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Abstract

Animal research indicates that the prefrontal cortex (PFC) plays a crucial role in decision making. In concordance, deficits in decision
making have been observed in human patients with damage to the PFC. Contemporary accounts of decision making suggest that emotion
guides the process of decision making by ways of providing for reward—punishment contingencies. A task capable of assessing the influence
of reward and punishment on decision making is the lowa gambling task. In this task decisions become motivated by inherent punishment
and reward schedules. Insensitivity for punishment together with a strong reward dependency results in risk taking, which is in the gambling
task the disadvantageous strategy. Interestingly, the processing of punishment and reward is argued to be lateralized over the right and left
PFC, respectively. Here we investigated whether more relative left compared to right-sided frontal brain activity (left-sided dominance)
quantified as reduced alpha (8—12 Hz) activity in the electroencephalogram (EEG) would lead to a more risky, disadvantageous pattern of
decision making. Contrary to what was expected, relatively more right compared to left frontal brain activity was strongly associated with
the disadvantageous strategy. The results are discussed in terms of recent theoretical accounts which argue that the functional interpretatior
of baseline frontal alpha activity depends on the mental operation involved and does not necessarily imply inactivity.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction De Haan, 200L The lowa gambling task Bechara,
Damasio, Damasio, & Anderson, 1994 argued to be ca-
Decision making is mediated by the individual's moti- pable of indexing punishment—reward contingencies. In this
vational stance in which the prefrontal cortex (PFC) plays task decisions become motivated by inherent punishment
an important role Krawczyk, 2003. Electrophysiological ~ and reward schedules. Insensitivity for punishment together
studies have provided evidence for the involvement of the with a strong reward dependency results in a disadvan-
PFC in motivation and emotion. The left PFC has been tageous pattern of decision making. Recentign Honk,
implicated in approach-related emotion, whereas the right Hermans, Putman, Montagne, and Schutter (2@@&2hon-
PFC is involved in withdrawal-related emotiob4vidson, strated that punishment insensitive, reward-dependent sub-
1988, 1998: Harmon-Jones & Allen, 1997; Sutton & jects make more risky, disadvantageous choices on the lowa
Davidson, 199Y. Approach- and withdrawal-related emo- gambling task. Furthermore, in another studywah Honk,
tions are paralleled by the so-called reward and punish- Schutter, Hermans, and Putman (20@3)yas demonstrated
ment contingencies. Reward serves as a positive reinforcerthat subjects with higher baseline levels of cortisol, a steroid
for action (approach), whereas in punishment a negative hormone implicated in fear and behavioral inhibition, made
reinforcer promotes avoidance (withdrawal). Due to the more choices from the less risky, advantageous decks in the
contralateral inhibition between the hemispheres the lat- lowa gambling task. From the above, it can be extrapolated
eralized approach and withdrawal or punishment—reward that due to the profitable properties of punishment learning
system are mutually inhibitory. Activation of one system in the lowa gambling task fear ensures for money gain.
will result in the inhibition of the former Arnett, 1997 Interestingly, in nonhuman primates associations between
and vice versaSchutter, Van Honk, D’Alfonso, Postma, &  cortisol, behavioral inhibition and lateralized PFC activation
patterns have been found Walin, Larson, Shelton, and
"+ Corresponding author. Tek:31-30-253-4369; fax331-30-253-4511.  Davidson (1998) Relative left-sided dominance was not
E-mail address: d.schutter@fss.uu.nl (D.J.L.G. Schutter). only accompanied by lower levels of cortisol, but also by less
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extreme fearful defensive responses when provoked. Morein the 8-12 Hz (alpha) frequency randeayidson, 1988
recently,Buss et al. (20033howed similar relationships in ~ Most theorists suggest that alpha activity is a measure for
6-month-old human infants, again relative right-sided dom- cortical inactivity, and thus informative regarding brain
inance in frontal brain activity was associated with higher activation state in a reversed manndayidson, 1988,
levels of cortisol and more fearful responsivity. Finally, 1998; Harmon-Jones & Allen, 199But seeCooper, Croft,
evidence for a relative left-sided PFC dominance in reward Dominey, Burgess, & Gruzelier, 20p3
and a relative right-sided dominance in punishment de- Here, we focused on tonic (e.g. resting EEG) rather then
rived from the approach-withdrawal model was provided by phasic (e.g. ERD) relationships between the anterior activa-
Sobotka, Davidson, and Senulis (199Rgductions in alpha  tion pattern and performance on the gambling task, because
power in the left frontal brain regions were observed after studies on basal cortisol levelggn Honk et al., 2008and
money gain in reward trials, whereas punishment trials with personality traits {an Honk et al., 200Rsuggest that the
decreases of alpha power in the right frontal cortex. The lowa gambling task is sensitive to tonic/stable physiological
lateralized PFC model of reward and punishment suggestsand psychological correlates of personality. The gambling
differential contributions of the left and right-sided PFC on task seems, on the other hand, not sensitive for different
decision making strategy in the lowa gambling task. mood induction procedure<lark, Iversen, & Goodwin,
The utilization of baseline electroencephalogram (EEG) 200J). It was hypothesized that subjects with relatively
recordings is a widely applied method that is sensitive less left-sided PFC baseline alpha activity (left-sided dom-
for indexing stable personality characteristics, such as ap-inance) would show an overall disadvantageous pattern of
proach and withdrawal-related motivatiddgvidson, 1998; decision making in the lowa gambling task.
Davidson, 200® behavioral inhibition Davidson & Fox,
1989 and behavioral activationHarmon-Jones & Allen,
1997, 1993 Research within the field of the affective 2- Methods
neuroscience has indicated that individual differences in o
approach- and withdrawal-related emotional reactivity and 2-1. Participants
temperament are linked to stable differences in baseline
measures of hemispheric activation asymmetry in the ante- Eighteen right-handed healthy volunteers (nine males)
rior regions. Phasic state changes in emotion through, forfanging from 18 to 26 years participated in the study. The
instance, mood induction can be assessed by event-relate@articipants were recruited among students at the Utrecht
desynchronisation (ERD) and cause shifts in anterior activa- University. Written informed consent was obtained. The
tion asymmetry, which are superimposed upon these stablestudy was approved by the medical ethical committee of the
baseline differences (e.ddavidson, 1992, 1998, 20p2 Utrecht University in accordance with the Declaration of
Simply stated, baseline EEG measures in particular reflectHelsinki. All participants were unaware of the aim of study.
emotional traits, whereas ERD is more strongly associated )
with emotional states. Although emotional traits and states 2-2- 1owa gambling task
are correlated, resting anterior asymmetry seems neverthe-
less to reflect a trait-dependent index of the individual’s  In the lowa gambling taskBechara et al., 1994play-
predisposition to respond effectively in terms of approach- €rs are instructed to try to gain as much money as possi-
and withdrawal-related motivationKélin et al., 1998 ble by drawing 100 selections from a choice of four decks,
Tomarken, Davidson, & Henriques, 199Baseline anterior ~ While starting with a fictive loan of approximately 2000 Eu-
asymmetries have also shown to be predictive for the per-ros. The decisions to choose from the decks become moti-
formance on cognitive-neuropsychological taskegtman vated by reward and punishment schedules inherent in the
& Davidson, 1998; Sutton & Davidson, 2000in other task. Two of the decks are more risky and disadvantageous,
words, it can be stated that resting anterior EEG asymme-producing immediate large rewards but these are (after a
try reflects the core motivational stance of the individual Pre-punishment phase of about 10-15 cards) accompanied
presently indexed by the balance between the sensitivity of by significant money loss due to extreme punishments. The
punishment and reward in the lowa gambling task. other two decks are advantageous; reward is modest but
Since the lowa gambling task indexes motivational ten- more consistent and punishment is low. The overall pattern
dencies, i.e. on the physiological level reflected by the Of gambling behavior during the task is argued to be a be-
anterior activity asymmetry in the alpha frequency, a high havioral correlate for punishment and reward driven motiva-
relationship between function (i.e. lowa gambling perfor- tional stance (seBechara, Damasio, Damasio, & Lee, 1999
mance) and structure (i.e. left-right PFC activity) can be for more details).
expected.
A well known electrophysiological correlate which can 2.3. EEG recording
be used to investigate the lateralized involvement of the
PFC in punishment-reward contingencies is the log trans- Baseline EEGs were recorded from frontal scalp positions
formed brain asymmetry between homologue scalp sites(F3 and F4) according to the International 10-20 System of
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EEG electrode positions, using an electro-cap with Ag/AgCl 70 ¢
electrodes (Neurosoft Inc.). The reference electrode was
placed behind the subject’s right ear. Electro-oculogram .
(EOG) was recorded by placing Ag/AgCI electrodes to 60 |
the supra- and suborbit of the right eye and on the exter-
nal canthi of each eye, in order to correct for vertical and
horizontal eye movements. ECI EEG gel was used as con-
ducting medium for both EEG and EOG electrodes and all
impedances were under 50Q0 An acquisition amplifier
(Ampligraph) was used to filter incoming signals (low-pass
cut-off frequency was 70 Hz with a time constant of 3s).
Amplification was set at 20,000 for both the EEG and
EOG leads, and the sample rate was 250Hz. NeuroScan . . . .
software (El Paso, Texas) was used for acquisition and Noms  o1a o0 o0 oo
analyses.

r(18) =-0.74 : p = 0.001

50

% Risky choices

Prefrontal alpha asymmetry
2.4. Procedure

Fig. 1. Inverse relationship between frontal EEG asymmetry in the alpha

frequency range and the percentage risky choices on the lowa gambling
Upon arrival the procedure was explained to the subjects task.

and informed consent was obtained EEG recording was pre-

pared which took on average about 15 min. Participants wereand a positive value implied relative right-sided alpha power,

seated in a comfortable chair in a dimly lit, quiet room, while hence greater cortical activity in the left hemisphere.

the experimenter was in an adjacent control room. To ob-

tain baseline measures of EEG, subjects were asked to relax

and to keep head movements to a minimum. One-minute in- 3. Results

tervals of baseline EEG for a total of 4 min (two with eyes

closed and two with eyes open) were recorded. Afterwards, A non-parametric Spearman rank-order correlation re-

the electro-cap and EOG electrodes were removed and parvealed a highly significant inverse relationship between

ticipants performed a computerized version of the lowa gam- percentage risky choices and the frontal alpha asymmetry

bling task. The participants were instructed to make as much(»(18) = —0.74; P = 0.001). Fig. 1 shows the inverse
money they can and were told that the gambling task could correlation between the frontal alpha asymmetry and per-
be over at any given moment in time. centage risky choices.
2.5. Analysis

4. Discussion

For the lowa gambling task overall money gain and per-
centage risky choices were calculated for each participant. The present study investigated the relationship between
Regarding the electrophysiological recording, raw EEG data anterior asymmetrical brain activity and the sensitivity for
was offline digitally filtered (low-pass setting: 30 Hz). Data reward and punishment using the lowa gambling task. It was
were corrected for horizontal and vertical eye movements hypothesized thateduced left compared to right PFC activ-
using a linear regression. EEG signal containing residual ity in the alpha frequency range would be associated with
muscle movements, or other forms of artifacts, greater thana more disadvantageous pattern of decision making, indi-
—50 and+50nV were rejected prior to further analysis. cating low punishment sensitivity and high reward depen-
The designation of an artifact in one of the leads resulted in dency. Paradoxically, relativelgnhanced left compared to
removal of that epoch for all channels in order to ensure that right PFC alpha activity was related to the disadvantageous
the remaining data were identical for all sites in time. Next, pattern of decision making. This finding seems to be at odds
for each 1024 s chunk of averaged artifact-free EEG, a fastwith traditional frontal lateralization models of emotion and
Fourier transform method (Hamming window: length 10%) motivation, since these suggest that electrical brain activ-
was used to obtain estimates of spectral powe4) in the ity in the alpha bandwidth is associated with reduced corti-
1 Hz frequency bins for each electrode site. Spectral power cal arousal Davidson, 1988, 1998; Harmon-Jones & Allen,
values were averaged across all epochs within a single base1997. In agreement with the latter notion is the observation
line and were then transformed to power density values for that sensory deprived visual cortex oscillates preferentially
the alpha (8—12 Hz) frequency band. Finally, the frontal brain in the alpha frequency range. Moreover, a PET study by
log-transformed asymmetry for mean power density were Sadato et al. (199&)ave provided corroborating evidence
calculated. A negative value indicated more left-sided alpha for a negative correlation between regional cerebral blood
power, i.e. greater cortical activity in the right hemisphere, flow (rCBF) in the visual cortex and alpha activity.
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However, although previous studies (dbgwidson, 1998 (2002) demonstrated an association between right ventro-
have shown a concordance between frontal alpha asymmemedial prefrontal cortex lesions and enhanced risky, disad-
try and “alpha as cortical idling”, an increasing number of vantageous choices. Although the damage in Tranel et al.’s
more recent studies suggest that alpha synchronization carpatients was restricted to the lower regions of the PFC, the
also be linked to actual functional stat&agar et al., 2000;  results seem to concur with the present EEG data. Tranel
Pfurtscheller & Lopes da Silva, 1999Knyazev and et al.’s findings can be interpreted along the lines of later-
Slobodskaya (2003rgue that alpha synchronization refers alized involvement of the left and right prefrontal cortex in
to an active brain state in which neurons are ready to run atthe processing of reward and punishmebdayidson, 1998
the sudden release of inhibition. O’Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001

A positive relationship has also been observed between In conclusion, the present study demonstrates that rel-
rCBF in the lateral frontal cortex and alpha activity, arguing ative left-sided PFC activity in the alpha frequency range
against the notion of alpha power reflecting cortical inactiv- was reversibly associated with a disadvantageous pattern of
ity. Furthermore, a recent study Kooper et al. (2003Rlso decision making indicating low punishment sensitivity and
challenges the notion of alpha activity and cortical idling. high reward dependency. This finding contradicts the tradi-
This study demonstrated increases in alpha activity dur- tional electrophysiological models of emotion, which sug-
ing internal driven mental operations. Since the gambling gest that the frontal activity in the alpha frequency range
task incorporates different aspects of cognitive and affec- reflects inactivity. It is argued that this interpretation does
tive processing in decision makin@échara, Damasio, &  not take into account the mental operations involved and the
Damasio, 2000ga left-sided dominance in the alpha activ- differences between action readiness of a system and the
ity might be associated with internal directed attention to operation of the system during the execution of the action
reward Davidson, 1992 On the other hand, it can also be itself.
argued that since frontal alpha activity is associated with re-
laxed wakefulness, the observed tonic activation pattern pre-
dicts the reactivity in terms of ERD of the system. In crucial Acknowledgements
defense of the latter notioNeubauer, Freudenthaler, and ) ]

Pfurtscheller (19953howed that subjects with higher base- _ This study was sponsored by an Innovational Research

line levels of alpha power exhibited more pronounced ERD Grant (#016-005-060) from The Netherlands Organization

when engaging in information processing. Thus, the frontal for Scientific Research (NWO).

alpha power also predicts heightened readiness or suscepti-

bility to engage in information processing. Since the cortical

landscape can be divided in both morphologically and func-

tIOI’?a.”y'dIStln'Ct reglo'ns, the fUIjICtlon.aI S|gnature' of alpha Arnett, P. A. (1997). Autonomic responsivity in psychopaths: A critical

activity in various brain areas might differ concomitantly. In - \yiew and theoretical proposalinical Psychology Review, 17, 903—

sum, further research is needed to scrutinize whether rela- 93s.

tive higher left-sided PFC alpha baseline activity might be Basar, E., Basar-Eroglu, C., Karakas, S., & Schurmann, M. (2000).

predictive for more enhanced alpha ERD in the left PFC dur- gfaiﬂof;i?giffgf;s '3’; ngcelgion and memotyternational Journal of

; X . . syd 35, 95-124.

e erson o o oy S, PR A D, & Gas, . ¢ fcan, S . (590
. - ’ Insensitivity to future consequences following damage to human

differs depending on the mental operations at hand and does  prefrontal cortexCognition, 50, 7-15.

therefore not necessarily imply cortical inactivity. Further- Bechara, A., Damasio, H., Damasio, A. R., & Lee, G. P. (1999). Different

more, although various mechanisms may generate similar contributions of the human amygdala and ventromedial prefrontal

alpha activity and macroscopic distributions over the scalp _ cortex to decision-makinglournal of Neuroscience, 19, 5473-5481.

. . . Bechara, A., Damasio, H., & Damasio, A. R. (2000a). Emotion, decision
(Sadato et al., 1998the functional interpretations can be making and the orbitofrontal cortexCerebral Cortex, 10, 295-307.

qUite distinct, making the relation between alpha aCtiVity Bechara, A., Tranel, D., & Damasio, H. (2000b). Characterization of the
and its functional correlate even more ambiguous. decision-making deficit of patients with ventromedial prefrontal cortex
Bechara, Tranel, and Damasio (2000@ve shown that lesions.Brain, 123, 2189-2202.
patients with bilateral ventromedial prefrontal cortex lesions Buss. K. A., Schumacher, J. R., Dolski, 1., Kalin, N. H., Goldsmith, H.
exhibit overall poor strategy use, rather than oversensitivity - & Davidson, R. J. (2003). Right frontal brain activity, cortisol, and
. . . . withdrawal behavior in 6-month-old infantBehavioral Neuroscience,

to reward or punishment in the lowa gambling task. Since the 177 17 59

lesions of these patients extend to both sides, a contributionciark, L., lversen, S. D., & Goodwin, G. M. (2001). The influence of

of the left and right prefrontal cortex in reward and punish-  positive and negative mood states on risk taking, verbal fluency, and

ment can not be disentangled with Bechara et al.’s database. salivary cortisol.Journal of Affective Disorders, 63, 179-187.

Interestingly,Tranel, Bechara, and Denburg (200@gently ~ ©°oper. N. R. Croft, R. J., Dominey, S. J. J., Burgess, A. P., &
. . . .. Gruzelier, J. H. (2003). Paradox lost? Exploring the role of alpha

p_rOVIded prellmlnary eVIdence for an aSSOCIatlon_between oscillations during externally vs. internally directed attention and the

right, but not left ventromedial prefrontal cortex lesions and  impiications for idling and inhibition hypothesesiternational Journal

poor performance on the lowa gambling ta¥kanel et al. of Psychophysiology, 47, 65-74.
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