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Abstract
This report used a population-representative longitudinal twin study with two birth cohorts to explore
the association between intelligence and education by understanding how genetic and environmental
influences on intelligence moderate genetic and environmental influences on school grades and
educational attainment. Non-shared environmental influences on grades were strong when IQ was
low, but decreased across the range of IQ. Shared environmental influences common to age 24
educational attainment and age 17 IQ were strong when IQ was low, but genetic influences common
to IQ and education were strong when IQ was high. These results suggest that the causal mechanisms
linking educational variables with intelligence differ for people with different levels of intelligence.
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The fact that intelligence and education are associated has been realized as long as intelligence
has been measured. Identification of children who would not benefit from standard educational
practices was the primary motive when Binet (1905) developed the first IQ tests. Concurrently,
Spearman (1904) found teachers’ subjective estimates of intelligence to be correlated with
school exam results. A typical cross-sectional correlation between intelligence and educational
achievement measures is about 0.5 (Johnson, McGue, & Iacono, 2005). Like any other
correlation, the association between intelligence and education can arise through different
causal pathways. More intelligent people may seek and gain access to more and higher-level
education. On the other hand, exposure to more education may directly increase intelligence
test scores. But intelligence tests may also resemble school tasks and tests in content and form,
and/or important third variables such as access to financial resources may contribute to both.
Causal effects may flow in all directions, and longitudinal studies can help to quantify their
relative magnitudes.

Intelligence generally predicts educational attainment moderately to strongly, whether
educational attainment is assessed by years spent in full-time education, the highest
qualification obtained by a person, or the scores obtained on educational assessments (Jencks,
1979). For example, the general factor from the Cognitive Abilities Test (CAT) battery taken
at age 11 correlated about .8 with the general factor of grades on the General Certificate of
Secondary Education (GCSE) examinations taken at age 16 in a sample of about 70,000 British
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students (Deary et al., 2007). This study was particularly noteworthy because differences in
exposure to education were minimized at both time points. The CAT was administered at the
end of primary education, which has the same curriculum for all children, and the GCSE
examinations were administered while all participants were still in school; that is, prior to the
end of compulsory education. Older studies have reported similar correlations ranging from .
60 to .96 (e.g., Bouchard, 1984; Kemp, 1955; Wiseman, 1966). These studies all indicate that
intelligence has strong causal effects on education.

Studies of the effects of education on intelligence have not tended to be longitudinal, but they
instead have made use of circumstances affecting school attendance in order carefully to
examine the relation between length of schooling and intelligence. In general, these studies
have indicated that more time in school also leads to greater intelligence. For example, Baltes
and Reinert (1969) took advantage of the German school system’s age requirement at the time
that children be 6 years old by April 1 in order to enter school. This made it possible to compare
the scores of children whose birthdays fell either just before or just after that date, so that the
groups were effectively matched for chronological ages but had a 1-year difference in
schooling. Baltes and Reinert compared the intelligence scores of three cross-sections of
German 8- to 10-year-olds who differed in age by at most 4-months within cross-section. The
8-year-olds who had received an extra year of schooling performed more like the 10-year-olds
who had received less schooling than they did like their own age-mates who had received one
year less schooling. In another example (Sherman & Key, 1932), many early 20th century
children of Scotch-Irish immigrants in the Blue Ridge Mountains received little or no schooling
or access to movies and newspapers. When tested using performance IQ measures that did not
depend on literacy, the older children had lower IQ’s than the younger children. There was one
community in the area that did have access to schooling, however, and the IQ’s of the children
in that community did not vary with age. A South African community of East Indian immigrants
also experienced varying exposure to school that was not dependent on ability. Schmidt
(1967) reported correlations between schooling and two measures of nonverbal intelligence
and one measure of verbal intelligence that ranged from .49 to .68.

Intelligence and education: Genetic and Environmental Variance and Covariance
It is clear that not everyone derives the same benefit from any given educational opportunity
and that the same educational opportunities are not available to everyone. This is the
fundamental developmental issue about which we still have much to learn in order to
understand the bidirectional effects involved in the association between intelligence and
education. At bottom, addressing the questions of nature/nurture, person/situation, genes and
environment, cause and effect involves understanding how direct environmental effects and
genetic and environmentally-based niche-picking processes are balanced in the association
between education and intelligence. Niche-picking processes take place when individual
characteristics lead one to behave in ways that create particular environmental circumstances.
The individual characteristics involved may arise through any combination of genetic and
environmental influences (Johnson, 2007), but people often tend to link the term ‘niche
picking’ with genetic influences. Measurement models that can simultaneously provide
evidence for causal attributions through precise timing and identify both genetic and
environmental influences and their relations to the timing of measurement can be particularly
helpful in illuminating these processes.

It is well established that intelligence shows genetics influences. In childhood, they run less
than 50% of variance, but they increase to around 70% in adulthood (Bouchard & McGue,
1981; Deary, Spinath, & Bates, 2006; Plomin & Spinath, 2004). Shared environmental
influences account for perhaps 35% of variance in early childhood, but its contribution declines
to near zero in adulthood. Non-shared environmental influences, including error of
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measurement, contribute a pretty consistent approximately 30% of variance through most of
life.

We can make use of multivariate variance decompositions to explore the genetic and
environmental transactions involving intelligence further. Multivariate variance
decompositions can provide estimates of the environmental and genetic contributions to the
association between intelligence and education, and the extent to which the two variables share
common genetic and environmental influences. For example, the CITO is a national test of
educational achievement used in the Netherlands at age 12. In a sample providing intelligence
test scores at ages 5, 7, 10, and 12, the intelligence test scores predicted age 12 achievement
test scores between .41 and .63 (Bartels, et al., 2002). Genetic influences on the achievement
test accounted for about 60% of variance, and genetic influences were the principal reason for
the correlations between the intelligence and achievement tests. Johnson, McGue, and Iacono
(2005, 2006) obtained similar results in an adolescent sample in the United States. There, a
latent variable representation of school grades formed the measure of achievement. Almost
70% of its variance could be attributed to genetic influence, and 56% was common to genetic
influences on intelligence. Importantly, of course, though intelligence clearly contributes to
educational achievement, it is not the only such contributor. In particular, engagement and
motivation, family risk, personality traits such as conscientiousness, and disruptive behaviors
are all variables that have received attention as contributors to school achievement (e.g.,
Johnson, 2008). These variables also show genetic and environmental influences that may be
related to those on either or both of intelligence and school achievement. In the Johnson,
McGue, and Iacono studies, however, even after controlling for the genetic and environmental
influences on such predictors of school grades 34% of the genetic influences on the level of
school grades could be attributed to genetic influences on intelligence.

The present study
Though these multivariate variance decompositions have helped to clarify the reasons for the
association between education and intelligence, they have relied on the assumptions that
genetic and environmental influences function independently and constantly across their
ranges. There is increasing evidence that these assumptions are often violated (Johnson,
2007). With direct relevance to the subject at hand, for example, Turkheimer, et al. (2003)
found that genetic influences on intelligence in 7-year-olds varied with level of family
socioeconomic status (SES). Though this study failed to address the existence of and possible
effects of SES on variance common to intelligence and SES, it did demonstrate some of the
processes involved. This suggests that it is important to test the validity of these assumptions
with respect to the association between intelligence and education. The point of such analyses
is not to develop evidence for the existence of “gene-environment interaction” or moderation
of genetic and/or environmental influences per se. Rather, it is to explore the transactions
between person and situation, nature and nurture, genetic and environmental influences in order
to understand more clearly how individuals differences in intelligence contribute to individual
differences in educational outcomes.

In the present study we focused on educational performance and attainment in late adolescence
and young adulthood. We made use of two linked samples to explore the genetic and
environmental transactions linking education and intelligence. At age 17, when adolescents
were still in relatively homogeneous educational environments (high school), we made use of
school grade point averages to measure performance. At age 24, when most young adults had
made most of their choices regarding educational attainment, we assessed that educational
attainment. At both ages, we wished to make use of variables that reflected the readily
externally available measures of education generally used as control variables in the sort of
study whose methodology we wished to address rather than what participants actually learned

Johnson et al. Page 3

Intelligence. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in their educational careers. For this reason, we did not wish to make use of standardized tests
of educational achievement.

We employed multivariate models that simultaneously allow for the examination of the extent
to which genetic and environmental influences may be common to education and intelligence
and the extent to which the magnitudes of genetic and environmental influences on education
may vary with levels of intelligence. The use of these models allowed us to address the degree
to which education results from direct environmental effects and niche-picking associated with
intelligence as well as the degree to which these processes may vary with level of intelligence.
In addition, the models allowed us to estimate the extent to which genetic and environmental
influences on education may vary with levels of intelligence, making it possible to assess the
kinds of effects that education may have on cognitive performance in later life. Our study thus
helps to clarify how education and intelligence are linked as young people move from their
environments of origin to those they establish in their own rights.

As we have noted, genetic influences on IQ are strong and well-established. IQ is also relatively
stable throughout the lifespan (Deary, Spinath, & Bates, 2006; Deary, Whiteman, Starr,
Whalley, & Fox, 2004; Fagan, Holland, & Wheeler, 2007; Fagan & Detterman, 1992). Because
of this, we made use of IQ measured 6-7 years before education in our young samples. In doing
so, we were relying on the evidence cited above that IQ is the more causal variable in the
association between IQ and education, yet also selecting a statistical treatment that measured
the strength of that causal association. If, in addition, we found substantive common genetic
or environmental influences on both IQ and education, then the causal process could be
described as one involving niche-picking. In contrast, if IQ moderated genetic or environmental
influences on education that were independent of those on IQ, then the causal process could
be described as one in which IQ exerts a directly limiting or enabling environmental force on
education.

But the very existence of genetic or environmental niche-picking processes involving education
and IQ implies that the social system in which these processes exist will not be static over time,
and thus will also not be static across the range of IQ. Niche-picking involves actively seeking
out as well as passively receiving different experiences involving educational attainment, but
with varying degrees of success over time. Thus genetic and environmental differences in
educational attainment may be expressed to differing degrees in people with different IQ’s. As
long as there is any correlation at all between education and IQ, the presence of both moderating
effects of IQ on variance in education and substantial correlation between the common genetic
and environmental influences is likely (Johnson, 2007). In this paper we explored both the
magnitudes and implications of such effects and their implications for the use of education
variables as controls in studies of important outcomes such as health and well-being.

Method
Sample

Participants were male and female twin pairs from the ongoing Minnesota Twin Family Study
(MTFS). The MTFS is a population-based accelerated longitudinal study of same-sex twins
and their parents. It consists of two cohorts, initially recruited at ages 11 and 17. We made use
of both cohorts for this study. The younger cohort has been assessed at ages 11, 14, and 17,
with assessments at age 20 in progress. The older cohort has been assessed at ages 17, 20, and
24, with assessments at age 29 in progress. The cohorts were recruited using publicly available
databases to determine the current status and location of more than 90% of the same-sex twin
pairs born in Minnesota in the targeted years.
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For the younger cohort the targeted birth years were 1977-1982 for males, and 1981-1984 and
1988-1990 for females. For the older cohort the targeted birth years were 1972-1978 for males
and 1975-1979 for females. Located twins without significant mental or physical handicap who
lived within a day’s drive of Minneapolis with at least one biological parent were invited to
complete a day-long, in-person assessment at the University of Minnesota. Less than 20% of
located, eligible families declined participation.

The twins and their parents were generally representative of the Minnesota population during
the approximately 20-year period in which the twins were born. Fathers averaged a little over
14.5 years of education, mothers about 1 year less. The average Hollingshead (1957)
occupational level of the families was about 4, reflecting jobs at the skilled ‘blue collar’ level.
The full range of educational and occupational levels was represented, however. Some parents
held graduate degrees or professional credentials and worked in highly professional
occupations, while others had dropped out of high school and/or were unemployed or working
in semi-skilled jobs. The standard deviation was just under 2 Hollingshead levels. More than
80% of the families who did not participate completed a brief mail or telephone survey, which
made it possible to compare participants and non-participants on some measures, and thus to
develop a good understanding of the representativeness of the sample. Parents in non-
participating families averaged .3 years less education than those in participating families, a
difference that was statistically significant but not of great substance (about .1 sd). Participating
and non-participating families did not differ significantly in self-reported mental health. A
complete analysis of non-participants and description of the ascertainment and assessment
procedures used in the MTFS is provided by Iacono, et al. (1999).

In the younger cohort, the male sample consisted of 762 twins (381 pairs). Of these, 256 pairs
were monozygotic (MZ), 122 were dizygotic (DZ), and 3 were missing zygosity. The female
sample in the younger cohort consisted of 886 twins (443 pairs). Of these, 269 pairs were MZ,
173 were DZ, and 1 was missing zygosity. At the age 17 assessment, 625 individual boys (82%)
and 507 individual girls (57%) returned for assessment. The proportion of females with data
at age 17 was much lower than that of males because many of the females had not yet reached
age 17. There were no significant differences between those who returned at age 17 and those
who did not in family occupational level or grades in school at age 11. Those who returned at
age 17 did have somewhat higher IQ’s (p<.001, average IQ of 104.3 for those who returned
and 101.6 for those who did not, standardized mean difference of .20).

In the older cohort, the male sample consisted of 578 twins (289 pairs). Of these, 376 were
monozygotic (MZ) and 202 were dizygotic (DZ). The female sample in the older cohort
consisted of 676 twins (338 pairs), including 446 MZ and 228 DZ twins. At age 24, 532
individual males (92%) and 631 individual females (93%) returned for assessment. There was
no significant difference between those who returned at age 24 and those who did not in family
occupational level. Those who returned at age 24 had slightly higher grades in school at age
17 than those who did not (p=.012, average grade point averages of 3.1 for those who returned
and 2.9 for those who did not, standardized mean difference of .28). They also had somewhat
higher IQ’s (p=.001, average IQ of 99.9 for those who returned and 94.9 for those who did not,
standardized mean difference of .36). Consistent with the demographics of Minnesota for the
targeted birth years, over 98% of the twins were Caucasian.

Measures
Younger Cohort: Grade Point Average at Age 17—In general, MTFS does not collect
data on actual school grades. Rather, participants reported the grades they typically received
in language arts, math, social studies, and science classes by indicating that the grades were
much better than average (A’s=4), better than average (B’s=3), average (C’s=2), below average
(D’s=1), or much below average (i.e., failing=0). Possible scores thus ranged from 0 to 4. This
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approach was taken because the MTFS families were drawn from many different school
systems, which created disparity in grading formats, procedures, and standards. We made use
of the average of the subject reports, and refer to this variable as GPA. A random sample of
67 participants from the younger MTFS cohort assessed at age 14 showed a correlation between
our reporter measure and grade point average computed from school transcripts of .89. Most
of the participants who did not end up completing high school generally still provided grade
reports at the age 17 assessment, either because they were still in school at that time or because
they reported the kinds of grades they had been earning before they dropped out.

Younger Cohort: IQ at Age 11—IQ was assessed using an abbreviated version of the
Wechsler Intelligence Scale for Children – Revised (WISC-R; Wechsler, 1974) at age 11 when
participants were recruited. The abbreviated version of this test consisted of 2 verbal
(Vocabulary and Information) and 2 performance (Block Design and Picture Arrangement)
subtests. These subtests were selected because the resulting IQ score correlates .90 with total
WISC-R IQ based on all subtests. Scores ranged from 49 to 156.

Older Cohort: Educational Attainment—At age 24 participants reported both
educational attainment to date and whether they were currently enrolled in educational
programs. We used this information to compile a 12-point scale of educational attainment.
Scale values ranged from 0 for failure to complete high school to 12 for completion of a
professional degree (PhD, JD, MD, etc.). Participants who dropped out of high school but
returned to complete a general equivalency degree were coded as 1; those who completed high
school in the usual manner but attained no education beyond that were coded as 2. Completion
of a post-high school vocational training program was coded as 4, while completion of a 4-
year college degree was coded as 8. Participants who were enrolled in master’s degree programs
were coded as 9; those who had completed master’s degrees but were no longer enrolled in
school were coded as 10. The participant data observations ranged from 0 (failure to complete
high school) to 11 (currently enrolled in a professional degree program). Thus our metric
reflected at least to some degree the potential to attain education beyond the actual age of
assessment. The educational attainment variable was approximately normally distributed
(skewness=-.66, kurtosis=-.48). Parents from both cohorts also reported both their own years
of education and degrees attained at the intake assessments.

Older Cohort: IQ at Age 17—Participants received an abbreviated version of the Wechsler
Adult Intelligence Scale - Revised (WAIS- R; Wechsler, 1981) at age 17. Like the version for
the younger cohort, this abbreviated version consisted of 2 verbal (Vocabulary and
Information) and 2 performance (Block Design and Picture Arrangement) subtests. Scores
ranged from 69 to 151. Parents from both cohorts also received this test at the intake
assessments.

Descriptive statistics for the variables used for each cohort are shown in Table 1. In the
remainder of this paper we will use the term GPA/Ed to refer interchangeably to educational
attainment or GPA when appropriate.

Analytical Approach
Conceptual Approach—To test whether GPA/Ed reflects primarily environmental
influences and to explore whether and how IQ moderates genetic and environmental influences
on GPA/Ed, we made use of a model that explicitly quantifies the genetic and environmental
influences on a particular trait in the context of correlation with and moderation by genetic and
environmental influences on an associated trait. The model was developed and outlined by
Purcell (2002), and he provides reference to a website providing computer scripts for
implementing the model. To show how this model works, we need to define several quantitative
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genetic concepts and describe how they form the foundation for the model we used. We begin
by describing the much simpler standard bivariate quantitative genetic model. This model relies
first on the idea that the phenotypic (observed) variance (Vp) in each of the two traits is a linear
function of additive genetic (A2) and shared (C2) and non-shared (E2) environmental variance
components (Vi = Ai2 + Ci2 + Ei2 and Ve = Ae2 + Ce2 + Ee2, with subscripts i and e for
intelligence and education).

Shared environmental variance components reflect influences that distinguish among twin
pairs but that act to make co-twins similar to each other. Family SES and parental efforts to
equalize educational opportunities for their offspring are generally thought to contribute to
shared environmental variance. Though they include measurement error, nonshared
environmental variance components also reflect systematic influences that act to make co-
twins different from each other. An important example may be different GPA’s and aptitude
test scores that contribute to differing levels of qualification for higher education.

This standard bivariate model is generally depicted as shown in Figure 1. It shows both
members of each twin pair and the correlations between the genetic and environmental
influences contributing to their intelligence and GPA/Ed as well as paths allowing for genetic
and environmental influences both common to intelligence and GPA/Ed and unique to GPA/
Ed. Under this model, each of the components of variance in GPA/Ed is assumed to be constant
across the range of IQ. As we were interested here in exploring the extent to which influences
on GPA/Ed were direct environmental effects and whether niche-picking processes involving
intelligence played some role, we required that the components of variance in GPA/Ed be
allowed to vary with IQ. Moderation of the variance components of educational attainment
with level of some other variable such as IQ is an example of gene-environment interaction
(GxE). GxE can be thought of as environmentally driven genetic expression. The related
phenomenon of niche-picking, or selecting genetically compatible environments, is usually
measured using genetic correlation (rGE), which can be thought of as genetically driven
environmental exposure. Similar kinds of moderating effects and correlations can take place
for shared and nonshared environmental influences. Genetic and environmental correlations
range from −1 to 1 in the manner usual to correlations.

As described by Purcell (2002), we adapted the standard quantitative genetic model shown in
Figure 1 to include provision for these phenomena by explicitly measuring the possibilities
that there are variance components of GPA/Ed common to intelligence and unique to it alone.
We were thus measuring two possible kinds of moderating effects: differential sensitivity to
IQ that affected both GPA/Ed and IQ, and differential sensitivity to IQ that affected GPA/Ed
alone. The adapted model is shown in Figure 2, this time for only a single member of a twin
pair, though the links between twins are the same as in Figure 1. Under this model, the paths
expressing the genetic and environmental influences on IQ are considered constant as in Figure
1. Though of course we estimated them, we have not explicitly labeled these paths in Figure
2. We did this in order to keep the focus on the paths contributing to variance in GPA/Ed. The
paths that are labeled in the figure express the genetic and environmental influences on GPA/
Ed. These paths are all linear functions of the form x + M*b, where x and b are regression
coefficients and M is the level of IQ1.

Estimates of rGE and the environmental correlations that reflect niche-picking are based on the
proportions of the total influences on GPA/Ed that are common to both GPA/Ed and IQ. Thus,

1This model estimates means but not moderation of means. Moderation of means is completely confounded with moderation of genetic
influences common to intelligence and education, so it is possible only to estimate one of them at a time. When moderation of means is
estimated, then the variance common to intelligence and education cannot be decomposed. As we were primarily interested in the effects
of intelligence on variance in education, the approach we took was preferable. It is of course possible that moderation could take other
forms besides the linear, but the linear approach is a straightforward and powerful first approximation to most of the other possible forms.
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for example, rGE is common . In most bivariate models of
genetic and environmental influences, these correlations are treated as constant throughout the
ranges of either variable. In the presence of significant moderation of genetic or environmental
influences on GPA/Ed, however, the corresponding genetic or environmental correlations vary
as functions of IQ. It is the measurement of these moderating and correlation effects that enables
us to address the extent to which and manner in which intelligence may be involved in GPA/
Ed. When changes in the level of the moderating variable, IQ, are associated with changes in
variance in GPA/Ed that is unique to GPA/Ed, we can infer that IQ has a direct environmental
effect on GPA/Ed.

Data Adjustment and Analytical Implementation—The variables were basically
normally distributed. We had small amounts of missing data, but the assumption that these
data were missing at random was reasonable (Little & Rubin, 1987), given that ongoing
participation was in no way predicated on IQ or family occupational background. We thus used
maximum likelihood to fit our models to raw data. We implemented the quantitative genetic
models in the computer program Mx (Neale, Boker, Xie, & Maes, 1999), specifying them as
recommended by Purcell (2002). All variables were standardized to place them on the same
measurement scale.

Assortative mating, or the tendency for parents to be similar to each other, for IQ and education
is common (Vandenberg, 1972). IQ’s in the parents of the twins in our samples were correlated .
34 on average over both cohorts. Assortative mating for genetically influenced traits acts to
make DZ twins more similar for the traits in question in the same manner as do shared
environmental influences, making it impossible to distinguish the two kinds of effects. Because
MTFS collects IQ and education on the parents of the twins in our samples, we were able to
estimate the extent of phenotypic assortative mating in these samples directly. Years of
education in the parents of the twins was correlated .57 on average over both cohorts. It is still
practically necessary, given that assortative mating is not the primary focus of interest in this
study, to assume assortment on the basis of phenotype, though other bases are plausible. We
also had to make some assumption about the extent to which the phenotypic correlation reflects
genetic influences, but substantial data from other studies are available for reference. We
assumed that genetic influences accounted for about 60% of the variance in IQ and about 35%
of the variance in Ed, which meant that DZ twins would share about 60% of their genes rather
than the 50% that would apply if mating were random2. The assumption for IQ is supported
by data from many other studies (Bouchard & McGue, 2003; Deary et al., 2006) that show
ranges from 50 to 80%, and the assumption about educational attainment is consistent with
these data. The higher the percentage of the parental correlation assumed to be genetic, the
higher the estimates of genetic influences on the two traits will be.

We allowed parsimony to dictate the results presented because of the complexity of the
quantitative genetic models with which we worked. To do so, we dropped all terms indicating
moderating genetic and/or environmental effects from the models when we could do so without
significant change in model -2*log likelihood. We evaluated the appropriateness of this using
Akaike’s Information Criterion (AIC, Akaike, 1983), an information theoretic fit statistic.
These kinds of information theoretic fit statistics make it possible to determine the most
parsimonious or efficient representation of the data because they provide objective criteria for
selecting models that minimize the amount of information required to express the data. Thus,

2The spousal correlation of .34 for IQ accounted for 12% of the variance, of which 60%, or 7% in total, could be considered genetic.
The spousal correlation of .57 for educational attainment accounted for 32% of the variance, of which 35%, or 18% in total, could be
considered genetic. In round figures and because earlier measured IQ contributes to education, this averages to about 10% additional
genetic variance beyond the 50% usually assumed in quantitative genetic models for DZ twins. We implemented the 60% directly in the
model.

Johnson et al. Page 8

Intelligence. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



this statistic was of primary importance in identifying the best model. It also has the advantages
of eliminating concerns about planned comparisons and multiple testing and can be useful in
clarifying the importance of effects when power to measure their statistical significance is low.
The point of dropping insignificant moderating terms was to focus attention on the paths and
thus the social forces that were most important in these data. It was not to deny the potential
existence of smaller moderating effects on the paths that happened not to be significant in this
particular sample.

Results
Descriptive statistics

As would be expected, the IQ and education measures were substantially correlated in both
cohorts, and the correlations were similar to those that have been reported in prior studies. The
correlation between IQ at age 11 and GPA at age 17 was .40 in the younger cohort, and the
correlation between IQ at age 17 and educational attainment was .32 in the older cohort. In
general, it was reasonable to conclude that the associations among the variables were similar
in the two cohorts.

The correlations between members of monozygotic (MZ) and dizygotic (DZ) twin pairs for
the study variables are given in Table 2, along with their cross-twin correlations. Genetic
influences are indicated when MZ correlations are greater than DZ correlations, and their
relative magnitude can generally be approximated for a given variable as twice the difference
between the two correlations (Falconer & Mackay, 1996). Assortative mating and shared
environmental influences are both possibly indicated to the extent that DZ correlations are
more than half the MZ correlations, and their combined relative magnitude can be
approximated for a given variable by doubling the DZ correlation and subtracting the MZ
correlation (with a lower bound of 0), though they cannot be separately distinguished, as
described above. Nonshared environmental influences and measurement error are indicated to
the extent that MZ correlations are less than 1.00. The variables showed evidence of substantial
influences of all three kinds. These initial data suggested that genetic influences on IQ
accounted for about 40% of variance at age 11 and 60% at age 17, with indications for GPA
being very similar. Educational attainment in particular showed important shared
environmental influences, perhaps in excess of 40% of variance, but IQ and GPA, at least at
age 11, also showed shared environmental influences in the 20-30% range. The observations
for these variables at these ages in this sample were very similar to those from other studies.

Moderating Effects of IQ at Age 11 on GPA at Age 17, and of IQ at Age 17 on educational
attainment at Age 24

Table 2 also provides correlations between members of MZ and DZ twin pairs broken into
groupings by level of IQ, as well as cross-twin correlations between education and IQ. These
correlations provide preliminary indications of the moderating effects of IQ that we can expect
from the models we fit. They are of course subject to restriction of range to somewhat differing
degrees, but their relative magnitudes should hold at least generally. They suggest that
nonshared environmental influences on age 17 GPA decreased with increasing IQ and that
genetic influences on age 24 educational attainment increased with increasing IQ while shared
environmental influences decreased.

The top part of Table 3 shows the model fit statistics determining the best-fitting version of
the model estimating the extent to which IQ at age 11 moderated the genetic and environmental
influences on GPA at age 17. To determine this model, we did not drop any of the six common
and unique A, C, or E paths, but only the moderating terms on them. In the best-fitting model,
IQ moderated only the nonshared environmental influences unique to GPA; the model

Johnson et al. Page 9

Intelligence. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



including the relevant moderating path fit significantly better than the model with no
moderating paths, and this model’s fit did not differ significantly from that of the model
including all 6 moderating paths. The bottom part of Table 3 shows the model fit statistics
determining the best-fitting version of the model estimating the extent to which IQ at age 17
moderated the genetic and environmental influences on educational attainment at age 24
following the same procedures as above. Here IQ moderated both the genetic influences
unique to educational attainment and the shared environmental influences common to
educational attainment and IQ; the model including the relevant paths fit significantly better
than the model with no moderating paths, and this model’s fit did not differ significantly from
that of the model including all 6 moderating paths.

The estimated components of variance, proportions of variance, and genetic and environmental
correlations from the best-fitting models from Table 3 are given in Table 4, along with their
95% confidence intervals. The table is organized so that results from the younger cohort appear
on the left side of the table and those from the older cohort on the right. At the top, we show
the estimated genetic and environmental influences for IQ, the environmental moderating
variable. The paths corresponding to these estimates are the ones shown in Figure 2 but not
labeled. In the middle, we show the same kinds of estimates for GPA in the younger cohort
and Educational Attainment in the older. These estimates were derived by summing the squared
path coefficients from the common and unique sources of variance in GPA/Ed. Thus, the
estimates for any one source of variance could differ across the range of IQ if either or both of
the variance components common or unique to GPA/Ed were moderated by IQ. At the bottom,
we show the genetic and environmental correlations between IQ and the relevant measures of
GPA/Ed.

The confidence intervals for the genetic and environmental correlations were wide. This was
particularly true of the shared environmental correlations. The models have little power to
specify these any of these correlations exactly (Carey & DiLalla, 1994), so this is typical for
these kinds of correlations, especially when, as for the shared environmental correlations, they
apply to very small components of variance. Consistent with results from other studies
(Bouchard & McGue, 2003; Deary et al., 2006), genetic influence on IQ increased with age.
This was primarily at the expense of shared environmental variance, but nonshared
environmental variance decreased as well. At age 11, 58% of the variation in IQ was under
genetic influence, with 19% under shared environmental influence. The remaining 23% was
under nonshared environmental influence. At age 17, 73% of the variation in IQ was under
genetic influence and only 7% was under shared environmental influence, with the remaining
20% under nonshared environmental influence.

As Table 5 shows, some of the genetic and environmental components of variance in GPA and
educational attainment differed with level of IQ. For example, though genetic and shared
environmental variance in GPA did not change across the range of IQ, GPA’s nonshared
environmental variance decreased. This meant that, as proportions of variance, both genetic
and shared environmental influences increased with increasing IQ. Though it is common in
behavior genetic studies to work with proportions of variance, in this situation they tend to
obscure the underlying processes involved. Thus Figure 3 shows the three raw components of
variance in GPA at age 17 as functions of IQ at age 11. Because there was no significant
moderation of genetic or shared environmental variance in GPA by IQ, these variance
components of GPA were constant across level of IQ. Because there was significant moderation
of nonshared environmental variance, its variance component of GPA did vary with IQ.
Nonshared environmental variance was greater when IQ was low, and dropped off with
increasing levels of IQ. Two standard deviations below mean IQ, nonshared environmental
variance in GPA was about three times greater than at two standard deviations above mean IQ.
Regardless of whether the greater nonshared environmental variance at low levels of IQ arose
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from greater measurement error in GPA at low levels of IQ or greater effects on GPA of
environmental circumstances unique to each individual such as particular teachers or classroom
experiences, the results suggested that GPA outcomes for participants with lower IQ’s were
less systematic than those for participants with higher IQ’s. Table 5 shows the genetic and
environmental correlations as well as the variance components. The genetic correlations were
constant across the range of IQ because there were no moderating genetic effects of IQ. They
were also significant and substantive at .62, suggesting that a genetic niche-picking process
involving IQ predicted GPA. Both shared and nonshared environmental correlations were low
and nonsignificant, indicating that there were no important environmental niche-picking
processes involving IQ.

Figure 4 shows the three components of variance in educational attainment at age 24 as
functions of IQ at age 17. It is directly analogous to Figure 3. The significant moderating effects
in this model were somewhat complex. There was no significant moderation of nonshared
environmental variance in educational attainment by IQ, so its variance component was fixed
to be constant across the range of IQ. There were significant moderating effects of IQ on both
the genetic and shared environmental variance components of educational attainment,
however, so these variance components did vary with IQ. Genetic variance in educational
attainment increased by a factor of four across the four standard deviation range of IQ, growing
from .16 to .64. In contrast, shared environmental variance in educational attainment decreased
by a factor of almost 14 across the same range. Thus there was a trade-off between the
proportions of variance attributable to genetic and shared environmental influences across the
range of IQ. At two standard deviations below mean IQ, 70% of the variance in educational
attainment was due to shared environmental influences, and only 12% was due to genetic
influences. At two standard deviations above mean IQ, these proportions had effectively
reversed: 7% of the variance in educational attainment was due to shared environmental
influences and 66% was due to genetic influences. Because total variance in educational
attainment was somewhat greater when IQ was low, proportions of nonshared environmental
variance also increased with increasing IQ, though absolute levels of nonshared environmental
variance were constant throughout the range of IQ.

IQ moderated the genetic influences unique to educational attainment. Because the effect was
positive, genetic variance unique to educational attainment increased with increasing IQ, so
the genetic correlation between IQ and educational attainment fell with increasing IQ. This
indicated that genetic niche-picking effects of IQ on educational attainment were strongest
when IQ was low. These effects were, however, relatively unimportant when IQ was low,
because genetic variance was relatively small. IQ moderated the shared environmental
influences common to IQ and educational attainment and there were no shared environmental
influences unique to educational attainment, so the shared environmental correlation between
IQ and educational attainment was 1.00 throughout the range of IQ. This indicated that shared
environmental niche-picking effects of IQ on educational attainment were strong throughout
the range of IQ, but these effects were only relatively important at the low end of the IQ range
where shared environmental variance was great. The nonshared environmental correlation was
0 throughout the range of IQ because there was no nonshared environmental variance common
to IQ and educational attainment.

Discussion
In this study, we used new quantitative genetic methodology to explore some of the direct
environmental effects and niche-picking processes linking educational performance and
attainment with intelligence. We did this in order to provide information that should cause
many using education and other multifactorial variables as statistical controls in psychological
and other social science research to question the appropriateness of commonly used procedures
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and work to develop more rigorous approaches. To do so, we made use of two linked
population-representative birth cohorts of twins. In the younger cohort, IQ was measured at
age 11 and GPA at age 17. In the older cohort, IQ was measured at age 17 and educational
attainment at age 24. In both cohorts, therefore, we examined the causal role played by IQ in
the later manifestation of educational performance and attainment. We thus explicitly
investigated the extent to which educational performance and attainment result from niche-
picking processes involving IQ. Our specific results, which relate to a particular time and place,
may not generalize to other situations. But the complexity they show should probably be
considered typical and it is probably reasonable to think of them as at least generally applicable
to a large proportion, though not necessarily all, of the United States population. Given their
complexity, the lack of consistency in analytical treatment of education in psychological and
other social science research and the often unstated assumptions about its role in these studies
is understandable. The situation our results document was complex, but understanding and
incorporating it and its variations over time and place into future research should improve our
ability to understand the emergence of important psychological, physical, and behavioral life
outcomes. We begin by discussing them in some detail and showing how they can be interpreted
in terms of social forces. We then turn to discussion of the methodological implications of our
results.

Genetic and Environmental Influences Linking IQ with GPA and Educational Attainment
We observed that nonshared environmental influences on GPA were greater when IQ was low,
and that they fell across the range of increasing IQ. In contrast, genetic and shared
environmental influences remained constant across the IQ range. The decreasing nonshared
environmental influences across the range of increasing IQ indicated that, whether because of
measurement error or because of the presence of other systematic but unmeasured variables,
GPA was much more variable among those of low IQ than among those of high IQ. This could
be the case if those of low IQ were much less accurate in reporting their GPA’s. It could also
be the case if, for example, the school curriculum were structured so that those of high IQ could
get good grades with relatively minimal effort while those of low IQ could not, so that
individual differences in effort were more important to the grades of those of low IQ than to
those of high IQ. Both situations are plausible, and there is no reason they, along with other
analogous situations involving other personal characteristics, could not co-exist. The genetic
correlation between IQ and GPA was both substantial and significant across the range of IQ,
suggesting that the observed correlation of .40 between IQ at age 11 and GPA at age 17 was
the result of a genetic niche-picking process. That is, the data indicated that genetic influences
on individuals’ pre-existing levels of measured intelligence contributed importantly to levels
of school performance in the last years of secondary education. Neither the shared nor the
nonshared environmental correlation was substantive or significant, so there was no evidence
for the involvement of environmental niche-picking processes.

For educational attainment, the situation was even more complex. Here both genetic and shared
environmental influences on educational attainment varied with level of IQ while nonshared
environmental influences remained constant. Shared environmental influences on educational
attainment were much greater when IQ was low, and they fell sharply across the range of
increasing IQ so that they were of little importance when IQ was two standard deviations above
the mean. This indicated that family environmental background, likely including both parental
emphasis on education and parental financial resources, was much more important to
educational attainment when IQ was low than when it was high. It also indicated that family
environmental background, probably most importantly lack of financial resources, rarely
curtailed educational attainment for those of high IQ. In contrast, genetic influences on
educational attainment were very slight when IQ was low, but increased to become of primary
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importance across the range of increasing IQ. This suggested that educational attainment was
not strongly curtailed by genetic influences limiting IQ.

The genetic and environmental correlations between IQ and educational attainment reinforced
these observations. The shared environmental correlation was 1.00 across the range of IQ. This
indicated the existence of a shared environmental niche-picking process in which shared
environmental influences on pre-existing IQ also acted to influence educational attainment.
Shared environmental influences were so small when IQ was high, however, that this niche-
picking process was of little importance when IQ was high. The genetic correlation was
significant and moderate when IQ was low but, though it remained significant across the range
of IQ, it decreased substantially so that it was small when IQ was high. This suggested the
existence of some niche-picking process in which genetic influences on individuals’ pre-
existing levels of IQ contributed to educational attainment, but the variance under genetic
influence was so small in relation to the variance under shared environmental influence that
this niche-picking process was also of little importance when IQ was low. The nonshared
environmental correlation was 0 across the range of IQ.

We can summarize these results as follows. When pre-existing IQ was low, it was family
environmental background that most heavily influenced educational attainment. That is, it is
likely that those from families in which education was stressed and which had the financial
resources to obtain higher education tended to do so, while those that came from families that
did not stress education or that did not have the financial resources to pay for it did not obtain
higher education. The correlation of .32 between age 17 IQ and educational attainment was
explained primarily by this shared environmental niche-picking process, as fathers’ IQ and
socioeconomic status were correlated about .40. When pre-existing IQ was high, genetic
influences primarily on characteristics other than IQ influenced educational attainment, though
a genetic niche-picking process played a small role as well, and served to explain a small portion
of the correlation between age 17 IQ and educational attainment. Family environmental
background was of little importance. Likely candidates for the characteristics whose genetic
influences also contributed to genetic influences on educational attainment are personality and
motivational traits such as conscientiousness, behavioral control, and achievement orientation.
At average levels of IQ, genetic and both shared and nonshared environmental influences were
all of relatively equal magnitudes. The shared environmental niche-picking process clearly
dominated, but the genetic niche-picking process had some importance as well. At the same
time, genetic influences on characteristics other than IQ were more important to educational
attainment at average levels of IQ.

GPA and educational attainment are related phenotypes but they are not the same. Thus we
should not expect the effects of IQ on their influences to be identical. In this case, they were
actually quite consistent: as for educational attainment, heritability (or the proportion of
variance attributable to genetic influence) of GPA increased with increasing IQ. Total
environmentality (or the proportion of variance attributable to the sum of shared and nonshared
environmental influences) decreased for both GPA and educational attainment, but IQ had its
moderating effects on nonshared environmental influence on GPA and shared environmental
influence on educational attainment. Given the parental tendency to equalize financial
resources available to siblings for post-secondary education (Behrman et al., 1995) and the
relative independence of GPA from such tendencies, the shift from moderating effects on
shared to nonshared environmental influence made sense.

Limitations
This study is subject to some methodological limitations that should be taken into account
when considering the significance and generalizability of the results. First, the sample is
representative of the population born in Minnesota in the 1970’s and 1980’s, but it is primarily
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of European-American descent and thus should not be considered representative of the
population of the United States as a whole, let alone other countries. In particular, Minnesota
has consistently maintained one of the highest high school graduation rates in the United States,
and college attendance rates tend to be higher than average there as well (Census, 1995).
Moreover, it is becoming increasingly common for people to return for further education at
ages well beyond the age 24 observation we had available here. Second, interaction effects of
the kind we explored are often small and difficult to detect (Rowe, 2003). Though we did have
power to identify several interactive effects, there may have been others (including possibly
nonlinear effects) present that would have required larger sample sizes to detect. Moreover,
using the chi-square test alone, it would be possible to conclude that all the moderating effects
of IQ on educational attainment that we estimated could be constrained to 0. The AIC, however,
which emphasizes model parsimony, showed quite clearly that the model we presented
including the moderating effects provided a better description of the data.

Third, our data included both males and females, but we did not examine the data for possible
gender differences in the associations we explored. In fact, we explicitly removed the effects
of gender differences from the data before beginning our analyses. Future research should
address the possibility of gender differences in this area. In addition, to piece together the
developmental process linking educational performance at age 17 with educational attainment
at age 24 from these results, it is necessary to assume that the social forces impacting the two
cohorts providing data for this study were the same. As the two cohorts were born in the same
metropolitan area and were separated by less than 10 years, this assumption is probably not
unreasonable. Moreover, the fact that there were no differences in genetic and environmental
influences on and correlations between IQ and GPA both measured at age 17 in the two cohorts
(Δχ2=14.6, ns) provided some empirical evidence that this was the case as these statistics are
population-dependent (Burton, Bowden, & Tobin (2007).

Finally, though the statistical significance of our findings was clear in this sample, moderation
effects such as those we observed may be very dependent on both scale properties and
environmental context. That is, different ways of measuring school achievement from GPA
and different way of scaling educational attainment, as well as different ways of measuring
intelligence such as latent variable representations may have different distributional properties
that could lead to different moderation effects than those we observed. Of more likely
substantive importance, however, cohorts reaching maturity in different places and at different
times may show very different moderation effects or no moderation effects at all. Should this
be the case, it would not mean that the effects observed here did not exist or were not important
to those involved.

Integrating Our Results at Ages 17 and 24
The genetic and environmental processes indicated by our results with respect to GPA at age
17 were completely different from those indicated by our results with respect to Ed. There is
actually little reason to expect that they might be the same. At age 17, most adolescents in our
sample remained in school, but by age 19 school attendance was much more variable, both in
presence or absence or attendance and type of program attended. Moreover, free schooling was
available through about age 18 for most youth, but after that availability of financial resources
played a major role in the ability to remain in school and the type of schooling obtained. Our
results suggested that, when the school environment was relatively constant, genetic influences
on and niche-picking within that environment were the main factors involved in performance
within that environment. When the schooling environment was more variable, however, the
transactions among genetic and environmental influences and their relative importance were
more variable as well. This is consistent with a large volume of population genetic research
with non-human animals and plants: in constant environments, individual differences tend to
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result from genetic influences, but in varying environments individual differences have more
varied origins. This is especially true when individuals have some ability to control the
environments they experience. One implication of this is that, within relatively consistent post-
high school environments, such as among university attendees, achievement levels such as
GPA, level of degree attainment, and intention to pursue post-graduate education may show
associations with IQ that are very similar to those for GPA at age 17.

Another factor that likely contributed to the differences in the processes we observed is that
educational achievement as measured by either grades or test scores while adolescents are still
in similar educational environments is not the same as later educational attainment. School
grades and test scores are, by their very nature, highly individual measures that can be
considered theoretically as well as practically continuous. In contrast, though the educational
degrees that form the basis of educational attainment are of course awarded individually,
parents tend to work to equalize the educational opportunities available to their offspring
(Behrman, Pollack, & Taubman, 1995). This helps to explain the greater importance of shared
environmental influences on educational attainment than on GPA. Moreover, two offspring
from the same family can differ considerably in the grades and test scores they produce in high
school, yet both may end up graduating from college, especially if the parents provide financial
and psychological support for college graduation. The difference in their high school-level
performance may end up being reflected not in their educational attainment, but in the colleges
they attend and the grades they earn in college.

This difference in genetic and environmental processes across what might be considered the
developmental milestone of high school graduation and the transition to adulthood highlights
an important point about the associations we observed. It is possible that they were specific to
the samples’ timing in history and geographic location, but it is much more certain that they
were specific to the samples’ positions in lifespan development. The associations among
educational attainment, cognitive function, and other associated outcomes later in the lifespan
may arise through quite different genetic and environmental transactions.

Conclusion and Future Directions
Understanding the way in which education and intelligence are associated has long challenged
psychologists, economists, epidemiologists, and other social scientists. In this study, we made
use of newly available methodology to explore their association in a way that should help to
build understanding of its causal paths. Despite some limitations in our study’s ability to
generalize to the whole population of the United States and the broader world, its results outline
the subtlety of the interrelations involved in the association between education and intelligence
and shed light on the reasons that understanding it has proven so challenging. Future research
in this area should examine the extent to which the results from this study generalize to other
environments and populations of similar age, and how these results may vary with development
across the lifespan.
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Figure 1.
Standard bivariate quantitative genetic model estimating genetic and environmental influences
on IQ and Grade Point Average or Educational Attainment (GPA/Ed) for both members of a
twin pair. A refers to genetic influences, C to shared environmental influences, and E to
nonshared environmental influences. Influences on GPA/Ed can be common to it and IQ or
unique to it alone. Only the paths contributing to GPA/Ed are labeled.
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Figure 2.
Model of moderation of genetic and environmental influences on Grade Point Average or
Educational Attainment (GPA/Ed) in the presence of possible overlap in genetic and
environmental influences on the two variables, shown here for one member of a twin pair only.
A refers to genetic influences, C to shared environmental influences, and E to nonshared
environmental influences. Variance in GPA/Ed can result from any combination of the labeled
paths: A, C, and/or E common to IQ and GPA/Ed and/or A, C. and/or E unique to GPA/Ed.
Each of these paths can vary with level of IQ, shown by M for moderator in the above path
equations. The model includes the paths representing the influences on IQ as well, though they
are not labeled in the figure.
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Figure 3.
Variance in Grade Point Average at age 17 as a function of IQ at age 11, by source of variance.
A refers to genetic variance, C to shared environmental variance, and E to nonshared
environmental variance.
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Figure 4.
Variance in Educational Attainment at age 24 as a function of IQ at age 17, by source of
variance. A refers to genetic variance, C to shared environmental variance, and E to nonshared
environmental variance.

Johnson et al. Page 21

Intelligence. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Johnson et al. Page 22

Table 1

Descriptive Statistics for Study Variables

Variable Mean Standard Deviation

Age 11 Cohort

WISC IQ at age 11 103.47 13.85

GPA at age 17 3.01 .80

Age 17 Cohort

WAIS IQ at age 17 99.52 14.06

Attained Education 6.30 2.40

Note: WISC is Wechsler Intelligence Scale for Children; GPA is grade point average; WAIS is Wechsler Adult Intelligence Scale; attained education
was measured at age 24. 6.30 corresponds to completion of slightly more than a community college degree.
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Table 2

Twin Correlations of Study Variables

Variable MZ DZ

For Full Sample

Age 11 Cohort

WISC IQ at age 11 .73 .54

GPA at age 17 .75 .43

Cross-Twin

Age 17 Cohort

WAIS IQ at age 17 .81 .51

Attained Education .70 .56

Cross-Twin .30 .32

For Sample in IQ Groups

Age 11 Cohort - Low IQ

WISC IQ at age 11 .49 .35

GPA at age 17 .79 .41

Cross-Twin .27 .04

Age 11 Cohort - Moderate IQ

WISC IQ at age 11 .38 .35

GPA at age 17 .72 .50

Cross-Twin .11 .05

Age 11 Cohort - High IQ

WISC IQ at age 11 .44 .26

GPA at age 17 .61 .43

Cross-Twin -.03 .13

Age 17 Cohort - Low IQ

WAIS IQ at age 17 .46 .09

Attained Education .72 .64

Cross-Twin .11 .16

Age 17 Cohort - Moderate IQ

WAIS IQ at age 17 .48 .12

Attained Education .68 .58

Cross-Twin .29 .11

Age 17 Cohort - High IQ

WAIS IQ at age 17 .55 .26

Attained Education .62 .18

Cross-Twin .10 .08

Note: WISC is Wechsler Intelligence Scale for Children; GPA is grade point average; WAIS is Wechsler Adult Intelligence Scale; attained education
was measured at age 24. Low IQ is 90 and below; moderate is 91-109; high is 110 and above.
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