson-Patterson ideology measure (0.80 and 0.92, 

respectively; see Table 2.4 below), which confirms H2.1a. H2.1b posits that the lower 

reliability of the single-item measure could be attributed to greater measurement error. 

Recall that the E variance component captures not only unique environmental variation in 

a trait, but also measurement error. Therefore, we should expect the E component to be 

larger for the single-item measures of political ideology than for the full Wilson-Patterson 

ideology scale, which is meant to tap the same unidimensional construct of ideology. The 

E component of the single-item, symbolic ideology measure (49.2% in 2008 [42.0 - 

57.5]) is larger than for the full Wilson-Patterson scale (34.9% in 2008 [29.5 - 41.3]) at 

both time points. These findings are consistent with H2.1b and highlight the loss of 

precision involved in using a single-item measure. However, the results do not 

categorically find that single-item measures are without merit; even with a single-item we 

can see that political ideology has a sizeable heritable component (50.8% of the variation 

in 2008 [42.5 - 58.0]). 

Second, these results speak to the broader debate in political science about the 

importance of distinguishing social and economic ideology from each other (e.g., 

Feldman and Johnston 2014). In both 2008 and 2012, social ideology is highly heritable 
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(63.3% [56.7 - 68.8] and 68.5% [60.4 - 74.8], respectively) and economic ideology is 

moderately heritable (39.2% [30.2 - 47.3] and 48.5% [38.0 - 57.4], respectively), 

confirming H2.3. Some of these differences may be due in part to measurement error, as 

in the comparison between full-scale ideology and symbolic ideology. Recall that the 

reliability of the three-item economic ideology measure is considerably lower than the 

twelve-item social ideology measure (for social ideology, Cronbach’s α2008 = 0.84 and 

Cronbach’s α2012 = 0.85; for economic ideology, Cronbach’s α2008 = 0.54, Cronbach’s 

α2012 = 0.62). However, the lower reliability is likely not the only reason for the 

difference in the size of the heritable components of social and economic ideology. In the 

2012 data, where three additional economic ideology items were included, while there is 

some gain in reliability (Cronbach’s α6-item = 0.72), there is only a marginal gain in the 

heritability estimate when comparing the three- and six-item measures of economic 

ideology (48.5% [38.0 - 57.4] and 50.9% [40.1 - 59.9], respectively). It is therefore 

unlikely that measurement error accounts for the entirety of the difference in the 

heritability between social and economic ideology. The remaining difference may be 

accounted for by the greater symbolism attached to social ideology or to the closer ties 

between social ideology and personality traits. Regardless of the source of these 

differences, the results indicate the importance of distinguishing social and economic 

ideology from each other when considering the beliefs of the American mass public. 

Measures: Attitude certainty and strength 

One feature of the Wilson-Patterson inventory is that it measures the direction of 

issue attitudes and the strength of issue attitudes separately. By considering only the 

strength portion of the measure, it is possible to take a global look at political attitude 
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strength and whether it has a heritable component regardless of the content of the 

attitudes in question. Thus, a measure of overall political attitude strength was created by 

averaging across the strength responses given on the second half of the Wilson-Patterson 

inventory for the 27 topics that appeared on both surveys, regardless of the direction of 

attitudes (Cronbach’s α2008 = 0.86, Cronbach’s α2012 = 0.84). 

This strength measure will necessarily be related to attitude extremity on the fully 

scored Wilson-Patterson scale, as the only way to arrive at extreme attitudes on the scale 

is to have strongly held positions which are ideologically consistent. However, it is 

possible for individuals who are ideologically inconsistent (i.e., who hold a mix of liberal 

and conservative positions) or who are ideologically uncertain (i.e., who often select 

uncertain rather than agree or disagree) to nonetheless indicate that they have strong 

political attitudes, and this is concealed in the way that the Wilson-Patterson inventory is 

conventionally scored.
9
 To determine whether the strength scale is redundant with 

attitude extremity, it was compared with a measure of attitude extremity, created by 

folding the Wilson-Patterson scale at the mid-point. In 2008, the correlation between 

attitude strength and attitude extremity was only moderate (r = 0.40). Moreover, it is clear 

that there are many individuals who are scored as ideological moderates on the Wilson-

Patterson inventory who nonetheless hold strong attitudes (see right-half of Figure 2.2). 

The same is true when ideological extremity is measured in a more categorical way by 

folding the single-item ideology measure at the mid-point (see Figure 2.3).
10

 These  

                                                           
9
 I thank Andrea Miller for raising this possibility. 

10
 In fact, over 65% of ideologically moderate respondents (defined as those whose overall Wilson-

Patterson ideology score was within one standard deviation of the scale midpoint) had an average attitude 

strength of strong or higher, and nearly 15% of these moderate respondents had an average attitude strength 

of midway between strong and very strong or higher. For comparison, ideologically extreme respondents 

were roughly 90% and 30%. The results are similar if ideological moderates and ideologues are defined 
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comparisons reveal one theoretical weakness of the Wilson-Patterson measure of 

ideology: it conflates attitude strength and attitude extremity. The measure conceals that 

many participants strongly hold moderate, uncertain, or mixed attitudes and it is unable to 

determine if there are individuals with weakly held extreme views. Thus, although the 

full Wilson-Patterson scale remains useful as a measure of political ideology, it is worth 

considering whether attitude strength itself has a heritable component. 

It is also worth considering what can be learned from the first half of the Wilson-

Patterson inventory in isolation from the strength measures. The attitude direction items 

provide three response options: disagree, uncertain, and agree. Unfortunately, this 

measurement strategy conflates holding a moderate position on an issue with uncertainty  

                                                                                                                                                                             
using the single-item measure of ideology and their attitude strength is calculated using the second half of 

the Wilson-Patterson measure (roughly 69% and 15% for moderates, 88% and 32% for ideologues). 
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about one’s position.
11

 

Nevertheless, insofar as taking an affirmative position on an issue is 

distinguishable from selecting “uncertain,” it may be valuable to construct a measure of 

attitude certainty from these data. Attitude certainty was measured as a count of the 

number of “uncertain” (rather than agree/disagree) responses given on the first half of the 

Wilson-Patterson inventory for the 27 topics that appeared on both surveys (Cronbach’s 

α2008 = 0.68, Cronbach’s α2012 = 0.71). This variable is meant to capture the proportion of 

issues on which an individual has uncertain political attitudes, although it may also 

capture some individuals who intended to indicate a moderate attitude. 

Results and Discussion: Attitude certainty and strength (H2.2) 

Consider the monozygotic and dizygotic correlations for attitude strength and 

                                                           
11

 I thank Andrea Miller for raising this possibility. 
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Table 2.2: Cross-Twin Within-Trait Correlations for Attitude Certainty, Strength, 

and Extremity  
 

 

rMZ rDZ 

2008 Attitude certainty 0.33 0.08 

 Attitude strength 0.27 0.14 

2012 Attitude certainty 0.47 0.02 

 Attitude strength 0.31 0.01 
Correlations were estimated jointly for each variable in turn in a saturated model using 

OpenMx. rMZ and rDZ represent the monozygotic and dizygotic cross-twin correlations, 

respectively. 

attitude certainty displayed in Table 2.2. For both attitude strength and attitude certainty, 

rMZ is greater than rDZ. In fact, in most cases, rMZ is over double rDZ, which would 

suggest that common environmental influences do not play a role in political attitude 

strength or certainty and that the best-fitting model will be an AE model. OpenMx 

indicates that the ACE model displayed adequate fit, but the best-fitting model was an 

AE model (see Appendix for full estimates). 

There are several important points to be made about these data. First, the models 

suggest that, for both attitude strength and attitude certainty, genetic and unique 

environmental factors play a role, confirming H2.2 for these variables. Common 

environmental factors, such as parental socialization, shared friends, or common 

schooling, do not explain a significant portion of the variation in this population. 

However, once again, it is important to recognize that in a different population, the role 

of common environmental factors in explaining population variance may be greater. 

Second, extracting measures of attitude strength and attitude certainty from the 

Wilson-Patterson inventory opens up new theoretical and analytical possibilities. 

Psychologists have long recognized that strength and certainty are crucial features of 

attitudes in general, including political attitudes (e.g., Petty and Krosnick 2014; Prislin 

1996). This approach can test whether there are genetic and environmental mediators on 
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political attitude strength and certainty, independent of one’s ideological position. For 

example, Chapter 3 examines the role of the need to evaluate in attitude strength and the 

need for cognitive closure in attitude certainty. Although the Wilson-Patterson inventory 

is not the ideal measure of political attitude strength and certainty, as discussed above, it 

does have the virtue of being one of the most widely used measures of political ideology 

in behavioral genetic samples throughout the world. These analyses demonstrate the 

value constructing measures of political attitude strength and political attitude certainty 

from the Wilson-Patterson and open the door to similar analyses in many existing 

datasets. 

Measures: Party identification, interest in politics, and participation in politics 

The measures of the remaining political variables were fairly standard. For party 

identification, participants were first asked “Generally speaking, which of the following 

best describes your partisan affiliation?” with the response options: Strong Democrat, 

Democrat, Independent, Republican, Strong Republican, I support a third party, None of 

these. Participants who selected “Independent,” “I support a third party,” or “None of 

these” were asked whether they were closer to the Democratic party, the Republican 

party, or neither. The responses to these two questions were combined to form a seven-

point party identification measure in the usual way, with all participants who answered 

the follow up question coded as either Independents or Leaners, depending on their 

response. 

Interest in politics was measured using two items: “How interested are you in 

politics and public affairs?” and “How often do you have discussions about politics with 
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others?” These items correlated in both 2008 (r = 0.53) and 2012 (r = 0.60), resulting in 

acceptable to good Cronbach’s alphas (Cronbach’s α2008 = 0.69, Cronbach’s α2012 = 0.75). 

Participation in politics was measured using a combination of seven items. Five 

are yes/no responses to the question “Have you ever done each of the following or isn’t 

this something you have done?” for these behaviors: attending a rally, working for a 

campaign, contributing money, holding office, and contacting a government official. The 

scale also included one item about participation in political groups and one item about 

participation in community groups or clubs with the response options: “Yes, active 

member”, “Yes, not active”, “No, not member.” Thus, these seven items were combined 

together to measure political participation resulting in scales with good reliability 

(Cronbach’s α2008 = 0.72, Cronbach’s α2012 = 0.70). Unfortunately, because many of these 

measures of participation ask about whether a participant has ever done something, they 

are not well suited for longitudinal analysis.
12

 

Results and Discussion: Party identification, interest in politics, and participation in 

politics (H2.2) 

Table 2.3: Cross-Twin Within-Trait Correlations for Other Political Traits  

 

 

rMZ rDZ 

2008 Party identification 0.54 0.24 

 Interest in politics 0.43 0.26 

 Participation in politics 0.46 0.28 

2012 Party identification 0.57 0.23 

 Interest in politics 0.44 0.22 

 Participation in politics 0.46 0.36 
Correlations were estimated jointly for each variable in turn in a saturated model using 

OpenMx. rMZ and rDZ represent the monozygotic and dizygotic cross-twin correlations, 

respectively. 

Consider the monozygotic and dizygotic correlations for party identification, 

interest in politics, and participation in politics displayed in Table 2.3. In each case, rMZ 
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 Thanks to Asbjørn Nørgaard for this observation. 
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is greater than rDZ, indicating some role of genetic factors, and in all cases except 

participation in 2012, rMZ is approximately double rDZ, which would suggest that 

common environmental influences do not play a role. In the twin model analyses, the 

ACE model displayed adequate fit, but the best-fitting model was an AE model for each 

variable, except for participation in 2012, for which a CE model fits best (see Appendix 

for full estimates). 

For party identification, these results run counter to some of the existing narrative 

in the literature. Some have suggested that the strength of partisanship is heritable, but 

that the content of partisanship is not (Hatemi et al. 2009). In this sample, the direction of 

partisanship is clearly heritable in both 2008 and in 2012, supporting H2.2 for party 

identification. This raises questions about why partisanship is heritable in this sample 

when it is not in others. One explanation may be the idea that the heritability of 

partisanship increases with age as self-selection into environments on the basis of 

personality or other traits leads to a weakening of parental socialization. A second 

explanation is that it may be a generational effect, as these adults were forming their 

party identifications in the tumultuous 1960s and 1970s. Finally, it may be that because 

the surveys were conducted around the time of the presidential elections, the relationship 

between ideology and party identification was strengthened in this sample relative to 

other samples and the genetic effect is spilling over from political ideology.
13

 These 

questions remain for future research to address, but these data show that, at least in some 

circumstances, genes can play a role in party identification. 

For interest in politics, much of the variance is attributable to genetic factors in 

2008 (A = 43.8% [35.4 - 51.3]) and in 2012 (A = 43.6% [32.7 - 53.0]). This is in keeping 

                                                           
13

 Thanks to Pete Hatemi for this hypothesis. 
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with past literature (Klemmensen et al. 2012b) and with H2.2. Here potential mediators 

include both personality traits, like openness to new experiences, and the cognitive style 

traits examined in Chapter 3. 

The findings for participation in politics are mixed. In the 2008 data, the AE 

model is the best fitting and the CE model is worse fitting than the ACE model in which 

it is nested. The results suggest that about half (47.2% [38.7 - 54.6]) of the variation in 

political participation is genetic, confirming H2.2. As we know from non-genetic 

research, the sources of this variation may differ depending on the type of participation 

being considered (Mondak et al. 2010). In the 2012 data, both the AE model and the CE 

model are significantly better fitting than the ACE model. However, unlike in 2008, the 

CE model is the best-fitting model in 2012, contrary to H2.2. The difference in model fit 

was the result of an increase in rDZ from 2008 to 2012 (rDZ2008 = 0.28; rDZ2012 = 0.36) 

while rMZ stayed essentially the same across the four years (rMZ2008 = 0.46; rMZ2012 = 

0.46). However, it is unlikely that the increase in rDZ was the result of a change in the 

underlying variance structure of political participation in mid-to-late adulthood.  

The simplest explanation is that the change in the best-fitting model for political 

participation is the result of statistical noise. An alternative, and somewhat more 

problematic, explanation is that the difference is the result of systematic attrition that 

correlates with political participation. People who responded to the participation items on 

the 2012 survey had slightly higher levels of participation in 2008 than those who did not 

respond in 2012 (0.36 > 0.31, p < 0.01), although the level of participation in 2012 was 

also somewhat lower for this group than in 2008 (0.34 < 0.36, p < 0.01). However, to 

account for the change in best-fitting model from 2008 to 2012, it is necessary to account 
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for the change in the ratio of rMZ to rDZ, rather than changes in the mean level of 

participation. It is possible that DZ twins who were more similar in their tendency to 

participate in 2008 were more likely to both complete the 2012 survey. There is some 

evidence for this view. For the DZ twin pairs that completed the participation measures in 

2012 (i.e., those who enter into the calculation of rDZ2012), their cross-twin correlation in 

2008 was 0.35. This is higher than the rDZ2008 for the whole 2008 sample (0.28) and 

quite similar to rDZ2012 (i.e., 0.36). 

General Discussion 

The results in this section support what has become increasingly clear from a 

decade of biopolitics research: both genes and environments matter for political traits, 

and common environments play a much smaller role than supposed by conventional, 

socialization-based theories. These results support hypothesis 1 (multi-item measures of 

political ideology are preferable to single-item measures), hypothesis 2 (various political 

traits are heritable in mid-life), and hypothesis 3 (the heritable component of social 

ideology is larger than the heritable component of economic ideology). 

Section 3: Longitudinal analyses 

Having confirmed the cross-sectional hypotheses and shown that these traits have 

significant genetic components, it is now possible to test whether these genetic 

components are stable over time in mid-life (hypothesis 4) and what the relative role of 

genes and environments is in driving trait stability and change (hypothesis 5). 

Methodology 

The bivariate longitudinal analyses rely primarily on Cholesky decomposition, 

which is the most widely used technique for analyzing twin study data with two time 
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points.
14

 This method decomposes the variance of a given trait at each time point into its 

component parts: an additive genetic component (A), a common environment component 

(C), and a unique environment component (E). Consider the analysis of political ideology 

in 2008 and 2012. In the bivariate Cholesky model, there are three variance components 

which account for variation in ideology in 2008: A1, C1, and E1. At time 2 (i.e., in 2012), 

there are six variance components: A1, C1, and E1, all of which also load on political 

ideology in 2012 (because political ideology in 2008 affects ideology in 2012), and the 

latent A, C, and E components which are unique to time 2 (i.e., A2, C2, and E2). 

In addition, the results of the Cholesky decomposition can undergo several 

transformations, which are statistically identical but can be useful for interpreting the 

results (Loehlin 1996). The data can be represented as a correlated factors model (Neale 

and Cardon 1992), which utilizes the variance components at time 1 (e.g., A1, the 

additive genetic component of political ideology in 2008) and the variance components at 

time 2 (e.g., A2, the additive genetic component of political ideology in 2012) to calculate 

the correlation between these variance components (e.g., rA). This method is used to 

estimate the heritability of each trait in 2008, its heritability in 2012, and the correlation 

between these two genetic components. A graphical representation of this model for 

social ideology is provided in Figure 2.4;
15

 other variables with data at each of the two 

time points were analyzed using a model with this same structure. A high genetic 

correlation (i.e., rA) suggests that the same genes led to the emergence of each trait. The 

correlated factors model simultaneously calculates the correlation between the latent  

                                                           
14

 There are more sophisticated models for genetically-informative longitudinal data, like the linear growth 

curve model, but these require a minimum of three time points to estimate. 
15

 The AE version of the bivariate model is shown both to simplify the image and because it is generally the 

best-fitting model that is the focus of the analyses below. 
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common environment components (i.e., rC) and the correlation between the latent unique 

environment components (i.e., rE). 

Another transformation is the simplex model (Boomsma and Molenaar 1987; 

Cardon, Fulker, DeFries, and Plomin 1992). This model specifies the percent of the 

variance at each time point that is the result of variance from a previous time point (e.g., 

how much of the genetic effect at time 2 is the result of genetic effects from time 1) and 

the percent of the variance at each time point that is the result of changes, or innovations, 

since the previous time point (e.g., how much of the environmental effect at time 2 is the 

result of new environmental influences that were not present at time 1). 

The first step in the longitudinal analyses is estimating a saturated model of the 

variables, which will act as the baseline against which to assess the model fit of the 

Cholesky decomposition. The next step is the estimation of an ACE model, which does 

not restrict any of the A, C, or E paths. The final step is estimating the AE, CE, and E 

submodels and comparing the fit of these to the saturated and ACE model. Most of the 

discussion is focused on the best fitting model (ACE, AE, CE, or E) in the Cholesky form 

(usually AE), but it will also cover the correlated factors and simplex specifications of the 

best-fitting model and present the results for the ACE model when its fit is not 

significantly worse than the saturated model. 

Whereas in the cross-sectional model the comparison of interest was the cross-

twin correlation for MZ and DZ twins (i.e., rMZ and rDZ), for the longitudinal model the 

quantity of interest is the cross-twin over-time correlation (i.e., rMZtime and rDZtime). 

These might represent, for example, the correlation between political ideology in 2008 

for twin 1 and political ideology in 2012 for twin 2. These quantities should be compared 
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in two ways. First, to the extent the rMZtime is less than the within-twin over-time 

correlation (i.e., rPhtime, the phenotypic or trait-level correlation)
16

 this implies that part of 

the over-time correlation in the trait is the result of a correlation between the unique 

environment components at each time point. The second comparison is between rMZtime 

and rDZtime. If the cross-twin over-time correlation is stronger among MZ twins than DZ 

twins, this suggests that the there is a correlation between the genetic component in 2008 

and the genetic component in 2012. In other words, to the extent that the ratio of rMZtime 

to rDZtime is the same as the ratio between rMZ and rDZ, the genetic effects from 2008 

are stable over time to 2012. 

Scale construction and data preparation were conducted using Stata 11 (StataCorp 

2009) and all twin analyses were conducted using OpenMx (Boker et al. 2011). Where 

applicable, 95% confidence intervals are reported in the text in square brackets following 

parameter estimates. 

Results and Discussion: Political ideology (H2.4a, H2.4b, H2.5a, H2.5b) 

Section 2 demonstrated that all of the measures of political ideology examined in 

this study are heritable, in keeping with H2.2. In testing hypotheses 2.1 and 2.3, Section 2 

also showed the importance of using multi-item measures of ideology and the importance 

of distinguishing social and economic ideology from each other. The cross-sectional 

analyses presented to this point, however, were unable to test whether the genetic 

component in political ideology is stable over time (H2.4) or to test the relative role of 

genetic and environmental factors in political ideology change over time (H2.5). 

In this sample, political ideology is very stable over the 2008-2012 period. The 

                                                           
16

 An example of rPh is the correlation between political ideology in 2008 and political ideology in 2012 

for each individual twin. 
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Table 2.4: Over-Time Correlations for Ideology 

 

rPhtime rMZtime rDZtime rA rE 

Single-item ideology 0.80 0.49 0.20 1.00 0.61 

Wilson-Patterson ideology (27-item) 0.91 0.66 0.37 1.00 0.74 

Social ideology (12-item) 0.92 0.64 0.42 0.99 0.78 

Economic ideology (3-item) 0.68 0.47 0.19 1.00 0.41 
Values for rPhtime, rMZtime, and rDZtime were estimated in a saturated model using 

OpenMx. rPhtime represents the over-time correlation for each trait (e.g., the correlation 

between political ideology in 2008 and political ideology in 2012 for each individual). 

rMZtime and rDZtime represent the monozygotic and dizygotic cross-twin over-time 

correlations, respectively (e.g., the correlation between one twin’s political ideology in 

2008 and the other twin’s political ideology in 2012 for monozygotic and dizygotic 

twins). Values for rA and rE were estimated in a correlated factors model. rA represents 

the genetic correlation between a trait in 2008 and the same trait in 2012. rE represents 

the unique environmental correlation over the same period. 

single-item ideology measure correlates at 0.80, whereas the full Wilson-Patterson scale 

correlates at 0.92. This finding is in keeping with H2.1a. The difference between these 

correlations may be because there is more instability in construct underlying single-item 

ideology than the construct underlying the full Wilson-Patterson scale, but insofar as 

these measures are meant to tap the same underlying construct, the discrepancy in their 

correlations is likely driven by the lower reliability of the single-item measure. The 

measurement error explanation is consistent with the results from Section 2, which 

showed that the single-item measure has a larger E component, which encompasses both 

unique environmental effects and measurement error. Thus, taken together with the 

results from Section 2, the lower over-time correlation for the single-item measure is 

another piece of evidence in support of H2.1b, which states that the single-item measure 

of ideology will contain more measurement error than the multi-item measure. 

In comparing social and economic ideology, there is a much higher within-twin 

over-time correlation for social ideology (rPhtime = 0.92) than for economic ideology 

(rPhtime = 0.68), though some of this difference may be driven by the lower reliability of 

the economic ideology scale (see Section 2 above). However, there is some evidence to 
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suggest that the underlying construct of economic ideology may simply be less stable 

than social ideology. The over-time correlations for the individual economic ideology 

items are lower than the over-time correlations for the individual social ideology items 

(for economic, the median rPhtime = 0.53; for social, the median rPhtime = 0.70). In fact, all 

three of the economic ideology items have lower over-time correlations than all but two 

of the twelve social ideology items. These differences may be driven by the lower 

heritability of economic ideology compared to social ideology (see Section 2 and H2.3). 

Turning to the over-time genetic analyses, for the single-item measure of 

symbolic political ideology, the genetic components in 2008 and 2012 are perfectly 

correlated (rA = 1.00 [0.96 - 1.00]) and the unique environmental components are also 

highly correlated (rE = 0.61 [0.55 - 0.67]). These results imply that insofar as there was 

change in symbolic ideology from 2008 to 2012, it was driven by some mix of unique 

environmental factors and measurement error. New unique environmental influences 

account for 34.1% [29.1 - 38.4] of the variance in symbolic political ideology in 2012, 

with the remaining genetic and unique environmental variance shared with symbolic 

political ideology in 2008. 

For the full-scale Wilson-Patterson measure of political ideology, the genetic 

components are perfectly correlated (rA = 1.00 [0.98 - 1.00]) and the unique 

environmental components are also highly correlated (rE = 0.74 [0.70 - 0.79]). These 

results imply that insofar as there was change in political ideology from 2008 to 2012, it 

was driven by some mix of unique environmental factors and measurement error. New 

unique environmental influences account for 14.1% [11.6 - 16.6] of the variance in 
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political ideology in 2012, with the remaining genetic and unique environmental variance 

shared with political ideology in 2008. 

For the Wilson-Patterson measure of social ideology, the genetic components are 

nearly perfectly correlated (rA = 0.99 [0.97 - 1.00]) and the unique environmental 

components are also highly correlated (rE = 0.78 [0.73 - 0.82]). These results imply that 

insofar as there was change in social ideology from 2008 to 2012, it was driven by some 

mix of unique environmental factors and measurement error. New unique environmental 

influences account for 12.8% [10.4 - 15.7] of the variance in social ideology in 2012, 

with almost all of the remaining genetic and unique environmental variance shared with 

social ideology in 2008. 

For the Wilson-Patterson measure of economic ideology, the genetic components 

are perfectly correlated (rA = 1.00 [0.96 - 1.00]) and the unique environmental 

components are moderately correlated (rE = 0.41 [0.34 - 0.49]). These results imply that 

insofar as there was change in economic ideology from 2008 to 2012, it was driven by 

some mix of unique environmental factors and measurement error. New unique 

environmental influences account for 41.6% [35.5 - 48.1] of the variance in economic 

ideology in 2012, with the remaining genetic and unique environmental variance shared 

with economic ideology in 2008. 

Overall, the results suggest that the effect of genetic factors on political ideology 

is extremely stable from one presidential election to the next in mid-life. The results all 

support H2.4a (that the heritable components will be correlated over time). They also 

support the stronger version of the hypothesis (H2.4b, that the heritable components will 

be perfectly correlated over time); although the point estimate for the genetic correlation 
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of social ideology was 0.99 [0.97 - 1.00], it was not significantly different from 1.00. The 

stability of the genetic component may be because the genetic effects are mediated 

through a process of gene-environment correlation that began much earlier in life, where 

individuals selected into environments that are compatible with their genetic 

predispositions in early adulthood and those environmental factors remained stable in late 

adulthood. This interpretation is consistent with the traditional political science literature 

which shows that mid-life political environments are very stable. 

Although for each measure the majority of the variance in political ideology in 

2012 was shared with political ideology in 2008, in each case there were also new unique 

environmental influences in 2012 that were not present in 2008. The results show, then, 

that insofar as political ideology remained stable over time among these participants, it 

was the result of a mix of genetic and environmental factors, in keeping with H2.5a, and 

that insofar as political ideology varied over time among these participants, it was as a 

function of unique environmental experiences, in keeping with H2.5b. Recall that unique 

environmental experiences are those that are not shared within twin pairs or which are 

shared but affect the twins in different ways. Examples might be persuasive messages 

that reach one twin, but not the other, or life events that affect each twin in disparate 

ways. 

These results once again point to the importance of using multi-item measures of 

political ideology, in keeping with H2.1b. A greater degree of instability is observed in 

the single-item measure of ideology than in the full Wilson-Patterson scale, as indicated 

by the lower four-year correlation for the single-item measure (rPhtime = 0.80 and 0.91, 

respectively). In the twin model, this translated into a larger effect of new unique 
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environmental effects on political ideology in 2012 (i.e., unique environmental influences 

that were absent in 2008) for single-item ideology (34.1% [29.1 - 38.4]) than for the full 

Wilson-Patterson inventory (14.1% [11.6 - 16.6]). Depending on which measure is used, 

these results leave the field with quite a different view of the instability of ideology and 

the substantive importance of environmental factors in causing change in ideology. 

A similar contrast is apparent in comparing the social and economic ideology 

measures. Whereas only 12.8% [10.4 - 15.7] of the variation in social ideology in 2012 is 

attributable to new environmental influences since 2008, 41.6% [35.5 - 48.1] of the 

variation in economic ideology in 2012 is the result of new environmental influences, in 

keeping with H2.3. Again, part of this difference may be attributable to the lower 

reliability of the economic ideology measure, but part of the observed difference is also 

likely the result of substantive differences between social and economic ideology. It may 

simply be the case that economic ideology is less stable over time because it is less 

strongly tied to genetic differences, such as those in personality or cognitive style (see 

Chapter 3), and thus more influenced by environmental factors than social ideology. 

Results and Discussion: Attitude certainty and strength (H2.4a, H2.4b, H2.5a, H2.5b) 

Section 2 showed that, independent of the content of political attitudes, attitude 

strength and attitude certainty have heritable and unique environmental components, in 

keeping with H2.2. 

For the strength of political attitudes, there is a moderate over-time correlation 

(rPhtime = 0.52). Although the content of political attitudes is very stable over time (see 

the subsection above), there appears to be less stability in the overall strength of political 

attitudes. Nonetheless, the genetic components of attitude strength in 2008 and 2012 are 
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Table 2.5: Over-Time Correlations for Attitude Certainty, Strength, and Extremity 

 

rPhtime rMZtime rDZtime rA rE 

Attitude certainty 0.59 0.36 0.05 0.93 0.41 

Attitude strength 0.52 0.24 0.13 0.97 0.37 
Values for rPhtime, rMZtime, and rDZtime were estimated in a saturated model using 

OpenMx. rPhtime represents the over-time correlation for each trait (e.g., the correlation 

between attitude certainty in 2008 and attitude certainty in 2012 for each individual). 

rMZtime and rDZtime represent the monozygotic and dizygotic cross-twin over-time 

correlations, respectively (e.g., the correlation between one twin’s attitude certainty in 

2008 and the other twin’s attitude certainty in 2012 for monozygotic and dizygotic 

twins). Values for rA and rE were estimated in a correlated factors model. rA represents 

the genetic correlation between a trait in 2008 and the same trait in 2012. rE represents 

the unique environmental correlation over the same period. 

nearly perfectly correlated (rA = 0.97 [0.71 - 1.00]) and the unique environmental 

components are also moderately correlated (rE = 0.37 [0.27 - 0.47]). These results imply 

that insofar as there was change in the strength of political attitudes from 2008 to 2012, it 

was driven by some mix of unique environmental factors and measurement error. New 

unique environmental influences account for 65.8% [53.6 - 74.7] of the variance in the 

strength of political attitudes in 2012, with the remaining genetic and unique 

environmental variance shared with the strength of political attitudes in 2008. 

For ideological certainty, there is a moderate over-time correlation (rPhtime =  

0.59) that is similar in magnitude to the over-time correlation for attitude strength. The 

genetic components of attitude certainty in 2008 and 2012 are highly correlated (rA = 

0.93 [0.78 - 1.00]) and that the unique environmental components are moderately 

correlated (rE = 0.41 [0.30 - 0.51]). These results imply that insofar as there was change 

in attitude certainty from 2008 to 2012, it was driven by some mix of unique 

environmental factors and measurement error. New unique environmental influences 

account for 49.2% [40.1 - 59.8] of the variance in attitude certainty in 2012, with nearly 

all of the remaining genetic and unique environmental variance shared with attitude 

certainty in 2008. 
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Taken together, these results provide support for H2.4 and H2.5. They also raise 

interesting questions. They suggest that it may be worth considering whether personality 

traits or other variables may mediate the genetic effect on attitude strength and attitude 

certainty, rather than on the content of political attitudes per se. This question is 

examined in detail in Chapter 3, with a particular focus on the cognitive style measures of 

the need for cognition, the need for cognitive closure, and the need to evaluate. 

Results and Discussion: Party identification, interest in politics, and participation in 

politics (H2.4a, H2.4b, H2.5a, H2.5b) 

Table 2.6: Over-Time Correlations for Other Political Traits 

 

rPhtime rMZtime rDZtime rA rE 

Party identification 0.87 0.54 0.28 1.00 0.72 

Interest in politics 0.71 0.41 0.22 0.97 0.51 

Participation in politics 0.83 0.45 0.26 n/a n/a 
Values for rPhtime, rMZtime, and rDZtime were estimated in a saturated model using 

OpenMx. rPhtime represents the over-time correlation for each trait (e.g., the correlation 

between party identification in 2008 and party identification in 2012 for each individual). 

rMZtime and rDZtime represent the monozygotic and dizygotic cross-twin over-time 

correlations, respectively (e.g., the correlation between one twin’s party identification in 

2008 and the other twin’s party identification in 2012 for monozygotic and dizygotic 

twins). Values for rA and rE were estimated in a correlated factors model. rA represents 

the genetic correlation between a trait in 2008 and the same trait in 2012. rE represents 

the unique environmental correlation over the same period. For participation in politics, a 

correlated factor model was not fit to the data due to differences in model fit and issues 

with question wording (see Section 2), so rA and rE are marked as n/a. 

Section 2 showed that party identification and interest in politics both had 

significant heritable components in 2008 and 2012, in keeping with H2.2. These variables 

are good candidates for longitudinal analysis into whether the same genetic and 

environmental factors are at play in both election years. For participation in politics, there 

are a number of obstacles to doing a longitudinal analysis. First, the best-fitting models 

suggested the presence of a heritable component in 2008, but not in 2012 (see Section 2). 

Moreover, the measure of political participation is not well-suited to longitudinal analysis 

because five of the seven items in the scale ask whether the participant has ever 
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participated in politics in various ways, thus limiting the ability to detect variation in 

participation over time. For these reasons, bivariate Cholesky decomposition was not 

conducted on political participation. 

For party identification, there is a strong over-time correlation (rPhtime = 0.87) that 

is larger than the cross-twin over-time correlation for monozygotic twins (rMZtime = 

0.54), suggesting that there may be a correlation between the unique environmental 

components of party identification in 2008 and 2012. Moreover, rMZtime is nearly double 

rDZtime (rDZtime = 0.28) indicating that the genetic effect on party identification is very 

stable. The genetic components of party identification in 2008 and 2012 are perfectly 

correlated (rA = 1.00 [0.97 - 1.00]) and the unique environmental components are also 

highly correlated (rE = 0.72 [0.67 - 0.77]). These results imply that insofar as there was 

change in party identification from 2008 to 2012, it was driven by some mix of unique 

environmental factors and measurement error. New unique environmental influences 

account for 22.3% [18.5 - 25.5] of the variance in party identification in 2012, with the 

remaining genetic and unique environmental variance shared with party identification in 

2008. 

For interest in politics, the within-twin over-time correlation is high (rPhtime = 

0.71), though somewhat lower than for party identification and most of the measures of 

political ideology. The ratio of the cross-twin over-time correlations for monozygotic and 

dizygotic twins (rMZtime = 0.41, rDZtime = 0.22) suggests a high degree of stability in the 

genetic component of interest in politics. The genetic components of interest in politics in 

2008 and 2012 are nearly perfectly correlated (rA = 0.97 [0.89 - 1.00]) and the unique 

environmental components are moderately correlated (rE = 0.51 [0.43 - 0.58]). These 
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results imply that insofar as there was change in interest in politics from 2008 to 2012, it 

was driven by some mix of unique environmental factors and measurement error. New 

unique environmental influences account for 43.2% [36.4 - 50.5] of the variance in 

economic ideology in 2012, with nearly all of the remaining genetic and unique 

environmental variance shared with economic ideology in 2008. 

Taken together, these results provide support for H2.4 and H2.5 with regard to 

party identification and interest in politics. Although there are several potential problems 

involved in a longitudinal analysis of political participation, as discussed above, it is 

possible to gain some insights in an exploratory fashion without doing a formal statistical 

analysis. The within-twin over-time correlation is quite high (rPhtime = 0.83), comparable 

to party identification and some measures of political ideology, although this may be 

somewhat inflated due to the nature of the political participation measure. More 

interestingly, the ratio between the cross-twin over-time correlations for monozygotic and 

dizygotic twins (rMZtime = 0.45, rDZtime = 0.26) is consistent with genes playing a role in 

political participation over time. The greater similarity in the political participation of MZ 

twins over time is suggestive of genes contributing to stability in political participation 

over time. Future longitudinal research should revisit this question with measures of 

political participation that are better able to capture variation in participation over time. 

Summary of Results and General Discussion 

Figure 2.5 summarizes the results of the bivariate Cholesky decompositions for 

the eight of the nine political attributes discussed in this chapter (excluding political 

participation, see above): single-item ideology, Wilson-Patterson ideology, social 

ideology, economic ideology, political attitude strength, political attitude certainty, party 
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identification, and interest in politics. These results are analogous to those presented in 

Section 2, except that they rely only on participants who had data available in both 2008 

and 2012 and the point estimates and confidence intervals for 2008 and 2012 are 

computed simultaneously (rather than separately) for each trait. 

 

For each variable at each time point, with the exception of participation in 2012, 

the best-fitting model is an AE model that restricts the common environment component 

to zero. In each of these cases, genetic and environmental factors account for a significant 

portion of the variance in each of these variables in 2008 and in 2012, in keeping with 

H2.2. However, variables differ in the extent to which genetic and environmental factors 

explain variance. Genetic factors accounted for the least variance in attitude strength 

(23.7% [11.0 - 37.2] in 2012) and the greatest variance in Wilson-Patterson political 

ideology (68.5% [61.6 - 74.2] in 2012). In keeping with H2.1b, the single-item measure 
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of ideology has a larger E component than the multi-item measures of political ideology. 

In keeping with H2.3, social ideology has a larger heritable component than economic 

ideology. Comparing the 2008 and the 2012 estimates, the proportion of the variance 

attributed to genetic and environmental factors for each variable did not substantively 

change between 2008 and 2012. 

 

Figure 2.6 summarizes the results of the bivariate Cholesky decompositions after 

they have been transformed into the statistically equivalent correlated factors model. In 

this figure, it is possible to examine, for each variable, the correlation of the genetic 

components over time and the correlation of the environmental components over time. 

The genetic components of each variable are remarkably stable. In each case, the 

upper bound of the confidence interval touches unity, in keeping with the stronger 

version of hypothesis 4 (H2.4b). The range of point estimates is from 0.93 [0.78 - 1.00] 
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(for attitude certainty) to 1.00 (for single-item ideology, Wilson-Patterson ideology, 

economic ideology, and party identification) with seven out of eight point estimates 

above 0.95. The correlations of the 2008 and 2012 unique environmental components are 

all significantly greater than zero. However, the environmental correlations show far 

greater variability than the genetic correlations (from 0.37 [0.27 - 0.47] for attitude 

strength to 0.78 [0.73 - 0.82] for social ideology) and none approach unity. Taken 

together, the results shown in Figure 2.6 suggest that while the genetic components of 

political traits are perfectly or near perfectly stable over time in mid-life, the influence of 

environmental factors varies over a four-year period. 

 

Finally, consider another statistically equivalent transformation of the Cholesky 

decomposition, the simplex model. This model allows one to represent the percentage of 

the variance in 2012 that can be attributed to genetic and environmental factors from 
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2008 and the percentage of the variance in 2012 that is the result of genetic and 

environmental “innovations” which were not present in 2008. In essence, the simplex 

model allows a synthesis of the results presented in Figures 2.5 and 2.6 above. These 

results are summarized in Figure 2.7. 

The results of the simplex model suggest that genetic factors are the main 

contributor to attribute stability for all eight variables, in keeping with H2.5a. This is true 

even for variables in which the majority of the variance is attributed to environmental 

factors, such as attitude strength and attitude certainty (see Figure 2.5). The reason that 

the stability in these variables is primarily the result of genetic factors is because of the 

very high genetic correlations observed for each variable and the significant but smaller 

environmental correlations for each variable (see Figure 2.6). In addition, the simplex 

model indicates that unique environmental factors are the main contributor to attribute 

instability for all eight variables, in keeping with H2.5b. This is true even for variables 

where the majority of the variance is attributed to genetic factors, such as Wilson-

Patterson ideology and social ideology. 

Section 4: Implications for the study of trait formation and change 

 This chapter has demonstrated that numerous political science variables, including 

multiple forms of political ideology, political attitude strength, attitude certainty, party 

identification, and interest in politics have stable genetic effects in mid-life. For all of 

these traits, genetic factors appear to be the primary drivers of stability. Where change 

occurs in these variables, it is attributed primarily, and usually exclusively, to changing 

environmental factors. These results provide greater certainty to the notion that genes 

have lasting and substantively important effects on political outcomes, at least in mid-life. 



82 
 

  

The results also contribute to the existing literature on long-term attitude stability by 

demonstrating the existence of a previously unexplored mechanism for political trait 

stability. The results also point to valuable future directions in the study of party 

identification, as environmental factors played a larger role in the stability of party 

identification than for political ideology and political interest. Chapter 3 builds on these 

findings by showing that cognitive style has a significant heritable component and that 

cognitive style acts as a potential mediator of the genetic effect on many of the outcomes 

examined in this chapter. 

For political ideology, despite differences in the overall heritability of the 

different types of ideology, the genetic component of all four measures of political 

ideology is essentially perfectly stable over a four year period in mid-life. When 

combined with the significant role of genes in each of these traits, the results suggest that 

genetic factors are the primary source of over-time stability in these attitudes, whereas 

unique environmental factors are the drivers of change.
17

 In fact, environmental factors 

play a statistically and substantively significant role in all four of the ideology measures; 

in the case of economic ideology, environmental factors play a greater role than genetic 

ones in explaining variation at each time point. These results highlight important areas for 

future research into stability and change in political ideology that could not have been 

uncovered without utilizing a longitudinal study of a genetically-informative sample. 

Chapter 3 addresses some of these questions by considering whether individual 

differences in cognitive style explain genetic variance in the content of political attitudes. 

                                                           
17

 Some caution is necessary in this interpretation, however, since the E component also captures 

measurement error and the over-time correlations are remarkably high for ideology in this sample. 
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Although many studies have examined the heritability of political attitudes, few 

studies have considered whether genes may also influence the strength of political 

attitudes and the certainty of political attitudes directly. Some individuals, such as those 

high in the need to evaluate, may feel a psychological need to have strong attitudes on 

many topics, regardless of the direction of those attitudes. Similarly, individuals high in 

the need for cognitive closure may feel a psychological need to have greater certainty 

about their attitudes in order to avoid ambiguity, regardless of the direction of those 

attitudes. Although the heritability of attitude strength and attitude certainty is lower than 

for political ideology, attitude strength and attitude certainty are also characterized by a 

high degree of genetic stability and a much lower degree of environmental stability. The 

result is that genetic factors are the primary contributors to stability in attitude strength 

and attitude certainty, whereas environmental factors are the primary engines of change. 

Once again, uncovering the different roles of genetic and environmental factors in 

attitude strength and certainty would not have been possible without the construction of a 

genetically-informative longitudinal sample. Chapter 3 returns to attitude strength and 

attitude certainty to examine whether the hypothesized relationships with the need to 

evaluate and the need for cognitive closure, respectively, are borne out in the data. 

As for interest in politics, participation in politics, and party identification, these 

three variables are among those that are most often discussed in the political socialization 

literature. As with the other variables discussed above, interest in politics and party 

identification have significant genetic and environmental components and stronger 

genetic than environmental correlations over time. The results for participation in politics 

are complicated by issues of question wording and differences in the best-fitting models 
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between 2008 and 2012. The significant heritability of party identification is at odds with 

some previous findings in the American context, suggesting that future research may 

need to consider the circumstances under which genes play a role in party identification. 

In addition, while the environmental component of political interest accounts for very 

little of the stability in this trait, the environmental component of stability in party 

identification is much more substantive. This sets party identification apart from the other 

variables in these analyses and suggests that future theorizing about the persistence of 

this variable may have to take a different approach than to political ideology, where 

environmental factors do not appear to play as great a role in stability. Future research 

should examine not only the genetic components of party identification, but also how 

unique environmental factors contribute to the stability of party identification over time. 

More broadly, these results have implications for how the discipline should 

conceptualize the origins and development of the various political traits considered in this 

chapter. First, the existence of strong and persistent genetic effects on political attitudes 

and behaviors in midlife raises questions regarding socialization-based theories of trait 

formation that take a purely environmental view. Future studies of political socialization 

in childhood and adolescence should utilize research designs which can actively account 

for the genetic relatedness of parents and offspring, gene-environment interactions, and 

gene-environment correlations as these may complicate traditional models of parent-

offspring transmission. Second, the stability of genetic effects in mid-life and the absence 

of genetic effects in adolescence (see Eaves et al. 1997) raise questions about how 

genetic effects emerge in early adulthood (see Hatemi, Funk, et al. 2009). In order to 

develop more accurate models of the emergence of political beliefs and behaviors in early 
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adult life, one that accounts for the role of genes in this process, political scientists will 

need to collect more and better genetically-informative, longitudinal data in adolescence 

and early adulthood. Such data would go a long way toward developing a more accurate 

understanding of why genetic effects on political traits emerge in this period of life and it 

may provide insight into why these genetic effects are stable later in life. 

Although Section 3 shows that genes contribute to attitude stability in mid-life, 

this does not mean that biological factors have the same effect on political traits 

throughout the life course. For example, the effect of genetic factors on personality traits 

is much stronger in later life than it is in adolescence (Caspi, Roberts, and Shiner 2005). 

This suggests that future research on the role of genes in political traits would benefit 

from panels that begin earlier in life and last longer. Moreover, future research should 

consider the extent to which genetic effects on political traits are context-dependent (cf. 

the variability of heritability estimates by parental socioeconomic status in Nisbett et al. 

2012). For example, comparing data across samples drawn from the United States and 

Denmark, ongoing research has found marked cross-national differences in the 

heritability of economic ideology and to a lesser degree social ideology, but no cross-

national differences in the heritability of interest in politics (Nørgaard, Ksiazkiewicz, et 

al. nd.). Research into the context-dependence of genetic effects, whether across the life 

course or across environments, is a crucial way forward in understanding the role of 

genes in political life. 

However, in order to develop a complete understanding of the role of genes in the 

development of political traits it is not sufficient to be able to say that genes account for 

more variance in adulthood than in adolescence or that genes account for much of the 
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trait stability observed later in life. A complete understanding requires knowledge of the 

mechanisms by which genes affect political traits. This is the question that is addressed in 

Chapters 3 and 4, where the focus is on demonstrating that cognitive style and executive 

functions are potential mediators of the genetic effects on political traits. 
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Chapter 3: Getting from Genes to Politics: Cognitive Style
18

 

Chapters 3 and 4 identify two sets of novel potential mediators between genes and 

political traits: cognitive style and executive functions, respectively. Despite a growing 

literature showing the connection between genes and politics (e.g., Alford, Funk, and 

Hibbing 2005; Fowler, Baker, and Dawes 2008; Hatemi et al. 2014; Smith, Alford, 

Hatemi, Eaves, Funk, and Hibbing 2012; see Chapter 1 for a full review), we still know 

little about the mechanisms and mediators between genes and political traits. Thus, 

identifying potential mediators of the genetic effect on political outcomes has been 

identified as a major question that is currently facing the field of biopolitics (e.g., Smith, 

Oxley, Hibbing, Alford, and Hibbing 2011b).  

This chapter draws on the theory of ideology as a form of motivated social 

cognition (Jost, Glaser, Kruglanski, and Sulloway 2003) to argue that cognitive style may 

mediate the effect of genetic variation on political traits. The hypothesis that part of the 

genetic effect on political ideology may be mediated through basic cognitive and 

motivational processes, like cognitive style, was proposed by Jost (2006) in response to 

political scientists demonstrating that political ideology is heritable (Alford, Funk, and 

Hibbing 2005). To date, this hypothesis has remained untested. This chapter presents 

analyses that show, for the first time, that the need for cognition, the need for cognitive 

closure, and the need to evaluate are each influenced by genetic factors. Next, it shows 

that the root of many of the correlations between cognitive style and political traits is 

shared genetic influences. This is true not only for political ideology, as predicted by Jost 

                                                           
18

 Portions of this chapter were developed as part of a collaboration with Steven Ludeke and Robert 

Krueger. Some portions of the text and analyses in this chapter are incorporated into our paper. 
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(2006), but also for many other political traits, like the strength of attitudes, attitude 

certainty, interest in politics, participation in politics, and party identification. 

Section 1 defines the need for cognition, the need for cognitive closure, and the 

need to evaluate. It also reviews how these types of cognitive style have been related to 

political outcomes in the literature and what other mediators between genes and politics 

have been examined in the literature. Section 2 addresses whether these cognitive style 

variables have a genetic component using univariate ACE models. It also examines 

whether the correlations among these cognitive style variables are driven by genetic 

factors, environmental factors, or both. Section 3 decomposes the correlations between 

cognitive style and the political traits examined in Chapter 2 into their genetic and 

environmental components to determine whether cognitive style may mediate the genetic 

effect on political traits. Section 4 pits the various measures of cognitive style against 

each other to determine whether they account for unique genetic variance in political 

ideology. It also examines whether cognitive style accounts for unique genetic variance 

in political ideology beyond the previously uncovered relationships with Big Five traits. 

Section 1: Cognitive style, politics, and genetic mediators 

Although the effects of cognitive style are increasingly studied in the political 

psychology literature, it is a concept that is not familiar to many political scientists. 

Nevertheless, cognitive style has been shown to have consistent relationships with 

political ideology and other political traits. Moreover, there are theoretical reasons to 

expect that the need for cognition, the need for cognitive closure, and the need to evaluate 

have heritable components and that these genetic components are correlated with those 

that underlie political traits. 
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Defining and measuring cognitive style 

Cognitive style refers to a set of personality traits that describe individual 

differences in information search and information processing. Differences in information 

search characterize how individuals go about finding information when confronted by a 

problem. Differences in information processing characterize how individuals respond to 

information once it has been located, such as deciding which information to internalize 

and how strongly to weight it. This chapter focuses on three widely studied forms of 

cognitive style: the need for cognition (Cacioppo and Petty 1982), the need for cognitive 

closure (Webster and Kruglanski 1994), and the need to evaluate (Jarvis and Petty 1996). 

These constructs were selected because they have well-established relationships to 

various political traits. Moreover, examining these particular cognitive style measures 

within a behavioral genetic framework provides an independent contribution to the 

literature, as the heritability of these cognitive style measures has never before been 

estimated to my knowledge. 

The need for cognition is the tendency to chronically engage in effortful cognitive 

activity and to intrinsically find such activity rewarding (Cacioppo and Petty 1982). 

Individuals low in the need for cognition are “cognitive misers” who shun effortful 

cognition when possible and do not find difficult cognitive tasks enjoyable when they are 

necessary. As a result, in forming their attitudes and beliefs, these individuals are less 

likely to engage in extensive information search behavior and are more likely to rely on 

social cues and heuristics in information processing. By contrast, individuals high in the 

need for cognition are “chronic cognizers” who intrinsically enjoy cognitive tasks and are 

eager to engage in effortful cognition. These individuals are more likely to arrive at 
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beliefs and attitudes through deliberate information search and explicit processing of 

information that is encountered (for a thorough review, see the meta-analysis by 

Cacioppo, Petty, Feinstein, and Jarvis 1996). 

With regard to information search and selective exposure, those high in the need 

for cognition are more likely to engage a message that they perceive to be complex 

regardless of the actual message complexity, presumably because they intrinsically enjoy 

complex cognitive tasks (See, Petty, and Evans 2009). Similarly, individuals high in the 

need for cognition are more likely to receive significant news exposure regardless of 

whether they are skeptical of the content of mainstream news (Tsfati and Cappella 2005). 

The need for cognition affects not only information search, but also how information is 

processed once it has been received. Individuals high in the need for cognition are more 

likely to engage in cognitively effortful processes and are somewhat more likely to 

tolerate ambiguous conclusions (Cacioppo et al. 1996). The preference for cognitively 

intense tasks is believed to form early in life in response to environments where problem 

solving can be achieved “through reason and verbal influence rather than through 

physical force or flight” (Cacioppo et al. 1996, p. 246). 

In this study, the need for cognition was measured using a well-validated 18-item 

scale (Cacioppo, Petty, and Feng Kao 1984). It asks questions like “The notion of 

thinking abstractly is appealing to me.” Half of the items were reverse scored, such as 

“It’s enough for me that something gets the job done; I don’t care how or why it works.” 

A second type of cognitive style is the need for cognitive closure. The need for 

cognitive closure is the psychological need to limit ambiguity and indecisiveness, as well 

as to intrinsically find ambiguous situations unpleasant (Webster and Kruglanski 1994). 
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When engaging in information search, the need for cognitive closure motivates the 

avoidance of ambiguity and uncertainty and, as a result, leads to rapid information 

processing to arrive at an unambiguous solution quickly. Individuals high in the need for 

cognitive closure only engage in effortful cognition if automatic processes are not able to 

provide closure by reaching the desired conclusion. In sum, individuals who are high in 

need for closure are likely to “seize” on answers to questions that are before them (i.e., be 

motivated to reach conclusions quickly) and then to “freeze” on those answers (i.e., be 

unwilling to change position in the future) (Kruglanski and Webster 1996).  

The need for cognitive closure was measured using an abbreviated, 15-item scale 

developed by Roets and Van Hiel (2011). Administering the full 41-item scale 

(developed by Webster and Kruglanski 1994) was not feasible given the constraints of 

the survey. The 15-item scale was developed by selecting the three highest loading items 

on each of five facets of the original need for cognitive closure scale and was shown to 

have satisfactory psychometric properties (Roets and Van Hiel 2011). It asked questions 

like “When I am confronted with a problem, I’m dying to reach a solution very quickly” 

and “I don’t like to go into a situation without knowing what I can expect from it.” There 

are no reverse scored items on the 15-item scale. 

A third aspect of cognitive style is the need to evaluate, which captures 

“individual differences in the propensity to engage in evaluation” (Jarvis and Petty 1996, 

p. 172). In other words, the need to evaluate scale measures the tendency to habitually 

and rapidly assign a positive or negative evaluation to attitude objects. Compared to 

individuals who are low in the need to evaluate, individuals high in the need to evaluate 
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form attitudes more quickly, have stronger attitudes, and are more likely to have attitudes 

toward a broader range of objects. 

The need to evaluate was measured using the full version of the scale, which is 16 

items (Jarvis and Petty 1996). It asks questions like “It bothers me to remain neutral” and 

“I want to know exactly what is good and bad about everything.” Of the 16 items, 6 are 

reverse scored, such as “If something does not affect me, I do not usually determine if it 

is good or bad.” 

Although the heritability of the need for cognition, the need for cognitive closure, 

and the need to evaluate has not been examined in prior research, the existing literature 

provides reason to believe that they are likely heritable. First, there is a broad consensus 

among scholars who study behavioral genetics that virtually all individual psychological 

differences have some heritable component, largely because this is the empirical reality 

for virtually all individual psychological differences that have been subjected to genetic 

analysis (Turkheimer 2000; Bouchard and McGue 2003). Moreover, some of these 

measures of cognitive style have been connected to Big Five personality traits (see 

below), which are themselves heritable, and so it has been suggested that it is likely that 

these types of cognitive style will also be heritable (McCrae and Sutin 2009). 

H3.1: Cognitive style has a heritable component. 

Linking cognitive style and political traits 

The three measures of cognitive style discussed above - the need for cognition, 

the need for cognitive closure, and the need to evaluate - are not completely orthogonal to 

one another and are each related to political traits. One prominent review article 

(Cacioppo et al. 1996) discusses the results of over 100 studies that find significant 
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correlations between the need for cognition and, among other politically relevant traits, 

authoritarianism (negative), dogmatism (negative), the need for cognitive closure 

(negative), and the need to evaluate (positive). However, it should be noted that while 

these relationships have been replicated in numerous studies, the magnitude of the 

correlations is relatively modest (around 0.25 to 0.35) suggesting that these scales are 

measuring related but distinct psychological needs. Discussing the need for cognition 

specifically, Cacioppo and colleagues (1996) attribute the reasons for these modest 

correlations to the diverse sources of cognitive needs in human development: 

“Thus, a chronic tendency to engage in or enjoy effortful cognitive activity may develop as a 

means of achieving control in individuals who have a high need for control, as a means of 

achieving a structured world in individuals who have a high need for structure, as a means of 

obtaining stable and valid evaluations of the world in individuals who have a high need to 

evaluate, and so forth. Not all individuals who have high need for control (or need for structure or 

to evaluate) have the cognitive skill, inclination, or ability to achieve control (or structure or stable 

evaluations) in their lives through reasoning and problem solving.” (Cacioppo et al. 1996, p.246) 

In sum, the three measures of cognitive style used in this study should correlate 

with each other, but also have a large degree of unshared variance. The bivariate twin 

analyses will be able to determine whether the correlations among these three types of 

cognitive style are the result of common genetic or common environmental influences. 

H3.2a: The measures of cognitive style will be significantly correlated. 

H3.2b: The genetic components of the measures of cognitive style will be 

significantly correlated. 

With regard to political ideology, individuals high in the need for cognition tend 

to be more politically liberal than individuals who are low in the need for cognition 

(Sargent 2004; Hennes, Nam, Stern, and Jost 2012), although there is considerable 

variability in the need for cognition at every point along the ideological spectrum (the 

correlations are typically around 0.20 with more liberal beliefs). In addition, the 
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relationship between the need for cognition and ideology is stronger with social issues 

than it is with economic issues (Feldman and Johnston 2014), although the need for 

cognition is not unrelated to economic preferences (Hennes, Nam, Stern, and Jost 2012; 

Johnston 2013). 

The need for cognition is also positively correlated with other political traits, like 

political sophistication and attaching greater personal relevance to social issues 

(Cacioppo et al. 1996), as well as interest in politics and issue-based voting (O’Hara, 

Walter, and Christopher 2009). Although some studies have failed to find a link between 

the need for cognition and systematic processing of political information (Kam 2005), on 

the whole, there is a large amount of evidence suggesting that the need for cognition is 

related to political traits. Moreover, insofar as the need for cognition is related to political 

traits, it is worth considering whether these relationships may be underpinned by 

common genetic influences on cognitive style and political traits. 

H3.3a: The need for cognition will be significantly correlated with political traits. 

H3.3b: The genetic components of the need for cognition and political traits will 

be significantly correlated. 

Individuals high in the need for cognitive closure are more likely to adopt a 

conservative political ideology, possibly because of the certainty and stability such a 

worldview provides (Jost et al. 2003; Jost, Napier, Thorisdottir, Gosling, Palfai, and 

Ostafin 2007). This is true not only in the United States, but also in a number of other 

Western countries, such as Italy (Chirumbolo 2002), Germany (Kemmelmeier 1997), and 

Poland and Belgium (Kossowska and Van Hiel 2003; see Jost, Federico, and Napier 2009 

for a review). The link between the need for cognitive closure and political ideology has 
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been shown to be related to but distinct from the link between Big Five personality traits 

and political ideology (Cornelis, Van Hiel, Roets, and Kossowska 2009). However, 

whereas the link between the need for cognitive closure and social conservatism has 

replicated across national contexts, the relationship between need for closure and 

economic conservatism appears to vary as a result of cross-national differences 

(Kossowska and Van Hiel 2003). Meader (2014) found that the need for cognitive closure 

is related to political conservatism, but did not find an effect on ideology for the need for 

cognition. 

H3.4a: The need for cognitive closure will be significantly correlated with 

political traits. 

H3.4b: The genetic components of the need for cognitive closure and political 

traits will be significantly correlated. 

 In general, the need to evaluate tends to lead to stronger and more extreme 

political attitudes (e.g., Bizer, Krosnick, Holbrook, Wheeler, Rucker, and Petty 2004), 

although it is not necessarily related with either liberalism or conservatism (e.g., Cornelis 

and Van Hiel 2006). American National Election Study data suggest that the need to 

evaluate leads to more accurate candidate information and a greater number of candidate 

articulations, with a stronger effect on these outcomes than the need for cognition 

(Holbrook 2006). Other have used this dataset to show that individuals need to have both 

the ability (i.e., knowledge) and motivation (i.e., need to evaluate) to adopt a constrained 

ideology (Federico 2007; Federico and Schneider 2007). Bizer and colleagues (2004) also 

found a connection between the need to evaluate and increased media consumption. In 

sum, the need to evaluate has been linked to many important political traits. 
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H3.5a: The need to evaluate will be significantly correlated with political traits, 

especially attitude strength and attitude extremity. 

H3.5b: The genetic components of the need to evaluate and political traits will be 

significantly correlated. 

Other potential mediators - openness, conscientiousness, extraversion 

It has long been shown that genes play an important role in the origins of Big Five 

personality traits (e.g., Jang, Livesley, and Vernon 1996; Loehlin, McCrae, Costa, and 

John 1998). At the same time, two of the Big Five personality factors, openness to new 

experiences and conscientiousness, have been linked to political ideology (e.g., Carney, 

Jost, Gosling, and Potter 2008; Gerber, Huber, Doherty, Dowling, and Ha 2010; Mondak, 

Hibbing, Canache, Seligson, and Anderson 2010; see also the meta-analysis by Sibley, 

Osborne, and Duckitt 2012) and extraversion has been linked to participation in politics 

(Mondak et al. 2010).
19

 Combining these two sets of findings raises the possibility, often 

discussed by these personality-and-politics researchers (e.g., Mondak 2010; Gerber et al. 

2010; Gerber, Huber, Doherty, Dowling, Raso, and Ha 2011; Mondak et al. 2010) and 

those who study the role of genes in politics (e.g., Smith et al. 2011b), that personality 

may mediate the genetic effect on political beliefs and behaviors. This line of reasoning is 

often grounded in research which shows that personality emerges very early in life (e.g., 

McCrae et al. 2000) whereas political attitudes are less coherent at early ages (e.g., 

Hatemi, Funk, et al. 2009), begin to emerge in adolescence (e.g., Jennings and Niemi 

1974), and grow in stability up through early adulthood (e.g., Jennings and Markus 1984; 

                                                           
19 Related lines of research examine the genetic linkages between politics and other social attitudes and 

behaviors, such as authoritarianism and religiosity (Friesen and Ksiazkiewicz forthcoming; Ludeke, 

Johnson, and Bouchard 2013). 
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Jennings, Stoker, and Bowers 2009; Sears and Funk 1999). Some have challenged the 

idea that personality mediates the effect of genes on politics and have instead proposed 

that political orientations develop in parallel with personality, rather than being driven by 

it (Hatemi and Verhulst 2015; Verhulst, Eaves, and Hatemi 2012). Regardless of whether 

personality mediates the genetic effect on politics or whether personality and politics co-

develop due to a shared set of genetic factors, the relevant point is that shared genetic 

factors (mediated or not) lead personality traits and political ideologies to co-occur. 

The Big Five are also related to the three cognitive style measures that are the 

focus of this chapter. Cacioppo and colleagues (1996) point to relationships between the 

need for cognition and two of the Big Five factors, openness to experience (positive) and 

conscientiousness (no data presented, but implied to be positive in the discussion). Later 

research in psychology confirms that the need for cognition correlates positively with 

both the openness to new experiences and conscientiousness factors and that it has 

discriminant validity from the Big Five traits (Fleischhauer, Enge, Brocke, Ullrich, 

Strobel, and Strobel 2010; Sadowski and Cogburn 1997). More specifically, the need for 

cognition is most strongly associated with the subcomponents of openness to new 

experiences which concern intellect and curiosity (Fleischhauer et al. 2010; Mussel 2010) 

and the subcomponents of conscientiousness related to achievement striving and feelings 

of competence (Fleischhauer et al. 2010). In fact, the need for cognition appears to 

exhibit more pronounced associations with subcomponents of Big Five traits than with 

the Big Five themselves (Fleischhauer et al. 2010). Because Big Five traits are often 

assessed using abbreviated measures which vary in their coverage of any given trait’s 

subcomponents, the Big Five correlates of the need for cognition are thus likely to change 
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modestly across studies employing different Big Five measures. Nonetheless, personality 

psychologists have suggested that the high correlation between openness to new 

experiences and the need for cognition “virtually guarantees that Need for Cognition 

must be substantially heritable” (McCrae and Sutin 2009, p. 269). Correlations of the 

need for cognitive closure and the need to evaluate with Big Five traits may also indicate 

that common genetic factors link these sets of psychological traits (e.g., Kruglanski and 

Webster 1996; Tuten and Bosnjak 2001). 

H3.6: The genetic components of cognitive style and Big Five traits will be 

significantly correlated. 

In addition, existing research suggests that the correlations between these 

cognitive style variables, Big Five personality, and political traits may be driven by 

common genetic factors. The motivated social cognition view of political ideology (Jost 

et al. 2003; Jost 2006) is consistent with the idea that common genetic factors may link 

psychological needs and political traits. In this model, genetic factors contribute to 

personality traits, such as Big Five and cognitive style, which subsequently affect 

political traits (Jost et al. 2009). Political ideology emerges from many concurrent 

processes in this model and, therefore, it is reasonable to expect that there will not be a 

single pathway through which the genetic effect on political traits will be expressed. Even 

when considering all Big Five personality traits, 39 percent of the genetic variance in 

acceptance of inequality and 34 percent of the genetic variance in rejecting system 

change remain unexplained (Kandler, Bleidorn, and Riemann 2012). Big Five personality 

traits thus have a sizeable genetic relationship with political orientations, but do not 
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account for the totality of the genetic effect on political outcomes. The question remains, 

then, as to what other traits link the remaining genetic variation to politics. 

H3.7: Common genetic components will underlie cognitive style, Big Five traits, 

and political traits. 

H3.8a: The genetic effect of cognitive style on political traits will be fully 

accounted for by Big Five traits. 

H3.8b: The genetic effect of Big Five traits on political traits will be fully 

accounted for by cognitive style. 

In sum, there are three reasons to focus on cognitive style as a potential mediator 

of genetic effects on political attitudes. First, despite being important constructs in both 

psychology and increasingly in political science, the need for cognition, the need for 

cognitive closure, and the need to evaluate have not been studied in a behavioral genetic 

context. Second, cognitive style has strong links in the literature to attitude formation and 

attitude change as well as personality, so it is a plausible mediator of the genetic effects 

on political attitudes. Third, although the debate regarding the underlying mechanisms 

through which genes link personality and politics is ongoing, it is important for 

researchers to continue identifying new potential mediators, such as cognitive style (see 

also Chapter 4 for an examination of executive functions as a potential mediator). 

Section 2: Cognitive style is heritable 

The first step in demonstrating that these cognitive style variables may be 

mediators between genes and political traits is to demonstrate that the need for cognition, 

the need for cognitive closure, and the need to evaluate are each heritable. It is also worth 
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considering the extent to which cognitive style variables arise from the same genetic and 

environmental roots. 

Measures of cognitive style 

No prior study has examined whether these types of cognitive style are heritable, 

despite the need for cognition, the need for cognitive closure, and the need to evaluate all 

being widely studied in social psychology and in political science. To determine whether 

these traits are heritable, it is necessary to have a reliable measure of each construct. As 

discussed above, cognitive style was measured using a combination of three scales that 

varied in length from 15 to 18 items each. Although there was a typographical error in the 

scale labeling,
20

 all scales demonstrate good reliability when calculated as written 

(Cronbach’s alpha for need for cognition = 0.80, as compared to 0.90 in Cacioppo, Petty, 

and Kao 1984; for need for cognitive closure = 0.75, as compared to 0.87 in Roets and 

Van Hiel 2011; for the need to evaluate = 0.75, as compared to 0.87 in Jarvis and Petty 

1996). 

Univariate analyses - methodology 

The univariate analyses rely on the classical twin design (see Chapter 1 for a 

detailed description of this method). To review, this method decomposes the variance of 

a given trait into three component parts: an additive genetic component (A), a common 

environment component (C), and a unique environment component (E). This 

decomposition relies on comparing the cross-twin correlations of monozygotic (MZ) and 

                                                           
20

 Specifically, the cognitive style scale instructions labeled the response options as “1 = Completely agree, 

2 = Moderately disagree, 3 = Slightly disagree, 4 = Slightly agree, 5 = Moderately agree, 6 = Completely 

disagree” instead of the intended “1 = Completely disagree, 2 = Moderately disagree, 3 = Slightly disagree, 

4 = Slightly agree, 5 = Moderately agree, 6 = Completely agree”. Scoring the scale exactly as it was 

written, except where participants made it clear by writing on the form that they interpreted it in some other 

way, resulted in the highest scale reliabilities and the strongest predicted relationships with political and 

other traits. If anything, this labeling issue will add measurement error to the scale, which will make the 

tests reported in this chapter more conservative than they would have been otherwise. 
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dizygotic (DZ) twins. In general, to the extent that the cross-twin correlation for MZ 

twins (rMZ) is greater than the cross-twin correlation for DZ twins (rDZ), genes explain a 

greater portion of the variance. rMZ and rDZ for each variable are presented in Table 3.1. 

The first step in the ACE analyses is to estimate a saturated model for each 

variable, which will act as the baseline against which to assess the model fit for the ACE 

model and its submodels. The second step is to estimate an ACE model, which does not 

restrict any of the A, C, or E paths. The final step is to estimate the AE, CE, and E 

submodels, which constrain the A and/or C components to zero, and compare the fit of 

these to the ACE model. The discussion is focused on the best fitting model (ACE, AE, 

CE, or E), which for all of these variables is the AE model. 

Scale construction and data preparation were conducted using Stata 11 (StataCorp 

2009) and all twin analyses were conducted using OpenMx (Boker et al. 2011). Where 

applicable, 95% confidence intervals are reported in the text in square brackets following 

parameter estimates. 

Univariate analyses - the need for cognition (H3.1) 

Table 3.1: Cross-Twin Within-Trait Correlations for Cognitive Style  

 

rMZ rDZ 

NC 0.37 0.24 

NCC 0.38 0.10 

NE 0.24 -0.11 
Correlations were estimated jointly for each variable in turn in a saturated model using 

OpenMx. rMZ and rDZ represent the monozygotic and dizygotic cross-twin correlations, 

respectively. NC is the need for cognition, NCC is the need for cognitive closure, and NE 

is the need to evaluate. 

As shown in Table 3.1, the monozygotic correlation for the need for cognition 

(rMZ = 0.37) is greater than the dizygotic correlation for the need for cognition (rDZ = 

0.24). According to the conventional interpretation of twin data, because rMZ is greater 

than rDZ, this implies that genes play a role in the development of the need for cognition. 
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However, because rMZ is less than double rDZ (i.e., rMZ < 0.48 given the observed rDZ, 

or rDZ > 0.18 given the observed rMZ), this may indicate that common environmental 

factors also play a role in the need for cognition. 

The ACE model of the need for cognition does not fit significantly worse than the 

saturated model. In this model, neither the genetic component, A (36.7% [0.0 - 50.8]), nor 

the common environment component, C (3.2% [0.0 - 38.4]), was significant. The unique 

environment component accounted for about 60% of the variance in the need for 

cognition. The AE and CE submodels, which are more parsimonious, do not have 

significantly worse fit than the ACE model (AE p = 0.86; CE p = 0.06). However, the 

AIC criterion indicates that the CE model is a worse fit than either the AE model or the 

ACE model, so results from the AE model are reported below. A focus on the AE 

submodel is further justified by the very low point estimate for C in the ACE model 

(3.2% [0.0 - 38.4]). According to the AE model, there is a significant moderate genetic 

effect on need for cognition (40.2% [27.6 - 50.9]) and a somewhat larger unique 

environment effect (59.8% [49.1 - 72.4]). These results indicate that need for cognition is 

moderately heritable, in keeping with H3.1. 

Univariate analyses - the need for cognitive closure (H3.1) 

As shown in Table 3.1, the monozygotic correlation for the need for cognitive 

closure (rMZ = 0.38) is greater than the dizygotic correlation for the need for cognitive 

closure (rDZ = 0.10). According to the conventional interpretation of twin data, because 

rMZ is greater than rDZ, this implies that genes play a role in the development of the 

need for cognitive closure. In addition, because rMZ is more than double rDZ (i.e., rMZ 

> 0.20), this may indicate that non-additive genetic factors also play a role. However, for 
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the purpose of these analyses, A will be interpreted as broad-sense heritability, which 

encompasses both additive and non-additive genetic factors (see Coventry and Keller 

2005). 

The ACE model of the need for cognitive closure does not fit significantly worse 

than the saturated model. In this model, the genetic component is significant (36.6 [3.4 - 

48.1]), but the common environment component is not (0.0% [0.0 - 25.5]). However, the 

AE model should be preferred to the ACE model because it does not have significantly 

worse fit (p = 1.00). The results are substantively similar to the ACE model for 

heritability (36.6 [23.2 - 48.1]) and unique environment (63.4% [51.9 - 76.8]). In sum, the 

results show that genetic factors play a role in the need for cognitive closure, confirming 

H3.1. 

Univariate analyses - the need to evaluate (H3.1) 

As shown in Table 3.1, the monozygotic correlation for the need to evaluate (rMZ 

= 0.24) is greater than the dizygotic correlation for the need to evaluate (rDZ = -0.11). 

According to the conventional interpretation of twin data, because rMZ is greater than 

rDZ, this implies that genes play a role in the development of the need to evaluate. The 

negative coefficient on the dizygotic correlation is puzzling and likely the result of 

random error. There is no clear interpretation in biometric theory for a negative cross-

twin correlation, though it is sometimes interpreted as evidence of a contrast effect for 

example in parental ratings of their children (Saudino 2003). It remains for future 

research to determine whether this is a matter of measurement or sampling error or if 

there is some theoretical reason why dizygotic twins would develop discordant needs to 

evaluate through some (presumably) environmental mechanism. 
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Nevertheless, the ACE model of the need to evaluate does not fit significantly 

worse than the saturated model. In this model, neither the heritability component (18.5% 

[0.0 - 31.1]) nor the common environment component (0.0% [0.0 - 17.6]) was significant. 

The unique environment component accounted for about 81.0% [68.9 - 94.8] of the 

variance. However, the AE and CE submodels, which are more parsimonious, do not 

have significantly worse fit than the ACE model (AE p = 1.00; CE p = 0.05). The AIC 

criterion indicates that the CE model is a worse fit than either the AE model or the ACE 

model, so results for the AE model are reported. A focus on the AE submodel is further 

justified by the very low point estimate for C in the ACE model (0.0% [0.0 - 17.6]). In 

the AE model, there is a significant but small genetic effect on the need to evaluate 

(18.5% [5.2 - 31.1]) and a large unique environment effect (81.5% [68.9 - 94.8]). These 

results indicate that the need to evaluate is slightly heritable. 

Bivariate analyses - methodology 

Having found that each of these types of cognitive style has a heritable 

component, it is worth considering whether these heritable components are correlated 

with each other by using a series of bivariate models. The bivariate analyses rely 

primarily on the correlated factors model, which is a statistically equivalent 

transformation of the Cholesky decomposition (see Chapter 2 for a detailed description of 

these methods). The correlated factors model decomposes the variance of each trait into 

its component parts: an additive genetic component (A), a common environment 

component (C), and a unique environment component (E). It simultaneously utilizes the 

latent variance components of the first variable (e.g., A1, the additive genetic component 

of the need for cognition), the latent variance components of the second variable (e.g., 
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A2, the additive genetic component of the need for cognitive closure), and the covariance 

between the variables to calculate the correlation between these latent variance 

components (e.g., rA, the genetic correlation between the need for cognition and the need 

for cognitive closure). Thus, this method is used to estimate the heritability of each trait 

and the correlation between these two heritable components. Theoretically, a high genetic 

correlation suggests that the same genes led to the emergence of each trait. The correlated 

factors model also simultaneously calculates the correlation between the latent common 

environment components (i.e., rC) and the correlation between the latent unique 

environment components (i.e., rE). As in the univariate case, the first step in the bivariate 

analyses is to estimate a saturated model of the variables, which will act as the baseline 

against which to assess the model fit of the correlated factors model. The second step is 

to estimate an ACE model, which does not restrict any of the A, C, or E paths. The final 

step is to estimate AE, CE, and E submodels and compare the fit of these to the saturated 

and ACE model. The discussion focuses on the best fitting model (ACE, AE, CE, or E) in 

the correlated factors form, but also addresses the Cholesky decomposition specification 

of the best-fitting model in some cases. 

Bivariate analyses - Comparing measures of cognitive style (H3.2a, H3.2b) 

Table 3.2 presents the within-individual cross-trait correlations (i.e., rPhcross, the 

phenotypic or trait-level correlation) and the cross-twin cross-trait correlations for 

monozygotic twins (i.e., rMZcross, the correlation among MZ twins between, for example, 

the need for cognition for twin 1 and the need for cognitive closure for twin 2) and 

dizygotic twins (i.e., rDZcross, the correlation among DZ twins between, for example, the 

need for cognition for twin 1 and the need for cognitive closure for twin 2). H3.2a posits 
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that the measures of cognitive style will be significantly correlated. This hypothesis is 

confirmed with regard to the need for cognition and the need for cognitive closure 

(rPhcross = -0.41) and the need for cognition and the need to evaluate (rPhcross = 0.20). 

There is no significant correlation between the need for cognitive closure and the need to 

evaluate (rPhcross = 0.02). 

Table 3.2: Cross-Twin Cross-Trait Correlations for Cognitive Style 

 

rPhcross rMZcross rDZcross rA rE 

NC and NCC -0.41 -0.25 0.01 -0.59 -0.30 

NC and NE 0.20 0.06 0.14 ns 0.19 

NCC and NE 0.02 0.04 0.00 n/a n/a 
Values for rPhcross, rMZcross, and rDZcross were estimated in a saturated model using 

OpenMx. rPhcross represents the phenotypic correlation for each pair of traits (e.g., the 

correlation between the need for cognition and the need for cognitive closure for each 

individual). rMZcross and rDZcross represent the monozygotic and dizygotic cross-twin 

cross-trait correlations, respectively (e.g., the correlation between one twin’s need for 

cognition and the other twin’s need for cognitive closure for monozygotic and dizygotic 

twins). Values for rA and rE were estimated in a correlated factors model. rA represents 

the genetic correlation between one trait and the other trait. rE represents the unique 

environmental correlation. Where rPhcross is below 0.10 in absolute value rA and rE were 

not calculated and are marked n/a. Estimates of rA and rE that did not reach significance 

at the 0.05 level are marked ns. NC is the need for cognition, NCC is the need for 

cognitive closure, and NE is the need to evaluate. 

In order to test H3.2b, that the genetic components of the cognitive style measures 

will be correlated, consider the phenotypic correlation between the need for cognition and 

the need for cognitive closure (rPhcross = -0.41). The size of the correlation makes this a 

good candidate for parsing it into its genetic and environmental components to determine 

why these two types of cognitive style correlate with each other. As with the univariate 

model, it is possible to develop an expectation for what the structural equation model will 

show by first comparing the correlations of interest, in this case the cross-twin cross-trait 

correlations for monozygotic and dizygotic twins (e.g., the correlation between one 

twin’s need for cognition and the other twin’s need for cognitive closure). If rMZcross is 

greater than rDZcross in absolute value, this suggests that there is a genetic correlation 
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(i.e., the same genes are influencing both traits). The absolute value stipulation is 

important because, in a bivariate model, it is theoretically meaningful whether the 

rMZcross and rDZcross are positive or negative (though they are expected to both be in the 

same direction for any pair of traits). In the case where the correlation is positive and 

rMZcross is greater than rDZcross, this indicates that some underlying genetic factors are 

driving both traits in the same direction. In the case where the correlation is negative and 

rMZcross is greater than rDZcross in absolute value, this indicates that some underlying 

genetic factors are driving both traits but in opposite directions. In examining the 

relationship between the need for cognition and the need for cognitive closure, we should 

expect negative rMZcross and rDZcross, since rPhcross is negative. As shown in Table 3.2, 

the observed rMZcross is negative (rMZcross = -0.25) and the observed rDZcross is negligible 

(rDZcross = 0.01), indicating that there may be a genetic correlation between the need for 

cognition and the need for cognitive closure. In addition, because rMZcross is smaller in 

absolute value than rPhcross (-0.41), this may indicate the presence of a unique 

environmental correlation that is accounting for this difference (i.e., some unique 

environmental factors that are strengthening the relationship between the need for 

cognition and the need for cognitive closure within individuals, but not across twins). 

The relationship between the need for cognition and the need for cognitive closure 

can be separated into its component parts using Cholesky decomposition. The ACE 

model is not significantly worse fitting than the saturated model. However, none of the C 

paths in the ACE model are significant and the AE model is the most parsimonious. 

Results from the correlated factors model suggest that the correlation between the need 

for cognition and the need for cognitive closure is split about equally between genetic 
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factors (55.8% [31.1 - 76.0]) and unique environmental factors (44.2% [24.0 - 68.9]). 

However, because genetic factors account for a smaller proportion of the variance in each 

trait than unique environmental factors, the genetic factors are much more highly 

correlated (rA = -0.59) than the environmental factors (rE = -0.30). These results suggest 

that the genetic and environmental factors which contribute to being high in the need for 

cognition also contribute to being low in the need for cognitive closure, and vice versa. 

The results confirm H3.2b for this pair of variables. 

Although the correlation between need for cognition and need to evaluate (rPhcross 

= 0.20) is smaller in magnitude than the correlation between need for cognition and need 

for closure (rPhcross = -0.41), it is similar in magnitude to many of the correlations 

between cognitive style and political traits (see below). The cross-twin cross-trait 

correlations for MZ twins (rMZcross = 0.06) and DZ twins (rDZcross = 0.14) are somewhat 

lower than the phenotypic correlation, indicating that there may be a unique 

environmental correlation at play. That the DZ cross-twin cross-trait correlation is higher 

than the MZ correlation is not theoretically interpretable and may simply be the result of 

random variation. Nonetheless, because the best fitting model for both the need for 

cognition and the need to evaluate is an AE model, it is reasonable to expect that the best 

fitting bivariate model will be AE, as well. 

Decomposing the correlation between the need for cognition and the need to 

evaluate into its parts, the AE model is the best fitting model. The correlated factors 

transformation suggests that the correlation between need for cognition and need to 

evaluate is primarily or exclusively environmental (65.9% [11.7 - 138.8]), as the 

moderate genetic component is not statistically significant (34.1% [-38.7 - 88.3]). The 
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confidence intervals on these estimates are particularly wide likely because of the 

correlational issues with need to evaluate discussed previously. These results suggest that 

H3.2b does not hold for the relationship between the need for cognition and the need to 

evaluate. 

In sum, this section has shown that each of these types of cognitive style has a 

significant heritable component. The size of this heritable component is moderate for 

both the need for cognition and the need for cognitive closure, and about half as large for 

the need to evaluate. The bivariate analyses show that there is both genetic and 

environmental overlap between the need for cognition and the need for cognitive closure. 

By contrast, the correlation between the need for cognition and the need to evaluate 

appears to be driven exclusively by unique environmental influences that impact both 

types of cognitive style. I did not decompose the correlation between the need for 

cognitive closure and the need to evaluate because it is minute (rPhcross = 0.02) and, thus, 

there is no point in trying to decompose it into its constituent parts. 

Section 3: Cognitive style shares genetic influences with political traits 

Having shown for the first time that the need for cognition, the need for cognitive 

closure, and the need to evaluate are each heritable, and that some of these cognitive style 

variables share common genetic influences, the next step to demonstrating that these 

cognitive style variables may be mediators between genes and political traits is to show 

that they are correlated with political traits and that those correlations are at least in part 

genetic. This section considers each of these cognitive style variables in turn using 

bivariate Cholesky decomposition to examine whether their relationships to political 
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traits are genetic, environmental, or both (see Section 2 for a discussion of these 

methods). 

Scale construction and data preparation were conducted using Stata 11 (StataCorp 

2009) and all twin analyses were conducted using OpenMx (Boker et al. 2011). Where 

applicable, 95% confidence intervals are reported in the text in square brackets following 

parameter estimates. 

Results and Discussion: Political ideology (H3.3, H3.4, H3.5) 

Table 3.3: Cross-Twin Cross-Trait Correlations for Cognitive Style and Ideology 

 

 

rPhcross rMZcross rDZcross rA rE 

Single-item ideology and… NC -0.14 -0.11 -0.09 -0.28 ns 

 NCC 0.13 0.13 0.07 0.33 ns 

 NE 0.10 0.10 -0.01 ns ns 

WP ideology (27-item) and… NC -0.23 -0.24 -0.14 -0.42 ns 

 NCC 0.21 0.16 0.10 0.33 ns 

 NE 0.16 0.10 0.01 ns 0.18 

Social ideology and… NC -0.24 -0.25 -0.19 -0.47 ns 

 NCC 0.20 0.19 0.08 0.37 ns 

 NE 0.13 0.08 -0.04 ns ns 

Economic ideology (6-item) and… NC -0.05 -0.03 -0.04 n/a n/a 

 NCC 0.08 0.04 0.03 n/a n/a 

 NE 0.15 0.13 0.01 0.39 ns 
Values for rPhcross, rMZcross, and rDZcross were estimated in a saturated model using 

OpenMx. rPhcross represents the phenotypic correlation for each pair of traits (e.g., the 

correlation between the need for cognition and the need for cognitive closure for each 

individual). rMZcross and rDZcross represent the monozygotic and dizygotic cross-twin 

cross-trait correlations, respectively (e.g., the correlation between one twin’s need for 

cognition and the other twin’s social ideology for monozygotic and dizygotic twins). 

Values for rA and rE were estimated in a correlated factors model. rA represents the 

genetic correlation between one trait and the other trait. rE represents the unique 

environmental correlation. Where rPhcross is below 0.10 in absolute value rA and rE were 

not calculated and are marked n/a. Estimates of rA and rE that did not reach significance 

at the 0.05 level are marked ns. NC is the need for cognition, NCC is the need for 

cognitive closure, and NE is the need to evaluate.  

Single-item ideology, Wilson-Patterson ideology, social ideology, and economic 

ideology are all modestly correlated with cognitive style, confirming H3.3a, H3.4a, and 

H3.5a for many of these pairs of variables (see Table 3.3). Comparing the relationships 
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of each of these ideological measures to each cognitive style measure provides the 

opportunity to address several questions. First, the data can speak to H3.3b, H3.4b, and 

H3.5b, which ask if the need for cognition, the need for cognitive closure, and the need to 

evaluate, respectively, account for genetic variance in these politics traits. Second, 

drawing on insights from Chapter 2, which showed differences in the heritability of social 

and economic ideology, the data can speak to whether cognitive style is related to social 

ideology and economic ideology in the same way. Third, also building on findings from 

Chapter 2, the data can address whether greater insights into the basis of political 

ideology can be gained by using a multi-item measure of political ideology rather than a 

single-item measure. 

Consider first whether cognitive style correlates with political ideology at all. 

Consistent with past findings, the results indicate that the correlations between cognitive 

style and political ideology are modest but significant. The within-twin cross-trait 

correlations (rPhcross) range in absolute value from 0.05 to 0.24, with a median correlation 

of 0.15. This suggests that cognitive style does have some relationship with these various 

types of political ideology, confirming H3.3a, H3.4a, and H3.5a. The subsequent 

analyses only decompose those correlations above the 0.10 level because of the small 

degree of shared variance which it represents (i.e., 1%). 

The correlations with cognitive style differ somewhat between social and 

economic ideology. For the need for cognition and the need for cognitive closure, the 

correlations with social ideology (-0.24 and 0.20, respectively) are much more 

pronounced than with economic ideology (-0.05 and 0.08, respectively). This suggests 

that the need for cognition and the need for cognitive closure are potential mediators of 
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the genetic effect on social ideology, but not on economic ideology. The weaker 

relationship with economic ideology may be the result of greater measurement error in 

that scale (see Chapter 2), but it is worth noting that the need to evaluate displays similar 

correlations with both social conservatism (0.13) and economic conservatism (0.15). 

Together, these results suggest that the genetic and environmental mediators of social and 

economic ideology may differ and that different types of cognitive style may affect only 

certain types of ideologies and not others. 

Turning to the comparison of the full Wilson-Patterson scale and the single-item 

ideology measure, the correlations with single-item ideology are lower than the full 

Wilson-Patterson scale. Once again, this may be because it is tapping into a different 

construct than the full-scale measure, but it is likely due at least in part to greater 

measurement error in the single-item measure (see Chapter 2). 

The saturated model of the data also provides estimates of the cross-twin cross-

trait correlations for monozygotic (rMZcross) and dizygotic (rDZcross) twins. Recall that 

when rMZcross is greater than rDZcross, this suggests that there may be a genetic correlation 

between the two traits (i.e., that the traits are jointly affected by some underlying genetic 

factors). For those relationships with a correlation above the 0.10 threshold, in each case 

the cross-twin cross-trait correlation for MZ twins is generally higher than the cross-twin 

cross-trait correlation for DZ twins. These correlations indicate that shared genetic 

influences may underlie the relationship between cognitive style and political ideology, 

consistent with H3.3b, H3.4b, and H3.5b. 

These hypotheses can be tested directly by using the bivariate Cholesky 

decomposition models described above. The results of the correlated factors 
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transformation are in the rA and rE columns of Table 3.3. In general, the correlations 

between cognitive style and political ideology appear to be driven primarily by genetic 

correlations (rA), rather than unique environmental correlations (rE). There are 

particularly large genetic correlations between the need for cognition and social ideology, 

full-scale ideology, and single-item ideology, as well as between the need for cognitive 

closure and these measures of political ideology. This contrasts with the relationship 

between these two types of cognitive style and economic ideology, which are essentially 

uncorrelated. However, these data also suggest that the need to evaluate is a potential 

mediator of the genetic effect on economic ideology. The need to evaluate also has a 

significant environmental correlation, but not a significant genetic correlation, with social 

ideology.  

Overall, these results suggest that cognitive style does account for genetic 

influences on political ideology, confirming H3.3b, H3.4b, and H3.5b. However, 

researchers must be careful because not all types of cognitive style mediate the effect of 

genes on all types of political ideology. Given that all of these findings are novel, and that 

the positive correlation between the need to evaluate and economic conservatism was 

unexpected, it is important that future research seek to replicate these findings in new 

samples. 

Results and Discussion: Attitude certainty and strength (H3.3, H3.4, H3.5) 

Recall that attitude strength was measured by averaging the strength of attitudes 

across all issues in the Wilson-Patterson inventory, regardless of ideological direction. 

Uncertainty was measured by counting the number of instances in which a participant 

selected that they are undecided on an issue, rather than taking an affirmative liberal or 
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Table 3.4: Cross-Twin Cross-Trait Correlations for Cognitive Style, Attitude 

Certainty, and Attitude Strength 
 

 

rPhcross rMZcross rDZcross rA rE 

Attitude uncertainty and… NC -0.18 -0.14 -0.11 -0.37 ns 

 NCC 0.07 0.00 0.08 n/a n/a 

 NE -0.15 -0.07 -0.01 ns -0.18 

Attitude strength and… NC 0.08 -0.01 0.02 n/a n/a 

 NCC 0.04 -0.05 0.01 n/a n/a 

 NE 0.24 0.12 0.07 0.43 0.18 
Values for rPhcross, rMZcross, and rDZcross were estimated in a saturated model using 

OpenMx. rPhcross represents the phenotypic correlation for each pair of traits (e.g., the 

correlation between the need for cognition and the need for cognitive closure for each 

individual). rMZcross and rDZcross represent the monozygotic and dizygotic cross-twin 

cross-trait correlations, respectively (e.g., the correlation between one twin’s need for 

cognition and the other twin’s attitude uncertainty for monozygotic and dizygotic twins). 

Values for rA and rE were estimated in a correlated factors model. rA represents the 

genetic correlation between one trait and the other trait. rE represents the unique 

environmental correlation. Where rPhcross is below 0.10 in absolute value rA and rE were 

not calculated and are marked n/a. Estimates of rA and rE that did not reach significance 

at the 0.05 level are marked ns. NC is the need for cognition, NCC is the need for 

cognitive closure, and NE is the need to evaluate. 

conservative position regardless of attitude strength (see Chapter 2 for a detailed 

discussion of these measures). Unlike with political ideology, where the effects of the 

need for cognition and the need for cognitive closure were quite comparable across all of 

the measures, for attitude uncertainty and attitude strength there are notable differences 

between these two types of cognitive style. Whereas the need for cognition correlates 

with attitudinal certainty (confirming H3.3a), the need for cognitive closure does not 

(disconfirming H3.4a). Neither of these two types of cognitive style has even a weak 

relationship with attitude strength (disconfirming H3.4a for these pairs of variables). 

Also unlike political ideology, where the need for cognition and the need for 

cognitive closure displayed quite strong relationships and the need to evaluate had more 

muted ones, for attitude strength and attitude uncertainty the need to evaluate has a 

stronger relationship. For attitude uncertainty, the correlation with the need to evaluate (-

0.15) is similar to that for the need for cognition (-0.18). For attitude strength, the need to 
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evaluate has a correlation (0.24) comparable to the strongest correlation between 

cognitive style and political ideology in the sample (the need for cognition and social 

ideology also correlate at 0.24). These results confirm H3.5a with regard to attitude 

strength and attitude uncertainty. 

Given these correlation structures, it is possible to test H3.3b and H3.5b by 

decomposing the correlations for the need for cognition and the need to evaluate with 

attitude uncertainty. It is also possible to test H3.5b by decomposing the correlation 

between the need to evaluate and attitude strength. For these variables, the cross-twin 

cross-trait correlation for monozygotic twins (rMZcross) is greater than the same 

correlation for dizygotic twins (rDZcross) in each case, indicating that cognitive style may 

be linked to attitude certainty and attitude strength by genetic factors. 

The results of the bivariate Cholesky decomposition, and specifically the 

correlated factors transformation, are displayed in the rA and rE columns in Table 3.4. 

The results show that while the need for cognition accounts for part of the genetic 

variance in attitude uncertainty, the need to evaluate accounts for part of the 

environmental variance. This confirms H3.3b, but disconfirms H3.5b for attitude 

uncertainty. For attitude strength, there are significant genetic and environmental 

correlations with the need to evaluate, confirming H3.5b for attitude strength. In all, these 

results point to the importance of both genetic and environmental pathways for 

understanding the role of cognitive style in political attitudes and to the importance of 

considering political attitude strength and attitude certainty within a behavioral genetic 

context. 
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Results and Discussion: Party identification, interest in politics, and participation in 

politics (H3.3, H3.4, H3.5) 

Table 3.5: Cross-Twin Cross-Trait Correlations for Cognitive Style and Other 

Political Traits 
 

 

rPhcross rMZcross rDZcross rA rE 

Party identification and… NC -0.03 -0.04 -0.13 n/a n/a 

 NCC 0.04 0.09 0.03 n/a n/a 

 NE 0.15 0.14 0.06 0.39 ns 

Interest in politics and… NC 0.28 0.19 0.10 0.43 0.17 

 NCC -0.12 0.01 -0.04 ns -0.16 

 NE 0.34 0.19 -0.06 0.56 0.27 

Participation in politics and… NC 0.24 0.17 0.14 0.37 0.13 

 NCC -0.13 -0.04 -0.20 -0.24 ns 

 NE 0.21 0.12 0.05 0.40 0.13 
Values for rPhcross, rMZcross, and rDZcross were estimated in a saturated model using 

OpenMx. rPhcross represents the phenotypic correlation for each pair of traits (e.g., the 

correlation between the need for cognition and the need for cognitive closure for each 

individual). rMZcross and rDZcross represent the monozygotic and dizygotic cross-twin 

cross-trait correlations, respectively (e.g., the correlation between one twin’s need for 

cognition and the other twin’s party identification for monozygotic and dizygotic twins). 

Values for rA and rE were estimated in a correlated factors model. rA represents the 

genetic correlation between one trait and the other trait. rE represents the unique 

environmental correlation. Where rPhcross is below 0.10 in absolute value rA and rE were 

not calculated and are marked n/a. Estimates of rA and rE that did not reach significance 

at the 0.05 level are marked ns. NC is the need for cognition, NCC is the need for 

cognitive closure, and NE is the need to evaluate. 

The final set of political variables also shows relationships with cognitive style 

that have not previously been examined using behavioral genetic methods. Unlike 

political ideology, party identification is found not to correlate with either the need for 

cognition or the need for cognitive closure in this sample, contrary to H3.3a and H3.4a. 

There is a significant correlation between Republicanism and the need to evaluate, which 

was unexpected and which is examined in greater detail below. Interest in politics and 

participation in politics each correlate with the need for cognition, the need for cognitive 

closure, and the need to evaluate, confirming H3.3a, H3.4a, and H3.5a. Whereas the need 

for cognition and the need to evaluate increase interest in politics and participation in 
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politics, the need for cognitive closure is correlated with less interest and participation in 

politics. 

In general, where the within-twin cross-trait correlation (rPhcross) is greater than 

0.10, the cross-twin cross-trait correlation is greater for monozygotic twins (rMZcross) 

than dizygotic twins (rDZcross). This suggests that genetic factors may link party 

identification, interest in politics, and participation in politics to cognitive style. Interest 

in politics is of particular interest, as it has among the strongest within-twin cross-trait 

correlations in this dataset (rPhcross = 0.28 for the need for cognition and rPhcross = 0.34 

for the need to evaluate). The need for cognitive closure has unusual relationships with 

both interest in politics and participation in politics. With interest in politics, the need for 

cognitive closure shows very small rMZcross and rDZcross (rMZcross = 0.01, rDZcross = -

0.04). These cross-twin cross-trait correlations suggest that the relationship between 

interest in politics and the need for cognitive closure may be driven by shared unique 

environmental experiences, which would be uncorrelated across either twin type. With 

participation in politics, rMZcross for the need for cognitive closure is quite small (-0.04) 

and rDZcross is sizeable (-0.20). This may simply be the result of statistical chance, as a 

larger rDZcross than rMZcross is not theoretically interpretable in a standard biometric 

model. 

Turning to the results of the correlated factors models, the model for party 

identification and the need to evaluate suggest that there are common genetic factors 

which predispose individuals to develop a heightened need to evaluate and a Republican 

party identification, confirming H3.5b for these variables. The relationship between need 

to evaluate and party identification in this sample is not unprecedented in the literature 
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(Bizer et al. 2004 found a similar correlation in the 1998 ANES pilot study, but not in the 

2000 ANES), but will require future research to confirm and, potentially, elucidate. 

For interest in politics, there are remarkably strong genetic correlations with the 

need for cognition (rA = 0.43 [0.24 - 0.61]) and the need to evaluate (rA = 0.56 [0.29 - 

0.89]), confirming H3.3b and H3.5b for these variables. In addition, there are significant 

environmental correlations between interest in politics and these types of cognitive style 

(rE = 0.17 [0.05 - 0.28] for the need for cognition and rE = 0.27 [0.16 - 0.38] for the need 

to evaluate). These results suggest that the need for cognition and the need to evaluate are 

important potential mediators of both genetic and environmental effects on interest in 

politics. As for the need for cognitive closure, there is a significant environmental 

correlation (rE = -0.16 [-0.28 - -0.04]), but no significant genetic correlation (rA = -0.06 

[-0.27 - 0.17]), contrary to H3.4b. This suggests that the environmental factors which lead 

to a higher need to cognitive closure lead to less interest in politics. This result is 

consistent with the small underlying monozygotic and dizygotic cross-twin cross-trait 

correlations, as discussed above. 

For participation in politics, the need for cognition and the need to evaluate once 

again have significant genetic and environmental correlations, in keeping with H3.3b and 

H3.5b. The analysis for the need for cognitive closure also reduces to an AE model as the 

best-fitting, but these results should be interpreted with caution given the unusual 

underlying monozygotic and dizygotic cross-twin cross-trait correlations. 

In sum, whereas cognitive style appears to be relatively unimportant in the 

development of party identification, with the possible exception of some effect of the 

need to evaluate, the need for cognition and the need to evaluate seem to be particularly 
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important in explaining interest in politics and participation in politics.
21

 These types of 

cognitive style have sizeable genetic and significant environmental correlations with 

these political outcomes that deserve to be the topic of future research. 

Section 4: Comparing cognitive style to Big Five 

The results in the preceding sections demonstrate that the three types of cognitive 

style examined in this chapter are heritable and that many of their relationships with 

political traits are underpinned by shared genetic influences. However, it remains 

possible that these influences are redundant with relationships that have already been 

demonstrated in the literature, namely those between political traits and Big Five 

personality traits. To the extent that the genetic factors that relate cognitive style and 

political traits are also related to Big Five, this provides a valuable theoretical insight by 

opening up future research into the common genetic underpinnings of these three groups 

of traits. To the extent that the genetic factors that relate cognitive style and political traits 

are independent of Big Five, this provides a different theoretical insight because it 

suggests that cognitive style is a novel, previously unknown pathway from genes to 

politics. 

Given the well-known relationships between political ideology and Big Five, in 

particular the positive correlation between openness to new experiences and political 

liberalism (Sibley, Osborne, and Duckitt 2012), as well as the robust genetic relationships 

of political ideology with the need for cognition and the need for cognitive closure in this 

                                                           
21

 Readers may note that this section uses AE models to examine the relationship between cognitive style 

and participation in politics in 2012, despite the fact that in the univariate case participation in politics in 

2012 was best explained with a CE model (see Chapter 2). This decision was made for a number of 

reasons. First, participation in politics in 2008 had a significant heritable component. Second, the cross-

twin over-time correlations for participation in politics indicated the role of genetic factors over time in this 

trait (see Chapter 2). Third, the existing literature suggests that participation in politics has a heritable 

component (e.g., Klemmensen et al. 2012a). In light of these considerations, I decided that it was worth 

considering the results of the bivariate AE models for cognitive style and participation in politics. 
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sample (see Table 3.3), the analyses below focus on political ideology. They consider, 

first, whether the genetic relationship between the need for cognition and ideology is 

accounting for the same variance in political ideology as the genetic relationship between 

the need for cognitive closure and ideology. Then, the analyses turn to addressing 

whether there is a genetic correlation between these cognitive style measures and Big 

Five traits (H3.6), whether the genetic relationship between ideology and these variables 

is the result of common genetic roots (H3.7), and whether ideology’s genetic relationship 

with cognitive style is redundant with ideology’s genetic relationship with openness to 

new experiences (H3.8). 

Scale construction and data preparation were conducted using Stata 11 (StataCorp 

2009) and all twin analyses were conducted using OpenMx (Boker et al. 2011). Where 

applicable, 95% confidence intervals are reported in the text in square brackets following 

parameter estimates. 

Measures 

Unlike the other variables reported in this chapter, Big Five personality was not 

measured in the 2012 survey. However, a multi-item measure of Big Five personality 

traits was completed as part of the 2008 survey. The results reported here rely on this 44-

item inventory (John, Donahue, and Kentle 1991), which contained a 10-item measure of 

openness to new experiences. Given the high degree of stability in personality traits in 

mid-life (Caspi, Roberts, and Shiner 2005) the measures from 2008 serve as a proxy for 

measures of personality in 2012. 

Results and Discussion: Cognitive style and ideology 
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To determine whether the need for cognition and the need for cognitive closure 

account for the same genetic variance in political ideology, two types of trivariate models 

were estimated. The first set of models considers whether the need for cognition has a 

genetic variance component that is shared with political ideology above and beyond that 

which is shared with the need for cognitive closure (see the gray bars on the left side of 

Figure 3.1). This is analogous to asking whether the genetic effect of the need for 

cognition on politics is significant after controlling for the genetic effect of the need for 

cognitive closure on politics. This trivariate model can be compared against the bivariate 

models of the need for cognition and political ideology reported in Table 3.3, represented 

by the white bars on the left side of Figure 3.1. For each measure of ideology, there is a 

reduction in the variance explained by the need for cognition controlling for the need for 

cognitive closure. This indicates that some of the genetic variance in political ideology is  
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shared with both the need for cognition and the need for cognitive closure. However, the 

need for cognition also accounts for additional genetic variance beyond the need for 

cognitive closure for Wilson-Patterson political ideology and social ideology. This means 

that there are unique genetic influences which link the need for cognition and these 

measures of political ideology which are unrelated to the need for cognitive closure. For 

single-item ideology, the genetic variance accounted for by the need for cognition is not 

significant controlling for the need for cognitive closure; this may be the result of the 

greater measurement error inherent in a single-item scale. 

The second set of models considers whether the need for cognitive closure has a 

genetic variance component that is shared with political ideology above and beyond that 

shared with the need for cognition (see the gray bars on the right side of Figure 3.1). In 

this case, this is analogous to asking whether the genetic effect of the need for cognitive 

closure on ideology is significant controlling for the genetic effect of the need for 

cognition on ideology. Once again, there is a considerable reduction in the variance 

accounted for by the need for cognitive closure compared to the bivariate models, which 

are represented by the white bars on the right side of Figure 3.1. However, in this case the 

need for cognitive closure does not account for any genetic component of political beliefs 

that is not already accounted for by the need for cognition in political ideology, social 

ideology, or single-item ideology. This suggests that the genetic relationship between the 

need for cognitive closure and ideology is fully accounted for by the genetic factors 

which link the need for cognition and ideology. 

In sum, these results suggest that both the need for cognitive closure and the need 

for cognition are related to politics primarily through a genetic pathway. However, while 
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the genetic effect of the need for cognitive closure on political ideology is subsumed in 

the genetic effect of the need for cognition on political ideology, the genetic effect of the 

need for cognition on political ideology is not subsumed in the genetic effect of the need 

for cognitive closure on political ideology. Because the need for cognitive closure 

pathway does not account for unique genetic variance in political ideology, the remaining 

analyses focus on the need for cognition. 

Results and Discussion: Openness to New Experiences, Cognitive Style, and Ideology 

(H3.6, H3.7, H3.8) 

The data presented thus far have not accounted for the relationship between 

cognitive style and Big Five. In keeping with past research (Sibley, Osborne, and Duckitt 

2012), openness to new experiences has a significant negative correlation with political 

conservatism, as measured by the Wilson-Patterson inventory (rPhcross = -0.20). A best-

fitting, bivariate AE model confirms that both variables have significant genetic 

components and these genetic components are moderately correlated (rA = -0.29 [-0.43 - 

-0.16]). Moreover, the observed covariation between openness and political ideology is 

primarily or exclusively genetic as it contains a predominant genetic component (98.7% 

of the covariation [39.3 - 100.0]) and no significant unique environmental component. 

These results suggest that, as with cognitive style, the relationship between Big Five 

personality and ideology is largely a genetic one. Results from models examining social 

ideology and single-item ideology lead to a similar conclusion. Conscientiousness, which 

has been shown to correlate positively with political conservatism but has a weaker 

relationship than openness to new experiences (Sibley, Osborne, and Duckitt 2012), has a 

very modest trait-level correlation with political ideology in these data (rPhcross = 0.05), 
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which implies that there is very little covariation to decompose, so it is excluded from 

further analysis. 

In keeping with past research (e.g., Fleischhauer et al. 2010; Sadowski and 

Cogburn 1997), the data suggest that there is a strong relationship between the need for 

cognition and openness to new experiences (rPhcross = 0.49), confirming H3.6. Based on 

the best-fitting bivariate AE model, these variables have a very strong genetic correlation 

(rA = 0.71 [0.57 - 0.85]), confirming H3.7, and also a significant unique environmental 

correlation (rE = 0.32 [0.21 - 0.42]).  

Having shown that the need for cognition has a genetic correlation with both 

political ideology and openness to new experiences, and that openness to new 

experiences has a genetic correlation with political ideology, the next step is to determine 

whether the need for cognition accounts for unique genetic variance in political ideology 

controlling for openness to new experiences. This question can be address by a series of 

trivariate Cholesky decompositions analogous to those presented in Figure 3.1.  

First, consider whether the need for cognition accounts for genetic variation in 

political ideology beyond the genetic variation that is accounted for by openness to new 

experiences. As shown previously (see Table 3.3 and Figure 3.1), the need for cognition 

accounts for a significant portion of the genetic variance in political ideology, as 

represented by the white bars on the left side of Figure 3.2. In a trivariate model which 

controls for genetic variance shared with openness to new experiences, the need for 

cognition still accounts for a significant portion of the genetic variance in political 

ideology (see the gray bars on the left side of Figure 3.2). In other words, the genetic 

pathway to ideology via the need for cognition is not reducible to the pathway via 
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openness to new experiences. These results hold for Wilson-Patterson ideology and social 

ideology, but there is no significant residual genetic pathway via need for cognition to 

single-item ideology once openness to new experiences is taken into account. Again, this 

may be the result of the lower reliability of single-item measures. In sum, these results 

disconfirm H3.8a, which suggested that the genetic effect of the need for cognition on 

political ideology would be fully accounted for by openness to new experiences. 

 

Although the genetic pathway via the need for cognition is not redundant with the 

pathway via openness to new experiences, this first set of trivariate analyses still leave 

open the possibility that the genetic pathway from openness to ideology is fully 

accounted for by the cognitive style pathway (as stated in H3.8b). This hypothesis is 

supported by the data (see the gray bars on the right side of Figure 3.2). Once the genetic 

pathway from the need for cognition has been taken into account, there is no additional 
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genetic variance in political ideology that is accounted for by openness to new 

experiences. In fact, the models suggest that the unique genetic variance accounted for by 

the need for cognition (i.e., the grey bars on the left side of Figure 3.2) is greater than the 

total genetic effect of openness to new experiences on political ideology (i.e., the white 

bars on the right side of Figure 3.2). In sum, these results suggest that whatever genetic 

relationship exists been openness to new experiences and political ideology, it is fully 

accounted for by considering the relationship between need for cognition and political 

ideology. 

Section 5: Implications for broader political science research 

This chapter has put forward a number of arguments with relevance for the 

broader political science literature. First, it demonstrated, for the first time, that genes 

influence three widely used measures of cognitive style - the need for cognition, the need 

for cognitive closure, and the need to evaluate. Moreover, it showed that some of these 

types of cognitive style share genetic and environmental roots with each other and with 

Big Five personality traits. These findings move forward our understanding of cognitive 

style and open the door to future genetic research on these influential variables not only 

in political science, but in other disciplines where these constructs are used. 

Second, the findings in this chapter raise important questions about the nature of 

the relationship between cognitive style and political beliefs and behaviors. This chapter 

provides evidence that many of the links between cognitive style and political traits are 

driven primarily or exclusively by genetic factors. These findings are consistent with the 

idea of political ideology as a form of motivated social cognition (Jost et al. 2003), where 

those motivations are grounded in genetic factors (e.g., Verhulst, Hatemi, and Eaves 
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2012). Future research should continue to examine the nature of the genetic relationship 

between cognitive style and political traits. For example, these data cannot address 

whether cognitive style mediates the genetic effect on political attitudes (e.g., by 

emerging in childhood or adolescence and guiding later political development) or 

whether there is some third variable that predisposes individuals to develop both 

particular types of cognitive style and particular political attitudes. Moreover, studying 

environmental factors which moderate these genetic effects (i.e., gene by environment 

interactions) and selective exposure to environments which reinforce genetic 

predispositions (i.e., gene-environment correlation) must be an important next step in 

studying the development of political attitudes. 

Third, the findings in this chapter speak to the broader literature on Big Five 

personality and politics. Theoretically, these findings suggest that it is the aspects of 

openness that most strongly correlate with the need for cognition, namely the 

subcomponents of openness to new experiences which concern intellect and curiosity 

(Fleischhauer et al. 2010), which are most relevant for political ideology and for 

understanding the role of genes in political ideology. This finding is consistent with some 

(e.g., Akrami and Ekehammer 2006), but by no means all (Hirsh, DeYoung, Xu, and 

Peterson 2010), previous research on the topic (see review by Sibley and Duckitt 

forthcoming). That scholars who study the intersection of Big Five and politics should 

focus on facets of Big Five is an argument that has not only theoretical implications, but 

also practical ones. This research points to the importance of utilizing Big Five 

inventories with greater coverage of relevant facets or, alternatively, utilizing detailed 

cognitive style scales. While there may be situations in which it is not feasible to include 
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a full personality inventory in a study, for example due to time or budgetary restrictions, 

the findings point to the greater theoretical insight which can be gained by utilizing 

detailed measures of openness to new experiences and cognitive style in trying to 

understand political ideology. 

A sometimes overlooked strength of twin research is that it also provides insights 

into the environmental sources of variance in the trait of interest. For some of the political 

variables, notably interest in politics and participation in politics, there are significant 

unique environmental correlations with cognitive style. Though it is often difficult to 

identify the mechanisms by which unique environmental influences occur for any 

particular variable (Turkheimer 2000), future research should consider what factors may 

account for these unique environmental correlations. Ideal candidates would be life 

experiences that are unshared across twins and that affect types of cognitive style as well 

as interest or participation in politics. One possibility may be unshared friends, as interest 

and participation in politics are affected by social networks (e.g., McClurg 2003). 

However, for other political variables, like political ideology and cognitive style, 

these traits share only genetic and not unique environmental influences. Here the 

challenge is not to identify environmental influences which operate on these two sets of 

variables jointly, as they appear to be absent, but rather to explain why such relationships 

are absent when they might be expected. In other words, future research will need to 

account theoretically for the effects of environmental factors that correlate with both 

political ideology and cognitive style, such as education, media exposure, and related 

variables. It may be that these relationships are also in part genetic, which would provide 
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further insight into the genetic component of political ideology and call for further re-

evaluation of traditional theories of how political ideology is formed. 

Finally, these data also show that much of the genetic effect on political traits 

remains unaccounted for. For example, the genetic pathways through the need for 

cognition and openness to new experiences account for only 18% of the genetic variation 

in political ideology, leaving a majority of the genetic variation unexplained. Locating 

variables that account for this remaining genetic variance should be a focus of future 

research. Potential variables of interest are other psychological traits that consistently 

correlate with political ideology, especially if they have been shown to be heritable in 

their own right. I turn to one such set of variables, executive functions, in Chapter 4. 
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Chapter 4: Getting from Genes to Politics: Executive Functions 

Chapter 3 argued that one of the current challenges facing biopolitics research is 

identifying potential mediators of the genetic effect on political outcomes. This chapter 

examines individual differences in executive functions as a novel potential mediator of 

genes on political traits. The term “executive functions” describes a range of basic 

cognitive processes which characterize the capacity of an individual to actively process 

information. This chapter examines three specific types of executive functions: updating, 

shifting, and inhibition (Miyake, Friedman, Emerson, Witzki, Howerter, and Wager 

2000). 

Recall that for a variable, like an executive function, to be considered as a 

potential genetic mediator for political traits, it must meet several criteria. First, the 

potential mediator must itself be heritable, meaning that part of its variance can be 

attributed to genetic factors. Individual differences in the specific measures of executive 

functions that are examined in this chapter have been shown to be highly heritable 

(Friedman, Miyake, Young, DeFries, Corley, and Hewitt 2008). Second, the potential 

mediator must be correlated with political traits. Although there is no research of which I 

am aware linking individual differences in executive functions with political traits, there 

is research showing that general cognitive abilities are related to political ideology and 

other political traits (e.g., Denny and Doyle 2008; Kemmelmeier 2008; Luskin 1990; 

Schoon, Cheng, Gale, Batty, and Deary 2010). Third, the potential genetic mediator 

should emerge prior to political traits in the life course. Individual differences in 

executive functions have been shown to emerge early in life and these early life 

differences have been shown to persist at least to some degree into adolescence 
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(Friedman, Miyake, Robinson, and Hewitt 2011) and adulthood (Miyake and Friedman 

2012). Finally, there should be a theoretical causal pathway through which the potential 

mediator influences political traits. There may be a direct effect of executive functions on 

some political traits, but in most cases the effects of executive functions on political traits 

are likely mediated through other variables (e.g., cognitive style). 

Section 1 provides a brief review of the literature on executive functions and 

defines the types of executive functions that are studied in this chapter. It also discusses 

the connection between cognitive ability and political traits and lays out the hypotheses to 

be tested in this chapter. Section 2 describes the sample used in this chapter and the 

measurement techniques that were used. Section 3 presents the results of the analysis. 

Section 4 provides some general discussion about the implications of these findings for 

political science research. 

Section 1: Linking executive functions and politics 

What are executive functions? 

A recent review of the executive functions literature defines executive functions 

as “a collection of top-down control processes used when going on automatic or relying 

on instinct or intuition would be ill-advised, insufficient, or impossible” (Diamond 2013). 

Executive functions underpin the kinds of tasks encompassed by System 2, controlled 

processing, as opposed to System 1, automatic processing (see Evans 2008 for a review 

of dual-processing models). In other words, executive functions are basic cognitive 

processes which underpin conscious deliberation, problem solving, and information 

processing. 
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Executive functions are characterized by “unity and diversity” (Miyake et al. 

2000; Miyake and Friedman 2012), which means that there are several distinct types of 

executive function, but that they all correlate together positively. One dominant paradigm 

for categorizing forms of executive functions argues that there are three core executive 

functions (Miyake et al. 2000; see review by Diamond 2013): inhibition, updating, and 

shifting. Inhibition characterizes an individual’s ability to inhibit automatic or habitual 

behavioral responses and to manage distractions. Updating, or working memory, 

characterizes an individual’s ability to actively process a stream of information and 

update cognitive representations in the moment. Mental set shifting, or simply shifting, 

characterizes an individual’s ability to juggle multiple tasks simultaneously and show 

cognitive flexibility.
22

 There is common variance underlying all of these functions, 

sometimes called Common EF, but they are all statistically distinguishable and can 

uniquely influence outcomes of interest. 

H4.1a: Executive function tasks will be distinguishable into three clusters 

specified by inhibition, updating, and shifting. 

H4.1b: Inhibition, updating, and shifting will be positively correlated. 

Genes and executive function 

There has been some research to suggest that individual differences in executive 

functions are heritable (Friedman et al. 2008). Using a series of twin analyses (see 

Chapter 1 for an overview of this methodology), these authors find that genes account for 

essentially all of the variation in Common EF, which in turn accounts for nearly half of 

the variation in updating and shifting and all of the variation in inhibition. The remaining 

                                                           
22

 Detailed definitions of each of these three forms of executive function are available in Miyake et al. 

2000, p. 55-58. 
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variation in updating is entirely genetic and over three-quarters of the remaining variation 

in shifting is genetic; these two genetic components are unique to updating and shifting, 

respectively. In sum, Friedman and colleagues (2008) estimate that all of the variation in 

inhibiting and updating is genetic and that 87% of the variation in shifting is genetic. 

These twin study findings on the heritability of individual differences in executive 

functions have also been corroborated by molecular genetic research (e.g., Barnes, Dean, 

Nandam, O’Connell, and Bellgrove 2011). 

The finding that nearly all of the variation in executive functions is genetic, at 

least in the sample studied by Friedman and colleagues (2008), has bearing on the 

interpretation of the analyses in this chapter. They suggest that if executive functions are 

found to correlate with political traits, it is extremely likely that these correlations are 

built primarily on shared genetic influences, as all or nearly all of the variation in 

executive functions is genetic. Theoretically, this implies that if executive functions are 

found to correlate with political traits, then executive functions should become a prime 

candidate for future studies that seek to identify mediators of the effect of genes on 

politics. 

Cognitive ability and politics 

There is a long, albeit sometimes controversial, history of linking cognitive ability 

to political ideology and other political traits. Adorno and colleagues (1950) found a link 

between intelligence and authoritarianism. More recently, Hodson and Busseri (2012) 

used large, nationally representative datasets in the United Kingdom and a secondary 

dataset in the United States to show that lower fluid intelligence (g) is associated with 

racism and prejudice, and that these effects are mediated in part through social 
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conservatism and right-wing authoritarianism. Another study also used a large, 

representative UK sample to show that childhood intelligence at age 11 predicted socially 

liberal attitudes at age 33 (Schoon, Cheng, Gale, Batty, and Deary 2010). Insofar as the 

measures of executive function used in this study are related to fluid and crystallized 

intelligence (Friedman, Miyake, Corley, Young, DeFries, and Hewitt 2006), the results of 

these studies suggest that executive functions may be correlated with social, rather than 

economic, liberalism. 

H4.2a: Executive functions will be positively correlated with social liberalism. 

H4.2b: Executive functions will be more strongly correlated with social ideology 

than economic ideology. 

Insofar as executive functions predict social liberalism (i.e., H4.2a), they may also 

predict Democratic party identification through a process of ideological sorting. 

H4.2c: Executive functions will be positively correlated with Democratic party 

identification. 

Kemmelmeier (2008) found that cognitive ability may have a curvilinear 

relationship with political ideology, such that individuals at the extremes tend to be 

higher in cognitive ability (specifically, verbal ability). This hypothesis is based on the 

notion that greater cognitive ability is required to develop more complicated and more 

constrained belief systems (see also Sidanius 1985). If individuals who are higher in 

cognitive ability have better elaborated belief systems, then it may also be the case that 

they have, on average, both stronger beliefs and fewer topics on which they would 

express uncertainty rather than taking a position.  



135 
 

  

H4.3a: Executive functions will be positively correlated with ideological 

extremity. 

H4.3b: Executive functions will be positively correlated with attitude strength. 

H4.3c: Executive functions will be positively correlated with attitude certainty. 

The argument put forward by Kemmelmeier (2008) may also extend to 

extremity of party identification, such that greater ability correlates with stronger 

party identification. However, insofar as party identification may act as a simplifying 

cognitive heuristic in the formation of political ideologies, it may be the case that 

individuals lower in cognitive ability are motivated to develop a stronger party 

identification. Thus, the hypothesis for party identification is not directional. 

H4.3d: Executive functions will be correlated with extremity of party 

identification. 

There is also research to suggest that political sophistication, interest in politics, 

and participation in politics are each related to individual differences in cognitive ability. 

Luskin (1990) argues that greater intelligence facilitates political sophistication (although 

his only available measure of intelligence is an interviewer rating) and that political 

sophistication is in a reciprocal relationship with interest in politics. A recent study in the 

UK used several measures of childhood cognitive abilities at age 11 to successfully 

predict greater interest in politics and higher voter turnout, controlling for subsequent 

education and other demographic factors (Denny and Doyle 2008). Given these 

relationships to intelligence, it may be the case that executive functions play a similar 

role. 
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H4.4: Executive functions will be positively correlated with political 

sophistication. 

H4.5: Executive functions will be positively correlated with interest in politics. 

H4.6: Executive functions will be positively correlated with participation in 

politics. 

Executive functions may also be related to cognitive style. Insofar as different 

types of cognitive style arise out of the interaction of cognitive abilities and 

environmental factors, such as socialization and other early life experiences (Cacioppo et 

al. 1996), they may be correlated with executive functions. For example, the need for 

cognition may be more likely to arise among individuals with greater cognitive abilities, 

as they may be more likely to succeed at and be rewarded for completing complex 

cognitive tasks. The need for cognitive closure may be more likely to have an inverse 

relationship with cognitive ability. The prediction for the need to evaluate is unclear. 

H4.7a: Executive functions will be positively correlated with the need for 

cognition. 

H4.7b: Executive functions will be negatively correlated with the need for 

cognitive closure. 

H4.7c: Executive functions will be correlated with the need to evaluate. 

All of the hypotheses that relate executive functions to political traits have relied 

on the predictions drawn from the cognitive ability and politics literature. However, 

executive functions differ in the degree to which they correlate with intelligence, with the 

strongest relationships existing with updating ability (Friedman et al. 2006). As such, it is 
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reasonable to expect that these hypotheses are more likely to be confirmed for updating 

than for shifting or inhibition. 

H4.8: Updating will be more strongly related to political traits than shifting or 

inhibition. 

In sum, there are strong theoretical reasons to believe that executive functions will 

be found to correlate with a number of political traits, as well as cognitive style. Given 

the evidence for the predominant role of genes in explaining variation in executive 

functions, the finding that executive functions correlate with political traits would be 

strong evidence in favor of the view that executive functions may mediate the effect of 

genes on politics. This interpretation is further bolstered by recent research which has 

shown, in a twin sample, a relationship between cognitive ability, as measured by a 

combination of four subtests (logical, verbal, spatial, technical), and measures of 

redistributive attitudes, immigration attitudes, and foreign policy attitudes (Oskarsson et 

al. 2014). 

Section 2: Sample and methods 

Sample 

The data presented below were collected online using Amazon Mechanical Turk 

(MTurk) in February of 2015 (N = 162). This platform has been increasingly used by 

political scientists, economists, and psychologists as a convenient and cost-effective way 

to access non-student participants (see Berinsky, Huber, and Lenz 2012; Buhrmester, 

Kwang, and Gosling 2011). In this study, respondents are a convenience sample of US 

adults (for sample demographics, see Section 3). 

Study design 
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The data for this chapter were collected in three waves. Participants were paid $3 

for each wave that was completed and each wave took between 25 and 35 minutes to 

complete. Participants were told at the outset that this was a three wave study and 

consented to be re-contacted for future waves. For the first wave, recruitment was left 

open until 160 participants had completed the study (approximately 3 days).
23

 

Participants who completed the first wave were re-contacted prior to the posting of the 

second and third waves, at approximately one week intervals. During the second and 

third waves, participants were also sent a reminder on the final day that the wave was 

available in order to minimize attrition. Participants who did not complete the second 

wave were still invited to complete the third wave. The goal was to have at least 100 

participants who completed all three waves. This goal was surpassed, although only 81 

participants had high-quality data for all nine executive function tasks. 

Each wave contained a set of three tasks used to jointly measure one of the core 

executive functions: updating, inhibition, and shifting in the first, second, and third 

waves, respectively. In addition, the first wave contained measures of cognitive style, 

political traits, and demographics. All waves were implemented using Inquisit (version 

4.0.8.0 by Millisecond Software), a software package which measures response times 

with millisecond-level precision. Participants ran the program on their computer locally 

and then it automatically sent their results to the server when they completed each wave. 

The waves were designed to take 35 minutes, 25 minutes, and 25 minutes, respectively. 

The first wave was longer because it also contained the survey measures outlined below. 

                                                           
23

 Because participants had to go to an external website to complete the task on MTurk, some participants 

followed the link and completed the task before they had officially accepted the task through MTurk. As a 

result, some participants circumvented the 160 person recruitment cap and 162 participants ultimately 

completed the first wave of the study. 
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Measures: Executive functions 

The executive function tasks were designed to follow as closely as feasible to the 

detailed descriptions provided in Friedman and colleagues (2008). This was done in order 

to maximize comparability with that study and to maximize the likelihood that variation 

in the executive functions measured in the present study would also be primarily genetic. 

Each core type of executive function was measured using three tasks. Care was taken so 

that the stimuli in the tasks were appropriately randomized, the order of stimuli within 

each task was the same for all participants, and practice trials were included to ensure that 

participants understood the instructions. 

For updating, measured in wave one, participants completed the keep track task, 

the letter memory task, and the spatial 2-back task. 

“Keep track. In each trial of the keep track task (adapted from Yntema, 1963), 

participants were first shown several target categories at the bottom of the computer 

screen. Fifteen words, including two or three exemplars from each of six possible 

categories (animals, colors, countries, distances, metals, and relatives), were then 

presented serially and in random order in the center of the screen for 1,500 ms each, 

with the target categories remaining at the bottom of the screen. The task was to 

remember the last word presented in each of the target categories and then report 

these words at the end of the trial. For example, if the target categories were metals, 

relatives, and countries, then at the end of the trial, participants recalled the last 

metal, the last relative, and the last country presented in the list. During the 

instruction period, participants saw all six categories and the exemplars in each to 

ensure that they knew to which category each word belonged. They practiced on 3 

trials (progressing in difficulty from two to four target categories), then performed 12 

trials (four of each difficulty, presented in random order), recalling a total of 36 

words. The proportion of words recalled correctly was the dependent measure.” 

Friedman et al. (2008), 206 

The adaptation of the keep track task followed this procedure closely, but differed 

in some minor ways. The 12 non-practice trials were split into two groups of six trials 

(each with two trials of each length) with a brief break in between them to inform 

participants that they had completed half of the task. Within each group of six trials, the 

order in which the trials were presented was randomized for each participant. The order 
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of the fifteen stimuli within each trial was fixed across participants, but the individual 

stimuli were selected at random from within each of the six categories (animals, colors, 

countries, distances, metals, and relatives). The individual stimuli for the keep track task 

were not specified by Friedman et al. (2008), so items were generated that were of a 

similar length and complexity within each category.
24

 

“Letter memory. In the letter memory task (adapted from Morris & Jones, 1990), 

several letters from a list were presented in the center of the screen serially for 2,500 

ms per letter. The task was to recall the last three letters. To ensure that the task 

required continuous updating, the instructions required the participants to rehearse 

out loud the last three letters by mentally adding the most recent letter and dropping 

the fourth letter back, and then saying the new string of three letters out loud. For 

example, if the letters presented were T, H, G, B, S, K, R, the participants should 

have said, “T . . . T-H . . . T-H-G . . . H-G-B . . . G-B-S . . . B-S-K . . .S-K-R” and 

then recalled “S-K-R” at the end of the trial. The number of letters presented (five, 

seven, or nine) was varied randomly across trials, with the constraint that each list 

length was used once in every three trials. Each list began with a 1-s fixation point, 

which was followed by the letters and then a string of three pink question marks that 

remained on the screen until the participant finished recalling the target letters. 

Participants were instructed to recall the letters in order and to say “blank” if they did 

not remember a particular letter. However, answers were scored as correct even if the 

letters were not recalled in the correct order. After practicing on 3 trials (one of each 

length), the participants completed 12 trials (four of each length).” Friedman et al. 

(2008), 206 

The adaptation of the letter memory task followed this procedure closely, but 

differed in some important ways in order to make it feasible for online administration. 

The largest change was that participants typed in their responses at the end of each 

sequence of letters, rather than speaking them out loud. Although Inquisit is capable of 

accepting voice responses, including online, the added degree of technical complication 

to administer a voice response task on participant’s own computers and to calibrate those 

responses was deemed unnecessarily high. To mitigate the difference with the described 

procedure and to discourage cheating, participants were encouraged to repeat the letters 

                                                           
24

 The stimuli for the animal category were: bird, bug, cat, cow, dog, and fish. The stimuli for the colors 

category were: blue, green, orange, red, violet, and yellow. The stimuli for the countries category were: 

America, Canada, China, England, France, and Mexico. The stimuli for the distances category were: foot, 

inch, meter, mile, and yard. The stimuli for the metals category were: brass, iron, nickel, steel, tin, zinc. 

The stimuli for the relatives category were: aunt, brother, dad, mom, sister, uncle. 
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as they saw them on the screen to aid in remembering them and were asked not to write 

down the letters as they saw them. 

Besides the response modality, as with the keep track task, the 12 non-practice 

trials were split into two groups of six trials (each with two trials of each length) with a 

brief break in between them to inform participants that they had completed half of the 

task. Within each group of six trials, the order in which they were presented was 

randomized for each participant. Within each trial, the order of the five, seven, or nine 

letters, as well as which specific letters were used, was fixed across participants. 

“Spatial 2-back. In each block of the spatial 2-back task, there were 10 open 5/8-in. 

(1.59-cm) squares scattered across the screen. After a beep, one box at a time became 

solid black for 500 ms, giving the appearance that it flashed. There were 1,500 ms 

between each flash (24 flashes per block). For each flash, participants pressed a 

button indicating whether that box was the same one that had flashed two trials 

earlier (there were six “yes” flashes in each block). There were no instances in which 

the current flash was the same as the one that was one or three trials back. 

Participants completed one practice block and then four actual blocks, with breaks 

between each block (participants pressed a button to begin each new block). The 

dependent measure was the proportion of correct responses (yes and no) across all 

four blocks. Omissions were counted as errors.” Friedman et al. (2008), 206 

The adaptation of the spatial 2-back task followed this procedure closely. The 

exact size of the stimuli was specified in points (there are seventy-two points in one 

inch), but the stimuli may nonetheless have varied slightly depending on the exact 

equipment used by the participant and the resolution of the participant’s screen. Unlike in 

a lab setting, it is not possible to control how closely participants were seated to their 

screens. In addition, instead of having a beep before the beginning of each block of 

flashes, participants simply indicated that they were ready by pressing a key. The order of 

the flashes was randomized according to the criteria above, but held constant across 

participants. 
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For inhibition, measured in wave two, participants completed the antisaccade 

task, the stop-signal task, and the Stroop task. 

“Antisaccade. During each trial of the antisaccade task (adapted from Roberts, 

Hager, & Heron, 1994), a fixation point appeared in the center of the computer 

screen for a variable amount of time (one of nine times between 1,500 and 3,500 ms 

in 250-ms intervals). A visual cue (a 1/8-in. [0.32-cm] black square) then appeared 

on one side of the screen for 150 ms, followed by the target stimulus (a 5/16-in. 

[0.79-cm] arrow inside of an open 7/16-in. [1.11-cm] square) on the opposite side for 

175 ms. The target was then masked with gray cross-hatching, and the mask 

remained on the screen until the participant indicated the direction of the arrow (left, 

up, or right) with a button press response. The inner edges of the cues and targets 

were 3 in. (7.62 cm) and 3.625 in. (9.21 cm), respectively, away from the fixation 

point (on opposite sides). The participants were seated 18 in. (45.72 cm) from the 

computer monitor. The participants practiced on 22 trials and then received 90 target 

trials. The dependent measure was the proportion of correct responses.” Friedman et 

al. (2008), 205 

The adaptation of the antisaccade task followed this procedure closely. The exact 

size and placement of the stimuli was specified in points, but the stimuli may nonetheless 

have varied slightly depending on the exact equipment used by the participant and the 

resolution of the participant’s screen. Unlike in a lab setting, it was not possible to control 

how closely participants were seated to their screens. The order of the stimuli was 

randomized according to the criteria above and held constant across participants. 

“Stop signal. The stop-signal task (Logan, 1994) consisted of five blocks of trials. 

On each trial in the first block of 48 trials, used to build up a prepotent categorization 

response and calculate each participant’s average RT, participants saw one of 24 

words (e.g., duck, gun) and categorized it as either an animal or a nonanimal as 

quickly as possible without making mistakes. Then, in the four subsequent blocks of 

96 trials each, participants tried not to respond (i.e., to inhibit the categorization 

response) when they heard a computer-emitted signal (a tone approximately 100 ms 

long) on a randomly selected 25% of the trials, but otherwise kept performing the 

same categorization task. In all trials (including 34 practice trials, 24 before the first 

no-signal block and 10 at the beginning of the first signal block), the participants 

viewed a fixation point for 500 ms and were then allowed up to 1,500 ms to 

categorize the target word. Each participant experienced signals that occurred 50 ms 

before his or her average RT (long stop-signal delay), 225 ms before his or her 

average RT (medium stop-signal delay), or 50 ms after the onset of the trial (short 

stop-signal delay). Each of these delays occurred equally often in each block. As 

recommended by Logan (1994), the instructions emphasized that the participants 

should not slow down to wait for possible signals. The dependent measure was the 

stop-signal RT, the estimated time at which the stopping process finishes. We used 

the most common estimation method, which assumes that the stop-signal RT is a 

constant (Logan, 1994). Specifically, the stop-signal RT for each delay was 

calculated as follows: The RTs for the no-signal go trials were rank ordered, and the 

stop-signal delay was subtracted from the nth RT, where n is the number of all of the 
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no-signal RTs multiplied by the probability of responding at that delay. Then the 

stop-signal RTs for all delays were averaged.” Friedman et al. (2008), 205 

The adaptation of the stop-signal task followed this procedure closely, but with a 

reduced number of trial blocks. In order to manage the length of the tasks for 

administration on MTurk, only two of the 96 trial blocks were administered, rather than 

four. This will reduce the power of the task somewhat, but it was necessary to manage the 

length of the study given constraints on the study budget. Thus, participants completed 

one no-signal block of 72 trials (24 practice trials and 48 test trials), one signal block of 

106 trials (10 practice trials, 72 no-signal trials, and 24 signal trials divided equally by 

signal length), and one signal block of 96 trials (72 no-signal trials, and 24 signal trials 

divided equally by signal length). The ordering of the trials was randomized and fixed 

across participants, with specific stimuli selected randomly for each participant with 

replacement, but without repeated stimuli (e.g., the first trial presents an animal word 

without a stop signal, but the specific animal word is selected randomly for each 

participant). 

 “Stroop. On each trial of the Stroop task (Stroop, 1935), adapted for computer 

administration, participants saw a white fixation point on a black screen for 500 ms, 

followed by the stimulus, which remained on the screen until the participant 

responded, after which the screen remained black for 1,000 ms. Participants verbally 

named the color of each stimulus as quickly and as accurately as possible, with RTs 

measured by voice key. There were three types of trials: (a) 60 trials with a string of 

asterisks (of variable lengths matching the lengths of the color words) printed in one 

of six colors (red, green, blue, orange, yellow, or purple); (b) 60 trials with a color 

word printed in a different color (e.g., BLUE printed in red); and (c) 60 filler trials 

(not used in the current study) with a neutral word printed in one of the six colors. 

The different trial types were not blocked. The order of the trials was randomized 

with the constraints that no word or color on one trial was related to the word or 

color on the immediately preceding trial and that no condition appeared more than 

three trials in a row. The trials were broken down into four subblocks. The 

participants also received voice-key calibration and 18 practice trials. The dependent 

measure was the RT difference between the trials in which the word and the color 

were incongruent and the trials that consisted of asterisks.” Friedman et al. (2008), 

205-6 
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The adaptation of the Stroop task followed this procedure closely, but differed in 

some important ways in order to make it feasible for online administration. The largest 

change was that participants responded with key presses, rather than speaking their 

responses out loud. Although Inquisit is capable of accepting voice responses, the added 

degree of technical complication to administer a voice response task on participant’s own 

computers and to calibrate those responses was deemed unnecessarily high. Because 

there were six colors to keep track of, visual reminders were provided on the screen so 

that participants knew which key was mapped to each color.
25

 

Besides the response modality, trials which were not analyzed in the original 

study were also excluded from the Stroop task. This eliminated the sixty trials with filler 

words. These trials were eliminated to manage the length of the tasks for administration 

on MTurk. Thus, participants sorted colored words (written in a color other than the word 

itself) and colored asterisks (varying in length from three to six asterisks), with the trials 

randomized according to the procedures in the original study. The ordering of the trials 

was randomized and fixed across participants; the specific stimuli were also fixed across 

participants (e.g., the first trial presents the word BLUE written in green for each 

participant). 

For shifting, measured in wave three, participants completed the number-letter 

task, the color-shape task, and the category switch task. Friedman et al. (2008) provide 

the following general procedures for all three of these shifting tasks: 

“In each of the three tasks, there were four blocks of 48 trials, each of which 

contained 24 no-switch and 24 switch trials. Each trial was preceded by a cue 

indicating which subtask should be performed on that trial, and the cue remained on 

the screen throughout the trial. In the first and third blocks, the cue was presented 

150 ms before the onset of the stimulus, and both the cue and the stimulus remained 
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 The background color for the Stroop task was set to black and reminders were written along the bottom 

of the screen in white text (e.g., “s = red”). 



145 
 

  

on the screen until the participant responded, at which point the next cue appeared 

after a 350-ms response-to-cue interval. In the second and fourth blocks (not 

analyzed in the current study), everything was the same except that the cue appeared 

1,500 ms before the onset of the stimulus. Throughout each task, participants were 

asked to use whatever time they had between the cue and the stimulus to prepare for 

the forthcoming subtask. They were also asked to respond as quickly as possible 

without making mistakes. To firmly master the cue–subtask associations and the key 

mappings, participants completed two practice blocks of 24 trials each before the 

task began. In addition, there were 6 warm-up trials at the beginning of each block 

that were not analyzed. For all tasks, the order of the trials was randomized with the 

constraint that no more than 4 switch trials could occur in a row. Further, there were 

no item-specific negative priming trials in which the stimulus on a switch trial was 

the same as that on the previous trial (except for the color–shape task, for which such 

trials were unavoidable due to the small number of potential stimuli). The dependent 

measure in each task was the regular switch cost, calculated as the difference 

between the average RTs of the trials that required a switch and the average RTs of 

the trials in which no switch was necessary for the trials with the short (150-ms) cue-

to-stimulus interval.” Friedman et al. (2008), 206 

All of the shifting tasks followed these procedures closely. In order to manage the 

length of the tasks for administration on MTurk, the second and fourth blocks were 

removed as these were not analyzed in the original study. Thus, participants completed 

two practice blocks of 24 trials and two measurement blocks of 48 trials, with 6 warm-up 

trials at the beginning of each measurement block. The order of the trials was randomized 

according to the procedures outlined above and held constant across participants for all 

three tasks, including the color-shape task. Stimuli were randomized with replacement, 

but without repeated stimuli in order to prevent item-specific negative priming. Both the 

order of trials within blocks and the specific stimuli presented were held constant across 

participants for each task below. 

“Number–letter. In each trial of this task (adapted from Rogers & Monsell, 1995), a 

number–letter or letter–number pair (e.g., 7G) was presented in one of two squares 

above or below a line dividing the computer screen in half. The participants were 

instructed to indicate whether the number was odd or even (2, 4, 6, and 8 for even; 3, 

5, 7, and 9 for odd) when the pair was in the top square and to indicate whether the 

letter was a consonant or a vowel (G, K, M, and R for consonant; A, E, I, and U for 

vowel) when the pair was in the bottom square. The cue in this task was the onset of 

the square. The squares were 3/4 in. (1.91 cm) square, and their edges appeared 3/16 

in. (0.48 cm) above or below the median line.” Friedman et al. (2008), 206 
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The number-letter task was administered according to the procedures set out for 

shifting tasks, with the caveats noted above. As elsewhere, the size of the squares and 

their position was specified to match as closely as possible to the procedures followed in 

the original study. The ordering of the trials was fixed across participants, as were the 

specific stimuli presented (e.g., the first trial calls for a stimulus in the lower box that 

contains a consonant and this was constant across participants, as was which consonant-

number pair was presented for each participant). 

“Color–shape. In each trial of this task (Miyake, Emerson, Padilla, & Ahn, 2004), a 

cue letter (C or S) appeared above a colored rectangle with a shape in it (outline of a 

circle or triangle). The participants were instructed to indicate whether the color was 

red or green when the cue was C and whether the shape was a circle or triangle when 

the cue was S. The colored rectangles were approximately 1.7 in. (4.32 cm) wide and 

1.4 in. (3.56 cm) high, the circles were approximately 1.1 in. (2.79 cm) in diameter, 

and the triangles were 1.25 in. (3.18 cm) on each side. The color–shape figure 

appeared in the center of the screen, and the cue letter was centered 3/8 in. (0.95 cm) 

above its top edge.” Friedman et al. (2008), 206-7 

The color-shape task was administered according to the procedures set out for 

shifting tasks, with the caveats noted above. The color of the colored rectangles was set 

to black and the colors of the shapes were changed from red and green to blue (R = 0, G 

= 100, B = 255) and yellow (R = 255, G = 255, B = 0). This was done in order to 

maximize the accessibility of the task for participants with a color vision deficiency (e.g., 

red-green color blindness).
26

 As elsewhere, the size of the shapes and their position was 

specified to match as closely as possible to the procedures followed in the original study. 

The ordering of the trials was fixed across participants, as were the specific stimuli in 
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 Reduced sensitivity to red and green light are far more common than reduced sensitivity to blue light 

(Colour Blind Awareness 2015). Thus, having the stimuli in blue and yellow will likely cause problems for 

fewer participants than having them in red and green, as in the original study. Moreover, the contrast in the 

colors and their brightness was optimized to maximize their differentiation and increase the likelihood that 

they would be differentiable among people with reduced blue light sensitivity, following procedures 

suggested by a webpage design site (Campbell 2008; Hale 2008). 
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order to prevent item-specific negative priming trials (e.g., there are no shift trials where 

a triangle of the same color is presented on the shift trial and the preceding trial).  

“Category switch. In each trial of this task (adapted from Mayr & Kliegl, 2000), 

participants saw a word that could be categorized in terms of (a) whether it described 

a living or nonliving thing or (b) whether it described a thing that is smaller or larger 

than a soccer ball. The 16 words were drawn from those used by Mayr and Kliegl: 

table, bicycle, coat, cloud, pebble, knob, marble, snowflake, shark, lion, oak, 

alligator, mushroom, sparrow, goldfish, and lizard. A symbol appearing above the 

word cued which categorization to use (a heart indicated living vs. nonliving and an 

arrow cross indicated large vs. small). The words were presented in the center of the 

screen, and the 9/16 in. (1.43 cm) high by 11/16 in. (1.75 cm) wide symbols 

appeared 3/8 in. (0.95 cm) above them.” Friedman et al. (2008), 207 

The category switch task was administered according to the procedures set out for 

shifting tasks, with the caveats noted above. The ordering of the trials and the specific 

stimuli were fixed across participants (e.g., the first trial calls for any stimulus that falls 

into the small category and this was constant across participants, as was the specific small 

stimulus that was presented to each participant). 

Measures: Demographics and political traits 

The first wave of the survey included standard demographic measures. These 

included gender, age, education, and race. It also included many measures that were used 

in the twin survey. These included measures of cognitive style, specifically the need for 

cognition, the need for cognitive closure, and the need to evaluate (see Chapter 3) and 

measures of political traits, including single-item ideology, party identification, a Wilson-

Patterson inventory, interest in politics, and political participation (see Chapter 2). The 

survey also included a standard 5-item political knowledge battery that is used to measure 

political sophistication (Delli Carpini and Keeter 1993). 

Section 3: Results and discussion 

All data preparation, scale construction, and analyses were conducted using Stata 

11 (StataCorp 2009). 
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Sample characteristics 

Table 4.1: Amazon Mechanical Turk Sample Demographics 

 

Wave 1 Wave 2 Wave 3 

Female 47.8% 49.2% 44.4% 

Age (mean) 34.2 34.2 34.4 

Education (mean; 0 to 5) 2.4 2.5 2.4 

White 76.5% 77.7% 80.0% 

Black 9.9% 8.5% 7.8% 

Democrat 40.1% 40.0% 37.4% 

Independent 45.7% 46.9% 47.0% 

Republican 14.2% 13.1% 15.7% 

Interest in politics (mean; 0 to 3) 1.7 1.8 1.7 

Participation in politics (mean; 0 to 1) 0.23 0.22 0.20 

Political sophistication (mean; 0 to 1) 0.88 0.90 0.90 

WP ideology (mean; 0 to 1) 0.42 0.41 0.41 

N 162 130 116 
The first column represents all respondents in wave 1. The second column represents the 

wave 1 values for respondents who completed wave 2. The third column represents the 

wave 1 values for respondents who completed wave 3. 

The sample characteristics, divided by panel wave, are presented in Table 4.1. Berinsky 

and colleagues (2012) compared an MTurk sample collected in early 2010 to other types 

of convenience samples, including student and community samples. The sample used in 

this chapter, collected in early 2015, has a similar demographic composition to the 

sample collected by Berinsky and colleagues. The present sample has a better gender 

balance (47.8% women vs. 60.1% women), has somewhat more ethnic and racial 

minorities (76.5% white vs. 83.5% white), and somewhat fewer participants with third-

party identifications (4.3% vs. 8.2%; third-party identifiers were included as 

independents in Table 4.1), but is otherwise similar. Comparing across the waves in 

Table 4.1, the results do not indicate any severe biases as a result of sample attrition. 

Results - Measures of Executive Functions (H4.1a) 
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The results of each executive function task are summarized in Table 4.2.
27

 These 

results were standardized. Scores that were more than three standard deviations away 

from the sample mean were recoded to be three standard deviations from the mean. This 

was done to prevent outliers from driving the results (Friedman et al. 2008). All tasks 

were coded such that higher scores indicate higher levels of executive functioning. 

Table 4.2: Measures of Executive Functions 

 

mean sd minimum maximum N 

Updating 

     Keep track 0.01 0.96 -3 2.5 163 

Letter-memory 0.01 0.96 -3 1.2 163 

N-back 0 1 -2.6 1.9 157 

Inhibiting 

     Anti-saccade 0 1 -3 2.1 129 

Stop-signal 0.03 0.87 -3 2.5 123 

Stroop 0.01 0.98 -3 2.5 123 

Shifting 

     Number-letter 0.02 0.93 -3 1.9 117 

Color-shape 0.04 0.73 -3 1.2 118 

Category switch 0.02 0.91 -3 1.4 116 

The pair-wise correlations among the executive function tasks are shown in Table 

4.3. Of particular importance are the grey cells, which highlight the correlations among 

the tasks that are expected to load on each type of executive function. The correlations 

among the updating and shifting tasks are strong, but the correlations among the 

inhibiting tasks are considerably lower (Hull, Martin, Beier, Lane, and Hamilton 2008 

also failed to find evidence for the inhibition factor, albeit in an older adult sample). 

                                                           
27

 Scores were calculated using the procedures described by Friedman et al. (2008). Some participants were 

excluded from analysis when invalid trials were very numerous (e.g., as a result of repeated responses 

below 200 ms or responding at chance levels). These participants were excluded from later analysis 

because their response patterns indicate that they didn’t understand the task, were distracted while 

completing the task (despite being asked to minimize distractions), or were not taking the task seriously 

(e.g., simply clicking through to finish as quickly as possible). 
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Nonetheless, the tasks used to measure executive functions were positively correlated 

within the theoretically predicted clusters. 

Table 4.3: Pair-wise Correlations for Executive Function Tasks 

 Updating Inhibiting Shifting 

 

KT LM NB AS SS ST NL CS 

Updating         

LM 0.59 

       NB 0.47 0.47 

      Inhibiting         

AS 0.30 0.32 0.33 

     SS 0.21 0.09 0.10 0.10 

    ST 0.23 0.38 0.13 0.13 0.06 

   Shifting         

NL 0.04 0.00 0.11 0.19 0.15 0.10 

  CS 0.11 0.09 0.15 0.29 0.08 0.16 0.19 

 CAT 0.08 0.12 0.14 0.28 0.10 0.18 0.34 0.45 
Gray cells highlight the correlations among the tasks for each form of executive function. 

KT = keep track, LM = letter-memory, NB = N-back, AS = antisaccade, SS = stop signal, 

ST = Stroop, NL = number-letter, CS = color-shape, CAT = category switch. 
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Each set of three executive function tasks was subjected to a separate principal 

component analysis, as well as a joint principal component analysis of the nine tasks. 

These analyses were undertaken in order to extract latent measures of each type of 

executive function and to compare the latent structure to that reported in prior research. 

Scree plots from the principal component analyses are presented in Figure 4.1. For each 

of the separate analyses, there was only one component above the conventional 

eigenvalue threshold of one. For the joint principal component analysis, there were three 

components with eigenvalues above one, in keeping with the factor structure found in 

previous research (Friedman et al. 2008; Miyake et al. 2000).
28

 

Table 4.4: PCA of Executive Functions - Separate 

Updating N = 157 

  

Loadings 

Component Eigenvalue Difference Proportion KT LM NB 

1 2.04 1.46 0.68 0.60 0.60 0.53 

2 0.58 0.21 0.19    

3 0.38 . 0.13    

Inhibiting N = 115 

  

   

Component Eigenvalue Difference Proportion AS SS ST 

Comp1 1.15 0.22 0.38 0.59 0.59 0.55 

Comp2 0.93 0.02 0.31    

Comp3 0.92 . 0.31    

Shifting N = 114 

  

   

Component Eigenvalue Difference Proportion NL CS CAT 

Comp1 1.67 0.85 0.56 0.50 0.58 0.65 

Comp2 0.82 0.31 0.27    

Comp3 0.51 . 0.17    
KT = keep track, LM = letter-memory, NB = N-back, AS = antisaccade, SS = stop signal, 

ST = Stroop, NL = number-letter, CS = color-shape, CAT = category switch. 

The principal component analyses for each separate executive function are 

summarized in Table 4.4. As would be expected from the relatively low correlations 
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 The three factor structure was also not significantly worse fitting than a saturated model in a 

confirmatory factor analysis (not shown). 
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among the inhibition measures (see Table 4.3), the eigenvalues for the inhibition 

components are all close to one. 

The results of the joint principal component analysis are presented in Table 4.5. 

The results are based on an oblique promax rotation that allows for components to be 

correlated with each other, as executive functions are known to be positively correlated. 

The joint analysis problematizes the cleaner interpretation of the results shown in Table 

4.4. Although the PCA extracts three components, these do not map perfectly onto the 

three executive functions. The first component is strongly related to updating and the 

second component is related to shifting, but the third component does not map cleanly on 

inhibition. The anti-saccade measure does not load strongly onto any of the components 

and the Stroop task loads primarily on the component labeled updating. For these 

reasons, the subsequent analyses report component scores based on the separate principal 

component analyses. In sum, the data provide conditional support to H4.1a, as there are 

three significant latent components in the data and these map strongly onto updating and 

shifting, but less cleanly on inhibition. 

Table 4.5: PCA of Executive Functions - Joint 

  

Updating Inhibition Shifting 

Component Variance Proportion KT LM NB AS SS ST NL CS CAT 

“Updating” 2.31 0.26 0.55 0.58 0.39   0.33    

“Shifting” 1.47 0.16  

 

    0.41 0.59 0.62 

Component 3 1.18 0.13  

 

  0.76  0.52   

 
KT = keep track, LM = letter-memory, NB = N-back, AS = antisaccade, SS = stop signal, 

ST = Stroop, NL = number-letter, CS = color-shape, CAT = category switch. 

Results - Executive Functions and Political Traits (all hypotheses) 

Table 4.6 reports the pair-wise correlations among the executive functions and the pair-

wise correlations of executive functions with political traits. The correlations among the 
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executive function traits, shown in the first two rows of Table 4.6, provide further support 

for H4.1a and support for H4.1b. All of the latent measures of executive function are 

positively correlated with each other, with correlations ranging between 0.18 and 0.45. 

Together, these results suggest that although executive functions are distinguishable from 

each other (H4.1a), there is some common variance that underlies executive functions 

(H4.1b). Importantly, this pattern of correlations suggests that executive functions were 

successfully measured in an online panel in this study, which opens the possibility of 

future researchers relying on MTurk or other internet platforms to collect executive 

function data on samples of individuals who are more demographically diverse than 

college undergraduates. 

Table 4.6: Correlations of Executive Functions with Political Traits 

Variable Updating Inhibiting Shifting 

Inhibiting 0.45 - 0.18 

Shifting 0.21 0.18 - 

Single-item ideology -0.17 -0.06 -0.06 

Wilson-Patterson ideology -0.31 -0.10 -0.03 

Wilson-Patterson social ideology -0.30 -0.08 -0.04 

Wilson-Patterson economic ideology (3-item) -0.21 -0.10 -0.05 

Wilson-Patterson economic ideology (6-item) -0.16 -0.04 0.05 

Wilson-Patterson uncertainty -0.25 -0.11 -0.08 

Wilson-Patterson strength 0.04 0.01 0.09 

Party identification -0.04 -0.02 0.04 

Interest in politics -0.04 -0.10 -0.06 

Participation in politics 0.05 -0.16 -0.19 

Political sophistication 0.36 0.05 0.03 

Need for cognition 0.05 -0.09 -0.02 

Need for cognitive closure -0.00 0.09 0.12 

Need to evaluate -0.06 -0.07 -0.07 

The correlations between executive functions and political traits, presented in 

Table 4.6 and summarized in Figure 4.2, confirm that executive functions are related to 

political traits. Although there are some weak relationships with inhibition and shifting 
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that may deserve attention in future research, the strongest relationships in the dataset are 

with updating, confirming H4.8. Theoretically, this means that future research should 

examine whether the relationship between updating and political traits is simply an 

alternative characterization of the relationship between cognitive ability and political 

traits, or whether updating accounts for unique variance in politics. The remaining 

analyses focus on updating. 

The data support H4.2a, which states that executive functions will be negatively 

correlated with social conservatism (r = -0.30, p < 0.001), and H4.2b, which posits a 

weaker relationship with economic conservatism (r = -0.16, p < 0.05). These findings are 

consistent with past research which has found a positive relationship between cognitive 

ability and political liberalism. Moreover, these relationships are stronger that those 
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found for the need for cognition (r = -0.01, r = 0.09), the need for cognitive closure (r = 

0.14, r = 0.00), and the need to evaluate (r = 0.03, r = 0.03), which were shown to share 

significant genetic variance with political ideology in Chapter 2. Thus, updating should 

be considered a potential mediator of the genetic effect on political ideology, especially 

social ideology, that should be examined in future research. These data also emphasize 

the importance of distinguishing social and economic ideology (see Feldman and 

Johnston 2014). 

Despite these robust correlations with political ideology, there is no significant 

correlation between updating and party identification (r = -0.04, p > 0.05), disconfirming 

H4.2c (but see discussion of suppressor effects below). This finding highlights the 

continued relevance of distinguishing political ideology and party identification, and the 

different processes which contribute to the formation of political ideologies and party 

identifications. 

Although there is no significant correlation between updating and attitude strength 

(r = 0.04, p > 0.05), disconfirming H4.3b, there is a significant relationship between 

updating and attitude uncertainty (r = -0.25, p < 0.01), such that those higher in updating 

are more likely to take a position on the issues rather than selecting uncertain, confirming 

H4.3c. The need for cognition also correlates significantly with attitude uncertainty (r = -

0.16, p < 0.05), a relationship which was shown to be primarily genetic in Chapter 2. The 

correlation between updating and attitude uncertainty remains essentially unchanged 

when partially out the need for cognition (r = -0.24, p < 0.01), which suggests that it 

accounts for unique (perhaps genetic) variance in attitude certainty. 



156 
 

  

The hypotheses also predicted that updating would be related with political 

sophistication (H4.4), interest in politics (H4.5), and participation in politics (H4.6). The 

relationship between updating and political sophistication is the strongest relationship 

between an executive function and a political trait in Table 4.6 (r = 0.36, p < 0.0001, 

confirming H4.4). There is no significant relationship between updating and interest in 

politics (r = -0.04, p > 0.05, disconfirming H4.5) or participation in politics (r = 0.05, p > 

0.05, disconfirming H4.6). In sum, these results suggest that future research into political 

sophistication should strongly consider the role that individual differences in executive 

function play in political knowledge formation. 

Contrary to H4.7a, b, and c, there were no sizeable relationships between 

executive functions and cognitive style in the data. On the one hand, this suggests that the 

effect of executive functions on political traits is not being mediated through cognitive 

style, at least not through an unconditional pathway. It remains the case that executive 

functions may translate into cognitive style based on certain upbringing or socialization 

environments (e.g., see discussion regarding the formation of the need for cognition by 

Cacioppo et al. 1996). On the other hand, the fact that executive functions are not related 

to cognitive style means that they may be a novel pathway through which genetic factors 

play a role in political traits. 

The relationships between updating and political traits were further tested using a 

series of linear regression analyses. These tested whether the relationships between 

updating and political traits discussed above are robust to controlling for standard 

political science demographic variables. The results are reported in Table 4.7. 

The regression analyses tested the relationships between updating and single-item 
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Table 4.7: Effect of Updating on Political Traits with Demographic Controls 

 
Single-item 

Ideology 

WP 

full 

WP 

social 

WP 

econ3 

WP 

econ6 

WP 

uncertain PK 

Updating -0.16 -0.27 -0.26 -0.17 -0.14 -0.24 0.30 

 

(0.008) (0.000) (0.000) (0.019) (0.028) (0.004) (0.000) 

Age 0.01 0.07 0.07 0.08 0.05 0.05 0.21 

 

(0.925) (0.256) (0.266) (0.267) (0.443) (0.582) (0.004) 

Woman 0.10 0.21 0.30 -0.05 0.02 0.09 0.08 

 

(0.361) (0.085) (0.020) (0.705) (0.894) (0.592) (0.565) 

White 0.11 -0.18 -0.31 -0.23 -0.01 -0.09 0.41 

 

(0.450) (0.235) (0.054) (0.176) (0.934) (0.662) (0.023) 

Education 0.04 -0.02 -0.12 0.10 0.17 -0.09 0.25 

 

(0.457) (0.758) (0.061) (0.153) (0.006) (0.260) (0.000) 

Party ID 0.70 0.59 0.51 0.52 0.61 0.00 -0.07 

 

(0.000) (0.000) (0.000) (0.000) (0.000) (0.968) (0.337) 

R
2
 0.52 0.47 0.39 0.31 0.42 0.04 0.25 

All continuous variables are standardized. p-values are provided in brackets. Gray cells 

are significant at p < 0.05. 

ideology, Wilson-Patterson ideology, social ideology, 3-item economic ideology, 6-item 

economic ideology, attitude uncertainty, and political sophistication. The results show 

that, across the board, the effect of updating is robust to controls for age, gender, race, 

education, and party identification (see Table 4.7). 

Finally, H4.3a and H4.3d posited that updating would be related to ideological 

extremity and partisan extremity, respectively. For ideological extremity, the prediction is 

that updating will be associated with greater extremism as belief systems which deviate 

from the population mean require greater justification and, therefore, greater cognitive 

ability (Kemmelmeier 2008; Sidanius 1985). For party identification, the prediction is 

mixed due to the competing considerations of ideological extremity, which would predict 

a positive correlation with updating, and partisanship acting as a simplifying heuristic, 

which would predict a negative correlation with updating. To test these hypotheses, a 

series of regressions was run predicting updating by using Wilson-Patterson ideology and 

party identification. The results are presented in Table 4.8. 
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Table 4.8: Non-Linear Effect of Political Traits on Updating 

 
Model 

1 

Model 

2 

Model 

3 

Model 

4 

Model 

5 

Model 

6 

Model 

7 

WP Ideology -0.36 

 

-0.35 
 

-0.47 
 

-0.46 

 

(0.000) 

 

(0.000) 
 

(0.000) 
 

(0.000) 

WP Ideology
2
 0.14 

 
0.09 

 
0.17 

  

 

(0.031) 
 

(0.174) 
 

(0.015) 
  

Party ID 
 

0.04 
 

-0.01 0.28 -0.04 0.24 

 
 

(0.653) 
 

(0.922) (0.006) (0.646) (0.011) 

Party ID
2 

 
-0.18 

 
-0.21 -0.25 

  

 
 

(0.021) 
 

(0.010) (0.002) 
  

Age 
  

0.02 0.02 0.02 
  

 
  

(0.808) (0.775) (0.844) 
  

Woman 
  

0.20 0.23 0.31 
  

 
  

(0.190) (0.156) (0.039) 
  

White 
  

0.58 0.67 0.42 
  

 
  

(0.003) (0.001) (0.025) 
  

Education 
  

-0.02 0.02 0.01 
  

 
  

(0.787) (0.797) (0.851) 
  

R
2
 0.11 0.02 0.15 0.09 0.42 0.00 0.12 

All continuous variables are standardized. p-values are provided in brackets. Gray cells 

are significant at p < 0.05. 

The results confirm H4.3a and H4.3d. As in the models reported in Table 4.7, 

Wilson-Patterson ideology consistently has a negative relationship with updating, 

suggesting that, on average, conservatives have lower levels of updating than liberals (see 

Table 4.8, Models 1, 3, and 5). Ideological extremity, on the other hand, predicts higher 

levels of updating (Model 1), confirming H4.3a. However, this relationship depends on 

which controls are included in the model (compare Model 3 and Model 5). For party 

identification, there is no direct effect on updating in Models 2 and 4, in keeping with the 

very low correlation between party identification and updating (r = -0.04). There is, 

however, a consistent negative effect of strength of partisanship on updating, confirming 

the formulation of H4.3d which argued that strong partisan ties can act as a simplifying 

heuristic. In sum, these results show that both extremity of ideology and extremity of 
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partisanship are related to executive function, relationships that have not previously been 

demonstrated in the literature and that deserve greater study in the future. 

Model 5, presented in Table 4.8, also uncovered a sizeable and significant 

relationship between identifying as a Republican and higher updating, contrary to H4.2c. 

Further investigation, summarized in Models 6 and 7, confirms the presence of a 

suppressor effect in the relationship between party identification and updating (for a 

discussion of suppressor effects, see MacKinnon, Krull, and Lockwood 2000; Paulhus, 

Robins, Trzesniewski, and Tracy 2004; Shrout and Bolger 2002). A suppressor effect 

occurs when a variable (in this case, party identification) has both a positive direct effect 

on an outcome (updating) and a negative indirect effect on an outcome (on updating 

through political ideology). As a result, party identification appears uncorrelated with 

updating when considered in isolation (r = -0.04), but has a significant positive 

correlation with updating when ideology has been partialed out (r = 0.20, p < 0.01). 

These results indicate that Republicans are higher in updating on average, but only when 

controlling for political ideology. In sum, these results point to the important role played 

by individual differences in updating in explaining the development of political ideology 

and party identification, relationships which are likely to have a genetic component given 

the strong role of genetic factors in updating. 

Section 4: General discussion 

Limitations and possible design critiques 

Prior to data collection, there were some concerns about the ability to collect valid 

measures of executive function in an online setting. Some of these technical 

considerations were ameliorated by the Inquisit software. Because the tasks are run 
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locally and the data is only uploaded once they are completed, Inquisit removes concerns 

about the speed of a person’s internet connection. There may be some minor differences 

in the precision of measurement across computers (e.g., if the computer is under very 

heavy load during testing), but this scenario seems unlikely during typical internet usage 

and participants were explicitly asked not to begin the study until they could complete 

each wave uninterrupted. 

Another concern about the feasibility of collecting executive function data online 

is that participants may be more prone to distractions than when they are in a laboratory 

setting. To attempt to combat this problem, participants were asked not be begin each 

wave until they were confident that they could complete the sessions (25-35 minutes) 

uninterrupted. Participants were also asked to minimize distractions in their surroundings 

and the Inquisit window was set to occupy nearly all of the participants’ screens once the 

study began. Despite these precautions, there were some participants whose data were 

excluded because their response patterns indicated that they had not read the task 

instructions, had not understood the task instructions, or were not completing the tasks 

(e.g., random responses with response latencies below 200 ms).  

Nevertheless, the widespread administration of cognitively-taxing tasks online 

(e.g., the implicit association test at projectimplicit.com) suggests that it is possible to 

successfully administer tasks which are similar in complexity to those used in this 

chapter. Moreover, the bias introduced by these critiques would tend to introduce random 

noise into the data and thus make the tests more conservative than if the data had been 

collected in a laboratory setting. The gains from having a much more diverse sample than 
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is available on a typical university campus (see Table 4.1 and Berinsky et al. 2012) may 

outweigh this cost. 

Besides the feasibility of collecting executive function data online, another 

possible critique is the order in which the executive function tasks were completed. 

Although Friedman and colleagues (2008) presented the tasks such that no two tasks 

which tapped the same executive functions were completed sequentially, in this study 

each wave measured only one type of executive function (i.e., contained all three 

measures of one type of executive function). This decision was made in response to two 

factors. First, in order to have an accurate measure of the underlying executive functions, 

it is necessary to have multiple measures of each type of executive function. This is 

because each individual task has a considerable amount of task-specific variance (Miyake 

et al. 2000). In addition to this measurement challenge, the study design had to address 

the possibility of panel attrition. Taken together, the result is that if the tasks for a single 

type of executive function were spread across multiple waves, it would be possible that 

much of the data would be rendered useless as a result of panel attrition.  Thus, having 

participants complete all three tasks for a given type of executive function at one wave 

maximized the amount of usable data. 

Although there were theoretical reasons to expect updating to have stronger 

relationships with political traits than shifting or inhibition (see discussion of Friedman et 

al. 2006 and H4.8 in Section 1), the relationships with updating may have been easier to 

detect than with shifting or inhibition for reasons related to the study design. First, 

updating was measured at the same time as the demographic and political traits (i.e., 

wave 1). It may be that this increased the ease with which relationships between political 
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traits and updating can be detected relative to shifting and inhibition. Second, because 

updating was measured in the first wave it has a larger sample than inhibition or shifting 

(N = 157, 115, and 114, respectively). However, taking 1000 random subsets of 115 

participants to create bootstrapped confidence intervals around, for example, the 

correlation between updating and Wilson-Patterson ideology, a sizeable correlation 

remains even with a smaller sample (-0.38 to -0.23). 

Future research directions 

For the first time, this research has shown that individual differences in executive 

functions are related to political traits. Because these individual differences are believed 

to be heavily influenced by genetic factors (Friedman et al. 2008), the results of this 

chapter strongly suggest that executive functions may mediate part of the genetic 

variance in political traits. Future research should address this question directly by 

combining measures of executive functions and political traits in genetically-informative 

populations, such as twins, extended families, or unrelated individuals for whom genetic 

data is available. 

The results of this research move the nascent literature on executive functions and 

political traits forward in several ways. First, the results identify updating as the form of 

executive function that is of particular relevance to political outcomes. Future studies 

should seek to replicate the findings reported here in larger samples and in different 

research modalities (e.g., online, in the lab). This type of research will help to determine 

whether other types of executive functions also predict political outcomes.  

Second, this research identifies several political traits that are particularly affected 

by updating including political ideology, political sophistication, and attitudinal certainty, 
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as well as ideological extremity and partisan extremity. It is now incumbent on political 

scientists to develop theories for these empirical relationships to better understand how 

individual differences in updating lead to these traits. One possibility, which would have 

been consistent with a motivated social cognition approach (Jost et al. 2003), was that the 

effect of executive functions is mediated through cognitive style. This appears not to be 

the case, but there may be other motivated processes through which differences in 

updating lead to political ideology and other political traits. In addition, it is important to 

consider whether environmental factors may affect how updating and the other executive 

functions lead to political traits, as community-level characteristics have been shown to 

play an important role in translating other cognitive abilities into political ideology (e.g., 

Kemmelmeier 2008). Moreover, political scientists should engage with the updating and 

working memory literatures to examine which aspects of this executive function are most 

related to political traits. For example, one recent study highlights primary memory, 

secondary memory, and attention control as three distinct aspects of working memory 

which may each contribute to explaining individual differences in how updating operates 

(Shipstead, Lindsey, Marshall, and Engle 2014).  

Third, the research has provided preliminary evidence of a suppressor effect with 

regard to the relationship between party identification and updating. It appears to be the 

case that Republicanism is related to elevated updating directly, but to decreased 

updating indirectly through conservative political ideology. Unpacking this relationship 

through carefully designed experiments should be a priority for future research. 

In sum, this research has opened the door for the study of executive functions and 

political traits. Due to the role of genes in variation in executive functions, this research 
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has also uncovered a new potential mediator between genes and politics. Moreover, this 

pathway appears to be distinct from the pathway from genes to politics through cognitive 

style that was the focus of Chapter 3. The final chapter provides a brief summary of the 

research and presents a vision for the future of biopolitics research. 
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Chapter 5: Future Directions for Biopolitics Research 

This dissertation has begun filling in the black box between genes and political 

traits. This chapter lays out the major challenges in the field and proposes a research 

agenda that builds upon the work presented in the preceding chapters. 

Summary of the results 

The primary goal of this dissertation is to fill in the ‘black box’ that exists 

between genes and political traits (Smith et al. 2011b). This goal has been pursued in 

three ways. First, Chapter 2 addressed whether the effect of genes on politics is stable 

over time and what role is played by genes in the stability and change of political traits. 

This chapter utilized an original longitudinal twin dataset with measures of political traits 

at multiple time points, one of the only datasets of its kind. The analyses revealed, for the 

first time, the remarkable stability of the genetic effect on political traits in mid-life. It 

also provided strong evidence that genetic factors account for most of the stability in 

political traits in mid-life, while environmental factors account for nearly all of the 

change over time. This research begins to fill in the black box by showing that it conceals 

a dynamic process which remains underexplored in the literature. 

A second way in which this dissertation has begun to fill in the black box between 

genes and politics is by identifying potential mediators between genes and political traits. 

There are several strategies that can be used to identify potential mediators between 

genes and politics.  Chapter 3 focused on the link between political traits and cognitive 

style variables, specifically the need for cognition, the need for cognitive closure, and the 

need to evaluate. These variables were selected because they have well-established 

relationships with political traits and because there was reason to believe that they are 
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heritable on account of their relationships with other, heritable personality traits. These 

types of cognitive style were also appealing because there are no existing twin studies 

that have examined these measures of cognitive style, despite their widespread use in 

political science and social psychology. Using an original twin survey, Chapter 3 

demonstrated for the first time that all three of these measures of cognitive style are 

heritable and that it is common genetic influences which drive the correlations between 

cognitive style and political traits in most cases. Moreover, the results suggest that 

cognitive style accounts for genetic variance in political ideology that is not accounted 

for by Big Five personality traits, which have been the primary focus of past research. In 

sum, Chapter 3 finds that cognitive style may be an important mediator of the effect of 

genes on politics and opens the door to a new area of research that can aim to identify 

which specific genetic pathways underlie the connection between cognitive style and 

politics. 

Finally, Chapter 4 identifies another set of potential mediators of the effect of 

genes on politics, executive functions. This chapter approaches the question of potential 

mediators from the opposite direction. Unlike the cognitive style variables examined in 

Chapter 3, there is no existing literature to my knowledge that links individual differences 

in executive functions to political traits. Although there is some research on the question 

of whether cognitive abilities, like fluid intelligence and verbal ability, are linked to 

political ideology, these measures of cognitive ability are related to but distinct from 

executive functions. At the same time, and again in contrast to the measures of cognitive 

style studied in Chapter 3, there is research showing that genes play a major role in 

explaining individual variation in the executive functions examined in Chapter 4. Thus, 
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the research presented in Chapter 4 was motivated by the argument that any correlation 

between executive functions and political traits is likely the result of shared genetic 

influences due to the profound effect of genetic factors on variation in executive 

functions. The data find strong relationships between updating, one of the three executive 

functions examined in Chapter 4, and a number of political traits, including social and 

economic ideology, political sophistication, and ideological and partisan extremity. 

Moreover, the effects of executive functions on political traits were found to be 

independent of cognitive style, suggesting that executive functions may account for 

genetic variance in political traits that is unaccounted for by cognitive style. The results 

also highlight the importance of distinguishing political ideology and party identification 

in their relationships with updating. First, greater updating ability predicts more extreme 

ideology and less extreme party identification. Second, updating predicts political 

liberalism and, as the result of a suppressor effect, Republican identification when 

controlling for ideology. In sum, these results are consistent with the hypothesis that 

executive functions are a novel pathway through which the effect of genes on political 

traits may be mediated; this is a pressing area which should be addressed in future 

research. 

Ways forward, an overview 

There is growing interest into the role of biological processes in political life, 

which has resulted in a rapidly growing biopolitics literature that uses increasingly 

diverse methodologies to address the role of biology in politics (see Chapter 1). The 

insights uncovered by this dissertation open the way for several important topics that 

deserve to be the subject of research in the near future. 
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Perhaps the most pressing issue is that most of the genetic variation in political 

traits remains unaccounted for. Thus, future research should continue to identify new 

variables that account for unique genetic variance in political ideology and other political 

traits.
29

 Future research may involve using better measures of existing theoretical 

pathways from genes to politics (e.g., facets of the Big Five, rather than the broader 

factors) or attempting to identify novel theoretical pathways (such as cognitive style and 

executive functions). This research should also seek to replicate the novel findings of this 

dissertation to determine under what circumstances and by what mechanisms cognitive 

style accounts for genetic variance in political traits (e.g., gene by environment 

interactions and gene-environment correlation), and to examine whether inhibition and 

shifting do account for a significant amount of variance in political traits or whether the 

role of executive functions in politics is purely through updating. Moreover, the 

replications of the executive function findings should also examine its effects on 

ideological and partisan extremity,
30

 and compare these effects to other measures of 

cognitive ability, in particular verbal ability and fluid intelligence. 

Although the predominant view in the literature until recently was that personality 

traits precede political beliefs (e.g., Mondak 2010), some have challenged this view 

arguing instead that personality and political beliefs co-emerge from common genetic 

roots using direction of causation models (e.g., Verhulst, Eaves, and Hatemi 2012) and, 

recently, longitudinal data in adolescent and adult samples (Hatemi and Verhulst 2015). 

Given the strong and stable genetic effects identified by this dissertation not only for 

                                                           
29

 One relationship of particular interest for future genetic research is the robust correlation between 

updating and political sophistication, which was identified in Chapter 4. 
30

 The suppressor effect that characterized the relationship between updating, ideology, and party 

identification should also be examined more closely in the future. 
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political ideology, but also interest in politics, attitude strength, attitude certainty, and 

party identification,
31

 it is crucial for future research to collect longer and larger 

longitudinal samples to determine when and how the genetic effects on political traits 

emerge.
32

 Moreover, genetically-informative studies can also provide insights into the 

role of environmental factors in political traits (e.g., see the role of E in variation in 

economic ideology and in the stability of party identification in Chapter 2). Creating such 

datasets will likely require cooperation with existing longitudinal studies in genetically-

informative populations (i.e., twins, families, and unrelated individuals for whom genetic 

data is available). One strategy would be to survey the adult political traits of individuals 

for whom longitudinal personality data is available in adolescence. Another approach 

would be to cooperate with researchers to begin the measurement of political traits in 

adolescence and measure the development of these traits over time. These types of data 

could directly address the mediation versus pleiotropy controversy not just for Big Five 

traits, but for different types of cognitive style and for executive functions. 

Although the focus of the analyses in Chapters 3 and 4 was to identify variables 

which potentially mediate the effect of genes on politics, it is equally important to 

identify variables on either side of those mediators in the causal chain. For example, now 

that these forms of cognitive style have been shown to be heritable, it may be fruitful to 

examine what specific genetic and biological processes contribute to the development of 

                                                           
31

 Given that some past studies have found that genes do not play a role in the direction of party 

identification (e.g., Hatemi, Alford, et al. 2009), in contrast to the findings of this dissertation (see Chapter 

2), future research should try to determine when genetic factors matter for party identification and when 

they do not. 
32

 Given that the 2008 and 2012 data on whether genes play a role in political participation are somewhat 

mixed (see Chapters 2 and 3), future research should consider under what circumstances and for what types 

of participation genetic factors matter. Moreover, future research should use measures of political 

participation that can be used to analyze the role of genetic factors in the stability of political participation 

over time. 
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different types of cognitive style and under what circumstances.
33

 This type of research 

may provide insights into why there is only a genetic correlation between political 

ideology and cognitive style and not an environmental correlation. The hypothesis that 

cognitive style is related to executive functions, which was disconfirmed in Chapter 4, 

aimed to identify one such pathway from genes to cognitive style through executive 

functions. Nevertheless, future research should consider whether an effect of executive 

functions does exist for cognitive style, but is conditional on other, unmeasured 

environmental factors. 

On the other side of cognitive style in the causal chain are variables in between 

cognitive style and political traits and behaviors. Understanding the genetic connection 

between cognitive style and political ideology also involves further study on when and by 

what mechanisms cognitive style affects the development of political ideology and other 

political traits (e.g., media consumption patterns, susceptibility to different forms of 

persuasion and framing).
34

 This research direction is particularly pressing for executive 

functions, as the relationship between these variables and political traits is novel and 

underspecified. 

The results throughout this dissertation have emphasized that not all political 

traits are underpinned by the same predictors. The factors that give rise to political 

ideology, ideological certainty, strength of attitudes, interest in politics, participation in 

politics, partisanship, and sophistication are not necessarily the same. Moreover, the 

mechanisms which give rise to different types of political ideology also seem to differ. 

                                                           
33

 An additional question is whether the negative DZ cross-twin correlation for the need to evaluate is 

theoretically meaningful (e.g., as a result of a contrast effect) or simply a matter of random chance. 
34

 For example, future research should determine the situations under which the need to evaluate is related 

to Republican party identification (see Chapter 3). 
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One fruitful pathway that should continue to be explored in the future is the use of 

psychophysiological methods to identify biological correlates of political traits, like 

startle sensitivity (e.g., Oxley et al. 2008), disgust sensitivity (e.g., Smith et al. 2011a), 

cortisol levels (e.g., French et al. 2014), and negativity bias (Carraro, Castelli, and 

Macchiella 2011; Hibbing et al. 2014). One previously unconsidered pathway may be the 

study of individual differences in resting metabolic rate, as these may affect the 

subjective experience of hunger which has been linked experimentally to redistributive 

attitudes (e.g., Petersen et al. 2014). 

As with political ideology, future research into the biological underpinnings of 

political participation may benefit from distinguishing different types of participation 

from each other. One relevant dimension is whether a participatory act has a social 

element, as participatory acts with and without social elements are predicted by distinct 

personality traits (e.g., Mondak et al. 2010). Insofar as these personality traits have 

different genetic underpinnings, it may be fruitful to distinguish them in behavioral 

genetic and psychophysiological research. Moreover, better measures of personality 

traits, such as scales with coverage of the facets of the Big Five, may be necessary to 

fully elucidate the genetic pathways that lead to political traits and behaviors, as indicated 

by the stronger genetic links between political ideology and cognitive style (a narrower 

personality trait) than political ideology and openness to new experiences (one of the 

broader, Big Five factors). 

Although the focus of this dissertation and of the discussion above has been on 

behavioral genetic studies and occasionally psychophysiological studies, molecular 

genetic methods also present new (albeit significantly more costly) opportunities for 
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biopolitics research. These include not only candidate genes studies or genome-wide 

association studies, which could be used to identify particular genetic variants that are 

associated with political traits, but also newer methods like genome-wide complex trait 

analysis, which could be used to corroborate the estimates of heritability obtained in twin 

studies of political traits. One challenge in pursuing molecular genetic methods is that in 

order to find replicable results very large sample sizes resulting from international 

research consortia are often needed (e.g., Rietveld, et al. 2013, 2014). 

In addition to a finer-grained approach to genes, the study of biopolitics would 

benefit from a finer-grained approach to environmental factors. Some research have 

begun to show that how genes are expressed in politics is affected by life events (Hatemi 

2013), major events in society (Ojeda forthcoming), and cross-national differences 

(Klemmensen et al. 2012a, 2012b; Nørgaard, Ksiazkiewicz, et al. n.d.). Research that 

focuses on environmental factors in genetically-informative populations should be 

actively pursued in the future. Moreover, these same methodologies should be applied to 

understanding how environmental variation at the sub-national level and across 

demographic groups, such as gender, race, and class, may affect the pathways through 

which genes affect political traits. These approaches have the potential to bridge the gap 

between biopolitics and the study of political institutions by showing how institutional 

factors affect the expression of genes in a group, region, or nation. In addition, a greater 

focus on environmental factors in a behavior genetic framework may help to explain the 

nature of the environmental correlations of cognitive style with interest in politics and 

participation in politics. A focus on the environmental pathways to political traits may 

also explain why there are few significant environmental correlations between political 
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ideology and cognitive style, given that theory might predict the influence of 

environmental factors like education or media exposure on both sets of traits.  

Finally, epigenetics, the process by which genetic effects can be amplified or 

muted in response to environmental factors, presents perhaps the greatest challenge and 

the greatest opportunity to the field of biopolitics going forward (see Feil and Fraga 2012 

and Mazzio and Soliman 2012 for reviews of epigenetics). Over the next decade, political 

scientists will need to actively engage with this literature in order to develop a better 

understanding of how environmental influences, like political institutions, political 

cultures, socialization, friendships, the experience of systemic discrimination, and so on 

influence the expression of genes with relevance to political traits. 

In sum, there is a bright future for the field of biopolitics. This dissertation has 

sought to lay the foundation for a program of research that seeks to build upon existing 

political science, social psychology, and cognitive psychology theory with insights drawn 

from behavioral genetics. Going forward, there is a plethora of new methodologies and 

technologies that are only now being applied to political phenomena for the first time. 

When informed by insights generated from decades of rigorous political science research, 

these new approaches have the potential to dramatically broaden the horizons of the 

discipline and contribute to our understanding of the nature of political life. 
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Appendix 1: Twin models 

Table A.1a: Fit of Univariate Models 

Variable 
Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

p 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Single-item ideology (2008)  ACE 1.74 0.94  -10.26 

 * AE 1.74 0.97 1.00 -12.26 

  CE 20.46 0.00 0.00 6.46 

Single-item ideology (2012) 
 

ACE 5.66 0.46  -6.34 

 * AE 5.66 0.58 1.00 -8.34 

  CE 20.27 0.01 0.00 6.27 

Wilson-Patterson ideology (2008) 
 

ACE 4.77 0.57  -7.24 

(27-item) * AE 5.19 0.64 0.51 -8.81 

  CE 30.91 0.00 0.00 16.9 

Wilson-Patterson ideology (2012)  ACE 4.36 0.63  -7.64 

(27-item) * AE 4.36 0.74 0.98 -9.64 

  CE 24.87 0.00 0.00 10.87 

Wilson-Patterson ideology (2012)  ACE 2.27 0.89  -9.72 

(30-item) * AE 2.28 0.94 0.93 -11.71 

  CE 20.19 0.01 0.00 6.19 

Social ideology (2008)  ACE 2.78 0.84  -9.22 

(12-item) * AE 4.24 0.75 0.23 -9.76 

  CE 22.58 0.00 0.00 8.58 

Social ideology (2012) 
 

ACE 5.95 0.43  -6.05 

(12-item) * AE 5.99 0.54 0.83 -8.00 

  CE 24.10 0.00 0.00 10.11 

Economic ideology (2008)  ACE 4.46 0.62  -7.54 

(3-item) * AE 4.57 0.71 0.73 -9.43 

  CE 9.97 0.19 0.02 -4.03 

Economic ideology (2012)  ACE 7.46 0.28  -4.54 

(3-item) * AE 7.46 0.38 1.00 -6.54 

  CE 20.72 0.00 0.00 6.72 

Economic ideology (2012) 
 

ACE 4.13 0.66  -7.87 

(6-item) * AE 4.13 0.76 1.00 -9.87 

  CE 18.91 0.01 0.00 4.91 

Attitude certainty (2008) 
 

ACE 9.59 0.14  -2.41 

 * AE 9.59 0.21 1.00 -4.41 

  CE 17.82 0.01 0.00 3.82 

Attitude certainty (2012)  ACE 11.28 0.08  -0.72 

 * AE 11.28 0.13 1.00 -2.72 

  CE 24.15 0.00 0.00 10.15 

Difference in likelihood and AIC is compared to the saturated model. 
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Table A.1a: Fit of Univariate Models (Continued) 

Variable 
Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

p 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Attitude strength (2008)  ACE 3.79 0.70  -8.20 

 * AE 3.79 0.80 1.00 -10.20 

  CE 6.65 0.47 0.09 -7.35 

Attitude strength (2012)  ACE 4.89 0.56  -7.11 

 * AE 4.89 0.67 1.00 -9.11 

  CE 8.95 0.26 0.04 -5.05 

Party identification (2008) 
 

ACE 6.00 0.42  -6.00 

 * AE 6.00 0.54 1.00 -8.00 

  CE 26.88 0.00 0.00 12.88 

Party identification (2012)  ACE 0.98 0.99  -11.03 

 * AE 0.98 1.00 1.00 -13.03 

  CE 16.69 0.02 0.00 2.69 

Interest in politics (2008)  ACE 3.14 0.79  -8.85 

 * AE 3.60 0.82 0.50 -10.39 

  CE 9.11 0.24 0.01 -4.88 

Interest in politics (2012)  ACE 2.37 0.88  -9.63 

 * AE 2.37 0.94 1.00 -11.63 

  CE 7.78 0.35 0.02 -6.22 

Participation in politics (2008) 
 

ACE 8.15 0.23  -3.85 

 * AE 8.87 0.26 0.40 -5.13 

  CE 14.99 0.04 0.01 0.99 

Participation in politics (2012)  ACE 6.67 0.35  -5.33 

  AE 9.06 0.25 0.12 -4.94 

 * CE 7.98 0.33 0.25 -6.02 

Need for cognition (2012)  ACE 8.02 0.24  -3.98 

 * AE 8.06 0.33 0.86 -5.94 

  CE 11.49 0.12 0.06 -2.51 

Need for cognitive closure  ACE 3.79 0.71  -8.21 

(2012) * AE 3.79 0.80 1.00 -10.21 

  CE 10.47 0.16 0.01 -3.53 

Need to evaluate (2012) 
 

ACE 7.91 0.25  -4.09 

 * AE 7.91 0.34 1.00 -6.09 

  CE 11.81 0.11 0.05 -2.19 

Openness to new experiences  ACE 10.23 0.12  -1.77 

(2008) * AE 10.23 0.18 1.00 -3.77 

  CE 40.08 0.00 0.00 26.08 

Difference in likelihood and AIC is compared to the saturated model. 
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Table A.1b: Full Univariate Models 

Variable 

 
Best Fitting Model Type A C E 

Single-item ideology 
 

ACE 50.8% 0.0% 49.2% 

(2008) 
  

(26.4 - 58.0)  (0.0 - 20.2)  (42.0 - 57.5) 

   
0.17 0.00 0.17 

   
 (0.13 - 0.19)  (-0.10 - 0.10)  (0.16 - 0.18) 

 
* AE 50.8% 

 
49.2% 

   
(42.5 - 58.0) 

 
 (42.0 - 57.5) 

   
0.17 

 
0.17 

   
 (0.16 - 0.19) 

 
 (0.16 - 0.18) 

  
CE  39.2% 60.8% 

   
  (31.7 - 46.1)  (53.9 - 68.3) 

   
 0.15 0.19 

   
  (0.14 - 0.17)  (0.18 - 0.20) 

Single-item ideology 
 

ACE 47.1% 0.0% 52.9% 

(2012) 
  

(23.4 - 56.4)  (0.0 - 18.8)  (43.6 - 63.9) 

 
  

0.17 0.00 0.18 

   
 (0.13 - 0.20)  (-0.10 - 0.10)  (0.17 - 0.20) 

 
* AE 47.1%  52.9% 

   
(36.1 - 56.4)   (43.6 - 63.9) 

   
0.17  0.18 

   
 (0.15 - 0.20)   (0.17 - 0.20) 

  
CE  35.1% 64.9% 

   
  (25.3 - 44.1)  (55.9 - 74.7) 

   
 0.15 0.20 

   
  (0.13 - 0.17)  (0.19 - 0.22) 

Wilson-Patterson ideology 
 

ACE 57.2% 7.5% 35.3% 

(2008) 
  

(31.2 - 70.2)  (0.0 - 30.6)  (29.7 - 42.0) 

(27-item) 
  

0.11 0.04 0.08 

   
 (0.08 - 0.12)  (-0.08 - 0.08)  (0.08 - 0.09) 

 
* AE 65.1%  34.9% 

   
(58.7 - 70.5)   (29.5 - 41.3) 

   
0.11  0.08 

   
 (0.11 - 0.12)   (0.08 - 0.09) 

  
CE  52.7% 47.3% 

   
  (46.2 - 58.6)  (41.4 - 53.8) 

   
 0.10 0.10 

   
  (0.09 - 0.11)  (0.09 - 0.10) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.1b: Full Univariate Models (Continued) 

Variable 

 
Best Fitting Model Type A C E 

Wilson-Patterson ideology 
 

ACE 71.6% 0.5% 27.9% 

(2012) 
  

(32.3 - 78.3)  (0.0 - 36.3)  (21.7 - 36.4) 

(27-item) 
  

0.12 0.01 0.08 

   
 (0.09 - 0.13)  (-0.08 - 0.08)  (0.07 - 0.08) 

 
* AE 72.1% 

 
27.9% 

   
(63.7 - 78.3) 

 
 (21.7 - 36.3) 

   
0.12 

 
0.08 

   
 (0.11 - 0.13) 

 
 (0.07 - 0.08) 

  
CE  59.0% 41.0% 

   
  (49.7 - 66.6)  (33.4 - 50.3) 

   
 0.11 0.09 

   
  (0.10 - 0.12)  (0.08 - 0.10) 

Wilson-Patterson ideology 
 

ACE 69.2% 1.6% 29.2% 

(2012) 
  

(28.7 - 77.3)  (0.0 - 38.3)  (22.7 - 38.2) 

(30-item) 
  

0.70 0.11 0.46 

   
 (0.50 - 0.77)  (-0.49 - 0.49)  (0.41 - 0.51) 

 
* AE 70.8%  29.2% 

   
(62.1 - 77.3)   (22.7 - 37.9) 

   
0.71  0.46 

   
 (0.65 - 0.77)   (0.41 - 0.51) 

  
CE  58.4% 41.6% 

   
  (48.8 - 66.1)  (33.9 - 51.2) 

   
 0.64 0.54 

   
  (0.58 - 0.71)  (0.50 - 0.60) 

Social ideology (2008) 
 

ACE 49.0% 13.6% 37.4% 

(12-item) 
  

(23.7 - 67.8)  (0.0 - 35.7)  (31.6 - 44.2) 

 
  

0.14 0.07 0.12 

   
 (0.10 - 0.16)  (-0.11 - 0.11)  (0.11 - 0.13) 

 
* AE 63.3%  36.7% 

   
(56.9 - 68.8)   (31.2 - 43.1) 

   
0.15  0.12 

   
 (0.14 - 0.17)   (0.11 - 0.13) 

  
CE  52.5% 47.5% 

   
  (46.1 - 58.3)  (41.7 - 53.9) 

   
 0.14 0.13 

   
  (0.13 - 0.15)  (0.13 - 0.14) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.1b: Full Univariate Models (Continued) 

Variable 

 
Best Fitting Model Type A C E 

Social ideology (2012) 
 

ACE 64.8% 3.6% 31.6% 

(12-item) 
  

(27.4 - 74.8)  (0.0 - 37.5)  (25.2 - 40.0) 

   
0.15 0.04 0.11 

   
 (0.11 - 0.17)  (-0.11 - 0.11)  (0.10 - 0.12) 

 
* AE 68.5% 

 
31.5% 

   
(60.4 - 74.8) 

 
 (25.2 - 39.6) 

   
0.16 

 
0.11 

   
 (0.15 - 0.17) 

 
 (0.10 - 0.12) 

  
CE  57.2% 42.8% 

   
  (48.6 - 64.4)  (35.6 - 51.4) 

   
 0.15 0.13 

   
  (0.13 - 0.16)  (0.12 - 0.14) 

Economic ideology (2008) 
 

ACE 34.3% 4.4% 61.3% 

(3-item) 
  

(0.4 - 47.2)  (0.0 - 32.4)  (52.8 - 70.9) 

 
  

0.11 0.04 0.15 

   
 (0.05 - 0.14)  (-0.10 - 0.10)  (0.14 - 0.16) 

 
* AE 39.2%  60.8% 

   
(30.2 - 47.3)   (52.7 - 69.8) 

   
0.12  0.15 

   
 (0.11 - 0.14)   (0.14 - 0.16) 

  
CE  32.0% 68.0% 

   
  (24.1 - 39.4)  (60.6 - 75.9) 

   
 0.11 0.16 

   
  (0.10 - 0.12)  (0.15 - 0.17) 

Economic ideology (2012) 
 

ACE 48.5% 0.0% 51.5% 

(3-item) 
  

(21.2 - 57.4)  (0.0 - 23.0)  (42.6 - 62.0) 

 
  

0.14 0.00 0.14 

   
 (0.11 - 0.16)  (-0.09 - 0.09)  (0.13 - 0.16) 

 
* AE 48.5%  51.5% 

   
(38.0 - 57.4)   (42.6 - 62.0) 

   
0.14  0.14 

   
 (0.12 - 0.16)   (0.13 - 0.16) 

  
CE  38.7% 61.3% 

   
  (29.0 - 47.5)  (52.5 - 71.0) 

   
 0.13 0.16 

   
  (0.11 - 0.14)  (0.15 - 0.17) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.1b: Full Univariate Models (Continued) 

Variable 

 
Best Fitting Model Type A C E 

Economic ideology (2012) 
 

ACE 50.9% 0.0% 49.1% 

(6-item) 
  

(24.4 - 59.9)  (0.0 - 21.9)  (40.1 - 59.9) 

   
0.13 0.00 0.13 

   
 (0.10 - 0.14)  (-0.08 - 0.08)  (0.12 - 0.14) 

 
* AE 50.9% 

 
49.1% 

   
(40.1 - 59.9) 

 
 (40.1 - 59.9) 

   
0.13 

 
0.13 

   
 (0.11 - 0.14) 

 
 (0.12 - 0.14) 

  
CE  39.5% 60.5% 

   
  (29.4 - 48.4)  (51.6 - 70.6) 

   
 0.11 0.14 

   
  (0.10 - 0.13)  (0.13 - 0.15) 

Attitude certainty 
 

ACE 30.8% 0.0% 69.2% 

(2008) 
  

(7.9 - 40.0)  (0.0 - 17.6)  (60.0 - 79.3) 

 
  

0.08 0.00 0.12 

   
 (0.05 - 0.09)  (-0.05 - 0.05)  (0.11 - 0.12) 

 
* AE 30.8%  69.2% 

   
(20.7 - 40.0)   (60.0 - 79.3) 

   
0.08  0.12 

   
 (0.06 - 0.09)   (0.11 - 0.12) 

  
CE  22.6% 77.4% 

   
  (14.2 - 30.6)  (69.4 - 85.8) 

   
 0.07 0.12 

   
  (0.05 - 0.08)  (0.12 - 0.13) 

Attitude certainty 
 

ACE 42.1% 0.0% 57.9% 

(2012) 
  

(20.4 - 54.0)  (0.0 - 14.5)  (46.0 - 72.3) 

 
  

0.10 0.00 0.11 

   
 (0.07 - 0.11)  (-0.05 - 0.05)  (0.10 - 0.13) 

 
* AE 42.1%  57.9% 

   
(27.7 - 54.0)   (46.0 - 72.3) 

   
0.10  0.11 

   
 (0.08 - 0.11)   (0.10 - 0.13) 

  
CE  26.7% 73.3% 

   
  (14.8 - 37.6)  (62.4 - 85.2) 

   
 0.08 0.13 

   
  (0.06 - 0.09)  (0.12 - 0.14) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.1b: Full Univariate Models (Continued) 

Variable 

 
Best Fitting Model Type A C E 

Attitude strength 
 

ACE 27.0% 0.0% 73.0% 

(2008) 
  

(0.0 - 36.5)  (0.0 - 26.5)  (63.5 - 84.0) 

   
0.09 0.00 0.15 

   
 (-0.11 - 0.11)  (-0.09 - 0.09)  (0.14 - 0.16) 

 
* AE 27.0% 

 
73.0% 

   
(16.8 - 36.5) 

 
 (63.5 - 83.2) 

   
0.09 

 
0.15 

   
 (0.07 - 0.11) 

 
 (0.14 - 0.16) 

  
CE  21.4% 78.6% 

   
  (12.9 - 29.5)  (70.5 - 87.1) 

   
 0.08 0.15 

   
  (0.06 - 0.09)  (0.14 - 0.16) 

Attitude strength 
 

ACE 27.5% 0.0% 72.5% 

(2012) 
  

(0.0 - 41.4)  (0.0 - 25.7)  (58.6 - 88.2) 

 
  

0.09 0.00 0.15 

   
 (0.02 - 0.11)  (-0.08 - 0.08)  (0.13 - 0.16) 

 
* AE 27.5%  72.5% 

   
(11.8 - 41.4)   (58.6 - 88.2) 

   
0.09  0.15 

   
 (0.06 - 0.11)   (0.13 - 0.16) 

  
CE  19.4% 80.6% 

   
  (6.3 - 31.6)  (68.4 - 93.7) 

   
 0.08 0.15 

   
  (0.05 - 0.10)  (0.14 - 0.17) 

Party identification 
 

ACE 53.9% 0.0% 46.1% 

(2008) 
  

(29.0 - 60.8)  (0.0 - 21.1)  (39.2 - 54.0) 

 
  

1.37 0.00 1.26 

   
 (1.07 - 1.49)  (-0.80 - 0.80)  (1.18 - 1.36) 

 
* AE 53.9%  46.1% 

   
(46.0 - 60.8)   (39.2 - 54.0) 

   
1.37  1.26 

   
 (1.24 - 1.49)   (1.18 - 1.36) 

  
CE  42.0% 58.0% 

   
  (34.6 - 48.8)  (51.2 - 65.4) 

   
 1.21 1.42 

   
  (1.08 - 1.33)  (1.34 - 1.50) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.1b: Full Univariate Models (Continued) 

Variable 

 
Best Fitting Model Type A C E 

Party identification 
 

ACE 56.3% 0.0% 43.7% 

(2012) 
  

(25.2 - 64.2)  (0.0 - 26.6)  (35.8 - 53.4) 

   
1.48 0.00 1.31 

   
 (1.10 - 1.63)  (-0.94 - 0.94)  (1.20 - 1.43) 

 
* AE 56.3% 

 
43.7% 

   
(46.6 - 64.2) 

 
 (35.8 - 53.4) 

   
1.48 

 
1.31 

   
 (1.32 - 1.63) 

 
 (1.20 - 1.43) 

  
CE  44.9% 55.1% 

   
  (35.6 - 53.0)  (47.0 - 64.4) 

   
 1.32 1.46 

   
  (1.16 - 1.48)  (1.36 - 1.58) 

Interest in politics 
 

ACE 34.3% 8.9% 56.9% 

(2008) 
  

(1.9 - 51.0)  (0.0 - 36.1)  (49.0 - 65.9) 

 
  

0.12 0.06 0.16 

   
 (0.05 - 0.15)  (-0.12 - 0.12)  (0.15 - 0.17) 

 
* AE 43.8%  56.2% 

   
(35.4 - 51.3)   (48.7 - 64.6) 

   
0.14  0.16 

   
 (0.12 - 0.15)   (0.15 - 0.17) 

  
CE  36.8% 63.2% 

   
  (29.3 - 43.8)  (56.2 - 70.7) 

   
 0.13 0.17 

   
  (0.11 - 0.14)  (0.16 - 0.18) 

Interest in politics 
 

ACE 43.5% 0.1% 56.4% 

(2012) 
  

(0.0 - 53.0)  (0.0 - 38.2)  (47.0 - 67.8) 

 
  

0.15 0.01 0.17 

   
 (0.06 - 0.17)  (-0.13 - 0.13)  (0.15 - 0.18) 

 
* AE 43.6%  56.4% 

   
(32.7 - 53.0)   (47.0 - 67.3) 

   
0.15  0.17 

   
 (0.13 - 0.17)   (0.15 - 0.18) 

  
CE  36.5% 63.5% 

   
  (26.7 - 45.4)  (54.6 - 73.3) 

   
 0.13 0.18 

   
  (0.11 - 0.15)  (0.17 - 0.19) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.1b: Full Univariate Models (Continued) 

Variable 

 
Best Fitting Model Type A C E 

Participation in politics 
 

ACE 35.6% 10.6% 53.8% 

(2008) 
  

(4.2 - 54.1)  (0.0 - 36.4)  (45.9 - 63.0) 

   
0.15 0.08 0.19 

   
 (0.08 - 0.19)  (-0.15 - 0.15)  (0.17 - 0.20) 

 
* AE 47.2% 

 
52.8% 

   
(38.7 - 54.6) 

 
 (45.4 - 61.3) 

   
0.18 

 
0.19 

   
 (0.16 - 0.19) 

 
 (0.17 - 0.20) 

  
CE  38.9% 61.1% 

   
  (31.3 - 45.9)  (54.1 - 68.7) 

   
 0.16 0.20 

   
  (0.14 - 0.18)  (0.19 - 0.21) 

Participation in politics 
 

ACE 20.0% 26.5% 53.6% 

(2012) 
  

(0.0 - 54.7)  (0.0 - 50.3)  (43.9 - 65.3) 

 
  

0.11 0.13 0.19 

   
 (-0.19 - 0.19)  (-0.18 - 0.18)  (0.17 - 0.20) 

  
AE 48.2%  51.8% 

   
(37.5 - 57.2)   (42.8 - 62.5) 

   
0.18  0.18 

   
 (0.15 - 0.20)   (0.17 - 0.20) 

 
* CE  43.0% 57.0% 

   
  (33.2 - 51.6)  (48.4 - 66.8) 

   
 0.17 0.19 

   
  (0.14 - 0.19)  (0.18 - 0.21) 

Need for cognition 
 

ACE 36.7% 3.2% 60.1% 

(2012) 
  

(0.0 - 50.8)  (0.0 - 38.4)  (49.2 - 73.6) 

 
  

0.47 0.14 0.60 

   
 (-0.57 - 0.57)  (-0.47 - 0.47)  (0.55 - 0.67) 

 
* AE 40.2%  59.8% 

   
(27.6 - 50.9)   (49.1 - 72.4) 

   
0.49  0.60 

   
 (-0.57 - 0.57)   (0.55 - 0.66) 

  
CE  32.7% 67.3% 

   
  (21.8 - 42.6)  (57.4 - 78.2) 

   
 0.45 0.64 

   
  (0.37 - 0.52)  (0.59 - 0.69) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.1b: Full Univariate Models (Continued) 

Variable 

 
Best Fitting Model Type A C E 

Need for cognitive closure 
 

ACE 36.6% 0.0% 63.4% 

(2012) 
  

(3.4 - 48.1)  (0.0 - 25.5)  (51.9 - 76.8) 

   
0.44 0.00 0.58 

   
 (0.24 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
* AE 36.6% 

 
63.4% 

   
(23.2 - 48.1) 

 
 (51.9 - 76.8) 

   
0.44 

 
0.58 

   
 (0.35 - 0.51) 

 
 (0.53 - 0.63) 

  
CE  26.9% 73.1% 

   
  (15.6 - 37.4)  (62.6 - 84.4) 

   
 0.38 0.62 

   
  (0.29 - 0.45)  (0.57 - 0.67) 

Need to evaluate 
 

ACE 18.5% 0.0% 81.5% 

(2012) 
  

(0.0 - 31.1)  (0.0 - 17.6)  (68.9 - 94.8) 

 
  

0.29 0.00 0.61 

   
 (-0.38 - 0.38)  (-0.26 - 0.26)  (0.56 - 0.66) 

 
* AE 18.5%  81.5% 

   
(5.2 - 31.1)   (68.9 - 94.8) 

   
0.29  0.61 

   
 (0.17 - 0.38)   (0.56 - 0.66) 

  
CE  11.9% 88.1% 

   
  (0.5 - 23.0)  (77.0 - 99.5) 

   
 0.23 0.64 

   
  (0.08 - 0.32)  (0.59 - 0.68) 

Openness to new 
 

ACE 49.9% 0.0% 50.1% 

experiences 
  

(36.9 - 57.4)  (0.0 - 9.5)  (42.6 - 58.8) 

(2008) 
  

4.82 0.00 4.84 

   
 (4.22 - 5.30)  (-1.96 - 1.96)  (4.50 - 5.20) 

 
* AE 49.9%  50.1% 

   
(41.2 - 57.4)   (42.6 - 58.8) 

   
4.82  4.84 

   
 (4.33 - 5.30)   (4.50 - 5.20) 

  
CE  35.3% 64.7% 

   
  (27.4 - 42.5)  (57.5 - 72.6) 

   
 -4.04 -5.48 

   
  (-4.53 - -3.54)  (-5.81 - -5.18) 

A, C, and E are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. 
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Table A.2a: Fit of Longitudinal Models, 2008-2012 

Variable 
Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

p 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Single-item ideology  ACE 15.69 0.55  -18.31 

 * AE 15.69 0.74 1.00 -24.31 

  CE 39.18 0.01 0.00 -0.81 

Wilson-Patterson ideology 
 

ACE 28.01 0.04  -5.99 

(27-item) * AE 28.54 0.10 0.91 -11.46 

  CE 59.92 0.00 0.00 19.92 

Social ideology 
 

ACE 18.71 0.35  -15.28 

(12-item) * AE 21.64 0.36 0.40 -18.36 

  CE 40.60 0.00 0.00 0.61 

Economic ideology  ACE 13.45 0.71  -20.55 

(3-item) * AE 13.45 0.86 1.00 -26.55 

  CE 32.71 0.04 0.00 -7.29 

Attitude certainty  ACE 20.60 0.24  -13.40 

 * AE 20.60 0.42 1.00 -19.40 

  CE 40.22 0.00 0.00 0.22 

Attitude strength  ACE 13.18 0.72  -20.82 

 * AE 13.18 0.87 1.00 -26.82 

  CE 17.40 0.63 0.24 -22.61 

Party identification 
 

ACE 19.54 0.30  -14.45 

 * AE 19.70 0.48 0.98 -20.30 

  CE 39.71 0.01 0.00 -0.29 

Interest in politics  ACE 17.63 0.41  -16.36 

 * AE 18.27 0.57 0.89 -21.73 

  CE 27.72 0.12 0.02 -12.28 

Difference in likelihood and AIC is compared to the saturated model. 
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Table A.2b1: Full Longitudinal Models - Single-Item Ideology 

Model Type Path Type A C E 

ACE 11 51.6% 0.0% 48.4% 

  
(29.0 - 58.6)  (0.0 - 19.0)  (41.4 - 56.4) 

  
0.17 0.00 0.17 

  
 (0.14 - 0.19)  (-0.10 - 0.10)  (0.16 - 0.18) 

 
21 45.4% 0.0% 20.5% 

  
(25.5 - 53.8)  (0.0 - 16.3)  (14.6 - 28.0) 

  
0.17 0.00 0.11 

  
 (0.14 - 0.19)  (-0.09 - 0.09)  (0.10 - 0.13) 

 
22 0.0% 0.0% 34.1% 

  
(0.0 - 4.1)  (0.0 - 3.1)  (29.1 - 38.4) 

  
0.00 0.00 0.15 

  
 (-0.05 - 0.05)  (-0.04 - 0.04)  (0.14 - 0.16) 

*AE 11 51.6%  48.4% 

  
(43.6 - 58.6)   (41.4 - 56.4) 

  
0.17  0.17 

  
 (0.16 - 0.19)   (0.16 - 0.18) 

 
21 45.4%  20.5% 

  
(36.0 - 53.8)   (14.6 - 28.0) 

  
0.17  0.11 

  
 (0.15 - 0.19)   (0.10 - 0.13) 

 
22 0.0%  34.1% 

  
(0.0 - 4.1)   (29.1 - 38.4) 

  
0.00  0.15 

  
 (-0.05 - 0.05)   (0.14 - 0.16) 

CE 11  39.5% 60.5% 

    (32.1 - 46.4)  (53.6 - 67.9) 

   0.15 0.19 

    (0.14 - 0.17)  (0.18 - 0.20) 

 
21  33.4% 31.3% 

    (25.1 - 41.3)  (24.9 - 38.7) 

   0.15 0.14 

    (0.13 - 0.17)  (0.13 - 0.16) 

 
22  0.0% 35.4% 

    (0.0 - 3.2)  (31.0 - 39.5) 

   0.00 0.15 

    (-0.04 - 0.04)  (0.14 - 0.17) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.2b2: Full Longitudinal Models - Wilson-Patterson Ideology (27-item) 

Model Type Path Type A C E 

ACE 11 56.5% 8.1% 35.4% 

  
(32.0 - 69.9)  (0.0 - 30.2)  (30.0 - 41.8) 

  
0.11 0.04 0.08 

  
 (0.08 - 0.12)  (-0.08 - 0.08)  (0.08 - 0.09) 

 
21 60.7% 7.6% 17.7% 

  
(33.7 - 73.9)  (0.0 - 32.0)  (13.1 - 23.5) 

  
0.11 0.04 0.06 

  
 (0.09 - 0.13)  (-0.08 - 0.08)  (0.05 - 0.07) 

 
22 0.0% 0.0% 14.1% 

  
(0.0 - 2.4)  (0.0 - 2.1)  (11.5 - 16.6) 

  
0.00 0.00 -0.05 

  
 (-0.02 - 0.02)  (-0.02 - 0.02)  (-0.06 - -0.05) 

*AE 11 64.9%  35.1% 

  
(58.7 - 70.2)   (29.8 - 41.3) 

  
0.11  0.08 

  
 (0.11 - 0.12)   (0.08 - 0.09) 

 
21 68.5%  17.4% 

  
(61.6 - 74.2)   (13.0 - 23.0) 

  
0.12  0.06 

  
 (0.11 - 0.13)   (0.05 - 0.07) 

 
22 0.0%  14.1% 

  
(0.0 - 2.5)   (11.6 - 16.6) 

  
0.00  -0.05 

  
 (-0.02 - 0.02)   (-0.06 - -0.05) 

CE 11  53.1% 46.9% 

    (46.7 - 58.9)  (41.1 - 53.3) 

   0.10 0.10 

    (0.10 - 0.11)  (0.09 - 0.10) 

 
21  56.2% 28.8% 

    (49.0 - 62.5)  (23.5 - 35.1) 

   0.11 0.08 

    (0.10 - 0.12)  (0.07 - 0.08) 

 
22  0.0% 15.0% 

    (0.0 - 2.1)  (12.6 - 17.3) 

   0.00 0.10 

    (-0.02 - 0.02)  (0.10 - 0.11) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.2b3: Full Longitudinal Models - Social Ideology 

Model Type Path Type A C E 

ACE 11 44.6% 17.5% 37.9% 

  
(20.8 - 66.1)  (0.0 - 38.2)  (32.2 - 44.8) 

  
0.13 0.08 0.12 

  
 (0.09 - 0.16)  (-0.12 - 0.12)  (0.11 - 0.13) 

 
21 46.4% 19.5% 20.1% 

  
(21.2 - 70.1)  (0.0 - 42.3)  (15.3 - 26.0) 

  
0.13 0.09 0.09 

  
 (0.09 - 0.16)  (-0.12 - 0.12)  (0.08 - 0.10) 

 
22 1.3% 0.0% 12.8% 

  
(0.0 - 3.9)  (0.0 - 2.4)  (10.3 - 15.7) 

  
-0.02 0.00 0.07 

  
 (-0.04 - 0.04)  (-0.03 - 0.03)  (0.06 - 0.08) 

*AE 11 62.7%  37.3% 

  
(56.3 - 68.2)   (31.8 - 43.7) 

  
0.15  0.12 

  
 (0.14 - 0.16)   (0.11 - 0.13) 

 
21 66.5%  19.4% 

  
(59.7 - 72.4)   (14.9 - 24.9) 

  
0.16  0.08 

  
 (0.14 - 0.17)   (0.07 - 0.10) 

 
22 1.4%  12.8% 

  
(0.0 - 4.0)   (10.4 - 15.7) 

  
0.02  0.07 

  
 (-0.04 - 0.04)   (0.06 - 0.08) 

CE 11  52.7% 47.3% 

    (46.3 - 58.5)  (41.5 - 53.7) 

   0.14 0.13 

    (0.13 - 0.15)  (0.13 - 0.14) 

 
21  57.2% 28.3% 

    (50.4 - 63.3)  (23.3 - 34.1) 

   0.15 0.10 

    (0.13 - 0.16)  (0.09 - 0.11) 

 
22  0.4% 14.1% 

    (0.0 - 2.6)  (11.7 - 16.5) 

   -0.01 0.14 

    (-0.03 - 0.03)  (0.13 - 0.15) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.2b4: Full Longitudinal Models - Economic Ideology (3-item) 

Model Type Path Type A C E 

ACE 11 41.1% 0.0% 58.9% 

  
(19.4 - 48.6)  (0.0 - 19.2)  (51.4 - 67.0) 

  
0.12 0.00 0.15 

  
 (0.09 - 0.14)  (-0.08 - 0.08)  (0.14 - 0.16) 

 
21 49.8% 0.0% 8.6% 

  
(25.8 - 57.9)  (0.0 - 20.5)  (5.1 - 13.4) 

  
0.14 0.00 0.06 

  
 (0.11 - 0.16)  (-0.08 - 0.08)  (0.05 - 0.07) 

 
22 0.0% 0.0% 41.6% 

  
(0.0 - 4.1)  (0.0 - 3.4)  (35.5 - 48.1) 

  
0.00 0.00 0.13 

  
 (-0.04 - 0.04)  (-0.04 - 0.04)  (0.12 - 0.14) 

*AE 11 41.1%  58.9% 

  
(33.0 - 48.6)   (51.4 - 67.0) 

  
0.12  0.15 

  
 (0.11 - 0.14)   (0.14 - 0.16) 

 
21 49.8%  8.6% 

  
(40.7 - 57.9)   (5.1 - 13.3) 

  
0.14  0.06 

  
 (0.13 - 0.16)   (0.05 - 0.07) 

 
22 0.0%  41.6% 

  
(0.0 - 4.1)   (35.5 - 48.1) 

  
0.00  0.13 

  
 (-0.04 - 0.04)   (0.12 - 0.14) 

CE 11  33.2% 66.8% 

    (25.9 - 40.2)  (59.8 - 74.1) 

   0.11 0.16 

    (0.10 - 0.13)  (0.15 - 0.17) 

 
21  39.3% 14.9% 

    (30.8 - 47.3)  (10.5 - 20.4) 

   0.13 0.08 

    (0.11 - 0.14)  (0.07 - 0.09) 

 
22  0.0% 45.7% 

    (0.0 - 3.7)  (40.1 - 51.7) 

   0.00 0.11 

    (-0.04 - 0.04)  (0.10 - 0.13) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  



214 

 

 

Table A.2b5: Full Longitudinal Models - Attitude Certainty 

Model Type Path Type A C E 

ACE 11 31.4% 0.0% 68.6% 

  
(13.6 - 40.6)  (0.0 - 14.2)  (59.4 - 78.6) 

  
0.08 0.00 0.12 

  
 (0.05 - 0.09)  (-0.05 - 0.05)  (0.11 - 0.12) 

 
21 35.2% 0.0% 9.8% 

  
(18.2 - 51.8)  (0.0 - 14.5)  (4.7 - 17.0) 

  
0.09 0.00 0.05 

  
 (0.07 - 0.11)  (-0.05 - 0.05)  (0.03 - 0.06) 

 
22 5.9% 0.0% 49.2% 

  
(0.0 - 17.0)  (0.0 - 11.1)  (40.1 - 59.8) 

  
-0.04 0.00 0.10 

  
 (-0.06 - 0.06)  (-0.05 - 0.05)  (0.10 - 0.11) 

*AE 11 31.4%  68.6% 

  
(21.4 - 40.6)   (59.4 - 78.6) 

  
0.08  0.12 

  
 (0.06 - 0.09)   (0.11 - 0.12) 

 
21 35.2%  9.8% 

  
(20.9 - 50.4)   (4.7 - 17.0) 

  
0.09  0.05 

  
 (0.07 - 0.11)   (0.03 - 0.06) 

 
22 5.9%  49.2% 

  
(0.0 - 17.0)   (40.1 - 59.8) 

  
0.04  0.10 

  
 (-0.06 - 0.06)   (0.10 - 0.11) 

CE 11  22.0% 78.0% 

    (13.6 - 30.0)  (70.0 - 86.4) 

   0.07 0.12 

    (0.05 - 0.08)  (0.12 - 0.13) 

 
21  22.1% 17.7% 

    (11.2 - 34.9)  (11.4 - 25.3) 

   0.07 0.06 

    (0.05 - 0.09)  (0.05 - 0.08) 

 
22  4.6% 55.6% 

    (0.0 - 13.9)  (47.1 - 64.9) 

   0.03 0.07 

    (-0.05 - 0.05)  (0.05 - 0.08) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.2b6: Full Longitudinal Models - Attitude Strength 

Model Type Path Type A C E 

ACE 11 50.6% 2.6% 46.8% 

  
(25.8 - 60.0)  (0.0 - 23.6)  (39.9 - 54.9) 

  
1.33 0.30 1.27 

  
 (1.01 - 1.48)  (-0.86 - 0.86)  (1.19 - 1.37) 

 
21 49.2% 4.6% 24.0% 

  
(21.0 - 61.2)  (0.0 - 29.3)  (18.1 - 31.5) 

  
1.38 0.42 0.96 

  
 (0.97 - 1.57)  (-1.02 - 1.02)  (0.84 - 1.10) 

 
22 0.0% 0.0% 22.2% 

  
(0.0 - 3.5)  (0.0 - 2.8)  (18.6 - 25.5) 

  
0.00 0.00 0.92 

  
 (-0.36 - 0.36)  (-0.32 - 0.32)  (0.85 - 0.98) 

*AE 11 53.3%  46.7% 

  
(45.4 - 60.2)   (39.8 - 54.6) 

  
1.36  1.27 

  
 (1.24 - 1.48)   (1.19 - 1.37) 

 
21 53.9%  23.7% 

  
(45.3 - 61.4)   (18.0 - 30.8) 

  
1.44  0.95 

  
 (1.30 - 1.58)   (0.84 - 1.08) 

 
22 0.1%  22.3% 

  
(0.0 - 3.5)   (18.5 - 25.5) 

  
0.07  0.92 

  
 (-0.36 - 0.36)   (0.85 - 0.98) 

CE 11  41.8% 58.2% 

    (34.5 - 48.6)  (51.4 - 65.5) 

   1.20 1.42 

    (1.08 - 1.33)  (1.34 - 1.50) 

 
21  43.7% 33.5% 

    (35.8 - 50.8)  (27.6 - 40.2) 

   1.29 1.13 

    (1.16 - 1.43)  (1.03 - 1.24) 

 
22  0.0% 22.9% 

    (0.0 - 2.6)  (19.6 - 25.9) 

   0.00 1.20 

    (-0.31 - 0.31)  (1.08 - 1.33) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.2b7: Full Longitudinal Models - Party Identification 

Model Type Path Type A C E 

ACE 11 51.6% 0.0% 48.4% 

  
(29.0 - 58.6)  (0.0 - 19.0)  (41.4 - 56.4) 

  
0.17 0.00 0.17 

  
 (0.14 - 0.19)  (-0.10 - 0.10)  (0.16 - 0.18) 

 
21 45.4% 0.0% 20.5% 

  
(25.5 - 53.8)  (0.0 - 16.3)  (14.6 - 28.0) 

  
0.17 0.00 0.11 

  
 (0.14 - 0.19)  (-0.09 - 0.09)  (0.10 - 0.13) 

 
22 0.0% 0.0% 34.1% 

  
(0.0 - 4.1)  (0.0 - 3.1)  (29.1 - 38.4) 

  
0.00 0.00 0.15 

  
 (-0.05 - 0.05)  (-0.04 - 0.04)  (0.14 - 0.16) 

*AE 11 51.6%  48.4% 

  
(43.6 - 58.6)   (41.4 - 56.4) 

  
0.17  0.17 

  
 (0.16 - 0.19)   (0.16 - 0.18) 

 
21 45.4%  20.5% 

  
(36.0 - 53.8)   (14.6 - 28.0) 

  
0.17  0.11 

  
 (0.15 - 0.19)   (0.10 - 0.13) 

 
22 0.0%  34.1% 

  
(0.0 - 4.1)   (29.1 - 38.4) 

  
0.00  0.15 

  
 (-0.05 - 0.05)   (0.14 - 0.16) 

CE 11  39.5% 60.5% 

    (32.1 - 46.4)  (53.6 - 67.9) 

   0.15 0.19 

    (0.14 - 0.17)  (0.18 - 0.20) 

 
21  33.4% 31.3% 

    (25.1 - 41.3)  (24.9 - 38.7) 

   0.15 0.14 

    (0.13 - 0.17)  (0.13 - 0.16) 

 
22  0.0% 35.4% 

    (0.0 - 3.2)  (31.0 - 39.5) 

   0.00 0.15 

    (-0.04 - 0.04)  (0.14 - 0.17) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.2b8: Full Longitudinal Models - Interest in Politics 

Model Type Path Type A C E 

ACE 11 33.5% 9.5% 57.0% 

  
(6.8 - 50.7)  (0.0 - 33.0)  (49.2 - 65.6) 

  
0.12 0.06 0.16 

  
 (0.07 - 0.15)  (-0.12 - 0.12)  (0.15 - 0.17) 

 
21 39.2% 2.6% 15.2% 

  
(7.6 - 50.6)  (0.0 - 29.6)  (9.9 - 22.2) 

  
0.14 0.04 0.09 

  
 (0.08 - 0.16)  (-0.11 - 0.11)  (0.07 - 0.10) 

 
22 0.0% 0.0% 43.1% 

  
(0.0 - 9.0)  (0.0 - 7.0)  (36.3 - 50.2) 

  
0.00 0.00 0.15 

  
 (-0.07 - 0.07)  (-0.06 - 0.06)  (0.14 - 0.16) 

*AE 11 43.7%  56.3% 

  
(35.4 - 51.2)   (48.8 - 64.6) 

  
0.14  0.16 

  
 (0.12 - 0.15)   (0.15 - 0.17) 

 
21 39.4%  15.0% 

  
(29.2 - 49.4)   (9.6 - 21.8) 

  
0.14  0.09 

  
 (0.12 - 0.16)   (0.07 - 0.10) 

 
22 2.4%  43.2% 

  
(0.0 - 9.3)   (36.4 - 50.5) 

  
-0.03  0.15 

  
 (-0.07 - 0.07)   (0.14 - 0.16) 

CE 11  36.8% 63.2% 

    (29.2 - 43.7)  (56.3 - 70.8) 

   0.13 0.17 

    (0.11 - 0.14)  (0.16 - 0.18) 

 
21  32.1% 20.7% 

    (23.2 - 41.2)  (14.9 - 27.5) 

   0.13 0.10 

    (0.11 - 0.15)  (0.09 - 0.12) 

 
22  1.9% 45.3% 

    (0.0 - 7.7)  (38.9 - 51.9) 

   -0.03 0.13 

    (-0.06 - 0.06)  (0.11 - 0.14) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.3a: Fit of Bivariate Models - Need for Cognition 

Second Variable 

 

Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

p 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Single-item ideology (2012)  ACE 17.56 0.42  -16.44 

 * AE 18.56 0.55 0.80 -21.45 

  CE 39.07 0.01 0.00 -0.93 

Wilson-Patterson ideology (2012) 
 

ACE 19.72 0.29  -13.28 

(27-item) * AE 20.03 0.46 0.96 -19.96 

  CE 42.71 0.00 0.00 2.71 

Social ideology (2012) 
 

ACE 14.50 0.63  -19.49 

(12-item) * AE 15.50 0.75 0.80 -24.50 

  CE 36.01 0.02 0.00 -3.98 

Economic ideology (2012)       

(6-item)       

Not estimated due to low rPh       

Attitude certainty (2012) 
 

ACE 28.86 0.04  -5.14 

 * AE 28.86 0.09 1.00 -11.14 

  CE 45.57 0.00 0.00 5.58 

Attitude strength (2012) 
 

     

       

Not estimated due to low rPh       

Party identification (2012)       

       

Not estimated due to low rPh       

Interest in politics (2012)  ACE 18.14 0.38  -15.86 

 * AE 18.28 0.57 0.99 -21.72 

  CE 26.46 0.15 0.04 -13.54 

Need for Cognitive Closure   ACE 22.02 0.18  -11.98 

(2012) * AE 25.71 0.18 0.30 -14.29 

  CE 33.46 0.03 0.01 -6.54 

Need to Evaluate   ACE 24.84 0.10  -9.16 

(2012) * AE 25.29 0.19 0.93 -14.70 

  CE 32.59 0.04 0.05 -7.41 

Openness to New Experiences  ACE 30.65 0.02  -3.35 

(2008) * AE 30.65 0.06 1.00 -9.35 

  CE 61.38 0.00 0.00 21.38 

Difference in likelihood and AIC is compared to the saturated model. 
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Table A.3b1: Full Bivariate Models - Need for Cognition to Single-Item Ideology 

Model Type Path Type A C E 

ACE 11 35.3% 4.2% 60.4% 

  
(0.0 - 50.6)  (0.0 - 38.3)  (49.4 - 73.9) 

  
0.46 0.16 0.61 

  
 (-0.57 - 0.57)  (-0.47 - 0.47)  (0.55 - 0.67) 

 
21 3.5% 0.2% 0.0% 

  
(0.0 - 52.9)  (0.0 - 19.4)  (0.0 - 1.4) 

  
-0.05 -0.01 -0.01 

  
 (-0.18 - 0.18)  (-0.10 - 0.10)  (-0.03 - 0.02) 

 
22 43.3% 0.0% 52.9% 

  
(0.0 - 53.5)  (0.0 - 17.9)  (43.6 - 63.9) 

  
0.17 0.00 0.18 

  
 (-0.19 - 0.19)  (-0.10 - 0.10)  (0.17 - 0.20) 

*AE 11 40.0%  60.0% 

  
(27.4 - 50.7)   (49.3 - 72.6) 

  
0.49  0.60 

  
 (0.41 - 0.57)   (0.55 - 0.66) 

 
21 3.7%  0.0% 

  
(0.3 - 11.5)   (0.0 - 1.3) 

  
-0.05  -0.01 

  
 (-0.08 - -0.01)   (-0.03 - 0.02) 

 
22 43.3%  52.9% 

  
(31.1 - 53.5)   (43.6 - 63.9) 

  
0.17  0.18 

  
 (0.14 - 0.19)   (0.17 - 0.20) 

CE 11  32.6% 67.4% 

    (21.6 - 42.5)  (57.5 - 78.4) 

   0.44 0.64 

    (0.36 - 0.52)  (0.59 - 0.69) 

 
21  3.1% 0.2% 

    (0.2 - 10.1)  (0.0 - 1.7) 

   -0.04 -0.01 

    (-0.08 - -0.01)  (-0.03 - 0.01) 

 
22  32.0% 64.7% 

    (21.2 - 41.5)  (55.7 - 74.5) 

   0.14 0.44 

    (0.12 - 0.17)  (0.36 - 0.52) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 

  



220 

 

 

Table A.3b2: Full Bivariate Models - Need for Cognition to Wilson-Patterson Ideology 

Model Type Path Type A C E 

ACE 11 32.5% 6.9% 60.6% 

  
(0.0 - 50.3)  (0.0 - 38.6)  (49.6 - 73.9) 

  
0.44 0.20 0.61 

  
 (0.00 - 0.56)  (-0.48 - 0.48)  (0.56 - 0.67) 

 
21 8.5% 4.8% 0.0% 

  
(0.0 - 76.0)  (0.0 - 37.2)  (0.0 - 1.0) 

  
-0.04 -0.03 0.00 

  
 (-0.13 - 0.02)  (-0.08 - 0.08)  (-0.01 - 0.01) 

 
22 58.5% 0.0% 28.2% 

  
(0.0 - 69.3)  (0.0 - 33.3)  (21.9 - 36.8) 

  
0.11 0.00 0.08 

  
 (-0.12 - 0.12)  (-0.08 - 0.08)  (0.07 - 0.09) 

*AE 11 40.0%  60.0% 

  
(27.5 - 50.6)   (49.4 - 72.5) 

  
0.49  0.60 

  
 (0.41 - 0.57)   (0.55 - 0.66) 

 
21 12.8%  0.0% 

  
(4.6 - 26.2)   (0.0 - 0.9) 

  
-0.05  0.00 

  
 (-0.07 - -0.03)   (-0.01 - 0.01) 

 
22 59.0%  28.2% 

  
(44.2 - 69.4)   (21.9 - 36.6) 

  
0.11  0.08 

  
 (0.10 - 0.12)   (0.07 - 0.08) 

CE 11  32.9% 67.1% 

    (22.0 - 42.7)  (57.3 - 78.0) 

   0.45 0.64 

    (0.37 - 0.52)  (0.59 - 0.69) 

 
21  11.9% 0.2% 

    (4.1 - 24.9)  (0.0 - 1.7) 

   -0.05 -0.01 

    (-0.07 - -0.03)  (-0.02 - 0.01) 

 
22  46.8% 41.1% 

    (32.6 - 57.6)  (33.5 - 50.4) 

   0.10 0.45 

    (0.08 - 0.11)  (0.37 - 0.52) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.3b3: Full Bivariate Models - Need for Cognition to Social Ideology 

Model Type Path Type A C E 

ACE 11 28.9% 10.1% 61.0% 

  
(0.0 - 49.3)  (0.0 - 39.0)  (50.0 - 74.1) 

  
0.42 0.25 0.61 

  
 (-0.55 - 0.55)  (-0.48 - 0.48)  (0.56 - 0.67) 

 
21 7.4% 9.5% 0.0% 

  
(0.0 - 71.6)  (0.0 - 38.7)  (0.0 - 0.8) 

  
-0.05 -0.06 0.00 

  
 (-0.16 - 0.16)  (-0.11 - 0.11)  (-0.01 - 0.02) 

 
22 51.2% 0.0% 31.9% 

  
(0.0 - 63.5)  (0.0 - 31.2)  (25.4 - 40.2) 

  
0.14 0.00 0.11 

  
 (-0.16 - 0.16)  (-0.10 - 0.10)  (0.10 - 0.12) 

*AE 11 39.7%  60.3% 

  
(27.3 - 50.4)   (49.6 - 72.7) 

  
0.49  0.61 

  
 (0.41 - 0.56)   (0.55 - 0.66) 

 
21 15.4%  0.0% 

  
(6.5 - 29.5)   (0.0 - 0.9) 

  
-0.08  0.00 

  
 (-0.10 - -0.05)   (-0.01 - 0.02) 

 
22 52.9%  31.7% 

  
(37.2 - 64.0)   (25.4 - 39.8) 

  
0.14  0.11 

  
 (0.12 - 0.16)   (0.10 - 0.12) 

CE 11  32.8% 67.2% 

    (21.9 - 42.6)  (57.4 - 78.1) 

   0.45 0.64 

    (0.37 - 0.52)  (0.59 - 0.69) 

 
21  15.4% 0.0% 

    (6.5 - 29.5)  (0.0 - 0.8) 

   -0.08 0.00 

    (-0.10 - -0.05)  (-0.02 - 0.01) 

 
22  41.9% 42.7% 

    (26.8 - 53.1)  (35.5 - 51.2) 

   0.12 0.45 

    (0.10 - 0.14)  (0.37 - 0.52) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.3b4: Full Bivariate Models - Need for Cognition to Attitude Uncertainty 

Model Type Path Type A C E 

ACE 11 39.0% 1.2% 59.7% 

  
(0.2 - 51.0)  (0.0 - 37.2)  (49.0 - 73.0) 

  
0.49 0.09 0.60 

  
 (0.07 - 0.57)  (-0.46 - 0.46)  (0.55 - 0.66) 

 
21 5.7% 0.1% 0.1% 

  
(0.0 - 49.2)  (0.0 - 15.1)  (0.0 - 2.1) 

  
-0.04 0.00 0.00 

  
 (-0.10 - 0.01)  (-0.05 - 0.05)  (-0.02 - 0.01) 

 
22 36.2% 0.0% 57.9% 

  
(0.0 - 49.2)  (0.0 - 13.3)  (46.1 - 72.1) 

  
0.09 0.00 0.11 

  
 (-0.11 - 0.11)  (-0.05 - 0.05)  (0.10 - 0.13) 

*AE 11 40.4%  59.6% 

  
(27.9 - 51.0)   (49.0 - 72.1) 

  
0.50  0.60 

  
 (0.41 - 0.57)   (0.55 - 0.66) 

 
21 5.7%  0.1% 

  
(0.8 - 15.8)   (0.0 - 2.0) 

  
-0.04  0.00 

  
 (-0.06 - -0.01)   (-0.02 - 0.01) 

 
22 36.2%  57.9% 

  
(20.6 - 49.2)   (46.1 - 72.1) 

  
0.09  0.11 

  
 (0.07 - 0.11)   (0.10 - 0.13) 

CE 11  32.6% 67.4% 

    (21.7 - 42.5)  (57.5 - 78.3) 

   -0.44 0.64 

    (-0.52 - -0.36)  (0.59 - 0.69) 

 
21  4.1% 0.5% 

    (0.4 - 12.4)  (0.0 - 2.9) 

   0.03 -0.01 

    (0.01 - 0.05)  (-0.02 - 0.00) 

 
22  22.3% 73.1% 

    (9.4 - 33.8)  (62.2 - 85.0) 

   -0.07 -0.44 

    (-0.09 - -0.05)  (-0.52 - -0.36) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.3b5: Full Bivariate Models - Need for Cognition to Interest in Politics 

Model Type Path Type A C E 

ACE 11 34.1% 5.4% 60.6% 

  
(0.0 - 50.5)  (0.0 - 38.8)  (49.5 - 74.1) 

  
0.46 0.18 0.61 

  
 (-0.57 - 0.57)  (-0.48 - 0.48)  (0.55 - 0.67) 

 
21 5.5% 2.7% 1.7% 

  
(0.0 - 49.9)  (0.0 - 38.5)  (0.1 - 5.2) 

  
0.05 0.04 0.03 

  
 (-0.16 - 0.16)  (-0.13 - 0.13)  (0.01 - 0.05) 

 
22 35.3% 0.0% 54.7% 

  
(0.0 - 45.8)  (0.0 - 33.0)  (45.6 - 65.5) 

  
0.13 0.00 0.16 

  
 (-0.15 - 0.15)  (-0.12 - 0.12)  (0.15 - 0.18) 

*AE 11 39.9%  60.1% 

  
(27.4 - 50.6)   (49.4 - 72.6) 

  
0.49  0.60 

  
 (0.41 - 0.57)   (0.55 - 0.66) 

 
21 7.9%  1.6% 

  
(2.2 - 17.3)   (0.1 - 4.9) 

  
0.06  0.03 

  
 (0.03 - 0.09)   (0.01 - 0.05) 

 
22 35.8%  54.7% 

  
(24.3 - 45.8)   (45.6 - 65.1) 

  
0.13  0.16 

  
 (0.11 - 0.15)   (0.15 - 0.18) 

CE 11  32.7% 67.3% 

    (21.8 - 42.6)  (57.4 - 78.2) 

   0.45 0.64 

    (0.37 - 0.52)  (0.59 - 0.69) 

 
21  7.3% 2.2% 

    (1.9 - 16.2)  (0.4 - 5.5) 

   0.06 0.03 

    (0.03 - 0.09)  (0.01 - 0.05) 

 
22  29.5% 61.0% 

    (19.2 - 38.7)  (52.5 - 70.5) 

   0.12 0.45 

    (0.10 - 0.14)  (0.37 - 0.52) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.3b6: Full Bivariate Models - Need for Cognition to Need for Cognitive Closure 

Model Type Path Type A C E 

ACE 11 28.1% 11.9% 60.0% 

  
(5.2 - 47.5)  (0.0 - 32.4)  (49.3 - 72.2) 

  
0.41 0.27 0.60 

  
 (0.21 - 0.54)  (-0.43 - 0.43)  (0.55 - 0.66) 

 
21 33.0% 4.2% 5.4% 

  
(6.9 - 47.2)  (0.0 - 22.5)  (1.9 - 11.1) 

  
-0.42 0.15 -0.17 

  
 (-0.51 - -0.23)  (-0.09 - 0.33)  (-0.24 - -0.10) 

 
22 0.0% 0.0% 57.5% 

  
(0.0 - 30.0)  (0.0 - 22.9)  (47.5 - 68.6) 

  
0.00 0.00 0.55 

  
 (-0.38 - 0.38)  (-0.33 - 0.33)  (0.51 - 0.60) 

*AE 11 40.8%  59.2% 

  
(28.3 - 51.4)   (48.6 - 71.7) 

  
0.50  0.60 

  
 (0.42 - 0.57)   (0.55 - 0.66) 

 
21 13.0%  5.6% 

  
(4.9 - 24.1)   (1.9 - 11.7) 

  
-0.26  -0.17 

  
 (-0.35 - -0.16)   (-0.24 - -0.10) 

 
22 24.3%  57.0% 

  
(12.8 - 34.8)   (47.0 - 68.8) 

  
0.36  0.55 

  
 (0.27 - 0.43)   (0.50 - 0.60) 

CE 11  32.5% 67.5% 

    (21.5 - 42.4)  (57.6 - 78.5) 

   0.44 0.64 

    (0.36 - 0.52)  (0.59 - 0.69) 

 
21  6.7% 10.2% 

    (1.4 - 15.2)  (5.3 - 16.8) 

   -0.19 -0.23 

    (-0.28 - -0.09)  (-0.30 - -0.17) 

 
22  20.5% 62.6% 

    (11.0 - 29.6)  (53.5 - 72.8) 

   0.33 0.44 

    (0.24 - 0.40)  (0.36 - 0.52) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.3b7: Full Bivariate Models - Need for Cognition to Need to Evaluate 

Model Type Path Type A C E 

ACE 11 27.9% 10.8% 61.2% 

  
(0.0 - 50.1)  (0.0 - 38.6)  (49.9 - 74.9) 

  
0.41 -0.26 0.61 

  
 (-0.56 - 0.56)  (-0.48 - 0.48)  (0.56 - 0.67) 

 
21 0.0% 3.7% 3.0% 

  
(0.0 - 23.9)  (0.0 - 21.0)  (0.4 - 8.4) 

  
0.00 -0.13 0.12 

  
 (-0.32 - 0.19)  (-0.31 - 0.31)  (0.04 - 0.19) 

 
22 14.4% 0.0% 78.9% 

  
(0.0 - 29.1)  (0.0 - 14.2)  (66.5 - 92.3) 

  
0.26 0.00 0.60 

  
 (-0.36 - 0.36)  (-0.23 - 0.23)  (0.55 - 0.65) 

*AE 11 39.8%  60.2% 

  
(27.2 - 50.6)   (49.4 - 72.8) 

  
0.49  0.60 

  
 (0.41 - 0.57)   (0.55 - 0.66) 

 
21 1.1%  2.8% 

  
(0.0 - 6.4)   (0.3 - 8.0) 

  
0.07  0.11 

  
 (-0.03 - 0.17)   (0.04 - 0.19) 

 
22 17.2%  78.9% 

  
(4.2 - 29.6)   (66.4 - 92.1) 

  
0.28  0.60 

  
 (0.15 - 0.37)   (0.55 - 0.65) 

CE 11  32.4% 67.6% 

    (21.4 - 42.3)  (57.7 - 78.6) 

   0.44 0.64 

    (0.36 - 0.52)  (0.59 - 0.69) 

 
21  2.2% 1.9% 

    (0.0 - 8.4)  (0.1 - 5.8) 

   0.10 0.09 

    (0.01 - 0.19)  (0.03 - 0.16) 

 
22  9.7% 86.1% 

    (0.0 - 20.5)  (75.2 - 96.9) 

   0.21 0.44 

    (-0.31 - 0.31)  (0.36 - 0.52) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.3b8: Full Bivariate Models - Openness to New Experiences to Need for Cognition 

Model Type Path Type A C E 

ACE 11 49.8% 0.0% 50.2% 

  
(34.6 - 57.3)  (0.0 - 11.7)  (42.7 - 58.8) 

  
4.82 0.00 4.84 

  
 (4.11 - 5.29)  (-2.19 - 2.19)  (4.51 - 5.21) 

 
21 20.0% 0.0% 6.0% 

  
(4.4 - 32.9)  (0.0 - 31.3)  (2.4 - 11.4) 

  
0.35 0.00 0.19 

  
 (0.18 - 0.44)  (-0.42 - 0.42)  (0.12 - 0.26) 

 
22 19.6% 0.0% 54.3% 

  
(0.0 - 30.2)  (0.0 - 20.4)  (44.6 - 66.4) 

  
-0.35 0.00 0.57 

  
 (-0.43 - 0.43)  (-0.34 - 0.34)  (0.53 - 0.63) 

*AE 11 49.8%  50.2% 

  
(41.2 - 57.3)   (42.7 - 58.8) 

  
4.82  4.84 

  
 (4.33 - 5.29)   (4.51 - 5.21) 

 
21 20.0%  6.0% 

  
(11.7 - 29.8)   (2.4 - 11.4) 

  
0.35  0.19 

  
 (0.27 - 0.43)   (0.12 - 0.26) 

 
22 19.6%  54.3% 

  
(8.4 - 30.2)   (44.6 - 65.8) 

  
0.35  0.57 

  
 (0.24 - 0.43)   (0.53 - 0.63) 

CE 11  35.5% 64.5% 

    (27.7 - 42.8)  (57.2 - 72.3) 

   4.06 5.47 

    (3.56 - 4.54)  (5.17 - 5.80) 

 
21  17.3% 8.8% 

    (9.7 - 26.5)  (4.8 - 14.2) 

   0.32 0.23 

    (0.24 - 0.40)  (0.17 - 0.29) 

 
22  14.2% 59.7% 

    (4.9 - 23.1)  (51.0 - 69.5) 

   -0.29 4.06 

    (-0.37 - -0.18)  (3.56 - 4.54) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. Openness was measured in 2008 and is theorized to be earlier in the causal chain than 

cognitive style, so it is placed first in these bivariate analyses.  
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Table A.4a: Fit of Bivariate Models - Need for Cognitive Closure 

Second Variable 

 

Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

p 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Single-item ideology (2012)  ACE 15.33 0.57  -18.67 

 * AE 15.33 0.76 1.00 -24.67 

  CE 36.55 0.01 0.00 -3.45 

Wilson-Patterson ideology (2012) 
 

ACE 17.36 0.43  -16.65 

(27-item) * AE 17.37 0.63 1.00 -22.64 

  CE 43.51 0.00 0.00 3.51 

Social ideology (2012) 
 

ACE 13.24 0.72  -20.76 

(12-item) * AE 13.32 0.86 0.99 -26.68 

  CE 37.64 0.01 0.00 -2.36 

Economic ideology (2012)       

(6-item)       

Not estimated due to low rPh       

Attitude certainty (2012)       

       

Not estimated due to low rPh       

Attitude strength (2012)       

       

Not estimated due to low rPh       

Party identification (2012)       

       

Not estimated due to low rPh       

Interest in politics (2012)  ACE 10.69 0.87  -23.30 

 * AE 10.69 0.95 1.00 -29.30 

  CE 22.67 0.31 0.01 -17.33 

Need for Cognition (2012)   ACE 22.02 0.18  -11.98 

 * AE 25.71 0.18 0.30 -14.29 

  CE 33.46 0.03 0.01 -6.54 

Need to Evaluate (2012)        

       

Not estimated due to low rPh       

Openness to New Experiences  ACE 28.79 0.04  -5.21 

(2008) * AE 28.79 0.09 1.00 -11.21 

  CE 65.12 0.00 0.00 25.12 

Difference in likelihood and AIC is compared to the saturated model. 
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Table A.4b1: Full Bivariate Models - Need for Cognitive Closure to Single-Item Ideology 

Model Type Path Type A C E 

ACE 11 36.6% 0.0% 63.4% 

  
(3.5 - 48.1)  (0.0 - 25.4)  (51.9 - 76.8) 

  
0.44 0.00 0.58 

  
 (0.24 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
21 5.2% 0.0% 0.0% 

  
(0.0 - 49.5)  (0.0 - 19.1)  (0.0 - 0.9) 

  
0.06 0.00 0.00 

  
 (0.00 - 0.13)  (-0.10 - 0.10)  (-0.02 - 0.02) 

 
22 42.0% 0.0% 52.8% 

  
(0.0 - 52.6)  (0.0 - 18.5)  (43.5 - 63.7) 

  
0.16 0.00 0.18 

  
 (0.11 - 0.19)  (-0.10 - 0.10)  (0.17 - 0.20) 

*AE 11 36.6%  63.4% 

  
(23.2 - 48.1)   (51.9 - 76.8) 

  
0.44  0.58 

  
 (0.35 - 0.51)   (0.53 - 0.63) 

 
21 5.2%  0.0% 

  
(0.7 - 15.1)   (0.0 - 0.9) 

  
0.06  0.00 

  
 (0.02 - 0.10)   (-0.02 - 0.02) 

 
22 42.0%  52.8% 

  
(28.7 - 52.6)   (43.5 - 63.7) 

  
0.16  0.18 

  
 (0.14 - 0.19)   (0.17 - 0.20) 

CE 11  27.0% 73.0% 

    (15.6 - 37.4)  (62.6 - 84.4) 

   0.38 0.62 

    (0.29 - 0.45)  (0.57 - 0.67) 

 
21  4.5% 0.1% 

    (0.4 - 14.0)  (0.0 - 1.3) 

   0.05 0.01 

    (0.02 - 0.09)  (-0.01 - 0.03) 

 
22  30.9% 64.6% 

    (18.8 - 40.8)  (55.6 - 74.4) 

   0.14 0.38 

    (0.11 - 0.16)  (0.29 - 0.45) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.4b2: Full Bivariate Models - Need for Cognitive Closure to Wilson-Patterson Ideology 

Model Type Path Type A C E 

ACE 11 36.5% 0.1% 63.4% 

  
(3.5 - 48.0)  (0.0 - 25.5)  (52.0 - 76.8) 

  
0.44 0.02 0.58 

  
 (0.24 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
21 7.7% 1.4% 0.3% 

  
(0.0 - 73.1)  (0.0 - 36.9)  (0.0 - 2.0) 

  
0.04 0.02 0.01 

  
 (-0.01 - 0.09)  (-0.08 - 0.08)  (0.00 - 0.02) 

 
22 62.8% 0.0% 27.8% 

  
(0.0 - 72.9)  (0.0 - 34.9)  (21.6 - 36.3) 

  
0.11 0.00 0.08 

  
 (0.07 - 0.13)  (-0.08 - 0.08)  (0.07 - 0.08) 

*AE 11 36.6%  63.4% 

  
(23.2 - 48.0)   (52.0 - 76.8) 

  
0.44  0.58 

  
 (0.35 - 0.51)   (0.53 - 0.63) 

 
21 7.9%  0.3% 

  
(1.6 - 19.9)   (0.0 - 2.0) 

  
0.04  0.01 

  
 (0.02 - 0.06)   (0.00 - 0.02) 

 
22 64.0%  27.8% 

  
(51.1 - 72.9)   (21.6 - 36.1) 

  
0.11  0.08 

  
 (0.10 - 0.13)   (0.07 - 0.08) 

CE 11  26.9% 73.1% 

    (15.5 - 37.3)  (62.7 - 84.5) 

   0.37 0.62 

    (0.29 - 0.45)  (0.57 - 0.67) 

 
21  7.1% 0.8% 

    (1.1 - 19.6)  (0.0 - 3.1) 

   0.04 0.01 

    (0.02 - 0.06)  (0.00 - 0.02) 

 
22  51.6% 40.5% 

    (38.4 - 61.2)  (33.0 - 49.6) 

   0.10 0.37 

    (0.09 - 0.11)  (0.29 - 0.45) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.4b3: Full Bivariate Models - Need for Cognitive Closure to Social Ideology 

Model Type Path Type A C E 

ACE 11 36.3% 0.0% 63.7% 

  
(3.0 - 47.8)  (0.0 - 25.9)  (52.2 - 77.1) 

  
0.44 0.00 0.58 

  
 (0.24 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
21 9.7% 0.0% 0.0% 

  
(0.0 - 69.9)  (0.0 - 37.9)  (0.0 - 1.0) 

  
0.06 0.00 0.00 

  
 (0.00 - 0.14)  (-0.11 - 0.11)  (-0.01 - 0.02) 

 
22 54.2% 4.5% 31.6% 

  
(0.0 - 68.5)  (0.0 - 36.9)  (25.2 - 39.9) 

  
0.14 0.04 0.11 

  
 (0.05 - 0.16)  (-0.11 - 0.11)  (0.10 - 0.12) 

*AE 11 36.3%  63.7% 

  
(23.0 - 47.8)   (52.2 - 77.0) 

  
0.44  0.58 

  
 (0.35 - 0.51)   (0.53 - 0.63) 

 
21 9.6%  0.0% 

  
(2.6 - 22.3)   (0.0 - 1.0) 

  
0.06  0.00 

  
 (0.03 - 0.09)   (-0.01 - 0.02) 

 
22 58.9%  31.4% 

  
(44.8 - 68.5)   (25.1 - 39.5) 

  
0.15  0.11 

  
 (0.13 - 0.16)   (0.10 - 0.12) 

CE 11  26.9% 73.1% 

    (15.6 - 37.3)  (62.7 - 84.4) 

   0.37 0.62 

    (0.29 - 0.45)  (0.57 - 0.67) 

 
21  9.3% 0.3% 

    (2.2 - 22.8)  (0.0 - 1.7) 

   0.06 0.01 

    (0.03 - 0.09)  (0.00 - 0.02) 

 
22  48.1% 42.4% 

    (33.8 - 58.1)  (35.2 - 50.9) 

   0.13 0.37 

    (0.11 - 0.15)  (0.29 - 0.45) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.4b4: Full Bivariate Models - Need for Cognitive Closure to Interest in Politics 

Model Type Path Type A C E 

ACE 11 36.4% 0.0% 63.6% 

  
(2.6 - 48.0)  (0.0 - 25.9)  (52.0 - 77.0) 

  
0.44 0.00 0.58 

  
 (0.24 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
21 0.1% 0.0% 1.5% 

  
(0.0 - 44.6)  (0.0 - 38.7)  (0.1 - 4.8) 

  
-0.01 0.00 -0.03 

  
 (-0.07 - 0.08)  (-0.13 - 0.13)  (-0.05 - -0.01) 

 
22 42.8% 0.4% 55.1% 

  
(0.0 - 52.5)  (0.0 - 38.2)  (46.0 - 66.2) 

  
0.15 0.01 0.17 

  
 (0.05 - 0.16)  (-0.13 - 0.13)  (0.15 - 0.18) 

*AE 11 36.4%  63.6% 

  
(23.0 - 48.0)   (52.0 - 77.0) 

  
0.44  0.58 

  
 (0.35 - 0.51)   (0.53 - 0.63) 

 
21 0.1%  1.5% 

  
(0.0 - 3.3)   (0.1 - 4.7) 

  
-0.01  -0.03 

  
 (-0.04 - 0.02)   (-0.05 - -0.01) 

 
22 43.3%  55.1% 

  
(32.5 - 52.5)   (46.0 - 65.7) 

  
0.15  0.17 

  
 (0.13 - 0.16)   (0.15 - 0.18) 

CE 11  26.9% 73.1% 

    (15.5 - 37.3)  (62.7 - 84.5) 

   0.37 0.62 

    (0.29 - 0.45)  (0.57 - 0.67) 

 
21  0.0% 1.6% 

    (0.0 - 2.8)  (0.2 - 4.5) 

   0.00 -0.03 

    (-0.04 - 0.03)  (-0.05 - -0.01) 

 
22  36.4% 61.9% 

    (26.6 - 45.3)  (53.2 - 71.6) 

   0.13 0.37 

    (0.11 - 0.15)  (0.29 - 0.45) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 

  



232 

 

 

Table A.4b5: Full Bivariate Models - Need for Cognitive Closure to Need for Cognition 

Model Type Path Type A C E 

ACE 11 33.0% 4.2% 62.8% 

  
(9.7 - 47.2)  (0.0 - 23.1)  (51.5 - 75.8) 

  
0.42 0.15 0.57 

  
 (0.26 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
21 28.1% 11.9% 5.1% 

  
(4.9 - 47.0)  (0.0 - 32.4)  (1.8 - 10.7) 

  
-0.41 0.27 -0.18 

  
 (-0.54 - -0.20)  (-0.43 - 0.43)  (-0.25 - -0.11) 

 
22 0.0% 0.0% 54.9% 

  
(0.0 - 32.2)  (0.0 - 30.7)  (45.5 - 65.3) 

  
0.00 0.00 0.58 

  
 (-0.42 - 0.42)  (-0.43 - 0.43)  (0.53 - 0.63) 

*AE 11 37.3%  62.7% 

  
(24.1 - 48.7)   (51.3 - 75.9) 

  
0.44  0.57 

  
 (0.36 - 0.52)   (0.53 - 0.63) 

 
21 14.2%  5.3% 

  
(5.4 - 26.3)   (1.8 - 11.0) 

  
-0.29  -0.18 

  
 (-0.40 - -0.19)   (-0.26 - -0.11) 

 
22 26.6%  53.9% 

  
(14.8 - 37.0)   (44.5 - 65.0) 

  
0.40  0.57 

  
 (0.31 - 0.48)   (0.53 - 0.63) 

CE 11  27.2% 72.8% 

    (15.9 - 37.6)  (62.4 - 84.1) 

   0.38 0.62 

    (0.29 - 0.45)  (0.57 - 0.67) 

 
21  8.0% 9.4% 

    (1.8 - 18.1)  (4.9 - 15.7) 

   -0.22 -0.24 

    (-0.33 - -0.11)  (-0.31 - -0.17) 

 
22  24.5% 58.1% 

    (14.7 - 33.5)  (49.4 - 67.9) 

   0.39 0.38 

    (0.30 - 0.46)  (0.29 - 0.45) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.4b6: Full Bivariate Models - Openness to New Experiences to Need for Cognitive Closure 

Model Type Path Type A C E 

ACE 11 50.1% 0.0% 49.9% 

  
(37.2 - 57.6)  (0.0 - 9.5)  (42.4 - 58.5) 

  
4.84 0.00 4.83 

  
 (4.24 - 5.31)  (-1.96 - 1.96)  (4.50 - 5.19) 

 
21 6.6% 0.0% 1.6% 

  
(1.2 - 16.5)  (0.0 - 24.1)  (0.1 - 4.9) 

  
-0.19 0.00 -0.09 

  
 (-0.28 - -0.08)  (-0.32 - 0.32)  (-0.16 - -0.02) 

 
22 30.3% 0.0% 61.5% 

  
(0.0 - 41.5)  (0.0 - 23.3)  (50.6 - 74.3) 

  
0.40 0.00 0.57 

  
 (0.19 - 0.47)  (-0.31 - 0.31)  (0.52 - 0.62) 

*AE 11 50.1%  49.9% 

  
(41.5 - 57.6)   (42.4 - 58.5) 

  
4.84  4.83 

  
 (4.35 - 5.31)   (4.50 - 5.19) 

 
21 6.6%  1.6% 

  
(2.0 - 13.5)   (0.1 - 4.9) 

  
-0.19  -0.09 

  
 (-0.27 - -0.10)   (-0.16 - -0.02) 

 
22 30.3%  61.5% 

  
(17.9 - 41.5)   (50.6 - 74.3) 

  
-0.40  -0.57 

  
 (-0.47 - -0.31)   (-0.62 - -0.52) 

CE 11  35.4% 64.6% 

    (27.5 - 42.6)  (57.4 - 72.5) 

   4.05 5.48 

    (3.55 - 4.53)  (5.18 - 5.81) 

 
21  4.3% 3.1% 

    (0.9 - 10.3)  (0.9 - 6.8) 

   -0.15 -0.13 

    (-0.23 - -0.07)  (-0.19 - -0.07) 

 
22  22.4% 70.1% 

    (11.8 - 32.4)  (60.2 - 81.1) 

   -0.34 4.05 

    (-0.41 - -0.25)  (3.55 - 4.53) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. Openness was measured in 2008 and is theorized to be earlier in the causal chain than 

cognitive style, so it is placed first in these bivariate analyses.  
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Table A.5a: Fit of Bivariate Models - Need to Evaluate 

Second Variable 

 

Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

p 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Single-item ideology (2012)  ACE 20.72 0.24  -13.28 

 * AE 20.72 0.41 1.00 -19.28 

  CE 39.18 0.01 0.00 -0.82 

Wilson-Patterson ideology (2012) 
 

ACE 19.70 0.29  -14.30 

(27-item) * AE 19.70 0.48 1.00 -20.30 

  CE 44.52 0.00 0.00 4.52 

Social ideology (2012) 
 

ACE 15.14 0.59  -18.86 

(12-item) * AE 15.42 0.75 0.96 -24.58 

  CE 35.98 0.02 0.00 -4.03 

Economic ideology (2012)  ACE 19.55 0.30  -14.45 

(6-item) * AE 19.55 0.49 1.00 -20.45 

  CE 38.36 0.01 0.00 -1.64 

Attitude certainty (2012) 
 

ACE 30.35 0.02  -3.65 

 * AE 30.35 0.06 1.00 -9.65 

  CE 48.63 0.00 0.00 8.63 

Attitude strength (2012) 
 

ACE 28.08 0.04  -5.92 

 * AE 28.08 0.11 1.00 -11.92 

  CE 35.38 0.02 0.06 -4.62 

Party identification (2012)  ACE 18.35 0.37  -15.64 

 * AE 18.35 0.56 1.00 -21.64 

  CE 37.57 0.01 0.00 -2.42 

Interest in politics (2012)  ACE 14.99 0.60  -19.01 

 * AE 16.13 0.71 0.77 -23.87 

  CE 23.26 0.28 0.04 -16.74 

Need for Cognition (2012)   ACE 24.84 0.10  -9.16 

 * AE 25.29 0.19 0.93 -14.70 

  CE 32.59 0.04 0.05 -7.41 

Need for Cognitive Closure        

(2012)       

Not estimated due to low rPh       

Openness to New Experiences  ACE 28.07 0.04  -5.93 

(2008) * AE 28.07 0.11 1.00 -11.93 

  CE 60.94 0.00 0.00 20.94 

Difference in likelihood and AIC is compared to the saturated model. 
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Table A.5b1: Full Bivariate Models - Need to Evaluate to Single-Item Ideology 

Model Type Path Type A C E 

ACE 11 18.5% 0.0% 81.5% 

  
(0.2 - 31.1)  (0.0 - 17.4)  (68.9 - 94.8) 

  
0.29 0.00 0.61 

  
 (0.04 - 0.38)  (-0.26 - 0.26)  (0.56 - 0.66) 

 
21 3.1% 0.0% 0.1% 

  
(0.0 - 52.4)  (0.0 - 19.1)  (0.0 - 1.4) 

  
0.04 0.00 0.01 

  
 (-0.02 - 0.18)  (-0.10 - 0.10)  (-0.02 - 0.03) 

 
22 44.0% 0.0% 52.9% 

  
(0.0 - 54.5)  (0.0 - 19.1)  (43.5 - 63.8) 

  
0.17 0.00 0.18 

  
 (-0.19 - 0.19)  (-0.10 - 0.10)  (0.17 - 0.20) 

*AE 11 18.5%  81.5% 

  
(5.2 - 31.1)   (68.9 - 94.8) 

  
0.29  0.61 

  
 (0.17 - 0.38)   (0.56 - 0.66) 

 
21 3.1%  0.1% 

  
(0.0 - 48.4)   (0.0 - 1.4) 

  
0.04  0.01 

  
 (-0.01 - 0.10)   (-0.02 - 0.03) 

 
22 44.0%  52.9% 

  
(0.0 - 54.5)   (43.5 - 63.8) 

  
0.17  0.18 

  
 (0.14 - 0.19)   (0.17 - 0.20) 

CE 11  11.9% 88.1% 

    (0.5 - 23.0)  (77.0 - 99.5) 

   0.23 -0.64 

    (0.08 - 0.32)  (-0.68 - -0.59) 

 
21  2.3% 0.2% 

    (0.0 - 39.0)  (0.0 - 1.8) 

   0.04 -0.01 

    (-0.02 - 0.13)  (-0.03 - 0.01) 

 
22  32.8% 64.6% 

    (0.0 - 42.7)  (55.7 - 74.5) 

   0.14 0.23 

    (0.08 - 0.17)  (0.08 - 0.32) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b2: Full Bivariate Models - Need to Evaluate to Wilson-Patterson Ideology 

Model Type Path Type A C E 

ACE 11 18.1% 0.0% 81.9% 

  
(0.0 - 30.7)  (0.0 - 17.8)  (69.3 - 95.3) 

  
0.29 0.00 0.61 

  
 (-0.38 - 0.38)  (-0.26 - 0.26)  (0.56 - 0.67) 

 
21 3.2% 0.1% 0.9% 

  
(0.0 - 75.3)  (0.0 - 35.9)  (0.0 - 3.0) 

  
0.03 0.00 0.01 

  
 (-0.12 - 0.12)  (-0.08 - 0.08)  (0.00 - 0.02) 

 
22 68.8% 0.0% 27.1% 

  
(0.0 - 76.5)  (0.0 - 34.4)  (21.1 - 35.3) 

  
0.12 0.00 0.07 

  
 (-0.13 - 0.13)  (-0.08 - 0.08)  (0.07 - 0.08) 

*AE 11 18.1%  81.9% 

  
(4.7 - 30.7)   (69.3 - 95.3) 

  
0.29  0.61 

  
 (0.16 - 0.38)   (0.56 - 0.67) 

 
21 3.2%  0.9% 

  
(0.0 - 72.8)   (0.0 - 3.0) 

  
0.03  0.01 

  
 (0.00 - 0.06)   (0.00 - 0.02) 

 
22 68.9%  27.1% 

  
(0.0 - 76.5)   (21.1 - 35.1) 

  
0.12  0.07 

  
 (0.10 - 0.13)   (0.07 - 0.08) 

CE 11  11.8% 88.2% 

    (0.4 - 22.8)  (77.2 - 99.6) 

   -0.23 0.64 

    (-0.32 - -0.07)  (0.59 - 0.69) 

 
21  4.0% 1.0% 

    (0.0 - 62.2)  (0.0 - 3.2) 

   -0.03 0.01 

    (-0.09 - 0.01)  (0.00 - 0.03) 

 
22  54.9% 40.1% 

    (0.0 - 64.3)  (32.7 - 49.1) 

   -0.11 -0.23 

    (-0.12 - -0.07)  (-0.32 - -0.07) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b3: Full Bivariate Models - Need to Evaluate to Social Ideology 

Model Type Path Type A C E 

ACE 11 18.1% 0.4% 81.6% 

  
(0.1 - 30.9)  (0.0 - 17.6)  (69.0 - 94.9) 

  
0.29 0.04 0.61 

  
 (0.04 - 0.38)  (-0.27 - 0.27)  (0.56 - 0.66) 

 
21 3.9% 8.3% 0.4% 

  
(0.0 - 71.5)  (0.0 - 39.7)  (0.0 - 2.1) 

  
0.04 -0.06 0.01 

  
 (-0.04 - 0.16)  (-0.12 - 0.12)  (0.00 - 0.03) 

 
22 56.0% 0.0% 31.4% 

  
(0.0 - 73.2)  (0.0 - 39.6)  (25.1 - 39.7) 

  
0.14 0.00 0.11 

  
 (-0.17 - 0.17)  (-0.12 - 0.12)  (0.10 - 0.12) 

*AE 11 18.5%  81.5% 

  
(5.1 - 31.0)   (69.0 - 94.9) 

  
0.29  0.61 

  
 (0.17 - 0.38)   (0.56 - 0.66) 

 
21 2.3%  0.4% 

  
(0.0 - 69.0)   (0.0 - 2.1) 

  
0.03  0.01 

  
 (-0.01 - 0.07)   (0.00 - 0.03) 

 
22 66.1%  31.2% 

  
(48.7 - 73.4)   (24.9 - 39.2) 

  
0.16  0.11 

  
 (0.14 - 0.17)   (0.10 - 0.12) 

CE 11  11.9% 88.1% 

    (0.5 - 22.9)  (77.1 - 99.5) 

   -0.23 0.64 

    (-0.32 - -0.08)  (0.59 - 0.68) 

 
21  1.2% 0.9% 

    (0.0 - 59.7)  (0.0 - 2.9) 

   -0.02 0.02 

    (-0.08 - 0.02)  (0.00 - 0.03) 

 
22  56.0% 41.8% 

    (0.0 - 63.7)  (34.7 - 50.3) 

   0.14 -0.23 

    (0.12 - 0.16)  (-0.32 - -0.08) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b4: Full Bivariate Models - Need to Evaluate to Economic Ideology (6-item) 

Model Type Path Type A C E 

ACE 11 18.8% 0.0% 81.2% 

  
(0.5 - 31.3)  (0.0 - 16.9)  (68.7 - 94.5) 

  
0.29 0.00 0.61 

  
 (0.07 - 0.38)  (-0.26 - 0.26)  (0.56 - 0.66) 

 
21 7.9% 0.0% 0.1% 

  
(0.0 - 56.7)  (0.0 - 22.3)  (0.0 - 1.6) 

  
0.05 0.00 0.01 

  
 (0.00 - 0.14)  (-0.08 - 0.08)  (-0.01 - 0.02) 

 
22 43.3% 0.0% 48.7% 

  
(0.0 - 55.3)  (0.0 - 22.3)  (39.8 - 59.3) 

  
0.12 0.00 0.13 

  
 (-0.14 - 0.14)  (-0.08 - 0.08)  (0.12 - 0.14) 

*AE 11 18.8%  81.2% 

  
(5.5 - 31.3)   (68.7 - 94.5) 

  
0.29  0.61 

  
 (0.17 - 0.38)   (0.56 - 0.66) 

 
21 7.9%  0.1% 

  
(0.6 - 52.8)   (0.0 - 1.6) 

  
0.05  0.01 

  
 (0.01 - 0.10)   (-0.01 - 0.02) 

 
22 43.3%  48.7% 

  
(0.0 - 55.3)   (39.8 - 59.3) 

  
0.12  0.13 

  
 (0.09 - 0.14)   (0.12 - 0.14) 

CE 11  12.1% 87.9% 

    (1.0 - 23.1)  (76.9 - 99.0) 

   -0.24 0.64 

    (-0.32 - -0.08)  (0.59 - 0.68) 

 
21  6.5% 0.4% 

    (0.1 - 44.6)  (0.0 - 2.3) 

   -0.05 0.01 

    (-0.12 - -0.01)  (0.00 - 0.03) 

 
22  33.3% 59.8% 

    (0.0 - 44.9)  (50.9 - 69.7) 

   0.10 -0.24 

    (-0.12 - 0.12)  (-0.32 - -0.08) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b5: Full Bivariate Models - Need to Evaluate to Attitude Uncertainty 

Model Type Path Type A C E 

ACE 11 18.9% 0.0% 81.1% 

  
(0.0 - 31.4)  (0.0 - 18.0)  (68.6 - 94.5) 

  
0.29 0.00 0.61 

  
 (-0.38 - 0.38)  (-0.26 - 0.26)  (0.56 - 0.66) 

 
21 0.4% 0.0% 1.9% 

  
(0.0 - 49.4)  (0.0 - 14.2)  (0.1 - 5.8) 

  
-0.01 0.00 -0.02 

  
 (-0.05 - 0.10)  (-0.05 - 0.05)  (-0.04 - -0.01) 

 
22 43.0% 0.0% 54.7% 

  
(0.0 - 54.7)  (0.0 - 12.7)  (43.0 - 68.9) 

  
0.10 0.00 0.11 

  
 (-0.11 - 0.11)  (-0.05 - 0.05)  (0.10 - 0.12) 

*AE 11 18.9%  81.1% 

  
(5.5 - 31.4)   (68.6 - 94.5) 

  
0.29  0.61 

  
 (0.17 - 0.38)   (0.56 - 0.66) 

 
21 0.4%  1.9% 

  
(0.0 - 10.7)   (0.1 - 5.8) 

  
-0.01  -0.02 

  
 (-0.04 - 0.02)   (-0.04 - -0.01) 

 
22 43.0%  54.7% 

  
(28.4 - 54.7)   (43.0 - 68.9) 

  
0.10  0.11 

  
 (0.08 - 0.11)   (0.10 - 0.12) 

CE 11  12.1% 87.9% 

    (0.7 - 23.1)  (76.9 - 99.3) 

   0.24 0.64 

    (0.08 - 0.33)  (0.59 - 0.68) 

 
21  1.3% 1.4% 

    (0.0 - 31.7)  (0.1 - 4.6) 

   -0.02 -0.02 

    (-0.06 - 0.02)  (-0.03 - 0.00) 

 
22  25.8% 71.4% 

    (0.0 - 36.8)  (60.7 - 83.3) 

   0.08 0.24 

    (0.05 - 0.09)  (0.08 - 0.33) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b6: Full Bivariate Models - Need to Evaluate to Attitude Strength 

Model Type Path Type A C E 

ACE 11 17.9% 0.0% 82.1% 

  
(0.0 - 30.5)  (0.0 - 18.2)  (69.5 - 95.5) 

  
-0.29 0.00 0.61 

  
 (-0.37 - 0.37)  (-0.27 - 0.27)  (0.57 - 0.67) 

 
21 5.3% 0.0% 2.4% 

  
(0.0 - 37.3)  (0.0 - 26.4)  (0.2 - 7.2) 

  
-0.04 0.00 0.03 

  
 (-0.10 - 0.10)  (-0.08 - 0.08)  (0.01 - 0.05) 

 
22 23.1% 0.0% 69.1% 

  
(0.0 - 37.9)  (0.0 - 21.9)  (55.6 - 84.6) 

  
0.08 0.00 0.14 

  
 (-0.11 - 0.11)  (-0.07 - 0.07)  (0.13 - 0.16) 

*AE 11 17.9%  82.1% 

  
(4.5 - 30.5)   (69.5 - 95.5) 

  
0.29  0.61 

  
 (0.16 - 0.37)   (0.57 - 0.67) 

 
21 5.3%  2.4% 

  
(0.0 - 33.1)   (0.2 - 7.2) 

  
0.04  0.03 

  
 (0.00 - 0.08)   (0.01 - 0.05) 

 
22 23.1%  69.1% 

  
(0.0 - 37.9)   (55.6 - 84.6) 

  
0.08  0.14 

  
 (0.03 - 0.11)   (0.13 - 0.16) 

CE 11  11.6% 88.4% 

    (1.0 - 22.6)  (77.4 - 99.0) 

   0.23 0.64 

    (0.08 - 0.32)  (0.59 - 0.69) 

 
21  7.1% 2.5% 

    (0.1 - 29.6)  (0.3 - 6.8) 

   0.05 0.03 

    (0.00 - 0.09)  (0.01 - 0.04) 

 
22  13.3% 77.2% 

    (0.0 - 27.2)  (65.3 - 90.1) 

   0.06 0.23 

    (-0.09 - 0.09)  (0.08 - 0.32) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b7: Full Bivariate Models - Need to Evaluate to Party Identification 

Model Type Path Type A C E 

ACE 11 18.4% 0.0% 81.6% 

  
(0.1 - 30.9)  (0.0 - 17.6)  (69.1 - 94.9) 

  
0.29 0.00 0.61 

  
 (0.04 - 0.38)  (-0.26 - 0.26)  (0.56 - 0.66) 

 
21 8.4% 0.0% 0.1% 

  
(0.0 - 61.0)  (0.0 - 26.7)  (0.0 - 1.2) 

  
0.57 0.00 0.06 

  
 (-0.11 - 1.54)  (-0.94 - 0.94)  (-0.10 - 0.22) 

 
22 47.9% 0.0% 43.6% 

  
(0.0 - 59.5)  (0.0 - 25.8)  (35.8 - 53.2) 

  
1.37 0.00 1.30 

  
 (-1.55 - 1.55)  (-0.92 - 0.92)  (1.20 - 1.43) 

*AE 11 18.4%  81.6% 

  
(5.1 - 30.9)   (69.1 - 94.9) 

  
-0.29  0.61 

  
 (-0.38 - -0.17)   (0.56 - 0.66) 

 
21 8.4%  0.1% 

  
(0.8 - 57.7)   (0.0 - 1.2) 

  
-0.57  0.06 

  
 (-1.09 - -0.19)   (-0.10 - 0.22) 

 
22 47.9%  43.6% 

  
(0.0 - 59.5)   (35.8 - 53.2) 

  
1.37  1.30 

  
 (1.00 - 1.55)   (1.20 - 1.43) 

CE 11  11.9% 88.1% 

    (1.2 - 22.9)  (77.1 - 98.8) 

   -0.23 0.64 

    (-0.32 - -0.08)  (0.59 - 0.68) 

 
21  8.9% 0.2% 

    (0.6 - 49.7)  (0.0 - 1.7) 

   -0.59 0.10 

    (-1.39 - -0.16)  (-0.05 - 0.25) 

 
22  36.1% 54.8% 

    (0.0 - 48.3)  (46.7 - 64.1) 

   -1.18 -0.23 

    (-1.39 - 1.39)  (-0.32 - -0.08) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b8: Full Bivariate Models - Need to Evaluate to Interest in Politics 

Model Type Path Type A C E 

ACE 11 17.0% 1.4% 81.6% 

  
(1.5 - 30.7)  (0.0 - 15.5)  (69.1 - 94.3) 

  
0.28 0.08 0.61 

  
 (0.11 - 0.37)  (-0.25 - 0.25)  (0.56 - 0.66) 

 
21 24.9% 13.6% 4.0% 

  
(0.3 - 49.9)  (0.0 - 38.5)  (1.3 - 8.6) 

  
0.11 -0.08 0.04 

  
 (0.02 - 0.16)  (-0.14 - 0.14)  (0.03 - 0.06) 

 
22 4.1% 0.0% 53.4% 

  
(0.0 - 41.0)  (0.0 - 35.5)  (44.2 - 63.7) 

  
-0.05 0.00 0.16 

  
 (-0.14 - 0.14)  (-0.13 - 0.13)  (0.15 - 0.18) 

*AE 11 18.5%  81.5% 

  
(5.2 - 31.0)   (69.0 - 94.8) 

  
0.29  0.61 

  
 (0.17 - 0.38)   (0.56 - 0.66) 

 
21 13.4%  4.2% 

  
(2.9 - 46.6)   (1.4 - 8.7) 

  
0.08  0.05 

  
 (0.04 - 0.13)   (0.03 - 0.07) 

 
22 30.1%  52.2% 

  
(0.0 - 42.3)   (43.5 - 62.4) 

  
0.12  0.16 

  
 (0.07 - 0.15)   (0.15 - 0.17) 

CE 11  11.9% 88.1% 

    (1.0 - 22.9)  (77.1 - 99.0) 

   -0.23 0.64 

    (-0.32 - -0.08)  (0.59 - 0.68) 

 
21  9.5% 6.3% 

    (0.8 - 41.8)  (2.9 - 11.2) 

   -0.07 0.06 

    (-0.14 - -0.02)  (0.04 - 0.07) 

 
22  27.1% 57.1% 

    (0.0 - 38.2)  (48.8 - 66.4) 

   0.12 -0.23 

    (-0.14 - 0.14)  (-0.32 - -0.08) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b9: Full Bivariate Models - Need to Evaluate to Need for Cognition 

Model Type Path Type A C E 

ACE 11 14.4% 3.7% 81.9% 

  
(0.0 - 30.3)  (0.0 - 21.0)  (69.3 - 95.3) 

  
0.05 -0.03 0.12 

  
 (-0.07 - 0.07)  (-0.06 - 0.06)  (0.11 - 0.13) 

 
21 0.0% 10.8% 2.2% 

  
(0.0 - 44.6)  (0.0 - 38.6)  (0.3 - 6.4) 

  
0.00 -0.05 0.02 

  
 (-0.10 - 0.06)  (-0.10 - 0.10)  (0.01 - 0.04) 

 
22 27.9% 0.0% 59.0% 

  
(0.0 - 48.0)  (0.0 - 30.5)  (48.0 - 72.2) 

  
0.08 0.00 0.12 

  
 (-0.11 - 0.11)  (-0.08 - 0.08)  (0.11 - 0.13) 

*AE 11 18.3%  81.7% 

  
(5.0 - 30.9)   (69.1 - 95.0) 

  
-0.06  0.12 

  
 (-0.08 - -0.03)   (0.11 - 0.13) 

 
21 2.5%  2.1% 

  
(0.0 - 21.0)   (0.2 - 5.9) 

  
-0.02  0.02 

  
 (-0.06 - 0.01)   (0.01 - 0.04) 

 
22 37.4%  58.1% 

  
(20.2 - 48.5)   (47.6 - 70.5) 

  
0.10  0.12 

  
 (0.08 - 0.11)   (0.11 - 0.13) 

CE 11  11.9% 88.1% 

    (0.9 - 22.9)  (77.1 - 99.1) 

   0.05 0.13 

    (0.02 - 0.06)  (0.12 - 0.14) 

 
21  6.0% 1.5% 

    (0.0 - 38.2)  (0.1 - 4.5) 

   0.04 0.02 

    (0.00 - 0.09)  (0.01 - 0.03) 

 
22  26.4% 66.1% 

    (0.0 - 38.2)  (56.4 - 76.9) 

   0.08 0.05 

    (-0.10 - 0.10)  (0.02 - 0.06) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. 
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Table A.5b10: Full Bivariate Models - Openness to New Experiences to Need to Evaluate 

Model Type Path Type A C E 

ACE 11 49.7% 0.0% 50.3% 

  
(36.6 - 57.3)  (0.0 - 9.7)  (42.7 - 59.0) 

  
0.12 0.00 0.12 

  
 (0.11 - 0.13)  (-0.05 - 0.05)  (0.11 - 0.13) 

 
21 3.1% 0.0% 0.8% 

  
(0.2 - 10.5)  (0.0 - 16.7)  (0.0 - 3.8) 

  
0.02 0.00 0.01 

  
 (0.01 - 0.04)  (-0.05 - 0.05)  (0.00 - 0.03) 

 
22 15.4% 0.0% 80.8% 

  
(0.0 - 28.0)  (0.0 - 16.3)  (68.2 - 94.1) 

  
0.05 0.00 0.12 

  
 (-0.07 - 0.07)  (-0.05 - 0.05)  (0.11 - 0.13) 

*AE 11 49.7%  50.3% 

  
(41.0 - 57.3)   (42.7 - 59.0) 

  
0.12  0.12 

  
 (0.11 - 0.13)   (0.11 - 0.13) 

 
21 3.1%  0.8% 

  
(0.4 - 8.4)   (0.0 - 3.8) 

  
0.02  0.01 

  
 (0.01 - 0.04)   (0.00 - 0.03) 

 
22 15.4%  80.8% 

  
(2.0 - 28.0)   (68.2 - 94.1) 

  
0.05  0.12 

  
 (0.02 - 0.07)   (0.11 - 0.13) 

CE 11  35.2% 64.8% 

    (27.4 - 42.5)  (57.5 - 72.6) 

   0.10 0.14 

    (0.09 - 0.11)  (0.13 - 0.15) 

 
21  2.7% 1.2% 

    (0.3 - 7.8)  (0.0 - 4.1) 

   0.02 0.01 

    (0.01 - 0.04)  (0.00 - 0.03) 

 
22  9.4% 86.7% 

    (0.0 - 20.3)  (75.7 - 97.3) 

   0.04 0.10 

    (-0.06 - 0.06)  (0.09 - 0.11) 

A11 to E22 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk. Openness was measured in 2008 and is theorized to be earlier in the causal chain than 

cognitive style, so it is placed first in these bivariate analyses.   
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Table A.6a: Fit of Trivariate Models - Need for Cognition and Need for Cognitive Closure 

Third Variable 

 

Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

P 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Single-item ideology (2012) 
 

ACE 33.33 0.45  -32.67 

 * AE 37.05 0.56 0.71 -40.95 

  CE 58.78 0.02 0.00 -19.22 

Wilson-Patterson ideology  
 

ACE 27.99 0.72  -38.01 

(2012) * AE 32.03 0.78 0.67 -45.97 

(27-item)  CE 57.78 0.03 0.00 -20.22 

Social ideology (2012) 
 

ACE 5.51 0.58  -35.29 

(12-item) * AE 28.92 0.60 0.48 -41.78 

  CE 200.18 0.02 0.00 -18.37 

Difference in likelihood and AIC is compared to the saturated model. Model fit does not change when 

variables are re-ordered. Thus, this table provides model fit both for models where the need for cognition 

is placed before the need for cognitive closure and for models where the need for cognitive closure is 

placed before the need for cognition. 
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Table A.6b1: Full Trivariate Models - Need for Cognition to Need for Cognitive Closure 

Third variable Model Type Path Type A C E 

Single-item ideology ACE 11 27.6% 12.1% 60.3% 

(2012) 
  

(4.9 - 47.2)  (0.0 - 32.6)  (49.6 - 72.5) 

 
  

0.41 0.27 0.61 

 
  

 (0.20 - 0.54)  (-0.44 - 0.44)  (0.56 - 0.66) 

 
 

21 33.0% 4.0% 5.4% 

 
  

(6.6 - 47.1)  (0.0 - 22.4)  (1.9 - 11.2) 

 
  

-0.42 0.14 -0.17 

 
  

 (-0.50 - -0.22)  (-0.09 - 0.32)  (-0.24 - -0.10) 

 
 

22 0.1% 0.0% 57.6% 

 
  

(0.0 - 29.9)  (0.0 - 22.8)  (47.6 - 68.7) 

 
  

0.02 0.00 0.55 

 
  

 (-0.38 - 0.38)  (-0.33 - 0.33)  (0.51 - 0.60) 

  31 4.6% 0.1% 0.0% 

  
 

(0.0 - 39.8)  (0.0 - 13.2)  (0.0 - 1.3) 

  
 

-0.05 -0.01 0.00 

  
 

 (-0.13 - 0.02)  (-0.08 - 0.07)  (-0.03 - 0.02) 

  32 42.4% 0.0% 0.0% 

  
 

(0.0 - 53.4)  (0.0 - 18.5)  (0.0 - 1.0) 

  
 

0.17 0.00 0.00 

  
 

 (-0.19 - 0.19)  (-0.10 - 0.10)  (-0.03 - 0.02) 

  33 0.0% 0.0% 52.8% 

  
 

(0.0 - 52.0)  (0.0 - 17.9)  (43.6 - 63.8) 

  
 

0.00 0.00 0.18 

  
 

 (-0.19 - 0.19)  (-0.10 - 0.10)  (0.17 - 0.20) 

 *AE 11 40.5%  59.5% 

 
  

(28.0 - 51.1)   (48.9 - 72.0) 

 
  

0.50  0.60 

 
  

 (0.41 - 0.57)   (0.55 - 0.66) 

 
 

21 12.9%  5.7% 

 
  

(4.8 - 24.0)   (1.9 - 11.7) 

 
  

-0.26  -0.17 

 
  

 (-0.35 - -0.16)   (-0.25 - -0.10) 

 
 

22 24.2%  57.2% 

 
  

(12.8 - 34.8)   (47.1 - 68.9) 

 
  

0.36  0.55 

 
  

 (0.27 - 0.43)   (0.50 - 0.60) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b1: Full Trivariate Models - Need for Cognition to Need for Cognitive Closure 

(Continued) 

Third variable Model Type Path Type A C E 

Single-item ideology *AE 31 3.8% 
 

0.0% 

(2012) 
  

(0.3 - 11.6) 
 

 (0.0 - 1.2) 

 
  

-0.05 
 

0.00 

 
  

 (-0.08 - -0.01) 
 

 (-0.03 - 0.02) 

 
 

32 1.9% 
 

0.0% 

 
  

(0.0 - 10.0) 
 

 (0.0 - 1.0) 

 
  

0.03 
 

0.00 

 
  

 (-0.01 - 0.08) 
 

 (-0.02 - 0.02) 

 
 

33 41.5%  52.8% 

 
  

(28.7 - 52.0)   (43.6 - 63.8) 

 
  

0.16  0.18 

 
  

 (0.14 - 0.19)   (0.17 - 0.20) 

 CE 11  32.3% 67.7% 

 
    (21.4 - 42.3)  (57.7 - 78.6) 

 
   0.44 0.64 

 
    (0.36 - 0.52)  (0.59 - 0.69) 

 
 

21  6.8% 10.1% 

 
    (1.4 - 15.2)  (5.3 - 16.8) 

 
   -0.19 -0.23 

 
    (-0.28 - -0.09)  (-0.30 - -0.17) 

 
 

22  20.5% 62.6% 

 
    (11.0 - 29.6)  (53.5 - 72.9) 

 
   0.33 0.57 

  
   (0.24 - 0.40)  (0.53 - 0.62) 

  31  3.1% 0.2% 

 
    (0.2 - 10.2)  (0.0 - 1.7) 

 
   -0.04 -0.01 

 
    (-0.08 - -0.01)  (-0.03 - 0.01) 

 
 

32  1.9% 0.0% 

 
    (0.0 - 9.6)  (0.0 - 1.0) 

 
   0.04 0.00 

 
    (0.00 - 0.08)  (-0.02 - 0.02) 

 
 

33  30.2% 64.5% 

 
    (18.5 - 40.1)  (55.6 - 74.3) 

 
   0.14 0.20 

 
    (0.11 - 0.16)  (0.19 - 0.22) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b1: Full Trivariate Models - Need for Cognition to Need for Cognitive Closure 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
ACE 11 26.0% 13.6% 60.4% 

(2012) 
  

(4.3 - 46.4)  (0.0 - 33.5)  (49.8 - 72.5) 

 
  

0.40 -0.29 0.61 

 
  

 (0.19 - 0.53)  (-0.44 - -0.01)  (0.56 - 0.66) 

 
 

21 33.9% 3.1% 5.3% 

 
  

(6.1 - 47.5)  (0.0 - 21.4)  (1.9 - 11.1) 

 
  

-0.42 -0.13 -0.17 

 
  

 (-0.51 - -0.22)  (-0.31 - 0.11)  (-0.24 - -0.10) 

 
 

22 0.0% 0.0% 57.6% 

 
  

(0.0 - 30.0)  (0.0 - 22.9)  (47.6 - 68.8) 

 
  

-0.01 0.00 0.55 

 
  

 (-0.38 - 0.38)  (-0.33 - 0.33)  (0.51 - 0.60) 

  31 10.2% 2.5% 0.0% 

  
 

(0.0 - 65.9)  (0.0 - 29.8)  (0.0 - 1.0) 

  
 

-0.05 0.02 0.00 

  
 

 (-0.10 - 0.01)  (-0.05 - 0.07)  (-0.01 - 0.01) 

  32 58.9% 0.0% 0.3% 

  
 

(0.0 - 69.6)  (0.0 - 33.3)  (0.0 - 1.9) 

  
 

-0.11 0.00 0.01 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (0.00 - 0.02) 

  33 0.0% 0.0% 28.0% 

  
 

(0.0 - 68.7)  (0.0 - 32.4)  (21.8 - 36.6) 

  
 

0.00 0.00 0.08 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (0.07 - 0.08) 

 *AE 11 40.3%  59.7% 

 
  

(27.9 - 50.9)   (49.1 - 72.1) 

 
  

0.50  0.60 

 
  

 (0.41 - 0.57)   (0.55 - 0.66) 

 
 

21 13.0%  5.6% 

 
  

(4.9 - 24.1)   (1.9 - 11.6) 

 
  

-0.26  -0.17 

 
  

 (-0.35 - -0.16)   (-0.24 - -0.10) 

 
 

22 24.2%  57.3% 

 
  

(12.6 - 34.8)   (47.2 - 69.0) 

 
  

0.36  0.55 

 
  

 (0.26 - 0.43)   (0.50 - 0.60) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   



249 

 

 

Table A.6b1: Full Trivariate Models - Need for Cognition to Need for Cognitive Closure 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
*AE 31 12.3% 

 
0.0% 

(2012) 
  

(4.4 - 25.4) 
 

 (0.0 - 0.5) 

 
  

-0.05 
 

0.00 

 
  

 (-0.07 - -0.03) 
 

 (-0.01 - 0.01) 

 
 

32 0.7% 
 

0.3% 

 
  

(0.0 - 7.3) 
 

 (0.0 - 2.0) 

 
  

0.01 
 

0.01 

 
  

 (-0.02 - 0.04) 
 

 (0.00 - 0.02) 

 
 

33 58.6%  28.0% 

 
  

(44.7 - 68.7)   (21.8 - 36.4) 

 
  

-0.11  0.08 

 
  

 (-0.12 - -0.10)   (0.07 - 0.08) 

 CE 11  32.6% 67.4% 

 
    (21.6 - 42.4)  (57.6 - 78.4) 

 
   0.44 0.64 

 
    (0.36 - 0.52)  (0.59 - 0.69) 

 
 

21  6.9% 10.0% 

 
    (1.5 - 15.3)  (5.2 - 16.6) 

 
   -0.19 -0.23 

 
    (-0.28 - -0.09)  (-0.29 - -0.17) 

 
 

22  20.3% 62.8% 

 
    (10.8 - 29.4)  (53.7 - 73.1) 

 
   -0.33 0.57 

  
   (-0.39 - -0.24)  (0.53 - 0.62) 

  31  11.7% 0.2% 

 
    (3.9 - 24.6)  (0.0 - 1.7) 

 
   -0.05 -0.01 

 
    (-0.07 - -0.03)  (-0.02 - 0.00) 

 
 

32  0.9% 0.7% 

 
    (0.0 - 8.1)  (0.0 - 2.8) 

 
   -0.01 0.01 

 
    (-0.04 - 0.01)  (0.00 - 0.02) 

 
 

33  45.9% 40.6% 

 
    (32.1 - 56.5)  (33.1 - 49.8) 

 
   0.10 0.09 

 
    (0.08 - 0.11)  (0.08 - 0.10) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b1: Full Trivariate Models - Need for Cognition to Need for Cognitive Closure 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology ACE 11 24.8% 14.6% 60.6% 

(2012) 
  

(4.1 - 45.0)  (0.4 - 33.7)  (49.9 - 72.6) 

 
  

0.39 0.30 0.61 

 
  

 (0.18 - 0.52)  (0.07 - 0.45)  (0.56 - 0.66) 

 
 

21 33.3% 2.3% 5.5% 

 
  

(6.3 - 47.2)  (0.0 - 18.6)  (1.9 - 11.3) 

 
  

-0.42 0.11 -0.17 

 
  

 (-0.51 - -0.22)  (-0.11 - 0.29)  (-0.24 - -0.10) 

 
 

22 1.2% 0.0% 57.7% 

 
  

(0.0 - 29.1)  (0.0 - 22.1)  (47.8 - 68.8) 

 
  

0.08 0.00 0.55 

 
  

 (-0.38 - 0.38)  (-0.32 - 0.32)  (0.51 - 0.60) 

  31 7.1% 8.4% 0.0% 

  
 

(0.0 - 60.7)  (0.0 - 34.0)  (0.0 - 0.8) 

  
 

-0.05 -0.06 0.00 

  
 

 (-0.12 - 0.02)  (-0.11 - 0.02)  (-0.01 - 0.02) 

  32 52.6% 0.0% 0.0% 

  
 

(0.0 - 63.8)  (0.0 - 30.4)  (0.0 - 1.0) 

  
 

0.14 0.00 0.00 

  
 

 (-0.16 - 0.16)  (-0.10 - 0.10)  (-0.01 - 0.02) 

  33 0.0% 0.0% 31.9% 

  
 

(0.0 - 62.2)  (0.0 - 30.1)  (25.4 - 40.2) 

  
 

0.00 0.00 0.11 

  
 

 (-0.15 - 0.15)  (-0.10 - 0.10)  (0.10 - 0.12) 

 *AE 11 40.0%  60.0% 

 
  

(27.6 - 50.6)   (49.4 - 72.4) 

 
  

0.49  0.60 

 
  

 (0.41 - 0.57)   (0.55 - 0.66) 

 
 

21 12.8%  5.7% 

 
  

(4.7 - 23.9)   (2.0 - 11.7) 

 
  

-0.26  -0.17 

 
  

 (-0.35 - -0.16)   (-0.25 - -0.10) 

 
 

22 24.1%  57.5% 

 
  

(12.5 - 34.6)   (47.3 - 69.3) 

 
  

0.36  0.55 

 
  

 (0.26 - 0.43)   (0.50 - 0.60) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b1: Full Trivariate Models - Need for Cognition to Need for Cognitive Closure 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology *AE 31 15.2% 
 

0.0% 

(2012) 
  

(6.4 - 29.2) 
 

 (0.0 - 1.0) 

 
  

-0.07 
 

0.00 

 
  

 (-0.10 - -0.05) 
 

 (-0.01 - 0.02) 

 
 

32 0.9% 
 

0.1% 

 
  

(0.0 - 8.0) 
 

 (0.0 - 1.1) 

 
  

0.02 
 

0.00 

 
  

 (-0.02 - 0.05) 
 

 (-0.01 - 0.02) 

 
 

33 52.2%  31.7% 

 
  

(37.1 - 63.2)   (25.3 - 39.8) 

 
  

0.14  0.11 

 
  

 (0.12 - 0.16)   (0.10 - 0.12) 

 CE 11  32.5% 67.5% 

 
    (21.6 - 42.3)  (57.7 - 78.4) 

 
   0.44 0.64 

 
    (0.36 - 0.52)  (0.59 - 0.69) 

 
 

21  6.9% 10.0% 

 
    (1.6 - 15.5)  (5.2 - 16.5) 

 
   -0.19 -0.23 

 
    (-0.28 - -0.09)  (-0.29 - -0.17) 

 
 

22  20.3% 62.8% 

 
    (10.8 - 29.4)  (53.7 - 73.1) 

 
   0.33 0.57 

  
   (0.24 - 0.39)  (0.53 - 0.62) 

  31  15.5% 0.0% 

 
    (6.6 - 29.9)  (0.0 - 0.7) 

 
   -0.08 0.00 

 
    (-0.10 - -0.05)  (-0.02 - 0.01) 

 
 

32  1.4% 0.3% 

 
    (0.0 - 9.5)  (0.0 - 1.7) 

 
   0.02 0.01 

 
    (-0.01 - 0.06)  (0.00 - 0.03) 

 
 

33  40.5% 42.4% 

 
    (25.3 - 51.8)  (35.2 - 50.9) 

 
   0.12 0.13 

 
    (0.10 - 0.14)  (0.12 - 0.14) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.6b2: Full Trivariate Models - Need for Cognitive Closure to Need for Cognition 

Third variable Model Type Path Type A C E 

Single-item ideology ACE 11 33.1% 4.0% 63.0% 

(2012) 
  

(9.7 - 47.1)  (0.0 - 23.1)  (51.7 - 75.9) 

 
  

0.42 0.14 0.57 

 
  

 (0.26 - 0.50)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
 

21 27.5% 12.1% 5.2% 

 
  

(4.6 - 46.5)  (0.0 - 32.6)  (1.8 - 10.7) 

 
  

-0.41 0.27 -0.18 

 
  

 (-0.53 - -0.20)  (-0.44 - 0.44)  (-0.25 - -0.11) 

 
 

22 0.1% 0.0% 55.1% 

 
  

(0.0 - 32.1)  (0.0 - 30.7)  (45.7 - 65.6) 

 
  

-0.02 0.00 0.58 

 
  

 (-0.42 - 0.42)  (-0.43 - 0.43)  (0.53 - 0.63) 

  31 6.2% 0.1% 0.0% 

  
 

(0.0 - 33.1)  (0.0 - 14.3)  (0.0 - 0.9) 

  
 

0.06 -0.01 0.00 

  
 

 (0.00 - 0.12)  (-0.08 - 0.08)  (-0.02 - 0.02) 

  32 40.8% 0.0% 0.0% 

  
 

(0.0 - 52.4)  (0.0 - 18.7)  (0.0 - 1.3) 

  
 

-0.16 0.00 -0.01 

  
 

 (-0.19 - 0.19)  (-0.10 - 0.10)  (-0.03 - 0.02) 

  33 0.0% 0.0% 52.8% 

  
 

(0.0 - 52.0)  (0.0 - 17.9)  (43.6 - 63.8) 

  
 

0.00 0.00 0.18 

  
 

 (-0.19 - 0.19)  (-0.10 - 0.10)  (0.17 - 0.20) 

 *AE 11 37.2%  62.8% 

 
  

(24.0 - 48.5)   (51.5 - 76.0) 

 
  

0.44  0.57 

 
  

 (0.36 - 0.51)   (0.53 - 0.63) 

 
 

21 14.1%  5.4% 

 
  

(5.3 - 26.1)   (1.9 - 11.1) 

 
  

-0.29  -0.18 

 
  

 (-0.40 - -0.18)   (-0.26 - -0.11) 

 
 

22 26.4%  54.1% 

 
  

(14.6 - 36.9)   (44.7 - 65.3) 

 
  

0.40  0.57 

 
  

 (0.31 - 0.48)   (0.53 - 0.63) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b2: Full Trivariate Models - Need for Cognitive Closure to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Single-item ideology *AE 31 5.0% 
 

0.0% 

(2012) 
  

(0.6 - 14.6) 
 

 (0.0 - 0.9) 

 
  

0.06 
 

0.00 

 
  

 (0.02 - 0.09) 
 

 (-0.02 - 0.02) 

 
 

32 0.6% 
 

0.0% 

 
  

(0.0 - 5.9) 
 

 (0.0 - 1.2) 

 
  

-0.02 
 

-0.01 

 
  

 (-0.06 - 0.02) 
 

 (-0.03 - 0.02) 

 
 

33 41.5%  52.8% 

 
  

(28.7 - 52.0)   (43.6 - 63.8) 

 
  

0.16  0.18 

 
  

 (0.14 - 0.19)   (0.17 - 0.20) 

 CE 11  27.2% 72.8% 

 
    (16.0 - 37.6)  (62.4 - 84.0) 

 
   0.38 0.62 

 
    (0.29 - 0.45)  (0.57 - 0.67) 

 
 

21  8.0% 9.4% 

 
    (1.8 - 18.1)  (4.9 - 15.6) 

 
   -0.22 -0.24 

 
    (-0.33 - -0.11)  (-0.31 - -0.17) 

 
 

22  24.3% 58.2% 

 
    (14.5 - 33.4)  (49.5 - 68.1) 

 
   0.38 0.59 

  
   (0.30 - 0.45)  (0.55 - 0.64) 

  31  4.4% 0.1% 

 
    (0.4 - 13.7)  (0.0 - 1.3) 

 
   0.05 0.01 

 
    (0.02 - 0.09)  (-0.01 - 0.03) 

 
 

32  0.7% 0.1% 

 
    (0.0 - 5.6)  (0.0 - 1.5) 

 
   -0.02 -0.01 

 
    (-0.06 - 0.02)  (-0.03 - 0.01) 

 
 

33  30.2% 64.5% 

 
    (18.5 - 40.1)  (55.6 - 74.3) 

 
   0.14 0.20 

 
    (0.11 - 0.16)  (0.19 - 0.22) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b2: Full Trivariate Models - Need for Cognitive Closure to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
ACE 11 34.0% 3.1% 62.9% 

(2012) 
  

(9.1 - 47.5)  (0.0 - 23.5)  (51.6 - 75.9) 

 
  

0.42 -0.13 0.57 

 
  

 (0.26 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
 

21 26.0% 13.6% 5.1% 

 
  

(4.0 - 45.9)  (0.0 - 33.5)  (1.8 - 10.7) 

 
  

-0.40 -0.29 -0.18 

 
  

 (-0.53 - -0.18)  (-0.44 - 0.44)  (-0.25 - -0.11) 

 
 

22 0.0% 0.0% 55.3% 

 
  

(0.0 - 31.4)  (0.0 - 31.2)  (46.0 - 65.7) 

 
  

-0.01 0.00 0.58 

 
  

 (-0.41 - 0.41)  (-0.44 - 0.44)  (0.53 - 0.63) 

  31 11.3% 2.5% 0.3% 

  
 

(0.0 - 59.1)  (0.0 - 32.2)  (0.0 - 2.1) 

  
 

0.05 0.02 0.01 

  
 

 (0.00 - 0.09)  (-0.07 - 0.07)  (0.00 - 0.02) 

  32 57.8% 0.0% 0.0% 

  
 

(0.0 - 72.2)  (0.0 - 36.0)  (0.0 - 0.7) 

  
 

-0.11 0.00 0.00 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (-0.01 - 0.01) 

  33 0.0% 0.0% 28.0% 

  
 

(0.0 - 68.7)  (0.0 - 32.4)  (21.8 - 36.6) 

  
 

0.00 0.00 0.08 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (0.07 - 0.08) 

 *AE 11 37.2%  62.8% 

 
  

(24.0 - 48.5)   (51.5 - 76.0) 

 
  

0.44  0.57 

 
  

 (0.36 - 0.51)   (0.53 - 0.63) 

 
 

21 14.1%  5.3% 

 
  

(5.4 - 26.1)   (1.8 - 11.0) 

 
  

-0.29  -0.18 

 
  

 (-0.40 - -0.18)   (-0.26 - -0.11) 

 
 

22 26.2%  54.4% 

 
  

(14.4 - 36.7)   (44.9 - 65.5) 

 
  

0.40  0.57 

 
  

 (0.30 - 0.48)   (0.53 - 0.63) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b2: Full Trivariate Models - Need for Cognitive Closure to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
*AE 31 7.5% 

 
0.3% 

(2012) 
  

(1.5 - 19.0) 
 

 (0.0 - 2.1) 

 
  

0.04 
 

0.01 

 
  

 (0.02 - 0.06) 
 

 (0.00 - 0.02) 

 
 

32 5.5% 
 

0.0% 

 
  

(0.4 - 17.5) 
 

 (0.0 - 0.8) 

 
  

-0.03 
 

0.00 

 
  

 (-0.06 - -0.01) 
 

 (-0.01 - 0.01) 

 
 

33 58.6%  28.0% 

 
  

(44.7 - 68.7)   (21.8 - 36.4) 

 
  

0.11  0.08 

 
  

 (0.10 - 0.12)   (0.07 - 0.08) 

 CE 11  27.2% 72.8% 

 
    (15.9 - 37.5)  (62.5 - 84.1) 

 
   0.38 0.62 

 
    (0.29 - 0.45)  (0.57 - 0.67) 

 
 

21  8.2% 9.3% 

 
    (1.9 - 18.3)  (4.8 - 15.4) 

 
   -0.22 -0.24 

 
    (-0.33 - -0.11)  (-0.30 - -0.17) 

 
 

22  24.4% 58.2% 

 
    (14.5 - 33.5)  (49.5 - 68.0) 

 
   0.38 0.59 

  
   (0.30 - 0.45)  (0.55 - 0.64) 

  31  6.4% 0.9% 

 
    (0.8 - 18.2)  (0.0 - 3.2) 

 
   0.04 0.01 

 
    (0.01 - 0.06)  (0.00 - 0.03) 

 
 

32  6.2% 0.0% 

 
    (0.8 - 17.5)  (0.0 - 0.9) 

 
   -0.04 0.00 

 
    (-0.06 - -0.01)  (-0.01 - 0.01) 

 
 

33  45.9% 40.6% 

 
    (32.1 - 56.5)  (33.1 - 49.8) 

 
   0.10 0.09 

 
    (0.08 - 0.11)  (0.08 - 0.10) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b2: Full Trivariate Models - Need for Cognitive Closure to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology ACE 11 34.5% 2.3% 63.2% 

(2012) 
  

(9.5 - 47.4)  (0.0 - 23.1)  (51.9 - 76.1) 

 
  

0.43 -0.11 0.58 

 
  

 (0.26 - 0.51)  (-0.33 - 0.33)  (0.53 - 0.63) 

 
 

21 23.9% 14.6% 5.2% 

 
  

(4.1 - 43.6)  (0.0 - 33.7)  (1.9 - 10.8) 

 
  

-0.38 -0.30 -0.18 

 
  

 (-0.51 - -0.18)  (-0.45 - 0.45)  (-0.25 - -0.11) 

 
 

22 0.9% 0.0% 55.4% 

 
  

(0.0 - 28.6)  (0.0 - 31.3)  (46.0 - 65.7) 

 
  

0.07 0.00 0.58 

 
  

 (-0.39 - 0.39)  (-0.44 - 0.44)  (0.53 - 0.63) 

  31 15.8% 8.4% 0.0% 

  
 

(0.6 - 56.3)  (0.0 - 34.3)  (0.0 - 0.9) 

  
 

0.08 0.06 0.00 

  
 

 (0.02 - 0.13)  (-0.11 - 0.11)  (-0.01 - 0.02) 

  32 43.9% 0.0% 0.0% 

  
 

(0.0 - 65.5)  (0.0 - 36.9)  (0.0 - 0.9) 

  
 

0.13 0.00 0.00 

  
 

 (-0.16 - 0.16)  (-0.11 - 0.11)  (-0.01 - 0.02) 

  33 0.0% 0.0% 31.9% 

  
 

(0.0 - 62.2)  (0.0 - 30.1)  (25.4 - 40.2) 

  
 

0.00 0.00 0.11 

  
 

 (-0.15 - 0.15)  (-0.10 - 0.10)  (0.10 - 0.12) 

 *AE 11 36.9%  63.1% 

 
  

(23.6 - 48.3)   (51.7 - 76.4) 

 
  

-0.44  0.58 

 
  

 (-0.51 - -0.36)   (0.53 - 0.63) 

 
 

21 13.9%  5.4% 

 
  

(5.2 - 25.9)   (1.9 - 11.1) 

 
  

0.29  -0.18 

 
  

 (0.18 - 0.39)   (-0.26 - -0.11) 

 
 

22 26.1%  54.6% 

 
  

(14.3 - 36.6)   (45.1 - 65.7) 

 
  

0.40  0.58 

 
  

 (0.30 - 0.47)   (0.53 - 0.63) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.6b2: Full Trivariate Models - Need for Cognitive Closure to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology *AE 31 9.4% 
 

0.0% 

(2012) 
  

(2.6 - 21.8) 
 

 (0.0 - 1.0) 

 
  

-0.06 
 

0.00 

 
  

 (-0.09 - -0.03) 
 

 (-0.01 - 0.02) 

 
 

32 6.7% 
 

0.1% 

 
  

(0.8 - 19.3) 
 

 (0.0 - 1.1) 

 
  

-0.05 
 

0.01 

 
  

 (-0.08 - -0.02) 
 

 (-0.01 - 0.02) 

 
 

33 52.2%  31.7% 

 
  

(37.1 - 63.2)   (25.3 - 39.8) 

 
  

0.14  0.11 

 
  

 (0.12 - 0.16)   (0.10 - 0.12) 

 CE 11  27.2% 72.8% 

 
    (16.0 - 37.5)  (62.5 - 84.0) 

 
   0.38 0.62 

 
    (0.29 - 0.45)  (0.57 - 0.67) 

 
 

21  8.3% 9.2% 

 
    (1.9 - 18.4)  (4.8 - 15.4) 

 
   -0.22 -0.24 

 
    (-0.33 - -0.11)  (-0.30 - -0.17) 

 
 

22  24.2% 58.3% 

 
    (14.4 - 33.3)  (49.6 - 68.1) 

 
   0.38 0.59 

  
   (0.30 - 0.45)  (0.55 - 0.64) 

  31  9.0% 0.3% 

 
    (2.1 - 22.1)  (0.0 - 1.7) 

 
   0.06 0.01 

 
    (0.03 - 0.09)  (0.00 - 0.02) 

 
 

32  7.9% 0.0% 

 
    (1.5 - 20.4)  (0.0 - 0.7) 

 
   -0.05 0.00 

 
    (-0.08 - -0.02)  (-0.01 - 0.02) 

 
 

33  40.5% 42.4% 

 
    (25.3 - 51.8)  (35.2 - 50.9) 

 
   0.12 0.13 

 
    (0.10 - 0.14)  (0.12 - 0.14) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.7a: Fit of Trivariate Models - Need for Cognition and Openness to New Experiences 

Third Variable 

 

Best 

Fitting 

Model 

Type 

Difference 

in likelihood 

P 

(Saturated) 

p 

(ACE) 

Difference 

in AIC 

Single-item ideology (2012)  ACE 45.06 0.08  -20.93 

 * AE 45.06 0.23 1.00 -32.93 

  CE 89.66 0.00 0.00 11.66 

Wilson-Patterson ideology  
 

ACE 41.63 0.14  -24.36 

(2012) * AE 41.89 0.35 1.00 -36.11 

(27-item)  CE 90.86 0.00 0.00 12.86 

Social ideology (2012) 
 

ACE 43.17 0.11  -22.83 

(12-item) * AE 44.17 0.26 0.99 -33.82 

  CE 90.38 0.00 0.00 12.38 

Difference in likelihood and AIC is compared to the saturated model. Model fit does not change when 

variables are re-ordered. Thus, this table provides model fit both for models where the need for cognition 

is placed before openness to new experiences and for models where openness to new experiences is placed 

before the need for cognition. 
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Table A.7b1: Full Trivariate Models - Need for Cognition to Openness to New Experiences 

Third variable Model Type Path Type A C E 

Single-item ideology ACE 11 39.6% 0.0% 60.4% 

(2012) 
  

(4.8 - 50.1)  (0.0 - 31.3)  (49.9 - 73.4) 

 
  

0.49 0.00 0.60 

 
  

 (0.20 - 0.56)  (-0.42 - 0.42)  (0.55 - 0.66) 

 
 

21 25.3% 0.0% 4.9% 

 
  

(9.5 - 55.0)  (0.0 - 11.7)  (2.0 - 9.3) 

 
  

3.44 0.00 1.52 

 
  

 (2.28 - 5.12)  (-2.19 - 2.19)  (0.97 - 2.07) 

 
 

22 24.5% 0.0% 45.3% 

 
  

(0.0 - 34.8)  (0.0 - 7.3)  (38.3 - 53.3) 

 
  

-3.38 0.00 4.60 

 
  

 (-4.03 - 4.03)  (-1.74 - 1.74)  (4.27 - 4.96) 

  31 3.4% 0.0% 0.0% 

  
 

(0.0 - 36.5)  (0.0 - 19.5)  (0.0 - 1.3) 

  
 

-0.05 0.00 -0.01 

  
 

 (-0.13 - 0.03)  (-0.10 - 0.10)  (-0.03 - 0.02) 

  32 0.0% 0.0% 1.1% 

  
 

(0.0 - 51.0)  (0.0 - 18.5)  (0.0 - 3.7) 

  
 

0.00 0.00 -0.03 

  
 

 (-0.18 - 0.18)  (-0.10 - 0.10)  (-0.05 - 0.00) 

  33 43.4% 0.0% 52.0% 

  
 

(0.0 - 53.5)  (0.0 - 18.5)  (42.9 - 62.8) 

  
 

0.17 0.00 0.18 

  
 

 (-0.19 - 0.19)  (-0.10 - 0.10)  (0.17 - 0.20) 

 *AE 11 39.6%  60.4% 

 
  

(27.4 - 50.1)   (49.9 - 72.6) 

 
  

0.49  0.60 

 
  

 (0.41 - 0.56)   (0.55 - 0.66) 

 
 

21 25.3%  4.9% 

 
  

(14.9 - 38.8)   (2.0 - 9.3) 

 
  

3.44  1.52 

 
  

 (2.65 - 4.24)   (0.97 - 2.07) 

 
 

22 24.5%  45.3% 

 
  

(11.9 - 34.8)   (38.3 - 53.3) 

 
  

-3.38  4.60 

 
  

 (-4.03 - -2.47)   (4.27 - 4.96) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b1: Full Trivariate Models - Need for Cognition to Openness to New Experiences 

(Continued) 

Third variable Model Type Path Type A C E 

Single-item 

ideology 
*AE 31 3.4% 

 
0.0% 

(2012) 
  

(0.2 - 10.9) 
 

 (0.0 - 1.3) 

 
  

-0.05 
 

-0.01 

 
  

 (-0.08 - -0.01) 
 

 (-0.03 - 0.02) 

 
 

32 0.0% 
 

1.1% 

 
  

(0.0 - 5.2) 
 

 (0.0 - 3.7) 

 
  

0.00 
 

-0.03 

 
  

 (-0.05 - 0.04) 
 

 (-0.05 - -0.00) 

 
 

33 43.4%  52.0% 

 
  

(29.6 - 53.5)   (42.9 - 62.8) 

 
  

-0.17  0.18 

 
  

 (-0.19 - -0.14)   (0.17 - 0.20) 

 CE 11  31.4% 68.6% 

 
    (20.9 - 41.1)  (58.9 - 79.1) 

 
   0.44 0.64 

 
    (0.36 - 0.51)  (0.60 - 0.69) 

 
 

21  19.5% 8.3% 

 
    (11.1 - 30.4)  (4.6 - 13.2) 

 
   3.01 1.97 

 
    (2.28 - 3.75)  (1.46 - 2.47) 

 
 

22  16.0% 56.1% 

 
    (6.4 - 24.2)  (49.3 - 63.7) 

 
   2.73 5.11 

  
   (1.81 - 3.35)  (4.81 - 5.43) 

  31  2.7% 0.2% 

 
    (0.1 - 9.4)  (0.0 - 1.8) 

 
   -0.04 -0.01 

 
    (-0.08 - -0.01)  (-0.03 - 0.01) 

 
 

32  0.1% 1.4% 

 
    (0.0 - 8.1)  (0.2 - 3.9) 

 
   0.01 -0.03 

 
    (-0.03 - 0.06)  (-0.05 - -0.01) 

 
 

33  32.2% 63.3% 

 
    (18.5 - 41.8)  (54.5 - 73.0) 

 
   0.14 -0.20 

 
    (0.11 - 0.17)  (-0.22 - -0.19) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b1: Full Trivariate Models - Need for Cognition to Openness to New Experiences 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
ACE 11 36.8% 2.5% 60.7% 

(2012) 
  

(5.3 - 49.8)  (0.0 - 31.2)  (50.1 - 73.5) 

 
  

-0.47 -0.12 0.61 

 
  

 (-0.56 - -0.20)  (-0.42 - 0.42)  (0.56 - 0.66) 

 
 

21 26.8% 0.0% 4.9% 

 
  

(9.9 - 55.6)  (0.0 - 11.4)  (2.0 - 9.2) 

 
  

-3.54 -0.12 1.51 

 
  

 (-5.16 - -2.32)  (-2.16 - 2.16)  (0.96 - 2.06) 

 
 

22 23.1% 0.0% 45.1% 

 
  

(0.0 - 34.7)  (0.0 - 7.9)  (38.1 - 53.2) 

 
  

-3.29 0.00 4.59 

 
  

 (-4.02 - 4.02)  (-1.82 - 1.82)  (4.26 - 4.95) 

  31 9.0% 6.7% 0.0% 

  
 

(0.0 - 67.1)  (0.0 - 38.7)  (0.0 - 0.9) 

  
 

0.04 0.04 0.00 

  
 

 (-0.01 - 0.11)  (-0.08 - 0.08)  (-0.01 - 0.01) 

  32 0.0% 0.0% 0.1% 

  
 

(0.0 - 66.9)  (0.0 - 36.2)  (0.0 - 1.4) 

  
 

0.00 0.00 0.00 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (-0.02 - 0.01) 

  33 55.7% 0.0% 28.4% 

  
 

(0.0 - 68.9)  (0.0 - 35.9)  (22.0 - 37.1) 

  
 

-0.11 0.00 0.08 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (0.07 - 0.09) 

 *AE 11 39.5%  60.5% 

 
  

(27.3 - 50.0)   (50.0 - 72.7) 

 
  

0.49  0.61 

 
  

 (0.41 - 0.56)   (0.56 - 0.66) 

 
 

21 25.4%  4.9% 

 
  

(15.0 - 38.9)   (2.0 - 9.3) 

 
  

3.44  1.51 

 
  

 (2.66 - 4.25)   (0.97 - 2.06) 

 
 

22 24.6%  45.1% 

 
  

(12.0 - 34.9)   (38.1 - 53.1) 

 
  

-3.39  4.59 

 
  

 (-4.04 - -2.47)   (4.26 - 4.95) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b1: Full Trivariate Models - Need for Cognition to Openness to New Experiences 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
*AE 31 12.8% 

 
0.0% 

(2012) 
  

(4.7 - 26.1) 
 

 (0.0 - 0.8) 

 
  

-0.05 
 

0.00 

 
  

 (-0.07 - -0.03) 
 

 (-0.01 - 0.01) 

 
 

32 0.0% 
 

0.1% 

 
  

(0.0 - 9.0) 
 

 (0.0 - 1.4) 

 
  

0.00 
 

-0.01 

 
  

 (-0.04 - 0.02) 
 

 (-0.02 - 0.01) 

 
 

33 58.8%  28.3% 

 
  

(38.2 - 69.2)   (22.0 - 36.7) 

 
  

0.11  -0.08 

 
  

 (0.09 - 0.12)   (-0.08 - -0.07) 

 CE 11  31.6% 68.4% 

 
    (21.1 - 41.2)  (58.8 - 78.9) 

 
   -0.44 0.64 

 
    (-0.51 - -0.36)  (0.60 - 0.69) 

 
 

21  19.4% 8.3% 

 
    (11.1 - 30.2)  (4.6 - 13.2) 

 
   -3.00 1.96 

 
    (-3.74 - -2.28)  (1.46 - 2.47) 

 
 

22  16.1% 56.2% 

 
    (6.5 - 24.3)  (49.3 - 63.7) 

 
   -2.74 5.11 

  
   (-3.36 - -1.83)  (4.81 - 5.43) 

  31  11.3% 0.3% 

 
    (3.7 - 24.0)  (0.0 - 1.8) 

 
   0.05 -0.01 

 
    (0.03 - 0.07)  (-0.02 - 0.00) 

 
 

32  0.5% 0.7% 

 
    (0.0 - 43.1)  (0.0 - 2.6) 

 
   -0.01 -0.01 

 
    (-0.05 - 0.01)  (-0.02 - -0.00) 

 
 

33  46.4% 40.8% 

 
    (0.0 - 57.6)  (33.3 - 50.0) 

 
   -0.10 0.09 

 
    (-0.11 - -0.08)  (0.08 - 0.10) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b1: Full Trivariate Models - Need for Cognition to Openness to New Experiences 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology ACE 11 32.9% 5.9% 61.1% 

(2012) 
  

(5.2 - 48.9)  (0.0 - 31.5)  (50.4 - 73.8) 

 
  

-0.45 -0.19 0.61 

 
  

 (-0.55 - -0.20)  (-0.43 - 0.43)  (0.56 - 0.67) 

 
 

21 28.9% 0.1% 4.9% 

 
  

(10.6 - 56.0)  (0.0 - 10.3)  (1.9 - 9.2) 

 
  

-3.67 -0.22 1.51 

 
  

 (-5.19 - -2.41)  (-2.05 - 2.05)  (0.96 - 2.06) 

 
 

22 20.9% 0.0% 45.2% 

 
  

(0.0 - 34.1)  (0.0 - 8.0)  (38.2 - 53.3) 

 
  

-3.12 0.00 4.60 

 
  

 (-3.98 - 3.98)  (-1.82 - 1.82)  (4.27 - 4.96) 

  31 7.8% 11.6% 0.0% 

  
 

(0.0 - 60.0)  (0.0 - 40.4)  (0.0 - 0.8) 

  
 

0.05 0.07 0.00 

  
 

 (-0.01 - 0.13)  (-0.12 - 0.12)  (-0.01 - 0.02) 

  32 0.0% 0.0% 0.4% 

  
 

(0.0 - 61.4)  (0.0 - 34.2)  (0.0 - 2.0) 

  
 

0.00 0.00 -0.01 

  
 

 (-0.15 - 0.15)  (-0.11 - 0.11)  (-0.03 - 0.00) 

  33 48.5% 0.0% 31.7% 

  
 

(0.0 - 63.0)  (0.0 - 33.6)  (25.3 - 40.0) 

  
 

0.13 0.00 0.11 

  
 

 (-0.15 - 0.15)  (-0.10 - 0.10)  (0.10 - 0.12) 

 *AE 11 39.3%  60.7% 

 
  

(27.3 - 49.8)   (50.2 - 72.7) 

 
  

0.49  0.61 

 
  

 (0.41 - 0.56)   (0.56 - 0.66) 

 
 

21 25.4%  4.9% 

 
  

(15.0 - 38.8)   (2.0 - 9.3) 

 
  

3.44  1.52 

 
  

 (2.66 - 4.24)   (0.97 - 2.07) 

 
 

22 24.5%  45.2% 

 
  

(12.0 - 34.8)   (38.2 - 53.2) 

 
  

3.38  4.59 

 
  

 (2.47 - 4.03)   (4.27 - 4.95) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b1: Full Trivariate Models - Need for Cognition to Openness to New Experiences 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology *AE 31 15.4% 
 

0.0% 

(2012) 
  

(6.6 - 29.3) 
 

 (0.0 - 0.9) 

 
  

-0.08 
 

0.00 

 
  

 (-0.10 - -0.05) 
 

 (-0.01 - 0.02) 

 
 

32 0.7% 
 

0.4% 

 
  

(0.0 - 22.7) 
 

 (0.0 - 2.1) 

 
  

0.02 
 

-0.01 

 
  

 (-0.02 - 0.06) 
 

 (-0.03 - 0.00) 

 
 

33 52.0%  31.5% 

 
  

(17.1 - 63.8)   (25.2 - 39.5) 

 
  

0.14  0.11 

 
  

 (0.11 - 0.16)   (0.10 - 0.12) 

 CE 11  31.6% 68.4% 

 
    (21.1 - 41.2)  (58.8 - 78.9) 

 
   0.44 0.64 

 
    (0.36 - 0.51)  (0.60 - 0.69) 

 
 

21  19.4% 8.3% 

 
    (11.0 - 30.1)  (4.6 - 13.1) 

 
   3.00 1.96 

 
    (2.28 - 3.74)  (1.46 - 2.47) 

 
 

22  16.2% 56.1% 

 
    (6.6 - 24.3)  (49.3 - 63.7) 

 
   2.74 5.11 

  
   (1.84 - 3.36)  (4.81 - 5.43) 

  31  14.9% 0.0% 

 
    (6.1 - 28.8)  (0.0 - 0.9) 

 
   -0.07 0.00 

 
    (-0.10 - -0.05)  (-0.02 - 0.01) 

 
 

32  2.0% 1.0% 

 
    (0.0 - 38.5)  (0.1 - 3.0) 

 
   0.03 -0.02 

 
    (-0.01 - 0.08)  (-0.03 - -0.01) 

 
 

33  40.2% 41.8% 

 
    (0.0 - 53.1)  (34.8 - 50.3) 

 
   0.12 -0.12 

 
    (0.08 - 0.14)  (-0.14 - -0.11) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.  
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Table A.7b2: Full Trivariate Models - Openness to New Experiences to Need for Cognition 

Third variable Model Type Path Type A C E 

Single-item ideology ACE 11 49.8% 0.0% 50.2% 

(2012) 
  

(34.6 - 57.3)  (0.0 - 11.7)  (42.7 - 58.8) 

 
  

-4.82 0.00 4.84 

 
  

 (-5.30 - -4.11)  (-2.19 - 2.19)  (4.51 - 5.21) 

 
 

21 20.1% 0.0% 5.9% 

 
  

(4.4 - 33.3)  (0.0 - 31.3)  (2.4 - 11.4) 

 
  

-0.35 0.00 0.19 

 
  

 (-0.44 - -0.18)  (-0.42 - 0.42)  (0.12 - 0.26) 

 
 

22 19.5% 0.0% 54.5% 

 
  

(0.0 - 30.0)  (0.0 - 20.5)  (44.7 - 66.6) 

 
  

-0.34 0.00 0.57 

 
  

 (-0.43 - 0.43)  (-0.34 - 0.34)  (0.53 - 0.63) 

  31 1.5% 0.0% 1.1% 

  
 

(0.0 - 7.0)  (0.0 - 19.5)  (0.0 - 3.8) 

  
 

0.03 0.00 -0.03 

  
 

 (-0.01 - 0.06)  (-0.10 - 0.10)  (-0.05 - -0.01) 

  32 1.9% 0.0% 0.0% 

  
 

(0.0 - 52.5)  (0.0 - 19.0)  (0.0 - 1.1) 

  
 

0.03 0.00 0.00 

  
 

 (-0.19 - 0.19)  (-0.10 - 0.10)  (-0.02 - 0.03) 

  33 43.4% 0.0% 52.0% 

  
 

(0.0 - 53.5)  (0.0 - 18.5)  (42.9 - 62.8) 

  
 

0.17 0.00 0.18 

  
 

 (-0.19 - 0.19)  (-0.10 - 0.10)  (0.17 - 0.20) 

 *AE 11 49.8%  50.2% 

 
  

(41.2 - 57.3)   (42.7 - 58.8) 

 
  

4.82  4.84 

 
  

 (4.33 - 5.30)   (4.51 - 5.21) 

 
 

21 20.1%  5.9% 

 
  

(11.7 - 29.9)   (2.4 - 11.3) 

 
  

0.35  0.19 

 
  

 (0.27 - 0.43)   (0.12 - 0.26) 

 
 

22 19.5%  54.5% 

 
  

(8.2 - 30.0)   (44.7 - 65.9) 

 
  

0.34  0.57 

 
  

 (0.23 - 0.43)   (0.53 - 0.63) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b2: Full Trivariate Models - Openness to New Experiences to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Single-item *AE 31 1.5% 
 

1.1% 

ideology 
  

(0.0 - 5.7) 
 

 (0.0 - 3.8) 

(2012) 
  

-0.03 
 

-0.03 

 
  

 (-0.06 - -0.00) 
 

 (-0.05 - -0.01) 

 
 

32 1.9% 
 

0.0% 

 
  

(0.0 - 13.0) 
 

 (0.0 - 1.1) 

 
  

-0.03 
 

0.00 

 
  

 (-0.08 - 0.01) 
 

 (-0.02 - 0.03) 

 
 

33 43.4%  52.0% 

 
  

(29.6 - 53.5)   (42.9 - 62.8) 

 
  

0.17  -0.18 

 
  

 (0.14 - 0.19)   (-0.20 - -0.17) 

 CE 11  35.5% 64.5% 

 
    (27.7 - 42.8)  (57.2 - 72.3) 

 
   4.06 5.47 

 
    (3.56 - 4.54)  (5.17 - 5.80) 

 
 

21  17.3% 8.8% 

 
    (9.7 - 26.5)  (4.8 - 14.2) 

 
   0.32 0.23 

 
    (0.24 - 0.40)  (0.17 - 0.29) 

 
 

22  14.2% 59.7% 

 
    (5.0 - 23.1)  (51.0 - 69.5) 

 
   0.29 0.60 

  
   (0.18 - 0.37)  (0.56 - 0.65) 

  31  0.9% 1.6% 

 
    (0.0 - 4.5)  (0.3 - 4.3) 

 
   -0.02 -0.03 

 
    (-0.05 - 0.00)  (-0.05 - -0.01) 

 
 

32  1.9% 0.0% 

 
    (0.0 - 14.4)  (0.0 - 0.7) 

 
   -0.04 0.00 

 
    (-0.09 - 0.01)  (-0.02 - 0.02) 

 
 

33  32.2% 63.3% 

 
    (18.5 - 41.8)  (54.5 - 73.0) 

 
   -0.14 0.20 

 
    (-0.17 - -0.11)  (0.19 - 0.22) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b2: Full Trivariate Models - Openness to New Experiences to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
ACE 11 50.0% 0.0% 50.0% 

(2012) 
  

(34.8 - 57.5)  (0.0 - 11.7)  (42.5 - 58.6) 

 
  

4.83 -0.12 4.83 

 
  

 (4.13 - 5.30)  (-2.19 - 2.19)  (4.50 - 5.20) 

 
 

21 19.7% 2.5% 5.9% 

 
  

(4.5 - 34.3)  (0.0 - 31.2)  (2.4 - 11.3) 

 
  

0.35 -0.12 0.19 

 
  

 (0.18 - 0.45)  (-0.42 - 0.42)  (0.12 - 0.26) 

 
 

22 17.0% 0.0% 54.8% 

 
  

(0.0 - 29.7)  (0.0 - 21.1)  (44.9 - 66.8) 

 
  

0.32 0.00 0.58 

 
  

 (-0.42 - 0.42)  (-0.35 - 0.35)  (0.53 - 0.63) 

  31 5.5% 6.7% 0.1% 

  
 

(0.2 - 24.8)  (0.0 - 38.7)  (0.0 - 1.4) 

  
 

-0.03 0.04 -0.01 

  
 

 (-0.06 - -0.01)  (-0.08 - 0.08)  (-0.02 - 0.01) 

  32 3.5% 0.0% 0.0% 

  
 

(0.0 - 71.7)  (0.0 - 38.6)  (0.0 - 0.8) 

  
 

-0.03 0.00 0.00 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (-0.01 - 0.01) 

  33 55.7% 0.0% 28.4% 

  
 

(0.0 - 68.9)  (0.0 - 35.9)  (22.0 - 37.1) 

  
 

-0.11 0.00 0.08 

  
 

 (-0.12 - 0.12)  (-0.08 - 0.08)  (0.07 - 0.09) 

 *AE 11 50.0%  50.0% 

 
  

(41.4 - 57.5)   (42.5 - 58.6) 

 
  

4.83  4.83 

 
  

 (4.34 - 5.30)   (4.50 - 5.20) 

 
 

21 20.1%  5.9% 

 
  

(11.7 - 29.8)   (2.4 - 11.3) 

 
  

0.35  0.19 

 
  

 (0.27 - 0.43)   (0.12 - 0.26) 

 
 

22 19.4%  54.6% 

 
  

(8.2 - 29.9)   (44.8 - 66.0) 

 
  

0.34  0.57 

 
  

 (0.23 - 0.43)   (0.53 - 0.63) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b2: Full Trivariate Models - Openness to New Experiences to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Wilson-Patterson 

ideology 
*AE 31 5.8% 

 
0.1% 

(2012) 
  

(1.4 - 13.0) 
 

 (0.0 - 1.4) 

 
  

-0.03 
 

-0.01 

 
  

 (-0.05 - -0.02) 
 

 (-0.02 - 0.01) 

 
 

32 7.0% 
 

0.0% 

 
  

(0.7 - 27.4) 
 

 (0.0 - 0.8) 

 
  

-0.04 
 

0.00 

 
  

 (-0.07 - -0.01) 
 

 (-0.01 - 0.01) 

 
 

33 58.8%  28.3% 

 
  

(38.2 - 69.2)   (22.0 - 36.7) 

 
  

0.11  0.08 

 
  

 (0.09 - 0.12)   (0.07 - 0.08) 

 CE 11  35.6% 64.4% 

 
    (27.7 - 42.8)  (57.2 - 72.3) 

 
   4.06 5.47 

 
    (3.56 - 4.54)  (5.17 - 5.80) 

 
 

21  17.3% 8.8% 

 
    (9.7 - 26.5)  (4.8 - 14.1) 

 
   0.32 0.23 

 
    (0.24 - 0.40)  (0.17 - 0.29) 

 
 

22  14.3% 59.6% 

 
    (5.1 - 23.2)  (50.9 - 69.4) 

 
   0.29 0.60 

  
   (0.18 - 0.37)  (0.56 - 0.65) 

  31  4.0% 0.9% 

 
    (0.5 - 10.7)  (0.0 - 3.2) 

 
   -0.03 -0.01 

 
    (-0.05 - -0.01)  (-0.03 - -0.00) 

 
 

32  7.9% 0.0% 

 
    (0.8 - 55.2)  (0.0 - 1.0) 

 
   -0.04 0.00 

 
    (-0.07 - -0.01)  (-0.01 - 0.01) 

 
 

33  46.4% 40.8% 

 
    (0.0 - 57.6)  (33.3 - 50.0) 

 
   -0.10 -0.09 

 
    (-0.11 - -0.08)  (-0.10 - -0.08) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b2: Full Trivariate Models - Openness to New Experiences to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology ACE 11 49.8% 0.1% 50.1% 

(2012) 
  

(35.1 - 57.3)  (0.0 - 11.4)  (42.6 - 58.7) 

 
  

4.82 -0.22 4.84 

 
  

 (4.14 - 5.30)  (-2.15 - 2.15)  (4.51 - 5.20) 

 
 

21 19.1% 5.9% 5.9% 

 
  

(4.7 - 34.8)  (0.0 - 31.5)  (2.3 - 11.4) 

 
  

0.34 -0.19 0.19 

 
  

 (0.18 - 0.45)  (-0.43 - 0.43)  (0.12 - 0.26) 

 
 

22 13.8% 0.0% 55.2% 

 
  

(0.0 - 28.8)  (0.0 - 21.8)  (45.3 - 67.0) 

 
  

0.29 0.00 0.58 

 
  

 (-0.42 - 0.42)  (-0.36 - 0.36)  (0.53 - 0.63) 

  31 4.2% 11.6% 0.3% 

  
 

(0.0 - 19.4)  (0.0 - 40.4)  (0.0 - 1.8) 

  
 

-0.04 0.07 -0.01 

  
 

 (-0.08 - -0.00)  (-0.12 - 0.12)  (-0.03 - 0.00) 

  32 3.5% 0.0% 0.1% 

  
 

(0.0 - 68.2)  (0.0 - 40.0)  (0.0 - 1.2) 

  
 

-0.04 0.00 0.01 

  
 

 (-0.16 - 0.16)  (-0.12 - 0.12)  (-0.01 - 0.02) 

  33 48.5% 0.0% 31.7% 

  
 

(0.0 - 63.0)  (0.0 - 33.6)  (25.3 - 40.0) 

  
 

0.13 0.00 0.11 

  
 

 (-0.15 - 0.15)  (-0.10 - 0.10)  (0.10 - 0.12) 

 *AE 11 49.9%  50.1% 

 
  

(41.3 - 57.4)   (42.6 - 58.7) 

 
  

-4.83  4.84 

 
  

 (-5.30 - -4.34)   (4.51 - 5.20) 

 
 

21 20.0%  6.0% 

 
  

(11.7 - 29.8)   (2.4 - 11.3) 

 
  

-0.35  0.19 

 
  

 (-0.43 - -0.27)   (0.12 - 0.26) 

 
 

22 19.3%  54.7% 

 
  

(8.2 - 29.8)   (45.0 - 66.0) 

 
  

0.34  0.58 

 
  

 (0.23 - 0.42)   (0.53 - 0.63) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk.   
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Table A.7b2: Full Trivariate Models - Openness to New Experiences to Need for Cognition 

(Continued) 

Third variable Model Type Path Type A C E 

Social ideology *AE 31 4.8% 
 

0.3% 

(2012) 
  

(1.1 - 11.1) 
 

 (0.0 - 1.8) 

 
  

0.04 
 

-0.01 

 
  

 (0.02 - 0.06) 
 

 (-0.03 - 0.00) 

 
 

32 11.2% 
 

0.1% 

 
  

(2.5 - 63.6) 
 

 (0.0 - 1.3) 

 
  

-0.06 
 

0.01 

 
  

 (-0.10 - -0.03) 
 

 (-0.01 - 0.02) 

 
 

33 52.0%  31.5% 

 
  

(17.1 - 63.8)   (25.2 - 39.5) 

 
  

-0.14  0.11 

 
  

 (-0.16 - -0.11)   (0.10 - 0.12) 

 CE 11  35.6% 64.4% 

 
    (27.8 - 42.8)  (57.2 - 72.2) 

 
   4.06 5.47 

 
    (3.56 - 4.54)  (5.17 - 5.80) 

 
 

21  17.2% 8.8% 

 
    (9.6 - 26.4)  (4.8 - 14.1) 

 
   0.32 0.23 

 
    (0.24 - 0.40)  (0.17 - 0.29) 

 
 

22  14.3% 59.6% 

 
    (5.2 - 23.2)  (50.9 - 69.4) 

 
   0.29 0.60 

  
   (0.19 - 0.37)  (0.56 - 0.65) 

  31  3.6% 1.0% 

 
    (0.5 - 9.6)  (0.1 - 3.0) 

 
   -0.04 -0.02 

 
    (-0.06 - -0.01)  (-0.03 - -0.01) 

 
 

32  13.2% 0.0% 

 
    (3.2 - 54.8)  (0.0 - 0.8) 

 
   -0.07 0.00 

 
    (-0.12 - -0.04)  (-0.01 - 0.02) 

 
 

33  40.2% 41.8% 

 
    (0.0 - 53.1)  (34.8 - 50.3) 

 
   0.12 -0.12 

 
    (0.08 - 0.14)  (-0.14 - -0.11) 

A11 to E33 are variance components. Each variance component reports the percentage of the phenotypic 

variance explained by that path and the unstandardized path coefficient. Likelihood-based 95% confidence 

intervals are provided in brackets. Non-significant paths are marked in grey. Best-fitting models are marked 

with an asterisk 
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Appendix 2: Study materials 

The 2008 data and codebook are available at http://www.unl.edu/polphyslab/data 

The 2012 survey materials are below, followed by the MTurk study materials. 

 

http://www.unl.edu/polphyslab/data
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Below is a description of the study procedure for the MTurk survey. All questions were 

drawn from those used on the 2012 survey, except for political sophistication, which 

relied on the measure developed by Delli Carpini and Keeter (1993). For a detailed 

description of the executive function measures, see Chapter 4. 

Wave 1:  

 Cognitive style measures 

o Need for cognition 

o Need for cognitive closure 

o Need to evaluate 

 Updating measures 

o Keep track 

o Letter memory 

o Spatial 2-back 

 Political measures 

o Voting history 

o Political interest 

o Political participation 

o Group membership 

o Political discussion 

o Single-item ideology 

o Party identification 

o Wilson-Patterson ideology 

o Political sophistication 
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o Demographics 

Wave 2: 

 Inhibition measures 

o Antisaccade 

o Stop signal 

o Stroop 

Wave 3 

 Shifting measures 

o Number-letter 

o Color-shape 

o Category switch 

 


