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The genetic architecture of  sensation seeking was analyzed in 1591 adolescent twin pairs. 
Individual differences in sensation seeking were best explained by a simple additive 
genetic model. Between 48 and 63% of the total variance in sensation seeking subscales 
was attributable to genetic factors. There were no sex differences in the magnitude of  
the genetic and environmental effects. The different dimensions of  sensation seeking were 
moderately correlated. The strongest correlations were between the subscales Thrill and 
Adventure Seeking and Experience Seeking (r = 0.4) and between Boredom Suscepti- 
bility and Disinhibition (r = 0.4 in males, r = 0.5 in females). A triangular decompo- 
sition showed that the correlations between the sensation seeking subscales were induced 
mainly by correlated genetic factors and, to a smaller extent, by correlated unique en- 
viromnental factors. The genetic and environmental correlation structures differed be- 
tween males and females. For females, higher genetic correlations for Experience Seeking 
with Boredom Susceptibility and Disinhibition and higher correlations among the unique 
environmental factors were found. There was no evidence that sex-specific genes influ- 
enced sensation seeking behavior in males and females. 
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I N T R O D U C T I O N  

Sensation seeking can be described as the need for 
new experiences,  a nonconforming  lifestyle, and 
the desire to engage in riskful activities. The Sen- 
sation Seeking Scale was developed by  Zucke rman  
(1971) within the f r amework  o f  studies on sensory 
deprivation,  to assess individual d i f ferences  in op- 
t imal levels o f  st imulation or arousal. Zucke rman  
(1971) postulated that " t h e  need  for change,  vari- 
ety and intensity o f  st imulation would  manifes t  it- 
se l f  in m a n y  aspects o f  behavior ,  including sensory, 
social and thri l l-seeking types  o f  ac t iv i ty ."  The 
questionnaire measures  four dimensions  o f  sensa- 
t ion seeking, identified with factor analysis: Thrill 
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and Adventure  Seeking (TAS),  Exper ience  Seeking 
(ES), Bo redom Susceptibil i ty (BS), and Disinhibi-  
tion (DIS) (Zuckerman,  1971; Zucke rman  et  al., 
1978). Zucke rman  et  al. (1978) described Thrill 
and Adventure  Seeking as " the  desire to engage in 
sports or other activities involving speed or dan- 
g e r . "  Exper ience Seeking is a measure  o f  " t h e  
seeking o f  new experiences through the mind  and 
senses, and through an unconventional ,  non-con-  
forming l i fe-s ty le ."  Boredom Susceptibil i ty as- 
sesses " t h e  dislike o f  repeti t ion o f  experience,  
routine work,  predictable dull or bor ing people,  and 
restlessness when  things are bo r ing . "  Dis inhib i t ion  
measures  " t h e  desire to find release through social 
disinhibition, drinking, going to parties and having 
a var ie ty  o f  sexual par tners . "  A number  o f  studies 
have  shown that sensation seeking was related to 
psychophysio logica l  and b iochemical  measures  
such as the orienting reflex, augment ing- reduc ing  
o f  the averaged evoked  potential,  and levels o f  
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monoamine oxidase and gonadal hormones (re- 
viewed by Zuckerman, 1984; Zuckerman et  al. ,  
1980). On the behavioral level there is a relation 
between high sensation seeking and a greater va- 
riety of  heterosexual activities with more parmers, 
multidrug use, and the tendency to experiment with 
different drugs, alcohol use, cigarette smoking, vol- 
unteering for experiments and unusual activities, 
physically dangerous activities, gambling, voca- 
tional interests, and social attitudes (Zuckerman, 
1979; Zuckerman et  al. ,  1980). Scores on sensation 
seeking are sex and age dependent. The sex differ- 
ences are most pronounced for TAS and DIS; 
males score higher on these scales than females 
(Zuckerman et  al. ,  1978). From the age of 16 
through the early 20s there are no important 
changes, but after the age of  20 a decline in scores 
is evident (Zuckerman, 1979). Recent reviews of  
twin, family, and adoption studies showed that for 
personality traits, such as extraversion and neuro- 
ticism, almost 50% of the total variance can be ex- 
plained by genetic factors (Loehlin, 1992; Eaves et  
al. ,  1989). For sensation seeking itself, Fulker et  
al. (1980) estimated a heritability of 58% for the 
general scale of  the Sensation Seeking Scale Form 
IV. As for most aspects of  personality (Plomin and 
Daniels, 1987) there was no evidence for shared 
environmental influences on sensation seeking. 
This study was based on 422 pairs of  adult twins 
from the Maudsley Twin Register (mean age, 31 
years). There were more female twins (286 pairs) 
than males (85 pairs) and opposite-sex twins (51). 
A number of studies have described different anal- 
yses of  the sensation seeking data of  these twins 
(Zuckerman et  al . ,  1978; Eysenck and Zuckerman, 
1978; Martin et  al. ,  1979; Eysenck, 1983; Resnick 
et  al. ,  1993). Eysenck (1983) reported for each di- 
mension of  sensation seeking the proportion of  the 
total variance due to genetic effects. The heritabil- 
ity estimates were lowest for BS (0.41 for males, 
0.34 for females) and highest for ES (0.58 for 
males, 0.57 for females). To our knowledge, there 
is only one other twin study of Zuckerman's Sen- 
sation Seeking Scale. This study by Buchsbaum 
(published by Zuckerman, 1974) was based on a 
small sample of  34 MZ and 30 DZ same-sex twins 
(half males, half females) of  high-school age. The 
results showed a genetic influence on sensation 
seeking. For the general scale the heritability (Hol- 
zinger's h 2) was 0.28; for the subscales the h 2 
ranged from --0.02 for ES to 0.40 for TAS. 

In this paper we describe the genetic analyses 
of  sensation seeking in 1700 pairs of  adolescent 
twins. Sex differences in the genetic architecture of 
sensation seeking were analyzed by testing whether 
the magnitude of  the genetic influences differed be- 
tween males and females or whether different genes 
were expressed in males and females. 

A multivariate model was used to determine 
to what extent the covariation between the subs- 
cales can be explained by correlated genetic and/or 
environmental factors (Martin and Eaves, 1977; 
Boomsma and Molenaar, 1986). The different subs- 
cales of sensation seeking are moderately corre- 
lated (Zuckerman et  al. ,  1978). They were not 
expected to be independent because Zuckerman 
(1971) hypothesized a second-order sensation seek- 
ing tendency underlying the four factors. The mul- 
tivariate model is a more powerful method to 
calculate the proportions of  the total variance due 
to genetic and environmental factors than separate 
univariate analyses for each variable, because it 
also takes the covariations between the variables 
into account. With a triangular decomposition 
(Neale and Cardon, 1992) we explored the genetic 
and environmental correlation structure between 
the different dimensions of sensation seeking. 
Zuckerman's hypothesis of  a second-order factor 
model for the four subscales was tested with a com- 
mon factor model. 

M E T H O D S  

Subjects 

This study is based on completed question- 
naires on health and lifestyle, mailed in 1991 to 
adolescent twins and their parents (Boomsma et  al . ,  
1994; Koopmans et  al. ,  1994). Twin families were 
recruited by asking all city councils (720) in The 
Netherlands for addresses of twins aged 12-22 
years. A positive response was received from 252 
city councils, which supplied 3859 addresses; 177 
addresses were available from other sources. After 
contacting these families by letter, 2375 twin fam- 
ilies indicated that they were willing to participate 
and 1700 families returned the questionnaires. The 
sample of participating families came from all 
regions of the Netherlands, including both rural and 
urban areas and two of the four biggest cities. 

The questionnaire consisted of  items on zyg- 
osity, health, alcohol and tobacco use, sports par- 
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ticipation, and personality. Of the 1700 twin pairs 
who returned questionnaires, 1591 provided re- 
sponses from both twins to the personality scales. 
The incomplete pairs did not differ significantly 
from the complete pairs with respect to the means 
and variances of  the sensation seeking scales. The 
age of  the twins was between 12 and 24 years, less 
than 4% of the sample was younger than 14 years 
and 7% was older than 21 years, and the mean age 
was 17.7 years (SD = 2.26). The sample was rep- 
resentative of  the general population with regard to 
educational level of  the parents: 13.9% of  the fa- 
thers and 15.3% of the mothers had a basic edu- 
cation at the elementary school, 61.8% of the 
fathers and 72.5% of  the mothers had a high school 
education, and 24.3% of the fathers and 12.1% of 
the mothers had attained a college or university 
level. In the same age group of  the general popu- 
lation, these figures are 16.9, 60.6, and 22.5% for 
men, respectively, and 21.5, 64.4, and 13.9% for 
women (Netherlands Central Bureau of  Statistics, 
1994). 

Zygosity of  the twins was determined by ques- 
tionnaire items about physical similarity and fre- 
quency of  confusion of  the twins by family and 
strangers (Goldsmith, 1991; Magnus et al., 1983). 
The classification of  zygosity was based on a dis- 
criminant analysis, relating the questionnaire items 
to zygosity based on blood-group polymorphisms 
and DNA fingerprinting in a group of  131 same- 
sex adolescent twin pairs who participated in a 
study of  cardiovascular risk factors (Boomsma et 
al., 1993). In that sample zygosity was correctly 
classified by questionnaire in 95% of  the cases. We 
looked at the validity of  the zygosity questionnaire 
in a subsample of  86 same-sex twins, aged 16 
years, who participated both in our study and in a 
longitudinal study of  brain function (van Beijster- 
veldt et aL, 1994, submitted). For these twins, 
agreement between zygosity based on the question- 
naire and zygosity based on blood-group polymor- 
phisms was 88%. Of the 10 pairs who were 
misclassified by questionnaire, 9 pairs were MZ 
twins mistakenly assigned as DZ twins. The total 
sample consisted of  275 monozygotic male twins, 
258 dizygotic male twins, 360 monozygotic female 
twins, 322 dizygotic female twins, and 485 oppo- 
site-sex twins. All five zygosity groups were well 
represented in our sample; there were only slightly 
more female twins (40.1%) than male twins 
(31.4%). The proportion of  opposite-sex twins in 

Table  I. Summary Statistics for the Sensation Seeking 
Scales in Males (N = 1475) and Females (N= 1799) a 

i 

Male Female 
No. of  
items Min-max  Mean SD Mean SD 

TAS 12 1 2 ~ 0  41.49 9.07 36.96 9.73 
(39.93) (8.84) (37.75) (9.59) 

ES 14 14-64 34.86 7.10 34.27 7.45 
(45.51) (8.89) (45.09) (8.18) 

BS 13 13-64 38.59 6.74 37.93 7.45 
(40.82) (7.73) (41.33) (7.51) 

DIS 12 12-58 35.35 7.28 30.64 6.69 
(37.09) (8.10) (34.07) (7.40) 

a Means and SD of  the norm sample (Feij et aL, 1982) in 
parentheses (174 males, 147 females). TAS, Thrill and Ad- 
venture Seeking; ES, Experience Seeking; BS, Boredom Sus- 
ceptibility; DIS, Disinhibition. 

our sample (28.5%) was almost equal to the pro- 
portion of  opposite-sex twins in the total population 
of  twins born between 1970 and 1980 in The Neth- 
erlands (29.5%) (Tas, 1990). 

Measures 

Sensation Seeking was surveyed with the 
Dutch version of  Zuckerman's Sensation Seeking 
Scale, form IV (Feij and van Zuilen, 1984). The 
Dutch scale consists of  67 Liken-type items, cov- 
eting Thrill and Adventure Seeking (TAS), Expe- 
rience Seeking (ES), Boredom Susceptibility (BS), 
and Disinhibition (DIS). There is no overlap be- 
tween the items of  the subscales. The four scales 
in the Dutch version of  the Sensation Seeking Scale 
have reasonably high internal consistencies (be- 
tween 0.72 and 0.81) (Feij et aL, 1982). Table I 
presents the summary statistics for each sensation 
seeking scale. Each item has to be answered on a 
scale from 1 to 5, giving, for example, for TAS (12 
items) a minimal score of  12 and a maximal score 
of 60. Compared with a Dutch sample on which 
the construction of the scale was based (Feij et al., 
1982) the means for TAS were about the same, 
whereas for ES, BS, and DIS the means in our sam- 
ple were lower. This might be explained by the 
different samples that were surveyed; the norm 
sample consisted of  331 (174 males and 147 fe- 
males) first-year undergraduate psychology stu- 
dents with a mean age of  21.5 years (SD = 4.6 
years), while our sample is younger and based on 
the general population. For each scale a model was 
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fitted to the means ,  variances,  and covariances  o f  
the five zygosi ty  groups. Within the mos t  saturated 
genetic model  (a model  with additive genetic, 
shared environmental ,  and unique environmental  
factors with sex differences),  the heterogenei ty  o f  
means  was tested (Neale and Cardon, 1992). In the 
first model  I0  means  (for first- and second-born 
twins in the five zygosi ty  groups)  were  estimated,  
giving a perfect  fit to the data with regard to the 
mean  structure. The second model  tested whether  
the means  for the first- and second-born twins can 
be  equated for same-sex  twins. In the next  step the 
mean  o f  the male  opposi te-sex twins was  equated 
to the mean  o f  the same-sex  D Z  male  twins, and 
the same was done for females.  Next ,  it was  tested 
whether  the means  differ be tween  M Z  and D Z  
twins, for males  and females  separately. Finally, 
the means  for males  and females  were  equated. For  
TAS, BS, and DIS there were  no significant dif- 
ferences be tween  first- and second-born twins and 
be tween  M Z  and D Z  twins. This was also true for 
the means  o f  ES in the same-sex  twins. For  ES the 
means  in opposi te-sex twins were  significantly dif- 
ferent f rom the means  in same-sex  D Z  twins (A~ 
= 8.46, d f  = 2, p < .05). Male  opposi te-sex twins 
had a higher mean  (35.30) than the male  same-sex  
D Z  twins (34.34), while means  for female  opposite 
sex-twins (34.00) were  reduced compared  to fe- 
ma le  same-sex D Z  twins (34.98). For same-sex  
twins there were  no significant sex differences for 
ES. Differences  be tween  males  and females  were  
significant for TAS (A~ = 154.38, d f  = 9, p < 
.001) and for DIS ( A~= 262.11, d f  = 9 , p  < .001). 

Genetic Analysis 

The var iances  and covariances o f  the four sen- 
sation seeking scales were  calculated for each zyg- 
osity group with PRELIS  1.2 (J6reskog and 
S/Srbom, 1986), result ing in 8 • 8 twin pair  co- 
var iances  matr ices  (four scales for the first twin and 
for the second twin). Same-sex  twins were  assigned 
as first or second twin based on the birth order. 
Opposi te-sex  pairs were  reordered so that the male  
twin was the first twin and the female  twin the sec- 
ond twin. To test  whether  the correlations be tween  
the sensation seeking scales were  induced b y  cor- 
related genetic and environmental  factors, a trian- 
gular or Cholesky  decomposi t ion  was carried out 
on the covariance matr ices  (Neale and Cardon, 
1992). A Cholesky  factorization decomposes  the 

Fig. 1. Triangular decomposition of the genetic and environ- 
mental factors for the four sensation seeking scales: Thrill and 
Adventure Seeking (TAS), Experience Seeking (ES), Boredom 
Susceptibility (BS), and Disinhibition (DIS). 

genetic and environmental  covar iance matr ices  into 
tr iangular matr ices  o f  factor loadings. The number  
o f  factors equals the number  o f  variables.  Figure 1 
shows the tr iangular decomposi t ion  o f  the genetic 
and environmental  factors for the four sensation 
seeking variables.  The first factor contributes to all 
four  variables,  the second factor  influences the snb- 
sequent three variables,  and so on. The genetic or 
environmental  covariance matr ix  is calculated by  
the product  o f  the tr iangular matr ix  and its trans- 
pose. M x  (Neale, 1993) was used to fit the Cho- 
lesky decomposi t ion  with additive genetic,  shared 
environmental ,  and unique environmental  factors to 
the data. Goodness  o f  fit was  assessed by  likeli- 
hood-rat io chi-square tests. To test  Z u c k e r m a n ' s  
hypothesis  o f  a second-order  sensation seeking fac- 
tor, we fitted a genetic c o m m o n  factor model.  In 
this model  one c o m m o n  genetic factor  was  speci- 
fied that influences the four sensation seeking 
scales and one c o m m o n  unique environmental  fac- 
tor. In addition, unique genetic and unique envi- 
ronmental  variances were  al lowed for each scale. 

Different  sex-l imitation models  were  tested. In 
the scalar mode l  the female  variances were  con- 
strained to be equal to a scalar mult iple o f  the male  
variance components  (Neale and Cardon,  1992). In 
this model  the total variances m a y  differ  be tween 
males  and females  but the proport ions o f  the total 
var iance due to genetic and environmental  effects 
are the same. The general sex-l imitation model  
tested whether  the magni tude o f  the genetic and 
environmental  effects differs be tween males  and fe- 
males  and whether  different genes or envi ronmen-  
tal factors operate in males  and females.  The latter 
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was mode l ed  as an imperfec t  correla t ion be tween  
the genet ic  factors in oppos i te -sex  twins. In this 
mode l  the first genet ic  factor  in males  was  corre- 
lated with the first genet ic  factor in females,  the 
second genetic factor in males  with the second ge- 
netic factor  in females,  and so on. This is a reduced 
mode l  o f  the full mode l  in which  each genet ic  fac- 
tor  in males  is a l lowed  to correlate  wi th  all the four 
genet ic  factors in females.  

The corre la t ion be tween  age and the sensat ion 
seeking scales  ranged f rom - 0 . 1 4  to - 0 . 1 2  in fe- 
males  and f rom - 0 . 0 9  to 0.01 in males.  Al though  
the correlat ions in females  were  s ignif icant ly dif- 
ferent f rom zero (X 2 = 43.47, d f  = 4, p < .001), 
they  were  weak  and therefore were  not inc luded in 
the analyses.  

R E S U L T S  

The twin correlat ions for each zygos i ty  group 
are presented  in Table  II. Overal l  the M Z  correla-  
t ions were  about  twice the DZ correlat ions,  sug- 
gest ing that genet ic  factors influence individual  
differences in sensat ion seeking. Table  III  shows 
the phenotyp ic  correlat ions be tween  the four sen- 
sation seeking scales. The correlat ions were  mod-  
erate, ranging f rom 0.16 to 0.46. Thril l  and 
Adventure  Seeking corre la ted highest  wi th  Expe-  
r ience Seeking  (r  = 0.40), and Dis inhibi t ion  cor- 
re la ted  highest  with Bo redom Suscept ib i l i ty  (r  = 
0.41 in males ,  r -- 0.46 in females).  A l though  the 
pat tern o f  correla t ions  looked  the same for males  
and females ,  the correlat ions could  not be con- 
s trained to be equal across the sexes (A~ = 22.31, 
d f  = 6, p < .05). 

Table  IV presents  the goodness-of- f i t  indices 
o f  the different  mul t ivar ia te  mode l s  that were  fitted 
to the data. A Cholesky  decompos i t ion  mode l  with 
addi t ive  genetic,  shared environmental ,  and unique 
envi ronmenta l  factors that were  const ra ined to be 
equal  in males  and females  gave a poor  fit (model  
1). A sex- l imi ta t ion  mode l  in which  the correla-  
t ional  structure was const ra ined to be equal  in 
males  and females  but  the var iances  for the males  
were  a l lowed  to differ  from the female  var iances  
gave  a s ignif icant ly bet ter  fit (model  2) but  was still 
worse  than mode l  3, which  a l lowed for sex-specif ic  
pa ramete r  es t imates  (A~ = 45.31, d f  = 30, p < 
.05). Mode l  3 is the full Cho lesky  decompos i t ion  
with sex-specif ic  es t imates  for the factor loadings,  
a l lowing the genet ic  correlat ions be tween  males  

Table II. Twin Correlations for Each Zygosity Group ~ 

MZM DZM MZF DZF DZMF 
(260) b (230) (348) (304) (449) 

TAS 0.62 0.42 0.63 0.31 0.25 
ES 0,53 0.35 0.60 0.29 0.25 
BS 0.45 0.33 0.55 0.34 0.24 
DIS 0.59 0.42 0.58 0.45 0.30 

MZM, monozygotic males; DZM, dizygotic males; MZF, 
monozygotic females; DZF, dizygotic females; DZMF, di- 
zygotic male-female twins. 

b Number of complete pairs in parentheses. 

Table IlL Phenotypic Intercorrelations for the Sensation 
Seeking Scales: Correlations for Males (N= 1475) in the 
Lower Triangle and for Females (N = 1799) in the Upper 

Triangle a 

TAS ES BS DIS 

TAS - -  0.40 0.22 0.26 
ES 0.40 - -  0.34 0.34 
BS 0.16 0.23 - -  0.46 
DIS 0.27 0.22 0.41 - -  

TAS, Thrill and Adventure Seeking; ES, Experience Seeking; 
BS, Boredom Susceptibility; DIS, Disinhibition. 

Table IV. Multivariate Model-Fitting Results a 

Model X 2 df p AIC 

1. No sex differences, A C E  184.33 
2. Scalar model, A C E  146.17 
3. Six-differences, r(g) free, 

A C E  100.83 
4. Six differences, r(g)=0.5, 

A C E  106.33 
5. No C in males & females 130.45 
6. Common factor model, A E  282.76 

150 0.03 --115.67 
146 0.48 --145.83 

116 0.84 --131.17 

120 0.81 -133.67 
140 0.71 --149.55 
148 0.00 --13.24 

a A, additive genetic factors; C, common environmental fac- 
tors; E, unique environmental factors; r(g), genetic correla- 
tion between males and females of opposite-sex twins. 

and females  to be less than 0.5. Constra ining the 
genet ic  correlat ions to be 0.5 (model  4) did  not 
reduce the fit o f  the model  significantly.  Wi thout  a 
significant loss o f  fit, the shared envi ronment  com- 
ponent  could  be set to zero, for both  males  and 
females  (model  5). A c o m m o n  factor model ,  with 
a c o m m o n  genet ic  factor, a common  unique envi- 
ronmenta l  factor, and unique genet ic  and environ-  
mental  var iances  did not fit the data. In summary,  
a t r iangular  decompos i t ion  with addi t ive  genetic 
and unique envi ronmenta l  factors gave the best  de- 
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scription of  the observed pattern of variances and 
covariances in MZ and DZ twins. 

The standardized variance components for the 
best-fitting model are presented in Table V. For 
each scale the additive genetic and the unique en- 
vironmental standardized variance components are 
summed over the four factors, giving the propor- 
tions of the total variance. For males additive ge- 
netic factors explained 62, 56, 48, and 62% of the 
total variance of  TAS, ES, BS, and DIS, respec- 
tively. For females 63, 58, 54, and 60% of the total 
variance of  these traits is attributable to additive 
genetic factors. 

Table V also shows the genetic and unique 
environmental correlations between the dimensions 
of  sensation seeking. The highest genetic correla- 
tions for males were between BS and DIS (r = 
0.54) and between TAS and ES (r = 0.51). For 
females these correlations were 0.55 and 0.45, re- 
spectively. Additionally, in females ES correlated 
0.47 with BS and 0.48 with DIS. Other genetic cor- 
relations were more modest. The unique environ- 
mental correlations were smaller than the genetic 
correlations, but they were still significant. Fitting 
a model with independent unique environmental 
factors, by estimating only the diagonal elements 
for these factors in males and females, gave a sig- 
nificant increase in the X 2 of  165.31 for 12 df, com- 
pared with model 4. 

DISCUSSION 

Genes play a major role in the individual dif- 
ferences in sensation seeking. Between 48 and 63% 
of the total variance in sensation seeking scales was 
explained by genetic influences. This is comparable 
to the heritability estimate of  58% for the general 
scale of sensation seeking found by Fulker et  al. 
(1980). The heritabilities for the subscales in the 
Fulker et  aL study (reported by Eysenck, 1983) 
were somewhat lower than the ones we found, ex- 
cept for Experience Seeking. In our study the ge- 
netic variance was highest for Thrill and Adventure 
Seeking (62% for males, 63% for females) and Dis- 
inhibition (62% and 60%) and lowest for Boredom 
Susceptibility (48% for males, 54% for females). 
Eysenck reports the highest heritabilities for Ex- 
perience Seeking (58 and 57%) and the lowest for 
Boredom Susceptibility (41 and 34%). For Thrill 
and Adventure Seeking and Disinhibition he found 
heritabilities between 51 and 41%. 

The heritabilities for the sensation seeking 
subscales in twins aged 12 to 24 years are consis- 
tent with twin studies of  other personality traits in 
adolescence. In the London Twin Study (262 pairs, 
aged 7-17 years) heritabilities for extraversion and 
neuroticism were 54 and 44%, respectively (Eaves 
et al., 1989). A reanalysis of  Loehlin and Nichols 
study (1976) of  850 pairs of  high school juniors 
(18 years old) showed heritabilities of  61% for ex- 
traversion and 52% for neuroticism (Eaves et  al., 
1989). 

Although the pattern of twin correlations in 
Table I1 suggests that, especially in males, there 
might be some influence of  shared environment, we 
did not observe a significant contribution of  shared 
family environment on individual differences in 
sensation seeking in the model-fiRing results. In the 
triangular decomposition of  the data the shared en- 
vironment matrix could be dropped in both sexes 
without a significant increase in chi-square. How- 
ever, for personality traits, such as extraversion or 
neuroticism, the pattern of  MZ and DZ correlations 
typically is somewhat different from what we ob- 
serve. For sensation seeking we find high DZ cor- 
relations relative to the MZ correlations whereas 
for most other personality traits the DZ correlation 
usually is lower than half the MZ correlation 
(Loehlin, 1993). 

Testing for sex differences in the genetic ar- 
chitecture of sensation seeking showed no evidence 
that different genes influence sensation seeking be- 
havior in males and females. Allowing the corre- 
lation between the genetic factors in males and 
females to be less than one-half did not improve 
the goodness of fit compared to a model in which 
the genetic correlation was constrained to be 0.5. 
Although we fitted a reduced model in which four 
genetic correlations between males and females 
were estimated, this model fits the data very well. 

The differences in the magnitude of  the ge- 
netic effects in males and females were very small. 
Univariate genetic analyses for the subscales 
showed heritabilities to be the same in males and 
females (with a scalar model accounting for differ- 
ences in total variance between the sexes in Thrill 
and Adventure Seeking, Boredom Susceptibility, 
and Disinhibition). The significant sex differences 
in the multivariate analysis were thus caused by 
differences in the pattern of  genetic and environ- 
mental correlations. The higher phenotypic corre- 
lations in females are explained by higher 
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Table V. Standardized Variance Components, and Genetic and Environmental 
Correlations Between the Sensation Seeking Scales for Males and Females Under 

the Best-Fitting ModeP 

Variance Unique environmental 
component Genetic correlation correlation 

A E TAS ES BS DIS TAS ES BS DIS 

Males 
TAS 0.62 0.38 1.00 1.00 
ES 0.56 0.44 0.51 1.00 0.22 1.00 
BS 0.48 0.52 0.24 0 . 3 5  1.00 0.06 0. I 1 1.00 
DIS 0.62 0 . 3 8  0.37 0.32 0.54 1 . 0 0  0.12 0.08 0.26 1.00 

Females 
TAS 0.63 0.37 1.00 1.00 
ES 0.58 0.42 0.45 1.00 0.32 1.00 
B$ 0.54 0.46 0.29 0.47 1.00 0.12 0.16 1.00 
DIS 0.60 0.40 0.34 0.48 0.55 1 . 0 0  0.12 0.12 0.34 1.00 

A, proportion of total variance attributable to additive genetic factors; E, proportion 
of total variance due to unique environmental factors; TAS, Thrill and Adventure 
Seeking; ES, Experience Seeking; BS, Boredom Susceptibility; DIS, Disinhibition. 

correlations among  unique environmental  factors 
for females  than for males  and by  higher genetic 
correlations for Exper ience  Seeking with Boredom 
Susceptibil i ty and Disinhibit ion in females.  

Males  scored higher  on Thrill and Adventure  
Seeking and Disinhibit ion than females.  These sex 
differences in means  in our sample  are in accor- 
dance with what  is general ly  observed for sensation 
seeking (Zuckerman  e t  al.,  1978; Zuckerman,  
1979). Recently,  Resnick  e t  al. (1993) reanalyzed 
the sensation seeking data o f  the 422 twin pairs, 
including 51 opposi te-sex pairs,  studied by  Fulker  
et  al. (1980). They  found a higher level o f  Disin- 
hibition, Exper ience  Seeking, and overall  sensation 
seeking in female  m e m b e r s  o f  opposi te-sex twins. 
It  was  hypothes ized  that this increase was due to 
influences o f  prenatal  androgen exposure.  We  
found no evidence for increased sensation seeking 
in female  m e m b e r s  o f  449 opposi te-sex pairs. Test-  
ing for heterogenei ty  o f  means  across zygos i ty  
groups and across males  and females  did not show 
any significant differences be tween  females  o f  op- 
posi te-sex twins and female  same-sex  D Z  twins. 
The differences we  found for Exper ience  Seeking 
were  in the opposi te  direction; females  o f  opposite-  
sex twins had lower  means  compared  to female  
same-sex  DZ twins. Our  study is based on 
adolescents,  while Resnick  and co-workers '  (1993) 
study was based on adults, but it seems unlikely 
that this difference could explain the d iscrepancy 
in results. 

Sensation seeking is posi t ively  related to ex- 
traversion, phychot ic ism,  and impulsivi ty,  but not 
to neurot ic ism (Eysenck and Zuckerman,  1978; 
Zuckerman,  1979; Mart in et  al.,  1979; Haapsalo ,  
1990). For extraversion and neurot ic ism the influ- 
ence o f  heredi ty is well  established; genetic factors 
explain a lmost  50% o f  the total variance o f  these 
traits (Loehlin, 1992; Eaves  e t  al.,  1989). Mart in et  
al. (1979) tested the hypothesis  that the covariat ion 
be tween impuls iveness  and sensation seeking could 
be explained in terms o f  an extraversion factor. 
They  did not find much  evidence for this hypoth-  
esis and concluded that impuls iveness  and sensa- 
tion seeking are not s imple reflections o f  
extraversion. Phenotypical ly,  Thrill and Adventure  
Seeking correlated highest  with Exper ience Seek- 
ing, and Boredom Susceptibil i ty correlated highest 
with Disinhibition. These phenotypic  correlations 
were  induced main ly  by  correlated genetic factors 
and, to a smaller  extent, by  correlated unique en- 
v i ronmental  factors. The genetic correlations were  
substantial,  but not as large as one would  expect  
when  the traits are entirely under  the control o f  the 
same genetic factors. We  fitted a genetic c o m m o n  
factor model  and found no evidence for one genetic 
factor  underlying the genetic constitution that influ- 
ences the different dimensions o f  sensation seek- 
ing. Eysenck  (1983) also did not find much  
evidence for one genetic factor underlying the sen- 
sation seeking subscales. These results do not sup- 
port  Z u c k e r m a n ' s  hypothesis  o f  a second-order  
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sensation seeking factor underlying the four subs- 
cales. Although all four dimensions of sensation 
seeking are positively correlated and were in fact 
originally developed by Zuckerman (1971) as part 
of  one scale, our study shows that there is not one 
underlying genetic dimension of  sensation seeking 
that can explain the covariation between the sen- 
sation seeking subscales. 
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