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Abstract

This study examined the extent to which subordinate dimensions of negative emotionality were 

genetically and environmentally distinct in a sample of 1316 twins (51% female, 85.8% 

Caucasian, primarily middle class, mean age = 7.87 years, SD = .93), recruited from Wisconsin 

hospital birth records between 1989 and 2004. Cholesky, independent pathway, and common 

pathway models were fitted for mother-report, father-report, and in-home observation of 

temperament. Although findings support the use of negative emotionality, there were heritable 

aspects of anger and fear not explained by a common genetic factor, and shared environmental 

influences common to anger and sadness but not fear. Observed fear was independent from 

observed anger and sadness. Distinctions support specificity in measurement when considering 

implications for child development.
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Temperament, defined as individual differences in reactivity and regulation across affective 

and behavioral domains, is an important contributor to personality and adjustment in 

childhood and across the lifespan (Rothbart & Bates, 2006), with negative emotionality in 

particular widely linked to mood and behavior problems and risk for psychopathology 

(Lemery-Chalfant, Clifford & Swann, in press; Nigg, 2006). Although distinctions between 

discrete negative emotions are well-supported (Izard, 2007) and temperament research 

increasingly addresses proneness to discrete negative emotions as well as broad negative 

emotionality (e.g., Eisenberg et al., 2009), less is known about underlying relations among 

discrete negative emotions in childhood, including the extent to which facets of negative 

emotionality are genetically or environmentally related or distinct.

Behavior genetic analyses can clarify the etiological underpinnings of trait negative 

emotions. By considering correlations between individuals with different degrees of genetic 

relatedness, quantitative genetic models allow an estimation of variance within a population 
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that can be attributed to genetic or environmental influences, including the extent to which 

multiple traits are related for genetic or environmental reasons (Plomin, DeFries, Knopik & 

Neiderhiser, 2013). If proneness to anger, sadness and fear represent different manifestations 

of an underlying proclivity toward negative emotion, these lower-order traits should show 

considerable genetic overlap; in contrast, substantial genetic influences unique to each 

emotion suggest that relying on broad negative emotionality risks overlooking important 

behavioral distinctions. Thus, we aim to use quantitative genetics to specify the etiological 

overlap between fear, anger and sadness at the subordinate level, and to test the extent to 

which genetic and environmental variance in each emotion can be accounted for by a single, 

common negative emotionality factor.

Temperament in Middle Childhood

Despite debate on the nature and underpinnings of temperament, theorists agree that 

temperamental differences often emerge early in development, are relatively stable over 

time and context, and are at least partly biologically-based, with some consensus on major 

components of temperament (Rothbart & Bates, 2006). Some theorists emphasize 

neurophysiological systems underlying behavioral differences, and focus on inhibition and 

activation (Kagan & Fox, 2006); others (e.g., Rothbart & Bates, 2006) focus on broad 

domains of reactivity and regulation, organized by valence and intensity. Research supports 

physiological differences in approach and withdrawal, with left frontal EEG asymmetry in 

infancy related to approach, positive affect and anger, and right frontal asymmetry linked to 

fear, withdrawal, and later social reticence and anxiety (Carver & Harmon-Jones, 2009; Fox, 

Henderson, Marshall, Nichols, & Ghera, 2005). However, evidence also exists for individual 

differences in broad negative reactivity, and factor analytic studies across multiple parent-

report measures in middle childhood reveal components related to negative emotionality, 

self-regulation, and extraversion or approach (Rothbart & Bates, 2006). Further, 

temperament is hierarchically structured, with higher-order components made up of discrete 

subordinate dimensions. For instance, the negative emotionality factor of the Children’s 

Behavior Questionnaire (CBQ) is composed of subordinate dimensions tapping anger, fear, 

sadness, discomfort, and low soothability (Rothbart, Ahadi, Hershey and Fisher’s (2001).

Discrete emotions have distinct antecedents, adaptive functions, and behavioral 

consequences (Izard, 2007). Generally, sadness may promote withdrawal and conservation 

of resources after loss, fear is a response to perceived threat that may lead to avoidance or to 

aggression if avoidance is not possible, and anger facilitates aggression and resource 

acquisition (Tooby & Cosmides, 2008). Unlike fear and sadness, anger motivates approach, 

which may explain moderate positive relations between trait anger and positive emotionality 

or extraversion in some studies (Carver & Harmon-Jones, 2009). Some studies also suggest 

distinct cortical and subcortical regions and patterns of activation underlying discrete 

emotions (Vytal & Hamann, 2010), but findings are mixed (Murphy, Nimmo-Smith, & 

Lawrence, 2003). Whether emotions represent discrete patterns of physiological and 

cognitive activation (Izard, 2007) or a more general combination of affect, arousal and 

attribution (Russell, 1980) is unresolved, but different motivational and adaptive functions 

highlight the need to differentiate among emotions when predicting outcomes such as 

internalizing versus externalizing or aggression versus withdrawal.
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Both broad negative emotionality and proneness to discrete emotions are stable over time, 

and broad negative emotionality predicts both internalizing and externalizing problems, 

although relations with externalizing are stronger and more consistent (Rothbart, Evans & 

Ahadi, 2000; Rothbart & Bates, 2006). However, when considered separately, anger, 

sadness and fear show different relations to externalizing and internalizing (Eisenberg et al., 

2009). Specifically, sadness, fear, and withdrawal are stronger predictors of pure 

internalizing (Lemery, Essex, & Smider, 2002; Oldehinkel et al., 2007). Fear and behavioral 

inhibition in particular are consistently related to risk for anxiety and depression (Degnan & 

Fox, 2007; Karevold, Coplan, Stoolmiller, & Mathiesen, 2012), but may protect against 

externalizing (Schwartz, Snidman & Kagan, 1996). In contrast, anger is most strongly 

related to externalizing (Lemery et al., 2002; Oldehinkel et al., 2007). Along with different 

predictive utility, there is some evidence that subordinate dimensions of negative 

emotionality have different genetic and environmental architecture, but this question has yet 

to be examined in a multivariate framework.

Quantitative Genetics Approach

Quantitative genetic research uses structural equation modeling-based path analysis and 

model-fitting to decompose the total phenotypic variance in a trait into latent additive 

genetic (A), dominant genetic (D), shared environmental (C) and nonshared environmental 

(E) factors, without attempting to isolate measured genes or environmental factors 

contributing to variation (Plomin et al., 2013). A reflects the average effect of individual 

genes across the genotype, and D accounts for interaction between alleles at the same 

(dominance) or different (epistasis) loci. Together, A and D encompass influences that 

increase phenotypic similarity between individuals who are more closely genetically related. 

For instance, because monozygotic (MZ) twins are genetically identical, whereas dizygotic 

(DZ) twins share 50% of their segregating genes on average, if 100% of the resemblance in 

a trait was explained by additive genetic factors then phenotypic correlations between MZ 

twins would be expected to be approximately twice as high as DZ twin correlations. MZ 

correlations higher than twice DZ correlations suggest the action of D, or in some cases, 

rater bias. In contrast, C encompasses all influences which increase the phenotypic similarity 

of individuals independent of genetic relatedness. DZ correlations higher than half of MZ 

correlations suggest shared environmental influences, and if 100% of the resemblance in a 

trait were due to the shared environment, MZ and DZ correlations would be expected to be 

approximately equal. Finally, non-genetic factors that make individuals different from one 

another, including measurement error, are attributed to E. For instance, all differences 

between MZ twins reared in the same household can be attributed to E. Although 

conventions vary somewhat across studies, A, C or E components of 30% or less are 

commonly described as modest, 40–60% as moderate, and 70% as high (Plomin et al., 2013; 

Saudino, 2005).

Heritability of Temperament

Quantitative and molecular genetic studies support both additive genetic contributions to 

temperament and gene-environment interplay (Gagne, Vendlinski, & Goldsmith, 2009; 

Lemery-Chalfant, Kao, Swann, & Goldsmith, 2013). Heritability of temperament is 
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moderate across childhood, generally 20% to 60%, and continuity in temperament is largely 

genetic (Goldsmith, Buss & Lemery, 1997; Saudino, 2005). However, parent-report and 

observed temperament show low phenotypic convergence (Rothbart & Bates, 2006) and 

limited genetic or environmental overlap (Gagne & Saudino, 2010). Further, some parent-

report measures of temperament may overestimate heritability due to parents’ tendency to 

contrast one DZ twin against the other (Saudino, 2003). Only studies that model contrast 

effects or use measures found to be less vulnerable to such biases (e.g., the IBQ; Goldsmith 

et al., 1997) are reviewed here.

Parent-report of negative emotionality is moderately to highly heritable in infancy, 

toddlerhood and middle childhood (generally 40%–70%), with the remaining variance 

typically explained by nonshared environment (Goldsmith et al., 1997; Goldsmith, Lemery, 

Buss & Campos, 1999; Singh & Waldman, 2010; Tackett, Waldman, Van Hulle, & Lahey, 

2011). Observational measures of broad negative emotion are rare in behavioral genetic 

studies, but one study finds a latent factor of observed anger and experimenter rated 

negativity to be heritable at 14 (65%) and 20 months (40%), with shared environment at 20 

(38%) and 24 months (51%; Rhee et al., 2012). Heritability is similar for reported fear 

(56%–83%), anger (66%), and sadness (71–75%; Emde, Robinson, Corley, Nikkari, & 

Zahn-Waxler, 2001; Goldsmith & Lemery, 2000; Mullineaux et al., 2009), and infants’ 

anger and fear show substantial, largely independent genetic variance (Goldsmith et al., 

1999). Observed infant and toddler anger (Emde et al., 2001; Gagne & Goldsmith, 2011), 

and experimenter-rated anger between four and eight (Deater-Deckard, Petrill, & Thompson, 

2007) are moderately heritable (25%–38%). Some, but not all (e.g., Deater-Deckard et al., 

2010) studies also show moderate shared environmental variance in reported and observed 

anger (Emde et al., 2001; Gagne & Goldsmith, 2011; Goldsmith et al., 1997) and reported 

social fear in early childhood (Goldsmith et al., 1997). Shared environmental effects for 

anger are interesting in light of links between anger and positive emotion as approach-

related aspects of temperament (Carver & Harmon-Jones, 2009), as some studies show 

substantial shared environmental variance in positive emotionality (Goldsmith et al., 1997).

Shyness, behavioral inhibition and stranger fear are often assessed with laboratory 

observations of children’s interactions with unfamiliar adults or peers, and relatively 

consistently show high to moderate heritability and no significant role for the shared 

environment. Stranger fear in infancy is moderately to highly heritable according to 

observation (68%) and parent-report of distress to novelty (58%; Goldsmith et al., 1999). 

Behavioral inhibition in infancy is moderately to highly heritable in interaction with 

unfamiliar peers (70%) and adult strangers (42%–56%) with heritability of narrow facets of 

inhibition ranging from 30% to 70% ( DiLalla, Kagan, & Reznick, 1994; Emde et al., 1992; 

Robinson, Kagan, Reznick, & Corley, 1992). Finally, a study of behavioral inhibition in 

middle childhood finds a broad-sense heritability of 59% for exploratory behavior across 

nonsocial, adult and peer interaction contexts, with context-specific heritability ranging from 

51% (adult) to 71% (peer; McGuire et al., 2003).

Genetic influences on negative emotionality are well established, but there is a need to 

extend quantitative genetic research on discrete emotion beyond the univariate framework, 

especially as subordinate facets of the same construct may have distinct patterns of genetic 
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and environmental variance. In addition, both the stability of temperament and the range of 

environmental challenges (e.g. in school and peer settings; Rothbart & Bates, 2006) increase 

in middle childhood, but despite widespread use of negative emotionality in phenotypic 

research, no quantitative genetic study has examined fear, anger and sadness together in 

multivariate models or considered structured observation of negative emotion past infancy 

or early childhood.

The Current Study

The overarching aim was to examine the genetic and environmental influences on three 

subordinate-level aspects of negative emotionality (anger, sadness and fear) in middle 

childhood. We fit models separately for mother-report, father-report, and in-home 

observation in order to maximize comparisons across studies that only utilize one method. It 

is common to composite mother and father-report when possible, but reporter discrepancies 

can reflect true differences in children’s behavior (De Los Reyes, Henry, Tolan, & 

Wakschlag, 2009). Further, mother and father-report of behavior problems show unique 

genetic variance, with discrepancies explained by differences in perspective as well as error 

(Bartels, Hudziak, Boomsma, Rietveld, van Beijsterveldt, & van den Oord, 2003), and 

mother and father-report of temperament can differ greatly in heritability (Mullineaux et al., 

2009). Given the prevalence of studies only using mother-report, and the lack of research 

examining genetic and environmental influences on father-report of temperament, 

examining mother and father-report separately both increases comparability to other studies 

and provides information on reporter differences in heritability.

The first aim was to estimate the heritability of each emotion. Regarding reporter 

differences, moderate to high heritability was expected for mother-report of anger, sadness 

and fear, whereas in-home observation was expected to be largely explained by nonshared 

environment, with modest to moderate genetic influences. Given limited research examining 

father-report of temperament, no specific predictions were made. Regarding differences in 

heritability across emotion, fear was expected to be the most heritable emotion regardless of 

reporter, and modest but significant shared environment was expected for anger on the basis 

of past findings of shared environmental effects for anger and other approach-related traits 

(Emde et al., 2001; Gagne & Goldsmith, 2011; Goldsmith et al., 1997).

The second goal was to examine the genetic and environmental covariance between anger, 

sadness and fear, using three increasingly restrictive models (the Cholesky decomposition, 

independent pathway and common pathway models) to assess the extent to which these 

emotions can be explained by a common set of latent genetic and environmental factors. If 

the common factor provides a good fit for the data and accounts for the majority of genetic 

and shared environmental variance in all emotions, with residual variance largely explained 

by E, it supports the conceptualization of negative emotionality as a broad genetically and 

environmentally influenced dimension of temperament. In contrast, a poorly fitting common 

factor model, or substantial genetic or shared environmental factors unique to one emotion, 

suggest meaningful variance which is not accounted for by a negative emotionality factor. 

Finally, if the best-fitting model is the Cholesky decomposition, it indicates that the genetic 

and environmental covariance among negative emotions is more complex, e.g., if two 
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distinct additive genetic factors influence sadness, one of which is shared with anger and the 

other with fear, the Cholesky model would be expected to provide the best fit to the data. 

We expected that a common, moderately heritable factor would represent the data, but also 

that each emotion would show important genetic and, in some cases, shared environmental 

variance which could not be explained by the common factor.

Method

Participants

Participants were twin children and their mothers and fathers drawn from the Wisconsin 

Twin Project, an ongoing longitudinal study following twins (recruited from hospital birth 

records in the state of Wisconsin between the years of 1989 and 2004) from toddlerhood 

through adolescence (Lemery-Chalfant, 2006). When twins were approximately eight years 

old (M = 7.87 years, SD = .93), 933 families (1866 twins) were selected for a follow-up 

assessment. Of the twins with completed zygosity assessments, 658 twin pairs (1316 twins; 

33.6% MZ, 31.0% same sex DZ, 35.4% opposite sex DZ; 49% male) had mother-report and 

1106 had father-report of temperament, with the sample size for observed emotion 

composites ranging from 1166 (fear) to 1246 (anger and sadness). The sample is largely 

Caucasian (85.8%). The remaining participants are African American (6.2%), Native 

American (1.5%), Asian (.2%), biracial (1.8%) and other (3.5%), which is representative of 

the population of Wisconsin. Families are largely educated and middle class, with annual 

family income ranging from below $10,000 to over $200,000 (mean family income between 

$50,001 and $60,000) and formal education ranging from 6 years to a graduate degree (M = 

14.88 years for mothers and 14.43 years for fathers), with the majority of participants 

reporting either some college, trade or technical school, or a college degree.

Procedure

Families completed two phone interviews, mailed questionnaire packets, and a 4-hour home 

visit (Lemery-Chalfant, 2006). As part of the first phone interview, mothers and fathers 

reported on twins’ temperament, along with demographic information and measures of 

children’s behavior and environment. At the home visit, twins took part in sixteen 

videotaped and coded episodes of the middle childhood version of the Laboratory 

Temperament Assessment Battery (Lab-TAB; Goldsmith, Reilly, Lemery, Longley & 

Prescott, 2001). Twins were tested separately in different rooms of the house, with the same 

child tester administering the same episode in the same room for each twin. Time was 

provided between episodes for twins to rest and return to a neutral baseline state (Goldsmith 

et al., 2001). When tapes were coded, cotwins were coded by different raters in order to 

reduce rater bias.

Measures

Zygosity—Zygosity was assessed using mother-report on the Zygosity Questionnaire for 

Young Twins (Goldsmith, 1991). This detailed 32-item parent-report instrument assesses 

physical similarities (e.g., differences in hair color, texture and shade), and demonstrates 

over 95% agreement with zygosity assessed by genotyping (Price, Freeman, Craig, Petrill, 
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Ebersole, & Plomin, 2000). Physical similarity was also observed directly, and pairs with 

ambiguous zygosity were genotyped (Lemery-Chalfant, 2006).

Parent-report temperament—Fear, anger and sadness were assessed using mother and 

father-report on the Children’s Behavior Questionnaire (CBQ; Rothbart et al., 2001). In 

prior studies, the CBQ has shown high longitudinal stability, and good construct and 

convergent validity (Rothbart et al., 2001; Rothbart et al., 2000). Ten-item scales assessing 

fear, anger and sadness included questions like, “is afraid of loud noises,” “gets angry when 

told s/he has to go to bed,” and “cries sadly when a favorite toy gets lost or broken,” 

respectively. Items are answered on a 1–7 Likert scale, with 1 being “extremely untrue of 

your child” and 7 being “extremely true of your child” in the past six months. Internal 

consistency at the scale level was good to adequate for both mother and father-report of 

anger (alpha = .83, .82), sadness (alpha = .69, .67), and fear (alpha = .75, .75), respectively.

Observed temperament—Observed temperament was assessed using a home-based 

version of the Lab-TAB designed for use with 6–8 year-old children (Goldsmith et al., 

2001). The Lab-TAB is a standardized assessment of temperament including episodes 

intended to tap discrete emotional reactions under naturalistic conditions. Episodes are 

videotaped, range from three to ten minutes, and are divided into coding epochs that range 

from five to 30 seconds. The intensity of facial, vocal, and postural displays of emotion is 

coded in each epoch, along with other relevant behaviors (e.g., duration of gaze aversion), as 

specified in the Lab-TAB manual (Goldsmith et al., 2001).

A similar preschool version of the Lab-TAB has been validated in laboratory and home 

settings (Gagne, Van Hulle, Aksan, Essex, & Goldsmith, 2011), showing moderate 

convergence between Lab-TAB composites and observer post-visit ratings (correlations 

ranging from .21 to .76), although correlations with parent-report on the CBQ are more 

modest. At least ten percent of episodes were double-coded by a master coder to monitor 

interrater agreement, and Kappas for coded variables ranged from .79 to .89 for fear, .70 to .

93 for sadness, and .63 to .84 for anger. Although kappa-indexed agreement was good, we 

also standardized scores within coder, then rescaled them back onto the raw scores of a 

referent coder (usually the coder who coded the greatest number of episodes) to further 

reduce any coder differences (see first-author for details).

Selected episodes: Anger and sadness: Observed anger and sadness were assessed using 

four Lab-TAB episodes that regularly evoke both sadness and anger responses from 

children. In ‘I’m Not Sharing,’ the child tester unequally shares a bag of candy with the 

child. In ‘Impossibly Perfect Stars,’ the child is asked to repeatedly draw stars by a child 

tester, who responds by critiquing each star and asking the child to try again. In ‘Transparent 

Box,’ the child is presented with several appealing toys in a locked transparent box, along 

with a set of keys that cannot open the box, and in ‘Wrong Gift’, instead of a preferred gift, 

the child is given a box containing an unappealing gift that the child has previously ranked 

as his or her least favorite. Stars, Not Sharing, and Transparent Box are coded in 10-second 

epochs, and Wrong Gift in 5-second epochs, with two 4-minute episodes (Stars and 

Transparent Box) and two variable-length episodes (Not Sharing and Wrong Gift). Latency 

in seconds, and intensities of facial, bodily, and vocal expressions of anger and sadness on 
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0–2 or 0–3 scales, were coded in accordance with the Lab-TAB manual (Goldsmith et al., 

2001), and lower-order parameters included in each episode-level composite are 

summarized in Table 1. In each episode, mean intensity scales were coded for facial and 

bodily anger and sadness. Latency to facial or bodily anger and sadness was coded in all 

episodes except Wrong Gift, which included a discrete emotion-eliciting event. Other 

parameters coded in each episode differed. Specifically, vocal expression was coded in Stars 

and Not Sharing. In addition, during the coding for the current study, we combined facial 

and bodily scales for anger and sadness in Not Sharing into scales including both facial and 

bodily emotion due to low frequency of these responses. Thus, Stars included speed and 

vocal, bodily and facial intensity, Not Sharing included speed to first bodily or facial 

response, speed to first vocalization, bodily and facial intensity, and vocal intensity, 

Transparent Box included speed, bodily intensity and facial intensity, and Wrong Gift 

included bodily and facial intensity.

Selected episodes: Fear: Fear was assessed with two episodes, ‘Scary Mask,’ and 

‘Storytelling’. In Scary Mask, coded in 15-sec epochs, the child interacts with a friendly 

stranger wearing a frightening mask, beginning when the child first notices the stranger’s 

face and continuing as the stranger takes off the mask, begins a conversation with the child, 

and finally asks the child to touch and wear the mask. In Storytelling, coded in 10-sec 

epochs, the child is asked to give a speech about the previous day’s events in front of an 

audience of multiple child testers. The episode includes at least one prompt by the child 

tester (e.g., ‘is there anything else you would like to tell us?’). In both episodes, variables are 

coded on scales of 0–3 in accordance with the Lab-TAB manual (Goldsmith et al., 2001) 

and include latency to first fear in seconds, facial and bodily intensity, and intensity of 

avoidance (summarized in Table 1). Intensity of approach and vocal intensity were also 

coded in Scary Mask but not Storytelling.

Lab-TAB composite formation

Lower-order composites: Latency scores were winsorized to three standard deviations, then 

reverse-coded to transform them to speed scores. Mean intensity scores were computed 

across all epochs for facial, bodily and vocal emotion in each episode. Three parameters 

(mean intensity of facial fear in Storytelling, and bodily and facial sadness in Transparent 

Box) were discarded due to low frequency of scores above zero (< 30%). Square-root 

transformations were used for lower-order parameters exceeding recommended cutoffs for 

skewness and kurtosis (2.00 and 7.00, respectively; Muthén & Kaplan, 1985) prior to 

observed composite formation (see Table 1 for skewness and kurtosis). Z-score 

transformations were used to standardize lower-order speed and intensity parameters prior to 

higher-order composite formation. Mean composites for anger, sadness and fear were 

formed from speed and mean intensity scores on the basis of zero-order correlations, with 

variables only included in an episode-level composite if they were at least moderately and 

significantly correlated with at least one other lower-order parameter (r > .30). For anger, 

episode-level composites included all available emotion parameters for Stars (speed, vocal 

intensity, facial intensity, bodily intensity), Not Sharing (bodily and facial speed, vocal 

speed, bodily and facial intensity, vocal intensity), Transparent Box (speed, bodily intensity, 

facial intensity), and Wrong Gift (bodily and expressed intensity). Correlations across all 
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lower-order anger parameters within episode ranged from low to moderate (.217 to .677), 

but each parameter was correlated above r = .30 with at least one other parameter. For 

sadness, all available emotion parameters were used for Stars and Wrong Gift (r from .203 

to .698), but for Not Sharing, vocal parameters were not highly correlated with speed and 

intensity of facial and bodily sadness, and the final sadness composite for Not Sharing was 

formed from speed and intensity of bodily and facial sadness (r = .492). The final fear 

composite for Scary Mask included speed, facial, and bodily fear (r from .340 to .366), but 

vocal intensity and intensity of avoidance were excluded due to low correlations with other 

parameters. The final composite for Storytelling included only speed and bodily intensity (r 

= .420), with facial fear excluded due to low variability and intensity of avoidance excluded 

due to low correlations.

Higher-order cross-episode composites: Episode-level anger composites for Stars, Not 

Sharing, and Transparent Box, and sadness composites for Stars and Not Sharing, were 

standardized using z-score transformations, and used to form cross-episode mean 

composites of anger and sadness, respectively. Correlations among episode-level anger 

composites were moderate, with r ranging from .249 (Not Sharing and Transparent Box) to .

311 (Stars and Not Sharing), whereas for sadness, only the cross-episode composites for 

Stars and Not Sharing were aggregated (r = .174). Fear assessed in Storytelling and Scary 

Mask were moderately correlated and composited (r = .262).

Data Analysis Plan

Analyses for aim 1: univariate ACE models—The latent A, C and E factors in the 

classic univariate biometrical ACE model are estimated from observed variances and 

covariances of MZ and DZ twins’ scores on a single trait. The ACE model is a multigroup 

structural equation model, with covariances modeled differently for MZ (who share 100% of 

their segregating DNA) and DZ twins (who share on average 50%). C is fully shared 

between cotwins; thus, the correlation between latent C factors is fixed to 1.0. Due to model 

identification limitations with twin data, it is not possible to estimate both C and D factors 

within the same model, but it is possible to fit an alternate ADE model, which accounts for 

nonadditive genetic effects (MZ twins share 100% of nonadditive genetic effects, whereas 

DZ twins inherit the same alleles at a locus 25% of the time). The E factor is uncorrelated 

for both MZ and DZ twins.

We fit univariate ACE or ADE models estimating genetic and environmental influences on 

sadness, anger, and fear separately for mother-report, father-report, and in-home observation 

using the statistical program OpenMX (Boker et al., 2011), an R-based program that uses 

Maximum Likelihood estimation. After the full models were fit, nested models were tested 

by systematically dropping parameters, and the fit of reduced models was compared with 

that of the full model using the −2 log likelihood chi-square test of fit to find the most 

parsimonious solution. A nonsignificant difference in fit implies that the reduced model 

accounts for the observed data as well as the full model, whereas a significant loss of fit 

indicates the dropped parameter is required to adequately reproduce the data. Because E 

contains measurement error, it is always retained, and D is not estimated without A, as it is 

unlikely that all genetic influences are interactive, with no additive effects. Because variance 
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components are interdependent and bounded at zero, standard error based confidence limits 

may be inaccurate. We obtained 95% confidence limits for variance components using the 

likelihood-based confidence interval option in OpenMx, which computes non-symmetric 

confidence limits by changing the value of the selected parameter until the model fit is 

reduced by a specified amount, while the other estimated parameters are allowed to vary 

freely (OpenMx Development Team, 2011). We used the default reduction in fit, a change in 

−2 log likelihood of 3.841459, corresponding to 95% confidence on a chi-square distribution 

with one degree of freedom (OpenMx Development Team, 2011).

Analyses for aim 2: multivariate ACE models

Cholesky decompositions: Just as univariate models decompose the variance in a single 

trait into genetic and environmental factors, Cholesky decompositions (Figure 1, panel A) 

parse the covariance between traits into latent A, C or D, and E factors, allowing an 

estimation of the extent to which genetic and environmental influences on one trait are 

shared with other traits, regardless of trait heritability. In a trivariate Cholesky 

decomposition, the first set of latent factors (A1, C1 and E1) encompasses genetic, shared 

and nonshared environmental influences on the first trait, which may be shared with the 

second and third traits. The second set of latent factors (A2, C2, and E2) represents 

influences on the second trait that are independent of the first, but may be shared with the 

third. The third set of latent factors represents influences unique to the third trait. Thus, the 

order of traits is relevant to the interpretation of each set of factors, but does not affect 

model fit or the significance of shared A, C, or E variance between any two traits. We 

selected anger as the first trait and fear as the third because anger and fear were not expected 

to be strongly related, and we expected sadness to share covariance with both traits.

Independent and Common pathway models: The independent pathway model (Figure 1, 

panel B; Martin & Eaves,1977), assumes that the same A, C and E factors account for the 

covariance among anger, sadness and fear, and allows the magnitude of paths from these 

shared factors to each emotion to differ, such that, e.g., covariance between anger and 

sadness may be explained largely by C, and covariance between sadness and fear by A. 

Because the independent pathway model is not nested within the Cholesky decomposition, 

we used Akaike’s Information Criterion (AIC; Akaike, 1987) to compare the fit of these two 

models, with lower values indicating a model with more support. The common pathway 

model (Figure 1, panel C; McArdle & Goldsmith, 1990) is nested within the independent 

pathway model and assumes a common negative emotionality factor, which itself has single 

estimates of A, C and E, with each emotion loading on this factor. Thus, unless residuals are 

allowed to correlate, the common pathway model requires that any A, C and E factors that 

explain covariance between two emotions must also be shared with the third. Genetic and 

environmental variance in each trait that is independent of the common factor is also 

estimated. To the extent that covariance between anger, sadness and fear is explained by a 

common set of A, C and E factors, and the structure of these factors is similar for each 

emotion, the common pathway model provides a good fit to the data.
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Results

Preliminary Analyses

Means and standard deviations are given in Table 2; all parent-report scales and observed 

episode-level and cross-episode composites were normally distributed. Phenotypic 

correlations between mother and father-report and observed anger, sadness, and fear are 

given in Table 2. Because twins are clustered in families, correlations were run in MPlus 

using the type=complex and cluster options (Muthén & Muthén, 1998–2011). As expected, 

correlations between emotions were high-to-moderate for both parent reports, whereas 

correlations between observed emotions were more modest, and convergence between 

parent-report and observed emotions was low. Age and family socioeconomic status 

residualized scores were used for twin modeling to account for these effects on ACE 

estimates, as is standard practice to reduce potential biases when it is infeasible to 

incorporate additional covariates (McGue & Bouchard, 1984).

Twin Intraclass Correlations

Table 2 reports twin intraclass correlations (ICCs). Mother-report of anger and sadness and 

father-report of sadness show DZ correlations higher than half the MZ correlations, 

suggesting both additive genetic and shared environmental factors, whereas MZ correlations 

approximately twice as high as DZ correlations for mother-report of fear and father-report of 

anger and fear suggest additive genetic and nonshared environmental variance. ICCs for 

observed emotion show evidence of heritability for anger, with shared environmental factors 

likely to be important for observed sadness and fear. ADE models were tested for mother 

and father-report of fear, as DZ correlations lower than half MZ correlations suggest non-

additive effects are plausible.

Quantitative Genetic Analyses

Saturated Models—Saturated models were fit to test for sex differences and rater contrast 

and assimilation effects. Fully saturated multigroup models freely estimating means, 

variances and covariances for male MZ, female MZ, male DZ, female DZ, and opposite sex 

DZ twins were tested against a series of models constraining means and variances to be 

equal across twin pairs and zygosity groups, and constraining means, variances and 

covariances to be equal across sex. Higher phenotypic variance in DZ relative to MZ 

zygosity groups indicates that parents may be contrasting the DZ twins against each other or 

inflating the similarity of MZ twins (assimilation effects), whereas lower DZ variance 

indicates possible sibling cooperation or imitation effects (Saudino, 2003; Neale & Cardon, 

1992). In each case except for anger and observed fear, means, variances and covariances 

could be equated across sex, and means and variances across zygosity. For mother-report, 

father-report and observed anger, males had higher means than females, and for observed 

fear, females had higher means than males, but there were no significant sex differences in 

variances or covariances between same sex male, same sex female, and opposite sex groups 

for any variable. In all models tested, variances could be constrained to be equal across MZ 

and DZ twins, providing no evidence of rater contrast effects.
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Univariate ACE and ADE Models—Standardized estimates of A, C (or D), and E 

factors for each emotion, and fit statistics of full and best fitting reduced models, are given 

in Table 3. According to the best-fitting models for both mother and father-report, all 

emotions were moderately-to-highly heritable, with A influences lowest for mother-report 

anger (.45) and sadness (.45) and highest for father-report fear (.80). Significant C was 

found for mother-report anger (.26) and sadness (.27), but not fear, which was best 

explained by an AE model with high A (.74). For father-report, anger (.74) and fear (.80) 

were highly heritable, with no significant C, but although father-report sadness was 

moderately heritable (.53), the C factor (.19) could not be dropped without a significant loss 

of fit. Similar to parent-report, observed anger had moderate additive genetic (.47) and 

nonshared environmental (.53) variance. For observed sadness and fear, the CE model fit the 

data best, with modest but significant C for sadness (.22) and moderate C for fear (.46). For 

all observed emotions, the majority of variance was explained by E.

Genetic and Environmental Covariance Across Emotion—Two trivariate 

Cholesky decompositions were fit for anger, sadness, and fear, one for mother-report and 

one for father-report. It was not possible to fit a trivariate Cholesky decomposition using 

observed emotion, because fear was not sufficiently correlated with anger or sadness (r < .

10), but a bivariate Cholesky decompositions was fit examining the covariance between 

anger and sadness. Fit statistics for the full and best fitting reduced models, as well as 

unstandardized and standardized A, C, and E squared parameter estimates, are given in 

Table 4.

For observed anger and sadness, the best-fitting model was an AE-ACE model (Figure 1, 

panel D). The trait correlation between anger and sadness was fully explained by A, but this 

A factor explained 47% of the variance in anger and only 9% of the variance in sadness. 

Sadness had significant C (.16), but both emotions were largely explained by emotion-

specific E. For mother-report, the best fitting model was an ACE-ACE-AE model with both 

shared and emotion-specific A. One set of A factors explained 47% of the variance in anger, 

17% of the variance in sadness, and 9% of the variance in fear. A second set of A factors 

independent of anger explained 36% of the variance in sadness and 10% of the variance in 

fear, but fear was largely explained by emotion-specific A (.55). Further, C was significant 

for anger (.24) and sadness (.18) but not fear, and all C influences could be explained by a 

single factor fully shared across emotion. A small proportion of E was shared between anger 

and sadness (.01) and between sadness and fear (.02), but E was largely emotion-specific. 

For father-report, the best-fitting model was an AE-AE-AE model, with both shared and 

emotion-specific A. Anger was highly heritable (.72), and A influences on anger also 

explained substantial variance in sadness (.35) and modest variance in fear (.05). A second 

set of A factors explained 38% of the variance in sadness and 12% of the variance in fear, 

but fear was largely explained by emotion-specific A (.63). As with mother-report, E was 

largely emotion-specific, with anger and sadness sharing a small E factor (.02).

Independent and Common Pathway Models—Independent pathway and common 

pathway models were tested for mother and father-report, but not for observed emotion. This 

is because observed fear was insufficiently correlated with either observed anger (r = .134) 
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or sadness (r = .014) to support a three-indicator model, as is recommended for model 

identification (McArdle & Goldsmith, 1990), and fixing one path for model identification 

can distort estimates of genetic and environmental variance. Table 4 summarizes the fit of 

the full and most reduced independent pathway models for mother and father-report in 

comparison to the corresponding full and most reduced Cholesky decompositions, as well as 

parameter estimates and comparisons of fit between the full and reduced independent 

pathway models and the nested common pathway models. For mother-report, the 

independent pathway model did not fit significantly worse than the Cholesky decomposition 

(Δ AIC = .14, Δ df = 0 with the same number of parameters estimated), suggesting that the 

genetic and environmental covariance between these emotions can be represented by a 

single set of ACE factors. However, the common pathway model led to a significant loss of 

fit relative to the independent pathway model (Δ χ2(4) = 21.92, p < .001, Δ AIC = 13.92). In 

the final independent pathway model (Figure 1, panel E), it was necessary to retain shared A 

and E factors for all emotions, and a shared C factor for anger and sadness, but the path from 

the shared C factor to fear could be dropped. Interestingly, for sadness, all A (.53), C (.17), 

and E (.29) variance was fully shared with other emotions, and for anger, all C (.21) was 

explained by the shared C factor. However, anger and fear had both shared and emotion-

specific A, with 17% of the variance in anger and 18% of the variance in fear explained by 

the shared A factor, and 34% of the variance in anger and 56% of the variance in fear 

explained by emotion-specific A. It was necessary to retain paths from the common E factor 

to both anger and fear, but the variance explained by this factor was small (.01–.03), with 

27% of the variance in anger and 24% of the variance in fear explained by emotion-specific 

E factors.

For father-report, neither the independent pathway model (Δ AIC = 2.76, Δ df = 0) nor the 

common pathway model led to significant loss of fit relative to the full Cholesky 

decomposition (Δ AIC = .42, Δ df = 4), and the common pathway model did not fit 

significantly worse than the full independent pathway model (Δ χ2(4) = 5.67, p = .23, Δ AIC 

= −2.34), suggesting that a single negative emotionality factor provides an adequate 

representation of the data (see Table 4). This factor (Figure 1, panel F) was highly heritable 

(.88), with the remainder of variance accounted for by E. However, substantial emotion-

specific A was needed to explain both anger (.38) and fear (.68), and all emotions had 

significant emotion-specific E ranging from 16% for sadness to 25% for anger. Factor 

loadings on the common factor were higher for sadness (.64) and anger (.53) than fear (.33), 

which seemed to be relatively more independent of the other emotions.

Discussion

We used quantitative genetic modeling to characterize the genetic and environmental 

underpinnings of anger, sadness and fear in middle childhood, with the aim of examining the 

extent to which these emotions represent a broad, genetically and environmentally 

influenced predisposition toward negative emotionality. Results support negative 

emotionality as a coherent, genetically influenced trait, but provide clear evidence for 

genetic influences on anger and fear that are not shared with other emotions, and thus also 

support an emotion-specific approach.
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Heritability of Negative Emotions in Middle Childhood

Because genetically informed temperament research has focused on infancy and early 

childhood, one aim of this study was to describe the univariate heritability of anger, sadness 

and fear in middle childhood. Consistent with past research (Gagne et al., 2009; Saudino, 

2005), mother and father-report of all emotions were moderately to highly heritable, with the 

highest heritability for mother and father-report of fear, and the lowest for mother-report of 

anger and sadness and father-report of sadness. Some unanticipated findings did emerge, 

most notably the presence of shared environmental variance in dimensions of emotion that 

were largely explained by genetic factors in past studies (Goldsmith et al., 1997; Mullineaux 

et al., 2009). Specifically, we observed shared environmental effects at the univariate level 

for mother-report, father-report, and observed sadness, as well as negligible heritability and 

moderate shared environment for observed fear. However, although past studies find modest 

shared environment for observed and mother-report anger (Emde et al., 2001; Gagne & 

Goldsmith, 2011; Goldsmith et al., 1997), we only found shared environmental variance in 

mother-report anger, with father-report highly and observer-report moderately heritable. 

Anger is theoretically and empirically linked to approach-related aspects of temperament 

such as positive emotionality (e.g., Carver & Harmon-Jones, 2009; Deater-Deckard et al., 

2010), which is also less heritable (Goldmith et al., 1997, 1999; Saudino, 2005). However, 

our findings are consistent with some literature, as not all studies of anger find shared 

environmental effects (Deater-Deckard et al., 2010; Mullineaux et al., 2009).

Aspects of temperament related to fear, shyness or inhibition are highly heritable when 

assessed in laboratory interaction with peers or adults (e.g., DiLalla et al., 1994; Goldsmith 

et al., 1999), perhaps because unfamiliar situations and stranger interaction facilitate rather 

than suppress a child’s predisposition towards shyness or withdrawal. Our use of in-home 

rather than laboratory observation may have contributed to differences between this and 

prior studies regarding observed fear, as the home is likely a more comfortable context for 

some shy or fearful children. Because behavior genetic research consistently finds that 

heritability of temperament tends to increase rather than decrease with age (Saudino, 2005), 

the higher shared environmental variance in the current study relative to past research in 

younger samples is unlikely to be due to age differences. However, past research in middle 

childhood has either examined lower-order dimensions of temperament in a small sample, 

with limited power to detect shared environmental effects (Mullineaux et al., 2009), or 

examined broad negative emotionality over wide age ranges from childhood to adolescence 

(Singh & Waldman, 2010; Tackett et al., 2011), which may underestimate emotion-specific 

shared environmental influences such as we found for sadness.

Finally, we found high nonshared environmental effects for observed temperament, 

particularly sadness. Nonshared environmental effects often range from 40–80% for 

observed temperament (Saudino, 2005), and our findings are comparable (54–76%). 

Although this variance may index meaningful contributions of the child’s environment, it 

may also index measurement error, as well as the sensitivity of behavioral observation to 

daily variation and context. Further, due to the use of separate coders for each twin in the 

current study, rater differences may lead to higher estimates of nonshared environmental 

variance.
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Genetic and Environmental Influences on Covariance Across Emotions

The second aim was to test whether genetic and environmental influences shared across 

emotions could be accounted for by a common factor, or whether more specificity would be 

required to explain relations among emotions. Despite evidence for distinct neural and 

biological systems involved in discrete emotions (Vytal & Hamann, 2010), many 

developmental theories assume that genetic and environmental influences on anger, sadness 

and fear act through a biologically-based, higher order negative emotionality dimension 

(Rothbart & Bates, 2006). We tested two nested models, the independent pathway model 

and the common pathway model, both of which posit that a single set of shared genetic and 

environmental factors is able to explain covariance among emotions. The independent 

pathway model allows the loadings of the three emotion measures to vary freely (from zero 

to 1.0) on each of the three common, latent A, C and E factors, and the common pathway 

model introduces a scaling of the phenotypic variance (i.e., a psychometric factor interpreted 

as negative emotionality) through which the latent variables act on all three emotions. 

Findings differed for mother and father-report, as covariance between father-report of anger, 

sadness and fear was adequately represented by the common pathway model, but the less-

restrictive independent pathway model was required to explain relations among these 

emotions according to mother-report.

Consistent with past studies of mother-report negative emotionality (e.g., Mullineaux et al., 

2009; Tackett et al., 2011), we found that a common set of (largely genetic) factors does 

influence each emotion, supporting the validity of dispositional negative emotionality. 

However, all three emotions were not equally influenced by this shared A. According to 

both mother and father-report, genetic influences on sadness were fully shared with anger 

and fear, but a majority of the variance in fear, and a smaller but still substantial amount of 

variance in anger, were explained by emotion-specific A factors. Further, we found a small 

C factor that was shared between mother-report anger and sadness but not fear, likely 

explaining why a common factor was insufficient to represent the genetic and environmental 

structure of mother-report negative emotionality. Thus, we extend past research by 

suggesting that a less restrictive model enables the detection of shared environmental 

influences not evident at the broad factor level.

Reporter differences in the heritability and structure of temperament have many potential 

explanations. We found no evidence of contrast or cooperation effects (which inflate genetic 

and shared environmental effects, respectively), but the finding of shared environment for 

mother but not father report may reflect biases leading mothers to rate all children more 

similarly (Bartels et al., 2003). However, reporter differences also likely reflect true 

behavioral differences, perhaps due to different contexts in which parents interact with 

children. Mothers still spend more time in child-rearing activities, and are more likely to be 

primary caregivers (Pleck & Masciadrelli, 2004), and thus may be more familiar with 

aspects of twins’ behavior influenced by the home environment and daily context, 

potentially increasing shared environmental variance.

Another question is which aspects of the shared environment might influence the 

development or expression of anger and sadness. Past research in this twin sample finds that 

the quality of the physical home environment (e.g., safety, cleanliness) moderates the 
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heritability of negative emotionality, with both heritability and total variance higher under 

adverse conditions (Lemery et al., 2013). This suggests that a safe, structured home 

environment may constrain the expression of genetic influences on negatively reactive 

temperament. Further, the emotional climate in the home or the use of similar parenting 

behaviors with both twins (particularly in frustrating or upsetting situations) may elicit in-

the-moment similarities in anger or sadness. To the degree that mothers are parenting in 

such situations, this is one explanation for the higher shared environmental variance in 

mother report relative to father report of these emotions.

The finding that fear was largely genetically distinct from anger and sadness regardless of 

reporter is unsurprising. Developmental literature suggests that observed anger and fear 

show some stability over time, but are not longitudinally related to each other from infancy 

to middle childhood (Rothbart et al., 2000), and studies of the physiological correlates of 

approach and withdrawal emotion and behavior (Fox et al., 2005) also support distinctions 

between fear and anger. Anger in the current study was more strongly related to sadness 

than fear for both genetic and shared environmental reasons, but also had moderate emotion-

specific A. This A factor may index genetic influences shared with approach but not 

withdrawal-related aspects of temperament, consistent with research showing that anger 

shares A and E variance with approach and anticipatory positive affect (Deater-Deckard et 

al., 2010). This finding is also consistent with a recent study examining the phenotypic 

structure of observed temperament in preschoolers, which extracted separate factors for 

dysphoria (anger, sadness and hostility) and fear and behavioral inhibition (Dyson, Olino, 

Durbin, Goldsmith, & Klein, 2012). Dyson and colleagues (2012) suggest that the age at 

which fear and dysphoria begin to show a structure more similar to adult negative 

emotionality is an important developmental question. We provide evidence for the 

continuing independence of fear in middle childhood, even according to parent-report.

A substantial literature examines relations between temperament and psychopathology, with 

evidence for both broad and specific mechanisms (e.g., low effortful control as a risk for 

multiple disorders versus anger as a risk for conduct problems), but much of this research 

has taken place at the level of broad negative emotionality or neuroticism (Nigg, 2006). 

Considering temperament at the subordinate level may help clarify multiple genetically and 

environmentally influenced pathways to disorder. For instance, a combination of fear and 

anger-proneness may be important for reactive aggression, to a greater degree than fear or 

anger alone, whereas low fear but not necessarily high anger may increase risk of 

instrumental aggression (Nigg, 2006). Further, our finding that genetic variance in fear is 

less well represented than anger and sadness at the level of broad negative emotionality may 

be one reason why negative emotionality is often more predictive of externalizing than 

internalizing symptoms (Rothbart & Bates, 2006), which are more related to fear (Lemery et 

al., 2002; Oldehinkel et al., 2007). Negative emotionality may capture aspects of reactive 

distress which are relevant to both externalizing and internalizing (Rothbart & Bates, 2006), 

but less relevant for withdrawal-specific pathways to internalizing (e.g., via social 

withdrawal), whereas early behavioral inhibition relatively consistently predicts 

internalizing problems across childhood and adolescence (Degnan & Fox, 2007). 

Measurement of both fearfulness or inhibition and proneness to anger and sadness or general 
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distress may be valuable for studies intending to capture multiple pathways from 

temperament to disorder.

In contrast to parent-report, observed anger and sadness were largely distinct, with anger 

moderately heritable, sadness more influenced by the shared environment, and genetic 

effects explaining the modest correlation between them. Correlations between observed fear 

and both observed anger and sadness were too low to allow an examination of genetic and 

environmental covariance. These modest relations are consistent with observed phenotypic 

data in preschoolers (e.g., Dyson et al., 2012), but relations between observed anger and 

sadness in the present study may be due to episode context shared between anger and 

sadness but not fear. Further, the low correlations between episodes, both within and across 

emotion, hold implications for the study of temperament using observational measures. The 

facets of children’s emotional reactivity captured by each episode are not the same, and 

measuring a construct defined by consistency across situations, such as negative 

emotionality, will likely require multiple and repeated observed episodes. At the same time, 

children’s reactivity within specific episodes may also be meaningful, due to aspects of 

adjustment captured by responses to unfair sharing, criticism, or other scenarios that may not 

be tapped by broader measures of negative emotionality.

Limitations

This study is subject to several limitations. First, due to a limited number of observed 

episodes and relatively low correlations between observed emotions across episodes, 

aggregating data across multiple episodes was not always possible. Aggregation increases 

reliability and convergence with parent-report (Rothbart & Bates, 2006; Forman et al., 

2003). In addition, we derived anger and sadness composites from the same episodes, 

leading to the possibility that covariance between these emotions was partially or fully due 

to shared episode context. During the development of the lab-TAB, episodes intended to tap 

pure frustration or loss consistently elicited anger in some children and sadness in others. In 

the current study, we were unable to form anger and sadness composites by aggregating 

across separate episodes due to low cross-episode correlations, complicating the 

interpretation of findings for anger and sadness. Anger and sadness were not highly 

correlated across or within episode (.08–.24), suggesting the relative independence of these 

emotions even given shared episode context, but these correlations may have been reduced 

by scoring constraints (i.e., a child cannot be scored as both angry and sad on a single 

parameter within the same epoch). It will be important for future studies to address these 

issues using more extensive measurement of observed anger and sadness.

The generalizability of our results to diverse populations is also limited, as participants were 

largely Caucasian and middle class, and a majority had parents with at least some college 

education. Although the demographic characteristics of the sample are representative for 

Wisconsin, heritability is specific to the population under consideration (Plomin et al., 

2013). Two other questions specific to twin research are whether findings generalize to 

singletons and whether environments experienced by MZ twins are more similar than those 

experienced by DZ twins in a way that is relevant to a trait of interest (i.e., Equal 

Environments Assumption). Infant twins do not differ from singletons on temperament 
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(Goldsmith & Campos, 1990), and adult twins and singleton siblings do not differ on 

personality (Johnson, Krueger, Bouchard, & McGue, 2002). Other research also suggests 

that the Equal Environments Assumption holds for personality and temperament, as greater 

similarity in childhood experiences appears unrelated to similarity in personality, and 

differences in infant temperament relate to actual rather than perceived zygosity (Borkenau 

et al., 2002; Goldsmith et al., 1999).

Finally, we did not model gene-environment interplay, although both gene-environment 

interaction and gene-environment correlation are likely common (Lemery-Chalfant, 2010). 

Gene-environment interaction with family level factors (e.g. SES) may increase A, because 

this interaction increases differences among genetically non-identical individuals who share 

the same environment, whereas gene-environment interaction with factors unique to 

individuals decreases the resemblance of both MZ and DZ twins and may increase E. Thus, 

while the A factor provides a relatively good estimate of the broad genetic influence on a 

trait, including gene-environment interplay, small or nonsignificant C in classic twin designs 

should not be taken as evidence for the irrelevance of family-level influences on child 

development (Lemery-Chalfant et al., 2013).

Future Directions

It is important to know what aspects of discrete negative emotions may be influenced by a 

single set of shared genetic factors. One possibility is general reactivity to aversive, 

threatening or surprising stimuli, which may manifest as different discrete emotions 

depending on the context, or a lower physiological threshold of responsivity (Rothbart & 

Bates, 2006). Genetic influences on self-regulation may also modulate reactive temperament 

across a range of emotional and behavioral tendencies. Negative emotionality and effortful 

control are conceptually distinct but empirically negatively correlated in U.S. samples 

(Rothbart et al., 2001), and may be expected to share genetic variance (e.g., Gagne & 

Goldsmith, 2011).

Findings also highlight the need for a greater consideration of narrow as well as broad 

dimensions of temperament, perhaps especially when examining relations between 

temperament and psychopathology. For instance, irritability (an aversive reaction to 

stimulation) may share genetic influences with sadness or fear but not frustration (a response 

to blocked resources or goals), which may be more related to approach and impulsivity. 

Differentiating between approach-related anger and anger in response to threat or 

overstimulation may be informative for examining different pathways to risk for 

externalizing problems, particularly if these aspects of anger are etiologically distinct. 

Finally, future studies should more closely examine reporter similarities and differences in 

the genetic and environmental underpinnings of temperament, and potential differences in 

prediction of child psychopathology and adaption, as mothers, fathers, and trained 

laboratory observers may each be capable of detecting, or even eliciting, distinct aspects of 

children’s emotional responses. In addition, although child-report versions of the CBQ have 

not yet been developed, the development of a corresponding child-report measure of 

emotion and comparison with parent-report is one important avenue for future research.
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Taken as a whole, the primary implication of our findings is that the genetic and 

environmental underpinnings of temperament may differ greatly depending on the level of 

analysis and the context. Findings support the use of broad negative emotionality, but there 

was evidence for heritable aspects of anger and fear that cannot be accounted for by a shared 

set of genetic influences, and shared environmental influences on mother-report anger and 

sadness that were not shared with fear. Thus, what is common to all three emotions is 

meaningful, but unable to encompass the full extent of systematic, biologically based 

individual differences in discrete emotions. Fear, in particular, is not well captured by broad 

measures of negative emotionality. In light of these distinctions, future research should 

consider the unique contributions of narrow facets of temperament to children’s 

psychological and socio-emotional functioning, both independently and in interaction with 

other aspects of children’s temperament and environmental context.
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Figure 1. 
Top: example Trivariate Cholesky Decomposition (a.), Independent Pathway Model (b.), 

and Common Pathway Model (c.), showing one twin only for simplicity. Latent A1, C1, and 

E1 factors in the cholesky decomposition represent additive genetic, shared environmental, 

and nonshared environmental influences on anger, which may also be shared with sadness 

and fear. A2, C2, and E2 factors represent A, C and E influences on sadness that are 

independent of anger but may be shared with fear, and A3, C3, and E3 factors represent 

influences unique to fear. In the Independent Pathway Model, covariance among emotions is 

fully accounted for by a single set of common additive genetic (AC) shared environmental 

(CC), and nonshared environmental (EC) factors, but the relative loadings on each phenotype 

may vary. Unique additive genetic, shared environmental, and nonshared environmental 

influences are also estimated (e.g. A1, C1 and E1 are unique to anger). In the Common 

Pathway Model, covariance is fully accounted for by a single common factor (i.e., negative 

emotionality), decomposed into additive genetic (AC), shared environmental (CC), and 

nonshared environmental (EC) factors. Bottom: final best-fitting models for observed (d.), 

mother-report (e.), and father-report (f.). Standardized parameter estimates are reported.
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