





Downloaded from http://cercor.oxfordjournals.org/ by guest on December 26, 2015



DM1336

Figure 1. Continued

tor, mostly involving the white matter and more extensive in the left
hemisphere. The dorsolateral sector is intact. DM-1336: bilateral dam-
age in ventromedial sector; bilateral damage in frontopolar sector
confined to the white matter. The dorsolateral sector is intact. RS-
1479: bilateral damage in the ventromedial sector, largely in white
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matter, sparing most of the cortex. The frontopolar sector is intact.
Damage to the right anterior aspect of the dorsolateral sector is pres-
ent. JR-1584: bilateral damage to the ventromedial sector, more exten-
sive in the left hemisphere; minimal bilateral damage to the inferior
aspect of the frontopolar sector. The dorsolateral sector is intact. Un-
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Figure 2. Right medial (upper leftl, right lateral {lower lefd, left medial (upper right), left lateral {/ower right), and inferior (center) views of the brain, depicting a composite of the
prefrontal lesions in the seven patients who participated in this study. The figure reveals by superposition the concentration of damage in medial and ventral aspects of frontal lobe.

Each of the colors in the composite corresponds to one patient.

like other subjects, this patient also had damage in the head of the
left caudate nucleus, and the left temporal lobe. DV-1589: damage to
the posterior aspect of the ventromedial sector in the right hemi-
sphere; minimal damage of the same territory in the left hemisphere.
The frontopolar and dorsolateral sectors are intact.

A composite of the surface aspect of all lesions is shown in Figure
2, revealing the concentration of damage in the medial and ventral
aspects of frontal lobe.

Characteristics of the Experimental Task

In the card game, subjects sit in front of four decks of cards equal in
appearance and size, and are given a $2000 loan of play money (a
set of facsimile U.S. bills), and the goal is to win as much money as
possible. The subjects are told that the game requires a long series
of card selections, one card at a time, from any of the four decks,
until they are told to stop. After turning each card, the subjects re-
ceive some money (the amount is only announced after the turning,
and varies with the deck). After turning some cards, the subjects are
both given money and asked to pay a penalty (again, the amount is
only announced after the card is turned and varies with the deck
and the position in the deck according to a schedule unknown to
the subjects). Turning any card from deck A or deck B yields $100;
turning any card from deck C or deck D yields $50. However, the
ultimate future yield of each deck varies because the penalty
amounts are higher in the high paying decks (A and B), and lower
in the low paying decks (C and D). For example, after turning 10
cards from deck A, the subjects have earned $1000, but they have
also encountered five unpredicted punishments bringing their total
cost to $1250 , thus incurring a net loss of $250. The same happens
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on deck B (except that instead of encountering five punishments,
there is one large unpredicted punishment in the amount of $1250).
On the other hand, after turning 10 cards from decks C or D, the
subjects earn $500, but the total of their unpredicted punishments
is only $250 (i.e., subject nets $250). In summary, decks A and B are
equivalent in terms of overall net loss over the trials. The difference
is that in deck A, the punishment is more frequent, but of smaller
magnitude, whereas in deck B, the punishment is less frequent, but
of higher magnitude. Decks C and D are also equivalent in terms of
overall net loss. In deck C, the punishment is more frequent and of
smaller magnitude, while in deck D the punishment is less frequent
but of higher magnitude. Decks A and B are “disadvantageous” be-
cause they cost the most in the long run, while decks C and D are
“advantageous” because they result in an overall gain in the long run.
The preprogrammed schedules of reward and punishment are pub-
lished elsewhere (Bechara et al., 1994).

Procedures and Measurement of the Psychophbysiological
Variable

We used the electrodermal skin conductance response (SCR) as a
dependent measure of somatic state activation. The equipment, tech-
niques, recording, and scoring have been described elsewhere in de-
tail (Tranel and Damasio, 1988, 1989, 1994). After the electrodes were
attached, the subject was seated in a comfortable chair, in front of a
table on which the four decks of cards were placed. The decks were
placed in a very close proximity to the subject, so that a minimal
movement was required to select the card from the chosen deck.
The subject was asked to be quiet and relaxed at all times, and not
engage in activities such as exchanging money or adjusting the decks.

GTOZ ‘92 Jequiada uo 1s8nb Aq /610°'S[eulno(pioxo:109182//:dny woiy papeojumoq


http://cercor.oxfordjournals.org/

. 7 O controLs
fg_ Il PATIENTS
£ ]
S 03
]
=
~d
2 06
80
«
= 04
&
Q
w024
A B C D A B C D A B C D
Anticipatory Reward Punishment
SCRs SCRs SCRs

Figure 3. Means = SEM of the magnitudes of anticipatory, reward, and punishment
SCRs generated by normal controls {n = 12) and target patients (n = 7) averaged
across all cards selected from a given deck.

All such activities were carried out by an experimenter who sat
across the table from the subject, and delivered the card game task.
Most importantly, the subject was instructed to select a card, only
when a sécond experimenter (monitoring the SCR polygram) said
the word “go.” Otherwise, the subject must wait and consider which
deck to choose next. This SCR recording ensured that every turn of
a card from any deck (signalled by the word “go™) coincided with a
mark on the SCR polygram. Thus, SCRs generated in association with
a specific card from a specific deck could be precisely identified on
the polygram. The time interval between two card selections varied
to some extent but conformed to two general rules: it was never
shorter than 15 sec, and a “go” signal was not given if the subject
was generating an SCR or was in the steep recovery limb of an SCR.

The SCRs generated during the task were divided into three cat-
egories: (1) reward SCRs were those generated after turning cards
for which there was a reward and no penalty; (2) punishment SCRs
were those generated after turning a card for which there was a
reward followed immediately by a penalty; (3) anticipatory SCRs
were those generated prior to turning a card from any given deck,
during the time period the subject pondered from which deck to
choose. Based on the results of pilot experiments, the time window
for the rising onset of reward and punishment SCRs was within 4
sec after receipt of information (e.g., you have won X amount, or
you have won X . .. but lost Y amount). SCRs generated during the
time between the completion of money exchange and the next card
selection were considered anticipatory SCRs.

Results

Both patients and controls generated SCRs in reaction to re-
ward and punishment (Fig. 3). Controls, however, as they be-
came experienced with the task, also began to generate SCRs
prior to the selection of some cards (Fig. 44). Patients entirely
failed to generate such anticipatory SCRs (Fig. 48). A two-way
ANOVA on the means of anticipatory SCRs generated by con-
trols and patients in association with decks A, B, C, or D re-
vealed a significant main effect of group™~[F(1,17) = 12.8, p
< 0.01], deck [F(3,51) = 5.7, p < 0.01], and interaction of
group with deck [F(3,51) = 6.1, p < 0.01], suggesting that
controls, but not patients, generated anticipatory SCRs in re-
lation to decks A and B (disadvantageous decks), which were
higher than those in relation to decks C and D (advantageous
decks) (Fig. 3). For the control group, Newman-Keuls tests
on the anticipatory responses from decks A and B as com-
pared to decks C and D were highly significant (ps < 0.001).
For the patient group, Newman-Keuls tests on the anticipa-
tory SCRs were all nonsignificant. A similar two-way ANOVA
on the means of reward SCRs did not reveal a significant main
effect of group, or deck, or an interaction of group with deck.
The reward SCRs of controls were higher than those of target

patients (see Fig. 3), but these differences were not statisti-
cally significant. Finally, the two-way ANOVA on punishment
SCRs also did not reveal a significant main effect of group, or
an interaction of group with deck, but it did reveal a signifi-
cant main effect of deck [F(3,48) = 3.4,p < 0.05], suggesting
that the magnitudes of punishment SCRs generated in asso-
ciation with certain decks, specifically those in association
with deck B (less frequent punishment but of high magni-
tude) were generally higher than those of decks A and C
(more frequent punishment but of small magnitude), as re-
vealed by Newman-Keuls tests (ps < 0.05) (Fig. 3). Figure 44
reveals that the anticipatory SCRs generated by controls (1)
develop over time (i.c., after selecting several cards from each
deck, and thus encountering several instances of reward and
punishment), and (2) become more pronounced prior to the
selection of cards from the disadvantageous decks (A and B).
No such SCRs are present in target subjects (Fig. 4B).

Discussion

In our attempt to explain these results, we considered several
possibilities. First, we excluded the possibility that patients
fail to generate anticipatory SCRs because they can no longer
activate SCRs, since the patients could generate reward and
punishment SCRs appropriately. Although the magnitude of
reward and punishment SCRs of patients was slightly smaller
than that of controls, the differences were not statistically
significant, and could not account for the complete failure of
patients to generate any anticipatory SCRs.

Next, we excluded the possibility that the SCRs measured
in the present study were confounded by motion artifact, for
example, moving the hand to pick up a card from a given
deck. To begin with, the anticipatory SCRs were usually gen-
erated before any movement was made toward a card. Second,
although the subjects’ motion was always the same, no antic-
ipatory SCRs were observed for the early cards in the game.
Third, the magnitude of SCRs was not equal for decks A and
B compared to C and D. Fourth, the anticipatory SCRs gen-
erated in association with the earlier cards of decks A and B
were far smaller than those of the later cards, suggesting that
these SCRs were related to continued learning and experi-
ence with reward and punishment.

The possibility that the reward and punishment SCRs gen-
erated after the selection of a card were influenced by move-
ment artifact can also be excluded. All the SCRs included in
the results were recorded from the nonmoving hand, a pro-
cedure that has been shown to eliminate movement artifact
(Raskin, 1973; Venables and Christie, 1973; Boucsein, 1992). Be-
sides, movement artifact would not explain why punishment
SCRs have their highest peak after cards followed by the high-
est magnitude of punishment (deck B). Moreover, SCRs elicited
by movement normally habituate and disappear over repeated
trials, unlike the reward and punishment SCRs observed in our
experiment, which persisted throughout the experiment.

It is important to distinguish the nature of the SCR im-
pairment observed in this study from that reported in early
studies of patients with large frontal lobe tumors. Those pa-
tients showed defects in the vegetative components of the
orienting reflex, namely pathologically rapid habituation to
signal stimuli (Luria et al, 1964; Luria and Homskaya;: 1970;
Luria, 1973). Comparable results have also been repdried in
monkeys (Grueninger et al., 1965; Kimble et al., 1965). Unlike
those early studies, however, which focused on arousal and
the orienting response, we have identified a specific cognitive
condition under which SCRs were abnormal. The lesion sites
that correlate with these abnormalities (Damasio et al., 1990;
Tranel and Damasio, 1994, the present study) are also distinct
from those of the early studies.

Passive avoidance involves withholding a response to
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Figure 4. A, Profiles of the magnitudes A 1.5
of anticipatory SCRs generated by con-
trols prior to their selection of the card
indicated on the x-axis in a given deck.
Each point represents the mean of the
peak ampiitudes of SCRs generated by
{n = 2-12) subjects. B, Similar profiles
of anticipatory SCRs generated by pa-
tients {n = 2-7). Two imponant points
are revealed: (1) The performance pro-
files of controls and patients on the task
are comparable to those obtained in a
previous study {Bechara et al., 1994}, in
that normal controls make more selec-
tions from the good decks (€ and D) as
opposed to the bad decks {A and B). Pa-
tients do exactly the opposite. (2) Con-
trols develop anticipatory SCRs that be-
come very pronounced prior to the se-
lection of cards from decks A and B, rel-
ative to € and 0. Patients fail to do so.
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avoid punishment, and an impairment in passive avoidance
learning might be at the center of the patients’ defect. Be-
cause patients with prefrontal lesions do not seem to learn
from previous mistakes, and they frequently engage in behav-
iors that lead to negative consequences, the issue of passive
avoidance learning must be considered. Yet we are not aware
of any reports concerning human prefrontal damage and the
relationship between punishment, autonomic arousal, and
avoidance learning, although early investigations have ad-
dressed this relationship in sociopaths. The classic experi-
ment on passive avoidance and autonomic arousal was re-
ported by Lykken (1957), and the essential finding has been
replicated by others (e.g., Schmauk, 1970). The experiments
involved a mental maze task in which subjects were required
to avoid making maze moves that led to punishment. Punish-
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ment consisted of an electric shock, or money loss, or being
told you were wrong (social punishment). There were no dif-
ferences between the control and sociopathic groups, in
terms of their autonomic reactivity to punishment, as indexed
by the SCR, although the magnitudes of SCRs in reaction to
physical punishment were higher than those to money loss
or social punishment. The sociopathic groups, however, were
more likely to commit punished errors than controls, and the
magnitudes of their SCRs in anticipation of a response pre-
viously paired with punishment were lower than those of
controls (Schmauk, 1970). These results have intriguing par-
allels with the current findings, and are compatible with the
notion that sociopathic behavior may depend on dysfunction
in neural systems involving ventromedial frontal cortices
among other regions (Damasio et al., 1990; Damasio, 1994).
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It is important, nonetheless, to draw at least two distinc-
tions between the behavioral task used in those early studies
and our card task. First, unlike the immediate and consistent
nature of punishment in the mental maze task, the delivery

of punishment in our card task is delayed and inconsistent.

There may be a potential advantage to the use of inconsistent
punishment, since studies of psychopathic behavior suggest
that psychopaths may respond to punishment when punish-
ment is a virtual certainty, but fail to respond when punish-
ment is uncertain (Siegel, 1978). Second, in addition to the
“avoidance contingency” characteristic of the mental maze
task, our task has a salient “approach contingency”. That is,
subjects are repeatedly rewarded for selecting cards from
decks that also contain cards that lead to severe punishment.
It is especially important to use conflicting reward/punish-
ment contingencies in the patients under scrutiny, since in-
dividuals with disinhibited behavior demonstrate a passive
avoidance deficit only when the avoidance requires them to
inhibit a response that frequently led to reward (Newman et
al.,, 1985).

There is a large body of literature on probability learning
that considers the relationship between decision under cer-
tainty and thinking through disjunctions (see Shafir, 1994, for
a review). It has been shown that people tend to make in-
correct choices when thinking through disjunctions and de-
ciding under uncertainty. It has been suggested that one rea-
son for the difficulties that people have when deciding in
these task situations is the sheer complexity that character-
izes many questions on these tasks. However, difficulties in
making correct decisions were observed in a number of sim-
ple contexts of decision and reasoning that do not seem readi-
ly attributable to complexity considerations (Shafir, 1994).
Thus, we attribute these difficulties to the absence of an emo-
tional experience with the context of the situation under
which the subject must make a decision. For instance, in the
Wason Selection Task (Wason and Johnson-Laird, 1972), one
of the most popular probes of deductive reasoning, most sub-
jects fail to select the logically correct answer, especially
when the problem is abstract, unfamiliar, or has no social con-
tent. When the problem is familiar and has a social content,
subjects yield a very high number of logically correct re-
sponses (Griggs and Cox, 1982). Although different theories
have provided different explanations to this phenomenon
(Cheng and Holyoak, 1989; Evans, 1989; Johnson-Laird and
Byrne, 1991; Cosmides and Tooby, 1992), all the theories share
in common the notion that familiarity and social context tend
to promote a mode of reasoning in which prior experience
with similar situations is used to decide in the task. Indeed,
in experiments using modified problems of the Wason Selec-
tion Task, control subjects were presented with social prob-
lems, but some of the problems were likely to have been
actually encountered by the subjects as opposed to some oth-
er problems (Adolphs et al., 1995). Control subjects tended
to choose correctly on all the social problems, but they found
the problems with familiar stories much easier than those
with unfamiliar stories, and subjects did significantly better
on the familiar than on the unfamiliar social problems
(Adolphs et al.,, 1995). This facilitation was also observed
when using problems with familiar, but nonsocial stories. On
the other hand, while patients with ventromedial frontal lobe
lesions performed similar to controls on most presented prob-
lems, they failed to benefit from the familiarity of the social
and nonsocial stories, and thus failed to reason normally about
familiar scenarios, both in the social and nonsocial domains
(Adolphs et al., 1995). Together, these findings are consistent
with the notion that an emotional/somatic signal derived
from previous experiences with reward or punishment facil-
itates the implementation of an advantageous choice under

conditions of uncertainty. Indeed, in experiments that used
probabilistic classification learning tasks that provided feed-
back and an opportunity to learn from previous experience,
both normal human subjects (Gluck and Bower, 1988) and
amnesic patients (Knowlton et al., 1994) improved in their
ability to select correct responses as information gradually
accrued across trials. It would be interesting to see how pa-
tients with frontal lobe lesions perform on these probability
learning tasks.

Thus, it appears that patients with prefrontal lesions do
have a specific impairment in their ability to generate antici-
patory SCRs in response to imagined scenarios. Since SCRs
are physiologic indices of an autonomically controlled change
in somatic state, it seems reasonable to conclude that the ab-
sence of anticipatory SCRs is an indication that these patients’
ability to change somatic states in response to imagined sce-
narios is severely compromised. In this perspective, the failure
to enact a somatic state appropriate to the consequences of
a response would be a correlate of their inability to choose
advantageously.

We suggest that somatic markers might assist the process
of decision in a variety of ways. Covertly, somatic markers
would (a) help inhibit the normal tendency to approach im-
mediate reward, and (b) enhance and hold the representation
of a future negative scenario in working memory, thus coun-
terbalancing the automatic inclination to seek immediate gain.
Overtly, the juxtaposition of a somatic marker to the repre-
sentation of a future negative scenario would operate as an
alarm signal by propitiating the inference that an option that
causes immediate gain but future loss would be best avoided.

Why do patients fail to generate SCRs in anticipation of a
response? The answer to this question, in neural terms, is that
these patients have lost a critical system, centered in ventro-
medial prefrontal cortices, which normally (1) connects
knowledge about the categorization of previous experiences,
to different profiles of biological response including those
that are part of an emotional response; and (2) has the ability
to inhibit or activate the response appropriate to a given sit-
uation, by firing upon central bioregulatory structures such
as those in the amygdalae and hypothalamus. The ventrome-
dial frontal region is ideally suited to this role. It is the recip-
ient, directly and indirectly, of signals pertaining to the soma
and pertaining to nonsomatic sensory modalities; it is recip-
rocally interconnected with other prefrontal cortices and
with subcortical structures involved in basic biological regu-
lation, emotion, and social cognition and behavior, such as the
amygdala and hypothalamus (see Goldman-Rakic, 1987; Bar-
bas and Pandya, 1989; Pandya and Yeterian, 1990).

There is a different answer to the above question, in cog-
nitive terms. An analysis of the learning contingencies re-
quired for the performance of the task, reveals the following:
each deck contains both good cards and bad cards. Subjects
never know whether the card that they are about to turn,
from any deck, will be good or bad, nor can they calculate
exactly how much is being gained or lost in each deck, at any
time. How can the subjects develop, then, a sense of “good-
ness” or “badness” relative to each deck?

One possibility is that the subjects make a cognitive de-
termination of the badness. versus goodness of a given deck,
based on a gross estimate of the number and magnitude of
penalties for each deck. This estimate might influence behav-
ior by direct conscious deliberation, or it might automatically
result in a negative somatic state, which would promote the
avoidance of the bad decks. In this formulation, reasoning
towards a cognitive estimate precedes somatic signalling.
However, somatic signalling would still be critical for the im-
plementation of advantageous responses, since our observa-
tions reveal that ventromedial frontal lobe patients do not
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choose advantageously, even when they eventually know
which decks may be good and which ones may be bad.

But there is an alternate formulation. Since each deck has
multiple occurrences of reward and punishment, these oc-
currences produce multiple good and bad somatic states. Lat-
er, when attention falls on a given deck, a somatic state would
be triggered that best represents the balance of goodness and
badness previously generated by that deck. For example, be-
cause in decks A and B the overall punishment is more severe
than the reward, it is possible that negative somatic states
overshadow positive ones, when these decks are being con-
sidered as a choice. Anticipatory SCRs generated prior to card
selections would be an expression and an index of this pro-
cess. This formulation would explain why the magnitude of
the anticipatory SCRs increases with the experience of the
player, and why it is especially marked for the disadvanta-
geous decks. A negative somatic state as hallmarked by an
anticipatory SCR, would nonconsciously “advise” the avoid-
ance of the disadvantageous decks (A and B), while helping
bring on line, cognitively the reasons for making the avoid-
ance explicit. In brief, in this formulation, somatic signalling
and covert estimation of goodness or badness precede con-
scious cognitive processing.

To conclude, ascribing a good or bad value to a given deck
requires a mechanism for weighing the overall proportion of
reward versus punishment within that deck, that is, an asso-
ciation between a stimulus (a given deck) and either its good-
ness (average reward value) and badness (average punish-
ment value). We propose that in normal individuals, the ven-
tromedial prefrontal cortices contain neural circuitry that
links the stimulus configuration of a given deck (neutral stim-
ulus), to the representations of both reward and punishment,
of goodness and badness.
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