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Bechara, Damasio, and coworkers [Bechara, A., Damasio, H., Tranel,
D. & Damasio, A. R. (1997) Science 275, 1293-1295] have reported
that normal participants decide advantageously before knowing
the advantageous strategy in a simple card game designed to
mimic real-life decision-making. Bechara et al. have used this result
to support their view that nonconscious somatic markers can guide
advantageous behavior. By using more sensitive methods, we
show that participants have much more knowledge about the
game than previously thought. In fact, participants report knowl-
edge of the advantageous strategy more reliably than they behave
advantageously. Furthermore, when they behave advantageously,
their verbal reports nearly always reveal evidence of quantitative
knowledge about the outcomes of the decks that would be
sufficient to guide such advantageous behavior. In addition, there
is evidence that participants also have access to more qualitative
reportable knowledge. These results are compatible with the view
that, in this task, both overt behavior and verbal reports reflect
sampling from consciously accessible knowledge; there is no need
to appeal to nonconscious somatic markers. We also discuss the
findings of other studies that similarly suggest alternative inter-
pretations of other evidence previously used to support a role for
somatic markers in decision-making.

amasio (1) has suggested that normal decision-making in

humans is often assisted by somatic markers: bodily states
(or brain representations thereof) that correspond to emotional
reactions to possible courses of action, effectively reflecting the
goodness or badness of the outcomes associated with each course
of action. According to Damasio and coworkers (1-3), such
markers can operate not only consciously (when one has a “gut
feeling” about the goodness or badness of a possible course of
action) but also nonconsciously. They further claim that in the
latter case somatic markers can even lead people to make
advantageous decisions before they are consciously aware of
which decisions are advantageous (3).

A large part of the support for the somatic marker hypothesis
has come from an influential study in which Bechara, Damasio,
and colleagues (3) reported that normal participants “[decide]
advantageously before knowing the advantageous strategy” in a
simple card game designed to mimic real-life decision-making.
According to Bechara et al. (3), normal participants started to
make the right selections in that game before they had conscious
knowledge that those were the best selections. Furthermore,
when participants were about to make a bad selection, they
exhibited higher skin conductance responses (SCRs) than when
they were about to make a good selection, again seemingly
before they had conscious knowledge about which were the good
and bad selections. Bechara, Damasio, and colleagues (2, 3) took
these findings to support the somatic marker hypothesis, claim-
ing that the skin conductances reflect somatic markers that allow
participants to make advantageous selections even before con-
scious knowledge is available. Here, we show that, in fact, players
have extensive conscious knowledge about the game, as indi-
cated in verbal reports obtained with a more sensitive question-
naire than that used by Bechara et al. (3). Indeed, participants’
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verbal reports indicate knowledge of the advantageous strategy
more reliably than their actual behavior does, and when they
behave advantageously, they nearly always report knowledge
about the outcomes of the decks that would be sufficient to guide
such advantageous behavior. Thus, our data provide no reason
to posit that nonconscious biases guide advantageous behavior
in this task before knowledge that is consciously accessible does.
We also provide evidence that supports the view that the
contrary conclusion of Bechara et al. (3) arose from their use of
methods that were not sufficiently powerful to uncover all of the
knowledge that participants had about the game. Our findings
undermine one of the main pillars of support for the somatic
marker hypothesis. As we will describe below, additional recent
findings in the literature raise questions about the other main
lines of evidence that have been taken to support this hypothesis.

In the game used by Bechara er al. (3), henceforward
referred to as the Iowa gambling task (IGT), participants must
select, on each trial, a card from one of four decks (4). On
every card, participants win some play money. For two of the
decks, the winning amount is always $100, and, for the other
two, the winning amount is always $50. However, on some
cards, in addition to winning money, participants also lose
money. The schedule of losses is such that, in the long run, the
decks that give $100 rewards produce net losses, whereas the
decks that give $50 rewards produce net gains. The long-term
expected net loss for the two $100 decks is the same (a loss of
$25 per trial); they differ only in terms of the frequency and
magnitude of the losses, with one deck having larger but less
frequent losses than the other. The situation for the two $50
decks is similar: Both have the same expected net gain ($25 per
trial), but one has larger and less frequent losses than the
other. The game ends after 100 trials. The contingencies and
the duration of the game are not known by participants in
advance; participants are told simply that their goal is to have
the best possible net outcome in the game.

To assess participants’ knowledge about the game, Bechara et
al. (3) interrupted it after the first 20 trials and then at 10-trial
intervals and asked participants, “Tell me all you know about
what is going on in this game,” and, “Tell me how you feel about
this game.”

An extensive body of work in the implicit-learning literature
has shown that such broad, open-ended questions often fail to
identify all of the conscious knowledge that participants have
acquired in performing a task (5, 6). There are many reasons for
such failures. For example, the questions may not reliably cue
recall of all relevant knowledge, or participants may fail to report
knowledge that they still consider tentative. Furthermore, the
amount of knowledge that participants volunteer in answer to
these questions may depend heavily on such factors as person-

Abbreviations: IGT, lowa gambling task; SCR, skin conductance response; VMPFC, ventro-
medial prefrontal cortex.

*To whom correspondence should be addressed. E-mail: tmaia@cmu.edu.

© 2004 by The National Academy of Sciences of the USA

PNAS | November 9, 2004 | vol. 101 | no.45 | 16075-16080

NEUROSCIENCE

>
O
(=]
=
=]
==
%)
>
©n
-9




g
/|
~

ality or level of engagement. These observations raise the
possibility that participants may actually have conscious knowl-
edge of the advantageous strategy as early as they behave
advantageously in this game and that such knowledge may be
uncovered by a more sensitive test.

Another issue that requires reconsideration is what it means
to decide advantageously in the game. The analyses of Bechara
et al. (3) contrast the number of selections from “good decks”
and “bad decks,” where the good decks are the decks that give
only $50 rewards but lead to positive net outcomes in the long
run and the bad decks are the $100 decks, which end up giving
net losses. However, the sequence of wins and losses is fixed for
each deck and is the same across participants, and the arrange-
ment of cards is such that, early in the game, the decks that
produce the best net outcome are the $100 decks (4). Obviously,
each participant has nothing but his or her own experience to go
by, so we follow the general practice in the decision-making (7,
8) and computational reinforcement learning literature (9) in
considering advantageous behavior to be behavior that follows
the net outcomes experienced up until the trial in which a
decision is being made. In our analyses, we therefore determine
for each participant and each trial which two decks are best and
which two decks are worst, based on the mean net outcomes the
participant has had with each deck up until that trial. Note that,
like Bechara et al. (3), we do not distinguish between the two best
decks or the two worst decks, because, as mentioned above, the
task is structured in such a way that, over the long run, the two
best decks have the same expected net result, as do the two worst
decks. Thus, we define advantageous behavior as choosing one
of the two decks with the highest observed mean net outcome.

Finally, it is important to define precisely what is meant by
“knowing the advantageous strategy.” We take knowing the
advantageous strategy to mean having conscious knowledge that
would support the choice of one of the two best decks (as
determined by the observed mean net outcome). We operation-
alize conscious knowledge as knowledge that can be reported
verbally, and we identify three possible levels of conscious
knowledge of the advantageous strategy:

Level 0. The participant does not have any conscious knowledge
specifying a preference for one of the two best decks.

Level 1. The participant has conscious knowledge specifying a
preference for one of the two best decks but does not
have conscious knowledge about the outcomes of the
decks that could provide a basis for that preference.

Level 2. The participant has conscious knowledge specifying a
preference for one of the two best decks and has
conscious knowledge about the outcomes of the decks
that could provide a basis for that preference.

These three levels are closely related to the “pre-hunch,”
“hunch,” and “conceptual” periods, respectively, from Bechara
et al. (3). The claim of Bechara et al. (2, 3) is that participants
behave advantageously even when their knowledge is still at
Level 0 [although, even in their paper (3), the data that would
support this claim did not reach statistical significance]. In
particular, they claim that “nonconscious biases guide behavior
before conscious knowledge does” (3) and that “this biasing
effect occurs even before the subject becomes aware of the
goodness or badness of the choice s/he is about to make” (2). A
weaker claim that would still be of interest would be that
participants behave advantageously when their knowledge is at
Level 1.

Materials and Methods

Assessment of Conscious Knowledge. To assess participants’ level of
knowledge throughout the game, we developed a more sensitive
test of awareness in the form of a structured questionnaire (Fig.
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Q1. Rate, on a scale of —10 to +10, how good or bad you think deck 1 is, where —10
means that it is terrible and +10 means that it is excellent.

Q2. Okay; why did you rate deck 1 with ...7
[Repeat questions Q1 and Q2 for decks 2 through 4.]

Q3. In answering the questions that follow, consider the following definitions. Your
"winning amount" for a trial is the amount you won on that trial. Your "loss" on a
trial is the amount you lost on that trial. Your "net result" for a trial is the amount
you won minus the amount you lost on that trial. Do you understand these
definitions and the differences between the three terms? [If not, explain again using
examples.]

Okay, now suppose you were to select 10 cards from deck 1.
Q3.1. What would you expect your average net result to be?
(3.2. What would you expect your average winning amount to be?
Q3.3. In how many of the 10 trials would you expect to get a loss (not
necessarily a net loss)?
Q3.4. For those trials in which you would get a loss, what would you
expect the average loss to be?

[Repeat question Q3 for decks 2 through 4.]

Q4. Okay, now tell me, on a scale of 0 to 100, how much you think that you know
what you should do in this game in order to win as much money as possible (or, if
you can't win, to avoid losing money as much as possible). 0 means that you have
no idea of what you should do and feel that you still need to explore the game more
and 100 means that you know exactly what you should do and have no doubts that
that would be the best strategy.

Q5. Now suppose I told you that you could only select cards from one of the decks
until the end of the game, but that you were allowed to choose now the deck from
which you would draw your cards. Which of the four decks would you pick?

Fig. 1. Questionnaire.

1). As in the study of Bechara et al. (3), participants were asked
these questions after the first 20 trials and then every 10 trials.
Note that care has been exercised to attempt to minimize
carry-over effects from question to question within a question
period. Specifically, participants are asked about the ratings
(question Q1) before they are asked about the expected out-
comes for the decks (question Q3), to minimize the influence of
the latter on the former. Similarly, question Q3.1 is asked before
questions Q3.2-Q3.4, so that participants’ answers about the
expected net result are not based on their answers to questions
Q3.2-Q3.4.

If a participant’s knowledge is at Level 1, such knowledge
should be reflected in the answers to questions Q1 and Q5. Q1
asks for a simple numerical rating of each deck. The response is
taken to indicate Level 1 knowledge if the deck with the highest
rating is one of the two best decks according to the participant’s
experience up to that point. Q5 asks the participant to indicate
the deck that he or she would choose if he or she could only select
from that deck for the rest of the experiment. Again, the
response is taken to indicate Level 1 knowledge if the participant
names one of the two best decks. If a participant’s knowledge is
at Level 2, in addition to having knowledge of which deck is best,
he or she also should have additional reportable knowledge
about the outcomes associated with the various decks that would
justify that conclusion. A quantitative assessment of this knowl-
edge is provided by the questions in Q3. Question Q3.1 directly
assesses participants’ knowledge of the expected net for each
deck. The response is taken to indicate Level 2 knowledge if the
participant attributes the highest expected net to one of the two
best decks. Questions Q3.2-Q3.4 assess participants’ knowledge
of the outcomes of each deck in terms of each deck’s reward
value, probability of getting a loss, and mean loss value. Note that
questions Q3.2-Q3.4 allow one to calculate the mean net that a
participant should expect, based on his or her knowledge about
the outcomes of the decks. We call this value the “calculated
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net”’; for each question period ¢, participant p, and deck d, it is
obtained from the participant’s answers to questions Q3.2, Q3.3,
and Q3.4 by using the following formula [in which CN(q, p, d)
refers to the calculated net in question period g for participant
p and deck d, and Q3.2(g, p, d), Q3.3(q, p, d), and Q3.4(g, p, d)
represent the answers of participant p to the corresponding
questions for deck d, in question period ¢]:

Q3.3(q, p, d)

CN(q, p, d) = Q3.2(q, p, d) + 10

X Q3.4(q, p, d).

The responses to questions Q3.2-Q3.4 are taken to indicate
Level 2 knowledge if the highest calculated net is for one of the
two best decks.

It is important to note that participants at Level 2 do not
necessarily keep track throughout the game of the numerical
estimates that they give us in answer to the questions in Q3.
Participants may produce such estimates only at the time the
questions are asked, possibly by sampling relevant exemplars
from memory. We cannot assume that participants’ actual
behavior is based directly on this type of quantitative informa-
tion. Nevertheless, if whenever they behave advantageously,
participants can show evidence of knowledge of the advanta-
geous strategy in their answers to the Level 2 quantitative
measures (the reported net and the calculated net), we can
conclude that they have consciously accessible knowledge that
would provide a sufficient basis for such advantageous behavior.
Because participants’ estimates may be noisy, in practice the
reported net and the calculated net do not necessarily coincide.

It is also important to note that our questionnaire focuses
primarily on reportable quantitative knowledge. Unfortunately,
such measures may fail to capture reportable qualitative knowl-
edge (e.g., “this deck is bad because once in a while it gives me
a very large loss”), which might nevertheless be sufficient to
guide advantageous behavior. We included question Q2 in the
questionnaire to attempt to uncover some of that qualitative
knowledge, if that proved necessary. However, our focus is
primarily on the quantitative questions. We relied on the qual-
itative knowledge conveyed by Q2 only to assess the knowledge
of a specific participant who behaved advantageously but whose
answers to Q3 did not reveal reportable quantitative knowledge
of the advantageous strategy. We also included a question that
assessed participants’ overall confidence in their understanding
of the game (Q4) to address issues unrelated to those discussed
in this paper.

Experimental Conditions. In addition to the condition with this
questionnaire, our experiment also included a second condition
that consisted of a direct replication of the study of Bechara et
al. (3) by using their original questions. Participants were ran-
domly assigned to either condition.

Participants. There were 20 participants per condition, all
of whom were undergraduate students at Carnegie Mellon
University. Participants received course credit for their
participation.

Results

As a preliminary to our main analyses, we compared the overall
performance of participants in our questionnaire condition and
in the replication condition. Details are provided in Section 1 of
the supporting information published on the PNAS web site.
This analysis found that there was no statistically significant
difference in overall performance in the two conditions, as
assessed by the total number of cards selected from the $100 and
$50 decks (two-sided P = 0.28). The overall profile of selections
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Fig. 2. Participants’ knowledge that one of the two best decks is the best

deck, as reflected in several verbal report measures, compared with partici-
pants’ tendency to behaviorally select from one of the two best decks. (As
mentioned in the text, we define the two best decks to be the two decks with
the highest observed mean net outcome, according to each individual partic-
ipant’s sequence of observations up until the trial under consideration.) The
green line shows how many participants actually picked one of the two best
decks behaviorally. The red and cyan markers correspond, respectively, to the
number of participants who gave the highest rating to one of the two best
decks and the number of participants who said that they would select from
one of the two best decks if they could only select from one deck. The square
markers correspond to Level 2 knowledge. The light-brown marker corre-
sponds to the number of participants who gave the highest expected net to
one of the two best decks, and the dark-blue marker corresponds to the
number of participants who had the highest calculated net for one of the two
best decks. (Note that on trial 70, the light-brown marker is covered by the
dark-blue marker.)

is also very similar across the two conditions (see Fig. 4 in Section
1 of the supporting information). These results suggest that our
use of a more detailed questionnaire did not have a significant
impact on participants’ acquisition of the advantageous strategy.
Section 2 of the supporting information provides a detailed
analysis of participants’ responses to the questions in the repli-
cation condition. This analysis shows that by using the methods
of Bechara et al. (3), we replicated their statistically significant
results; specifically, participants behaved advantageously when
they were classified according to the criteria of Bechara ef al. as
being in either the hunch or conceptual periods (our Levels 1 and
2, respectively).

We now consider what our questionnaire condition reveals
about participants’ knowledge of the advantageous strategy. Fig.
2 shows how many participants showed evidence of knowledge
of the advantageous strategy in the different verbal report
measures, as well as how many participants behaved advanta-
geously, on a trial-by-trial basis. As can be seen, in every period
in which participants’ knowledge was probed, all of the verbal
report measures demonstrate knowledge of the advantageous
strategy for the majority of participants. In fact, the tendency is
for knowledge of the advantageous strategy to be more evident
in all of the verbal report measures than in behavior (which may
be due to exploration of the different decks or risk-taking by
some participants).

Fig. 3 shows that virtually all of the participants who behaved
advantageously on a given trial showed knowledge of the ad-
vantageous strategy in their answers to questions Q1 and Q5 on
that trial. Further analysis revealed that a participant who
behaved randomly, referred to as participant 41, accounted for
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Fig. 3. Participants’ knowledge that one of the two best decks is the best

deck, as reflected in several verbal report measures, among participants who
behave advantageously. The markers have the same meaning as in Fig. 2, but,
rather than referring to the total number of participants, they refer to the
percentage of participants, among those who behaved advantageously on
the corresponding trial, who showed evidence of knowledge of the advan-
tageous strategy in each of the verbal report measures. (Note that on trials 30
and 50, the light-brown marker is covered by the dark-blue marker.)

two of the cases in each of these measures in which knowledge
of the advantageous strategy was not shown, suggesting that in
these cases the apparently advantageous behavior occurred by
chance (see Section 3 of the supporting information). This
observation leaves only two additional cases in each measure
unexplained. However, these cases occurred in the early trials
(20 and 30), in which typically there is still a fair amount of
exploration and may well have been cases in which participants
behaved advantageously by chance. In summary, in virtually all
cases, participants were at least at Level 1 of knowledge when
they behaved advantageously.

Fig. 3 further shows that, in the vast majority of cases,
participants who behaved advantageously also showed knowl-
edge of the advantageous strategy in both quantitative measures
of Level 2 knowledge: the reported net and the calculated net.
However, it is also apparent in the figure that, on several trials,
a small number of participants failed to show evidence of
knowledge of the advantageous strategy in at least one of these
two measures. The first question of interest is whether there were
participants who behaved advantageously but did not show
evidence of knowledge of the advantageous strategy in either
quantitative measure of Level 2 knowledge. We restrict this
analysis to participants who exhibited Level 1 knowledge to
exclude from consideration the very small number of cases
mentioned above in which participants seem to have behaved
advantageously by chance early in the game, when exploration of
the different decks was still prominent.

It turns out that only two participants fulfill these conditions.
One is the aforementioned participant 41, who behaved ran-
domly during most of the game. The outcome of appearing to
behave advantageously on some trials while not showing Level
2 knowledge of the advantageous strategy would be expected to
occur occasionally by chance, even if all responses were essen-
tially random, so this participant will not be discussed further.
The other participant (participant 36) does not seem to have
behaved randomly. This participant behaved advantageously and
demonstrated Level 1 knowledge in three question periods (trials
40, 70, and 80) in which neither quantitative Level 2 measure
reflected knowledge of the advantageous strategy. However, an

16078 | www.pnas.org/cgi/doi/10.1073/pnas.0406666101

analysis of this participant’s answers to question Q2 revealed that
she had qualitative Level 2 knowledge that was not reflected in
her quantitative answers and which seems sufficient to have
guided her advantageous behavior and her answers to Level 1
questions (see Section 4 of the supporting information).

In addition to participant 36, there were on some trials a small
number of participants that behaved advantageously and dem-
onstrated Level 1 knowledge, but showed knowledge of the
advantageous strategy in just one of the two quantitative mea-
sures of Level 2 knowledge: the reported expected net (zero to
three participants per question period; mean, 1.0) or the calcu-
lated net (zero to two participants per question period; mean,
1.11). These participants cannot be definitively classified as being
at Level 1 or 2, because they demonstrated inconsistent con-
scious knowledge in the quantitative Level 2 measures. These
inconsistencies could have resulted from estimates that are based
on noisy memory-sampling processes. If behavioral selections
also result from an incomplete sampling of the same knowledge,
this could lead to the observed advantageous behavior (or to
cases in which participants behave disadvantageously despite
answering the questions in accordance with knowledge of the
advantageous strategy). It also should be noted that these
participants might have had qualitative knowledge similar to that
of participant 36, which could also have guided their advanta-
geous behavior. (See also Section 5 of the supporting informa-
tion for additional discussion concerning Fig. 3.)

As mentioned above, question Q4 was included in the ques-
tionnaire to address issues unrelated to those discussed in this
paper. Nevertheless, for completeness, Section 6 of the support-
ing information provides a brief analysis of the answers to this
question. This analysis reveals that participants’ certainty about
what they should do in the game increased gradually as the game
progressed.

In summary, in the overwhelming majority of cases, when
participants behaved advantageously, they exhibited Level 2
knowledge in both the reported and the calculated nets. In a
small number of cases, participants only showed knowledge of
the advantageous strategy in one of these two measures, effec-
tively reporting inconsistent knowledge. Nevertheless, a sample
from such knowledge could have provided the basis for their
advantageous behavior. Finally, there was a single participant
who, on any trial, behaved advantageously but did not show
evidence of knowledge of the advantageous strategy in either the
reported or the calculated net. However, this participant had
qualitative Level 2 knowledge that also could have provided the
basis for her behavior.

Discussion

We have found that when participants behave advantageously in
the IGT, (i) they have conscious access to the relative goodness
and badness of the decks, and (if) they have explicit, reportable
knowledge that could provide the basis for such judgments and
behavior. We therefore have found no support for the claims of
Bechara et al. that, in this task, “nonconscious biases guide
behavior before conscious knowledge does” (3) and that such
biases occur “before the subject becomes aware of the goodness
or badness of the choice s/he is about to make™ (2).

It is important to note that, even though we have shown that
participants’ reportable knowledge is sufficient to explain their
advantageous behavior, the extent to which the participants
actually based their behavior on knowledge held in conscious
form at the time of choice remains an open question. The fact
that the participants generated conscious reports when asked to
do so does not per se imply that such conscious knowledge played
a causal role in their actual decisions. Many models are consis-
tent with our results, including not only a model in which
conscious knowledge guides behavior, but also, for example, one
in which the same knowledge store that participants canvass to
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generate verbal reports also can directly feed a response-
selection mechanism without the need for conscious intermedi-
ation or, indeed, a model such as the one proposed by Bechara,
Damasio, and colleagues (1-3), in which behavior and conscious
knowledge result from partially separate mechanisms. Our point
is therefore not to claim that we have ruled out nonconscious
biases as possible contributors to behavior in the IGT but only
to suggest that there is no need to invoke such biases to explain
participants’ behavior: Verbal reports reflect consciously acces-
sible knowledge of the advantageous strategy more reliably and
at least as early as behavior itself.

It is important to note that, in some situations, human choice
behavior does appear to be influenced by nonconscious pro-
cesses. The work of Nisbett and Wilson (10, 11), among others,
shows that people sometimes provide explanations for their
choices that contain no mention of the factors that actually seem
to be governing their behavior. Also, studies in the implicit-
learning literature have shown that, in a variety of tasks,
participants are capable of achieving levels of performance
above those predicted by their verbalizations (5, 12). There is
even evidence that preferences may be influenced by subliminal
presentation of stimuli (13). A characterization of the features of
tasks that make them more amenable to explicit or implicit
processing is beyond the scope of this study. Nevertheless, we
would like to point out three characteristics of the IGT that seem
to promote explicit reasoning. First, the IGT is self-paced,
allowing plenty of time for reasoning. Second, the outcomes are
presented in explicit numerical form. Third, it may be relatively
easy to explicitly keep track of the approximate characteristics of
each deck. For each deck, the winning amount is fixed, and the
magnitude of the loss is either fixed (for two of the decks) or
assumes only a small number of relatively similar values (for the
other two). The frequency of loss presentations is also relatively
stable for each deck, making the structure of the decks more
readily apparent.

As stated above, the possibility that both conscious and
nonconscious knowledge is acquired in the IGT presently cannot
be ruled out. However, further research may be able to shed
additional light on this issue. For example, participants in the
IGT could be required to perform a concurrent secondary task
thought to interfere with the use of consciously accessible
information but not nonconscious processes (e.g., a task that
imposed a load on working memory). If nonconscious knowl-
edge were available to guide behavior in the IGT, the secondary
task might have little, if any, effect on performance in the IGT.
This and other sophisticated methods have been developed in
the implicit-learning literature to try to determine when learning
is implicit (5, 12); it would be worthwhile to bring the sophisti-
cation of these methods to bear on the issue of whether learning
in the IGT involves an implicit component.

It is important to note that a role for nonconscious knowledge
in some tasks does not imply that such knowledge is related to
somatic markers. Indeed, many models of implicit learning
explain nonconscious influences as arising from nonsomatic
sources, such as the adjustment of connection weights in neural
networks (14). There are, however, several other lines of evi-
dence that have been interpreted as providing support for the
somatic marker hypothesis. We now turn to a consideration of
that evidence.

One line of such evidence is the pattern of SCRs exhibited by
participants in the IGT. As mentioned in the introduction,
Bechara et al. (3) recorded SCRs while participants played the
game and found that participants had higher SCRs when they
were about to select from one of the bad decks than when they
were about to select from one of the good decks (respectively, the
$100 and $50 decks), even before they were classified according
to the criteria of Bechara et al. (3) as having a conceptual
understanding of the advantageous strategy. Bechara et al. (2, 3)
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interpreted these anticipatory SCRs as reflecting nonconscious
somatic markers that can guide advantageous behavior, even in
the absence of concomitant conscious knowledge. Our finding
that participants have far more knowledge of the advantageous
strategy than Bechara et al. (3) claimed raises the possibility that
the SCRs reflect instead emotional responses that are elicited by
knowledge that is consciously accessible and that also can guide
behavior. There is therefore no need to think that the somatic
markers indexed by the SCRs play a causal role in guiding
participants’ behavior.

In fact, there is additional evidence against the view that
anticipatory SCRs reflect somatic markers that can guide ad-
vantageous behavior in the IGT. In the original IGT, the bad
decks (i.e., the decks with a negative expected value) also had the
highest variance. The higher anticipatory SCRs for the bad decks
therefore could be related either to their negative outcomes, as
suggested by Bechara et al. (3, 4), or to the higher uncertainty
associated with selecting from those decks. Tomb et al. (15) have
shown that, in a modified version of the IGT in which the good
decks (i.e., the decks with positive expected values) have the
highest variance, participants have higher SCRs when they are
about to select from the good decks, even though they clearly
select more from those decks. This finding suggests that the
higher SCRs in the original IGT are related to the higher
variance of the bad decks, not to their negative outcomes. In a
reply to Tomb ez al. (15), Bechara and the Damasios (16) have
a different proposal. They suggest that perhaps in the original
IGT the SCRs reflected a negative somatic state associated with
bad outcomes and in the modified IGT they reflected a positive
somatic state associated with good outcomes. Although such a
possibility cannot be ruled out, for somatic markers to guide
behavior there would then have to be additional somatic infor-
mation distinguishing between positive and negative outcomes.
However, Bechara, Damasio, and colleagues have not thus far
produced evidence of other indices of bodily state that could,
alone or in conjunction with the SCRs, indicate the goodness or
badness of each deck. Furthermore, as pointed out above, our
findings raise the possibility that the somatic states that partic-
ipants experience in the task reflect consciously accessible
knowledge.

In sum, one of the bases for proposing the somatic marker
hypothesis was that, in the IGT, the SCRs seemed to indicate the
goodness or badness of the decks even before conscious knowl-
edge was available. However, considering our results, as well as
those of Tomb et al. (15), we see no evidence to support this
conclusion.

Another line of evidence that Bechara, Damasio, and col-
leagues (1-4) have used to support their somatic marker hy-
pothesis comes from patients with damage to the ventromedial
prefrontal cortex (VMPFC). These patients have problems with
real-life decision-making, and they perform poorly on the IGT
(1, 3, 4), continuing to select more from the bad decks through-
out the game, even though some of them can correctly report
which decks are good and bad. Furthermore, unlike controls,
these patients fail to develop higher anticipatory SCRs for the
bad decks. Bechara, Damasio, and colleagues (1-4) have taken
these results to imply that lesions to the VMPFC impair the
processing of somatic markers, which results in deficient deci-
sion-making. More specifically, they claim that VMPFC patients
“are oblivious to the future consequences of their actions, and
seem to be guided by immediate prospects only” (4). They term
this behavior “cognitive impulsiveness,” stating that it is “related
to an inability to delay gratification” (2). Such impulsiveness
purportedly explains why these patients prefer the “immediate”
$100 reward from the bad decks, not taking into account the
larger “future” loss associated with selecting from those decks.
However, this proposal, as stated, does not appear to predict a
deficit in the IGT. The structure of the IGT is such that what
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determines the value of a particular selection is always the
immediate outcome of that selection. There is no sense in which
a selection done at a certain point in time is associated with a loss
that only becomes apparent later in the game. If a participant
selects from a bad deck, it is the probability of getting a bad
outcome on that trial that is higher. Therefore, even participants
who were guided only by immediate prospects should be able to
play the game advantageously.

Fortunately, there is another interpretation of the failure of
VMPEFC patients to perform well in the IGT. This interpretation
hinges on the fact that the $100 decks, which turn out to be bad
in the longer term, initially appear very good. In fact, in the case
of one of these decks, the first negative outcome, a whopping loss
of $1,250, only comes after nine consecutive cards with a $100
win and no loss. These observations raise the possibility that the
problem for these patients is a difficulty in overcoming a
response tendency established as a result of initial positive
experiences with one or both of the $100 decks. This view is
supported by a number of studies. In an early study, Rolls et al.
(17) showed that patients with ventral frontal damage had
difficulty in a simple reversal task. In this task, one of two simple
patterns was presented at a time on a touch screen. For one of
the patterns, patients gained one point if they touched it and lost
one point if they did not touch it. For the other pattern, patients
lost one point if they touched it and gained one point if they did
not touch it. After patients had learned these contingencies, the
contingencies were reversed. Patients with ventral frontal dam-
age could report that the contingencies had changed but did not
adapt their behavior accordingly. The failure of these patients to
adapt their behavior to reversals in contingencies is consistent
with an extensive body of animal research (18-20). Bechara and
colleagues (21) have argued that the implications of the study by
Rolls et al. (17) for the performance of VMPFC patients in the
IGT were clouded by the fact that the patients in the study by
Rolls et al. had lesions that extended more laterally in orbito-
frontal cortex. However, Fellows and Farah (22) have now
demonstrated that patients with lesions restricted to VMPFC
also show normal acquisition but impaired reversal in a simple
reversal learning task. In a subsequent study, Fellows and Farah
(23) used a shuffled version of the IGT, which was equal in every
respect to the original IGT, except that it changed the order of
card presentations within decks to avoid the initial apparent
advantage for the $100 decks created by the sequence in the
original IGT. The performance of VMPFC patients on the
shuffled IGT was overall indistinguishable from that of controls.
The results of the two studies by Fellows and Farah (22, 23) and
the earlier study by Rolls ez al. (17) provide important support
for the view that these patients’ deficiency consists of a difficulty
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in adapting their behavior (although not their knowledge) to
reversals in contingencies. Furthermore, both Fellows and Farah
(22) and Rolls et al. (17) have shown that the deficit in adapting
to reversals in contingencies correlates with patients’ level of
impairment in real-life daily functioning.

The question of precisely why VMPFC patients can report the
changes in contingencies but perseverate in their behavior is a
fascinating one that remains to be fully addressed. For our
purposes here, we only want to point out that the dissociation
observed by Bechara et al. (3) between these patients’ conscious
knowledge and both their behavior and their anticipatory SCRs
could occur under many different models of the basis for
behavior in the IGT, including models in which, in the normal
case, conscious knowledge guides both behavior and autonomic
responses in the task. For example, such a dissociation could
occur if the VMPFC lesions caused a disconnect anywhere in the
pathways from conscious knowledge to behavior and to the
mechanisms that generate autonomic responses.

A final complication with the view that somatic markers
implemented in VMPFC are sufficient to guide advantageous
decision-making in the IGT is that recent results have shown that
patients with lesions restricted to the dorsolateral prefrontal
cortex also have deficits in the IGT (23, 24). This finding may
reflect an involvement of executive functions, possibly including
working memory, in the IGT. The possible involvement of
working memory in the IGT would be inconsistent with the view
previously proposed by Bechara and colleagues (25) that it is
possible to doubly dissociate decision-making on the IGT (based
on somatic markers), which would depend on VMPFC, from
working memory, which would depend on the dorsolateral
prefrontal cortex.

To conclude, we have shown that normal participants in the
IGT have conscious knowledge of the advantageous strategy
when they behave advantageously. This finding undercuts one of
the main pillars of support for the somatic marker hypothesis.
Other recent results in the literature raise serious questions
about the additional evidence that has been used to support this
hypothesis. Even though our findings, together with these other
findings in the literature, do not prove that the somatic marker
hypothesis is wrong, they do undercut virtually all sources of
support for it. For the somatic marker hypothesis and, more
generally, the theory of decision-making originally proposed by
Damasio (1), to remain viable, new evidence to support it must
be produced.
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