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Abstract The Infant Behavior Record (IBR) from the
Bayley Scales of Infant Development has been used to
study behavioral development since the 1960s. Matheny
(1983) examined behavioral development at 6, 12, 18, and
24 months from the Louisville Twin Study (LTS). The
extracted temperament scales included Task Orientation,
Affect-Extraversion, and Activity. He concluded that
monozygotic twins were more similar than same-sex
dizygotic twins on these dimensions. Since this seminal
work was published, a larger LTS sample and more
advanced analytical methods are available. In the current
analyses, Choleksy decomposition was applied to behav-
ioral data (n = 1231) from twins 6-36 months. Different
patterns of genetic continuity vs genetic innovations were
identified for each IBR scale. Single common genetic and
shared environmental factors explained cross-age twin
similarity in the Activity scale. Multiple shared environ-
mental factors and a single genetic factor coming on line at
age 18 months contributed to Affect-Extraversion. A single
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shared environmental factor and multiple genetic factors
explained cross-age twin similarity in Task Orientation.

Keywords Behavior - Childhood - Longitudinal - Twin
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Introduction

Since the pioneering work of Thomas and Chess (1977),
much has been written regarding the role of temperament
in explaining individual differences in behavior (Auerbach
et al. 2008; Bates et al. 1998; Rothbart and Derrryberry
1981; Rothbart et al. 1994). These differences in behavioral
expression have been found to relate to important outcomes
across multiple domains (Blair and Diamond 2008; Booth-
LaForce and Oxford 2008; Chatoor et al. 2000; Goldsmith
et al. 2007; Graziano et al. 2010; Hagger 2010; Martin and
Holbrook 1985; Matheny 1989a; Matheny and Dolan 1980;
Rothbart and Jones 1998; Rothbart and Hwang 2005;
Rothbart et al. 2006). While differences exist in measure-
ment and specific behavioral classifications, there is a
growing body of literature suggesting that while tempera-
ment has a biological basis, behavioral expression is
modifiable and the environment can mediate the relation-
ship between temperament and a variety of outcomes
(Comas et al. 2014; Jaffe et al. 2010; Rapee 2014; van
Ijzendoorn and Bakermans-Kranenburg 2015; Wachs and
Kohnstamm 2001). What is less clear, are the specific
developmental mechanisms responsible for the changes in
the expression of specific temperament characteristics over
time. Important in understanding how the genes and envi-
ronments interact, is also understanding the points in time
when significant changes occur that might suggest a period
of increased vulnerability or susceptibility to changes in the
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physical or psychosocial environments. Various tempera-
ment characteristics have been associated with mental and
physical health, behavior, personality, and academic out-
comes; to name a few (Blair and Razza 2007; Blair and
Diamond 2008; Booth-LaForce and Oxford 2008; Gjone
and Stevenson 1997; Goldsmith and Lemery 2000).

Previous research has shown both stability and change
in children’s individual behavioral expression across time
and situation in early childhood (Matheny 1983, 1989b;
Matheny et al. 1985; Saudino et al. 1996). Twin studies
have been used to better understand the relative contribu-
tion of the genetic and environmental influences on sta-
bility and change in behavior (Matheny 1983; 1989b;
Matheny et al. 1985; Saudino et al. 1996). In a classic
paper by Matheny (1983), the Infant Behavior Record
(IBR) from Bayley Scales of Infant Development (BSID;
Bayley 1969) was used to assess behavioral stability in
approximately 300 twin pairs from the Louisville Twin
Study (LTS) at 6, 12, 18, and 24 months. In a previous
study, Matheny (1980) reduced 25 items of the IBR to three
over-arching temperament scales (task orientation, affect-
extraversion, and activity) and two additional non-tem-
perament dimensions (auditory-visual awareness and motor
coordination). These three temperament scales were used
in subsequent studies by Matheny (1983) and others in twin
studies (Saudino and Cherny 2001; Saudino et al. 1996) to
better understand the genetic influences on behavioral
stability and change in early childhood. These early works
made important contributions to the literature about the
development of temperament-related behavior. For exam-
ple, the ideas were just emerging that while, overall, for all
developmental phenotypes there is a gradual progression in
behavioral complexity; there are individual differences in
the rates of expression and within individual children the
unfolding occurs in episodes of acceleration and lags
(Wilson 1983). Twin studies demonstrated that these
accelerations and lags were more synchronous for
monozygotic twin pairs (Matheny 1980, 1983, Wilson
1983; Wilson and Matheny 1983, 1986). Wilson (1983)
recognized that there was an ongoing and dynamic inter-
action between genes and the environment. These prior
studies from LTS data examined temperament-rated
behavior using the IBR, parent-report, and laboratory
observations.

Since Matheny’s classic paper in 1983, the participants
in the LTS more than doubled and were followed longer in
the longitudinal study. In addition, since 1983, new ana-
lytical methods have been developed that allow for greater
precision in the data analysis. Later, using newer analytical
methods, a similar sample size (n = 301 twin pairs) from
the McArthur Longitudinal Twin Study (MALTS), and the
same methodology used by Matheny (1983); Saudino et al.
(1996) examined the three behavioral scales from the IBR

at 14, 20, and 24 months of age and, in 2001, in the same
sample (Saudino and Cherny 2001), extended their work to
36 months. A modified IBR was used at 36 months. The
previous three factors were extracted at 14, 20, and
24 months. However, Affect-Extraversion did not emerge
at 36 months. Saudino and Cherny found significant heri-
tability across ages with new genetic effects on Activity at
20 months and Task Orientation at 36 months.

Braungart et al. (1992) also used the IBR to examine the
three behavioral scales previously extracted by Matheny
(1980) with a sample of non-adoptive (n = 190) and
adoptive siblings (n = 160) from the Colorado Adoption
Project, which they compared to data previously reported
by Matheny (1983) on twins from the LTS (n = 270).
They concluded that the heritability estimates were
35-57 % and that there was very little contribution from
the shared environment.

It is clear from the literature that temperament has, at
least, a moderate biological basis, but the behavioral
expression of innate temperament characteristics and
adverse outcomes associated with more negative aspects of
temperament is modifiable by the environment. The LTS
has the potential to replicate and extend important research
due to the frequency and comprehensiveness (IBR, parent-
report, and laboratory observation) of the data collection
from infancy through adolescence with larger sample sizes
to confirm existing findings and identify new patterns of
genetic and environmental influences. To demonstrate the
utility of revisiting the LTS data, the current study aims to
replicate and extend the work done by Matheny (1983),
Saudino et al. (1996), and Saudino and Cherny (2001)
using the IBR data from the Louisville Twin Study that
were collected at 6, 9, 12, 18, 24, 30, and 36 months of age
in more than 600 pairs of twins. The current dataset rep-
resents a broader range of ages and a larger sample size
than the previous studies from the LTS and the MALTS.

Methods
Participants

Twins enrolled in the LTS were recruited from the Board of
Health birth certificate records of twin births for families
residing in the metropolitan Louisville, Kentucky area at the
time of the twins’ birth. The LTS sample consisted of fam-
ilies who were recruited to represent the full range of
socioeconomic status, race, and ethnic diversity that was
within the Louisville metropolitan area at the time of
recruitment. Approximately 80 % of the participants are
European-American, 18 % are African-American, and the
remaining 2 % are of mixed or Asian ancestry. Occupations
of heads of households, converted to Duncan’s scores for
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socioeconomic status (Hollingshead 1975), represented the
entire distribution of social class, with an average score on
the 100-point scale of 46.89 (SD = 26.9), a score typical for
middle-level clerical workers. Mean gestational age of the
LTS sample is 37.18 weeks (SD = 2.6), which is just below
the population mean of 40 weeks for single-born neonates.
Special efforts were made to retain recruited families in the
study, and less than 10 % of the sample withdrew from the
longitudinal study during the first 3 years.

A total of 1231 children born between 1957 and 1997
had data on the variables of interest between 6 and
36 months of age for the current analysis. Forty-seven
percent of the sample participated in at least 6 of the 7
waves of measurement; 73 % participated in 4 or more
waves. Zygosity was determined by blood sera analysis
made when the twins were 36 months of age or older as
part of the LTS protocol. Number of children participating
in each wave is presented in Table 1; both same-sex and
opposite-sex pairs were included. Prior to 36 months,
zygosity was determined by a consensus of staff ratings of
the twins’ similarity of physical appearance. When repe-
ated observations were completed between 6 and
36 months, there was 98 % agreement between the ratings
and the blood typing results (Wilson and Matheny 1986).
Previous studies have demonstrated that assessments of
physical similarity are 90-95 % accurate when compared
to serological tests (Nichols and Bilbro 1966). Results of
blood sera testing were available for 79 % of the sample.
Forty-seven percent of pairs included here were monozy-
gotic twins (MZ) and 53 % were dizygotic twins (DZ).

Measures
The twins were administered the Bayley Scales of Infant

Development (Bayley 1969, 1993) individually by separate
examiners at each visit to the study center at 6, 9, 12, 18,

24, 30, and 36 months of age (+1 week). The testing
schedule was arranged so that examiners did not test the
same twin on successive visits. After they had been
assessed by the mental and motor scales, procedures that
lasted approximately 90 min, the Infant Behavior Record
(IBR) was filled out in accord with the BSID manual.
Following Matheny (1980, 1983) and Saudino et al. (1996),
three scales were created from IBR items. Task orientation
indicates the infant’s general engagement with the testing
task and includes items assessing object orientation (item
8), goal directedness (item 11), and attention span (item
12). Affect-extraversion measures the extent to which
children engaged in the social dynamics of the testing sit-
uation and includes responsiveness to examiner (item 2),
cooperativeness (item 4), fearfulness (item 5, reverse
scored), and happiness (item 7). The activity scale focused
on the general level of activity and energy and included
activity (item 14), body motion (21), and energy level (item
25). Comparisons of factor structure across testing occa-
sions indicated that the factor structure did not vary sys-
tematically with age. To avoid variance in measurement
(cf. Wicherts et al. 2004), an invariant definition of scales
at each testing occasion was created by standardizing the
individual IBR items relative to the respective means and
variances at 6 months. Items were standardized to a mean
of 5 and a standard deviation of 1, and then summed to
create the IBR scales. The inter-observer reliabilities, based
on a subsample of 57 infants, were 0.82, 0.87, and 0.79 for
task orientation, affect-extraversion, and activity, respec-
tively (Matheny 1983). Sample sizes, mean scores (and
standard deviations) for the IBR scales are presented in
Table 1. Means and standard deviations were generally
stable across age, but differed somewhat between boys and
girls, especially at the later ages. For that reason, scales
were sex-corrected before behavior genetic analyses were
conducted.

Table 1 Mean and standard deviations for the three IBR factors at each wave

Wave N Twin pairs Task orientation Affect-extraversion Activity
M/F MZ/DZ Boys Girls Boys Girls Boys Girls

6 months 427/458 181/225 13.5 (4.1) 13.9 (4.0) 155 (2.7) 15.5 (2.6) 13.3 (2.8) 13.0 (2.6)
9 months 355/381 172/177 16.4 (3.3) 16.2 (3.2) 16.1 (2.7) 16.2 (2.9) 13.4 (2.6) 13.1 (2.6)
12 months 465/507 210/237 15.0 (3.8) 15.4 (3.6) 15.9 (3.0) 16.0 (3.0) 13.8 (2.8) 13.7 (2.5)
18 months 427/455 193/217 14.5 (4.1) 15.1 (3.6) 15.1 (3.3) 15.1 (3.3) 149 (34) 14.0 (2.8)
24 months 444/504 206/240 15.8 (3.6) 16.2 (3.9) 16.5 (3.6) 16.5 (3.5) 14.6 (3.1) 14.1 (2.9)
30 months 404/423 177214 14.6 (3.7) 15.2 (3.3) 15.7 (3.6) 16.4 (3.2) 15.0 (3.3) 13.9 (3.0)
36 months 346/333 147/169 15.4 (3.8) 16.1 (3.4) 16.8 (3.3) 17.4 (3.4) 14.4 (2.8) 14.0 (2.8)

N indicates the number of males (M) and females (F)
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Statistical model

The variance in any trait can be divided into three separate
components: additive genetic effects (A), shared rearing
environmental effects that serve to make the members of a
family more similar (C), and nonshared environmental
effects including error (E). By fitting structural equation
models to the observed MZ and DZ covariance matrices,
we can estimate the proportion of total variance accounted
for by the variance in genetic factors, shared environment
factors, and nonshared environment factors. Univariate
analyses of the IBR scales were conducted separately at
each age. Multivariate analyses provide additional power
for estimating parameters when compared to univariate
approaches (Schmitz et al. 1998); therefore a Cholesky
decomposition of the genetic and environmental covari-
ances was applied to model the consecutive waves of IBR
testing. Figure 1 presents the Cholesky decomposition of
the additive genetic factors: each latent genetic factor (A6
through A36) impacts performance at that age and at each
subsequent age. In the full model, similar paths were
included for shared environment (C6 through C36) and
nonshared environmental (E6 through E36). To address
issues of continuity and change in sources of variance, the
focus of model testing was not on individual path coeffi-
cients but on the role of the latent factors (A, C, and E) at
each age. The Cholesky model allows us to test hypotheses
about single general sources of variance (A6, C6, and E6)
versus multiple age-specific sources of variance (e.g, A9
through A36). Heritability estimates can increase
throughout childhood as the result of the amplification of
original genetic factors (A6) or from the emergence of new
genetic sources of variance in childhood (e.g, A9 through
A36). Similar hypotheses about shared and nonshared
environmental influences can be examined. Hypotheses
were tested by comparing model fit indices; nested models
were compared using the likelihood ratio test (LRT)
obtained by taking the difference between the obtained
model fits (log likelihoods) and testing its significance with

the degrees of freedom equal to the difference in the
number of parameters of the two models. Akaike’s Infor-
mation Criterion (AIC), which is the log-likelihood minus
twice the degrees of freedom, was used to identify the most
parsimonious model.

Results
Correlations

Phenotypic age-to-age correlations are presented in
Table 2. The correlations were modest in the younger ages
(range 0.13-0.30) but tended to be slightly larger at the
later ages (range 0.23-0.41). Thus, the pattern of correla-
tions indicates some continuity, and possibly increasing
continuity, combined with substantial change in the rank
order of individuals during childhood. Twin intraclass
correlations on the three IBR scales, both within age and
across age, are presented in Table 3. The patterns of cor-
relations differed across IBR scales. For Task Orientation
the pattern of MZ and DZ intraclass correlations within-age
was generally consistent from one age to another and there
were significant twin correlations across ages. In contrast,
for Affect-Extraversion the difference between MZ and DZ
correlations tended to increase with age, suggesting
increases in genetic influences. Across ages, twin similarity
tended to decrease with increasing distance between mea-
surement occasions. The pattern of twin correlations for the
Activity scale was inconsistent and the MZ-DZ differences
across the first 6 ages showed no clear pattern of increasing
or decreasing similarity.

Univariate analyses

As a preliminary step to multivariate analyses, univariate
analyses of twin similarity were conducted separately at
each age for each IBR scale. Components of variance
estimated by the full model are presented in Table 4;

6 months 9 months 12 months

18 months

24 months 30 months 36 months

Fig. 1 Cholesky model of latent additive genetic factors influence behavior at ages 6 through 36 months. The full model included C6 through

C36 and E6 through E36
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Table 2 Phenotypic stability of IBR temperament factors across age

6-9 months 9-12 months 12-18 months 18-24 months 24-30 months 30-36 months
Task orientation 0.17%* 0.26** 0.26%* 0.32%%* 0.34%* 0.40%*
Affect-extraversion 0.13%%* 0.23%%* 0.13%%* 0.23%%* 0.28%* 0.23%%*
Activity 0.29%%* 0.24%%* 0.30%* 0.37%* 0.36%* 0.34%*
** p <0.01
Table 3 Twin intraclass correlations, within age and across age
Age 6 months 9 months 12 months 18 months 24 months 30 months 36 months
MZ DZ MZ DZ MZ DZ MZ Dz MZ Dz MZ DZ MZ DZ
Task Orientation
6 0.45%*%  0.36%*
9 0.26%*  0.17#*  0.32%*  (.25%*
12 0.15%* 0.18** 0.33** 0.16** 0.40%* (0.33**
18 0.07 0.16*%*  0.09 0.11 0.21%*%  0.23%%  0.37**  0.30%*
24 0.17%% 0.29%* 0.12 0.11 0.03 0.26%*  0.27%*% 0.34**  0.30%* (.38%*
30 0.15*  0.15% 0.21** 0.15*  0.07 0.14%% 0.20%*%  0.25%*  0.24**  (0.23%% (0.41%*% (.28%*
36 0.18*  0.32%* 0.18* 0.26%*  0.04 0.23%*% 0.17**% 0.35%*  0.31*%% 0.33% 0.47%% 031%* 0.62%* (.39%*
Affect-Extraversion
6 0.24%*  (0.24%*
9 0.16%* 0.22%* 0.11 0.19%%*
12 0.05 0.10 0.29%*%  0.20%*%  0.27**  0.26%*
18 0.10 0.08 0.09 0.10 0.12% 0.17%*%  0.28**% 0.12*
24 0.06 0.10 0.06 0.13 0.16*%*  0.09 0.33%%  (0.17%%  0.40%* 0.24%*
30 0.07 0.03 —-0.01 0.02 0.07 0.01 0.30%*  0.04 0.25%*%  0.07 041%+ 0.11
36 0.07 0.11 0.05 —-0.02 -0.15 0.03 0.19%*  0.09 0.20**  0.05 0.28** 0.11 0.41%*  0.18%*
Activity
6 0.43%*% (0.21%*
9 0.28%*  0.15* 0.35%*  0.27%*
12 0.21%*% 0.15* 0.26%*  0.23%*%  0.32%*  (.27%*
18 0.13*  0.10 0.16%*  0.21%% 0.20%*  0.21*%*  0.44%* (.29%*
24 0.09 0.07 0.07 0.13*  0.16%*  0.26%* 0.34%* (0.33*%* (.33%% (.20%*
30 0.08 0.03 0.09 0.13 0.18**  0.19%*  0.35%%  0.17*%*% 0.29%* 0.29%* 0.48%* 0.27**
36 —-0.01 —-0.03 0.05 0.06 0.08 0.19%% 0.12 0.14 0.20%*  0.12 0.35%*  0.20%*  0.29%*  (0.28%**

*p < 0.05; % p < 0.01

significance indicates parameter estimates in the full model
with 95 % confidence intervals that did not contain zero.
As expected from pattern of twin correlations, heritability
estimates for Affect Extraversion were low at earlier ages
and higher at later ages. Estimates of shared environmental
components of variance demonstrated the opposite pattern.
For both Task Orientation and Activity, all three compo-
nents of variance were fairly stable, with some fairly small
values for heritability at age 24 months for Task Orienta-
tion and 36 months for Activity. For all three scales,
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nonshared environmental influence is consistently signifi-
cant and strong.

Multivariate analyses

The focus of model comparison was to test hypotheses
about continuity and change in genetic and environmental
factors influencing IBR factors over age. A model assum-
ing complete continuity in twin similarity would include
single common factors: A6 and C6. Results of testing
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Table 4 Results of univariate twin analysis

6 months 9 months 12 months 18 months 24 months 30 months 36 months
Task orientation
Heritability 0.19 0.17 0.27 0.22 0.00 0.26 0.48*
Shared environment 0.27 0.16 0.18 0.18 0.35% 0.15 0.14
Nonshared environment 0.54%* 0.67* 0.56* 0.61% 0.65%* 0.59%* 0.38%*
Affect Extraversion
Heritability 0.03 0.00 0.08 0.26 0.29 0.37* 0.44*
Shared environment 0.23 0.16 0.21 0.01 0.10 0.00 0.00
Nonshared environment 0.74%* 0.84* 0.71% 0.73% 0.60* 0.63* 0.56*
Activity
Heritability 0.44* 0.20 0.23 0.50* 0.17 0.50* 0.05
Shared environment 0.00 0.17 0.14 0.01 0.19 0.00 0.25
Nonshared environment 0.56* 0.63* 0.63* 0.49% 0.64* 0.49%* 0.69

*p < 0.05

versions of this model for Activity are reported in Table 5.
First, the full model estimating all parameters was fit to the
data and served as the baseline for model comparisons. In
model 2, latent genetic factors A9 through A36 were
dropped from the model, retaining only A6. Fit of model 2
did not differ significantly from the baseline model
(LRT = 19, df = 21, p = 0.599), indicating A9 through
A12 were not necessary to adequately model twin simi-
larity in Activity. In model 3, latent shared environmental
factors C9 through C36 were dropped from the model,
retaining only C6. Again, fit of the model did not differ
significantly from the baseline model (LRT = 2, df = 21,
p = 0.999). Model 4 represents a combination of models 2
and 3 in which only A6 and C6 were retained; fit of the
model did not differ significantly from the baseline model
(LRT = 58, df = 42, p = 0.053). Moreover, the difference
between models 2 and 4 was significant (LRT = 38,
df = 21, p = 0.013) indicating that adding C6 to model 2
produced a significant improvement in fit. Similarly, the
difference between models 3 and 4 (LRT = 55, df = 21,
p < 0.001) indicated that adding A6 to model 3 signifi-
cantly improved model fit. In the final model (model 5), all

E contributions to cross-age similarity were dropped,
which resulted in a smaller value for AIC. Other models
were tested, but none improved on model fit. Thus, a single
common genetic factor (A6) and a single common shared
environmental factor (C6) were sufficient to explain cross-
age twin similarity in Activity. Figure 2 presents the path
diagram of model 5 (solid lines indicate significant path
coefficients and dashed lines indicated nonsignificant path
coefficients). The associated path coefficients and confi-
dence intervals are reported in Supplemental Table 1.
Because the focus of model fitting was on continuity and
change as indicated by the latent factors (A, C, and E), the
final models may contain individual nonsignificant paths.
Standardized variance components at each age as estimated
by model 5 are presented in the top panel of Fig. 5. Heri-
tability decreased somewhat with age and shared environ-
mental factors were more important starting at age
18 months.

Initially, the pattern of model fitting for Affect-Ex-
traversion was similar to the results for Activity; results are
presented in Table 6. Comparing the fit of models 2
through 4 to the baseline model again suggested single

Table 5 Model-fitting results
for activity

Model —2LL df Parms AIC LRT df p value
1. Full model 26,674 5490 91 15,694

2. Keep only A6 26,693 5511 70 15,671 19 21 0.599
3. Keep only C6 26,676 5511 70 15,654 2 21 0.999
4. Combine models 2 & 3 26,731 5532 49 15,668 58 42 0.063
5. Model 4 + only age specific E 26,755 5553 28 15,665 97 81 0.065

—2LL is the log-likelihood indicating model fit; Parms indicates the number of parameters fit by the model;
AIC is Akaike’s Information Criterion; LRT is the likelihood ratio test comparing the fit of each model to

the full model

@ Springer



616

Behav Genet (2015) 45:610-621

ACT 6 ACT9 ACT 12

ACT 18

ACT 24 ACT 30 ACT 36

DOOOEEE

Fig. 2 Path diagram representing results for the best-fitting model for Activity: solid lines indicate significant path coefficients and dashed lines
indicated nonsignificant path coefficients. The associated path coefficients and confidence intervals are reported in Supplemental Table 1

Table 6 Model-fitting results

for affect extraversion Model —2LL df Parms AIC LRT df p value

1. Full model 28,041 5490 91 17,061

2. Keep only A6 28,048 5511 70 17,026 6 21 0.999
3. Keep only C6 28,045 5511 70 17,022 3 21 0.999
4. Combine models 2 and 3 28,081 5532 49 17,017 40 42 0.573
5. Drop A6, A9, A12, C18, C24, C30, C36 28,048 5518 63 17,012 6 28 0.999
6. Model 5 + drop A24, A30, A36 28,052 5524 57 17,004 11 34 0.999
7. Model 5 + drop C9 28,062 5524 57 17,014 21 34 0.962
8. Model 5 + drop C12 28,048 5523 58 17,002 7 33 0.999
9. Keep only C6, C9, A18 28,060 5529 52 17,002 19 39 0.997
10. Model 9 + only age-specific E 28,092 5550 31 16,992 51 60 0.792

—2LL is the log-likelihood indicating model fit; Parms indicates the number of parameters fit by the model;
AIC is Akaike’s Information Criterion; LRT is the likelihood ratio test comparing the fit of each model to

the full model

common A6 and C6 factors. However, the cross-age cor-
relations in Table 3 and the univariate results in Table 4
suggested a more complicated pattern of genetic and
environmental contributions to cross-age similarity; there-
fore, additional models were tested. Building on the uni-
variate results, model 5 included C and E contributions up
to age 12 months and A and E contributions from
18 months and older. Fit for model 5 differed by only 6
from the baseline model (df = 28, p = 0.999) and the AIC
for model 5 was smaller than models 1 through 4. Model 6
tested whether a single source of genetic variance (A18)
was sufficient to explain the data; results indicated that
model 6 did not differ significantly from model 5
(LRT =4, df =6, p=0.637) or the baseline model.
Next, the role of C9 and C12 were tested independently in
models 7 and 8, respectively. The difference between
models 5 and 7, testing the role of C9, was significant
(LRT =14, df=6, p = 0.025), but the difference

@ Springer

between models 5 and 8 was not significant (LRT =1,
df =5, p = 0.987). Combining these model results sug-
gested that the best-fitting model would include C6, C9,
and A18 (model 9). AIC values reported in Table 6 indi-
cate that model 9 fit better than all previous models. In the
final model (model 10), all E contributions to cross-age
similarity were dropped. This model resulted in a smaller
value for AIC and did not differ significantly from the
baseline model; thus model 10 represents the model with
the fewest latent factors (A, C, or E) that adequately
models cross-age similarity in Affect-Extraversion. Fig-
ure 3 presents the path diagram of model 10. The associ-
ated path coefficients and confidence intervals are reported
in Supplemental Table 2. The path diagram indicates
continuity (C6) and change (C9) in shared environmental
influences and continuity in genetic influences that do not
begin to impact behavior until age 18 months (A18).
Standardized variance components at each age as estimated
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Fig. 3 Path diagram representing results for the best-fitting model for
Affect Extraversion: solid lines indicate significant path coefficients
and dashed lines indicated nonsignificant path coefficients. The

by model 10 are presented in the middle panel of Fig. 5. As
expected from univariate results, twin similarity up to age
12 months resulted from shared environmental factors; at
age 18 months and older, twin similarity resulted primarily
from genetic factors.

Finally, results of model comparison for Task Orienta-
tion are presented in Table 7. We tested whether a single
common factor (A6 or C6) could explain cross-age simi-
larity. Neither model 2 or 3 represented a significant
change in model fit from the baseline model, so the two
models were combined in model 4, but model fit was sig-
nificantly reduced compared with the baseline model
(LRT = 85, df =42, p <0.001). In other words, the
model was reduced too far to adequately fit the data. In
models 5 through 10, the impact of adding back each latent

O OO EEE

associated path coefficients and confidence intervals are reported in
Supplemental Table 2

genetic factor (A9 through A36) was tested independently.
Results indicated that model 5 (adding A9) and model 6
(adding A12) did not differ significantly from the baseline
model and these models had lower AIC values than pre-
vious models. Models 7 through 10, however, did not
indicate any improvement in model fit. Combining these
model results suggested that the best-fitting model would
include C6, A6, A9, and A12 (model 11). The difference
between model 11 and the baseline model was minimal
(LRT = 6, df = 31, p = 0.999). Moreover, dropping any
individual latent factor from model 11 resulted in a sig-
nificant decrease in model fit: drop C6 (LRT = 51, df = 7,
p < 0.001), drop A6 (LRT = 36, df = 7, p < 0.001), drop
A9 (LRT =33, df=6, p<0.001), and drop Al2
(LRT = 32,df = 5, p < 0.001). In the final model (model

Table 7 Model-fitting results

for task orientation Model —2LL df Parms AIC LRT df  p value

1. Full model 29,125 5495 91 18,136

2. Keep only A6 29,138 5515 70 18,108 14 21 0.880
3. Keep only C6 29,128 5515 170 18,098 3 21 0.999
4. Combine models 2 and 3 20,210 5536 49 18,138 85 42 0.000
5. Model 4 + A9 29,162 5530 55 18,102 38 36 0.387
6. Model 4 + A12 29,163 5531 54 18,101 39 37 0.388
7. Model 4 + A18 29,176 5532 53 18,112 51 38  0.073
8. Model 4 + A24 29,177 5533 53 18,111 52 39  0.075
9. Model 4 + A30 29,179 5534 51 18,111 55 40  0.059
10. Model 4 + A36 29,206 5535 50 18,136 81 41 0.000
11. Keep only C6, A6, A9, A12 29,130 5525 60 18,080 6 31 0.999
12. Model 11 + only age-specific E 29,172 5546 39 18,080 48 52 0.653

—2LL is the log-likelihood indicating model fit; Parms indicates the number of parameters fit by the model;
AIC is Akaike’s Information Criterion; LRT is the likelihood ratio test comparing the fit of each model to

the full model
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12), all E contributions to cross-age similarity were drop-
ped. This model resulted in a similar value for AIC and did
not differ significantly from the baseline model. Thus,
model 12 represents the model with the fewest latent fac-
tors that adequately models cross-age similarity in Task
Orientation. Figure 4 presents the path diagram of model
12. The associated path coefficients and confidence inter-
vals are reported in Supplemental Table 3. The path dia-
gram presents continuity in shared environmental
influences on Task Orientation and new genetic variance
coming on line at ages 9 and 12 months. Standardized
variance components at each age as estimated by model 12
are presented in the bottom panel of Fig. 5. Heritability
varies across age, but estimates represent a fairly good
match to univariate estimates reported in Table 4.

Discussion

The current study replicates and extends previous longi-
tudinal studies of temperament using scales (Task Orien-
tation, Affect-Extraversion, and Activity) derived from the
IBR at ages 6, 9, 12, 18, 24, 30, and 36 months of age with
more than 600 pairs of twins from the Louisville Twin
Study. The current study extended that of Matheny (1983)
by using a larger sample size and testing ages of 9, 30, and
36 months in addition to the 6, 12, 18, and 24 months
previously reported. With a similar sample size to that of
Saudino and Cherny (2001), we examined younger chil-
dren and more frequent testing points.

Age-to-age correlations were modest in the younger
ages and somewhat larger at the later ages suggesting some
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Fig. 4 Path diagram representing results for the best-fitting model for
Task Orientation: solid lines indicate significant path coefficients and
dashed lines indicated nonsignificant path coefficients. The associated

path coefficients and confidence intervals are reported in Supplemen-
tal Table 3
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continuity, and possibly increasing continuity, combined
with substantial change in the rank order of individuals
during childhood. Multivariate analyses provided evidence
for both continuity and discontinuity in sources of variance
in the IBR scales. Across studies, the phenotypic stability
correlations showed a similar pattern, but the correlations
in the current study were higher than those reported by
Saudino and Cherny (2001) and lower than those reported
by Matheny (1983). Cross-age interclass correlations were
similar across studies. Consistent with the literature, our
findings support the notion that temperament, in general, is
influenced by genetics to some degree, but behavioral
expression is also attributable to environmental influences,
which varies by dimension.

For the Activity scale, for example, a single common
genetic factor (A6) and a single common shared environ-
mental factor (C6) explained cross-age twin similarity,
emphasizing continuity in genetic and shared environ-
mental sources of variance for this scale. As with all three
of the IBR scales, nonshared environmental influences on
Activity were unique to each age of measurement and, thus,
were a source of discontinuity across age. While Saudino
and Cherny (2001) found a common genetic factor across
14, 20, 24, and 36 months; they also found new genetic
variance at 36 months, which differs from our findings.
Also, in contrast to our findings, Saudino and Cherny found
no shared environmental influence while our findings
suggest a single common shared environmental effect (C6).
Consistent with Saudino and Cherny (2001), we found
unique nonshared environmental influences at each age.
More frequent data points across greater ages
(6-36 months) may contribute to the differences in
findings.

In contrast to the results for Activity, evidence for dis-
continuity in sources of genetic and shared environmental
variance was found for Affect-Extraversion: before age
18 months the twin similarity was entirely attributable to
shared environmental factors (C6 and C9), whereas at
18 months, the influence of shared environment began to
wane and the influence of genetic factors (A18) became
predominant. In other words, although a single genetic
factor was identified for Affect-Extraversion, it did not
emerge until age 18 months. Saudino and Cherny (2001)
found a common genetic factor that emerged at 14 months
and new genetic variance at 20 and 24 months. Compar-
isons between the studies are difficult since they did not
examine children younger than 14 months or beyond
24 months on this dimension. In addition, the current study
demonstrated new shared environmental effects at 6 and
9 months and unique nonshared environmental effects at
each age. Saudino and Cherny (2001) demonstrated a
similar effect of the nonshared environment, but, in con-
trast to the current study, they found no shared

environmental influence. This finding may reflect data
collection at a period when language is beginning to
emerge and parent responsivity to early communication
skills may influence the expression of the Affect-Ex-
traversion dimension of temperament.

Finally, Task Orientation demonstrated yet another
pattern of continuity. All genetic sources of variance
emerged early in childhood at ages 6, 9, and 12 months and
continued to influence behavior thereafter. A single com-
mon factor explained all shared environmental variance for
Task Orientation. Thus, although new genetic variance
emerged at 9 and 12 months, the primary pattern for Task
Orientation is one of continuity of genetic and shared
environmental influences. There is the possibility of
changes in the nature of genetic influence between 18 and
30 months. Saudino and Cherny (2001) demonstrated a
similar pattern of genetic continuity across 14-36 months.
However, unlike the current study, they found new genetic
contributions at 36 months, but questioned whether the
difference might be attributable to differences in the factor
structure at 36 months. Unlike the current study, others
found no influence of the shared environment (Braungart
et al. 1992; Saudino and Cherny 2001), but, found a similar
effect of the nonshared environment (Braungart et al. 1992;
Saudino and Cherny 2001).

Understanding the factors associated with stability and
change over infancy and early childhood is important as it
is a period of relatively rapid change and neurobiological
differentiation (Couperus and Nelson 2006; Sameroff and
Fiese 2000; Shonkoff 2010; Shonkoff and Marshall 2000).
Current developmental theories posit that developmental
processes are dynamic and transactional across all domains
(Sameroff and Fiese 2000; Shonkoff 2010; Thelen and
Smith 1996), including temperament and behavior. Tran-
sition periods are important to understanding how genes
and environments interact to produce differential outcomes
(Thelen and Smith 1996) because it is at these points of
transition that the system is most receptive or vulnerable to
changes in the environmental context (Sameroff and Fiese
2000; Shonkoff 2010; Thelen and Smith 1996).

Our findings confirm that of others in that there is evi-
dence a biological component to the expression of these
three temperament factors, but there is a consistent influ-
ence from the shared and nonshared environment that
varies somewhat across factors. More data are needed to
better understand the specific environmental variations that
contribute to differences in behavior and how these envi-
ronmental characteristics interact at periods of change in
genetics expression. This is particularly important with
temperament as it has been shown that while there is a
genetic basis for the expression of temperament, outcomes
are modifiable be the environment. It has been shown that
children with more negative temperament characteristics
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are at greater risk for adverse outcomes (Eisenberg et al.
2004; Rothbart 2011). However, when the physical and
psychosocial environments are more flexible and child-
focused, the negative outcomes associated with more dif-
ficult temperament styles can be moderated (Eisenberg
et al. 2005; Keogh 2003; Rothbart 2011). This is consistent
with the “goodness-of-fit” concept first described by
Thomas and Chess (1977). It seems likely that interven-
tions aimed at providing a supportive environment, espe-
cially during the key transition periods, would be optimal
as the system is reorganizing during those periods. Chil-
dren with more difficult temperament styles may need
more sensitive and structured environments to promote
optimal developmental outcomes, especially as it relates to
self-regulation (Eisenberg et al. 2004, 2005; Rothbart
2011; Rothbart et al. 2000a, 2011).

Future studies should include longitudinal analyses
beyond early childhood to extend into middle childhood,
adolescence, and adulthood to fully appreciation the fluc-
tuations and stabilities over time. Prospective data collec-
tion into adulthood can create a unique opportunity to
explore an infancy to middle adulthood model of genetic-
environmental influence on behavioral expression and a
clearer understanding of the complex relationships
responsible for adverse outcomes as well as scales such as
resiliency and adaption. A greater understanding is needed
of the shared and nonshared environmental factors asso-
ciated with changes in the behavioral expression of specific
temperament characteristics over time to promote optimal
health and developmental outcomes. Additionally, future
studies should examine temperament stability and change
and associations with various outcomes using newer tem-
perament dimensions (Effortful Control, Negative Affect,
and Extroversion) such as those described by Rothbart and
co-authors (2000b, 2001a, b, 2011). The childhood tem-
perament dimensions have been described as precursors for
adult personality (Rothbart and Ahadi 1994; Rothbart et al.
2000a). New data collection at the LTS should include
such personality measures to allow for life course analyses.
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