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2 Cognition and Emotion: A Behavioral Genetic Perspective



Infants arrive in the world ready for cognitive and affective action. Over time and with adequate socialization, most will develop into full-fledged cognitive-affective modulators, capable of showing and understanding a broad range of complex behaviors, cognitive events, and emotions. Guiding each child through this journey is a set of experiences, operating within the context of a foundation of biological mechanisms. As individuals, children differ from each other in the genotypes that they are born with and in what they experience. These distinct but sometimes correlated genetic and non-genetic sources of influence work together—hopefully to produce a well regulated thinking and feeling person. The concept of “self-regulation” can be a useful way to conceptualize the geneenvironment mechanisms that create connections between cognition and emotion. The capacity for self-regulation develops rapidly over infancy and early childhood, and individual differences in this capacity arise from complex transactions between biological and environmental causal factors. This variation between children can be studied at different levels of analysis and as different components of the whole integrated system of cognitive, emotional and behavioral regulation (Baumeister & Vohs, 2004; Bell & Deater-Deckard, 2007). Our view is that quantitative models of genetic and non-genetic influence on development can be used to elucidate certain aspects of the architecture of the cognition-emotion connection that helps define each child’s self-regulatory capacity. Thus, the focus of the current chapter is on the quantitative behavioral genetic level of analysis of the development of cognitive control of emotion, using twin and adoption designs. As we hope to demonstrate, focusing on bio-social processes that link cognition and emotion can help identify the overlapping and



3 distinctive architecture of cognition and emotion, as well as helping to explain how cognitive and emotional “events” interact and influence each other in the brain. From a behavioral genetic perspective, the question is whether there are overlapping or independent genetic and environmental influences on the cognitive and affective psychological constructs that are involved in the regulation of emotion. Thus, are the genes and environmental factors that cause variation between people in cognitive processing of information the same as, or different from, the genetic and environmental influences on emotion processes? As a concrete illustration of this perspective, we emphasize a particular emotion regulation mechanism—attentional control of dispositional anger/frustration. Decades of human and animal neuroscience have shown distinct neural mechanisms involved in the focusing and control of attention (e.g., prefrontal cortex) and the elicitation and expression of anger (e.g., amygdala). Although these systems can be localized and clearly are anatomically separate from each other, they are connected (in terms of neural and genetic pathways) in ways that allow for the integration of activity in primitive limbic regions involved in emotion with activity in cortical regions that regulate attention and other cognitive factors (Davidson, Jackson, & Kalin, 2000; Gray, 2004; Heilman, 1997; Posner & Rothbart, 2007). Healthy social-emotional and cognitive development requires acquisition of a set of cognitive skills that serve to regulate arousal and the affects that accompany it, including frustration and anger (Zhou, Hofer, Eisenberg, Reiser, Spinrad, & Fabes, 2007). As children move from early childhood into the elementary school years, they typically demonstrate remarkable improvement in their capacity to exercise self-control of their frustration and anger as well as other negative emotions. Current theory and empirical research emphasizes developmental improvement in attention and memory processes (Posner & Rothbart, 2007) as



4 well as adoption of behavioral skills for managing frustration (Underwood, Hurley, Johanson, & Mosley, 1999). Thus, by the time children are 9 or 10 years old, most have the capacity for cognitively controlling frustration and anger when they occur—although this age-typical developmental milestone aside, there remains wide variation between children in the effectiveness of this cognitive emotion regulation mechanism into adolescence and beyond (Bell & Deater-Deckard, 2007). The broad goal of the behavioral genetic approach and perspective is to further our understanding of the etiology of this variation. If the integration of cognitive and affective systems operates at the genetic level, we should see evidence of moderate to substantial genetic overlap between attention span/persistence and anger/frustration, as this would reflect an underlying inter-connectivity between biological influences (including but not limited to genes) on each construct. At the same time, given the neurobiological evidence, there also should be independent genetic variance in attention span/persistence beyond anger/frustration. Behavioral Genetics Human behavioral genetic research utilizes naturally occurring populations to investigate genetic similarity among individuals. Examination of specific genes (based on genotyping of DNA) is important as well, but beyond the scope of the current chapter. The three basic behavioral genetic designs include family, adoption, and twin studies (for a detailed treatment of this subject, read Plomin, DeFries, McClearn, and McGuffin, 2001). As a first step, family studies can be used to make comparisons of parents and their children, as well as siblings within each generation of the family. Parents and their biological children, as well as full siblings, on average share 50% of their genes (i.e., particular versions of genes—alleles—that are identical by descent), and also live together in what most refer to as the “family environment”. Family studies are a first step—if family member resemblance on the cognitive or affective measure of



5 interest is negligible, it suggests that the genetic and environmental influences on that attribute do not segregate within families. However, in most cases, family member resemblance is found. When parent-child or sibling resemblance is found, more specified designs are required in order to address whether and how genetic and non-genetic influences may be operating to explain this “familiality” for the attribute being studied. The “adoption design” is one such approach, in which variance can be attributed to genetic and non-genetic influences differentially. The adoption study is based on comparisons between an adopted child and the biological parents who do not share any post-natal experiences with the child, as well as comparisons between the adopted child and her adoptive parents who are genetically independent of that child. If the adopted child resembles the biological parents, then genetic influences are implicated. Similarities between the adopted child and the adopted parents are a result of post-natal environmental influences. The adoption design also allows comparisons between genetically related and unrelated adoptive siblings for deriving estimates. The “twin design” is the other major approach that can be used to attribute variance components to genetic and non-genetic sources. Identical or monozygotic (MZ) twins share all of their genes, whereas fraternal or dizygotic (DZ) twins (just like full siblings) on average share 50% of alleles identical by descent. MZ and DZ twins can be compared on an attribute of interest in order to see whether there is evidence of differential sibling resemblance based on genetic similarity. If MZ twins are more similar than DZ twins, then genetic influences are implicated. Other sibling designs are sometimes used, including comparisons of step- and half-siblings. Comparing differences in the phenotypic correlations between groups that differ in the known degree of genetic relatedness is the foundation for the estimation of genetic and nongenetic effects. The univariate quantitative genetic model allows for the estimation of



6 independent additive genetic effects (A), shared environment effects (C), and nonshared environment effects including error (E). Additive genetic effects refer to individual differences that are a result of the aggregation of alleles or loci. Shared environment effects represent those environmental factors that are responsible for family member similarity. In contrast, nonshared environment effects are environmental factors that contribute to dissimilarity among family members (although this estimate also includes measurement error variance). Also represented in the univariate model are pathways between the latent variables representing the additive genetic variance or covariance which is set at different levels which represent the degree of genetic relatedness for each group (i.e., MZ = 1.0 and DZ = .50). The shared environment pathways are set at 1.0 for all groups whereas the nonshared environment pathways are set at 0 for all groups. Below we provide an example of a multivariate extension of this model (Neale & Cardon, 1992) that allows for the estimation of independent genetic and non-genetic influences as well as an estimation of overlapping additive genetic, shared environment, and nonshared environment sources of covariance/correlation that account for the observed phenotypic correlation between two behaviors. Emotion or Cognition Turning now to the content of behavioral genetic studies, we must begin with a caveat. There has been little behavioral genetic work on the intersection of emotion and cognition. This may be because most prior genetic research has focused on discrete dimensions of individual variation by emphasizing measurement of personality, affect, and cognitive performance. Although there is evidence of consistent connections between certain aspects of emotion and cognition from this literature (e.g., IQ and the Big 5 personality traits of Openness/Intellect and Conscientiousness), the effect sizes are small and as a result there has not been much behavioral



7 genetic research on this interface (Chamorro-Premuzic & Furnham, 2005). To illustrate, we examined unpublished data from three behavioral genetic studies. In the TRACKS study of British preschool-aged twins (Deater-Deckard et al., 2001), correlations between children’s Stanford-Binet composite scores (Verbal, Memory, Quantitative, and Abstract/Visual Reasoning) and their negative affect and emotionality scores (based on parents’ and observers’ ratings) were ± .03 to .11 (n = 188 to 233). The same range of modest correlations is found in data from 3-16 year olds (n = 292 to 361) in the Northeast-Northwest Collaborative Adoption Project, and on 4-8 year olds (n = 393 to 515) in the Western Reserve Reading Project (Petrill, Deater-Deckard, Thompson, DeThorne, & Schatschneider, 2006). This caveat aside, the extant behavioral genetic research on individual differences in emotions and cognitive performance is illuminating. With respect to emotion, much of the genetically informative research has focused on negative affects—broadly as in negative emotionality or neuroticism, and narrowly as in dispositional anger, fear, or sadness. These studies have converged to indicate that general negative affectivity as well as anger/frustration and fear/anxiety are moderately to substantially heritable by early childhood (Davidson, Putnam, & Larson, 2000; Emde, Robinson, Corley, Nikkari, & Zahn-Waxler, 2001; Goldsmith, Buss, & Lemery, 1997; Oniszczenko et al., 2003). With respect to traditional behavioral genetic research on cognition, nearly all of the work has focused on general and specific cognitive abilities among adolescents and adults. For general cognitive ability (‘g’), the variance attributable to additive genetic effects is around 50%, with non-genetic influences accounting for the other 50% (Bouchard & McGue, 1981). Shared environmental variance in ‘g’ accounts for 20-to-40% of the variance, depending on the study design (Chipuer, Rovine, & Plomin, 1990). Developmentally, heritability increases from under



8 20% in infancy, to 40-to-60% from childhood through early adulthood, and up to 80% among older adults (McCartney, Harris, & Bernieri, 1990; Plomin, Fulker, Corley, & DeFries, 1997). Throughout development, nonshared environmental variance accounts for about one-third of the variance in ‘g’—although it is important to note that the nonshared environment estimate includes variance due to measurement error. In contrast, shared environmental variance decreases with development, becoming negligible by adolescence (McGue, Bouchard, Iacono, & Lykken, 1993). In early childhood, some of the shared environmental variance in cognitive performance may be attributable to aspects of the rearing environment including maternal warmth and socioeconomic status (Petrill & Deater-Deckard, 2004), but even in infancy there is moderate genetic variance in measures of the home environment, suggesting that genetic influences pervade even measures intended to assess environmental mechanisms (Coon, Fulker, DeFries, & Plomin, 1990). Do the changes in heritable variance from infancy through adolescence reflect continuous or discontinuous shifts in the etiology of general cognitive ability? The answer may be “both”. In early childhood, stable shared environmental influences appear to account for some of the longitudinal stability of ‘g’, but this stability is accounted for by stable genetic influences as children progress through early childhood, middle childhood, and adolescence. At the same time, there is some evidence suggesting that new genetic influences may arise and contribute to change in cognitive performance during the 2nd-year and 7th-year transitions (Cardon, Fulker, DeFries, & Plomin, 1992; Cherny, et al., 2001; Fulker, Cherny, & Cardon, 1993). By middle childhood and beyond, moderate to substantial heritability estimates also are found for individual differences in performance on measures of specific cognitive abilities (e.g., spatial, verbal, memory) as well as cognitive tasks such as processing speed, inspection and



9 choice reaction times (Alarcón, Plomin, Fulker, Corley & DeFries, 1998; Cardon & Fulker, 1993; Boomsma & Somsen, 1991; McGue & Bouchard, 1989; Petrill, Thompson, & Detterman, 1995). There may be a positive association between degree of task complexity and magnitude of heritability for these specific-ability cognitive tasks (Neubauer, Spinath, Riemann, Angleitner & Borkenau, 2000; Vernon, 1989), and like the data for general intelligence, the heritability of specific cognitive abilities increases with age (Plomin et al., 1997). Neural Activation Although quantitative genetic studies of cognition and emotion have focused heavily on behavioral performance measures in the past, more recent research has taken advantage of the developing technologies for examining neural activation. One such domain of work is found in studies of brain electrophysiology. A common electrophysiological measure used in studying brain activity is the electroencephalogram (EEG), which allows researchers to measure changes in electrical impulses over the surface of the brain. EEGs can be used to indicate how long it takes the brain to process various stimuli (Kolb & Whishaw, 2003). As found for performancebased measures of ‘g’, the heritabilities of delta, theta, and alpha bands derived from EEG appear to increase from early childhood through adolescence (McGuire, Katsanis, Iacono, & McGue, 1998; Orekhova, Stroganova, Posikera, & Malykh, 2003). There also is evidence of moderate to substantial heritable variance in P3 latency and slow wave measures from event-related potential (ERP) methods (Hansell et al., 2001; van Baal, de Geus, Boomsma, 1998). A more recent metaanalysis reported heritabilities of 81% for alpha frequency, 60% for P300 amplitude, and 51% for P300 latency (van Beijsterveldt & van Baal, 2002). Although electrophysiological methods such as EEG and ERP offer precise data in regard to temporal patterns of activation, their spatial resolution is poor. Other techniques such as



10 functional magnetic resonance imaging (fMRI) are required for localizing the specific regions of activation, though fMRI is not used often with children. MRI studies have revealed moderate to substantial heritabilities for measures of white and gray matter volume and other structural aspects of brain function (Pennington et al., 2000; Thompson et al., 2001)—and this heritable variance in brain volume measures accounts for a substantial portion of the genetic variance in behavioral measures of cognitive performance (Posthuma et al., 2002). Consistent with the behavioral evidence, heritability of white matter volume probably increases over childhood and adolescence (Wallace et al., 2006). Genes A number of studies have focused on variations in genes known to be associated with a particular neurotransmitter operating within certain networks within the brain. These studies have focused on how different versions or alleles have different associations with measures of cognitive function and how different gene “doses” may influence behavior. This research has emphasized visual attention, working memory, and executive function, and scientists have found associations with structural variations in genes involved in the dopamine neurotransmitter system and other systems, including DBH, DRD4, DAT1, COMT, MAOA genes (Diamond, Brian, Fossella, & Gehlbach, 2004; Egan et al., 2001; Fan, Fosella, Sommer, Wu, & Posner, 2003; Fosella et al., 2002; Reuter et al., 2005). In addition, although it has emerged from studies of dementia in older adults, the APOE gene has been found to be associated with typical variation in adult working memory performance (Greenwood & Parasuraman, 2003; Reynolds, Prince, & Feuk, 2006), and could be implicated in working memory in childhood as well. There is some evidence of the influence of dopamine genes on negative affect (anger and fear in particular), with the DRD4 gene implicated in several studies of infants’ negative emotion



11 (Auerbach, Faroy, & Ebstein, 2001; Ebstein et al., 1998). However, most of the evidence points to serotonin neurotransmitter system genes—in particular, a serotonin transporter gene (5HTTLPR) and the TPH gene that is involved in dampening the production of serotonin. Structural variations in these genes have been associated with trait neuroticism, anger, and fear/anxiety (Ebstein, 2006; Levinson, 2006; Manuck et al., 1999; Rujescu et al., 2002). More important to the current chapter, serotonin transporter gene variations have been associated with individual differences in neural activation in the circuitry that bridges cortical and limbic brain regions involved in the cognitive control of affective states (Pezawas et al., 2005). It is important to bear in mind that the effect sizes in the molecular genetic studies tend to be small, multiple replications remain elusive, and little of the research involves children let alone tests of development and change. This situation is due at least in part to the fact that this research is trying to capture (in fairly simple measurement strategies) highly complex arrays of genetic and non-genetic effects. Nevertheless, the current molecular genetic literature is highly suggestive that the current techniques of examining structural variations in candidate genes and individual differences in behavioral measures of cognitive functions are proving useful. Cognition and Emotion: Genes and Self-Regulation There is comparatively little genetically informative research that has examined the development of connections between cognition and emotion. As stated at the beginning of the chapter, research on the development of self-regulation may provide a useful framework for furthering our understanding of gene-environment processes that create connections between emotion and cognition. We can illustrate this perspective by describing research on geneenvironment processes in the link between control of attention and anger/frustration.



12 Over early childhood, children develop capacities for self-regulation of their internal states and behaviors, at the same time that stable individual differences in temperament are emerging. Executive control of attention and its connection with negative affectivity plays a prominent role in developing self-regulation. There are a number of studies of temperament and self-regulated emotion that have focused on various aspects of attention and negative affect (Posner & Rothbart, 2007, p. 19-22). However, most of this research has relied on one or two methods of assessment (usually administered in isolation and typically based on parents’ reports or performance-based measures in the lab), and more research on bio-social influences on selfregulation is needed. In an effort to address these gaps, we have been striving to apply multiinformant, multi-assessment composite scores to represent inter-related aspects of attention span/persistence (a key indicator of effortful control of attention; Anderson, 2002) and anger/frustration (a key indicator of negative affectivity; Putnam & Rothbart, 2006). One of the developmental tasks of early and middle childhood is to gain self-control over arousal and the negative emotions that can accompany it. In particular, the regulation of anger/frustration is critical to healthy social-emotional development. Children who are easily frustrated and have difficulty controlling their anger are more likely to have difficult relationships with their caregivers, teachers and peers (Keane & Calkins, 2004; Wilson, Gardner, Burton, & Leung, 2006). The executive attention system that develops rapidly over infancy and early childhood facilitates the cognitive control of negative affective responses (e.g., fear, anger) to the environment. Over time, the neural circuitry and affective-behavioral patterns that are associated with this attentional control become fairly stable across situations, emerging as individual differences in effortful control (i.e., attention control, low-intensity pleasure, and



13 perceptual sensitivity), one of the core dimensions of temperament that emerges early in development (Kopp, 2002; Rothbart, Ellis, Rueda, & Posner, 2003). In the developmental and clinical literatures, the regulation of attention is strongly implicated in the modulation of negative emotions and especially trait anger (Calkins & Fox, 2002; Eisenberg et al., 2005; Kochanska & Knaack, 2003). The common interpretation of the association between attention span and negative affectivity is that those with better attentional control are using attention in ways that serve to reduce the experience and expression of powerful emotional states such as anger—though it is plausible that reactive negative affect serves to modulate attention span (i.e., bidirectionality). Generally, the studies in this literature use one or sometimes two informants and methods, and typically on one occasion. We have sought to extend this literature by developing stronger composites with optimal reliability and validity by incorporating testers’, observers’, teachers’, and parents’ reports over time. For effortful control and attention span/persistence, similar patterns of moderate to substantial genetic variance and modest to moderate nonshared environmental variance are found (Goldsmith et al., 1997; Oniszczenko et al., 2003; Emde et al., 2001; Yamagata et al., 2005), with genes in the dopamine system (Maher, Marazita, Ferrell, & Vanyukov, 2002; Schmidt, Fox, Perez-Edgar, Hu, & Hamer, 2001) and differential maternal warm scaffolding behavior (DeaterDeckard, Petrill, Thompson, & DeThorne, 2005) identified as candidate genetic and nonshared environmental factors respectively. In addition, recent research on a dopamine receptor gene (DRD4) suggests that it interacts with maternal warm responsive behavior in its effects on attention, as well as other aspects of temperament (Bakermans-Kranenburg & van IJzendoorn, 2006; Sheese, Voelker, Rothbart, & Posner, 2007). In contrast, shared environmental influences have been found to be negligible.



14 By comparison, little is known about genetic and non-genetic influences on the link between attention and anger that may be indicative of a self-regulatory mechanism. To this end,we examined gene-environment processes in the connection between attention and anger (Deater-Deckard, Mullineaux, Petrill, & Thompson, 2007) using data from the Western Reserve Reading Project, an ongoing longitudinal twin study spanning middle childhood and the transition to early adolescence (Petrill et al., 2006). The sample included 111 monozygotic (MZ, 57% female) twin pairs and 154 dizygotic (DZ, 57% female) same-sex twin pairs who had complete data on the attention and anger/frustration measures. In this on-going study, the children are assessed annually; they were 6-years-old on average at the first assessment (ranging from 4 to 8 years of age). Parental educational attainment in the sample was widely distributed, with just over half of the sample having college degrees. The majority was Caucasian (92%), two-parent households (94%). To examine attention and anger/frustration, we aggregated items from rating by teachers, observers, testers, and parents across two annual assessments. Testers’ and observers’ ratings were based on their observations of child and parent behavior during the home visits, and mother-child interactions were videotaped while the dyad completed challenging cooperation tasks. Potential rater effects on estimates of twin similarity were minimized by having each twin rated by a different tester and observer. Teachers and parents completed questionnaires, and items or scales relevant to anger/frustration and attention span/persistence were selected from the Teacher Report Form (TRF, Achenbach, 1991) and the parent-rated Child Behavior Questionnaire—Short Form (CBQ-SF, Putnam & Rothbart, 2006). Mother and father reports were moderately to substantially correlated (.4 to .6 range) so were averaged for those children with data from both parents. We aggregated composite scores that were internally consistent,



15 based on evidence from principal components analyses (the single component accounted for at least 45% of the variance in the indicators, with loadings > .4). Indicators were standardized, averaged, and standardized again to yield an attention composite and an anger/frustration composite. Any child with at least one valid informant score was included. There was a moderate significant association between higher attention span and less anger/frustration (r = -.52); this association replicated across “twin 1” (firstborn) and “twin 2” subsamples. As for twin similarity (estimated as intra-class correlations), the twins were moderately and significantly alike for both attention span/persistence (r = .42) and anger/frustration (r = .48). Furthermore, it was apparent that genetic variance was present for both constructs. The MZ twin intra-class correlations for anger/frustration (.61) and attention span/persistence (.68) were significantly greater than those for DZ twin anger (.40) and attention span (.22), based on Fisher r-to-z tests. Next we estimated a bivariate Cholesky model to estimate variance and covariance for attention span/persistence and anger/frustration (Neale & Cardon, 1992). We examined three models—one in which all of the paths were estimated (ACE), a second in which the additive genetic and nonshared environment paths were estimated and the shared environment paths were fixed at zero (AE), and a third in which the additive shared and nonshared environment paths were estimated and the genetic paths were fixed at zero (CE). For the full ACE model, all three paths for A (additive genetic influences) and all three paths for E (nonshared environment influences and error) were significantly greater than zero. In contrast, none of the three paths for C (shared environment influences) was significant. For anger/frustration, 47% of the variance was heritable, 16% was attributable to shared environmental influences, and 37% was due to nonshared environmental influences. For



16 attention span/persistence, these variance estimates were 62% for genetic influences, 3% for shared environmental influences, and 35% for nonshared environmental influences. Comparative model fitting showed that the model fit improved by “dropping” the C path; the AE model was the best fitting and most parsimonious model, Χ2 (14) = 26.26, p = .024, AIC = -1.74, RMSEA = .054. These results are shown in Figure 1. Based on this final best fitting model, genetic influences accounted for 65% and 65% of the variance, and nonshared environment 35% and 36%, for anger/frustration and attention/persistence respectively. The paths in the AE model also were used to estimate genetic parameters that correspond to overlapping genetic and non-genetic variance (i.e., genetic correlation and nonshared environmental correlation). These paths accounted for the phenotypic correlation between anger/frustration and attention span/persistence, and were statistically significant. The estimated genetic correlation was .58 (accounting for 73% of the phenotypic correlation between attention and anger), and the nonshared environment correlation was .40 (accounting for 27% of the phenotypic correlation). In addition, there were significant residual/independent genetic and nonshared environmental variance estimates for attention span/persistence after genetic and nonshared environmental covariance with anger/frustration was controlled, as indicated by the significant independent paths from “a” and “e” to attention span/persistence in Figure 1. The finding of a moderate negative association between our measure of effortful control of attention and negative affectivity is consistent with prior studies pointing to an effect size in the -.2 to -.4 range (Kochanska & Knaack, 2003; Olson, Sameroff, Kerr, Lopez, & Wellman, 2005; Rothbart et al., 2003; Rydell, Berlin, & Bohlin, 2003). We think it unlikely that the correlation of -.52 in the current set of analyses reflects inflation due to method variance, given



17 that we aggregated across four informants’ perspectives that were based on the children’s behaviors in multiple contexts (i.e., home, school) and across several time points. The behavioral genetic analyses replicated and extended the literature on attention span/persistence and anger/frustration. Consistent with previous studies, the univariate heritability and nonshared environmental variance estimates for both phenotypes were moderate in magnitude and significant (Goldsmith et al., 1997; Emde et al., 2001; Oniszczenko et al., 2003). More importantly, the novel finding from the current study was that the correlation between attention span/persistence and anger/frustration included a moderate genetic correlation of .58—an effect that accounted for nearly three-quarters of the observed association between our behavioral measures of attention and anger. This suggests that there are common sets of genetic influences that partly explain the link between better attentional control and lower levels of anger/frustration. In light of the molecular genetic literature (Maher et al., 2002; Manuck et al., 1999; Rujescu et al., 2002; Schmidt et al., 2001), sets of candidate genes in the serotonin and dopamine neurotransmitter systems are logical places to look for the source of these overlapping genetic effects. However, it also is clear from the bivariate genetic model results that not all of the genetic variance in attention span/persistence and anger overlaps. There remained significant residual genetic variance even after the genetic correlation was estimated, indicating the presence of independent genetic influences on attention span/persistence compared to anger/frustration. This is not surprising, given that it is unlikely that all of the genetic variance in attention span/persistence and anger/frustration would be overlapping. Environment Genetic factors figure prominently in accounting for the etiology of the bridge between cognitive control and emotion regulation. These genetic influences are evident as moderate to



18 large heritability estimates and genetic correlations, as dopamine and serotonin neurotransmitter system genes involved in cognitive and emotion “actions”, and as neural activation in cortical and limbic regions that appear to be primarily responsible for the effortful regulation of thoughts, emotions, and other internal states. We have focused on behavioral genetic approaches to the study of the connections between cognition and emotion, with particular emphasis on the genetic underpinnings of these connections and their development. However, behavioral genetic studies are just as useful for highlighting the importance of non-genetic influences; the critical importance of contextual factors on the development of well-regulated cognitions and emotions cannot be overlooked. We know from decades of research that the child’s caregiving environment is important to the development of self-regulation (Calkins & Hill, 2007; Kochanska, Coy, & Murray, 2001). Most recently, experimental work by Posner and Rothbart (2007) suggests that effortful visual attention skills and their associated neural systems can be improved through intervention in early childhood. However, these non-genetic sources of influence on the links between cognition and emotion are not likely to operate to produce family member resemblance (through shared environmental mechanisms), but rather are most likely to produce within-family differences. With few exceptions, nearly all of the non-genetic variance in all of the cognitive and affective attributes that are studied is nonshared. Recall from the behavioral genetic analysis of the correlation between attention span/persistence and anger/frustration described above that we found a significant nonshared environment correlation of .40. This suggests the presence of nongenetic influences that operate systematically to produce sibling differences in covarying attention and anger. To our knowledge, there are no studies that have identified specific



19 environmental factors that might account for this nonshared environment correlation, let alone the nonshared environmental variance in the separate cognitive or affective attributes. Yet there are hints in the literature about some potential candidate nonshared environment factors in the home environment. For instance, parents of infants and toddlers sometimes manipulate their children’s attention in an effort to reduce distress. A common strategy for reducing distress in a young child is to distract her and focus her attention on an engaging and more pleasurable attractor such as the parent’s face or an interesting object or a favorite toy (Posner & Rothbart, 2007, p. 58). These and other parent-child interaction factors could operate as powerful socialization experiences that work differentially within families to produce different outcomes for siblings. Even if the actual environmental factors that explain the nonshared environment correlation between attention and anger eventually are identified, figuring out why those factors serve to differentiate siblings remains a critically important question to be answered. Also, caution is warranted because some of the nonshared environment correlation could represent error variance that is correlated across the two constructs. Conclusions and Implications Most children are provided with many opportunities to learn to use their cognitive capacities (and attention and working memory skills in particular) to control their negative emotions. As they develop, children can rely less on objects and caregivers to regulate their arousal for them. As a result, by middle childhood most children have strategies of selfregulation in place, including the application of regulated attention and memory mechanisms to control anger and other negative emotions. However, there are wide ranging individual differences in control of attention and expression of affect that remain throughout the lifespan. These individual differences arise from complex transactions between genetic and environmental



20 influences. On the biological side, these include dopamine and serotonin neurotransmitter system genes and central nervous system activation and connectivity involving pre-frontal cortical and limbic brain regions. Some of these influences overlap and some are independent in their effects on these and other components of regulated cognitive and affective “action”. Behavioral genetic research informs us about the ways in which experiences—some of which arise from active and evocative person-environment processes (e.g., selection of peers, eliciting accepting or rejecting behaviors from others)—serve to further reinforce or dampen the effects of genetic and nonshared environmental influences on covarying cognitive and emotional mechanisms. There are two implications that we wish to emphasize in regard to basic and applied genetically-informative research on the integration of cognition and emotion. First, individual differences in cognitive control of emotion are malleable. The cognitive-affective-behavioral processes connecting cognition and emotion can be modified as a result of changes in environments—although the nature and specificity of these mechanisms of change remain to be identified. Experimental evidence is emerging to support this view. There is excitement among developmental scientists about promising results showing that children’s attentional control and self-regulation can be modified (Diamond, Barnett, Thomas, & Munro, 2007; Posner & Rothbart, 2007). As another example, psychological and behavioral interventions with children who are highly anxious and fearful of people and school (fairly common childhood phobias) are proving to be successful, with rapid graduated exposure proving highly effective in reducing children’s fearfulness and arousal (Ollendick & March, 2004). Second, the integration of cognitive and affective processes likely stems in part from multiple pleiotropic genes, whereby each relevant gene has multiple influences on multiple phenotypes (rather than only one type of effect on one specific phenotype). Thus, the genes that



21 are involved in the cognitive control of emotion may be involved in cognitive control of information processing generally—whether or not the information that is being processed is affective (for a discussion of “generalist genes” see Kovas & Plomin, 2006). Similarly, the genes involved in the expression and regulation of specific positive and negative emotions— anger/frustration to boredom to pleasure—probably overlap; specific genes for specific “affects” almost certainly will not be found. The exciting challenge that lies ahead for developmental science is to understand precisely how a set of “phenotype general” gene-environment processes can result in specific cognitive regulation mechanisms of distinct emotions.
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32 Figures.



Figure 1. Best fitting bivariate Cholesky decomposition with estimated path coefficients and their 95% confidence intervals. Latent variables represent additive genetic effects (A) and nonshared environment effects including error (E), as well as residual genetic (a) and nonshared environmental variance (e). The pathways between latent variables representing genetic variance and covariance across twins are set at 1 for MZ twins and .5 for DZ twins, and the paths for nonshared environmental variance and covariance across twins are set at 0 for MZ and DZ twins. For simplicity, only one half of the model for one twin is shown; it is duplicated for the second twin in the complete model.
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