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Abstract Hereditary influences account for a substantial

proportion of the variance in many cognitive abilities.

However, there is increasing recognition that the relative

importance of genetic and environmental influences may

vary across different socioeconomic levels. The overall

goal of the present study was to examine whether parental

education has a moderating effect on genetic and envi-

ronmental influences of general cognitive ability in early

adulthood (age 19.6 ± 1.5). Participants were 5,955 male

twins from the Vietnam Era Twin (VET) Registry. Sig-

nificant effects of parental education on mean level of

general cognitive ability scores were found, but a model

without moderating effects of parental education on genetic

or environmental influences on cognitive scores proved to

be the best fitting model. Some, but not all, previous

studies have found significant moderating effects; however,

no consistent pattern emerged that could account for

between-study differences regarding moderating effects on

genetic and environmental influences.

Keywords Cognitive ability � Parental education �
Moderator � Young adulthood � Twin study � Heritability

Introduction

Extensive research has been conducted examining genetic

and environmental influences on both specific cognitive

abilities and general intelligence throughout the lifespan

(Finkel et al. 1995; Haworth et al. 2007; McClearn et al.

1997; McGue and Christensen 2002; McGue and Chris-

tensen 2001; Oliver and Plomin 2007; Petrill et al. 1995;

Plomin et al. 1994; Polderman et al. 2006; Posthuma et al.

2000; Read et al. 2006; Thapar et al. 1994). Consensus in
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the field of behavioral genetics maintains that hereditary

influences account for a substantial proportion of the var-

iance in most cognitive abilities. However, there is

increasing recognition that the relative importance of

genetic and environmental influences may vary across

ecological context (e.g., across different socioeconomic

levels).

For example, Scarr (1992) posited that family environ-

ments have a greater impact whenever the environmental

quality falls below a certain level of acceptability. Thus,

for individuals experiencing less favorable environments,

heritability would be low and shared environmental effects

would be moderate to high. Similarly, Bronfenbrenner and

Ceci (1994) postulated a greater influence of genetic fac-

tors in environments deemed beneficial. However, they did

not support Scarr’s notion that environmental influences

are more important only in environments considered to be

below some quality threshold.

A number of earlier twin and adoption studies addressed

this issue in children, yielding conflicting results concern-

ing differences in heritability across socioeconomic back-

grounds (e.g., Allen et al. 1973; Eaves and Jinks 1972;

Fishbein 1980; Scarr-Salapatek 1971). However, the sam-

ples in these earlier studies were often quite small, limiting

both the socioeconomic diversity in the sample, as well as

the statistical power to detect moderating effects. More

recently, a number of studies using large twin and twin/

sibling samples have examined the moderating effects of

different indices of family socioeconomic background on

the genetic and environmental influences on individual

differences in various cognitive measures (Asbury et al.

2005; Harden et al. 2006; Kremen et al. 2005; Rowe et al.

1999; Turkheimer et al. 2003; Van den Oord and Rowe

1998). Rowe et al. (1999) demonstrated a moderating

effect of parental education on heritability for receptive

vocabulary (assessed by an abridged version of the Pea-

body Picture Vocabulary Test-Revised) in adolescent twin

and sibling pairs from the National Longitudinal Study on

Adolescent Health. Heritability estimates were lower for

adolescents with parents of low education versus parents of

higher education.

Similar results have been reported in relation to socio-

economic status (SES; based on parental education and

occupation) and cognitive outcomes in children and ado-

lescents. Turkheimer et al. (2003) utilized the Wechsler

Intelligence Scale for Children (WISC) and assessed ver-

bal, performance, and full-scale IQ among 7 year old twins

from the predominantly low income National Collaborative

Perinatal Project. They demonstrated that, in families of

high SES, heritabilities were much greater for full-scale

and performance IQ than in families of low SES in which

heritability was negligible. Verbal IQ showed a similar

pattern, although the statistical interaction was not

significant. Additionally, Harden et al. (2006) found that

genetic influences were stronger for cognitive performance

(assessed by the National Merit Scholarship Qualifying

Test) in adolescents from higher income homes compared

to adolescents from low income families.

In all of these more recent studies of children and

adolescents, the variation in the relative importance of

genetic versus shared environmental influences reflected

two separate processes. First, the absolute magnitude of

variance attributable to shared environmental influences

decreased with higher levels of parental education or SES.

This supports the notion that disadvantaged contexts have

stronger environmental effects on cognitive development

relative to more advantaged contexts. Second, the absolute

importance of genetic variance on individual differences in

cognitive outcomes increased in more advantaged envi-

ronments. These two complementary processes resulted in

higher absolute as well as relative genetic variance in more

advantaged contexts (i.e., higher heritabilities), and higher

absolute as well as relative shared environmental variance

in more disadvantaged contexts. These findings also sup-

port the propositions laid out by Scarr (1992).

It should be noted that the reference to disadvantaged or

advantaged environments is a bit of a simplification

because parental education or SES reflects genetic as well

as environmental influences. There is almost certainly

some gene-environment correlation between parental edu-

cation or SES and cognitive measures. Moreover, interac-

tion effects in these moderator models address only the

variance in the cognitive measures that is independent of

parental education or SES.

Although the aforementioned studies have provided

empirical support for the moderating effects of parental

education and socioeconomic background on the relative

importance of genetic and environmental influence on

cognitive functions in children and adolescents, Rutter

et al. (2006) pointed out that findings remain inconsistent

and somewhat contradictory. Specifically, Asbury et al.

(2005) reported an opposite moderating effect of SES in a

large sample of 4 year old twins in the UK, showing that

the heritability for verbal IQ was higher in the lowest 15th

percentile of SES families than the heritability in the

highest 15th percentile SES families. However, when SES

was used as a continuous moderator in an analysis using

the full sample, this opposite moderating effect of SES on

variation in verbal IQ was not statistically significant. Van

den Oord and Rowe (1998) examined the moderating effect

of parental education on heritability of reading and math

proficiency (assessed by the subtests of the Peabody Indi-

vidual Achievement Test) in a large sample of full sibling,

half-sibling, and cousin pairs from the National Longitu-

dinal Study of Youth (NLSY) approximately 9.5 years of

age and found no effect of varying levels of SES and/or
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parental education on the heritability of cognitive out-

comes. However, the design of the NLSY sibling study is

inherently less powerful than the classical twin design,

which may have limited their power to detect moderating

effects. Nevertheless, these findings do indicate that not all

previous studies of children and adolescents have found

significant moderating effects.

To our knowledge, only one published study has

examined the moderating effects of family background

characteristics on the heritability of cognitive outcomes in

adulthood to date. Kremen et al. (2005) demonstrated that

parental education moderates the heritability of reading

ability (assessed by the Reading Subtest of the WRAT-3)

in middle-aged men (mean age of 47.9 years). However,

their data revealed that parental education moderated only

the effects of shared environmental influence on variation

in word recognition; the absolute magnitude of genetic

influence did not vary across levels of parental education.

Although the absolute genetic variance did not change, the

importance of shared environmental factors was greatest

among men with lower parental education, which resulted

in a lower heritability. Conversely, as shared environ-

mental factors decreased in importance with higher levels

of parental education, the relative importance of genetic

factors increased, resulting in a higher heritability with

higher parental education. Thus, although this study also

showed higher heritabilities with more enriched environ-

ments, only the studies of children and adolescents have

found that enriched environments are associated with

increased absolute magnitude of genetic influence on

cognition.

The overall goal of the present study was to examine

whether parental education has a moderating effect on

genetic and environmental influences on general cognitive

ability in early adulthood. To our knowledge, this would be

the first study to examine this issue in young adults. Given

the subtle differences in results between the studies of

children and adolescents and the single previous study of

middle-aged men, the results from the present study may

increase our understanding of whether there may be

‘‘critical periods’’ in which genetic variance can be affected

by family socioeconomic background.

Methods

Sample

Participants in the current study were a subset of 3,203

male twin pairs from the Vietnam Era Twin (VET) Reg-

istry (Eisen et al. 1989). The VET Registry consists of over

8,000 male twin pairs born between the years 1939 and

1957. Both twins of a dyad must have been on active

military duty during the Vietnam Era (1965–1975) as a

prerequisite for eligibility to participate in the Registry.

According to previous studies, Registry members are rep-

resentative of all twins who served in the military during

the Vietnam era on a variety of socio-demographic vari-

ables (Eisen et al. 1989; Goldberg et al. 1987). The ethnic

breakdown of the VET Registry is 87% for Non-Hispanic

Caucasians, 6% for African Americans, and 7% Unknown/

Other. A complete description of the construction of the

VET registry has been previously reported (Eisen et al.

1987; Henderson et al. 1990).

Zygosity of VET Registry twins was assessed and ulti-

mately assigned utilizing both blood group typing data

(ABO and Rh) and a 20 item zygosity questionnaire. When

compared to DNA analysis, this approach (originally

implemented by Eisen et al. (1989)) has been shown to

achieve approximately 95% accuracy (Nichols and Bilbro

1966; Peeters et al. 1998).

The subset of twins used in this analysis comes from

8,169 randomly selected VET Registry twins who were

interviewed by telephone during the Harvard Drug Study

conducted in 1992 (Tsuang et al. 2001). It is important to

note that an effort was made to enroll all available VET

Registry twins into the Harvard Drug Study; there was no

selection on the basis of drug use or any other character-

istics. Of the 8,169 twins interviewed, there were approx-

imately 3,300 pairs in which both members of a twin dyad

participated. For the present paper, data from 3,203 twin

pairs (1,774 MZ pairs, 1,429 DZ pairs) with complete

zygosity records were available for statistical analyses. The

average age of study participants at the time of induction

into the military was 19.6 ± 1.5 (range: 16–30 years) with

77.0% between the ages of 18–21.

Measures

Cognitive ability

The Armed Forces Qualification Test (AFQT) was used as

an index of general cognitive ability. This test was

administered to all VET Registry individuals just prior to

their induction into military service and the AFQT induc-

tion scores were made available to the investigators during

the Harvard Drug Study. AFQT scores at the time of

induction were available for approximately 94.2%

(n = 6,037) of the 6,406 twins utilized in this analysis. The

AFQT is a 50-min paper-and-pencil test consisting of 100

multiple-choice items that assesses performance on arith-

metic word problems, vocabulary, knowledge/understand-

ing of tools and mechanical relationships, and visuospatial

processing (recognizing folded and unfolded box patterns)

(Uhlaner 1952). Raw scores were converted to percentile

scores based on a World War II cohort. Individuals scoring
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below the 10th percentile were excluded from the military.

Average AFQT at induction score for this 6,037 participant

cohort was 55.3 ± 23.5. For the purposes of genetic

model-fitting the raw percentile scores were transformed to

their corresponding normal deviates. Standard deviations

of the transformed AFQT scores were examined by median

split (median = .15) for twin A and B separately to con-

firm that the variance in AFQT scores was reasonably

constant across its range.

The AFQT was intended as a measure of military

trainability. It appears to be a highly g-loaded test that

correlates well with traditional IQ measures. For example,

McGrevy et al. (1974) found a correlation of .84 (after

correcting for restriction of range) between AFQT and

Wechsler Adult Intelligence Scale (Weschler 1955) scores.

In addition, the AFQT had a test–retest stability of .81 in

Vietnam veterans retested 15 years after military induction

(Grafman et al. 1988).

Parental education

Parental education was assessed during the Harvard Drug

Study. Parental education level was available for approxi-

mately 98.6% (n = 6,318) of the 6,406 twins utilized in

this analysis. Each twin’s self-report of the highest level of

formal education attained by his mother and father (pos-

sible range of 0–19 years) was utilized to determine

parental education. Within-pair correlations of mother’s

and father’s education were (.72; .78, p’s \ .01), respec-

tively. We averaged the reports of mother’s and father’s

education across twins. In this sample, father’s mean level

education was 10.9 ± 3.2 years and mother’s mean level

education was 11.5 ± 2.4 years (51.1% of fathers and

64.5% of mothers had at least a high school education).

Mother’s and father’s education were also significantly

correlated (.53; p \ .01). Our measure of parental educa-

tion for these analyses was the average of both mother’s

and father’s educational attainment. The mean parental

education (average of mother’s and father’s education

levels) was 11.2 ± 2.5 with a range of 0–19 years of

education and a skewness of -.31 and kurtosis of 1.02.

As stated above, parents correlated .53 for education

level (p \ .01), indicating some degree of assortative

mating for education level, a potential proxy for assortative

mating on IQ. In standard twin designs, the presence of

assortative mating would predict increased DZ correlations

relative to MZ correlations, which may overstate the

effects of common environment and underestimate the

overall heritability of IQ (Fisher 1918; Neale and Cardon

1992). More importantly, assortative mating has the

potential to bias the results of our moderation analyses if

assortative mating is systematically associated with levels

of our moderator variable. Although an extended-kinship

design that uses IQ data from both twins and parents is

required to formally estimate the effects of assortative

mating (Neale and Cardon 1992), we can examine this

issue indirectly by correlating the average of mother’s and

father’s education with the absolute difference between

mother’s and father’s education among those twin pairs

who have data on both mother and father education

(N = 3,159 pairs; 98.6% of the total sample). If there is a

relationship between the absolute difference in mother’s

and father’s education levels with the average level of

parent education, this would indicate the presence of dif-

ferential assortative mating at different levels of our

moderating variable. The correlation between the average

parental education score and the absolute difference in

education level across mother and father was r = -.08

(p \ .01), indicating virtually no relationship between

level of education and difference in education across

parents.

Statistical analysis

The standard twin (‘‘ACE’’) model estimates the proportion

of total phenotypic variance attributable to additive genetic

(a2) effects, common/shared or familial environmental (c2)

effects, and unique or unshared environmental (e2) effects.

The e2 parameter of the ACE model also includes error

variance (Neale and Cardon 1992). Parameter estimates

were derived utilizing the maximum-likelihood-based

structural equation modeling program, Mx (Neale et al.

1999). One advantage of Mx is that it allows raw data to be

fit to complex models, which facilitates the inclusion of

measured variables that can be used as continuous mod-

erators of genetic and environmental influences (Purcell

2002). This allows for a more precise index of any

potential significant changes in overall phenotypic variance

in addition to potential variations in estimates of the

additive genetic, common, and unique environmental

influences.

We examined the fit of four different models to deter-

mine whether parental education moderates means and

variances in AFQT scores. For the subsequent analyses, the

parental education variable was recoded to range from 0 to

1 to better estimate a2, c2, and e2 when the moderator was 0

(lowest level of parental education) to 1 (highest level of

parental education).

These models included a (1) no moderation model

(standard ACE model), which models the assumption that

AFQT means, overall variance, and genetic and environ-

mental influences on variance in AFQT scores do not vary

across different levels of parental education; a (2) moder-

ated means model, which allows for different mean level

AFQT scores across different levels of parental education,

but assumes that the total phenotypic variation and the
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genetic and environmental influences on variation in AFQT

do not vary across level of parental education; a (3) scalar

variance model (moderating effects on overall phenotypic

variance), which postulates that the total phenotypic vari-

ance in AFQT scores changes across different levels of

parental education, but that the variation in genetic, shared

environmental, and nonshared environmental influences is

proportional, resulting in identical estimates of heritability

and proportion of environmental influences across all lev-

els of parental education; and a (4) fully moderated ACE

model (moderating effects on the genetic and environ-

mental contributions to variance), which allowed genetic

and environmental influences to vary across levels of

parental education. For further explanation of these models

see Kremen et al. (2005) and Purcell (2002).

Because the four models are nested within each other

(model 1 acts as the comparison model), with each sub-

sequent model adding additional parameters to the previous

model, we can compare how well each model fits through

the Likelihood Ratio Test (LRT statistic). The LRT cal-

culates a v2 value based on the difference in -2 log like-

lihoods (-2LL) between two nested models, with degrees

of freedom equal to the difference in degrees of freedom

between the two models. If the LRT shows a significant

difference, this indicates that the model with more

parameters is preferred. In addition, models can be com-

pared on the basis of Akaike’s Information Criterion (AIC;

Akaike 1987) and Bayesian Information Criterion (Sch-

warz 1978) statistics. The AIC and BIC index both good-

ness-of-fit and parsimony of models, with lower values

indicating preferred models.

Results

Descriptive analyses

Table 1 shows descriptive characteristics for this sample.

The average age at induction was 19.6 ± 1.5 years. The

average transformed AFQT score at induction was

.17 ± .71 (range = -1.29 to 2.32; skewness = .24; kur-

tosis = -.50). The standard deviation for transformed

AFQT scores in the lower half of the median split were .37

for both Twin A and B and .45 and .44 for transformed

AFQT scores in the upper half of the median split for Twin

A and Twin B, respectively. Transformed AFQT scores

were more highly correlated in MZ pairs (r = .74) than in

DZ pairs (r = .53; p’s \ .01) which indicates a putative

genetic influence on AFQT scores in this cohort.

Moderation analyses

Analyses were based on N = 5,955 individual twins with

non-missing data on both AFQT and parental education

(93.3% of the original 3,203 twin pairs). We examined the

fit of our four genetic models to determine whether parental

education moderates means and variances in AFQT scores.

Table 2 lists the fit statistics, standardized estimates of a2,

c2, and e2, and the total variance of AFQT scores (as a

function of parental education) for each theoretical model.

Model 1 (comparison model/standard ACE model)

revealed that genetic influences account for approximately

47% (95% CI: .40–.56) of the variance in general cognitive

ability assessed by the AFQT while the common/shared

environment and unique environment accounted for 28%

(95% CI: .20–.35) and 25% (95% CI: .23–.27) of the total

variance, respectively.

Model 2 (moderated means model) proved to be the best

fitting model by both AIC and BIC criteria. Moreover,

inclusion of moderated means significantly improved the

model fit (LRT = 232.71, df = 1, p \ .001) relative to

Model 1. The moderating effect was positive, indicating

that mean levels of general cognitive ability were higher in

families with higher levels of parental education. The

correlation between AFQT and parental education was .24

in this sample (p \ .01). The moderated means model

further indicates that genetic influences account for one-

half of the variance in general cognitive ability (a2 = .50;

95% CI: = .42–.59) with shared and unique environmental

influences accounting for 23% (95% CI: .15–.31) and 27%,

(95% CI: .25–.29) of the variance, respectively. By

including moderated means in the model, we are effec-

tively controlling for any shared overlap (genetic or envi-

ronmental) between AFQT and parent education. Thus,

estimates of a2, c2, and e2 from Model 2 are for the genetic

and environmental influences on AFQT that are indepen-

dent of parental education level. However, we note that the

estimates for Model 2 are almost identical to those from

our unmoderated model (Model 1), consistent with the

relatively small overlap between AFQT and parental

education.

The addition of moderating effects on overall pheno-

typic variance (Model 3) or on the genetic and environ-

mental contributions to variance (Model 4) did not improve

the overall fit relative to Model 2. Thus, these results

Table 1 Descriptive characteristics of the sample

Variable Mean (SD) Range n

Age at induction 19.6 (1.5) 16–30 6,190

Twin education at enlistment 12.2 (1.4) 5–20 6,168

Parental education 11.2 (2.5) 0–19 6,318

AFQT percentile scores at induction

Raw scores 55.3 (23.5) 10–99 6,037

Transformed scores .17 (.71) -1.29 to 2.32 6,037
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suggest that while levels of parental education are related

to mean level differences in general cognitive ability, they

are not systematically related to magnitude of genetic and

environmental determinants of general cognitive ability.

Discussion

The overall goal of this study was to examine parental

education and its putative moderating effect on genetic and

environmental influences of general cognitive ability in

early adulthood. We found significant effects of parental

education on mean level of AFQT scores, but a model

without moderating effects of parental education on genetic

or environmental influences on AFQT scores (Model 2)

proved to be the best fitting model by all criteria. These

results are in part consistent with the Kremen et al. (2005)

study of reading (word recognition) in middle-aged male

twins from the VET Registry, which found no change in

genetic variance as a function of parental education level.

This is in contrast to a number of studies of children and

adolescents that indicated enriched environments are

associated with increased genetic variance in other cogni-

tive measures (Harden et al. 2006; Rowe et al. 1999;

Turkheimer et al. 2003). In our earlier study of middle-

aged male twins (Kremen et al. 2005), we found that lower

levels of parental education were associated with increased

effects of shared environmental variance on reading ability.

In the present study, the shared environmental variance

accounting for AFQT scores was virtually the same across

levels of parental education (Table 2).

There are a number of possible reasons why the present

study did not find any moderating effect of parental

education on genetic variance in AFQT scores. Perhaps the

most intriguing possibility is that there may be a ‘‘critical

period’’ through adolescence in which gene expression is

more malleable. This might explain the absence of parental

education moderating genetic variance in our sample dur-

ing early or middle adulthood. Thus, age may be a factor in

whether or how these interactive effects manifest them-

selves. In particular, whereas the majority of recent studies

have found increasing heritability of cognitive abilities as a

function of higher parental education and/or higher socio-

economic background, part of the inconsistency is in

whether the increase in heritability is due to an increase in

genetic variance and/or a decrease in environmental vari-

ance across more advantaged family backgrounds. Many of

the studies of children and adolescents have found that both

mechanisms are present, whereas the two studies of adults

indicate that the absolute genetic variance is unchanged.

Because this study failed to find a significant G 9 E effect,

we believe the idea that there are critical periods in which

gene expression can be modified is an intriguing one, and

fits well with animal literature on critical periods for epi-

genetic changes due to differences in early childhood

experiences.

Second, parental education may not have moderated

environmental variance in the present sample because it

may not have contained enough twins from socioeconom-

ically impoverished backgrounds. Other researchers (Scarr

1992; Harden et al. 2006) have suggested that the increase

in shared environmental variance is seen only among the

most impoverished environments. However, participants in

the Kremen et al. (2005) reading study were a subset

(N = 690) of those in the present analysis (N = 5,955);

they had similar socioeconomic backgrounds, but Kremen

Table 2 Model fitting for estimating changes in genetic and environmental variance components in general intelligence (as assessed by the

Armed Forces Qualifying Test) as a function of parental education

Fit statistics Standardized estimates Variance

-2LL df LRTa df p-value AIC BIC a2 c2 e2

(1) 11,155.87 5,951 n/a – – -746.13 -18,395.9 .47 (.40; .56) .28 (.20; .35) .25 (.23; .27) 506.0 (485.3; 528.1)

(2) 10,923.16 5,950 232.71 1 \.001 -976.84 -18,508.2 .50 (.42; .59) .23 (.15; .31) .27 (.25; .29) 476.3 (457.0; 496.9)

(3) 10,923.11 5,949 .05 1 .82 -974.89 -18,504.2 .50; (.42; .59) .23; (.15; .31) .27; (.25; .29) 468.1; (392.3; 552.7)

.50: (.42; .59) .23: (.15; .31) .27: (.25; .29) 482.1: (425.9; 543.3)

(4) 10,922.99 5,947 .12 2 .94 -971.01 -18,496.2 .56; (.22; .82) .18; (.00; .53) .26; (.17; .36) 471.3; (384.8; 596.4)

.45: (.22; .70) .28: (.05; .52) .27: (.21; .34) 482.9: (418.2; 568.2)

(1) = no moderation model, which models the assumption that AFQT means, overall variance, and genetic and environmental influence on

variance in AFQT scores remains stable across different levels of parental education; (2) = moderated means model, which allows for different

mean level AFQT scores across different levels of parental education, but assumes that the total phenotypic variation and the genetic and

environmental influences on variation in AFQT remains stable across level of parental education; (3) = scalar variance model, which postulates

that the total phenotypic variance in AFQT scores changes across different levels of parental education, but that the changes in genetic, shared

environmental, and nonshared environmental influences are proportional; (4) = fully moderated ACE model, which allowed genetic and

environmental influences to vary across levels of parental education. ; = Estimates at lowest level of parental education (0 years); : = Esti-

mates at highest level of parental education (19 years)
a Likelihood Test Ratio statistic based on comparisons of adjacent, nested models, i.e., 2 vs. 1, 3 vs. 2, and 4 vs. 3
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et al. did find that parental education was a significant

moderator of environmental effects. We also tested the

AFQT models in that same 690 twin subset and found

essentially the same results as in the present analysis. The

consistency of the AFQT results combined with the fact

that there was ample power to find significant moderating

effects for reading in the smaller Kremen et al. sample

suggests that lack of statistical power or lack of twins from

low socioeconomic backgrounds can not explain our cur-

rent results. In fact, the present sample size is substantially

larger (N = 5,955 twins) than the Rowe et al. (1999)

(N = 3,818 twins), Turkheimer et al. (2003) (N = 640

twins), or Kremen et al. (2005) (N = 690 twins) studies,

which suggests that a lack of power does not pose a limi-

tation to these analyses and/or results. Moreover, as men-

tioned earlier, the amount of variance accounted for by

genetic or environmental variance at the high and low ends

of parental education were virtually identical (Table 2).

A third possibility is that there may be differences across

different cognitive tests that make certain assessments more

or less amenable to moderating effects. However, it is dif-

ficult to see any consistent patterns in the results of studies

conducted thus far. For example, in a study of VET Registry

twins, interaction effects were found in reading ability in

middle adulthood (Kremen et al. 2005), but Van Den Oord

and Rowe (1998) did not find interaction effects on reading

ability among adolescent siblings. We did not find moder-

ating effects in the current study of general cognitive ability

in early adulthood, but moderating effects of general cog-

nitive ability among adolescents have been reported in at

least two published studies (Harden et al. 2006; Turkheimer

et al. 2003). The moderating effects in the latter studies

were primarily for verbal ability, but no moderating effects

on verbal IQ were detected in a sample of 4 year old twins

(Asbury et al. 2005). Finally, Rowe et al. (1999) reported a

significant moderating effect of parental education on

receptive vocabulary in adolescent twins.

Finally, we note that prior studies (Rowe et al. 1999;

Kremen et al. 2005) have used measures of parental educa-

tion that were exactly the same as the present parental edu-

cation measure (i.e., average years of mother and father

education, obtained from averaging reports across twins).

The same analytic approach utilized in the present study has

also been used in several recent studies which did find evi-

dence of interaction effects (Kremen et al. 2005; Turkheimer

et al. 2003). Thus it is unlikely that method of assessing

parental education or method of analysis can account for the

lack of interaction effects in the present study.

Limitations

One limitation of these analyses is that using a variable

such as parental education, which is influenced by both

genetic and environmental influences, has the potential to

cause problems with interpretation of interactions. How-

ever, unbiased estimates of interaction with parental edu-

cation and similar twin-pair variables can be obtained, as

long as the effect of the moderator is simultaneously

regressed out of the outcome variable (Purcell 2002), as we

have done here. On the other hand, because our best-fitting

model regressed out the shared variance between parental

education and AFQT, estimates for genetic and environ-

mental influence on AFQT obtained for this model are for

residual AFQT variance, i.e., variation in AFQT that is

independent of parental education. It is important to note,

however, that the correlation between parental education

and AFQT was a modest .24; thus, the amount of shared

variance was less than 6%. That, in turn, means that our

analysis captures more than 94% of the overall variance in

AFQT. One could argue that not being able to account for

all of the variance is a limitation, but addressing over 94%

of the variance is certainly meaningful. Moreover, the

estimates of a2, c2, and e2 from our best-fitting moderated

means model are nearly identical to those obtained from

the unmoderated model (variance component estimates

differ by\.05), indicating that partitioning out the variance

in AFQT that is related to parental education did not overly

bias our results.

Second, we did not control for age effects in this

study, so some of the estimate of shared environmental

influence could be due to the fact that twins were highly

correlated for age when taking the AFQT (r = .76,

p \ .001). However, 77% of participants were between

the ages of 18 and 21 suggesting that there are limited

between-family differences in age. In addition, there is no

empirical or theoretical reason to believe that the heri-

tability of general cognitive ability would vary substan-

tially across this extremely narrow age range. Most

importantly, controlling for age has the potential to

introduce other biases in this particular analysis. Partici-

pants varied in terms of age at induction in part due to

whether they joined the military before or after (or

instead of) going to college. Participants with higher

cognitive ability would be more likely to have gone to

college prior to entering the military, which would have

delayed their age at induction. This is supported by the

modest, yet significant correlation between age at

induction and AFQT score (r = .17, p \ .01) despite the

narrow age range. Thus, controlling for age in these

analyses would throw out meaningful variation in AFQT

that, while appearing to be accounted for by age, is

actually a reflection of cognitive ability. Doing so may

introduce other biases into our estimates of a2, c2, and e2.

Finally, the sample is male and has limited racial and

ethnic variability. Thus, the results of this study may not

generalize to women, or to minority individuals.
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Summary

The present study finds that parental education level does not

moderate genetic and environmental variance in AFQT

scores among young adults. After considering several factors

including age, the cognitive measure used, the socioeco-

nomic diversity of the sample, and sample size, no consistent

pattern emerges that could account for the lack of moderating

effects on genetic and environmental influences compared

with prior research. The present study serves to highlight the

fact that the phenomenon of parental education or SES

enhancing or suppressing genetic influence on cognition may

be more complex than previously thought. Further research

will be needed before we can make broad generalizations

about the implications of putative environmental or other

moderators of the heritability of cognitive abilities.

Acknowledgments The United States Department of Veterans

Affairs has provided financial support for the development and

maintenance of the Vietnam Era Twin (VET) Registry. Numerous

organizations have provided invaluable assistance in the conduct of

this study, including: Department of Defense; National Personnel

Records Center, National Archives and Records Administration; the

Internal Revenue Service; National Opinion Research Center;

National Research Council, National Academy of Sciences; the

Institute for Survey Research, Temple University. The Harvard Drug

Study was supported by NIDA DA04604 and the current VETSA

project is supported by grants from NIH/NIA (R01 AG018386, R01

AG018384, R01 AG022381, and R01 AG022982). Most importantly,

the authors gratefully acknowledge the continued cooperation and

participation of the members of the VET Registry and their families.

Without their contribution this research would not have been possible.

References

Akaike H (1987) Factor analysis and AIC. Psychometrika 52:317–332

Allen G, Pettigrew KD, Erlenmeyer-Kimling L, Stern SE, Scarr-

Salapetek S (1973) Heritability of IQ by social class: evidence

inconclusive. Science 182:1042–1047

Asbury K, Wachs TD, Plomin R (2005) Environmental moderators of

genetic influence on verbal and nonverbal abilities in early

childhood. Intelligence 33:643–661

Bronfenbrenner U, Ceci SJ (1994) Nature-nurture reconceptualized in

developmental perspective: a bioecological model. Psychol Rev

101:568–586

Eaves LJ, Jinks JL (1972) Insignificance of evidence for differences

in heritability of IQ between races and social classes. Nature

240:84–88

Eisen SA, True WR, Goldberg J, Henderson W, Robinette CD (1987)

The Vietnam Era Twin (VET) Registry: method of construction.

Acta Genet Med Gemellol (Roma) 36:61–66

Eisen SA, Neuman R, Goldberg J, Rice J, True W (1989) Determining

zygosity in the Vietnam Era Twin Registry: an approach using

questionnaires. Clin Genet 35:423–432

Finkel D, Pedersen NL, McGue M, McClearn GE (1995) Heritability

of cognitive abilities in adult twins: comparison of Minnesota

and Swedish data. Behav Genet 25(5):421–431

Fishbein S (1980) IQ and social class. Intelligence 4:51–63

Fisher RA (1918) The correlation between relatives on the supposi-

tion of Mendelian inheritance. Trans R Soc Edinb 52:399–433

Goldberg J, True W, Eisen S, Henderson W, Robinette CD (1987)

The Vietnam Era Twin (VET) Registry: ascertainment bias. Acta

Genet Med Gemellol (Roma) 36(1):67–78

Grafman J, Jonas BS, Martin A, Salazar AM, Weingartner H,

Ludlow C, Smutok MA, Vance SC (1988) Intellectual function

following penetrating head injury in Vietnam veterans. Brain

111:169–184

Harden KP, Turkheimer E, Loehlin JC (2006) Genotype by environ-

ment interaction in adolescents’ cognitive aptitude. Behav Genet

37:273–283

Haworth CM, Kovas Y, Petrill SA, Plomin R (2007) Developmental

origins of low mathematics performance and normal variation in

twins from 7 to 9 years. Twin Res Hum Genet 10(1):106–117

Henderson WG, Eisen SE, Goldberg J, True WR, Barnes JE, Vitek M

(1990) The Vietnam Era Twin Registry: a resource for medical

research. Public Health Rep 105:368–373

Kremen WS, Jacobson KC, Xian H, Eisen SA, Waterman B, Toomey

R, Neale MC, Tsuang MT, Lyons MJ (2005) Heritability of word

recognition in middle-aged men varies as a function of parental

education. Behav Genet 35(4):417–433

McClearn GE, Johansson B, Berg S, Pedersen NL, Ahern F, Petrill

SA, Plomin R (1997) Substantial genetic influence on cognitive

abilities in twins 80 or more years old. Science 276(5318):1560–

1563

McGrevy DF, Knouse SB, Thompson RA (1974) Relationships

among an individual intelligence test and two air force screening

and selection tests (AFHRL-TR-74-25). Personnel Research

Division, Air Force Human Resources Laboratory technical

report, Brooks Air Force Base

McGue M, Christensen K (2001) The heritability of cognitive

functioning in very old adults: evidence from Danish twins aged

75 years and older. Psychol Aging 16(2):272–280

McGue M, Christensen K (2002) The heritability of level and rate-of-

change in cognitive functioning in Danish twins aged 70 years

and older. Exp Aging Res 28(4):435–451

Neale MC, Cardon LR (1992) Methodology for genetic studies of

twins and families. Kluwer Academic Publishers, Dordrecht

Neale MC, Boker S, Xie G, Maes H (1999) Mx: statistical modeling,

5th edn. Department of Psychiatry, Medical College of Virginia,

Richmond

Nichols RC, Bilbro WCJ (1966) The diagnosis of twin zygosity. Acta

Genet Stat Med 16:265–275

Oliver BR, Plomin R (2007) Twins’ Early Development Study

(TEDS): a multivariate, longitudinal genetic investigation of

language, cognition and behavior problems from childhood

through adolescence. Twin Res Hum Genet 10(1):96–105

Peeters H, Van Gestel S, Vlietinck R, Derom C, Derom R (1998)

Validation of a telephone zygosity questionnaire in twins of

known zygosity. Behav Genet 28:159–163

Petrill SA, Thompson LA, Detterman DK (1995) The genetic and

environmental variance underlying elementary cognitive tasks.

Behav Genet 25(3):199–209

Plomin R, Pedersen NL, Lichtenstein P, McClearn GE (1994)

Variability and stability in cognitive abilities are largely genetic

later if life. Behav Genet 24(3):207–215

Polderman TJ, Gosso MF, Posthuma D, Van Beijsterveldt TC,

Heutink P, Verhulst FC, Boomsma DI (2006) A longitudinal

twin study on IQ, executive functioning, and attention problems

during childhood and early adolescence. Acta Neurol Belg

106(4):191–207

Posthuma D, De Geus EJ, Bleichrodt N, Boomsma DI (2000) Twin-

singleton differences in intelligence. Twin Res 3(2):83–87

Purcell S (2002) Variance component models for gene-environment

interaction in twin analyses. Twin Res 5:554–571

Read S, Pedersen NL, Gatz M, Berg S, Vuoksimaa E, Malmberg B,

Johansson B, McClearn GE (2006) Sex differences after all those

Behav Genet (2010) 40:438–446 445

123



years? Heritability of cognitive abilities in old age. J Gerontol B

Psychol Sci Soc Sci 61(3):P137–P143

Rowe DC, Jacobson KC, Van den Oord JCG (1999) Genetic and

environmental influences on vocabulary IQ: parental education

level as moderator. Child Dev 70(5):1151–1162

Rutter M, Moffitt TE, Caspi A (2006) Gene-environment interplay

and psychopathology: multiple varieties but real effects. J Child

Psychol Psychiatry 47(3/4):226–261

Scarr S (1992) Developmental theories for the 1990s: development

and individual differences. Child Dev 63:1–19

Scarr-Salapatek S (1971) Race, social class, and IQ. Science

174(16):1285–1295

Schwarz G (1978) Estimating the dimension of a model. Ann Stat

6:461–464

Thapar A, Petrill SA, Thompson LA (1994) The heritability of

memory in the western reserve twin project. Behav Genet

24(2):155–160

Tsuang MT, Bar JL, Harley RM, Lyons MJ (2001) The Harvard twin

study of substance abuse: what we have learned. Harv Rev

Psychiatry 9(6):267–279

Turkheimer E, Haley A, Waldron M, D’Onofrio B, Gottesman II

(2003) Socioeconomic status modifies heritability of IQ in young

children. Psychol Sci 14(6):623–628

Uhlaner JE (1952) Development of the armed forces qualification test

and predecessor army screening tests. PRB report, 1946–1950.

Department of the Army, Washington

Van den Oord EJCG, Rowe DC (1998) An examination of genotype-

environment interactions for academic achievement in a U. S.

National Longitudinal Survey. Intelligence 25:205–228

Weschler D (1955) Manual for the Wechsler adult intelligence scale.

Psychological Corporation, New York

446 Behav Genet (2010) 40:438–446

123


	Does Parental Education have a Moderating Effect on the Genetic and Environmental Influences of General Cognitive Ability  in Early Adulthood?
	Abstract
	Introduction
	Methods
	Sample
	Measures
	Cognitive ability
	Parental education

	Statistical analysis

	Results
	Descriptive analyses
	Moderation analyses

	Discussion
	Limitations

	Summary
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


