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The figure compares the results of the 
early twin studies, an analysis of an ex- 
tremely large data set assembled by Loehlin 
(6 ) ,  and our own analysis of MZA (n = 59) 
and DZA (n = 47) data from the Minne- 
sota study of twins reared apart (MISTRA) 
and MZT (n = 522) and DZT (n = 408) 
twins from the Minnesota Twin Registry 
(7). The Loehlin analysis yields an esti- 
mated genetic influence of 42% (with a siz- 

T h e  idea that genetic factors influence be- tion in personality is genetic was not uni- able contribution from nonadditive genetic 
havior, including personality, is very old. versally embraced. Many psychologists factors-influences that are configural and 
The most compelling evidence has always questioned that MZ and DZ twins experi- not inherited in a simple additive manner) 
been, as Darwin (1) noted, the successful ence the same home environment and as- and a very modest contribution of the 
domestication of animals. cribed much of the greater similarity of MZ shared environment. The most parsimoni- 

So in regard to mental qualities, their trans- 
mission is manifest in our dogs, horses and other 
domestic animals. Besides special tastes and hab- 
its, general intelligence, courage, bad and good 
tempers, etc., are certainly transmitted. 

Unlike genetic influences on the intel- 
ligence quotient, which have been studied 
continuously since the time of Galton a 
century ago, the study of genetic influences 
on ~ersonalitv has had a much briefer his- 
to<. ~ l t h o u g h  Galton discussed genetic 
influence on personality, the lack of reli- 
able and valid measures of personality qual- 
ities hampered progress. In addition, until 
recently, psychologists could not agree on 
which were the im~ortant traits of Derson- 
ality. Currently there is a modest consensus 
that five broad traits or "super factors" are 
necessary to describe personality-extraver- 
sion, neuroticism, conscientiousness, agree- 
ableness, and openness (2) (see table). 

Until the early 1980s, the evidence for 

twins over DZ twins to more similar envi- 
ronmental treatment of the MZ than the 
DZ twins. It also seemed implausible to psy- 
chologists that being reared in the same 
home would have so little influence on sib- 
ling similarity. Consequently these findings 
were not generally accepted outside of be- 
havioral genetics. 

In recent years, three trends have con- 
verged to transform our understanding of 
genetic and environmental influences on 
personality traits. First, studies of twins 
reared together with very large sample sizes, 
in some instances over 2000 pairs of each 
sex and zygosity, have been carried out. Sec- 
ond, data have been gathered from mono- 
zygotic and dizygotic twins reared apart 
(MZA and DZA), as well as from both bio- 
logical and adoptive families. Third, pow- 
erful methods of model fitting have been 
introduced that allow full utilization of the 
available information and statistical testing 
of competing hypotheses ( 4 , 5 ) .  

ous fit to the Minnesota data is asimple ad- 
ditive genetic model for all five traits with 
an estimate of genetic influence of 46%. 
Addition of nonadditive genetic and 
shared environmental parameters do not, 
however, significantly change the fit of the 
model, and those data are shown in the fig- 
ure for comparison with the Loehlin analy- 
sis. Both approaches yield estimates of ge- 
netic influence of just over 40% and mod- 
est estimates of shared environmental influ- 
ence (7%). Of the remaining variance, 
about half is due to nonshared environ- 
mental influences and half to error of mea- 
surement. Thus, about two-thirds of the re- 
liable variance in measured personality 
traits is due to genetic influence. 

The early studies of twins appear to 
have only slightly overestimated the degree 
of genetic influence on personality varia- 
tion, and the main contribution of the more 
sophisticated recent analyses is that some 
of the genetic influence seems to be due to 

genetic influence on personality derived al- 
most exclusively from twin studies that uti- 
lized verv modest sam~le  sizes and mea- Five Main Determinants of Personality 
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Swrcesofvarielkninpersodityin~setsofdaia. Percentages 
of variance accounted for by various genetic and environmental influ- 
ences in personality traits. The solid lines indicate the mean Falconer 

heritability for the twin data from earlier studies and the mean broad heri- 
tability from model fitting for the other data sets. 

nonadditive genetic variance for all five 
traits. All three analyses yield quite small 
estimates of shared environmental influ- 
ence. This is now a well-replicated finding 
in behavior genetics, and its implications 
are straightforward. The similarity we see in 
personality between biological relatives is 
almost entirely genetic in origin. If we wish 
to study environmental influences on per- 
sonality development in families, we must 
look for influences that operate differential- 
ly among children in the same family (8). 

However, simply demonstrating that 
systematic differences in treatment within 
the family exist does not suffice to prove 
that such treatments explain personality 
differences. First, the treatment may have 
no effect. For example, differences in so- 
cialization due to birth order exist, but con- 
trary to widespread belief (9), they do not 
Influence personality ( 1 0). Second, as 
Lytton (1 1 ) has demonstrated, the differen- 
tial behavior of children is often the cause 
of differential parental behavior rather than 
a consequence. Third, arguments as to the 
purported importance of environmental 
factors in shaping personality, though su- 
perficially plausible, often fail to stand up 
to scrutiny when subjected to quantitative 
analysis. Consider physical attractiveness. 
It is often argued that because twins reared 
apart are similar in physical attractiveness 
they must be treated alike, and therefore 

this is an important source of their similar- 
ity in personality (9, 12). The problem 
with this argument is that physical attrac- 
tiveness is so poorly correlated with person- 
ality traits that, when numbers are fit to the 
model implied by the argument, it can ex- 
plain only a trivial portion of the similarity 
between MZA twins (8, 10). In truth, how 
nontraumatic environmental determinants 
influence the normal range of variance in 
adult personality remains largely a mystery. 
This variation may even turn out to be the 
equivalent of noise ( 13). 

Current thinking holds that each indi- 
vidual picks and chooses from a range of 
stimuli and events largely on the basis of 
his or her genotype and creates a unique set 
of experiences-that is, people help to cre- 
ate their own environments (14). This 
view of human development does not deny 
the existence of inadequate and debilitat- 
ing environments nor does it minimize the 
role of learning. Rather, it views humans as 
dynamic creative organisms for whom the 
opportunity to learn and to experience new 
environments amplifies the effects of the 
genotype on the phenotype. It also reminds 
us of our links to the biological world and 
our evolutionary history. This brings us to 
the core problem of the genetics of person- 
ality-the function of the variation in per- 
sonality traits. The purpose of this variation 
is undoubtedly rooted in the fact that hu- 

mans have adanted to life in face-to-face 
groups (sociality). U~avel ing the role hu- 
man individual differences play in evolu- 
tion is the next big hurdle (15), and its so- 
lution will turn the behavior genetics of ., 
human personality from a descriptive disci- 
pline to an explanatory one. 
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