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Abstract
This study addresses three issues: (1) whether there is a relation between
reasoning and decision making performance, (2) whether general levels of positive or
negative emotion predict reasoning or decision making performance, and (3) whether
there are gender differences in reasoning or decision making performance. Undergraduate
students were assessed with three measures: the Selection Task, the Iowa Gambling Task,
and the PANAS questionnaire were used to assess reasoning, decision making, and
general emotion, respectively. The results suggest that a positive relation exists between
decision making and reasoning performance, that general levels of emotion predict
neither reasoning performance nor decision making performance, and that there are
significant gender differences in decision making performance, favoring males, but not in
reasoning performance. It is concluded that similar processes appear to underlie both
reasoning and decision making, that general levels of emotion do not predict reasoning or
decision making performance, and that the gender difference observed for decision
making performance is likely related to the way the Iowa Gambling Task is approached.
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Emotion and Gender in Reasoning and Decision Making
Reasoning and decision making are inextricably linked in everyday life to the
extent that decisions are often made using information obtained by arriving at specific
conclusions based on general knowledge. A large body of empirical evidence has
implicated the prefrontal cortex as a mediator of various fo rms of reasoning (Shuren &
Grafman, 2002; Waltz, Knowlton, Holyoak, Boone, Mishkin, de Menezes Santos,
Thomas, & Miller, 1999) and decision making (Damasio, 1994; Bechara, Damasio, &
Damasio, 2000). Further, there is evidence that the ventromedial region of the prefrontal
cortex is implicated in both deductive reasoning and decision making processes
(Adolphs, Tranel, Bechara, Damasio, & Damasio, 1996; Damasio, 1996). There is also a
common stereotype suggesting that emotion precludes effective reasoning and decision
making, however, evidence now suggests that adaptive social reasoning depends on the
ability to process emotional information (Damasio, 1994). The present study investigates
the extent to which ongoing levels of positive and negative emotion and gender are
related to reasoning and decision making performance, and the relation between these
cognitive abilities.
Reasoning and decision making are both abilities that require various aspects of
executive function. Though the definition of executive function is imprecise (Kerr &
Zelazo, 2004; Stuss & Alexander, 2000), executive function is generally understood to
entail processes implicated in self-awareness, planning, goal-directed behavior,
performance monitoring, inhibitory control, attentional shifting, flexibility, and problem
solving in general concerning both social and abstract domains (Stuss & Alexander,
2000; Zelazo, Carter, Reznick, & Frye, 1997; Zelazo & Muller, 2002). Executive
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function has been divided into "hot" and "cold" processes, depending on whether the
process entails the use of emotional information (Zelazo & Muller, 2002). Typical cold
executive tasks (e.g., the Wisconsin Card Sort, Tower of Hanoi, and the Stroop Task)
appear to test a heterogeneous but related set of fu nctions necessary for solving problems
of an abstract, decontextualized nature that are predominantly subserved by circuitry in
the dorsolateral region of the prefrontal cortex (Zelazo & Muller, 2002). In a problem
solving framework, such processes include problem representation and working memory,
planning, execution (including intention and rule use), and evaluation (including error
detection and correction; Zelazo, Carter, Reznick, & Frye, 1997). Such components of
problem solving are also impli cated in reasoning (e.g., rule use and working memory).
However, hot executive function entails processes involved in problem solving or
decision making when a problem requires an appraisal of a stimuli' s emotional content.
These processes are generally thought to depend on the orbitofrontal region of the
prefrontal cortex., in which the ventromedial region is located (Zelazo & Muller, 2002).
The Iowa Gambling Task (IGT; Bechara, Damasio, Damasio, & Anderson, 1994), an
index of real life decision making, is a common measure of hot executive function task
that will be described in detail below.
In the present study we describe an experiment examining (a) the relation between
trait emotion and reasoning, (b) the relation between reasoning and decision making
performance, and (c) the relation between trait emotion and decision making
performance. In the first part of the following review we describe literature relevant to
reasoning and emotion, while the second part provides a description the Iowa Gambling
Task literature, reasons to expect IGT performance to be associated with both reasoning

Reasoning and Decision Making

5

performance and trait emotion, and reasons to expect a gender difference in IGT
performance.
Reasoning and Emotion
Reasoning is a form of thinking that entails inference. In deductive reasoning, a
valid conclusion is inferred as a necessary implication of true premises. The focus of this
study will be on conditional reasoning, a form of deductive reasoning. Conditional
reasoning refers to the process of making inferences based on "ifP, then Q" statements,
where P and Q are propositions (e.g., ifit rains, then you will get wet). Valid forms of
inference include Affirming the Antecedent or Modus Ponens (given "ifP then Q" and
"P," "Q" is inferred) and Denying the Consequent or Modus Tollens (given "ifP then Q"
and "not-Q," "not-P" is inferred). Invalid forms of inference include Denying the
Antecedent (given "ifP then Q" and "not-P," "not-Q" is inferred) and Affirming the
Consequent (given "if P then Q" and "Q," "P" is inferred).
A variety of theories have been developed to explain the mental operations
underlying deductive reasoning. In this paper, reasoning will be discussed in the context
of mental logic theory (Braine & O'Brian, 1998; Overton, 1990). The general assumption
underlying mental logic theories is that the process of using inference rules (e.g., modus
ponens and modus tollens) and transforming propositions (e.g., realizing that "P or Q" is
equivalent to "if not-P then Q") in the derivation of a valid logical conclusion or proof
represents an idealization of the abstract mental operations engaged in the reasoning
process (Overton, 1990). Overton (1990) has described a mental logic theory of
conditional deductive reasoning and its development that integrates both competence and
performance factors. That is, according to this model, the question of whether one is
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competent to reason is separate from the question of what factors influence one's ability
to perform in a situation where reasoning is necessary. Overton' s model, supported by
both cross sectional (Overton, 1990) and longitudinal data (Muller, Overton, & Reene,
2001 ), proposes that inferential schemes acquired through actions early in life are
transformed across the course of development and culminate, by late adolescence, in a
coherent symbolic representational system referred to as a formal logical competence.
However, the expression of competence depends on a variety of performance factors. For
example, test anxiety (Chapell & Overton, 1998) appears to encumber access to
reasoning competence, while familiar problem content (Overton, 1990) and racial identity
(Chapell & Overton, 2002) appear to facilitate the expression of competence.
Other reasoning performance factors have been identified as well. Blanchette and
Richards (2004) have found that in participants are more likely to make invalid responses
for conditional reasoning problems with emotional content compared to similar problem
with emotionally neutral content. Similarly, in a mood manipulation study, it was found
that both positive and negative moods were associated with suppressed reasoning
performance in comparison to neutral mood (Oaksford, Morris, Frainger, & Williams,
1996), although only one conditional reasoning problem was used in this study.
Though negative and positive moods may appear to impair reasoning
performance, there are a variety of studies in which emotions have shown both
facilitative and inhibitory effects on other cognitive tasks. Oaksford and colleagues
(Oaksford, et aI., 1996) found that both positive and negative induced mood predicted
impaired performance on the Tower of London task, a task in which performance is
dependent on a variety of capacities that may be necessary for reasoning performance,
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including working memory. Similarly, Tohill and Holyoak (2000) have found that when
anxiety is experimentally manipulated, anxious participants are more likely to recognize
similarities of attribute rather than relation in an analogical reasoning task, as compared
to controls. Tohill and Holyoak's (2000) finding suggests that anxiety might be
associated with a restricted ability to recognize relations among objects in the world, or
more generally, anxiety might reduce the complexity of thought. Evidence also exists that
induced positive mood promotes creative problem solving (Isen, Daubman, & Nowicki,
1987), indicating that positive mood facilitates ones ability to assess a problem from
varying cognitive perspectives (Ashby, Isen, & Turken, 1999), thus promoting a general
flexibility of thought. In contrast, other research has shown that positive mood may have
both fac ilitative and suppressive effects on different features of executive tasks (Phillips,
Bull, Adams, & Fraser, 2002). In general, a trend in mood induction research suggests
that both positive and negative moods are associated with impaired performance in
traditional executive tasks, while positive mood appears to be associated to the
facilitation of creative processes, though this trend is not entirely consistent.
The question of whether mood influences reasoning is related to a broader
question about whether ongoing emotions show primarily local or trait influences on
behavior and cognition (Lemeri se & Arsenio, 2000). According to Fredrickson's
Broaden-and-Bui ld theory of positive emotion (Fredrickson, 2001), ongoing trait levels
of positive emotion invoke an expansion of thought-action repertoires, thus promoting
flexibility in thought and action by allowing one to access and implement a broader array
of perspectives and possible actions in a given situation. In one study supporting this
theory (Tugdale & Fredrickson, 2004), it was found that although an anxiety induction
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procedure was followed by enhanced physiological effects (e.g., higher blood pressure
and pulse) in all participants studied, these adverse effects were attenuated much more
rapidly in participants with trait resiliency, as compared to controls. Tohill and Holyoak
(2000) have, however, provided evidence for a claim that may be amended to
Fredrickson' s theory - that negative emotions lead to a constriction of ones thoughtaction-repertoire. In their study, Tohill and Holyoak demonstrated that anxiety is
associated with a decreased ability to recognize relational similarity in an analogical
reasoning task. Similarly, Van Strian and Valstar (2004) used a version of the Stroop
task in which emotional content was used, and it was shown that participants with trait
anxiety perform worse than controls (Van Strian & Valstar, 2004). Taken as a whole,
many of the studies outlined above suggest that positive emotions - specifically trait
positive emotion - promote flexible thinking and resourcefulness, whereas negative
emotions are associated with restricted flexibility of thought.
AJthough there is evidence that trait levels of positive and negative emotion
influence various aspects of human functioning, there has been little consideration in the
literature on the relation between ongoing emotions and performance on cognitive tasks.
In this study we address the question of whether trait level s of positive and negative
e:motion are related to reasoning and decision making performance. We assessed positive
and negative emotion with the PANAS questionnaire (Positive and Negative Affect
Schedule; Watson, Clark, & Tellengen, 1998), a commonly used assessment tool for
studies of state and trait affect. Because Eysenck's research suggests that anxiety impairs
working memory (e.g., Derakshan & Eysenck, 1998), and because working memory is
important for many higher level thought processes (Fuster, 2000; Goldman-Rakic, 1987)
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including reasoning, we expect reasoning performance to be negatively associated with
anxiety ratings. Further, because negative affect is a general characteristic of depression
and positive affect is negatively correlated with depression (Watson, Clark, & Tellengen,
1998), and given the finding that depression appears to be related to executive deficit
(Austin, Mitchell, & Googwin, 2001), we expect reasoning performance to be positively
related to positive affect and negatively related to negative affect.
The Iowa Gambling Task, Reasoning, and Emotion
There are a variety of tasks that might be used to investigate the relationship
between reasoning and other executive processes, however, we chose to use the Iowa
Gambling task to study the relation between reasoning and decision making under
emotional constraint. The Iowa Gambling Task (IGT) was developed to assess real life,
online decision making abilities in patients with ventromedial prefrontal cortex damage
(Bechara et aI. , 1994). The task was designed to simulate real life decision making in
terms of reward, punishment, and uncertainty. In this task, a participant must make 100
selections from four decks of cards, and each card is associated with either a monetary
gain or a monetary gain combined with a loss. Unbeknown to the participant, two
particular decks are better than the others insofar as these decks yield higher overall net
gains. Healthy individuals gradually begin to make more choices from the advantageous
decks than fro m the disadvantageous decks through the course of completing this task,
whereas ventromedial lesion patients fail to show such improved performance (Bechara,
et aI. , 1994; Bechara, Darnasio, Tranel, & Damasio, 1997).
Bechara, Damasio, Tranel, and Anderson (1998) demonstrated that working
memory and IGT performance are dissociated to a large degree. However, although
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working memory does not appear to depend on the integrity of the VM-PFC, the
malfunction of working memory, which was predicted by dorsolateral damage,
corresponds to impaired IGT performance. Based on this research, it appears that the
ability to make adaptive decisions, or solve hot executive function problems, depends in
part on the ability to make use of emotional information when in the process of
completing a task and also on the function of working memory. This general finding has
received further support, as Manes and colleagues (Manes, Sahakian, Clark, Rogers,
Antoun, Aitken, Robbins, 2002) have also found the impaired working memory predicts
difficulty in deci sion making.
Based on the finding that the function of the ventromedial prefrontal cortex is
necessary for behavior guidance using emotion stimuli, Alolphs and colleagues (Adolphs
et aI. , 1996) investigated the role of the ve ntromedial region in reasoning with familiar
and unfamiliar content with a modification of the Wason Selection Task (Wason, 1968),
a reasoning task used to assess conditional reasoning. The authors expected that decision
making and reasoning processes may be supported by related neural circuits. Three
groups of patients were studied: patients with ventromedial lesions, patients with
dorsolateral lesions, and control patients with lesions elsewhere. The results indicated
that while all three groups of patients had difficulty reasoning with relatively unfamiliar
content, the use of more familiar content facilitated reasoning for control and dorsolateral
patients. However, familiarity fail ed to facilitate reasoning performance for ventromedial
patients. These data suggest that the ventromedial prefro ntal cortex is involved in both
reasoning with familiar content and decision making. In the present study we examine the
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relation between rGT and selection task performance with a group of neurologically
unimpaired participants.
Related findings fro m imaging studies indicate that the prefrontal cortex is
activated during deductive reasoning. In two positron emission tomography (PET)
studies, Goel and colleagues (Goel, Gold, Kapur, & Houle, 1997, 1998) imaged
participants while solving deductive reasoning problems containing both syllogisms (e.g.,
All A are B, all Bare C, therefore all A are C) and conditionals (although only syllogisms
were used for problems in the 1998 study). Both studies found activation in the prefrontal
cortex, though the activation was distributed in general. Due to the nature of connectivity
in the prefrontal cortex - the diffuse interconnection and reciprocal connections with
other regions (Goldman-Rakic, 1987; Zelazo & MUlIer, 2002) - along with the notion
that working memory is essential for adaptive decision making and reasoning, it appears,
based on the studies by Goel's group and Adolphs' group described above, that reasoning
and decision making processes are sub served by some of the same neural circuitry, and
hence, these abilities should be associated. Thus, we expect a correlation between IGT
and reasoning performance in neurologically unim paired participants.
In addition to investigating the relation between reasoning and IGT performance,
we are interested in examining the relation between trait affect, as measured by the
PANAS, and IGT performance. To date, we know of no studies specifically investigating
the relation between trait emotion and decision making. Further the relationship between
emotion and decision making varies depending on the emotion(s) being studied and the
context of decision making (Loewenstein & Lerner, 2003). Thus, we make no specific
predictions regarding the relation between trait emotion and decision making.
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Another unresolved issue in studies of IGT perfonnance is the gender difference,
favoring males, that emerges when larger samples of participants are studied, as opposed
to the relatively small samples used in lesion studies. Gender differences in tasks
assessing orbitofrontal function have been observed in a variety of studies. Overman,
Bachevalier, Schuhmann, and Ryan (1996) used an object reversal paradigm to study
orbitofrontal functi on in children and infant monkeys. To successfully perform the object
reversal task, a participant must first learn to associate a reward with one of two
containers, where the locations of these containers are randomized across trials. The
reward contingencies are then reversed and the participant must learn to look for the
reward in the container that was empty in the previous trials. With both infant monkeys
and children (15 -55 months of age), males outperfonned females on the task. Kerr and
Zelazo (2004) also found male superiority on a modification of the IGT used with
children (3 and 4 year olds), however, Crone and van der Molen (2004) and Garon and
Moore (2004) failed to observe such differences in other modifications of the IGT. In
fact, Garon and Moore (2004) observed female superiority in decision making
performance with 3, 4, and 6-year-olds. Thi s discrepancy in findings, however, is likely
due to the fact that different modifications of the IGT were used in each of these three
studies.
The gender difference pattern of superior male performance on the IGT is still
somewhat ambiguous when adolescents and adults are studied, though the results suggest
a general trend of male superiority in task performance. Overman (2004) found evidence
for a consistent gender difference in IGT performance. The sample examined consisted of
students between grades 6 and 12, as well as adults. Results indicated an overall gender
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differences, favoring males, across age. However, Hooper and colleagues (Hooper,
Luciana, Conklin, & Yarger, 2004) did not find a gender difference in IGT performance
of adolescents. In another study, Reavis and Overman (2001 ) found that, in addition to a
gender difference favoring males adults, males were more likely to report the rule of the
game (e.g., "decks A and B are bad while decks C and D are good") than femal es. These
authors also used a control task, the California Weather Task, to assess probability
learning without emotional stimul i. The results indicated an interaction between gender
and task. Although males performed better on the IGT, there was no gender difference
with perfonnance on the California Weather Task. These results suggest that it is the
nature of the emotional stimuli in the IGT that influences the gender difference in
performance.
For this experiment, we were interested in determining whether the IGT gender
difference is replicable with the reasoning task as a control. Given that the available data
suggests fai rly consistent gender difference findings for orbitofrontal cortex tasks, we
expect males to outperform females on the IGT. On the other hand, given that we know
of no studies in which there were gender differences in reasoning performance, we expect
males and females to perfonn at the same level on the reasoning task.

Summary of the Experiment
The present study has three goals: (a) to examine the possible relation between
conditional reasoning and decision making performance, (b) to examine the extent to
which general levels of positive and negative emotion predict reasoning and decision
making perfonnance, and (c) to investigate the possibility of gender differences in
reasoning and decision making perfonnance. It is predicted that IGT and Selection Task
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performance will be correlated, that PANAS scores will be related to Selection Task and
IGT performance, and that gender differences will favor males on the IGT. This
experiment is focused on examining the relations between emotion and reasoning,
emotion and decision making, and the apparent association between reasoning and
decision making. We also attempt determine whether the previously observed IGT gender
difference is replicable in this experiment.
Method

Participants
Sixty-nine undergraduate students (25 males, mean age = 20.84; 44 fe males, mean
age = 20.02) participated for partial course credit. No participants were known to have
any neurological or psychiatric diseases.

Materials and Procedure
Participants were tested individually in a quiet room for approximately one hour.
Each participant received three tasks in counterbalanced order: the Selection Task, the
IGT, and the PANAS questionnaire.

Selection Task. This task is Overton's (1990) version of Wason' s (1968) selection
task. The task consists of 11 reasoning problems, including one practice problem, each of
which is presented on a separate page. The top of each page shows four cards with an
antecedent (P), consequent (Q), negated antecedent (not-P), and a negated consequent
(not-Q) corresponding to a conditional statement of the form "ifP then Q." For example,
the cards "swimming," not swimming," "lifeguard," and "no lifeguard" correspond to the
conditional statement "If a person is swimming in the public pool, then a lifeguard is
present." Under the four cards is a paragraph of information telling the participant that
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each card has information on both sides, but that only one side is visible (e.g., "each card
shows whether or not a lifeguard is present on one side and whether or not a person is
swimming on the other side"). Under the description of the information on the cards is a
rule in the form of a conditional statement (see Tabl e 1 for examples). At the bottom of
each page the participant is asked to select the card or cards that could prove with
certainty that the rule is being broken. This task requires the participant to select the P
card (Modus Ponens) and the not-Q card (Modus Tollens), and only these cards, for a
correct solution. A selection of the not-P and Q cards corresponds to the invalid forms of
inference, Denying the Antecedent and Affirming the Consequent, respectively.
For this task, participants were read a set of instructions notifying them that they
would see four cards, and paragraph of information about the content of the cards, and a
rule for each problem. Participants were informed that for each problem the cards had
information on both and that the goal was to try to show that the rule was being broken
(i.e., by selecting the P and not-Q cards).

Scoring. Reasoning scores were analyzed using the method proposed by Oaksford
and colleagues (Oaksford, et aI., 1996). A Falsification Index was calculated by
subtracting the number of not-P (Denying the Antecedent) and Q (Affirming the
Consequent) selections from the number ofP (Modus Ponens) and not-Q (Modus
Tollens) selections for each problem. An average Falsification Index was then computed
for ten problems (the practice problem was excluded from analysis).

Iowa Gambling Task. Four decks were displayed on a computer screen: Decks A,
B, C, and D. Each participant was required to make 100 selections from these decks,
although the participant does not know how many trials will take place or when the task

Reasoning and Decision Making 16
will end. For each card chosen, a monetary reward is shown at the top of the screen.
Decks A and B yield an average of $ 100 per card, while the average reward for decks C
and D is $50. Although there is a reward for each card chosen, some cards yield
unpredicted losses or punishments as well. For decks A and B, across ten selections there
is an average gain of $1000 and an average loss of$1 250. For decks C and D there is an
average gain of $500 and an average loss of$250 across ten selections. Thus, decks C
and D yield a net gain of$250 across ten selections, while decks A and B yield a net loss
of $250 across ten selections. Selections from decks C and D are, therefore, more
advantageous than selections fro m decks A and B. It is important to note, however, that
for every ten selections, deck A has an average of five $250 losses, B has an average of
one $1250 loss, C has an average offive $50 losses, and D has an average of one $250
loss.
For this task, the experimenter read a sheet of instructions to the participants
telling them about the game, and informing them that some of the decks were better than
others. After ten selections each participant was reminded that the goal of the game is to
win as much money as possible and that some decks are better than others. The task
ended after 100 selections for each participant.
Scoring. Gambling scores were computed following the method of Bechara, et al .
(1 994). Performance scores were divided into five blocks of20 selections. For each
block, the total number of A and B (disadvantageous) selections were subtracted from the
total number ofC and D (advantageous) selections for a general score across 20
selections, and a total general score was also calculated based on performance across all
blocks. Percentages of selections fro m each deck across blocks were also computed.
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Positive and Negative Affect Schedule (PANAS). This questionnaire consists of 20
words, of which ten are positive and ten are negative. Participants rated each on a Likerttype scale of 1-5 in response to the statement "Indicate to what extent you have felt this
way during the last six months." This questionnaire is a standardized measure of emotion
(Watson, Clark, & Tellengen, 1988), which yields an index of Positive Affect and
Negative Affect. For the PANAS participants were instructed to rate each of the 20 items
based on the way they felt during the last six months.

Scoring. The Positive Affect index was computed by summing of ratings across
the ten positive items and dividing by ten to get an average score. The Negative Affect
index was computed by averaging the negative items.
Results
The first question to be addressed was whether performance on the Selection Task
was related to IGT performance. In support of the hypothesis, IGT total general scores
were positively correlated with the total Falsification Index scores r(69) = .286, P < .05).
Next, the extent to which general levels of emotion were associated with IGT and
Selection Task performance was analyzed. Contrary to expectation, neither Positive
Affect nor Negative Affect predicted performance on the IGT (for Positive Affect, r(69)
=

-.010, I1.S. ; for Negative Affect, r(69) = .0 18, I1.s. ). Similarly, Positive and Negative

Affect did not significantly predict performance on the Selection Task (for Positive
Affect, r(69) = .117, I1.S.; for Negative Affect, r(69) = -.099, I1.s.).
Thirdly, as hypothesized, gender differences were found for IGT performance.
Males performed significantly better than females, 1(67) = 3.38, P < .001. The mean
general scores, with standard deviations in parentheses, were M = 31 .12 (SD = 26.38) for
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males, and M = 9.68 (SD = 24.74) for females. Figure 1 reveals that males tend to
improve throughout the course of the task, whereas females continue to make
disadvantageous deck choices throughout the 100 trials. Overman (2004) has claimed that
this difference may be attributable to the fact that females pick more cards from the decks
with the least losses (B and D) rather than picking cards from the decks that yield the
highest net gains (C and D). The results of the present finding support this assertion.
Figure 2 shows that males and females show simil ar selection patterns during the first
block of 20 trials, but females tend to pick more Band D cards overtime, whereas males
pick more C and D cards by the end of the task. There were no significant gender
differences for performance on the Selection Task, 1(67) = .73,p > .05, M = 1.44 (SD =
.68), for males and M

=

1.55 (SD = .52), for females.
Discussion

The purpose of this study was to determine whether Selection Task and IGT
performances were related, whether ongoing emotion ratings predicted performance on
these tasks, and whether there where gender differences on either task. IGT performance
was correlated with Selection Task performance as predicted, self-report ratings of
Negative Affect and Positive Affect predicted neither IGT nor Selection Task
performance, and gender differences favoring males were found for the IGT but not the
Selection Task.
Given the relation between executive processes and reasoning, it is reasonable to
expect that deductive reasoning and decision making performance would be related.
However, the absence of a strong correlation may attributable to the fact that the IGT
assesses a form of decision making that emphasizes emotional processing more than
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abstract reasoning processes such as rule use. Nevertheless, this finding indicates that
some cold executive processes may be implicated in both emotion-based decision making
and reasoning, even though the type of decision making addressed in this study relies
more heavily on hot executive processes (Zelazo & Muller, 2002). It is likely that this
correlation is related to the recruitment of working memory functions in the processes
serving these cognitive function s. This relation between reasoning and decision making is
also supported by research implicating the OFC in both deductive reasoning (Goel et aI.,
1997, 1998) and emotion based decision making (Bechara, et aI. , 2000; Zelazo & Muller,
2002).
Further research might investigate the relationship between reasoning and
decision making by examining the performance of neurologically intact individuals on
the IGT and reasoning problems with fam iliar and unfamiliar content. Given that
ventromedial patients perform poorly on reasoning problems with familiar content
(Adolphs et aI., 1996), it may be the case that this neural region supports procedures for
accessing logical competence when problem content is familiar. This might suggest that
the neural underpinnings of various procedural factors are dispersed in the prefrontal
cortex, which might be expected based on Goel' s imaging studies (Goel, Gold, Kapur, &
Houle, 1997, 1998), in which the neural activity fo und in response to reasoning
performance was generally distributed in the prefront al cortex.
In contrast to previous research (Ashby, et aI., 1999; Isen et

at., 1987; Oaksford et

aI., 1996; Phillips et aI. , 2002), emotion was not related to performance on the cognitive
tasks used in this study. The failure to find such an effect may be due to the assessment of
general positive and negative emotion in this study rather than an assessment of local
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mood specifically. It may be the case that even if emotion is related to performance on
cognitive tasks, general affect over time does not significantly impact cognitive
processes. The possibility also exists that the assessment of general positive and negative
emotion was not sufficiently sensitive to specific emotions that may be related to the
cognitive abilities examined. It could also be the case that ongoing emotions have a
stronger influence on other cognitive abilities than those assess in this study.
The gender differences found in this study are consistent with gender differences
found in other studies (Overman, 2004; Reavis & Overman, 2001). It is likely that this
difference is related to different strategies employed by males and females on the IGT
(Overman, 2004; Reavis & Overman, 2001). Overman (2004) has speculated that gender
differences occur in IGT performance because, over time, females tend make more
selections from decks B and D than decks A and C, whereas men select mostly from the
advantageous C and D decks overtime. Hooper and colleagues (Hooper at ai, 2004) also
observed thi s general trend, even though they faile d to observe a significant gender
difference in task performance. This general pattern was observed in the present study as
well (see Figure 2). According to Overman (2004), it is possible that females learn to
select primarily from the B and D decks because these decks only have an average of one
loss in ten selections, whereas the A and C decks have an average of five losses in ten,
even though deck B has a net loss over time. In contrast, men appear to be more sensitive
to the better net outcomes of the decks. However, because there were no gender
differences in Selection Task performance, it appears that the IGT gender difference is
not attributable to any cold executive processes that may be implicated in IGT
performance. Overman has also suggested this notion based on the finding that there were
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no gender differences for perfonnance on the California Weather Task, an analog to the
IGT that does not contain emotional stimuli (Reavis & Overman, 2001 ). As Overman
(2004) has suggested, it may be the case that females are oversensitive to the losses, but it
could also be the case that females ignore the losses altogether and focus on the decks
that yield the most gains. Either way, the issue is that females do not appear to be
attending to the net amounts on the cards.
Thi s findi ng of a gender difference in IGT performance is important because it
provides support for the notion that males and fem ales may process emotional
information differently. Again, this notion is consistent with the finding that there is no
gender difference in performance on the Californi a Weather Task, a cold executive task,
while gender differences appear to be stable on IGT perfonnance (Reavis & Overman,
2001) However, this result must be interpreted with some caution. Based on this result, it
is plausible that the IGT is not a measure of general decision making. Rather, this task
may measure a specific aspect of decision making or information processing in which
males and females differ. Thus, the present results do not necessarily suggest that females
perform worse than males in real life decision making. It is also worth mentioning that
the disparity in fi ndings regarding a gender effect in decision making is probably due to
one of two factors: the modification of the task used and the number of participants in the
sample studied. In the adult literature, a gender difference only emerges when large
samples are studied. In decision making studies with children, different task versions are
often used, and this is a likely source of ambiguity regarding the possibility of this gender
difference.
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In summary, three general but tentative conclusions can be drawn. First, emotionbased decision making and reasonjng appear to be mediated by similar processes, as
evidenced by the finding that reasoning performance was correlated with decision
making performance, as well as the previous finding that the OFC is implicated in both
reasoning and decision making. Additionally, the role of general emotion over time does
not appear to predict reasoning or decision making performance. If emotion is related to
reasoning and decision making performance, it is more likely that this relation depends
on local mood rather than general levels of positive or negative emotion over time.
Lastly, it is likely that either the nature of the IGT, or the way by which this task is
approached, will determine performance. Because the gender difference in decision
making is not related to conditional reasoning ability, IGT gender differences do not
appear to be explainable in terms of general problem solving ability. Future research
directions include studying the role of mood in hot EF and reasoning tasks, and
investigating the extent to whi ch IGT performance differences are attributable to the way
by which the task is approached differently by males and females . OUf lab in currently
investigating both possibilities. In conclusion, the processes underlying reasoning and
decision making appear to be related, though the role of emotion and gender in these
processes remains unclear.
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Table 1
Selection Task Conditional Reasoning Statements

If a person is swimming in the public pool, then a lifeguard is present. (practice problem)
If a student is watching Television, then the student's homework is finished.
If a person is drinking beer, then the person is 21 years of age.
If a person is driving a motor vehicle, then the person must be over 16 years of age.
If a student is caught running in the halls, then the student must be punished.
If a person is retired from work, then the person is over 55 years of age.
If a student strikes a teacher, then the student is suspended.
If a person has a handgun, then the handgun must be registered.
If a drunken driver kills someone, then the driver must be charged with murder.
If a child with AIDS attends school, then the child has the community's approval.
!fa girl under 14 years old has an abortion, then she must have her parents' approval.

Figure 1. Gender differences in IGT general score across blocks of trials.
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Figure 2 Percentages of Deck Selections Across Blocks.
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