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with long-term gains. These speculations are testable. If we
are correct, in previous studies with the traditional design,
there should have been a difference between males and fe-
males in anticipatory SCRs to the disadvantageous (US%
100} yellow deck. We encourage researchers to conduct post
hoc analyses of their data to determine if our speculations
are correct.

There are complex and multiple decisional elements in
the Towa Card Task, as in real-life decisions. Indeed, it is
probable that individuals respond differentially to various
components of such problems. This fact seems to be re-
flected in the literature of the Iowa Card Task: some normal
participants perform well, some do not (there is always a
range of scores); some substance-abusing participants per-
form well and some do not; and there are sub populations
of substance abusers who score differently on variations of
- the tagk (Bechara et al., 2002),

In the present paper we demonstrate, but do not fully
explain, that there are several subgroups of “normal” partic-
ipants who perform differently on this laboratory decision-
making task: adolescents versus young adults, males
versus females. Perhaps a better understanding of individ-
val differences in “normal” populations will lead the way
to understanding of why some individuals respond to those
elements of decision contexts that lead to personal and
societal negative consequences.

We fully agree with Bechara et al. (2002) that a futl un-
derstanding of the cognitive mechanisms underlying multi-
ple prefrontal mechanisms involved in decision-making and
impulse control will require a wide variety of eXperimental
approaches. : :
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with long-term gains, These speculations are testable. If we
are correct, in previous studies with the traditional design,
there should have been a difference between males and fe-
males in anticipatory SCRs to the disadvantageous (US$
100} yellow deck. We encourage researchers to conduct post
hoc analyses of their data to determine if our speculations
are correct.

There are complex and multiple decisional elements in
the Iowa Card Task, as in real-life decisions. Indeed, it is
probable that individuals respond differentially to various
components of such problems. This fact seems to be re-
flected in the literature of the Towa Card Task: some normal
participants perform well, some do not (there is always a
range of scores); some substance-abusing participants per-
form well and some do not; and there are sub populations
of substance abusers who score differently on variations of

- the task (Bechara et al., 2002).

In the present paper we demonsirate, but do not fully
explain, that there are several subgroups of “normal® partic-
ipants who perform differently on this laboratory decision-
making task: adolescents versus young adults, males
versus females. Perhaps a better understanding of individ-
wal differences in “normal” populations will lead the way
to understanding of why some individuals respond to those
elements of decision contexts that lead to personat and
societal negative consequences.

We fully agree with Bechara et al. (2002} that a full un-
derstanding of the cognitive mechanisms underlying multi-
ple prefrontal mechanisins involved in decision-making and

impulse control will require a wide variety of experimental

approaches. :
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would males. Rather, it appears as if, within the context of
this particular task, females and males are responding dif-
ferently to specific components within the task.

The sex difference on the ICT appeared to be related to
differential reactions to the probability of imumediate gain or
loss. Within the two types of cards, advantageous and digad-
vantageous, males and females had different response pat-
terns. As shown in Fig. 6, both males and females quickly
leamed to avoid the disadvantageous (US$ 100) blue deck
that had five rather large penalties per 10 trials, Also both
males and females quickly leamed to choose the advanta-
geous (US$ 50) red deck, that had only one rather small
penalty per 10 trals. The sexes differed on choices of the
other two decks. Males learned to choose the advantageous
(US$ 50) green decks and avoid the disadvantageous (US$
100) yeHow deck, that has one large loss per 10 trials, In con-
trast, females choose the disadvantageous (US$ 100) yellow
cards fairly constantly throughout the task.

Perhaps females were guided by the absolute number
of pluses and minuses: maybe they approached pluses and
avoided minuses. Stated another way, females perhaps se-
lected cards from decks in which winning had a high ratio
pluses to minuses (90% of the time for the yellow and red
decks).

If this interpretation is correct, males and females might
respond similarly on a version of the Jowa Card Task in
which every card had a “+” and a “—*. For a pilot study, we
constructed a version of the Jowa Card Task in which there

. were wins (pluses) and losses (minuses) on every card, re-

gardiess of being advantageous (red and green) or disadvan-
tageous (yellow and blue). The card values were constructed
so that the net oatcome of each card in the new-version deck
equaled the net outcome of each corresponding card in the
regular fowa Card Task, For example, the 1st blue card in
the regular deck was +US$ 100 while the 1st blue card in
the new version was +US$ 150, —US$ 50 (both had net out-
comes of +USS$ 100). The 1st red card in the regular deck
was +-US$ 50 while the 1st red card in the new version was
+US$ 75, —US$ 25 (both had net outcomes of +US$ 50).

Sixty young adults, college students (30 females), were
tested on the new version of the Towa Card Task. The results
showed that males and females did not significantly differ in
the number of US$ 50 cards (red and green) chosen during
the task. Both males and females significahtly improved in
their performance as training progressed. Thus, by equating
the number of plus and minus signs on both advantageous
decks, males and females chose equal numbers of advanta-
geous cards during training,

However, despite this manipulation, females still chose
significantly more disadvantageous (US$ 100) yellow cards
than did males, at least in the last 50 trials of the task,
Furthermore, over the course of 200 trials females chose, on
average, 57 yellow cards while males chose, on average, 37
yellow cards. This result was unexpected, but an explanation
ay lie within our speculation about females being attracted
to high probability of immediate gain, In the manipulated

deck of disadvantageous yellow cards, a subject won US$
100 on 9 of 10 trials {e.g. 4200 —100; +175 —75; 4300
—200) and lost US$ 1250 on one of the 10 trials (4100
—1350). In other words, the subject won US$ 100 on 90%
of the yellow cards,

In summary, on the modified task, both males and fe-
males improved their performance ac10ss training and chose

gains and losses were of &reater magnitude than that for
the advantageous (US$ 0) decks. Tomb et al, (2002) repli-
cated this finding using the original design of the card task,
However, when they modified the task so that advantageous
decks were associated with higher magnitude of reward and
punishment, anticipatory SCRs were greater for the advan-
authors show that anticipatory somatic markers are :;ssoci—
ated with “higher magnitude decision” cards,

In reply to these findings, Damasio et al. (2002) agree
that SCRs can relate to the magnitndes of reward or punish-~
ment hidden in the deck from which subjects are about 1o
select. Nevertheless, Damasig et al. (2002) argue that higher
SCRs can still guide decision-making regarding long-term
consequences and that patients with ventromedial prefrontal
damage are impaired whether SCRs are associated with high
magnitude advantageous choices or high magnitude disad-
vantageous choices. In other words, somatic markers can be
driven by the immediate act to be performed as well as the
long-term consequences of those actions (Damasio et al,,
2002).

This multi stage process may provide an explanation for
the results of the present study, We found that females were
attracted, more than males, to the disadvantageous (Uss
100} yellow deck that was associated with the bighest prob-
ability of immediate high reward of any deck. Yet, females
still showed learning in that they eventually picked more
long-term advantageous (US$ 50) cards thap disadvanta-
geous cards. We do not see these results as Pparadoxical,

it is possibie that females had emotienal associations to
two elements of the task, while males had emotional re-
Sponses primarily o one element of the task. Specifically,
perhaps females experienced ap emotional response (and at-
traction) to the disadvantageous (Us$ 100) yeltow deck be-
cause it was associated with the highest itude of aaj
and losses, and a 90% Probability of subr:tzgn[t]ilal g:iniirmfg
trials. Perhaps they also experienced ag eimotional Tesponse
to the two advantageous (US$ 30} decks because they were
assoc?ated with long-term gains, In contrast, males may have
e‘xpenenced primarily the second type of response, i.e. emo-
tional responses to the two advantageous decks associated
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of feedback during a task. Breiter et al. (2001) atiribute the
lack of orbital prefrontal involvement in the WCST to the
lack of emotional salience of feedback in that task as com-
pared with other paradigms such as reception of monetary
gains and reception of reward or penalty in tasks not re-
quiring set shifting ((Elliot, Friston, & Dolan, 2000; Zalla
et al.,, 2001). However, during tasks that involve both rever-
sal shifts and monetary loss (that is emotionally salient), the
mid-ventral PFC and the lateral orbita] prefrontal cortex are
active (O’Doughtery et al., 2001).

In addition, in the present study, performance on the
WCST was not correlated with the age of the participant,
This finding is consistent with WCST norms showing that
by about 12 years of age, subjects perform at approxiraately
adult levels on npumber of categories achieved, number of
perseverative errors, and failure to maisntain set (Chelune &
Baer, 1986).

4.2. Relationship to impulsivity, excitement-seeking and
substance use

Our data concerning drug use were similar to those con.
tained in NIDA’s Report for the Fature (2001). We found
increases in alcohol and other drugs from grade 9 1o young
adulthood. Tobacco use plateaved by grade 10. Also, in
agreement with epidemiological data (Report for the Future,
2001) our data revealed low frequency of use until grade 9
after which use increased in grade 12 and young adulthood.

We failed to find significant correlations between ICT per-
formance and measures of impulsivity, excitement-seeking,
or use of individual substances. In retrospect, this is not
Surprising since our subject population contained relatively
few heavy substance users. The present study relied on vol-
unteer participants who went to the inconvenience of stay-
ing after school, It is probable that smdents with heavier
substance abuse would not, and did not, volunteer for this
extra-curricular activity.

However, in agreement with our third hypothesis, there
was at least an indication that synergistic properties of drugs
{use of alcohol multiplied by use of other drugs) may be re-
lated to impairments on the Towa Card Task in adolescents,
Despite, the inclusion of few heavy substance-abusing ado-
lescents in our sample, the Synergistic measure accounted
for 8% of the variance of performance. For a current review
of fMRI studies of orbital prefrontal cortex and substance
abuse, see (London, Emst, Grant Bonson, & Weinstein,
2000),

In our sample of participants, the evidence for g drug ef-
fect was tepuous, at best, The tmportant remaining question
is whether serious substance-abusing adolescents depart
from the pattern of normai decision-making shown in this
study. Future research will determine if adolescent sub-
stance abusers show different developmental patterns of
decision making, as is the case for adult substance abusers
versus non-abusers. If this were shown to be the case, the
next important step would be to determine if adolescent

decision-making could be monitored and changed for the

better.

4.3. Sex effect

The present data revealed that adofescent females and
males perform differently on the Towa Card Task. This
confirmed our second hypothesis and replicated our previ-
ous findings with adults (Reavis & Overman, 2001). Males
chose significantly more advantageous (US$ 50) cards and
stated the rule earlier and more frequently than did females.
In addition, significantly more males than females stategd
the basic rule of the task, that red and green decks “were
advantageous”, thar did females, and males stated the rues
significantly earlier in training (trial 73 on average} than
did females (trial 97 on average). This male “superiority”
on the lowa. Card Task parallels the male “superiority” we
documented in young children on an object reversal task
{Overman & Bachevalier, 1999). Because both the Towa
Card Task and the object reversal task depend on the ven-
tromedial prefrontal task, we speculate, as we have done
before (Overman & Bachevalier, 1999) that this brain SYs-
tem may be functionally different in males and females
early in life, during adolescence, and in young adulthood.

4.4. Possible reasons for sex differences on the Iowa Card
Task

There are a number of possible explanations for our find-
ing of sex differences in JCT performance,

Hirst, it is possible that there was simply a difference
in math ability. Perhaps, males calculated the net effect
of the cards more accurately than females. Studies have
shown a male advantage across cultures (Christiansen, 1993;
Harnisch, Steinkamp, Tsai, & Walberg, 1998} in certain
mathematical domains (Benbow, 1998). However, three fac-
tors speak against math ability as the critical factor for the
sex differences, At the subjective level, it is difficuit to be-
lieve that females chose more yellow .cards because they
could not calculate the simple math (+US$ 100 or +USS
100-1250). In addijtion, females did not differ from majes in
their choice (i.e, avoidance) of disadvantageous (1jS$ 100
blue cards that required the most complicated math in the
task (e.g. +US$ 100-250 or +US$ 100-350). Finally, the
results of a pilot study, discussed below, speak against the
math-ability hypothesis.

Secondly, it is possible that with regard to future out-’
comes, males make “better decisions” than do females. This-
speculation seems fatuous in light of the fact that signifi-
cantly more males than females are substance abusers in real
life (Diagnostic and Statistical Manual of Mental Disorders,
1954; Lex, 1995). If fomales were inferior decision-makers,
in a general sense, there should be more female substance
abusers than male substance abusers. We do not interpret the
poorer performance by females in this study as an indica-
tion that females would make poorer real-life decisions than
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Throughout training females continued to choose disadvan-

- tageous (US$ 100) yellow cards at a fairly high rate, Fig. 6

and Table 5 aisc indicate that, as training progressed, males
chose significantly more advantageons (US$ 50) green cards
than did females (Ryan’s Q-test, P < 0.05). The disadvanta-
geous (US$ 100) yellow cards had more wins (9) than losses
(1} per 10 trials. The advantageous (US$ 50) green cards
had an equal number wins (5) and losses (3} per 10 trials;
kowever the magnitudes of the losses were small,

Summary: Females were drawn to advantageous (US$ 50)
red and disadvaptageous (US$ 100) yellow cards, perhaps
because those cards had a high ratio of wins to losses, de-
spite the fact that the yellow yielded leng-term losses, In
contrast, males were drawn to the advantageous (US$ 50)
red and advantageous (US$ 50) green decks (five wins and
five losses) perhaps because both decks yielded long-term
gains.

3.16. Analysis by card valence: plus versus minus

Choices of the two “minus” cards [disadvantageous (USS$
100} blue and advantageous (US$ 50) green] were compared
with choices of the two “plus” cards [disadvantageous (Uss$
100) yellow and advantageous (US$ 50) red) across gender
and grade. Across training females chose significantly more
“plus” cards than did males (F (7, 426) = 3.78, P < 0.0005).
This was the case in each of the four blacks of training
(Ryan’s Q-test, P's < (.03).

3.17. Summary of primary results

(1) Petformance, choice of US$ 50 cards, on the lowa Card
Task improved with age during adolescence. '

{2) Across age, males chose more advantageous US$ 50
cards than did females,

{3) Reports of individual substance use, impulsivity, and
excitement-seeking were ot significantly correlated
with performance on either task. However, there was
some evidence that polydrug nse was correlated with
decreased performance on the ICT.

(4) Performance on the WCST was not correlated
with sex, reported substance use, impulsivity, or
éxcitement-seeking, ’

(5) With regard to type of cards chosen, females and males
had different response patterns. Females tended o
choose cards associated with immediate wins as well
as net outcome while males tended to choose cards on
the basis of net ouicome.

4, Discussion

To our knowledge, this is the first demonstration of per-
formance changes on the original Towa Card Task from early
adolescence to adulthoed. Hopefully, this characterization in

normal adolescents can be used as a base line in future com-
parisons of substance-abusing or other at-risk adolescents.

In support our first hypothesis, as age increased, male
and female adolescents significantly improved their perfor-
mance on the Iowa Card Task (Fig. 1). Post hoc tests showed
that participants in grades 6 and 7 were inferior to partici-
pants in grade 9 or higher, those in grade 8 were inferior to
those in grade 11 or higher and those in grade 9 and above
were equal. We expect that larger samples of participants
would have revealed more detailed differences between age
groups. To the extent that ICT performance measures sen-
sitivity to future consequences of decisions (Bechara et al.,
1997), participants appeared to become more semsitive to
future outcomes as age increased. Participants also became
more sensitive to future consequences as acquisition pro-
gressed within a test session. Leaming across blocks of tri-
als showed that during the first 50 trials, participants of all
ages differed only slightly in choice of US$ 50 cards. This
probably reffected experimentation with card types during
initial trials of the task. However, in the second block of 50
trials, it was obvious that older participants improved their
performance more than did younger ones, and the same was
true in the subsequent blocks of trials. It appeared as if older
participants learned both earlier in the task and, to a greater
extent, the basic principal that sialler, immediate gains re-
sulted in greater long-term payoffs.

We must be cautious in interpreting the present be-
havioral data without comoborating information from
other methodologies. However, it is tempting to specu-
late that these age-related improvements on this laboratory
decision-making task reflect neuroanatomical and peuro-
chemical maturation of underlying brain systems involving
ventral prefrontal areas. It is possible that, as these systems
mature during adolescence, they become more efficient in
evaluating, predicting, and responding to stimulus saliency
in order to guide decisions. The improvement across ado-
lescence on the Towa Card Task also adds to the existing
neuropsychological evidence for improving prefrontal func-
tions during adolescence found by Levin et al. (1991),

4.1. Wisconsin Card Sort Test

In our sample of participants we did not find a signif-
icant correlatidn between performance on the WOST and
the ICT task. This agrees with previous reports of separa-
tion of the two tasks, e.g. no impairment on the WCST de-
spite impairments on the ICT (Bechara et al., 1994, 1997;
Grznt et al., 2000). A functional MRI study by Monchi et al,
(2001) has revealed relative independence between ORB
and other frontal circuits. That study found no involvement
of orbital prefrontal cortex during WCST performance, In
contrast, four distinct prefrontal and striatal circuits were
found to be active during different cognitive stages required
in WCST performance. There is evidence (Breiter, Aharon,
Kahneman, & Shizgal, 2001) that involvement of orbital pre-
frontal cortex depends on the degree of emotional salience
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Fig. 6. (A) Average perceit of each colored card in four blocks for famales (upper graph). (B) Males (lower graph).

card valence (pluses and niinuses) revealed significant and 3.15. Females and males have
Interesting similarities and differences between males and to yellow and green cards

females in how they responded to varions types of cards. _
Fig. 6a and b shows female (a) and male (b} responses to As shown in Fig. 6 and Table 5, as training progressed,
card type in each block of 50 trials, males chose signiﬁcanﬂy fewer disadvantageous (US3 100)
yellow cards than did femaleg (Ryan’s QO-test, P < 0.05).

dissimilar response patterns

! b 3.14. Females and nigles have similgr response patterns (o
red and blue cards

Table 5
Selection of each card type by grade, sex, and grade X sex
As shown in Fig. 6 and Tab[e 5, as training progressed, fe-

males and males were statistically equivalent (Ryan’s O-test, _Yeuﬂw__(*_) _ B.lue = Red () Green (+) —
F > 0.05) in choosing more and more advantageons (UJS$ Grade :

X P < 0.001 P < 0011 P>005 P < 00001
fg()) )r;iu:ards and fewer and fewer disadvantageous (US$ Yomg>old G YU Youngold e young
The advantageous red cards had many more wins (9) Se; 0001 P s 005 005 00001 4
than losses (1) per 10 trjals. The disadvantageous blue = > £> 05 P < 0,
cards had an equal number of wi (5) and losses (5) Female > maje Female = male Female = male Male > female

per 10 trials, however, the magnitude of the losses were Grade X sex

i ] P =005 P =005 P =005 P> 005
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3.10. Drug interactions and impaired performance on the
fowa Card Task

Clearly there was no evidence that the use of any one
drug was correlated with performance on the ICT. However,
some researchers have reported impairments on this task in
adults who use multiple drogs (Grant ct al., 2000). Conse-
quently, we explored our data with several different regres-
sion analyses to determine if polydrug use might be related
to task performance. The incorporation of tobacco use oato
the analyses showed nothing significant. However, operat-
ing on evidence that the conjoint use of alcohol and other

drugs can have a synergistic or potentiation effect (Levinthal,

1996; Maisto et al., 1999} we found a sigmificant relation-
ship between performance on the ICT and the use of alcohol
multiplied by the use of other drugs. For example, a person
who reported five drinks a week and two uses of other drugs
received a score of 10. As polydrug use increased, perfor-
mance on the lowa Card Task significantly decreased (B2
= 0.082). In other words, the drug-use variable in this analy-
sis accounted for 8% of the variance in the Decision-Making
Task scores,

3.11. Impulsivity and excitement-seeking

There were no differences between females and males
on either measure of impulsivity or excitement-secking in
any grade (Ryan’s Q-test, P’s > (,05). Scores on both com-
ponents of this survey are normed slightly differently for
males and females (Costza & McCrae, 1992}, Scores can
range from very low, to low, to average, to high or to very
high. In every grade females and males scored in the aver-
age range on the impulsivity measure and in the high range
ou the exciterent-secking range. As shown in Fig. 5 impul-
sivity did not increase with age, but excitement-seeking was
linearly and positively correlated with age (r = 0.073, P <
0.05); and this score remained in the high range across all
ages, :

3.12. Wisconsin Card Sort

No measure of the WCST (percentage of total ErTors,
Percentage of perseverative errors, categories completed or

Fig. 5. Average score on excitzment and impulsivity surveys as a function
of grade.

trials to complete the first category) was significantly cor-
related with age, sex, performance on the fowa Card Task,
or agy measure of substance or impulsivity (Ryan’ s Q-test,
all P’s > 0.05. In addition, unlike performance on the ICT,
performance on the WCST was not correlated with age of
the participant.

3.13. Additional analyses

There are a number of ways to make an error (choose a
US$ 100 card) on the Towa Card Task. We noted that some
subjects appeared to be responding on a basis other than
which decks were advantageous or disadvantageous. Thus,
performance on the present task was measured in a novel
manner, In the Towa Card task the decks differ on two differ-
ent dimensions: (1) dollar amount won or tost; and (2) the
number of plus (‘+') and minus (‘—*) signs in each color
deck. As shown in Table 4, both the advantageous (US$ 50)
ted deck and the disadvantageous (US$ 100) yellow deck
have 2 high ratio of “wins” (pluses) to “ losses” {minuses)
per 10 trials. Across 10 trials for either of these decks, there
are 9 net wins and 1 net loss, In contrast, both the disadvan-
tageous blue (US$ 100) deck and the advantageous green
(US$ 50) deck have an equal number of net wins and losses
per 10 trials (5 net wins and 5 net losses). Analysis by

Ed L]

Table 4
Summary of each colored deck with respect to monetary wins and losses,
and mumber of pluses and minuses

Red Green Yellow Biue
+) (+) (-} (=)
Amonnt won or lost +250¢ +250 —250 =250
per 10 trials (UUS$)
Number of plus card 9 5 9 5
per 10 trials
Number of minus cards 1 5 1 5
per 10 trals
Number of break-even 0 i35 0 0
cards per 10 trials
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a -—o— Alchohol Percent of heavy substance users by grade
E s ——s—— Tobacco
(g 70 —p—  Other Grade Alcobol (%) Tobacco (%) Other drugs (%)
L e (6)
- 5 # Females 0 0 0
& w0 Males 0 0 0
G €]
£ Femsles 0 0 0
8 0 Males 0 0 0
g , ®
5 6 7 ] ] 1 1 12 ADULTS Females 0 ’ 4] 0
Grada Males 0 0 0
Fig. 3. Percent of each age group reporting use of aloohol, tobacco, or o
other drugs. Females 0 0 1
Males 3 0
(10
on average on the 73rd trial whereas women stated the rule :f:::es 12 2 1;
on the 97th. There was an age effect in rule stating such
that stating the correct rule at some point during training (l;)m 3 0 ;
A - £S5
increased as age increased, Males 10 1 17
(12)
3.6. Substance use Females 13 7 21
Males 20 7 17
As shown in Fig. 3, use of afcohol, tobacco, and other Adults
drugs was nonexistent or very low through grade 8. From Femates 0 30 2
Males 60 30 30

grade 9 to young adulthood the use of alcohol increased
steadily. Tobacco use plateaued by grade 10 and the use of
other drugs increased steadily from the 9¢h through young
adutthood.

3.7. Frequency of substance use

Fig. 4 shows the average number of reported timeg partic-
ipants in each age group used afcohol and tobacco (incidents
per week) and “other” drugs (uses per month). Frequency of
use was low until grade 9 after which use increased, quite
dramatically in grade 12 and in young adulthood,

15,_
kL] :
13 —0— ¥ Drinico/wesk

—— I Clgansitesiwank

1 —&— ¥ DifenMONTH

Average number of reported uses
per week or per month

L R

L1~
~

8 9 10 il
Grade

12 ADULTS

Fig. 4. Average number of reported uses per week (alcohol and tohaceo)
of per month (cther drugs) as functian of grade.

Heavy is defined as 5 drinks or more per week, 1G cigarettes or more
per week, 1 “other” drug or more per week.

3.8, Heavy substance use

Table 2 shows the percent of each age group who reported
“heavy” substance use. We defined “heavy” use as follows:
Alcohol, five drinks or more per week (because this number
indicates either steady drinking or binge drinking as defined
in a pumber of sources (e.g. Maisto, Galizio, & Connors,
1999) Tobacco, 10 uses or more per week; Other drugs, one
use or more per week. None of the participants in grade 6-8
met these criteria.

As shown in this table, heavy substance use was reported
less than 10% of the population until grade 10. At each
grade, males reported more heavy use than did females.

3.9. Substance use and performance on the Iowq
Card Task

Correlations were run between performance on the Towa
Card Task (by the entire subject population) and measures of
substance use, impulsivity, and excitement-seeking. Because
25 pair-wise correlations were run, the risk of a Type 1 error
was substantial. Therefore, we ran a standard comection for
muitiple comelations. This generated a criterion alpha level
of 0.0009. It is obvious from Table 3 that were no significant
correlations within any of the four blocks of training or
across all four blocks.
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Fig. 1. Average percent of US$ 50 cards chosen as a function of grade,
Vertical bars represent standard eror of the meai.

green) chosen. Performance was analyzed for grade and sex
across all 200 trials and within each block of 50 triais,

3.2. Improvement with age

A 2 {sex} x § (grade) ANOVA was conducted across
blocks. The ANOVA showed a significant main effect of
grade (F (7, 429) = 8.89, P « 0.0001) such that partici-
pants in lower grades chose significantly fewer US$ 50 cards
compared to participants in the higher grades, Fig. | shows
the overall percentage of US$ 50 cards chosen as a function
of grade and sex. The results of post hoc analyses (Ryan’s
(-test) are shown in Table 1. This table shows that partici-
pants in grades 6 and 7 were inferior to participants in grade
9 or higher. Those in grade 8 were inferior to participants in
grade I1 or higher. Participants in grade 9 and higher were
statistically equivalent with each other.

3.3. Males outscore females

The ANOVA also showed a significant effect of sex (F
(1, 429) = 14.40, P = 0.0002) such that males chose signif-
icantly more US$ 50 cards than females (Fig. 2). The sex x
grade interaction was not significant (F (7, 429) = 184, P
= 0.0776). Post hoc analysis showed significant sex differ-
ences in the 7, Stk, 11th, and 12th grades (all #'s < 0,05).

é;

——e——  Mals
y=46.320 + 1.9702x R'2=0.672

—m— Females

w| y=38.824+2.2988x RA2=0.818

Avarage Percent $50 Cards Chosen
d

6§ 7 8 § 10 T

Grade

Fig. 2. Average percent of US$ 50 cards chosen as a function of grade
and sex. Vertical bars represest standard error of the mean,

12 ApinTs

3.4. Learning across blocks of trials

A 4 (block) x 2 (sex) ANOVA was conducted across
grades. There was a significant effect of block (F (3, 429)
= 76.67, P = 0.0001) such that choice of US$ 50 cards in-
creased across the test session. Post hoc (Ryan’s Q-tests)
analyses showed that choice of US$ 50 cards in block ] was
lower compared to all other blocks (P < 0.05) while per-
centage of US$ 50 cards chosen in blocks 2 and 3 did not
differ (P > 0.05), those means were significantly lower thaq
the mean in Block 4 (P < 0.05). There was a significant ef-
fect of grade in every block such that participants in younger
grades chose fewer US$ 50 cards than did patticipants in
older grades (all P’s <« 0.0007). There was a significant ef-
fect of sex in every block except the first one (trialg 1-50)
such than males choose more US$ 50 cards than did feinales
(all P's < 0.011). The Grade x sex interaction was signif-
icant only in Block 2 (trials 51-100) (F (7,435) =268, P
= 0.0099).

3.5. Rule stating data

Significantly more adolescent males stated the correct rule
than did females (Ryan’s O-test, P < 0.05). Males also stated
the rule significantly egflier in training than did Females
(Ryan’s Q-test, P < 0.05). On average, males stated the rule

Table 1

Significant differences between age groups on the fowa Card Task

Grade é 7 8 9 i0 11 2 Adul

6 - — - P < 005 P <005 P <005 P <005 P < 0.05
7 - - - P < 005 P <005 P < 005 P < 005 P < 005
8 - - - P < 005 P < (.05 P <005
9 - - - - - - - _

10 - - - ~ - - - -

11 - - - - - - -

1z - - - - - -
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participants were given oral instructions as published pre-
viously (Reavis & Overtnan, 2001). No other information
about the task was given to the subject. During the task,
choice of US$ 50 cards resulted in small gains but very
small losses while choice of US$ 100 cards resulted in large
gains, but even greater long-term losses. Thus, if a player
consistently chose the US$ 50 cards, he/she won more than
he/she lost, But if US$ 100 cards were consistently cho-
sen, he/she lost more than he/she won. The predetermined
win-lose schedule was amranged so that after drawing 10
cards from a deck the player would have won US$ 250 for
picking advantageous red or green cards and would have
lost US$ 250 for picking disadvantageous blue or yeliow
cards (Bechara et al., 1997), For each deck, groups of 10
cards were pseudorapdomly prearranged so that wins and
losses could not be predicted at any time in the task. In
order to compare the present results with previous results
from adults, we used the identical prearranged sequence as
used previously with adults (Bechara et al., 1997; Reavis
& Overman, 2001). At the end of each block of 10 trials,
the experimenter asked the participant “which do you think
are the two good decks?” The experimenter wrote down the
Iesponse.

2.4. Wisconsin Card Sort Tusk

The romputerized WCST was administered following
completion of the ICT. The participants heard the following
instructions:

This task is a little unusual because T am not altowed
to tell you very much about how you do it. You will be
asked to match each of the response cards at the bottom
of the computer screen to one of the four stimulus cards
at the top of the screen. T cannot tell you how to match the
cards, but the computer will tell you each time if your are
correct or incorrect. If you are incorrect go on, and try to
get then next one correct. There is no time limit. You may
begin.
No other information ahout the task was given to the par-
ticipant, During the task, the subject was asked to match
»each response card to one of the four stimulus cards either
by form (cross, cixcle, triangle, or star), color (red, blue,
yellow, or green), or number of figures (one, two, three, or
four). The subject was not told the correct sorting princi-
ple, but only if their response was correct or incomrect, The
participant was required, but not told, to match the cards
by color, then by form, and next by number of figures. The
subject had to match ten correct, consecutive cards before
the sorting principle shifted without wamning. The tasks con-
tinued among the three sorting principles until the criterion
was met or until the subject had selected 128 cards. Per-
formance was measured by the percentage of total errors,
the percentage of perseverative errors, number of categories
completed, and the number of trials to complete the first
category.

2.5, Impulsivity and excitement-seeking assessments

Immediately following the WCST, each participant
completed a survey of self-reported impulsivity and
excitement-seeking. The survey conmsisted of 24 items
adapted from the Neuroticism, Extraversion, and Opennesg
(NEOQ) Personality Inventory (Costa & McCrae, 1992). The
survey contained 3 types of items, 8 each appearing in
random order in a list of 24 items. The participant ratad
each statement on 2 five-point scale ranging from “strongly
agree” to “strongly disagree”. The first type was from the
Impulsivity subscale, and two typical items were: “T have
trouble resisting my cravings” and “Sometimes I do things
on impulse that I later regret”. The second type of state-
ment was from the excitement-seeking subscale, and two
examples were: “Most people I know like me” and “T tend
to avoid movies that are shocking or scary”. The third
type of staternent was neutral, and two examples were:
“ I enjoy talking to people” and “ I enjoy solving puz-
zles or problems”. Impulsivity scores were combined with
excitement-seeking score for a final score.

2.6. Assessment of substance use

As a last requirement in the test session, the partici-
pant completed an age-adapted Quantity-Frequency Index
of Substance Use (Polich, Armor, & Braiker, 1981). Before
the subject began, he/she was assured that the information
that they provided would be kept confidential and that they
would be identified by a predetermined subject number, not
by name. The questionnaire asked about the use of tobacco,
alcohol, marijuana, cocaine, ecstasy and “other” drugs. The
survey asked for the frequency and amount of a given sub-
stance used in the previous 3 months. The same scoring sys-
tein was used to generate a “use” score for each substance.
If, for example, an individual reported the use of tobacco
one to 3 days per month, the person received a frequency
score of 2. If he/she reported that they had smoked one to
two cigarettes on each occasion, the person received a quan-
tity score of 2. The two scores were then multiplied to re-
sult in a final tobacco score of 4. The alcohol survey was
comprised of a combination of use of beer, wine, and hard
liquor. The combined alcohol score was scored as tobacco
use was scored.

While not timed, there were no noticeable differences in
session length for any age group or sex group,

3. Results
3.1 Iowa Card Task
As in previons studies (e.g. Bechara et al, 1997; Reavis

& Overman, 2001) the measure of performance on the ICT
was the percentage of US$ 50 (advantageous cards red and
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From these previous studies adolescent and the Towa Card
Task, nothing is known about the relative performance of
males and females, or the performance of subjects over the
age of 14 years,

L8, Summary of background and present siudy

From the review above, six points are clear: ( 1) for some
individuals, adolescence is a period of poor decision-making
and risky behaviors; (2) adolescence is a period of signifi-
cant brain changes, notably in the batance between prefrontal
motivational and cognitive systems; (3) males and females
differ in patterns of adolescent brain Ieorganization; (4) one
area of PFC, the ventromedial prefrontal cortex, when dys-
functional in adults, leads to poor decision-making and risky
behaviors; (5) the Towa Card Task is sensitive to ventrome-
dial prefrontal dysfunction; and (6) the Towa Card Task has
not been administered to male and female adolescents on &
systematic basis.

In the present study, we tested adolescents ranging in
age from 11 to 18 years and a group of adults on the
lowa Card Task and the Wisconsin Card Sorting Task. The
WCST was administered because the clinical populations
listed above Bechara et al., 1994, 1997: Grant et al., 2000)
perform normally on this task of exccutive functioning.
Normal performance on the WCST, plus impaired perfor-
mance on the Towa Card Task, suggests localized dysfunc-
tion (ventromedial prefrontal system) rather than dysfunc-
tion of other frontal circuits such as mid-ventrolateral and
mid-dorsolateral areas. These areas differentially participate
in different processing stages when performing the WCST
task (Monchi et al., 2001). Because of reported associations
between performance on the Iowa Card task and substance
abuse Bechara et al,, 2002; Grant et al., 2000) and between
adolescent brain changes and hnpulsivity/risk—taking (Spear,
2000), the present participants were also given assessments
of substance abuse, impulsivity, and excitement-seeking.

1.9. Hypotheses

The information reviewed above leads us to three hy-
potheses. First, across adolescent years, subjects should be-
come more proficient on the Iowa Card Task. Specifieally,
they should become guided less by “emotional” tempta-
tion for immediate gain and more by “cognitive” realiza-
tions of gradual and long-term gain. This should be reflected
by age-related increases in selection of US$ 50 cards and
should result in long-term gain. Secondly, based on the fact
that adult males and females differ on the Iowa Card Task
(Reavis & Overman, 2001) plus the evidence for sexual di-
morphism in adolescent brain changes, there should be a
difference between males and females in performance on
the Towa Card Task in adolescence. Finally, as in the case
of substance-abusing adults (Grant et al., 2000) adolescents
who routinely abuse drugs should be impaired on the Towa
Card Task relative to non-abusing adolescents.

2. Methods

2.1. Farticipants

A total of 420 adolescents participated in this study: 30
females and 30 males in each of the grades 6-12 (ages
11-18 years). Data from some participants could not be
used due to computer malfunctions or participant noncom-
pliance. Thus, for the grades 6, 8 and 9, the number of
subjects was reduced (6th grade, 18 females, 17 males;
8th grade 29 females, 28 males; 9th grade 29 females, 30
males). Adolescent participants were tested one at a time at
their school in the afternoon after classes. Both child and
pareat gave wriften consent for participation. Adolescent
Pparticipants received movie passes and a gift certificate for
us¢ at a local music store. A total of 60 (30 females and 30
males) young adults also participated. These participants
selected this study as part of a research requirement for
the general psychology courses at UNC-Wilmington. They
were tested, individually, at the University at either 10:00
or 11:30 am. These participants ranged in age from 17 to
23 years and their average age was 20.1 years.

2.2, Procedure

The study was approved by the UNC-W Institutiona] Re-
view Board. Each participant was individually administered
(in the following order) the Towa Card Task, the Wiscoasin
Card Sort Task, an imputsivity survey, excitement-seeking
survey, and a quantity-frequency-of-use substance-use in-
ventory, :

2.3, lowa Card Task

The procedure for this task was the same as used before
in our laboratory (Reavis & Overman, 2001) except that in
the present study, the task consisted of 200 trials rather than
150 [earlier studies, €.g. Bechara et al, 1994, 1997]. We
used additional trials because we suspected that our youngest
participants might require more acquisition trials than adults
who were tested previously.

The four decks were differentiated by color. The ex-
perimenter mimicked eactt of the patticipant’s card choice
by selecting a cotresponding card on a computer screen.
For each choice, there was a computer animation of “cash
chips” being added or subtracted as per the participant’s
choice. As in our previous studies (Reavis & Overman,
2001), we used color designation for the decks because our
pilot studies showed that color names, rather than letter
names, were easier for the experimenter to attend to and
mirmic the participant’s choice and vocalizations, Prior to
testing, participants were asked if they were color blind,
and none said they were. Next, they were asked to point
to each of the decks and name the color. During the entire
task, the subject named the color of the card being chosen,
All of the participants were accurate in naming colors, The
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22 years of age (Caviness
hood and adolescence up to at least ; :
et al., 1996; Geidd et al., 1999; Jernigan et al, 1991;
Pfefferbaum et al., 1994; Rajapakse et al., 1996).

1.5, Neurochemical maturation during adolescence

; i stems also undergo significant altt?r-
aﬁg::lgﬁzmaggegence. These include dopamanergic,
serotonergic, glitamate and GABA circuits in humans and
amimals (for review see Spear, 2000?. Changes mfmeso-
corticolimbic brain regions are especially relevant for the
present research, because these areas form part of t?le cir-
cuitry implicated in reward processes, assessing stlmu!us
values, and translating motivational stimuli into adaptive
behavior. Spear (2000) specula'tes that sh‘thS in .balance
between mesocortical and mesolimbic cireuitry du'rmg at‘io—
lescence are related to a number of outcomes including
responses to siressors, reward deficiency syndrome, mood
disturbances, adolescent anhedonia which, in rurn rnay‘bc
related o behaviors such as novelty-s_efkmg, risk-taking

and propensity for drug use.

1.6. Neuropsychological implications of adolescent brain
development

Adolesceni synapse proliferati'on and climination un-
doubtedly have neuropsychological consequences, par-
ticularly for functions of the prefrontal cortex. During
adolescence performance imprO\_fes on several tasks that
measure frontal function. Levin, (;l{lhane, Hartmann,
Evankovitch, and Mattson (1991) administered a battery of
tests that measure frontal lobe functioning to three groups
of children: (a) 7-8-years of age: (b? 9-12 years of age;
and (c) 13-15 years of age. The tests mc_ludcd the Wisc?n-
sin Card Sorting Task (WCST), California Verbal Learning
Test—Child Version (CVLT), Word Flu_ency (WF), Animal
Naming and Design Fluency, 20 Questtons Task, Tmffer .of
London, Delayed Alternation and Go-No Go Task. Signif-
icant developmental improvements were found on all tests
except the Delayed Alternation Task. Presumably, improve-
ments on thesertasks were related to ne@mmwcﬂ and
neurochemical remodeling during late childhood and early
adc';}l'::::n?: . more direct evidencc‘ thz?t zitge-relat.ed brain

changes are correlated with cognitive mdlc?s during these
ontogenetic periods. Thinning of frontal cortical gray matter
has been associated with increasing performance on delayed
verbal memory tests in participants between the age of 7
and 16 years (Yurgelun-Todd, Kiligore, & Young, 2002).
Reiss et al. (1996) found that greatem total cerebr.al volur‘ne
and cortical gray matter, in particular, was associated l“tlth
higher scores on a standard measure of intellectual ability.
The volume of prefrontal cortex in a'ld'olescent_s has been as-
sociated with greater ability to inhibit behavioral response

(Casey et al.,, 1997). Yargetun-Todd et al. (2002) also fo'ulnd

that, in healthy adolescents (13—17 years of age), cognitive

performance was significantly associated with Pproportiong)
volumes of white matter, gray matter and cercbral sping
fluid,

In a provocative and preliminary fMRI-based Tepor,
Yurgelun-Todd (1998) reported differences between ad.
lescents and adults in brain systems that are involved i
identification of emotional states from facial expressions,
Adolescent participants exhibited greater amygdala activity
while adult participants exhibited greater activity in the
fronta] lobes. The author speculates that the adolescents
may be responding with more of an emotional reactiog
than an executive or cognitive reaction (Yurgelun-Todd,
1998). In a more recent fMRI study from that laboratory
(Killgore, OKki, & Yurgelen-Todd, 2001) male and female
children and adolescents differed in pattern of amygdaly
versus prefrontal activation while viewing photographs of
faces expressing fear. With increasing age, females, but not
males, progressively increased in prefrontal activation rel-
ative to amygdala activation in the left bemisphere, Taken
together these studies indicate that there are changes during
adolescence in prefrontal systems involved with executive
and motivational processes.

1.7. Performance of adolescents on the Iowa Card Task

To our knowledge, there are two reports of testing ado-
lescents on the original Towa Card Task. In one study, the
performance of a small group (n = 23) of young, normal
boys (10 years and 5. months to 13 years 9 months} was
compared with a small group (n = 20) of beys (9 years
8 months to 16 years) diagnosed with psychopathic ten-
dencics (Blair, 2001). There was an overall effect of age
such that, as compared to younger participants, older par-
ticipants were more likely to avoid disadvantageous decks
in the last block of training. In addition, boys with psy-
chopathic tendencies were more likely than the comparison
group to choose from the disadvantageous deck. This study
did not test healthy males beyond the age of 14 years or any
females.

In the second study, Towa Card Task performance was
compared between 3] healthy adolescents (17 males, 14,
females between the ages of 12 and 14 years), 33 adoles-
cents diagnosed with externalizing behavior disorders (30
males, 2 females between the ages of 12 and 24 years), and
two groups of adults: non-substance abusing (n = 22) and
poly-substance-abusing (1 = 30 (Erust et al., 2003). Adults
with substance abuse were impaired relative to healthy
adults during early stages of the task. Performance was sim-
ilar in healthy adolescents and healthy adufts. Healthy and
behavior-disordered adolescents were equal in performance
on the first administration of the task, but not on a second
administration 1 week later. On the second administration,
healthy adolescents improved their performance as com-
pared t the first test, but the behavior disordered adoles-
cents did not improve. This study did not report an apalysis
by sex and did not test adolescents over the age of 14 years.
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formance among normal participants who are depleted of
th,p;ophz‘m.

Individuals in these identified groups make maladaptive
decisions not only on these tasks but also in their personal
lives. These individuals continue to make poor decisions
despite long-term negative personal consequences.

1.2. Prefrontal cortex and decision making

In recent years, neuroimaging studies and decision-making
experiments have provided new insights about prefrontal
cortical systems and their relative roles in goal-directed be-
havior. A major goal has been to elucidate the relationship
between executive processes and motivational processes in
goal-directed actions. Recent fMRT data indicate that emo-
ton/reward valeation circuits in the ventromedial prefrontal
areas are linked to more cognitive circuits by a system
that involves ventromedial prefrontal cortex, dorsolateral
prefrontal cortex and lateral frontopolar areas (Monchi,
Petrides, Petre, Worsley, & Dagher, 2001; O’ Doughtery,
Krngetbach, Rolls, Homak, & Andrews, 2001). The ven-
romedial prefrontal areas appear to provide the dorsal and
lateral prefrontal areas with information that is associated
with contextual values of a task, Humans, monkeys and rats
with damage to ventromedial cortex and amygdala are im-
paired in their ability to use information about positive and
negative outcomes that is needed o efficiently guide their
behavior, i.e. make good decisions (Baxter, Parker, Linder,
Izquierdo & Murray, 2000).

One well-known perspective of ventromedial prefrontal
cortex’ function is the somatic marker hypothesis (Bechara
e al, 1997; Damasio, 1994; Damasio, Bechara, &
Damasio, 2002). In this system “somatic markers” are an-
ticipatory emotional feelings that gradually come to be
conaected, by learning, to predicted ouicomes. These emo-
tional markers, measured by skin conductance responses
(SCRs}, are thought to act as an “early warning system” that
eventually guides decisional behavior. Poor petformance
on the fowa Card Task is thought to represent a deficit in
this warning system. The deficit may result in *myopia” for
foture consequences similar to that observed in substance
Adicts and other populations that engage in poor real-life
&isions (Bechara, Dolan, & Hindes, 3002).

A recent study by Tomb, Hauser, Deldin, and Caramazza
(2002), reported that, during the Towa Card Task, anticipa-
tory SCRs were related to the valence of the immediate act
'0be performed, not to the long-term value of the decision.
Thus, by changing the values of advantageous and disad-
¥antageous cards (in their study the advantageous cards con-
@ined very high reward and high losses), Tomb et al. (2002)
found that anticipatory SCRs came to precede choice of ad-
Vantageous cards, not disadvantageous cards as in Bechara
2d Damasio’s studies (c.g. Bechara et al, 1997). In re-
Py, Damasio et al. (2002) suggest that SCRs can relate
© the magnitude of reward or punishment inherent in the

ision-making task.
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Regardless of the exact operations, it is clear that ventro-
medial prefrontal areas, together with other areas, e.g. the
striatum, play an indispensable role in Pprocessing rewar,
including evaluation, prediction, anticipation and Tesponse
to reward fa order to guide behavioral decisions (Momague
& Bems, 2002),

- 1.3. Poor real-life decision making in adolescents

In addition to the populations listed above, adolescents,
as a group, exhibit a disproportionate amount of Poor deci-
sions that result in reckless behavior, sensation-secking, and
risk-taking (Armett, 1992; Moffitt, 1993; Spear, 2000), This
eXperimentation may involve heaith-damaging behaviors jn-
cluding substance use, precocious or risky sexual behavior,
risky vehicle use, eating disorders, homicidal and snicida]
behavior (Igra & Irwin, 1996). Obviously, not all adoles-
cents engage in risk-taking behaviors, but among those who
do, engaging in one risky behavior increases the probahil-
ity of engaging in others (Dryfoos, 1991). Interestingly, and
perhaps not coincidently, the adolescent period of hejght-
ened poor deciston-making overlaps a period of significant
brain remodeling as described below. -

14, Neuroanatomical maturation during adolescence

During the second decade of life, the human brain under.
goes extensive neuroanatomical and neurochemical remod-
eling (Casey, Giedd, & Thomas, 2000; Caviness, Kcnnedy,
Richetme, Rademacher, & Filipek, 1996; Durston et al.,
2001; Giedd et al, 1999; Pfefferbaum et al, 1994;
Rajapakse et al., 1996; Reiss, Abrams, Singer, Ross, &
Denkia, 1996; Sowell, Delis, Stiles, & Jernigan, 200;:
Spear, 2000). MRI-based studies reveal significant increases
in cortical gray matter in early adolescence followed by sig-
nificant decreases in later adolescence. (Geidd et al., 1999),
These gray matter changes are nonlinear and regionaly spe.-
cific. MRI studies show that frontal lobes attain peak volume
(that precede declines) around 12.1 years in males and 110
years in females. Gray matter in parietal lobe attains max-
imum size around age 11.8 years in males and 10.2 vears
in females,‘followed by a decline in both sexes, (Cavinegg
et al., 1996; Giedd et al., 1996, 1999). Gray matter in tom,.
poral lobe reaches maximum size at 16.5 years in maleg
and 16.7 years in females with a slight decline thereafter, Iy
every case, the increases and decreases are less for femgales
than for males (Giedd, Castelianos, Rajapakse, Viatuzis &
Rapoport, 1997; Giedd et al., 1999). The rise and fal] of
cortical volumne is thought to reflect Synapse overproduction
followed by synapse elimination or pruning. The magnj-
tude of this synapse loss may he extremely large. Rakic,
Bourgeois, and Goldman-Rakic {1994) have estimated that,
in monkey brain, up to 30,000 synapses are lost per secopd
over the entire cortex during the pubertal/adolescent period.

In contrast to post-adolescent decreases in gray matter,
cerebral white matter increases linearly throughout chjid-
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Abstract

Performance on the Jowa Card Task (ICT} is impaired in several populations that demonstrate poor decision-making and risk-taking
including patients with damage to the ventromedial prefrontal cortex, For some individwals, adolescence is a period of poor decision-making

]

and risk-taking. Adolescence is also a period of nevroanatomic and neurochemical remodeling. There is evidence that neuropsychological
functions of the prefrontal cortex change during adolescence; however, decision-making, as measured by the [CT, has not been systematically

studied in adolescents over the age of 14 years.

In the present study, 60 participants (30 female) in each of grades 6-12, and 60 young adults were administered the Towa Card Task, the
Wisconsin Card Sorting Task (WCST), a survey of impulsivity and excitement-secking, and a quantity-frequency index of substance use,
Results showed significant and steady improvement on the Jowa Card Tesk from the 6th grade to adulthood. Performance on the Iowa Card
Task was not correlated with measures of impulsivity, excitement-seeking or teported individual substance use. There was one indication thar
poly-substance use was negatively correlated with performance on the ICT. Performance on the WCST was not significantly correfated with

performance on the Towa Card Task or any other measure. Across age,
tended to choose cards associated with both immediate wins and wi
outcome. Results are discussed in terms of adolescent brain devel

© 2004 Elsevier Ltd. All rights reserved.
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males and females had a different response pattern on the ICT. Femnales
th fong-term cutcome. Males tended to choose on the basis of long-term
opment and decision-making differences between males and femates.

1. Introduction
1.1 fewa Card Task assessment of decision-making

The Towa Card Task (ICT) has been widely used with
clinical and normal populations to assess decision-making
processes (Bechara & Damasio, 2002; Bechara, Damasio,
Damasio & Lee, 1999; Bechara, Damasio, Tranel &
Damasio, 1997). This task requires the participant to choose
cards from four decks. Cards in two of the decks are as-
sociated with low reward but even lower sporadic loss of
reward (advantageous decks). Cards in the other two decks
are associated with high reward but with even higher spo-
radic losses (disadvantageous decks). Consistent choice of
advantageous cards results in long-term gain, whereas con-
sistent choice of disadvantageous cards results in long-term
loss of money. Over the course of 100-200 trials, normal
control participants formulate the strategy of picking from

* Carresponding author. Fel.: 41 910 962 3379, fax: +1 910 962 9010.
E-mail address: overmanw@uncw.edn (W.H. Overman).
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the low-paying (advantageous) decks, which resuls in gain
in the long run.

In contrast, the following groups show impaired per-
formance, as defined by the continued selection of cards
from the high-paying (disadvantageous) decks, resulting
in loss in the long run: (a) patients with damage centered
on the ventromedial prefrontal cortex {Bechara, Damasio,
Damasio, & Anderson, 1994; Bechara et al., 1997); polysub-
stance abusers (stimulants or opioids) (Grant et al., 2000}
cocaine abusers (versus abstinent cocaine abusers and non
abusers (Bartzokis et al., 2000); alcohol abusers (Mazas,
Finn, & Steinmetz, 2000); opiate abusers (Petry, Bickel,
& Arnett, 1998); violent offenders versus non violent of-
fenders (Fishbein, 2000); pathological gamblers (Cavedini,
Riboldi, Keller, I’ Annncci, & Beltodi, 2002b); and pa-
tients with obsessive~compulsive disorder (Cavedini et al.,
2002a). Patients in the first three studies above were tested
on the Wisconsin Card Sorting Task (WCST) and performed
normally (Bechara et al., 1994, 1997; Grant et al., 2000).
In addition, using a somewhat different decision-making
task Rogers et al. (1999) have discovered impaired per-




