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Abstract 

This study examined shared environmental influences on the longitudinal stability of general 

cognitive ability, as mediated by socioeconomic status and chaos in the home, using 287 pairs of 

elementary school-age twins drawn from the Western Reserve Reading Project (WRRP).  

General cognitive ability was evaluated at two annual assessments using the Stanford-Binet 

Intelligence Test.  SES was examined using highest level of education achieved by the mother of 

the twins, and chaos by a 6-item parent-report questionnaire.  Results suggest that SES and 

CHAOS not only account for independent sources of shared environmental influences related to 

general cognitive ability at a given measurement occasion, but these effects also account for a 

portion of the longitudinal stability of general cognitive ability in early childhood.   
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SES and Chaos as Environmental Mediators of Cognitive Ability: A Longitudinal Genetic 

Analysis 

It is now commonly accepted that both genetic and environmental influences contribute 

to individual differences in general cognitive ability.  On average, about 50% of the variance in 

intelligence is due to genetic differences, whereas shared environmental influences (factors that 

make family members more similar) account for around a quarter of the variance, with the 

remaining 25% of the variance accounted for by nonshared environmental influences and error 

(Jensen, 1981; Plomin, DeFries, McClearn, & McGuffin, 2001; Vernon, 1997).  However, these 

estimates are not static.  Genetic influences on intelligence increase as a function of age, starting 

at around 40% in childhood, to 60% in adulthood, to around 80% by old age (McGue, Bouchard, 

Iacono & Lykken, 1993; Pederson, Plomin, Nesselroade & McClearn, 1992).  Conversely, 

shared environmental influences are most important in early childhood and decline to zero by 

adolescence; thus, studies have begun to identify measures of the environment that affect 

intellectual development early in life.  Previous phenotypic research on cognitive development 

has consistently shown that deprived family environments (e.g., low quality of home 

environment, poor non-maternal care, low family income, low mother aptitude, etc.,) can lead to 

increasingly poor cognitive functioning (Bradley & Caldwell, 1980; Carlson & Corcoran, 2001; 

Feinstein & Bynner, 2004; Neiss & Rowe, 2000; NICHD Early Child Care Research Network, 

2001; Petrill et al., 2004).  These findings are consistent across age and ethnic groups (Bradley, 

et al., 1989).  More specifically, children from low-SES groups are more likely to experience 

academic problems, such as low test scores, increased course failure, and retaking of grades, as 

well as lower levels of educational attainment (Ellis & Bonin, 2003; Gutman, Sameroff & Cole, 

2003; Jimerson, Egeland, Sroufe & Carlson, 2000; McLoyd, 1998; Rumberger, 1987).   
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Beyond SES, researchers have begun to look for other characteristics of the home and 

family environment that account for individual differences in cognitive functioning (van den 

Oord & Rowe, 1999).  One such environmental mediator under recent study is the concept of 

“environmental confusion” (i.e., noise, crowding, and traffic within the home), which can be 

measured by a parental questionnaire entitled “The Confusion, Hubbub, and Order Scale” 

(CHAOS; Matheny, Wachs, Ludwig & Phillips, 1995).  Phenotypic studies have shown that 

adolescents from low-income families experience a higher amount of environmental confusion at 

home, and this CHAOS mediates the SES effects of socioemotional development (Evans, 

Gonnella, Marcynyszyn & Salpekar, 2005).  Additionally, Dumas et al. (2005) showed that the 

CHAOS scale measures a construct that is distinct from known destructive social and 

psychological mediators (e.g., parenting stress, neighborhood attributes, etc.). 

While these phenotypic studies have provided an important foundation, genetically-

sensitive designs have the power to extend our understanding of the etiology of the impact of 

measured aspects of the home environment on early cognitive development.  In particular, 

Petrill, Pike, Price and Plomin (2004) examined whether SES and CHAOS account for a 

proportion of the shared environmental variance associated with general cognitive ability in a 

longitudinal study of twins assessed at ages 3 and 4 years.  SES and CHAOS mediated a small 

but significant portion of the shared environment of the cognitive measures at both ages.  

Specifically, the total measured environment accounted for about 6% of the total variance at ages 

3 and 4 years for both verbal and nonverbal measures of cognitive ability.  Also, this study 

showed that CHAOS predicted independent shared environmental influences on cognitive ability 

separate from SES, and therefore influenced a separate portion of the shared environmental 
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variance of the cognitive measures.  Furthermore, this study showed that SES and CHAOS 

contributed to stability in cognitive performance from ages 3 to 4 years.   

However, results in Petrill et al. (2004) were based on the parent-report component of the 

Twins Early Development Study (TEDS), where all data (CHAOS, SES, and cognitive ability) 

was obtained from parent-report questionnaires.  Thus, it is unclear whether the shared 

environmental overlap between SES, CHAOS, and cognitive ability was a function of “true” 

shared environmental influences or a function of the fact that all measures came from the same 

informant (generally the mother).  Moreover, it is unclear whether the effects of SES and, in 

particular, CHAOS are generalizable beyond the very young age of the TEDS sample.  

For this reason, the goal of the current study was to examine the links between SES, 

CHAOS and cognitive ability in a sample of kindergarten and 1
st
 grade twins using the Western 

Reserve Reading Project (WRRP; Petrill, Deater-Deckard, Thompson, DeThorne & 

Schatschneider, 2006).  The current study has three primary goals.  First, we examine whether 

SES and CHAOS account for a significant portion of the shared environmental variance that 

affects general cognitive ability.  Second, we examine whether SES and CHAOS account for a 

portion of the longitudinal stability in general cognitive ability.  Finally, we test whether CHAOS 

explains a portion of shared environmental variance affecting cognitive ability independent from 

SES.  Given Petrill et al. (2004) and the larger literature, we hypothesize that the SES and 

CHAOS will each predict a significant and independent proportion of the shared environmental 

variance in cognitive ability, and the effects will be stable across the measured years.   

Method 

Participants 
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 Participants were drawn from the Western Reserve Reading Project (WRRP), an ongoing 

study of 350 twin pairs.  The WRRP is a longitudinal genetically sensitive study looking at the 

development of reading and other cognitive skills across four annual assessments.  The twins are 

from the Greater Cleveland, Columbus and Cincinnati metropolitan areas, with a small minority 

coming from other areas of Ohio and Western Pennsylvania.  The twins were recruited primarily 

through school nominations (n = 273 schools, resulting in > 80% of subsequently enrolled 

families).  These schools were asked to send an information package to all parents of twins who 

had entered kindergarten but have not yet finished the first grade.  The information to the parents 

included a letter and brochure discussing the study, as well as a stamped postcard of interest.  All 

parents that returned postcards were contacted by phone, and if interested, sent an additional 

information packet.  This packet consisted of a demographic questionnaire asking for additional 

contact information, names and ages of twins and other children living at home, parental 

education, parental occupation, and ethnicity.  Families were considered enrolled in the Project 

once this packet had been returned.  All other families were recruited via Ohio State birth 

records, mother of twin clubs, and media advertisement.  Zygosity was determined using DNA 

analysis via a cheek swab.  For the handful of cases where parents did not consent to genotyping, 

zygosity was determined using a parent questionnaire on twins’ physical similarity (Goldsmith, 

1991).   Although somewhat skewed, parent education levels varied widely and was similar for 

fathers and mothers: 12% high school or less, 18% some college, 30% bachelor’s degree, 24% 

some post-graduate education or degree, 5% not specified. Most families were two-parent 

households (6% single mothers) and nearly all were White (91%).  Almost all the two-parent 

families represented intact families, in that both parents were biologically related to the twins 

(99%). 
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All twins were in kindergarten or first grade in wave 1, and in the first or second grade in 

wave 2.  Complete data from 123 MZ pairs and 164 same-sex DZ pairs for wave 1 Stanford-

Binet SAS was available (age M = 6.0yrs, SD = .70yrs, range = 4.3-7.9yrs).  Concurrently, 88 

MZ twin pairs and 123 same-sex DZ twin pairs from wave 2 had complete data at time of 

analysis (age M = 7.2yrs, SD = .67yrs, range = 6.0 - 8.8yrs).   

Material 

Socioeconomic status. 

Socioeconomic status (SES) was measured using mothers’ highest level of education 

reported in the initial demographic questionnaire.  This was a scale from 1-9 (1 = less than 

highschool, 9 = post-graduate degree).  

 Chaos.  

 Chaos in the home was measured via maternal questionnaire in both wave 1 and 2.  This 

questionnaire was derived from the “Confusion, Hubbub, and Order Scale” (CHAOS; Matheny 

et al., 1995, Petrill et al., 2004).  The questionnaire consisted of six questions concerning the 

level of chaos in the home, reported on a five-point likert scale (1 = “definitely untrue”, 5 = 

“definitely true”).  Sample questions include “It’s a real zoo in our home” and “The atmosphere 

in our house is calm” (see Table 1 for full questionnaire).  A composite CHAOS score was 

created by taking the mean of the items, identical to what was done in the Petrill et al. (2004) 

study.  Inter-item reliability of the CHAOS scale for our study was moderate (α = .68).  Although 

only mother’s report of CHAOS is used for the present analyses, father’s report on the measure 

was also collected for 137 families.  Therefore, using these data, inter-rater reliability was shown 

to be moderate (r = .77). 

 General cognitive ability. 
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 General cognitive ability was assessed using a short form of the Stanford-Binet 

Intelligence Scale (Thorndike, Hagen, & Sattler, 1986a), including tests of Vocabulary, Pattern 

Analysis, Memory for Sentences, Memory for Digits, and Quantitative Subtests.  These subtests 

were summed and standardized to form the Composite Summary of Area Score (SAS), forming a 

measure with a mean of 100 and a standard deviation of fifteen.  Published reliability of SAS 

scores for the abbreviated battery at the age 7 is high (α = .95; Thorndike, Hagen, & Sattler, 

1986b) 

Results 

Phenotypic Analysis 

 Means and standard deviations for SES, wave 1 and wave 2 CHAOS, and wave 1 and 

wave 2 Stanford-Binet SAS are presented in Table 2.  Pearson correlations between wave 1 and 

wave 2 Stanford-Binet SAS, SES, and wave 1 and 2 CHAOS, are presented in Table 3.  Wave 1 

and wave 2 CHAOS were reverse coded so that all variables were in the same direction (high 

score = positive).  Wave 1 Stanford-Binet SAS was highly correlated to wave 2 Stanford-Binet 

SAS (r(409) = .72,  p < .01).  Similarly, wave 1 and wave 2 CHAOS were highly correlated to 

each other (r(364) = .81, p < .01).  SES and both waves of CHAOS were minimally correlated to 

one another, r(530) = .21 and r(372) = .21, respectively.  SES and CHAOS are also minimally 

correlated with Stanford Binet SAS (r = .17-.24 between SES and Stanford-Binet SAS, and  

r = .27-.29 between CHAOS and Stanford-Binet SAS). 

Quantitative Genetic Analysis 

 Intraclass and cross-twin correlations. 

 Table 4 presents twin intraclass correlations for the wave 1 and wave 2 Stanford-Binet 

SAS scores.  If the MZ twin correlation exceeds the DZ twin correlation, then genetic influences 
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are implicated (as MZ twins share 100% of their genes, whereas DZ twins share an average of 

50% of their genes). Shared environmental effects are implicated if MZ and DZ correlations are 

similar.  Finally, nonshared environmental influences (and error) are implicated to the extent that 

the MZ twin correlation is less than one.  Table 4 presents trends for higher MZ versus DZ 

correlations, suggesting genetic influences.  However, because the MZ correlations are not 

greater than two times the difference between the MZ and DZ correlations, there is also evidence 

for shared environmental influences.  Cross twin correlations (twin 2 wave 1 Stanford-Binet SAS 

with twin 1 wave 2 Stanford-Binet SAS) further suggest the importance of genetic influences on 

the longitudinal stability of general cognitive ability, as the MZ cross-correlations appear to be 

larger than the DZ cross-correlations (rMZ=.72 versus r DZ=.48). 

  Univariate genetic analyses. 

Going beyond estimates of genetic, shared environmental and nonshared environmental 

influences, the main goal of this study is to identify the proportion of the shared environment 

explained by measures of SES and CHAOS.  Therefore, this study employs a model based on 

that of Petrill et al. (2004) and Neale, Boker, Xie, and Maes (1999).  This univariate model 

measures genetic (A), shared environmental (C), and nonshared environmental (E) influences on 

Stanford-Binet SAS, as well as variance due to an “identified” measure of shared environment 

(i.e., SES and CHAOS; see Figure 1).  In all, four separate univariate analyses were conducted:  

(1) wave 1 Stanford-Binet SAS and SES; (2) wave 2 Stanford-Binet SAS and SES; (3) wave 1 

Stanford-Binet SAS and wave 1 CHAOS; and (4) wave 2 Stanford-Binet SAS and wave 2 

CHAOS.  The models all used 95% confidence intervals to test for significance of parameter 

estimates.   All available data were analyzed using raw data in Mx (Neale, Boker, Xie, & Maes, 

1999).   
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 Univariate analyses suggest moderate heritability and shared environment for both wave 

1 and wave 2 Stanford Binet SAS (see Table 5).  Genetic influences accounted for between 27 – 

51% of the total variance.  Shared environmental influences not explained by SES and CHAOS 

accounted for between 16 – 40% of the variance.  The nonshared environmental variance 

remained relatively stable across the waves for Stanford-Binet SAS.  Both SES and CHAOS 

accounted for a significant portion of the total variance in Stanford-Binet SAS at both wave 1 

and wave 2 (3% and 8% respectively).     

 Multivariate genetic analysis. 

Following this univariate examination, multivariate analyses were conducted to 

determine how the measured shared environmental variables predict the longitudinal stability of 

Stanford-Binet SAS. First, a bivariate Cholesky decomposition was conducted to examine the 

genetic and environmental influences on the stability and instability of cognitive ability from 

wave 1 to wave 2 (see Figure 2).  This model parameterizes common genetic (represented as 

“A”), shared environmental (C) and nonshared environmental (E) variances in Stanford-Binet 

SAS scores across wave 1 and wave 2.  Also, the model parameterizes specific genetic (a), 

shared environmental (c) and nonshared environmental influences on wave 2 Stanford-Binet 

SAS scores independent from wave 1.  

Figure 3 represents the multivariate model used in this study to determine how the 

measured environmental variables affect the longitudinal stability of cognitive ability (i.e., from 

wave 1 to wave 2).  Similar to Figure 2, the covariance between wave 1 and wave 2 Stanford-

Binet SAS is influenced by common general genetic (A), shared environmental (C) and 

nonshared environmental (E) factors.  Additionally, the independent variance in Stanford-Binet 

SAS at wave 2 is influenced by specific genetic (a), shared environmental (c) and nonshared 
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environmental (e) factors.  Furthermore, the identified shared environmental measures (SES, 

wave 1 CHAOS and wave 2 CHAOS) are also parameterized in the model.  In particular, these 

measures influence three environmental factors (ENVFAC, CHAOSFAC, and 

CHAOSw2RESID), which in turn influence wave 1 Stanford-Binet SAS and wave 2 Stanford-

Binet SAS.  ENVFAC accounts for the common variance between all three identified 

environmental factors.  CHAOSFAC measures the effects of the covariance between CHAOS at 

wave 1 and wave 2 that is independent from SES.  Lastly, CHAOSw2RESID taps variance in 

CHAOS at wave 2 that is independent from SES or CHAOS at wave 1.   

   Variance estimates from multivariate models. 

Parameter estimates from the full model are presented in Tables 6 and 7.   Looking at 

Table 6, results are presented for both the bivariate model (Figure 2) as well as the measured 

environment mediation model (Figure 3).  The bivariate model suggests significant heritability, 

shared environment, and nonshared environment for wave 1 and 2 Stanford-Binet SAS.  

Heritability estimates were moderate in wave 1 and wave 2, and both are significantly different 

from zero (wave 1 h² = .28, wave 2 h² = .44).  The estimates for the shared environmental 

influence are also moderate, with both waves showing estimates significantly different from zero 

(wave 1 c² = .46, wave 2 c² = .30).  Subsequently, the estimates for nonshared environmental 

variance were low, but both waves were still significantly different than zero (wave 1 e² = .26, 

wave 2 e² = .26).   

When examining the measured environment mediation model, estimates of heritability 

and nonshared environment are similar to the bivariate model.  However, estimates of shared 

environment (c²) are attenuated because a portion of this variance is now explained by identified 

measures of the shared environment (ENVFAC and CHAOSFAC).  ENVFAC (or the shared 
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influence of SES and wave 1 and wave 2 CHAOS) accounted for 5% of the total variance on 

wave 1 Stanford-Binet SAS, and 3% of the total variance in wave 2.  CHAOSFAC (the 

covariance of wave 1 and wave 2 CHAOS independent from SES) accounted for 5% of the total 

variance in SAS in wave 1, and 6% in wave 2.  CHAOSw2RESID (or the influence of wave 2 

CHAOS separate from SES and wave 1 CHAOS) accounted for zero variance in wave 2 

Stanford-Binet SAS.  Total measured environment accounted for 10% of the total variance in 

wave 1 SAS, and 9% of the total variance in wave 2 Stanford-Binet SAS.   

Moreover, ENVFAC accounted for 11% of the shared environmental variance in 

Stanford Binet SAS at wave 1 (11% = the proportion of variance accounted for by ENVFAC 

(.05) divided by the variance accounted for by ENVFAC (.05) + CHAOSFAC (.05) + c² (.35)).  

In wave 2, ENVFAC accounted for 10% of the shared environmental variance in Stanford Binet 

SAS [10% = 100*(.03/.03+.06+.21)].  CHAOSFAC accounted for an additional 11% of the 

shared environmental variance in Stanford Binet SAS at wave 1 [11% = 100*(.05/.05+.05+.35)] 

and 20% of the shared environmental variance at wave 2 [20% = 100*(.06/.03+.06+.21)].   

Estimated phenotypic correlations. 

Additionally, genetic, shared environmental and nonshared environmental contributions 

to the correlation between wave 1 and wave 2 Stanford-Binet SAS are presented in Table 7.  

Again, results are presented for the bivariate model and the mediation model.  In the bivariate 

model, the total estimated phenotypic correlation between Stanford-Binet SAS wave 1 and wave 

2 was r = .74.  This was determined by summing the standardized genetic (A), shared 

environmental (C), and nonshared environmental (E) pathways from the bivariate model (restimated 

= .74 = .35 + .36 + .03).  Of this estimated phenotypic correlation, 47% (r = .35) of the total was 
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due to genetic overlap, 49% (r = .36) due to shared environmental overlap, and 4% (r = .03) due 

to nonshared environmental overlap.   

When examining the mediation model, the estimated phenotypic correlation was r = .76 

between wave 1 and wave 2 Stanford-Binet SAS.  Genetic pathways accounted for 47% (r = 

.36), the shared environmental influence, 34% (r = .26), and the nonshared environmental 

influence, 4% (r = .03), of this phenotypic overlap.  Similar to the univariate estimates of c² in 

Table 6, the shared environmental (C pathway) overlap was attenuated in the mediation model 

compared to the bivariate because of the inclusion of measured shared environmental influences 

(SES, wave 1 CHAOS, wave 2 CHAOS).  These measured environmental influences accounted 

together for 14% (r = .11) of the total estimated correlation between wave 1 and wave 2 

Stanford-Binet SAS.  Separately, ENVFAC accounted for 5% (r = .04), CHAOSFAC for 8% (r 

= .06), and CHAOSw2RESID for 1% (r = .01) of the estimated phenotypic correlation between 

wave 1 and wave 2 Stanford-Binet SAS. 

Although statistical significance was determined by confidence intervals for A, C, E, and 

a, c, e parameters, four submodels were fit to the full model in order to test whether ENVFAC, 

CHAOSFAC, and CHAOSw2RESID accounted for a significant proportion of the variance in 

wave 1 and wave 2 Stanford-Binet SAS (see Table 8).  The first submodel dropped the pathways 

from ENVFAC to the Stanford-Binet SAS.  If this submodel resulted in a significant decline in 

model fit relative to the full model (determined by χ² change), then the effect of ENVFAC on 

Stanford-Binet SAS is assumed to be important to the fit of the model.  Results for this submodel 

showed a significant decrease in model fit (χ² change = 15.44, ∆df = 2, p < .05).   

Second, we examined whether CHAOSFAC accounted for significant variance in wave 1 

and wave 2 Stanford-Binet SAS (drop CHAOSFAC).  This model also resulted in a significant 
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decrease in model fit (χ² change = 19.05, ∆df = 3, p < .05).  Third, dropping the pathway from 

CHAOSFAC to wave 2 Stanford-Binet SAS also resulted in a significant decrease in model fit 

(χ² change = 16.85, ∆df = 1, p < .05), suggesting that CHAOSFAC also accounted for the 

covariance between wave 1 and wave 2 Stanford-Binet SAS.  Finally, the fourth submodel tested 

the significance of the independent variance in CHAOS at wave 2 (CHAOSw2RESID).  This 

submodel did not result in a significant decrease in model fit (χ² change = 0.07, ∆df = 1, ns).   

Discussion 

The goals of this study were to: 1) examine whether SES and CHAOS accounted for a 

significant portion of the shared environmental variance in general cognitive ability; 2) examine 

whether SES and CHAOS accounted for a portion of the longitudinal stability in general 

cognitive ability; and 3) examine whether CHAOS explained a portion of shared environmental 

variance in cognitive ability independent from SES.  

As expected from previous research, both genetic and shared environmental influences 

were significant within and across assessments of general cognitive ability in our early school-

age sample.  More interesting, SES and CHAOS mediated a significant portion of the shared 

environmental variance in general cognitive ability in the two waves of longitudinal assessment.  

It is well established that SES has a significant relationship with cognitive ability, so it is not 

surprising that this study showed that SES accounted for a significant proportion of shared 

environmental variance (Brody, 1992).  However, like Petrill et al. (2004), this study also shows 

that chaos in the home accounts for a significant proportion of the shared environmental variance 

in Stanford-Binet SAS.  These results suggest that growing up in a calm and orderly home is an 

important environmental factor in positively influencing children’s cognitive functioning.   



        SES and CHAOS     15                     

   

       

Importantly, this study also showed that CHAOS was an independent predictor of 

Stanford-Binet SAS separate from SES.  Thus, although SES and CHAOS are correlated in our 

study, and other studies have shown that parents of low income families tend to have fewer years 

of schooling, and may therefore have lower educational expectations of their children, and 

concurrently have more chaotic households (Caspi, Taylor, Moffitt & Plomin, 2000; Davis-

Kean, 2005), it is not the case that the effect of CHAOS on general cognitive ability can be 

accounted for by SES.    The mediation of both SES and CHAOS on the shared environmental 

variance of Stanford-Binet SAS were small (around 4% for SES and 7% for CHAOS), but 

significant.  Together, these factors accounted for about 10% of the shared environmental 

variance for wave 1 and 2 Stanford-Binet SAS.  Furthermore, the results of the current study 

suggested that SES and CHAOS account for a portion of the longitudinal stability in general 

cognitive ability.  Related to this, it was shown that CHAOS scores at wave 2 were insignificant 

to the model, suggesting that there was little systematic variance left in wave 2 CHAOS, after 

accounting for the correlation (r = .01, see Table 7) between CHAOS from wave 1 to wave 2.  

Together SES and CHAOS accounted for 14% of the phenotypic correlation of the Stanford-

Binet SAS scores between wave 1 and wave 2.  These results are almost identical to those 

reported by Petrill et al., (2004), a notable conclusion as the current study examined tester-

administered psychometric measures in a sample of school-age children whereas Petrill et al. 

(2004) employed parent-report measures of cognitive ability in a sample of 3 and 4 year olds.   

Despite these findings, the study has some limitations.  First, our identified measures of 

the environment accounted for a significant, but small proportion of the variance in general 

cognitive ability.  In particular, the correlation between SES and general cognitive ability, 

generally shown in the literature to be around r = .30 - .40 (Jensen, 1998), was somewhat lower 
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in our study (r = .24).  While this difference is likely not significant in the meta-analytic sense, 

the sample in the current study was nevertheless skewed in terms of SES.  Moreover, the 

estimates of heritability in the current study appear to be somewhat lower than what is generally 

found in the literature.  Again, confidence intervals in the current study suggest that the 

heritability estimates are in fact within the range of what is expected from the literature.   

A third limitation is that parent education level may not completely capture SES.  

However, a review of the literature suggests that parental education is highly correlated with SES 

and is an acceptable marker of socioeconomic conditions (see Entwisle & Astone, 1994, for 

review; Bradley & Corwyn, 2002).  A final limitation is that we cannot be certain if the effects of 

chaos on the twins can be generalized to all family types, as most of our sample consisted of 

two-parent, intact families.   

This study’s conclusions are also valid to the extent that passive genotype-environment 

correlations are not spuriously inflating shared environmental effects.  Since the entire family, 

including the children’s parents, shares the same SES status, as well as the same home 

environment, it can be said that SES and CHAOS cannot be thought of as simply environmental 

effects, but that shared genes in the family could also be involved (Plomin & Bergeman, 1991).  

There is no way of knowing for sure if our measured “environmental” variables are purely 

environmental in nature, or if passive genotype-environment correlations are present 

(Turkheimer, D’Onofrio, Maes & Eaves, 2005).  However, there is little evidence that passive 

genotype-environmental correlation has a significant effect on cognitive ability in early 

childhood (Rice, Fulker & DeFries, 1986). 

Finally, while these identified measures of the environment account for a small, but 

significant portion of the shared environmental variance in early general cognitive skills, it is 
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impossible to say whether these environmental measures are the actual environmental processes 

that lead to individual differences in cognitive ability.  More likely, these measures are markers.  

Growing up in a more ordered home may allow a child to make better use of learning 

opportunities in a home, such as reading, or being able to do homework more efficiently and 

accurately.  Also, a more chaotic home may be representative of more people being present 

within the home, so that a quiet home may allow a child more time with his or her parents, or be 

free from distractions while learning.  Although this paper does show the importance of SES and 

CHAOS as environmental mediators of cognitive ability, it is important to remember that many 

other aspects of the environment not measured in the current study are likely candidates as 

additional environmental mediators of cognitive ability. 

Despite these shortcomings, this study showed that SES and CHAOS account for a small 

but still significant part of the variance in Stanford-Binet SAS, and that these effects are 

independent and were stable longitudinally.  The current results are quite similar to the Petrill et 

al. (2004) study, lending strength to the argument that CHAOS is a fairly robust environmental 

mediator of general cognitive ability.  Moreover, although there is only one year between 

assessments, this year is very important as most children are making the transition to early 

elementary school.    This further reinforces the conclusion that CHAOS is an important shared 

environmental mediator of general cognitive ability that is associated with stability across this 

important period of development.  It will be interesting for future research to further test if the 

influence of CHAOS remains stable throughout cognitive development (i.e., not just over a year 

in early childhood or the early elementary school years), or whether the effect of CHAOS is 

more strongly mediated by genes as children have greater control over their own environments.  

Also, this and previous studies looking at environmental mediators show the importance of 
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further study of new mediators in genetically sensitive designs.  Just as there is a need to identify 

the genes responsible for the heritability of complex traits such as cognitive ability, it is just as 

important to determine the factors that go into environmental variance.  
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Table 1 

Items from the CHAOS questionnaire. 

 

 

Below are some things that happen in most homes.  Please read each item carefully and circle the 

number beside it to tell us what best describes YOUR home: 

 

1 2 3 4 5 

Definitely 

UNTRUE 

Somewhat  

UNTRUE 

Not really 

true or untrue 

Somewhat  

TRUE 

Definitely  

TRUE 

 

 

Please circle 

 

1   2   3   4   5 The children have a regular bedtime routine (For example, same bed time  

each night, a bath before bed, reading a story, saying prayers…). 

1   2   3   4   5 You can’t hear yourself think in our home. 

1   2   3   4   5  It’s a real zoo in our home. 

1   2   3   4   5 We are usually able to stay on top of things. 

1   2   3   4   5  There is usually a television turned on somewhere in our home. 

1   2   3   4   5 The atmosphere in our house is calm. 
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Table 2   

Means and standard deviations for SES, wave 1 and 2 CHAOS  

and Stanford-Binet SAS  

Variable Mean S.D. n 

SES    5.72   1.77 690 

CHAOSw1    2.35     .65 534 

CHAOSw2    3.33     .60 376 

SASw1 100.41 13.19 514 

SASw2 102.37 12.40 428 

Note. n = number of individuals. 
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Table 3 

Pearson correlations among wave 1 and 2 Stanford-Binet SAS, SES and wave 1 and 2 CHAOS  

Note. wave 1 and 2 CHAOS were reverse coded.  

n = number of individuals.   

All correlations were significant at two-tailed p< .01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable SAS w1 SAS w2 SES CHAOS w1 CHAOS w2 

 

SAS w1 

(n) 

 

1.00 

        514 

    

SAS w2 

(n) 

0.72 

        409 

1.00 

 428 

   

SES 

(n) 

0.24 

        506 

0.17 

422 

1.00 

 690 

  

CHAOS w1 

(n) 

       0.28 

        469 

0.29 

398 

0.21 

530 

1.00 

534 

 

CHAOS w2 

(n) 

 

0.29 

        362 

0.27 

346 

0.21 

372 

0.81 

364 

1.00 

376 
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Table 4     

Intraclass and cross-twin correlations for wave 1 and 2 Stanford-Binet SAS by zygosity 

 

Zygosity  

 Stanford-Binet SAS w1 

Twin 2 

Stanford-Binet SAS w2 

Twin 2 

 

Monogygotic 

  

    Stanford-Binet SAS w1 

Twin 1 

.76  

 Stanford-Binet SAS w2 

Twin 1 

.72 .75 

Dizygotic    

    Stanford-Binet SAS w1  

Twin 1 

.58  

    Stanford-Binet SAS w2 

Twin 1 

 

.48 .69 

 Note.  All correlations were significant at two-tailed p< .01. 
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Table 5  

Univariate model fitting results with confidence intervals 

Variable h² 

[C.I.] 

c²  

[C.I.] 

e² 

[C.I.] 

SES² 

[C.I.] 

CHAOS² 

[C.I.] 

-2ll df 

SAS w1        

   SES  

   mediation 

.29* 

[.26,.54] 

.40* 

[.17,.59] 

.26* 

[.19,.35] 

.05* 

[.01,.11] 

 2060.06 770 

  CHAOS 

  mediation 

.27* 

[.04,.51] 

.39* 

[.17,.58] 

.26* 

[.20,.36] 

 .07* 

[.02,.14] 

1973.77 745 

SAS w2        

   SES  

   mediation 

.51 

[.23,.77] 

.20 

[.00,.44] 

.26* 

[.19,.36] 

.03* 

[.01,.09] 

 1892.05 690 

   CHAOS  

   mediation 

.49* 

[.21,.73] 

.16 

[.00,.40] 

.27* 

[.19,.37] 

 .08* 

[.03,.15] 

1797.07 665 
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Table 6 

Heritability, shared environmental, nonshared environmental, and identified environmental 

influences with confidence intervals in wave 1 and 2 Stanford-Binet SAS estimated from 

multivariate models 

Estimate Wave 1 Wave 2 

Bivariate Model   

h² [C.I.] .27 [.10,.50] .44 [.21,.71] 

c² [C.I.] .45 [.23,.66] .30 [.10,.57] 

e² [C.I.] .26 [.20,.33] .26 [.21,.36] 

 

Mediation Model 

 

 

 

h² [C.I.] .29 [.11,.51] .45 [.21,.70] 

c² [C.I.] .35 [.12,.54] .21 [.03,.47] 

e² [C.I.] .26 [.20,.33] .26 [.21,.36] 

ENVFAC²  .05*
 

.03* 

CHAOSFAC² .05* .06* 

CHAOSw2RESID² xx .00 

(total measured environment)² (.10) (.09) 

Note:  Confidence intervals tested in submodels presented in Table 7. 

* p < .05.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



        SES and CHAOS     31                     

   

       

 

Table 7 

Component of correlation between wave1 and 2 Stanford-Binet SAS accounted for by genetic, 

shared environmental, nonshared environmental and identified environmental factors with 

confidence intervals 

Estimate  Correlation Proportion (%) 

Bivariate Model   

    h²  [C.I.] .35 [.18,.55] 47 

    c² [C.I.] .36 [.17,.57] 49 

    e² [C.I.] .03 [.00,.08] 4 

    Total estimated correlation 

 

.74 100 

Mediation Model   

    h²  [C.I.] .36 [.19,.56] 47 

    c² [C.I.] .26 [.07,.45] 34 

    e² [C.I.] .03 [.00,.08] 4 

    ENVFAC .04* 5
 
 

    CHAOSFAC .06* 8 

    CHAOSw2RESID .01 1 

    (total measured environment) (.11)
 
 (14) 

    Total estimated correlation .76 100 

Note:  Confidence intervals tested in submodels presented in Table 7. 

* p < .05.   
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Table 8 

Model fitting results examining SES, wave 1 and 2 CHAOS mediation of the shared environment: 

Wave 1 and 2 Stanford-Binet SAS 

Model -2ll df χ²change ∆df pchange 

 

Full 

 

3936.49 

 

1608 

 

 

  

Drop ENVFAC 3951.93 1610 15.44 2 * 

Drop CHAOSFAC 3955.54 1611 19.05 3 * 

Drop correlation between CHAOSFAC and wave 

2 SAS 

3953.34 1609 16.85 1 * 

Drop CHAOSw2RESID  

 

3936.56 1609     .07 1 NS 

n = 119 MZ and n = 164 DZ pairs using raw data in Mx. 

*p<.05. 
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Figure Caption 

Figure 1. Univariate mediation model estimating genetic, shared environmental, nonshared 

environmental and identified shared environmental variances in wave 1 and 2 Stanford-Binet 

SAS. 
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Figure Caption 

Figure 2. Bivariate model estimating genetic, shared environmental, nonshared environmental 

variance for wave 1 and 2 Stanford-Binet SAS. 
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Figure Caption 

Figure 3. Multivariate mediation model estimating genetic, shared environmental, nonshared 

environmental and identified shared environmental variance for wave 1 and 2 Stanford-Binet 

SAS. 
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