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Previous behavior-genetic research on adult personality relied primarily on self-reports or peer reports
that may be subject to contrast effects, resulting in biased estimates of genetic and environmental
influences. In the German Observational Study of Adult Twins (GOSAT), personality traits of 168
monozygotic (MZ).and 132 dizygotic (DZ) twin pairs were rated on 35 adjective scales, largely markers
of the Big 5. The ratings were provided by 120 judges who never met the twins but observed videotaped
behaviors of 1 twin of each pair in 1 of 15 different settings. The aggregated video-based trait ratings
were highly reliable, and substantial correlations were obtained between MZ as well as DZ twins.
Model-fit analyses suggested about 40% genetic, 25% shared environmental, and 35% nonshared
environmental influence. Extraversion was the only trait that seemed not to be influenced by shared
environment.

Numerous behavior-genetic studies suggest that individual dif-
ferences in adult personality are almost exclusively accounted for
by genetic and nonshared environmental influences. In a meta-
analysis of behavior-genetic studies on personality, Loehlin (1992)
concluded that additive effects of genes accounted for 22-46% of
the phenotypic variance, that nonshared environment accounted
for another 44-55%, and that shared environmental influences
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were weak, accounting for 0-11% of individual differences in
personality. More recently, Plomin, DeFries, McClearn, and Rutter
(1997) suggested that genes accounted for about 40% of the
variance in personality, that nonshared environment accounted for
the other 60%, and that there were no effects of the shared
environment.

Whereas it is now generally accepted that genes have a substan-
tial influence on individual differences in personality, it is still a
puzzle why almost all environmental influences on personality
seem to be of the nonshared variety. Shared environment is defined
as environmental factors that contribute to twin and sibling simi-
larity, whereas nonshared environment is defined as environmental
factors that do not contribute to sibling similarity. Sometimes one
reads that the nonshared environment makes siblings different
from one another, but that definition is ambiguous: Nonshared
environmental influence attenuates the otherwise positive correla-
tions between all kinds of relatives, but it does not result in
negative correlations. If negative correlations between relatives
are observed, they indicate contrast effects that make relatives, or
the personality descriptions of relatives, different from one
another (Heath, Neale, Kessler, Eaves, & Kendler, 1992; Spinath
& Angleitner, 1998).

Lack of importance of the shared environment is inferred from
three findings. First, the correlations between adoptive siblings and
those between adoptees and their adoptive parents tend to be small,
usually about .05 (Loehlin, Willerman, & Horn, 1987; Plomin,
Corley, Caspi, Fulker, & DeFries, 1998; Scarr, Webber, Weinberg,
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& Wittig, 1981). Second, twins reared together are not systemat-
ically more similar in personality than are twins reared apart
(Loehlin, 1992). Finally, the correlations between monozygotic
(MZ) twins tend to be twice or even more than twice as high as are
the correlations between dizygotic (DZ) twins (Loehlin, 1989,
1992; Plomin, DeFries, McClearn, & Rutter, 1997), which sug-
gests genetic and nonshared environmental but no shared environ-
mental influence.

Psychology has reacted to these findings in several ways. Some
authors (Rowe, 1994; Harris, 1995, 1998) have suggested theories
of peer socialization to explain why children in the same family are
so different from one another. Other authors have set out to
demonstrate that there are shared environmental influences on at
least some traits, such as religious orthodoxy (Beer, Arnold, &
Loehlin, 1998). Finally, theorists have suggested that the impor-
tance of the shared environment may be systematically underesti-
mated in adoption studies, because of range restriction (Stool-
miller, 1999), as well as in studies that rely on self-reports or
ratings by knowledgeable informants, because of contrast effects
(Miles & Carey, 1997; Rose, 1995; Saudino & Eaton, 1991). The
present article focuses on the latter hypothesis.

Problems With Self-Reports in
Behavior-Genetic Research

Almost all behavior-genetic studies on adult personality rely on
self-reports (Brody, 1993). One problem with self-reports in
behavior-genetic research is that they do not allow for appropriate
estimates of those sources of measurement error that actually
attenuate the correlations between relatives. This problem has
previously been dealt with in two ways. The first is that error
variance and nonshared environment have not been disentangled,
and their combined effects have been used as estimates of non-
shared environmental influence, resulting in inflated estimates of
this source of individual differences. Researchers have also sug-
gested that twin correlations should be corrected for lack of reli-
ability of the measures used, relying on coefficients of internal
consistency and of temporal stability as reliability estimates (Tel-
legen et al., 1988). This latter approach suffers from the problem
that coefficients of internal consistency estimate the generalizabil-
ity of personality scores across item samples, whereas measure-
ment error caused by item sampling does not attenuate the corre-
lations between relatives who are administered the same
personality scales. Moreover, another source of measurement er-
ror, lack of rater agreement, is not accounted for. Thus, corrections
for unreliability of measurement that are based on the scales'
internal consistencies and temporal stabilities are also not
satisfactory.

Fortunately, there are reliability estimates that are more appro-
priate for studies on family resemblance in personality: As corre-
lations between self-reports by relatives are correlations between
judgments of different target persons by different perceivers, an
appropriate reliability estimate is the consensus between different
perceivers of the same targets. Obviously, this consensus cannot be
estimated from self-report data alone, as there is only one con-
ceivable self-observer for each person. Rather, judgments by out-
side observers are required.

Research on other perception shows that consensus between
perceivers is moderate at best, implying that the reliability problem

in behavior-genetic self-report studies may be more serious than is
suggested by the scales' internal consistencies. Kenny (1994;
Kenny, Albright, Malloy, & Kashy, 1994) reported consensus
correlations of merely .15 for groups of largely unacquainted
students. Indeed, consensus correlations of about .40 have been
obtained in studies (e.g., Amelang & Borkenau, 1982; Borkenau &
Liebler, 1993; Funder & Colvin, 1988; McCrae & Costa, 1987)
that rely on ratings by acquaintances who have been nominated by
the target persons; however, even then the consensus hardly ever
exceeds .60. It is important to note that the correlations between
MZ twins' personality inventory scores are of a similar size and
that the correlations between DZ twins tend to be half that size
(Loehlin, 1989, 1992). From this pattern of findings, one might
even infer that the reliable variance in self-reports of personality is
almost entirely accounted for by genetic factors, whereas the large
influence that is usually attributed to the nonshared environment
actually reflects error of measurement. To be clear, we do not
suggest this conclusion, as self-reports differ from peer reports and
because judges' meaning systems (Kenny, 1994) may be geneti-
cally influenced, implying that consensus may be higher between
MZ twins than between unrelated persons. Nevertheless, these
considerations show that measurement error may be an important
source of variance in behavior-genetic studies on personality.
Thus, we endorse Brody's (1993) and Rose's (1995) warning that
behavior-genetic research on adult personality should not rely on
self-report data exclusively.

Peer Report Studies on Adult Twins

Peer reports by at least two independent judges per target allow
one to separate reliable target variance from perceiver effects and
thus overcome a drawback of self-reports. Despite that advantage,
however, there are only two peer-report studies on adult person-
ality in twins (Heath et al., 1992; Riemann, Angleitner, & Strelau,
1997). In the study by Heath et al. (1992), 460 pairs of MZ and 366
pairs of same-gender DZ twins described their own and their
twin's extraversion and neuroticism. Genes accounted for 63% of
the reliable variance in Neuroticism and for 73% of the reliable
variance in Extraversion, the remaining variance being accounted
for by nonshared environment. Riemann, Angleitner, and Strelau
(1997) administered the German self-report version (Borkenau &
Ostendorf, 1993) of Costa and McCrae's (1992) NEO Five-Factor
Inventory (NEO-FFI) to 660 pairs of MZ and 200 pairs of same-
gender DZ twins and collected additional peer reports by two
acquaintances per twin, using the peer report version of the NEO-
FFI. In their analyses, the broad-sense heritabilities of the true
scores ranged from 57% to 81% for the five trait domains mea-
sured by the NEO-FFI, the remaining variance being accounted for
by nonshared environment. Thus, these two peer report studies
suggest that genes account for about two thirds and nonshared
environment accounts for the other third of the reliable variance in
peer reports of adult personality. This is quite different from the
40% genetic and 60% nonshared environmental variance that are
usually estimated from self-report studies (Plomin, DeFries, et al.,
1997).

Contrast Effects

However, self-reports and peer reports share the problem that
they may be subject to contrast effects. Two kinds of contrast
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effects have to be distinguished in behavior-genetic research on
personality.

1. Relatives in general and twins in particular may mutually
influence each other in ways that make their actual personalities
different from one another. An example might be different roles
taken by twins or siblings to emphasize their unique identities.

2. Apart from the relatives' actual behavioral similarity, contrast
effects may affect the similarity of their personality descriptions,
because they may be compared (and may compare themselves)
with each other instead of with the population mean. This kind of
rater bias would inflate the differences within and reduce the
differences between pairs, resulting in lower correlations between
relatives. Such a process is quite plausible, as persons tend to
compare the targets of personality descriptions with particular
other persons who come to their minds (Schwarz, 1999), and for
twins, a particularly accessible other person may be their cotwin.
Consider, for example, the questionnaire item "Do you enjoy
going to parties?" that is a marker of Extraversion. Twins may
endorse this item if they enjoy parties more than their cotwin does,
and they may deny it if the cotwin enjoys parties more. This would
reduce the correlations between cotwins and result in underesti-
mates of the importance of the shared environment, no matter
whether it operated in MZ and DZ twins alike or whether the effect
was stronger in DZ twins.

Both kinds of contrast effects may yield negative correlations
between relatives, a phenomenon that is inconsistent with the
standard behavior-genetic models that imply positive (or at least
zero) correlations between all kinds of relatives. But even for DZ
twins who share half their genes in addition to their family envi-
ronment, negative correlations have repeatedly been found (Heath
et al., 1992), particularly if young twins were described by their
parents (Neale & Stevenson, 1989; Spinath & Angleitner, 1998).
Such negative correlations indicate one or the other sort of contrast
effect.

Whereas negative correlations between relatives clearly indicate
contrast effects, positive correlations are no proof of the lack of
contrast effects. This is because contrast effects may attenuate the
usually positive correlations between relatives without turning
them negative. If contrast effects affect the actual behavior of
relatives only, the influence of shared environment will actually be
reduced and the parameter estimates will not be biased. However,
if rater bias is involved, the importance of the shared environment
may be underestimated. This makes it desirable to use personality
measures in twin research that may not be subject to that kind of
rater bias. That requires observational studies. Actually, not all
observational studies on relatives prevent rater bias, but they can
be designed in such a way that rater bias cannot occur.

Observational Twin and Adoption Studies

We identified about a dozen observational studies on twins and
adoptees and reviewed them in another article (Borkenau, Rie-
mann, Spinath, & Angleitner, 2000). In none of these studies were
the observed target persons adults. Generally, lack of shared en-
vironmental influence is not as clearly suggested by these obser-
vational studies as it is by studies that rely on self-reports and
ratings by knowledgeable informants. However, most of the ob-
servational studies used small samples, and in many of these

studies, short-term external influences shared by cotwins or adopt-
ees may have contributed to the similarity of their behavior.

Miles and Carey (1997) published a meta-analysis on genetic
and environmental influences on human aggression and concluded
that shared environmental effects seemed to be stronger for obser-
vational than for rating measures. However, their meta-analysis
included only two observational studies on aggression in children.
Moreover, they did not find the behavioral measures of aggression
convincing, arguing that "perhaps one or both of the studies
capitalized on state-specific, reciprocal influences of twin or adop-
tive dyads when they were tested at the same time" (p. 213).

Thus, the answer to the question of whether there is shared
environmental influence on children's behavior is still open. How-
ever, even if observational studies on children conveyed a clear
message, any straightforward inference from these studies to adult
personality would be questionable: Behavior-genetic evidence
suggests that genetic and environmental influences on human
behavior change across the life span and that shared environmental
influence decreases with age (McCartney, Harris, & Bernieri,
1990; Plomin, DeFries, et al., 1997). Thus, observational behavior-
genetic studies on adult personality are highly desirable. This was
the prime reason that we started the German Observational Study
of Adult Twins (GOSAT).

Method

A comprehensive description of the procedure and the data that were
collected in GOSAT has been published elsewhere (Spinath et al., 1999).
Therefore, we describe only those measures here for which results are
reported below.

Participants

Three hundred pairs of adult twins (168 MZ and 132 DZ) who had been
recruited from all over Germany by reports in German media participated
in GOSAT. They were invited for a 1-day testing session that took place at
the University of Bielefeld in Germany. The participants were reimbursed
for their travel expenses and received a flat rate of 30 DM, (approximately
$15) per person for catering. Women (234 pairs) participated more fre-
quently than men did (66 pairs), with gender not significantly associated
with zygosity, ^ ( 1 , N = 300) = 2.00, p = .16. The twins' age varied
between 18 and 70 years, with a mean of 34.28 (SD = 12.99) and a median
of 30.5 years. An analysis of variance (ANOVA) showed that neither
gender nor zygosity nor their interaction was significantly related to the
participants' age, all Fs £ 1.

Zygosity Diagnosis

For 248 twin pairs, zygosity diagnosis was based on semiautomated
genome mapping on 5 highly polymorphic dinucleotide repeat marker loci
(Becker et al., 1997), with the probability of misclassifying DZ as MZ
twins less than 0.9%. For 35 twin pairs, zygosity determination relied on
semiautomated genome mapping on 10 highly polymorphic dinucleotide
repeat marker loci, with an according error rate of less than 0.1%. The
remaining 17 pairs were classified on the basis of questionnaire measures
(Oniszczenko, Angleitner, Strelau, & Angert, 1993) or physical similarity
data, with an estimated error rate of 7.0%. The total proportion of correct
zygosity diagnoses in GOSAT is therefore close to 99.0%.

Measures

Self-reports and peer reports. Most of the GOSAT twin pairs had
previously participated in the peer rating study reported by Riemann et al.
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(1997), in which they had been administered, among others, the German
version of Costa and McCrae's (1992) NEO-FFI. The NEO-FFI measures
the personality domains Neuroticism, Extraversion, Openness to Experi-
ence, Agreeableness, and Conscientiousness with 12 items each. Moreover,
each twin had been described by two acquaintances who differed between
cotwins, using the peer-report version of the NEO-FFI, in which the items
are worded in the third person instead of the first person singular. A few
twin pairs had not participated in the peer rating study, but for most of these
pairs, self-reports and peer reports could be collected in GOSAT.

Videotaped behavior sequences. A main goal of GOSAT was to obtain
reliable and valid personality measures of twins that could not be subject
to rater bias. We achieved this by (a) videotaping the twins in 15 settings
in which they had to complete different tasks, (b) presenting these video-
tapes to judges who never met the twins they described, and (c) never
letting a judge of 1 twin observe the cotwin as well.

Because it was desirable to collect personality descriptions by strangers
that were highly informative of the targets' actual personality, we wanted
to have the twins complete tasks in which personality differences were
likely to become observable. Assessment centers are confronted with
similar problems, as they have to predict the aptitude of testees for
positions in organizations from short-term behavior observations in struc-
tured settings. Thus, we made use of the literature on assessment centers.
Specifically, our tasks included the following (with average duration in
parentheses):

1. Introduce oneself (1.25 min).
2. Arrange three photographs in a meaningful order and tell an interesting

story that the three pictures might illustrate (4.50 min).
3. Tell dramatic stories about three cards from Murray's (1943) Thematic

Apperception Test (6.00 min).
4. Tell a joke to an experimental confederate (1.50 min).
5. Persuade an "obstinate neighbor" (actually a confederate) on the phone

to reduce the volume of her stereo after 11 PM (2.25 min).
6. Refuse a request for help by "a friend" (actually a confederate) who

says that she has just had a car accident (2.00 min).
7. Introduce oneself to a stranger (an experimental confederate) and tell

her about one's hobbies after the confederate has introduced herself
(12.00 min).

8. Recall objects that one has just seen in a waiting room (3.00 min).
9. Solve a complex logical problem as fast as possible. Another "partic-

ipant" (actually the confederate) received the same problem and os-
tensibly "solved" it at an enormous speed (4.50 min).

10. Introduce the stranger from Setting 4 to the experimenter (2.50 min).
11. Invent a "definition" for a neologism and provide arguments for why

that definition would be appropriate (6.25 min).
12. Rig up a high and stable paper tower within 5 min, using scissors,

paper, and glue only (5.25 min).
13. Read 14 newspaper headlines and their subtitles aloud (3.00 min).
14. Describe multiple uses of a brick, using pantomime only (2.75 min).
15. Sing a song of one's choice (1.00 min).

Approximately 60 min of videotapes per participant, or about 600 hrs of
videotapes altogether, were collected this way.

Video-based personality ratings. Numerous judges provided trait rat-
ings of the twins, relying solely on these videotapes. To increase the
reliability of the trait ratings, each twin was observed in each setting by
four independent judges. Moreover, the behavior in different settings was
rated by different panels of four judges to secure independence of ratings
for different settings. Finally, different panels of judges were employed for
twins from the same pair to prevent contrast effects in twin perception.
Thus, 4 (parallel judgments) X 15 (number of settings) X 2 (cotwins) =
120 judges were employed, each of them providing ratings of 300 persons.
All judges were students either of the University of Bielefeld or of the
University of Halle and were paid for their participation.

The judges provided by a computer their ratings on 35 bipolar 5-point
ratings scales. Each of Goldberg's (1990) Big Five factors (i.e., Extraver-
sion, Agreeableness, Conscientiousness, Emotional Stability, and Intellect)
was represented by 4 scales, and 4 additional scales were included to
measure Openness to Experience (McCrae & Costa, 1987). The selection
of these 24 scales relied on a large trait-taxonomic study of the German
personality-descriptive language by Ostendorf (1990). Two of the 4 scales
that measured each factor were reverse scored to control for acquiescence
response set. Moreover, ratings of the targets' attractiveness and likeability
were included, mainly to control for the higher expected similarity of MZ
twins in physical attractiveness. The remaining 9 adjective scales differed
between the 15 settings and were included to account for setting-specific
behavior that is not dealt with in this article.

The judges' work stations were equipped with a video recorder, a video
monitor, and a computer. The judges were instructed to watch a video
sequence for 1 twin and then provide the 35 trait ratings for that twin using
the computer keyboard, then restart the video recorder to watch 1 twin from
another pair, and so forth, until they had provided ratings of 300 persons, 1
twin of each pair. The computer had been programmed (a) to present the 35
adjective scales in a random order that differed between video sequences
and (b) to store the judges' responses. Previous to the ratings of the twins,
we checked the judges' understanding of the instruction through some
practice trials for which an extra videotape displaying other target persons
was used. Altogether, we collected 1.26 million video-based ratings this
way, taking more than 4,100 hrs for observation and ratings.

Ratings by experimenters and confederates. The twins were also de-
scribed by the experimenter and the confederate, using the peer-rating
version of the NEO-FFI. The (always female) confederate was involved in
six observational settings (Setting 4-Setting 9), and she provided her
descriptions when she had interacted with the target for about 1 hr. The
experimenter described the target at the end of the observation day after
about 6 hrs of interaction and observation. Whereas the experimenter saw
both cotwins of a pair (although 1 much longer than the other), the
confederate met only 1 twin sibling.

Data Analyses

Control for covariates. Twin correlations were computed not only for
the unconnected scores but also for three types of residuals. Following a
suggestion by McGue and Bouchard (1984), we first regressed all person-
ality scores on the twins' age and gender, as these biographical variables
inflate correlations between same-gender twins for those personality traits
with which they are correlated. Second, we additionally regressed the
video-based ratings on the targets' perceived physical attractiveness, as it
may substantially affect personality ratings by outside observers (Kenny,
1994), who are influenced by an attractiveness stereotype in the sense that
"what is beautiful is good" (Dion, Berscheid, & Walster, 1972, p. 289). As
the averaged attractiveness ratings correlated .67 for MZ twins but .28 for
DZ twins when age and gender were controlled, an attractiveness stereo-
type might have inflated the MZ-DZ differences and, thus, the heritability
estimates. As these regression analyses were run at the level of the
individual judges, the mean of the residualized ratings by each judge for
each trait was zero, implying that systematic perceiver effects were also
controlled. Specifically, the video-based ratings by a particular judge were
regressed on the physical attractiveness ratings by that judge, whereas the
personality descriptions by the experimenters and their confederates (who
did not provide attractiveness ratings) were regressed on the averaged
attractiveness ratings by the judges who provided the video-based ratings.
The reliability of these averaged attractiveness ratings (intraclass correla-
tion [ICC] 1, 60, according to the taxonomy of ICCs suggested by Shrout
& Fleiss, 1979) was .96. Finally, the video-based ratings were adjusted for
systematic effects of the experimenters, using dummy codings (West,
Aiken, & Krull, 1996). As cotwins were always taken care of by different
experimenters, experimenter effects would otherwise have reduced the twin
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correlations. Altogether, seven experimenters were involved in GOSAT,
each of them taking care of between 28 and 133 twins.

Aggregation of video-based ratings. The unconnected and the residu-
alized scores obtained from the video-based personality ratings were ag-
gregated in several steps. First, they were averaged within the 15 settings
and within the 35 adjective scales across the four judges who had been
exposed to the same behavioral information. Second, for the 26 adjective
scales that had been administered to describe the twins' behavior in all 15
settings, the composite scores from Step 1 were averaged across the 15
settings. For 11 twin pairs, one or a few videotaped behavior sequences in
individual settings were not available for technical reasons, but for no twin
pair were more than three sequences missing. In these cases, we averaged
the ratings for 12 to 14 settings. Third, we averaged the video-based
personality ratings for these 26 adjective scales across seven settings
(Settings 1, 3, 5, 7, 9, 11, and 13; i.e., the odd settings) and across eight
settings (Settings 2, 4, 6, 8, 10, 12, 14, and 15; i.e., the even settings) to
obtain two independent reliable indicators for each latent phenotype. This
made it possible for us to run multivariate latent-phenotype models that
separated measurement error from nonshared environmental influence.
Fourth, we averaged the composite scores from Step 1 across those
adjectives that referred to the same personality domain, yielding setting-
specific domain scores for Extraversion, Agreeableness, Conscientious-
ness, Emotional Stability, Openness to Experience, and Intellect. Usually
we aggregated four adjectives per personality domain, but for Emotional
Stability, it turned out that the scale even-tempered did not correlate with
the other three scales. Therefore, only the three correlating markers of
Emotional Stability were combined. Finally, we averaged the composite
scores for the six personality domains across the odd settings, across the
even settings, and across all 15 settings, resulting in global measures of the
six personality domains.

Results

Reliability and Convergent Validity of Measures

The interrater reliabilities of the peer reports, experimenter
ratings, and video-based personality ratings (at the highest level of
aggregation) are reported in Table 1. As the mean correlation
between the descriptions by two peers was .40, these scores were
averaged, and the reliability of this composite score (ICC 1, 2) is
reported. The average ICC between the trait descriptions by ex-
perimenters and confederates was .42, and therefore their descrip-
tions were also combined. The latter ratings are henceforth referred
to as experimenter ratings.

Table 1
Reliabilities of Peer Reports, Experimenter Ratings,
and Video-Based Personality Ratings

Trait

Extraversion
Agreeableness
Conscientiousness
Emotional Stability
Intellect
Openness to Experience

Peer ratings
r2

.64

.50

.53

.58

.59

Experimenter
ratings

r2

.64

.52

.57

.54

.67

Video-based
ratings

rw

.96

.93

.92

.94

.95

.93

Note. All ratings were partialed for the twins' age and gender, and the
experimenter ratings and video-based personality ratings were also par-
tialed for target attractiveness and experimenter effects.

Table 1 shows that error of measurement was substantial in the
descriptions by peers and experimenters: Even the reliabilities of
the averaged descriptions did not exceed .67. By comparison, the
reliabilities of the video-based personality ratings, aggregated
across all 15 settings, varied around .94, reflecting the large
number of judges involved. For the subsets of odd settings and
even settings, the interrater reliabilities for the domain scores
varied from .86 to .93, qualifying them as useful indicators for
multivariate latent phenotype analyses.

The correlations between self-descriptions, averaged peer de-
scriptions, averaged experimenter ratings, and video-based person-
ality ratings (at the highest level of aggregation) are reported in
Table 2. Evidently, the correlations between the self-descriptions
and peer descriptions were high, given the limited reliability of
these data. However, these correlations may have been inflated by
communication between informants. The correlations of the video-
based personality ratings with the ratings by experimenters were
also high, in view of the limited reliability of the experimenter
ratings. In contrast to self-peer agreement, however, inflation of
these correlations by communication between judges was ruled
out; rather, they reflected similar independent inferences from the
twins' observed behavior. By comparison, the correlations of the
self- and peer reports with the experimenter and video-based
personality ratings were lower. This may reflect either that the
twins' behavior on the observation day was not representative of
their everyday behavior or that the twins and their peers used
standards of comparison for their trait inferences that differed from
the standards that were applied by the experimenters and the
judges who provided the video-based personality ratings. It is
important to note that if self- and peer reports of twins were
distorted by rater bias, this would attenuate their correlations with
measures that are not subject to rater bias.

Factor Structure of the Video-Based Personality Ratings

The video-based ratings for different trait domains were more
highly correlated among each other than is usually found for
self-reports and peer reports. This is consistent with findings by
Borkenau and Liebler (1993) that personality impressions become
more complex the more the perceivers are acquainted with the
targets. We ran a principal components analysis of the 24 setting-
unspecific residualized composite scores (controlled for age, gen-
der, attractiveness, and experimenter effects and aggregated across
observers and observational settings), and the first six eigenvalues
were 10.67, 5.44, 3.79, 1.33, 0.79, and 0.49. The first unrotated
factor accounted for 44% of the variance, the first four factors for
88%, and the first six factors for 94%. We then rotated four factors
(on the basis of the eigenvalue criterion) or six factors (on the basis
of the origin of our rating scales) using a direct oblimin procedure
with delta set to zero. We chose an oblique rotation, as the factors
Openness to Experience and Intellect were assumed to be corre-
lated from the beginning. The rotated six-factor solution is re-
ported in Table 3.

The four markers of Openness to Experience had loadings
beyond .90 on Factor 1, the four markers of Conscientiousness had
loadings beyond .90 on Factor 2, the four markers of Agreeable-
ness had loadings beyond .90 on Factor 3, three of the four markers
of Emotional Stability had loadings beyond .80 on Factor 4, the
four markers of Extraversion had loadings beyond .90 on Factor 5,
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Table 2
Correlations Among the Self-Descriptions and the Averaged Peer Descriptions, Experimenter Ratings, and Video-Based Ratings

Trait

Extraversion
Agreeableness
Conscientiousness
Emotional Stability
Openness to Experience

Self X
Peer

.63

.50

.45

.52

.53

Self X
Experimenter

.39

.21

.19

.22

.43

Self X
Video-Based

.30

.22

.08

.13

.30

Correlated ratings

Peer X
Experimenter

.41

.28

.21

.36

.41

Peer X
Video-Based

.38

.26

.17

.22

.32

Experimenter X
Video-Based

.63

.42

.58

.52

.49

Note. Correlations beyond .08 are significant at p < .05.

and three of the four markers of Intellect had loadings beyond .80
on Factor 6. In addition to these extremely high loadings by sets of
marker variables, however, there were also substantial loadings by
other adjectives. Thus, although the six trait domains could be
distinguished in the structure matrix, the criteria for simple struc-
ture were clearly missed, reflecting the high correlations between
ratings for different trait domains. When four instead of six factors
were rotated, one factor combined Openness to Experience and
Intellect and another factor combined Extraversion and Emotional
Stability, whereas Agreeableness and Conscientiousness formed
separate factors. Given this somewhat vague factor structure of the
video-based ratings, the behavior-genetic analyses were run not

Table 3
Oblimin-Rotated Structure Matrix of the Video-Based Ratings
Controlling for Target Age, Gender, Attractiveness,
and Experimenter Effects

Adjective

Frank
Active
Talkative
Gregarious
Assertive
Calm
Self-confident
Even-tempered
Kind
Polite
Agreeable
Pleasant
Thorough
Neat
Conscientious
Systematic
Inventive
Imaginative
Original
Creative
Refined
Intelligent
Sophisticated
Flexible

1

.67

.74

.56

.57

.57

.44

.58
-.47

.31

.12

.27

.36

.29

.14

.22

.28

.96

.97

.92

.96

.15

.56

.65

.90

2

.01

.15
-.05
-.17

.35

.36

.34

.15

.16

.41

.25

.36

.96

.96

.96

.95

.40

.37
-.02

.35

.76

.72

.59

.32

3

- .04
- .08
-.14
-.14
-.10
- .08

.13

.49
-.95
-.91
-.95
-.93
- .30
- .23
- .36
-.17
-.31
- .34
- .14
- .32
- .40
- .25
- .10
- .35

Factor

4

.51

.43

.25

.27

.84

.94

.82

.42
- .28
- .25
-.19
- .08

.22

.37

.16

.38

.31

.24

.24

.24
-.07

.28

.26

.39

5

-.94
-.91
-.98
-.97
- .66
-.41
-.67

.68
-.26
- .02
- .13
- .29
-.01

.11

.07

.00
-.59
- .58
- .66
- .54

.06
-.17
- .24
-.65

6

.01

.20

.01
- .10

.28

.21

.28

.09

.09

.39

.11

.20

.67

.61

.65

.64

.39

.38

.17

.41

.88

.88

.87

.32

Note. The ratings were aggregated across the 15 settings and across the
four observers per setting. Marker variables are in italics.

only at the level of the six trait domains but also at the level of
the 24 individual adjectives.

Behavior-Genetic Analyses of the Video-Based
Personality Ratings

Twin correlations. The ICCs between MZ twins and DZ twins
were calculated for the uncorrected video-based personality ratings
as well as for the residualized scores, controlling for (a) target age
and gender, (b) target age, target gender, and target attractiveness,
and (c) target age, target gender, target attractiveness, and exper-
imenter effects. These twin correlations (all relying on ratings
aggregated across the 15 settings and the four observers per
setting) are reported in Table 4; the last two rows report the median
twin correlations separately for the 24 single adjectives and the six
domain scores. Whereas the twin correlations between the unad-
justed ratings were somewhat higher than the residualized ratings,
the other adjustments changed the median twin correlations by .02
at best. Estimates of shared environmental influence, using the
formula c2 = 2rDZ - rMZ (Loehlin & Nichols, 1976), where c1 is
the parameter estimate of the effects of the shared environment and
rDZ and rMZ are the median ICCs for DZ and MZ twins, resulted
in the highest estimates if based on the uncorrected ratings,
whereas the estimates from the three kinds of residualized scores
were very similar to each other. In the ensuing analyses, we rely on
the residualized scores that control for target age, gender, and
attractiveness as well as experimenter effects.

Table 5 reports the interrater reliabilities and the ICCs between
MZ and DZ twins separately for the 7 odd settings, the 8 even
settings, and all 15 settings. Thus, the last two columns of Table 4
and of Table 5 are identical. The interrater reliabilities predict the
ICC of the averaged rating by 28 (odd settings), 32 (even settings),
or 60 (all settings) judges with averaged ratings by the same
number of hypothetical judges who observed the same targets.
This is a useful standard of comparison for the correlations be-
tween cotwins who were observed by different panels of judges:
The differences between the reliability coefficients and the MZ
correlations estimate the contribution of the nonshared environ-
ment apart from error of measurement. As the reliabilities of the
video-based personality ratings were about .35 higher than the MZ
correlations, nonshared environmental influence turned out to be
substantial even when measurement error was controlled.

Another notable feature in Table 5 is that although the MZ
correlations were higher than the DZ correlations, suggesting
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Table 4
Intraclass Correlations Between MZ and DZ Twins Unadjusted and Adjusted for Age, Gender,
Physical Attractiveness, and Experimenter Effects

Adjective and domain

Frank
Active
Talkative
Gregarious
Extraversion
Assertive
Calm
Self-confident
Even-tempered
Emotional stability
Kind
Polite
Agreeable
Pleasant
Agreeableness
Thorough
Neat
Conscientious
Systematic
Conscientiousness
Inventive
Imaginative
Original
Creative
Openness to Experience
Refined
Intelligent
Sophisticated
Flexible
Intellect

Median single adjectives
Median domain scores

Uncorrected
Ratings

MZ

.58

.56

.59

.60

.60

.66

.62

.64

.50

.66

.61

.57

.62

.47

.60

.57

.53

.55

.51

.57

.59

.54

.59

.60

.59

.59

.73

.66

.59

.69

.59

.60

DZ

.35

.32

.28

.30

.31

.48

.51

.46

.46

.50

.48

.37

.52

.43

.47

.43

.41

.38

.49

.45

.44

.41

.37

.41

.41

.35

.49

.43

.43

.44

.43

.45

Age and
gender

controlled

MZ

.56

.55

.58

.61

.59

.62

.57

.61

.41

.62

.57

.55

.60

.46

.59

.54

.49

.52

.48

.53

.56

.51

.51

.54

.55

.59

.68

.63

.54

.66

.56

.59

DZ

.31

.29

.25

.27

.28

.38

.42

.38

.36

.41

.40

.34

.46

.36

.41

.37

.31

.34

.40

.38

.40

.37

.30

.37

.37

.37

.44

.40

.40

.42

.37

.39

Age, gender,
and

attractiveness
controlled

MZ

.55

.55

.58

.61

.59

.61

.54

.58

.40

.59

.58

.56

.61

.47

.60

.52

.46

.51

.47

.52

.56

.51

.52

.53

.53

.52

.66

.62

.52

.64

.55

.59

DZ

.30

.26

.23

.25

.26

.40

.40

.38

.36

.41

.43

.33

.43

.37

.42

.39

.29

.37

.37

.38

.42

.40

.28

.39

.38

.41

.51

.46

.37

.49

.38

.39

All:four
variables
controlled

MZ

.55

.55

.61

.61

.59

.62

.54

.59

.42

.61

.62

.57

.63

.49

.61

.53

.48

.51

.49

.52

.59

.53

.52

.56

.56

.55

.66

.62

.56

.64

.56

.60

DZ

.30

.25

.25

.25

.23

.40

.39

.37

.34

.38

.38

.31

.39

.35

.38

.38

.32

.37

.40

.39

.42

.40

.26

.39

.38

.44

.52

.50

.34

.51

.38

.38

Note. The ratings were aggregated across the 15 settings and across the four observers per setting. Domain
names are in italics. MZ = monozygotic; DZ = dizygotic.

genetic influence, the DZ correlations exceeded half the MZ cor-
relations for all personality domains except Extraversion, thus
suggesting shared environmental influence.

Model-fitting analyses. We used structural equation modeling
to fit multivariate genetic models to the variance- covariance ma-
trices for MZ and DZ twins, using LISREL 8.12a (Neale &
Cardon, 1992). The residualized video-based personality ratings of
the twins that were based on their behavior in either the odd or the
even settings were used as independent indicators of the same
latent phenotype. Thus, the variance-covariance matrices com-
prised four variances and six covariances that were accounted for
by additive genetic effects, shared environmental effects, and
nonshared environmental effects. The model is illustrated in Fig-
ure 1. All parameters were fixed to be equal across cotwins and
across zygosity groups, except the correlations between the genetic
influences that were fixed to 1.0 for MZ twins and to 0.5 for DZ
twins and the residuals, which were freed within the zygosity
groups. We tested the fit of the full ACE model, which combined

additive genetic effects (i.e., A), shared environmental effects (i.e.,
C), and nonshared environmental effects (i.e., E), and we tested
whether the fit of a reduced AE model (dropping shared environ-
mental influence) and CE model (dropping genetic influence) was
significantly poorer than the fit of the full ACE model, using the
differences between full and reduced models in chi-square and in
degrees of freedom. Table 6 reports the parameter estimates for the
full ACE model in Data Columns 1-3, the chi-square statistics and
p values for the ACE model in Columns 4-5, and the comparisons
between the full ACE model and the reduced AE and CE models
in Columns 6-7. For only 4 of the 30 tests of an ACE model
(for 13.3% of these tests), the chi-square statistic was significant at
p < .05, indicating a poor fit (see Columns 4-5). Moreover, in 19
of the 30 (63.3%) comparisons between the ACE model and the
CE model, a significantly better fit was obtained for the ACE
model. Thus, there was strong evidence for genetic influence on
the twins' personality as assessed by the video-based personality
ratings.
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Table 5
Reliabilities (rk) and Twin Correlations for the Residualized Video-Based Ratings Averaged
Across Odd Settings, Across Even Settings, and Across All Settings

Adjective and domain

Frank
Active
Talkative
Gregarious
Extroversion
Assertive
Calm
Self-confident
Even-tempered
Emotional Stability
Kind
Polite
Agreeable
Pleasant
Agreeableness
Thorough
Neat
Conscientious
Systematic
Conscientiousness
Inventive
Imaginative
Original
Creative
Openness to Experience
Refined
Intelligent
Sophisticated
Flexible
Intellect

Median single adjectives
Median domain scores

r28

.89

.86

.90

.90

.92

.89

.84

.88

.75

.90

.86

.84

.83

.73

.89

.80

.79

.81

.77

.86

.83

.81

.84

.81

.87

.85

.89

.84

.80

.91

.84

.90

Odd settings

MZ

.54

.50

.51

.54

.55

.60

.49

.57

.29

.59

.52

.48

.58

.32

.54

.44

.45

.45

.44

.51

.44

.43

.40

.43

.47

.48

.63

.56

.42

.62

.48

.55

DZ

.24

.18

.20

.20

.21

.35

.33

.36

.19

.37

.39

.32

.33

.29

.38

.38

.19

.34

.20

.31

.29

.29

.23

.25

.28

.41

.38

.38

.34

.43

.31

.32

.89

.87

.92

.92

.93

.87

.82

.86

.80

.88

.86

.83

.82

.80

.88

.82

.79

.84

.78

.86

.85

.84

.84

.83

.88

.85

.89

.85

.79

.90

.84

.88

Even settings

MZ

.49

.47

.55

.59

.55

.51

.40

.51

.35

.51

.54

.47

.50

.47

.55

.47

.36

.48

.31

.44

.56

.46

.49

.51

.54

.46

.59

.56

.38

.57

.49

.55

DZ

.26

.25

.23

.24

.25

.33

.31

.31

.38

.33

.32

.24

.32

.31

.32

.34

.32

.33

.41

.39

.45

.38

.23

.40

.40

.36

.52

.46

.27

.50

.32

.36

.94

.93

.95

.95

.96

.93

.90

.93

.87

.94

.92

.91

.90

.85

.93

.89

.88

.90

.87

.92

.91

.90

.91

.90

.93

.91

.94

.91

.88

.95

.91

.94

All settings

MZ

.55

.55

.61

.61

.59

.62

.54

.59

.42

.61

.62

.57

.63

.49

.61

.53

.48

.51

.49

.52

.59

.53

.52

.56

.56

.55

.66

.62

.56

.64

.56

.60

DZ

.30

.25

.25

.25

.23

.40

.39

.37

.34

.38

.38

.31

.39

.35

.38

.38

.32

.37

.40

.39

.42

.40

.26

.39

.38

.44

.52

.50

.34

.51

.38

.38

Note. Domain names are in italics. MZ = monozygotic; DZ = dizygotic.

The support for shared environmental influence on the video-
based personality ratings was weaker, because although the esti-
mates of c2 from the video-based personality ratings had a mean of
.23 and a median of .29, in only 5 of the 30 (16.7%) relevant
comparisons the ACE model fit significantly better than the AE
model did. This raises the issue of the statistical power of our study
to establish shared environmental effects of the size that we
obtained at a significance level of p < .05.'

Power calculations. We ran power calculations with our sam-
ple sizes and with the parameter estimates from our ACE models
using Mx (Neale, Boker, Xie, & Maes, 1999). The statistical power
of our multivariate model to establish a shared environmental
influence of .20 (as we obtained for Emotional Stability) atp < .05
was .20, and the power to establish a shared environmental influ-
ence of .37 (as we obtained for Intellect) at p < .05 was .60. The
average power of our multivariate genetic analyses to establish our
actual c2 estimates atp < .05 was .34. Thus, whereas the alpha risk
of falsely accepting effects of the shared environment was .05, the
beta risk of ignoring actual shared environmental effects was about
.66. Unfortunately, to overcome these problems of low statistical
power by increasing the sample size would have been extremely

difficult, given the special populations needed and the time that the
participants had to invest: 1,870 participants would have been
needed to establish shared environmental influences of c2 = .27 at
p < .05 with a power of .75, and 3,502 participants would have

1 To overcome the lack of power of the present study in detecting a
significantly better fit of the full ACE model compared with the reduced
AE model, we ran additional multivariate analyses using Mx (Neale,
Boker, Xie, & Maes, 1999). In these analyses, we tried to fit an elaborated
common pathway genetic model (Neale & Cardon, 1992) to the data.
Instead of using the video-based personality ratings from the odd and the
even settings as independent indicators of the latent phenotypes, we used
the residualized four adjective ratings in each personality domain, aggre-
gated over the four independent raters and the 15 settings. Thus, we used
four instead of two indicators per latent phenotype. Moreover, in addition
to allowing for common additive genetic, common shared environmental,
and common nonshared environmental influences, the model incorporated
specific additive genetic, specific shared environmental, and specific non-
shared environmental influences. However, despite the substantial gain in
degrees of freedom (54, compared with 12 in the model described in Figure
1), this model did not provide an acceptable fit to the data.
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Latent Phenotype
of Twin 1

Latent Phenotype
of Twin 2

Video-based
Ratings of Odd

Settings for Twin 1

Video-based
Ratings of Even

Settings for Twin 1

Video-based
Ratings of Odd

Settings for Twin 2

Video-based
Ratings of Even

Settings for Twin 2

r1 r2 r3 r4

Figure 1. Illustration of the multivariate genetic model. MZ = monozygotic; DZ = dyzygotic; A = additive
effects of genes; C = effects of the shared environment; E= effects of the nonshared environments; a =
parameter estimate for additive effects of genes; c = parameter estimate for shared environmental effects;
e = parameter estimate for nonshared environmental effects; p = estimated loading on latent phenotype;
rl-r4 = residuals.

been needed to raise the statistical power to .95. For these reasons,
we report the parameter estimates for the full ACE model in
Table 6 even if the fit of the ACE model is not significantly
superior to the fit of the AE model. Moreover, even if the c2

estimates do not reach statistical significance in the present study,
they may become useful for future meta-analyses.

Estimates From Self-Reports and Peer Reports

Whereas the estimates of genetic contributions were by and
large consistent with previous findings (Plomin, DeFries, et al.,
1997), the partitioning of environmental influences between the
shared and the nonshared variety was different. These different
estimates might reflect differences between the methods of
personality assessment (e.g., methods allowing or not allowing
for contrast effects) or differences between samples: Twins who
have the time and who are willing to travel large distances to
spend an entire day at a university under extensive observation
may differ from twins who merely complete self-report or peer
report instruments at home. Thus, a within-sample comparison
was desirable. We therefore analyzed the MZ and DZ correla-
tions for the NEO-FFI self-report and peer report data that had
been collected for the GOSAT twin sample. Complete self-
reports were available for 277 (159 MZ and 118 DZ) of the 300
GOSAT pairs, and complete peer reports were available for 278

(159 MZ and 119 DZ) of these pairs. These data overlap with
those that were published by Riemann et al. (1997) for a larger
sample.

Twin correlations and univariate models. The interrater
reliabilities for the NEO-FFI peer reports are reported in Ta-
ble 1, and the convergent validities of the self-reports and
averaged peer reports are reported in Table 2. Table 7 reports
the twin ICCs for MZ and DZ twins and the tests of univariate
models for the self-report and averaged peer report data. Oth-
erwise, Table 7 is organized like Table 6. Table 7 does not
suggest that the GOSAT sample differs systematically from
previous twin samples. Rather, the finding of approximately
40% genetic and 60% nonshared environmental influence is
consistent with the results of previous studies. A significant c2

parameter was obtained for self-reported Extraversion but did
not replicate for peer-reported Extraversion. Thus, the signifi-
cant c1 for self-reported Extraversion may be a chance finding.
For Openness to Experience, substantial shared environmental
influence was found according to self-reports as well as peer
reports. We come back to that point in the Discussion.

Latent phenotype models. Table 8 reports model fit results
and parameter estimates for a latent phenotype model, as de-
scribed in the study by Riemann et al. (1997), applied here to
the peer reports for the GOSAT participants. These analyses
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Table 6
Significance Tests and Parameter Estimates From Multivariate
Genetic Models on the Basis of the Residualized
Video-Based Ratings

Adjective and domain

Frank
Active
Talkative
Gregarious
Extroversion
Assertive
Calm
Self-confident
Even-tempered
Emotional Stability
Kind
Polite
Agreeable
Pleasant
Agreeableness
Thorough
Neat
Conscientious
Systematic
Conscientiousness
Inventive
Imaginative
Original
Creative
Openness to Experience
Refined
Intelligent
Sophisticated
Flexible
Intellect

Median estimates for
single adjectives

Median estimates for
domain scores

Moaei fit
estimates

a2

.59

.61

.62

.65

.62

.52

.56

.46

.18

.50

.41

.46

.47

.31

.43

.38

.50

.32

.36

.38

.33

.25

.62

.37

.39

.28

.36

.42

.33

.38

.41

.41

c2

.02

.00

.00

.00

.00

.20

.16

.22

.33

.20

.29

.20

.28

.33

.27

.29

.11

.30

.29

.25

.39

.37

.01

.32

.28

.37

.40

.35

.40

.37

.29

.26

e1

.39

.39

.38

.35

.38

.28

.28

.32

.48

.30

.30

.34

.26

.36

.30

.33

.39

.39

.35

.37

.28

.37

.37

.31

.33

.35

.24

.24

.27

.25

.34

.32

Fit

x2

8.43
21.48
24.00
13.94
17.83
14.45
10.23
32.23
5.14

15.99
14.63
20.41

8.09
13.74
15.68
17.32
9.69

24.77
16.08
16.84
15.34
11.08
7.92
8.86

11.89
6.21

21.04
11.12
16.89
15.09

of the ACE
model

p(df= 12)

.75

.04

.02

.30

.12

.27

.60

.00

.95

.19

.26

.06

.78

.32

.21

.14

.64

.02

.19

.16

.22

.52

.79

.71

.55

.91

.05

.52

.15

.24

Model
comparisons

AE CE

vs. vs.
ACE ACE

**
**
**
*#
*
**
**
*

**
*
*

*

*

*

* *

Note. Domain names are in italics. For all chi-squares, N = 300. Aster-
isks in the two right-most columns indicate that the full model fit the data
significantly better than the reduced models did. a, c, and e are parameter
estimates of the additive effects of genes, the effects of the shared envi-
ronment, and the effects of the nonshared environment, respectively. ACE
is a model that combines the additive effects of genes (A), the effects of the
shared environment (C), and the effects of the nonshared environment (E).
*p<.05. ** />< .01 .

suggested that approximately two thirds of the reliable variance
reflected genetic influence and that the remaining variance
reflected nonshared environmental influence. The only trait
with a nonzero c2 estimate was Openness to Experience. Once
more, the estimates for the GOSAT sample did not differ
substantially from those that were published for a larger sample
by Riemann et al. (1997).

Discussion

The main finding of the present study is that video-based per-
sonality ratings yield estimates of shared environmental influence

of about .15 higher than suggested by self-reports and peer reports;
the main source of these higher c2 estimates is the relatively high
DZ correlations. At the level of the trait domains, the median twin
correlations were .60 (MZ) and .38 (DZ) for the video-based
personality ratings, .45 (MZ) and .26 (DZ) for the twins' self-
reports, and .42 (MZ) and .13 (DZ) for the averaged peer reports.
If these correlations are corrected for lack of interrater reliability
(which is not possible for self-reports for obvious reasons), they
become, approximately, .64 (MZ) and .44 (DZ) for video-based
ratings and .72 (MZ) and .21 (DZ) for peer ratings. These findings
support the assumption of a contrast effect in descriptions of DZ
twins by parents and peers (Heath et al., 1992; Neale & Stevenson,
1989; Saudino & Eaton, 1991; Spinath & Angleitner, 1998),
whereas they do not point to a contrast effect in descriptions of MZ
twins or in self-reports of twins in general. This is consistent with
findings by Saudino and Eaton (1991), who also reported a con-
trast effect in ratings of DZ but not of MZ twins.

Validity of the Video-Based Personality Ratings

The video-based personality ratings in the present study are
more reliable (in terms of interrater reliabilities) than are the
averaged peer reports, but are they also more valid? Indeed, the
twins probably did their best while being videotaped, and they
were observed on only 1 day in their life, which raises issues of
generalizability. The modest correlations, reported in Table 2, of
the video-based trait ratings with the self- and peer reports may
reflect this lack of generalizability, although they may also reflect
differences between judges in their standards of comparison. In
particular, the self-reports and peer reports may be subject to rater
bias. Moreover, the fact that the twins' behavior was observed and
aggregated across 15 different settings is at least some remedy
against too specific behavioral indicators for global traits (Epstein,
1979; Hartshorne & May, 1928).

Moreover, there is now a considerable body of evidence show-
ing that video-based personality ratings by individual strangers are
valid, even if they are based on much less information than was
available to the judges of our videotaped behavior sequences
(Kenny, 1994; Levesque & Kenny, 1993). Furthermore, the accu-
racy of ratings by strangers increases if descriptions by multiple
observers are combined. Borkenau and Liebler (1993) adminis-
tered an intelligence test to a community sample of 100 target
persons and collected self-ratings, partner ratings, and stranger
ratings of their intelligence. The only information that the strangers
had access to was a 90-s videotape showing the targets entering a
room, walking to a desk, reading a standard text, and leaving the
room. Nevertheless, the ratings by individual strangers correlated
as highly (r = .30) with the targets' measured intelligence as did
the self-ratings (r = .32) and the partner ratings (r = .29). When
the intelligence ratings by six strangers were combined, the valid-
ity of their averaged rating rose to .43 (.38 when target age and
gender were controlled). This shows that averaged stranger ratings
may be even more valid measures of individual differences than
are self-reports and partner ratings.

In GOSAT, no self-reports or peer reports of intelligence were
collected, but two intelligence tests were administered, Raven's
(1938) Advanced Progressive Matrices (APM) and the Leistungs-
pruefsystem (LPS; Horn, 1983), a multifactorial German intelli-
gence test that is based on Thurstone's (1938) primary mental
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Table 7
Results From the Univariate Model Fit Analyses of Self- and Averaged Peer Ratings on the
NEO Five Factor Inventory (NEO-FFI) in the GOSAT Sample

NEO-FFI scale

Self-reports
Extraversion
Agreeableness
Conscientiousness
Neuroticism
Openness to Experience

Averaged peer reports
Extraversion
Agreeableness
Conscientiousness
Neuroticism
Openness to Experience

Twin
correlations

MZ

.45

.42

.50

.40

.60

.42

.37

.45

.38

.47

DZ

.41

.04

.24

.26

.38

.13

.11

.20

.02

.28

a2

.06

.36

.48

.27

.44

.41

.35

.44

.33

.40

Parameter
estimates

c2

.38

.00

.00

.12

.16

.00

.00

.00

.00

.07

e2

.56

.64

.52

.61

.41

.59

.65

.56

.67

.52

Fit

x2

1.67
16.38
0.30
1.78
7.12

1.94
1.25
3.04
4.18
1.93

of the ACE
model

p(df=3)

.64

.00

.96

.62

.07

.58

.74

.39

.24

.59

Comparisons

AE

vs.
ACE

CE

vs.
ACE

#
**

Note. For chi-squares, N = 277 for self-reports and 278 for averaged peer reports. Asterisks in the two
right-most columns indicate that the full model fit significantly better than the reduced model did. ACE is a
model that combines the additive effects of genes (A), the effects of the shared environment (C), and the effects
of the nonshared environment (E). a, c, and e are parameter estimates of the additive effects of genes, the effects
of the shared environment, and the effects of the nonshared environment, respectively. GOSAT = German
Observational Study of Adult Twins; MZ = monozygotic; DZ = dizygotic.
* p < .05. ** p < .01.

abilities. More details on these intelligence tests are reported by
Neubauer, Spinath, Riemann, Borkenau, and Angleitner (2000).
Thus, we had data on the relations between video-based ratings of
intelligence and the twins' measured intelligence. When the tar-
gets' age, gender, and physical attractiveness were controlled, the
video-based ratings of intelligence correlated with the LPS at .47
and with the APM at .29. The difference between the two corre-
lations is statistically significant, f(1168) = 3.42, p < .001. This
suggests that the ratings of intelligence reflected the more crystal-
lized aspects of general cognitive ability that were measured by the
LPS. Given that the correlation between the LPS and the APM was
.60, the correlation of .47 between the LPS and the video-based
ratings of intelligence is quite impressive. Such direct evidence of
accuracy is missing for the ratings of the other personality do-

mains, but there are reasons to expect that the findings would not
differ very much from those for intelligence.

A common problem in previous observational studies of twin
children has been that shared short-term external influences may have
contributed to the similarity of the twins' behavior, resulting in in-
flated estimates of the importance of the shared environment for
enduring personality dispositions (Borkenau et al., 2000). We did not
obtain any evidence, however, that such processes actually operated
in the present study. For example, ratings of Conscientiousness are
affected by the targets' clothing (Borkenau & Liebler, 1993), and
people tend to dress more casually on hot days than on cold days.
Thus, independent of their zygosity, cotwins that were tested on warm
summer days may have obtained lower Conscientiousness ratings.
However, the estimates of shared environmental influence for Con-

Table 8
Results From Multivariate Model Fit Analyses of Peer Ratings on the
NEO Five Factor Inventory (NEO-FFI) in the GOSAT Sample

NEO-FFI scale

Extraversion
Agreeableness
Conscientiousness
Neuroticism
Openness to Experience

Parameter estimates

a2

.63

.68

.84

.57

.69

c2

.00

.00

.00

.00

.12

e2

.37

.32

.16

.43

.19

Fit of the

x2

10.88
16.26
23.49
18.96
7.84

ACE model

p(df = 12)

.54

.18

.01

.09

.80

AE

vs.
ACE

CE

vs.
ACE

**
*
**

*

Note. For all chi-squares, N = 278. Asterisks in the two right-most columns indicate that the full model fit
significantly better than the reduced model did. ACE is a model that combines the additive effects of genes (A),
the effects of the shared environment (C), and the effects of the nonshared environment (E). a, c, and e are
parameter estimates of the additive effects of genes, the effects of the shared environment, and the effects of the
nonshared environment, respectively. GOSAT = German Observational Study of Adult Twins.
* p < . 0 5 ** />< .01 .
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scientiousness were not particularly high, and they were lower for
neat than for thorough and systematic. Thus, clothing is unlikely to
have inflated the twin correlations.

Another factor that is to be discussed is whether the twins'
attitude toward our study might have raised the twin correlations.
Indeed, as cotwins were invited as pairs and arrived on the same
day, they probably talked about our study. However, it is unlikely
that twin pairs with an unfavorable attitude participated at all,
given that they had to spend 1 or 2 days to participate in a research
project in which they obtained no material gratification. It is
therefore to be expected that all participants had a favorable
attitude and that the small remaining differences had no noticeable
effect on differences in their behavior.

Differences Between Personality Domains

Generally, the video-based personality ratings suggest more
shared environmental influence than do the self-reports and peer
reports. But there are also differences between personality do-
mains. Thus, we did not find any shared environmental influence
on Extraversion. This is consistent with the results of Loehlins's
(1989, 1992) meta-analyses, which identified Extraversion as the
domain that was least influenced by the shared environment.
Moreover, the lack of shared environmental influence on Extra-
version in our study shows that there is no general bias that inflated
the DZ-twin correlations.

The trait domain that was most strongly influenced by shared
environment was Intellect, which raises the issue of whether sub-
stantial shared environmental influence on Intellect is also found if
it is measured by intelligence tests. In his model-fitting meta-
analysis of studies on family resemblance in IQ, Loehlin (1989)
concluded that environments shared by twins account for 39% of
their individual differences in IQ. Admittedly, there is some con-
sensus now that this estimate relies largely on studies of intelli-
gence in children and should not be generalized to adults, as the
importance of shared environment for IQ tends to decrease with
age (McCartney et al., 1990; Plomin, Fulker, Corley, & DeFries,
1997; Wilson, 1983). Thus, it is useful to look at the intelligence
test data that were collected for the GOSAT sample.

In a behavior-genetic analysis of these data that is reported in
detail by Neubauer et al. (2000), no shared environmental influ-
ence on Raven's APM was found. It is important to note, however,
that the APM was less strongly related to the video-based ratings
of Intellect than was the LPS. Thus, the behavior-genetic findings
for the LPS are of greater interest here. Shared environment
accounted for 24% of the variance in the LPS scores (Neubauer et
al., 2000), thus supporting the assumption that the video-based
ratings of Intellect reflect actual shared environmental influence on
this trait.

Limitations of the Twin Design

It is widely known that the twin design has several limitations,
as it relies on three assumptions that can only be tested with
additional data: (a) the equal environments assumption, (b) the
assumption of random mating, and (c) the assumption that there
are no interactive effects of genes. If the equal environments
assumption does not hold, environmental effects are misinterpreted
as genetic effects, resulting in underestimates of the importance of

the shared environment. Similarly, interactive effects of genes are
detected by twin studies only if they overrule all possible effects of
the shared environment and result in MZ correlations that exceed
twice the DZ correlations. Otherwise, interactive effects of genes
result in overestimates of additive genetic influence and underes-
timates of shared environmental influence. Consequently, our es-
timates of shared environment would be too low if there were
unequal environments for MZ and DZ twins or interactive effects
of genes.

Assortative mating has opposite effects, in that it increases the
DZ but not the MZ correlation and thus inflates the estimates of
shared environmental influence (Jensen, 1978). Assortative mating
for personality traits like Extraversion, Agreeableness, Conscien-
tiousness, and Emotional Stability is low, but it is substantial for
intelligence and social attitudes (Beer et al., 1998; Buss, 1985) that
may be related to Openness to Experience. Thus, it would be
desirable to have an observational adoption study that is not
plagued by interactive effects of genes and effects of assortative
mating.

If some reasonable assumptions are made, however, one can
estimate whether our findings of shared environment for Openness
to Experience and for Intellect might reflect assortative mating. Let
us assume that assortative mating for Openness to Experience and
for Intellect is .35 (Bouchard & McGue, 1981), that there are no
interactive effects of genes, and that the heritabilities of Openness
to Experience and of Intellect are a2 = .50, where a2 is the
parameter estimate of the additive effects of genes (we estimated
heritabilities of less than .40, but these might be underestimates,
because of the assumption of random mating). According to Loeh-
lin (1989), the phenotypic correlation between DZ twins that is due
to additive effects of shared genes would no longer be .5a2 = .25,
as it would be if mating were random, but .5a2(l + a2m), where
m refers to the coefficient of assortative mating. Using our esti-
mates, the correlation between DZ twins would then become .50 X
.50 X (1 + .50 X .35) = .294, whereas the MZ correlation that is
not affected by assortative mating would be .50. Thus, we would
expect an MZ correlation that is 1.7 times the DZ correlation.
According to Table 5, however, the MZ correlation is 1.47 (.56 /
.38) times the DZ correlation for Openness to Experience and 1.25
(.64 / .51) times the DZ correlation for Intellect. Thus, even if
reasonable estimates of assortative mating are taken into consid-
eration, the present study still suggests some shared environmental
influence. Obviously, these estimates are subject to sampling error,
and replication of these findings by another study is highly
desirable.

Need of Awareness of Measurement Issues

A more general conclusion from our study is that behavior-
genetic research needs a widened awareness of assessment issues.
Wahlsten (1999) recently pointed to the need of more careful
behavioral testing in animal behavior research, but that argument
is probably also true for human behavior-genetic research. Genetic
research has its roots mainly in biology and in medicine, where
measurement issues cause less problems than in psychology. How-
ever, when it comes to the genetics of personality, where the data
are self-reports and observer ratings, awareness of psychometric
principles and of social-psychological evidence on person percep-
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tion are indispensable, and multimethod studies that incorporate
such considerations become highly desirable.
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