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ABSTRACT. Objective: To investigate the prospective infiuence of in-
dividual adolescents’ sensation seeking tendency and the sensation
seeking tendency of named peers on the use of alcohol and marijuana,
conwalling for a variety of interpersonal and attitudinal risk and protec-
tive factors, Method: Data were collected from a cohort of adolescerts
(N = 428. 60% female) at three points in time, starting in the eighth
grade. Respondents provided information about sensation seeking, the
positivity of family relations, attitdes toward alcoho! and drug use, per-
ceptions of their friends’ use of aicohol and marijuana, perceptions of in-
fluence by their friends 1o use alcohol and marijuana, and their own use
of alcohol and marijuana. In addition, they named up to three peers,

whose sensation seeking and use data were integrated with respondents’
data to allow for tests of hypotheses about peer clustering and substance
use. Results: Structural equation modeling analyses revealed direct ef.
fects of peers’ sensation seeking on adolescents” own use of both mari-
juana and alcohol 2 vears later. An unexpected finding was that the
individual's own sensation seeking had indirect ¢not direct) effects on
drug use 2 years later. Conclusions: These findings indicate the potential
importance of sensation seeking as a characteristic on which adolescent
peers cluster, Furthermore, the findings indicate that, beyond the influ-
ence of a variety of other risk factors, peer sensation seeking contributes
to adolescents’ substance use. (J. Stud. Alcohol 60: 622-631, 1999

TI—IIS ARTICLE grows out of research addressing means
of identifying a substantial portion of young people pre-
sumably at high risk of becoming drug users—adolescents
and young adults with a high need for stimulation—and
addressing their needs in prosocial ways. Sensation seeking,
a personality trait involving preferences for novel, unusual,
or risky situations (Zuckerman, 1979, 1983, 1994) has con-
sistently been linked with drug and alcohol use among
teenagers (Bates et al., 1994; Earleywine and Fing, 199]:
Forsyth and Hundieby, 1987; Newcomb and McGee, 1989).
In earlier studies, we found that up to 80% of adolescent
users of specific drugs were high sensation seekers (Dono-
hew et al., 1990). )
Here, we report on the second phase of a two-part study of
etiologic associations among need for sensation, peer group
networks and drug use of adolescents. The first part (Dono-
hew et al., unpublished manuscript) described the relation-
ships between sensation seeking and peer networks. This
second part reports the resuits of a structural equation mod-
eling analysis of the associations among sensation seeking,
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friends’ sensation seeking and the use of alcohol and mari-
Jjuana. Data were collected from a cohort at three poiats in
time, starting in eighth grade; additionally, a network analy-
sis of adolescents’ and friends’ data was conducted prior to
development of the models.

We propose that sensation seeking, an individual level
intrapersonal trait, and social influences are complementary
rather than contradictory explanations of adolescent drug use
and that both peer network factors and sensation seeking in-
fluence the likelihood of use. It is plausible that individuals
with high sensation seeking needs will tend to have similar
interests and be members of the same peer group. It is aiso
plausible that both social and individual forces are operating
in a two-way casual fashion—in effect “causing” each other,
in a reinforcing relationship.

Additionally, we suggest that high levels of sensation
seeking positively influence the future likelihood of associ-
ating with drug-using peer groups; i.e., high sensation seek-
ers will tend to select friends who engage in similar
behaviors. Further, we suggest that high levels of sensation
seeking are positively related to prodrug attitudes and sus-
ceptibility to peer influence to use alcohol or drugs which, in
turn, predict use,

Sensation seeking and drug use

One of the risk factors underlying alcohol and dru g use, as
well as other risk behaviors, is sensation seeking (Zucker-
man, 1979, 1983, 1987a,b, 1994). Our earlier research find-
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ings are consistent with those from other swdies indicating
that individuals with a high need for sensation begin using
drugs at an earlier age and are more likely than low sensation

. Seekers to become regular users (Bates et. al., 1994; .

Kilpatrick et al., 1976; Pedersen, 1991: Schwarz et al.,, 1978:
Segal et al., 1980; Zuckerman, 1979, 1983, 1994),

The research also indicates that individual differences in
need for sensation and, 1o a lesser extent, in prior drug use,
piay a major role in responses 1o drug abuse prevention mes-
sages, with more powerful messages required for attracting
and holding the atiention of high sensation seekers. Re-
sponses inciude exposure preferences, physiological re-
sponses, and changes in attitude and behavioral intentions
{Donohew et al., 1990, 1994; Lorch et al., 1994; Palmgreen
et al., 1995),

Need for sensation, which has been found to be associated
with preferences for novel, complex, and ambiguous stimuli
{Zuckerman, 1979), has been measured both as a personality
trait (Pearson, 1970, 1971; Zuckerman, 1978, 1983, 1987b;
Zuckerman et al., 1964) and as part of a more general acti-
vation theory of information exposure (Donohew et al.,
1980, 1988; Everett and Palmgreen, 1995).

According to Zuckerman, sensation seeking increases dur-
ing adolescence then levels off in the mid- to late 20s.
Changes or stability in sensation-seeking needs have recently
been linked to changes in substance use patterns. For exam-
ple, Bates and colleagues (1994) report that, over time, rela-
tive increases in sensation seeking are associated with
increases in adolescent substance use. Decreases in need for
sensation appear to curb increases in substance use but do not

necessarily lead to reductions in use.

Two factors appear to underlie the consistent association
between sensation seeking and adolescent drug and alcohol
use (Segal et al., 1980). The risk or illegality associated with
substance use provides one source of stimulation for the high
sensation seeking adolescent. Furthermore, sensation seek-

- ers oblain direct neurological stimulation from the substance

itself. Indeed, both novelty seeking and stimulant drug self-
administration in animals may involve a common dopamine
system in the brain (Bardo and Mueller, 1991; Bardo et al.,
1989). Recent research connects the D4 dopamine receptor
gene with novelty seeking (Benjamin et al., 1996; Cloninger
et al., 1996; Ebstein et al., 1996). Presumably, if novelty-
seeking and drug-seeking behaviors in humans activate a
similar neurological system, novel or high sensation stimu-
lation may function as substitutes for drug use (Bardo and
Mueller, 1991; Bardo et al., 1996).

Peer influence
Although biological and psychological factors are consid-

ered to be risk factors for substance use, one of the most con-
sistent findings is the effect of peer influence on substance

use. Several studies have pointed to the influence of social
network variables and psychosocial variables upon subse-
quent adolescent drug use (Kandel. 1985; Kandel et al,
1986:-Kaplan et-al:; 1987}, Adolescent drug use most often
oceurs in a peer context (Oetting and Beauvais, 1986 Qet-
ting et al., 1991). Adoption of drug use occurs in a context
where friends support and model drug use as well as make
drugs available (Oetting and Beauvais. 1986). Qetiing and
Beauvais (1987) also claim that the dominant variable in
adolescent drug use is the selection of peers with whom the
individual chooses to associate, with the most important
peers constituting a peer cluster. Peer cluster theory de-
scribes the association between peer relationships and drug
use as direct, with drug use serving to shape group behavior
and maintain group identity. However, the influence of the
peer group does not necessarily reflect the concept of peer
pressure as commonly understood (Oetting et al., 1991), Peer
cluster theory suggests that all members of the peer group
mutually affect each other. That is, all members agree on de-
cisions and behaviors such as encouraging or discouraging
substance use (Qetting and Beauvais, 1987). Thus, each
member of the peer group is as'much a persuader as he or she
is persuaded.

Many have questioned why and how adolescents begin to
affiliate with drug-using peers. Indeed, several factors may
be operating in this process. Socialization characteristics re-
lated not only to peers but also to family, religion, schools,
and the community may influence adolescent substance use
(Oetting et al., 1991). Elliou et al. {1985) tested a model of
marijuana and other illicit drug use, using as predictor vari-
ables the amount of time spent with family, amount of time
spent on academic concerns, commitment to conventional
school norms, and association with delinquent peers. Al-
though the variables pertaining to family and school influ-
enced the individual’s likelihood of associating with deviant
peers, only the association with such peers had direct effects
on illicit drug use. Additionally, Massey and Krohn (1986)
reported that commitment to school and belief in conven-
tional norms were inversely related to the likelihood of
affiliating with peers who smoke cigarettes. Cattarelio (un-
published doctoral dissertation) found that the probability of
associating with marijuana-using peers was affected by at-
tachment to family, commitment to school, and marijuana-
specific beliefs.

An important issue to consider here concerns the temporal
ordering of peer affiliation and drug use. Does one choose
peers and then begin to use drugs, or does one first use drugs
and then select peers who engage in similar behaviors? Or,
as we propose, do individual and social factors mutually in-
fluence each other?

Bauman and Ennett (1994) suggest that the role of peer
influence is exaggerated when one fails to acknowledge
factors other than influence per se. For example, both selec-
tion and projection may account for the strong correlation
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between one’s own drug use and the drug use of peers. Se-
lection refers to the role of substance use in the formation of
friendships; e.g., drug users may seek out other users as
friends, while nonusers tend to affiliate with other nonusers.
Projection occurs when persons attribute, or project, their
behavior onto that of their friends. Neither selection nor
projection proposes that friendship causes drug use (Bau-
man and Ennett, 1994),

Recent studies have attempted to simultaneously model
both individual and peer group variables in order to deter-
mine their contributions to adolescent drug use. For exam-
ple, Webb et al. (1993) examined the relationships among
intrapersonal risk factors such as sensation seeking and tol-
erance of deviance; alcohol expectancies; and interpersonal
factors of peer influence and perceived peer use of alcohol.
Intrapersonal risk factors, a construct consisting of sensa-
tion seeking and tolerance to deviance loadings, exhibited
both direct and indirect effects on alcohol use. Both intra-
personal and social factors indirectly influenced use through
their influence on alcohol expectancies. Social risk factors
did not directly affect use. Expectancies appeared to medi-
ate the effect of both social and intrapersonal risks on use;
however, intrapersonal risks also operated independently
of expectancies. Dielman et al, (1993) reported that suscep-
tibility to peer pressure as well as peer use and approval of
use had the strongest direct effects on adolescent use and
misuse of alcohol. Several studies report that peer factors
influence adolescent alcohol and drug use (Kandel, 1985);
. however, other analyses have suggested that adolescents
who use drugs will seek out peers who use drugs (Kandel,
1978). Because more than one etiological pathway exists
for adolescent drug and alcohol use, we attempted to si-
multaneously model both individual and peer-group vari-
ables in order to determine their contributions to adolescent
drug use.

Method

Participants

Eligible participants were a subsample of the initial cohort
assessed in a large-scale evaluation of a primary prevention
program in the Fayette County, Kentucky, schoo! system be-
ginning in the 6th grade (Clayton et al,, 1996). Initially, par-
ticipants were deemed eligible for the present analysis if, at
either the 8th-, 9th-, or 10th-grade assessment, they named a
peer who aiso participated in the study at that assessment.
This criterion yielded a sample of 510 adolescents.! Careful
scrutiny of the data revealed four recurring missing data pat-
terns that could not be overcome using available imputation
or modeling strategies. Dropping participants who evinced
one of these patterns yielded an analysis sample of 428 (60%
fernale) participants, Details regarding the handling of miss-
ing data are presented in the Results section.

Measures

Sensation seeking. From Form V of Zuckerman's (1978)
Sensation Seeking Scale (S85), 24 items were used 0 mea-
sure gemeral sensation seeking of participanis and their
named peers. Responses to individual items could range
from 1 (disagree) to 5 (agree), and a total score was computed
by averaging over the 24 items. Internal consistency of the
measure was .78,

Peer sensation seeking. This was measured using the
same 24-item scale for three of the respondent’s peers. On
the survey, respondents were asked to name three peers
with whom they interacted most often. Respondent nomina-
tion of specific peers provides a more accurate representa-
tion of peer behavior than does estimation of the behavior
of “generalized” others (Rice, 1993). If the nominated peers
completed a questionraire, their sensation seeking scores
were matched to the respondent’s data across the three ime
periods (Donohew et al., unpublished manuscript). For a
small number of cases, the second- and/or third-named
peers did not have complete data to create a measure of peer
sensation seeking. For those cases, the score for the first-
named peer was used as the peer sensation seeking score.
Otherwise, the two or three peer sensation seeking scores
were averaged.

Positive familv relations. Seven items were used to assess
the positivity of participants’ family relations, Items queried
respondents regarding how often they got along with their
mother, got along with their father, had fun with parents,
were happy at home, got attention at home, were understood
by parents, and felt close to the family. Responses could
range from I (never) to 5 (most of the time); the mean of re-
sponses to the seven items served as our measure of positive
family relations.

Attitudes toward alcohol and drugs. Four items assessed
drug attitudes. These are: “It is OK to try drugs once or twice
just to see what they are like™; “It is OK for people to use
drugs if drugs make them feel better”; “There is nothing
wrong with using most drugs”™; and “Drugs help you have
more fun.” Alcohol attitudes wese measured by agreement or
disagreement with the statement: “It is okay to buy alcohol.”
All attitude variables had a response range from 1 (disagree
strongly) to 5 (agree strongly).

Perceptions of friends’ use. Two items queried partici-
pants regarding the proportion of their friends who use alco-
hol and marijuana. Response options were none, I or 2,
some, most, and all.

Perceived influence 10 use alcohol and marijuana. Sus-
ceptibility to peer influence was measured by items that asked
whether the respondent would “smoke marijuana if asked”
and “drink alcohol if offered some.” Responses for these vari-
ables ranged from | (definitely not) to 5 (definitely would).

Alcohol and marijuana use. In two items, participants and
peers were asked how many times they used alcohol and

L
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marijuana during the past year. Responses could range from
1 (none) to 7 (40 or more times).

. Procedure

Participants completed the questionnaire, from which the
present measures were drawn. at school near the end of their
8th-, 9th- and 10th-grade years. A passive consent procedure
was used, and approximately 1% of students were not
granted parental permission. Trained data collectors empha-
sized confidentiality by demonstrating the separation of
identifying information from questionnaire responses. Par-
ticipants typically completed the questionnaire in about 45
minutes. Participants who had difficulty reading the ques-
tionnaire were either interviewed or permitted to mail in the
questionnaire after completing it. Named peers’ scores on
sensation seeking, alcohol use, and drug use were merged
with participants’ data records to permit tests of hypotheses
regarding peer influence,

Results

Handling of missing data .

Of the 510 participants in the sample, 389 (76%) provided
useable data on every variable at every occasion. The preva-
lence of missing data for every variable at each assessment
is presented below. Note that, with the exception of data from
peers, missing data for individual variables range from 0 to
2% of the sample and, for the most part, are less than 1% of
the sampie.

Among the 121 participants with incomplete data, three
systematic patterns involving the peer measures accounted
for most of the missing data. There were 30 participants
missing only peer data in the 8th grade, an additional 30 par-
ticipants were missing only peer data in the 9th grade, and 15
participants were missing only peer data in the 10th grade.
An additional seven participants were missing peer data for
two of the three assessments. Because these subsamples
numbered fewer than the number of variables k=39, we
were unable to use a multigroup structural equation model as
& means of keeping them in the analysis sample (Muthén
et al,, 1987) and these 82 participants were not included in
the analyses. Analysis of the missing data patterns revealed
that missing data on any of the peer variables were not asso-
ciated with alcohol or marijuana use, and missing data on
peer variables at one assessment were not associated with
missing data on peer variables at the other assessments.

For the remaining 39 participants with incomplete data,
missing data were infrequent and widely scattered. In order
‘o keep these participants in the analysis sample we used a
regression imputation strategy to replace missing values with
predicted ones. Missing values were imputed by regressing
cach variable on which there were missing values on the re-

“cluded 428 participants (84% of the full samiple).

maining 38 variables and on the gender of the participant.’
Muitiple Rs for these equations ranged from .50 w0 .85
(mean = .73). After imputation, the analysis sample in

Zero-order associations

Correlations among all the variables as well as means and
standard deviations are displayed in Table 1. Note that sen-
sation seeking and family relations were very stable across
the period of the study. With the exception of marijuana use,
the remaining variables were moderately stable over time.
Marijuana use was stable between 9th and 10th grades, but
was unstable from 8th to 9th and 8th to 10th grades.

Correlations between actual peer alcohol and marijuana
use and participants’ perceptions of their friends’ use were
modest. At the 8th-grade assessment, peer alcohol and mar-
ijuana use were modestly correlated with perceptions of ai-
cohol and marijuana use. At each assessment, participant and
peer sensation seeking were modestly correlated. The corre-
lation between alcohol and marijuana use increased substan-
tially from year to year. Within wave, alcohol use was most
strongly associated with perceived peer influence to use al-
cohol, attitudes toward drug use, perceived alcohol use by
friends, and sensation seeking; by 10th grade, actual peer al-
cohol use is among the strongest corfelates of alcohol use.
Marijuana use, within wave, was most strongly associated
with perceived marijuana use by friends, attitudes toward
drug use and peer marijuana use (9th and 10th grades); by
10th grade, peer sensation seeking was among the strongest
correlates of marijuana use.

Model specification

Thirteen variables were included at each of three waves:

*8th, 9th and 10th grade. The variables (with the prevalence

of missing data for each wave) follow: sensation seeking (0,
0, 0); positive family relations (<1, <1, 0); attitude toward
alcohol use (<1, <1, 0); attitude toward drug use (<1, <1,
0); peer sensation seeking ( 7, 8, 4); perceived alcohol use by
friends (1, 0, <1); perceived marijuana use by friends (2, 1,
<1); peer alcohol use (7, 8, 4); peer marijuana use (7, 8, 4);
perceived peer influence to use alechol (<1, <1, <1); per-
ceived peer influence to use marijuana (<1, <1, 0); alcohol
use--past year (<1, <1, <1); marijuana use—past year
(<1, <1, 0). Values are percentages of a total N of 510. Ac-
tual »’s ranged from 470 to 510 with a mean of 501. As is
typical, the exogenous variables (8th-grade assessment)
were permitted to covary. Within wave, disturbances associ-
ated with endogenous variables (9th- and 10th-grade assess-
ments) were permitted to covary. In the initial model
specification, only lagl effects were estimated (i.e., paths
from 8th-grade variables to 10th-grade variables are
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TaBLe 1. Correlations and descriptive statistics for variables in the structural equation model

Variable i 2 3 4 5 6 7 8

9

10 13 12 13 k4 13 16 17 18 19

8th Grade Assessment

1. Sen. sk.

2, Pos, fam. .34

3. Ale, artt. -3 25

4, Drug att. ~38  ~.32 G4

5. Pr. sen, sk. 28 A3 -23 -9

6. Fr. ale. use 25 28 -~ -8 1

7. Fr. mj use 17 200 18 -23 09 .62

8. Pr. alc, use 2% A1 ~18  —~.08 s 26 28

9. Pr. mj use 07 07 -0 -2 11 .26 33 45
). Ale. infl, A7 41 —~55  —353 24 32 24 20 .07
1}, Mj infl. 27 34 -5 -57 J4 18 24 A¢ 23 51

12, Alc. use 35 28 -4 -7 16 28 22 25 06 .60 29
13, Mj use 05 A2 -9 18 .01 14 25 10 21 RE] a7 20

Oth Girade Assessment

14, Sen. sk. 2 25 -8 =27 20 A1 08 A2 -0l 33 A7 29 04

15, Pos. fam. 28 68 -6 -5 .07 21 1% .08 02 25 ey .23 09 28

16. Ak, atl. .33 -23 31 39 —8 -4 -8 -5 —08 —42 31 —34  -07  -A4] -3
17, Prug att. ~31 =21 37 B9 08 ~-32 -9 -] ~10 ~38 ~44 2] —]3 -34 -.32 66
18, Pr. sen. sk. 3% Q6 ~03  —16 37 03 ~06 A6 —.08 .23 .10 Jd9 —-02 30 A0 -2 - 23

19. Fr. alc. use 27 2 -4 -23 .07 A0 33 11 06 27 26 26 G 29 29 ~37 0 ~34 07
2. Fr. mj use 24 A7 =25 w27 11 31 40 ek 2 29 3z 26 2 25 240 =32 -4 04 57
21 Pr. ale, use A6 -2 16~ 0 W} NEs 13 30 14 48 1 19 .08 A5 06 -8 22 36 20
22. Pr. mj nse .19 e -0 —14 44 06 A2 26 24 16 A5 18 20 A8 09 -5 -2 .24 07
23, Ale. infl. 38 36 -3 -35 15 44 20 .20 i) 57 27 41 10 A2 37 —-6F —47 19 35
24. Mj infl. .24 21 =21 -.3% 13 10 24 09 07 27 A1 14 16 26 0 ~38  —-58 A7 34
25 Ale. uge .30 A5 -3 -2 21 14 6 27 09 A% 28 A7 a7 39 23 -6y 47 22 39
26, Mi use 47 g3 24 ~30 14 07 2 20 12 22 3T 21 .27 23 J6 —-34 -49 i 27

10th Grade Assessment

27. Sen. sk. .63 A8 —-17 =~ 19 .08 06 09 .00 27 A7 21 00 T3 A7 —-2% 0 22 29 A2
28. Pos. fam. 22 A1 —15 23 11 A7 10 .1 05 24 23 8 16 .23 69 26 22 05 23
2% Alc. an, -29 -7 25 28 —15 ~44 -3 «12 -07 ~33 -23 -2 —04 ~33 .16 51 36 09 —26
30. Drug att. —-32  -.13 23 37 -22 -07 -4 -4 12 -28  —20 -3 ~-05 ~35 -20 50 54 -23 22
31, Pr. sen. sk. 21 08 —16 -1 30 0t 08 05 -9 18 06 A5 ~.03 23 6 15 -1 34 ~04
32, Fr. alc. use .26 A9 —-00 -3 11 41 —-08 05 -08 18 06 A5 07 26 200 ~28 0 21 .08 54
33. Fr. mj use 30 200 =23 =237 20 34 33 27 20 .30 31 29 14 32 2 -35 0 -3 L7 A8
34, Pr. ale. use .22 05 —-19 -6 .27 06 .08 23 05 23 16 2% K¢z 22 b6 -2 -17 25 Ao
35. Pr. mj use 15 05 -—-18 -8 23 .02 08 24 J2 .18 19 36 07 16 09 -26 ~21 23 .05
36. Ale. infl, 35 27 -28 -29 18 20 28 20 A2 44 18 33 A4 .36 28 44 -33 16 20
37. Mjinfl. .38 20 ~27 ~-40 .19 .07 18 12 A5 34 36 23 6 37 200 —-43 0 -4y 19 27
38. Al use .33 2 =29 -8 17 BE] 21 .24 .08 43 23 44 08 37 23 ~49 38 16 35
39. Mj use 27 A1 -28  -28 22 -0 30 24 .H 32 .28 .30 16 31 a2 -4l 42 25 24
Mean 3.02 185 473 4 304 150 1.33 1.59 .09 2.01 1.24 1.50 G4 304 200 436 460 318 1.90
SD 51 91 S 49 40 75 ki) .86 A6 1.24 73 93 28 51 .97 109 7 42 100

constrained to zero). As such, the fit of the initial mode! was
tested on 169 degrees of freedom.

Model fir

We used three criteria, all based on maximum likelihood
estimation, to evaluate model fit. The' SCALED X2 (Satorra
and Bentler, 1988) is a corrected form of the standard x2 vari-
ate used to evaluate the omnibus fit of structural equation
models. SCALED x2, which corrects for the ill effects of
nonnormality on the standard ¥2 variate, appears to be
the optimal test statistic for evaluating optimal fit of struc-
ral equation models at this time (Hu et al, 1992),
Mardia’s (1970) test of multivariate kurtosis (normalized
estimate = 137.02) revealed that the present data were not
multivariate normal. We also consulted the comparative fit
index (CFI; Bentler, 1990), a normed index that reflects the

improvement in fit of a proposed model over the null, or in-
dependence, model; values of CFI greater than .90, in most
instances, reflect good fit. Finally, we used the root mean
square error of approximation (RMSEA; Steiger, 1990) to
evaluate the fit of our models. RMSEA is bounded by zero,
a value it will take when a model exactly reproduces a set of
observed data. Browne and Cudeck (1993) propose .05 as a
value indicative of close fit, .08 as indicative of marginal fit
and .10 as indicative of poor fit of a model taking into ac-
count degrees of freedom of the model.

Estimation of our initial model produced promising fit
statistics (SCALED x2 = 284.98, 169 df, n = 428, P <.001,
CF1 = .97, RMSEA = .03). Follow-up multivariate La-
grange multiplier tests revealed 14 nonzero lag2 paths. Free-
ing those paths produced a model with excellent fit to
the data (SCALED x2 = 151.61, 155 df, n = 428, P = .56,
CFI = 1.00, RMSEA = .02). The 95% confidence interval
on RMSEA ranged from 0 to .032, further underscoring the
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TaBLE |. (cont.)

[
20

Variable 20 24 22 23 24 26 27 28

9 G

3 32 a3 34 35 36 37 38 39

81h.Grade -Assessment

1. Sen. sk.

. Pos, fam.

. Ale, atl

. Drug aut,

. Pr. sen. sk.
. Fr, alc. use
. Fr. mj use
. Pr. ale. use
. Pr.myj usge
1G. Ale. infi,
11 Mjinfl,

[ VI Y

b L I Y

" 12, Ale, use

13. Mj use

9th Grade Assessment

14, Sen. sk.

3. Pos. fam.

16. Alc. ats.

17, Drug an,

18. Pr. sen, sk.

19. Fr. alc. use

20. Fr. mj use

21, Pr, aic. use 20

22, Pr. mj use A8 44

23. Ale. infl, 33 a2 .21

24. Mj infl, 48 23 24 49

25, Alc. use .38 .28 19 64 38
26. Mj use 48 28 43 .29 56 43

10th Grade Assessment

27. Sen. sk. 16 A2 A4 30 A7 .28 18

28. Pos. fam. 24 -0 09 2% 24 .i8 A4 16

29. Ale. au, —33 -20 -3 -53 ~-30 -42 21 -35% -.25
30. Drug at. =33 =20 -9 ~47 —40 -41 ~27 ~36 -.23
3. Prosen.sk. - .01 09 04 B1; 01 8 .05 27 08
32.Fr. alc. use 37 24 12 33 20 33 22 26 20
33. Fr. mj use 53 2% 23 36 34 42 34 33 22
34, Pr. alc. use 19 e .27 34 .8 34 b4 27 R

35, Pr. myj use .24 .20 28 2% 21 33 .28 22 .13
36. Ale. inf, 25 20 19 63 30 44 .21 33 a2
37. Mjinfl, .36 .23 30 ] .50 40 .38 42 .26
38. Ale. use 38 28 22 60 .37 463 .34 i 22
39 Miuse | 39 24 .33 37 45 .51 S8 36 il
Mean t44 207 118 25) 37 195 L1z 329 203
SD 78 127 69 138 95 L49 62 60 .87

~-.19 -8

-37 -2 0

~45  —48 2% 66

=36 33 40 25 32

=27 32 28 A5 .38 57

-56 ~352 A2 3¢ 44 .28 23

-3 -7 22 32 55 .34 34 .54

-58  -50 22 45 .55 42 .39 62 53

.4 - 33 d6 26 53 A1 A4 38 64 61

412 439 328 128 186 268 146 267 169 253 142
1.29 93 A7 107 101 LS9 116 138 122 188 1.24

Notes: Sen. sk. = participant sensation seeking: Pos. fam, = positive family relations: Ale. au. = attisude toward alechol use; Drug att. = attiwde toward drug tise; Pr. sen. sk. = mean
sensalion-seeking score of named peers; Fr. alc. use = perceived alcohol use by friends; Fr. mj use = perceived marjuana use by friends: Pr. alc. use = mean aicohal use by named
peers: Pr. mj use = mean marijuana use by named peers: Alc. infl. = perceived influence by friends 1o use aicohol; Mj infl. = perceived influence by friends to use marijuana; Alc,
use = aleohol use during past year, Mj use = marijuana use during past year. All corelations are based on 1 = 428. Coefficients in bold type face are test-retest correlations. Coef-

ficients =08 are significant a1 p <.05.

good fit of the adjusted model. The y2-difference test was
nonsignificant (x2 = 133.37, 14 df, n = 428, p < .001), in-
dicating a highly significant reduction in the SCALED 7 as
aresult of freeing the lag2 parameters.

Parameter estimates

Completely standardized maximum likelihood estimates
of path coefficients are displayed in Table 2. Statistical tests
of parameters were based on robust standard errors (Bentler
and Dijkstra, 1985), which corzrect for nonnormatity. In the
first row under each variable name are the path coefficients
for effects of 8th-grade variables on 9th-grade variables. In
the second row are coefficients for 9th- to 10th- grade effects.

For some variables, the modified mode] included tag2 paths
from 8th-grade variables to 10th-grade variables. In those in-
stances, a third row includes those path coefficients. To pro-
vide orientation, coefficients for autoregressive paths are in
bold typeface.

The importance of particular variables as predictors is
made clear as one reviews the table. Sensation seeking most
strongly predicted the sensation seeking level of named
peers, particalarly for 9th graders. Sensation seeking also
predicted attitudes toward alcohol and drug use as well as
perceived influence to use alcohol and marijuana. Interest-
ingly, sensation seeking, in the context of the remaining vari-
ables, failed to predict alcohol or marijuana use. Peer
sensation seeking was not a prominent predictor, but it did
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TasLe 2. Completely standardized maximum likelihood estimates of path coefficients in full structural model
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Outcome (lag)

2 3 4 5

6

7

- Sensation seeking
8th—9th
th—s 10th
#th~>10th
. Positive family relations
§th-—%th
Yth— 1k
8th->10th
. Attitude toward alcohol use
8th—9th
9th—> F0th
4. Aditude toward drug use
8th—9th
Sth—10th
8th— 1{h
. Peer sensation seeking
8th—+6th
2 10th
8th—si0th
. Perceived alcohol use
by friends
8th—9th
Gth—10th
8th— 1k
7. Perceived marijuana use
by friends
Bth—9th
Sth— i 0th
8th~>10th

8. Peer alcohol use
. 8th—9%th
9th— 1tk
9. Peer marijuana use
Bth—9th
9th— i0th
8th— i 0th
10. Perceived peer influence
to use aicohol
8th—9th
Oth— 10t
81h—10th
11. Perceived peer influence
o use marijuana
Bth—9th
9th~>10th
8th— 10th
12. Alcohol use (past year)
- 8th—»9th
Sth—>10th
Bth->10th
13, Marijuana use {past year)
Bth—»9th
9th—>10th
Bth-a10th

3
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20
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1
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-04
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.28
30
Nid
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48
.5de

38
.38
A0
23

18

24
38

23
424

.M

14
224

38
A4

25
A

31

19
ATa

Note: Coefficients in bold are for autoregressive paths.
“R* is for equation that also includes 8th— 10th path(s).
P <.05; *p <01 4p <.001; statistical tests based on robust standard errors.

predict (as might be expected) peer alcohol and marijuana
use and, at a marginally significant level (p = .06), respon-
dent marijuana use in the 10th grade. Peer alcohol use pre-
dicted perceived use of alcohol by friends, perceived peer
influence to use alcohol and alcohol and marijuana use in the
9th grade. Peer marijuana use predicted only peer alcohol use
and perceived peer influence to use marijuana in the 10th

grade. Participants’ alcohol use predicted peer alcohol use,
peer marijuana use, and peer sensation seeking in the 10th
grade; marijuana use was not a significant predictor of vari-
ables in the model. Perceived influence by peers to use alco-
hol was a consistent predictor of other variables in the model,
influencing family relations, attitudes toward alcohol use, at-
titudes toward drug use, peer alcohol use, and alcohol use in
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both the 9th and 10th grades. Perceived influence by peers to
use martjuana was less important as a predictor, though it
was the strongest predictor of 9th-grade marijuana use.

Looking across rows in the final two sections of the table
reveals the strength of the model at predicting alcohol and
marijuana use during the past year. Looking to the end of
those rows, it is clear the prediction of 10th-grade use was
substantially better than prediction of 9th-grade use. The
H0th-grade R?s for marijuana reveal that variables in the
model are significant predictors of substance use. Ninth-
grade alcohol use was predicted by peer alcohol use, per-
ceived peer influence to use alcohol, and alcohol use at the
previous assessment. Tenth-grade alcohol use was predicted
by perceived influence by peers to use alcohol as well as al-
cohol use at each of the previous two assessments. Mari juana
use in the 9th grade was predicted by attitude toward drug
use, peer alcohol use and perceived peer influence to use
marijuana. Marijuana use in the 10th grade was predicted by
peer sensation seeking, alcoho! use, and marijuana use at the
previous vear’s assessment.

Discussion

The purpose of this study was to examine the infiuence of

individual and peer variables on later alcohol and marijuana
use. Previous studies have suggested causal retationships be-
tween sensation seeking and drug use and between peer in-
fluence and drug use; the findings in this study suggest that
the actual process of using drugs and alcohol involves both
sensation seeking and peer network factors.
* Among the findings of this study having greater theoreti-
cal significance are those indicating an indirect route from
individual sensation seeking through peers to drug and alco-
hol use. In other words, the intrapersonal trait of sensation
seeking did not exert a direct effect on drug use but instead
appeared to exert its influence indirectly, with adolescents
picking persons of similar sensation secking levels and the
sensation seeking level of these peers tending to influence
peer alcohol and marijuana use, This finding, coupled with
the finding that participants’ sensation seeking predicted sen-
sation seeking level of named peers, indicates that sensation
seeking plays a role in the formation of peer clusters (Oetting
and Beauvais, 1986, 1987), possibly through mutual attrac-
tion to activities involving novelty and risk. This is further
reinforced by the finding that attitudes toward two risky ac-
tivities, alcohol and drug use, were directly related to sensa-
tion seeking. Sensation seeking was also related to
perceptions about the amount of influence peers would have
on individuals’ own use of alcoho! and drugs,

Perceived influence by peers to use alcohol was a predic-
tor of attitudes toward alcohol and drug use in the $th and
10th grades; however, perceived influence by peers on use of
marijuana only predicted individual marijuana use in Sth
grade. Actual use of alcohol by participants and by peers also
predicted some of the perceptions and future use by partici-

pants and peers. Marijuana use by participants was not a sig-
nificant predictor, however, and marijuana use by peers pre-

(dicted only peer alcohol use and perceived peer influence on

marijuana use in 10th grade.

A noteworthy set of findings concerns the actual versus
perceived use of alcohol and marijuana by peers and the ef-
fects of those two variables on alcohol and marijuana use.
The correlations between perceptions of friends’ alcohol and
marijuana use and friends’ reports of their own alcohol and
marijuana use were consistently weak across the period of
the study. Neither measure was a strong predictor of respon-
dents’ alcohol and marijuana use; however, named peers’ re-
ports of alcohol use at the 8th-grade assessment predicted
respondents’ alcohol use the following year, and named
peers’ reports of marijuana use at the 8th-grade assessment
predicted respondents’ marijuana use the foliowing year.
This pattemn of findings raises questions regarding adoles-
cents’ ability to accurately predict their friends’ drug and al-
cohol use and the degree to which perceived versus actual
use by friends affects own use.

A proper evaluation of the pattern of associations high-
lighted by the structural equation model requires considera-
tion of the strategy by which the associations were estimated.
Because of the size of our model—173 variables measured at
three occasions-—we were not able to mode] latent variables
and, thereby, control for measurement error. Thus, although
the reliability of our measures is within typical range, the
path coefficients are anenuated to varying degrees as a result
of measurement error. Also, between-wave effects were es-
timated after controlling for the effect of the variable on it-
self across waves. For instance, the effect of peer sensation
seeking at Time I on marijuana use at Time 2 was evaluated
controlling for the effect of Time 1 marijuana use. Although
this is an appropriate and rigorous test of prospective associ-
ations, it works against large path coefficients. Finaily, we
felt it appropriate to evaluate the focal associations control-
ling for a variety of risk and protective factors not directly
relevant to our analysis, In so doing, we provided strong tests
of our hypotheses by requiring that any effects add to effects
that might be attributed to other plausible predictors. In short,
the seemingly modest path coefficients, where significant,
are impressive when considered in light of the means by

. which they were estimated,

In conclusion, given that higher sensation seekers search
for novel and exciting situations, perhaps the selection of
friends s, in itself, a sensation-seeking activity, Prevention ef-
forts might be improved by taking into account both individ-
ual and peer network variables, especially given the potential
sources of stimulation that friends may be able to provide.

Notes

1. Extensive statistical comparisons of the 510 eligible participants and the
1,430 members of the initial cohort who provided data on multiple occa-
sions revealed no practically significant differences, Comparisons on 30
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variables potentially relevant to the processes under investigation yielded
17 statistically significant differences (p <0.03), fargely attributable to the
high power of the between-group 1 tests. In terms of practical signifi-
cance, the average effect size (Pearson’s r) across the statistically signif-
icant comparisons was .08. The two effect sizes that exceeded r = .10
were, "How well are you doing in school?” (r = .13 favoring participants
ot in the present sample); and gender (¢ = .15 favoring females in the
present sample).

2. Because of the length of the evaluation survey, it was not feasible to in-
clude the full 40-item Sensation Seeking Scale. The 24 items retained
in the survey were selected for their suitability for adolescents and
represemted the four content areas of the Sensation Seeking Scale. Em-
pirical comparisons between the 24-item scale and Form V of the Sen-
sation Seeking Scale have supported the integrity of the brief measure:
the correlations among subscales and between the scale and outcomes
are highly similar. and the corrclations between corresponding sub-
scales as well as the full scale are 1.0 when corrected for attenuation
{Lynam, 1997).

3. For comparison purposes we also used Rubin's (1987) sampling/
importance resampling (SIR) algorithm 10 impute missing values
(available as a SAS macro at the Prevention Science and Method-
ology Group website: http:/fyates.coph.usf.edu/research/psmg/
Sirnorm/sirnorm.htmi). Results were indistinguishable from those re-
ported here,

References

Bakpo, M.T., DoNotEw, R.L. aNp HarriNGTON, N.G. Psychobiology
of novelty seeking and drug seeking behavior. Behav, Brain Res. 77:
23-43, 1996,

BarDo, MLT. anp MUELLER. C.W. Sensatior seeking and drug abuse pre-
vention from a biological perspective. In: Donouew, L., SYPHER, H.E.
AND Bukoskl, W.J. (Eds.}) Persuasive Communication and Drug
Abuse Prevention, Hillsdale, NJ: Lawrence Erlbaum Assocs., Inc.,
1991, pp. 195.207,

Baroo, M.T., NEisSEWANDER, JL. anD Prsrce, R.C. Novelty-induced
place preference behavior in rats: Effects of opiate and dopaminergic
drugs. Pharmacol. Biochem. Behav. 32: 683-689, 1989,

BaTes, M.E., Warte, H.R. anp Lasouvie, E. Changes in sensation-
seeking needs and drug vse. In: VENTURELLL, P.J. (Ed.) Drug Use in
America: Social, Cultural, and Political Perspectives, Sudbury, MA:
Jones & Bartlett Publishers, Inc., 1994, pp. 67-75.

Bavuman, K.E. aNp ENNETT, 5.T. Peer influence on adolescent drug use.
Amer. Psychol, 49: 820-822, 1994,

BexuaMin, 1. Ly, L., PATTERSON, C., GREENBERG, B.D., MURPHY, DL,
anp Hamer, D.H. Population and familial association between the D4
dopamine receptor gene and measures of novelty seeking. Nature Genet.
12: 81-84, 1996,

BenTLER. P.M, Comparative fit indexes in structural models. Psychol.
Bull. 107: 238-246, 1990,

BenTLER, P.M. aND Dirxstra, T. Efficient estimation via linearization in
structural models. In: Krisunazat, P.R. (Ed.) Multivariate Analysis VI,
Amsterdam: North Holiand, 1985, 9-42.

BrownNE, M.W.ANDCUDECK, R. Alternative ways of assessing model fit. In:
Botien, K.A. aND Long, 1.5, (Eds.) Testing Structura) Equation Mod-
els, Thousand Oaks, CA: Sage Pubns.. Inc., 1993, 136-162.

CATTARELLO, A.M. Neighborhood Influences on Adolescent Social Bonds,
Peer Associations and Drug Use: A Multi-Level Analysis, Lexington:
University of Kentucky, 1993, unpublished doctoral dissertation.

CrayTon, RR., CATTARELLO, AM. AND JOHNSTONE, B.M. The effec-
tiveness of Drug Abuse Resistance Education (Project DARE): S.year
follow-up results. Prev. Med. 25: 307-318, 1996,

CLoNINGER, C.R., ADOLFSSON, R. AND SvRaxic, NM. Mapping genes for
human personality. Nature Genet. 12: 3-4, 1996,

Disrman, TE. Burcdart, AT, anp Syvore, JT. Structural equation
model tests of patterns of family interaction. peer alcohol use, and in-
trapersonal predictors of adolescent aicohol use and misuse. J. Drug
Educ, 23: 273-316. 1993.

DonoHeEw, L., Finn, S, anp ChrisT. W.G. “The natwre of news” revis-
ited: The roles of affect. schemas. and cognition. In: DoNoHEW, L.,
SypER. H.E. aNp Hicoms, E.T. (Eds.) Communication, Social Cog-
nition, and Affect. Hillsdale, NJ: Lawrence Erlbaum Assocs., Inc..
1988, pp. 195-218.

Dononew, L., Herm, D.M., LAWRENCE. P. AND SHATZER. ML Sensation
seeking. marijuana use, and responses to prevention messages: Implica-
tions for public health campaigns. In: WaTson, R.R. (Ed.) Drug and Al-
cohoi Abuse Prevention. Totowa, NJ: Humana Press. 1990, pp. 73-93.

DonoHEW. L. PALMGREEN, P. aND Duncan, . An activation model of in-
formation exposure. Communicat, Monogr. 47: 295-303, 1980.

DoNOHEW, L., PALMGREEN. P. AND LorcH, EP. Attention. need for sen-
sation, and health communication campaigns. Amer. Behav. Sci. 38:
310-322, 1994,

Doxonsw, L.. RICE, RE. aND CLayron, R.R, Sensation Seeking., Peer
Networks and Drug Use among Junior and Senior High School Students,
Palm Beach, FL: Society for Prevention Research, 1994, unpubiished
manuseript.

EaRLEYWINE. M. anD Finn, P.R. Sensation seeking expiains the relation
between behavioral disinhibition and alcohol consumption. Addict, Be-
hav. 16: 123-128, 1991,

EpsTEIN, R.P., Novick, O., Umansky, R, PRIEL. B.. OsHER, Y., BLAINE,
D.. BEnNeTT, ER., NEManov, L., KaTz. M. anD BELMAKER, R.H.
Dopamine D4 receptor (D4DR) exon 1l polymorphism associated
with the human personality trait of novelty seeking, Nature Genet. 12:
78-80, 1996,

Evpiorr, DS  BuizinGa, D aND AGETON, 8.8, Explaining Delinquency
and Drug Use, Thousand Qaks, CA: Sage Pubns.. Inc., 1985,

Evererr, M.W. anp PALMGREEN, P, Influences of sensation seeking, mes-
sage sensation value, and program context on effectiveness of anti-cocaine
public service announcements. Hith Communicat. 7: 225-248, 1995,

Forsyti, G. aND HUNDLEBY, 1D, Personality and situation as determi-
nants of desire to drink in young adults. Int. J, Addict. 22: 653-669, 1987,

Hu, L.-T.. BENTLER, P.M. anp Kano, Y. Can test statistics in covariance
structure analysis be trusted? Psychol. Bull. 1121 351-362, 1992,

Kanper, DB, Homophily. selection, and socialization in adolescent
friendships. Amer. J. Sociol. 84: 427-436, 1978.

KanpiL, D.B. On processes of peer influences in adolescent drug use: A
developmental perspective. Adv, Aleohol Subst. Use 4: 139-163, 1985,

KANDEL, D.. SiMCHA-FaGAN, O. AND Davigs, M. Risk factors for delin-
guency and illicit drug use from adolescence to young adulthood, J.
Drug Issues 16: 67-90, 1986,

KapLan, H.B., JoHnsoN, RJ. anp BalLEy, C.A. Deviant peers and de-
viant behavior: Further elaboration of a model. Social Psychol. Q. 50:
277-284, 1987.

KiLpatrick, D.G., SUTKER, P.B. AND SMITH, A.D. Deviant drug and alco-
hot use: The role of anxiety, sensation seeking, and other personality
variables. Int ZUCKERMAN, M. AND SPIELBERGER, C.D. (Eds.) Emotions
and Anxiety: New Concepts, Metheds, and Applications, Hillsdale, NJ:
Lawrence Eribaum Assocs., Inc., 1976, pp. 247-278.

Lorch, E.P., PALMGREEN, P.. DONOHEW, L., HELM, D, BAER, $.A. AND
Dsitva, MU, Program context, sensation seeking, and attention to tele-
vised anti-drug public service announcements. Human Communicat.
Res. 20: 390-412, 1994,

Lynam, D. An Examination of the Equivalence of the DARE and Zucker-
man Sensation Secking Scales. Technical Report, Center for Prevention
Research, University of Kentucky, 1997,

MarDia, K.V, Measures of multivariate skewness and kurtosis with appli-
cations. Biometrika 57: 519-530, 1970,

Massey, LL. anp Krosn, MD. A longitudinal examination of an inte-
grated social process model of deviant behavior. Social Forces 65:
106- 134, 1986.

AR o R bR



DONOHEW ET AL, 631

MuTHEN, B., KAPLAN, D). AND HotLis. M. On structural equation model-
ing with data that are not missing completely at random. Psychometrika
82: 431-462, 1987,

Newcome, M.D. anp McGes, L. Adolescent alcohol use and othiet delin.

quent behaviors: A one-year longitudinal analysis controlling for sensa-
tion seeking. Crim. Justice Behav. 16: 345.369, 1980,

OETTING, ER. AND BEaUvaLs. F. Peer cluster theory: Drugs and the ado-
lescent. J. Counsel. Devel. 65: 17-22. 1986, :

OeTTING, ER. AND BEAUVALS. F. Peer cluster theory. socialization charac-
teristics, and adolescent drug use; A path anaiysis. 1. Counsel Psvchol.
34: 205-213, 1087.

OsTTinG, ER.. SPOONER. $.. BEAUVALS, F. AnD BANNING. J. Prevention.
peer clusters, and the paths fo drug abuse. In; Dononzw, L., SypuEr,
H.E. anp Bukoskr, W.J. {Eds.) Persuasive Communication and Drug
Abuse Prevention, Hillsdale, NJ: Lawrence Erlbaum Assocs., Inc..
1991, pp. 239-261.

PaLmGREEN. P, LoRCH, E.P, DonoHew, L., HARRINGTON, N.G.. DsiLva,
MU. anp HeLm. D, Reaching at-risk populations in a mass media drug
abuse prevention campaign: Sensation seeking as a targeting variabile.
Drugs Soc. 8 (3-4): 2945, 1095,

Pearson. P.H. Relationships between global and specified measures of
novelty seeking. J. Cons. Clin. Psychol. 34: 199-204. 1970.

Pearson. P.H. Differential relationships of four forms of novelty experi-
encing. J. Cons. Clin. Psychol. 37: 23-30, 1971,

PepERSON, W. Mental health, sansation seeking, and drug use parterns: A
iongitudinat study. Bric. J. Addice: 86: 195204, 1991~

Rice, R.E. Using network concepts to clarify sources and mechanisms of
social influence. In: RICHARDS, W., JR. AND BarneTT, G, (Eds.) Ad-
vances in Communication Network Analysis, Greenwich, CT: Ablex.
Pub. Corp., 1993, pp. 43-52.

Rusin. D.B. A noniterative samplingfimportance resampling aliernative to
the data augmentation algorithm for creating a few imputations when
frattions of missing information are models: The SIR algorithm. J.
Amer. Stat. Assoc, 821 543-546, 1987,

SATORRA. A. AND BENTLER. P.M. Scaling corrections for chi-square statis-
tics in covariance and structure analysis. Proc. Amer. Stat. Assoc. 36:
308-313. 1988,

 ScHwaRZ. R.M., BURKHART. B.R. AND GREEN. $.B. Turning s or turming

off: Sensation seeking or teasion reduction as motivational determinanis
of alcohol use. 1. Cons. Clin. Psychol, 46: 1144.1 145, 1978,

SEGAL. B.. Husa. G.J. AnND SinGER. 1L Drugs, Daydreaming. and Per-
sonality: A Study of College Youth, Hillsdale. NI: Lawrence Erlbaum
Assocs.. Inc.. 1980,

Sreiger. LH. Structural mode! evalnation and modification: An interval
estimation approack. Muitivar. Behav. Res. 25: 173-180, 1990,

WEBR.J.A., BAER. P.E. Francis. D.J. aND Catp. C.D. Relationship among
social and intrapersonal risk. aicohot expectancies, and alcohol usage
among early adolescents. Addict. Behav. 18: 127-134, 1993,

ZUCKERMAN, M, Sensation seeking. In: LoNpon. H, anp ExNer, JE. Jr.
(Eds.) Dimensions of Personality. New York: Joha Wiley & Sons, Inc..
1978, pp. 487-559.

ZUCKERMAN, M. Sensation Secking: Beyond the Optimal Level of Arousal.
Hillsdale, NI: Lawrence Eribaum Assocs.. Inc.. 1979,

Zuckeaman. M. (Ed.) Biological Bases of Sensation Seeking, Impulstvity,
and Anxiety. Hilisdale, NJ: Lawrence Erlbaum Assocs., Inc.. 1983,
ZuckerMAN, M. Sensation seeking and the endogenous deficit theory of
drug abuse. In: Szara. S.I (Ed.) Neurobiology of Behavioral Control
in Drug Abuse. NIDA Research Monograph No. 74, DHHS Publica-
tion No. (ADM) 87-1306. Washington: Government Printing Office,

"1987a. pp. 59-70,

Zuckekrman. M. Biological connection between sensation seeking and
drug abuse. In: ENGEL, J., ORELAND. L. INGVAR. DH., Pernow, B.,
ROSSNER. S. AND PELLBORN, LA, (Fds.) Brain Reward Systems and
Abuse. New York: Raven Press, Pubs., 1987b, pp. 165-176.

ZUCKERMAN. M. Behavioral Expressions and'Biosocial Bases of Sensation
Seeking, New York: Cambridge Univ, Press. 1994,

ZUCKERMAN, M., KOLIN, E.A.. PRicE, L. AND Zoos, 1. Development of a
sensation-seeking scale. J. Cons. Psychol. 28: 477-482, 1964,




