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Abstract In the present report, we examine electrodermal
activity (skin conductance responses, SCRs) in monkeys
trained to perform target-selection (TS) tests. In each test,
the animal was presented in successive trials with the
same two unequally rewarded targets on a touch screen.
The probabilistic contingencies of the rewards associated
with each target rendered the selection of the best
difficult. Our findings revealed SCRs time-locked to the
arm movements toward the rewarded targets, occurring
after the target touches. Parameters of the SCRs were
stable when the uncertainty of the choices and of the
outcomes varied. The results support the hypothesis that
the physiological processes indexed by the SCRs are the
correlate of anticipatory appetitive behavior. In contrast,
there is no evidence that the SCRs reflect cognitive
processes associated with the detection of the best target.

Keywords Target selection · Skin conductance
responses · Electrodermal activity · Reward anticipation ·
Rhesus monkey

Introduction

The capacity to anticipate and to internally simulate the
positive or negative consequences of action is a decisive
aspect of behavior. This capacity allows us to interact
more effectively with the environment and, if necessary,
to modify our course of action. It is a fundamental
condition of adaptive behaviors in complex or ambiguous
environments.

Expectation and motor preparation can be launched by
external or internal signals and are thought to require
autonomic adjustments (Routtenberg 1968; Pribram and
McGuinness 1975). Electrodermal activity (skin conduc-
tance responses, SCRs) is considered to reflect such
adaptive mechanisms, anticipating the occurrence of a
significant event (Boucsein 1992), i.e., an event of interest
for the organism because of its uncertainty or its
motivational value (reward or punishment).

The anticipation linked to an external signal has been
investigated in many studies devoted to classical condi-
tioning. In this paradigm, the unconditioned stimulus is
initially followed by SCR changes. As the conditioning
progresses and the neutral stimulus acquires a conditional
value, such changes come to anticipate the imminent
unconditioned stimulus. Considering that movement is
known to influence SCRs (Culp and Edelberg 1966;
Edelberg 1970; Siddle et al. 1979), the possibility that an
action generating reward can be accompanied by specific
SCR changes remains an open issue.

The aim of the present study was to investigate for the
first time SCRs in a rewarded cognitive task in non-
human primates. We show that SCRs precede food-
reward delivery at the time of arm movements. We also
investigate possible alterations of SCRs in cognition.

Materials and methods

Two male rhesus monkeys (monkeys E and N) were used in this
experiment. They were originally prepared for extracellular elec-
trophysiological unit recordings. In monkey E, the SCRs were
investigated during a pause in the neuronal recordings. When the
recording began, the animal had been trained in the tasks for
2 years. In monkey N, which had been trained for 4 months, the
neuronal recordings had not yet begun. Monkey E worked with the
left hand, while monkey N worked with the right hand. Monkey E
worked head-fixed; monkey N worked head-free. In the two
monkeys, surgical procedures were carried out according to the
1986 European Communities Council Directive (Minist�re de
l’Agriculture et de la ForÞt, Commission Nationale de l’Exp�ri-
mentation Animale).

The animal was seated in a primate chair in front of a tangent
touch-screen (Microtouch System) coupled to a TV monitor. The

C. Amiez ()) · E. Procyk · J.-P. Joseph
Institut F�d�ratif des Neurosciences de Lyon,
Inserm U371, 18 ave Doyen Lepine, 69675 Bron, France
e-mail: amiez@lyon151.inserm.fr
Tel.: +33-4-72913494
Fax: +33-4-729134 61

J. Honor� · H. Sequeira
Laboratoire de Neurosciences du Comportement,
Universit� de Lille I, SN4.1, 59655 Villeneuve d’Ascq Cedex,
France

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.2
     Für schnelle Web-Anzeige optimieren: Ja
     Piktogramme einbetten: Ja
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 600 600 ] dpi
     Papierformat: [ 595.276 785.197 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 600 dpi
     Downsampling für Bilder über: 900 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren
     Methode: Standard
Arbeitsbereiche:
     Graustufen ICC-Profil: 
     RGB ICC-Profil: sRGB IEC61966-2.1
     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Nein

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments false
     /DoThumbnails true
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue false
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.2
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends false
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /sRGB
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 150
     /EndPage -1
     /AutoPositionEPSFiles false
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 600
     /AutoFilterGrayImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 150
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



screen was located at arm’s length. In the front panel of the chair,
an arm-projection window was opened, which allowed the monkey
to touch the screen with one hand. Another smaller window was
opened at the level of the nonperforming hand to record SCRs. A
computer recorded the position and correctness of each touch. It
also controlled the presentation on the monitor of visual stimuli
(colored shapes), which served as light-targets (CORTEX software;
NIMH Laboratory of Neuropsychology, Bethesda, Md.). Either one
of two 2�2-cm white squares (located 10 cm below the targets on
the left and on the right) was illuminated and served as starting
position (SP) to initiate a trial. One SP was randomly chosen (50/
50) by the computer in each trial (Fig. 1a).

Behavioral paradigm

When the monkey touched the SP, two targets A and B
simultaneously appeared on two fixed, spatial virtual windows
(6�x6�), centered on the horizontal plane at 10 cm to the right and
to the left from the screen center. Each target was a combination of
colored shapes and occupied either one (50/50) of the two windows
randomly. After a 2- to 3-s delay period, the targets were briefly

(100 ms) extinguished. This was the “GO” signal. The monkey was
then allowed to release the SP and touch one target within the
1,000 ms following the GO signal. The target touch extinguished
the two targets. The touch of either one of the targets was followed,
2–2.5 s later, by a squirt of fruit juice. The reward was followed by
a 6-s time-out. One SP was then reilluminated for another trial. If
the monkey released the SP before the GO signal, the trial was
aborted. The monkey then had to resume the trial until successful
completion.

Touching target A yielded 1.2 ml of juice, with probability
P=0.7, and 0.4 ml, with probability P=0.3 (rewards of 1.2 ml and
0.4 ml corresponded, respectively, to a valve opening of 250 ms
and 130 ms). The reinforcement ratio for target B was the opposite.
These reward contingencies were implemented as follows. The
animal performed successive blocks of 20 trials. In each block, all
trials were randomly selected by the computer without repetition. In
14 trials, the choice of target A gave 1.2 ml and the choice of target
B, 0.4 ml. In the other 6 trials, the rewards were the opposite.
Systematic choice of target A corresponds to the best possible
strategy. It gave, on the average, 0.7�1.2 ml+0.3�0.4 ml=0.96 ml
per trial. This average reward value is the “value of the game.” In
this report, the best-rewarded target in a couple is named A. The
systematic choice of target B gave, on the average,
0.3�1.2 ml+0.7�0.4 ml=0. 54 ml per trial and corresponds to the
worst strategy. Any intermediate strategy combining choices of A
and B gave intermediate average rewards proportional to the
number of choices of A.

Within a test (or problem), we defined an “evaluation” period
during which the animal searched for the best target by touching
either one of the two targets and a “repetition” period during which
he persistently chose the same target, generally the best. The
beginning of the repetition period was defined as either (a) the
beginning of the first period of 10 successive trials in which the
animal touched the same stimulus (preferred target), or (b) the
beginning of the first period of 11 successive trials in which the
animal touched the preferred target 10 times and the other target
once. In the latter case, an additional requirement was that the
beginning of the period was made up of at least 5 successive
touches of the preferred target. The probability, by chance alone, of
touching the same target 10 times in a series of 10 successive
choices is 1/1024, and the probability of touching the same target
10 times by chance alone, in case b, is less than 5/2048. Thus, the
probability that a repetition period occurs by chance alone is less
than 1% (7/2048=0.0034). We took this performance level to
indicate that the animal had selected one particular target and that a
decision regarding the best target had been reached. When the
repetition period was terminated, two new targets were selected and
another test was initialized. Free rewards of 1.2 ml or 0.4 ml were
randomly given to the animal between the tests.

The two animals were also trained in three control tasks (C1,
C2, C3) in which the quantity of reward was predictable. These
tasks were similar to the TS task, but the difference was that the
two targets were fixed and identical. In C1, touching the targets
(two blue rectangles) was always rewarded with 1.2 ml; in C2 (two
green ellipses), touching the targets was rewarded with 0.4 ml; in
C3, touching the two red disks was never rewarded, but touching
one was mandatory for the experiment to proceed to other tasks.
The trials of task C3 were intermixed with trials of the TS tasks in
the proportion of 1/10. Tasks C1 and C2 were given to the animal
between the tests of the TS task.

Using a sequence of two movements in tasks C4 and C5
(monkey N), we further studied the relationships between dermal
activity, sequence of movements, and reward schedule. When the
animal touched the SP, he was presented with two fixed identical
targets (green crosses) in the virtual windows used in the TS task
(Fig. 1b). The animal had to touch the two targets in succession.
There were two successive GO signals delivered by the two targets
at the same time, one for the first touch and, 3.5–5.5 s later, one for
the second. The monkey made first an arm movement from the
lever toward the first target in response to the first GO signal. He
then kept his hand on the first target and waited for the second GO
signal to touch the second target. The targets could be touched only

Fig. 1a, b Display and trial events in the target-selection (TS) task,
in control tasks C1, C2, and C3 (a) and in the sequence task (b).
Location of the two target positions on the display monitor. A 2�2
cm square located 10 cm below either one (randomly, 50/50) of the
two targets served as starting position of the hand (SP; the left SP is
represented). Gray areas correspond to the time of illumination of
the lever and of the targets. Arrows indicate the responses of the
animal. See Materials and methods section
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after the GO signals. The animal had to find the correct order for
touching the targets (left and then right, or right and then left) and
repeat, in successive trials, the newly found order. There were two
reward schedules: in C4, the first touch was rewarded with 0 ml and
the second with 1.2 ml; in C5, the schedule was the opposite. The
four combinations (order x reward schedule) randomly alternated
every 5–6 correct trials. Each new combination was preceded by a
warning signal (red flashing circle).

Monkey N was also trained in a GO-NOGO task to study the
effect of selection errors on dermal activity. Following the touch of
the SP, a single stimulus (a blue cross) was presented in the center
of the screen (Fig. 1c) and was then briefly extinguished (GO
signal) after 2–2.5 s. In the GO trials, the animal had to touch the
target for liquid reward delivered 2–2.5 s after the touch. In the
NOGO trials, he had to withhold the movement and keep touching
the SP until reward delivery. The two types of trials randomly
alternated every 5–8 correct trials. The end of one type of trials was
announced by the lack of reward in the corresponding trials.

Electrodermal activity

The skin conductance responses (SCRs) were recorded from the
non-performing hand, which was attached to a resting pad. The
electrode attachment sites were cleaned with soap. Two Ag–AgCl
Beckman dermal electrodes were positioned on the palmar surface
and secured by means of double-stick collars. Electrodes were
previously filled with a 0.05 M NaCl electrolyte, which follows
recommendations by Fowles et al. (1981). The animal was
grounded and the SCRs were recorded with a skin conductance
coupler (Coulbourn Instruments, S71-23) using constant voltage.
The skin conductance coupler was connected to a computer. The
SCRs (measured in microsiemens, �S) were digitized at 250 Hz and
stored.

Data analysis

In each trial of the TS tasks or of the control tasks, the identity A or
B (location right or left) of the touched target, as well as the
quantity of reward given to the monkey, were stored. Reaction
times (RTs) and movement times (MTs) were computed.

To characterize the strategies used by the animal to find the best
target, we considered, in a large population of tests, the choices
made in the successive trials k and k+1 (k‡1). Our hypothesis is that
the amount of reward obtained at rank k is a major determinant of
the selection made at rank k+1. The analysis was separately
conducted for trials k in which the animal received a large reward
(1.2 ml) and for trials k in which the reward was small (0.4 ml).
Two parameters were computed: the proportion of tests in which
the animal touched the same target stimulus in trials k and k+1 in
the case of large reward in trials k (strategy “large-keep”), and the
corresponding proportion in the case of small reward in trials k
(strategy “small-keep”). In the repetition period, these two propor-
tions are close to 100%. Indeed, when the animal selects the same
target in the successive trials, regardless of the reward (0.4 ml or
1.2 ml) obtained in each trial, he obviously adopts both the “small-
keep” and “large-keep” strategies.

The analysis of the SCRs was automated. A SCR was scored
when the transient increase in conductance was superior to 0.01 mS
and was followed by a slow return to baseline. Frequency of
occurrence of the responses within a test (i.e., number of SCRs with
respect to number of trials) latency time delay between target touch
and SCR onset, rise time from the start of the deflection to the peak,
and peak amplitude of each response with respect to the start of the
deflection were measured and compared in different tasks:
ANOVA (P<0.05) was used if variances were homogeneous and
Mann-Whitney U-test (P<0.05) was used if variances were not
homogeneous. The homogeneity of variances was studied by the
Levene test. SCRs found different with the U-test were also tested
using ANCOVA (P<0.05), with RTs and MTs of the arm
movements as covariates to remove a possible effect of these

parameters. We compared the variability of the times of peaks
relative to touch-times (V1) and relative to reward onsets (V2) with
a permutation test. We also studied the SCRs amplitude in relation
to reward amount. All statistical analyses were performed with
Statistica software.

Results

Behavioral results in the TS task

We analyze here a large sample of tests (133 in monkey
E, 69 in monkey N) executed during and between the
dermal recordings. In the two monkeys, a repetition
period could be observed in each test, indicating that the
animal always made a decision regarding the best target.
Target A was chosen in 96% of tests by monkey E and in
90% of tests by monkey N. Target B was chosen in the
other tests. In half of the tests (67 out of 133 in monkey E,
35 out of 69 in monkey N), the evaluation period lasted
less than 5 trials in monkey E (Fig. 2a) and less than 10
trials in monkey N. Thus, the selection of the best target
was usually more rapid in monkey E (monkey E vs N:
P<9.10-4). During the search period, the monkey E
preferentially touched the left position; monkey N had
no clear preference (Fig. 2a). In the repetition period of
the corresponding tests, monkey E and monkey N adopted
the strategy large-keep in more than 90% of trials. The
small-keep strategy, which is correct when the best target
is found, was slow to set in (Fig. 2b).

Skin conductance responses

SCRs were recorded in monkey N during 15 sessions,
distributed over a period of 9 months and in monkey E
during 7 sessions over 3 months.

In monkey N, 5 sessions out of 15 (totaling 42 TS tests
and 776 trials), and in monkey E, 2 sessions out of 7
(totaling 95 tests and 449 trials) were finally kept for
analysis. The other sessions were discarded primarily
because the monkeys did not systematically work in all
tasks, in particular in the little-rewarded task C2 and in
the non-rewarded task C3.

During performance of the TS trials, SCRs were
generated in the two monkeys in relation to the arm
movement toward the selected target. They consisted of a
transient increase in conductance and were recorded in
85% of trials in monkey N and 75% of trials in monkey E.
All the responses had the canonical shape illustrated in
Fig. 3. They usually were the only phasic electrodermal
event observed during a trial.

Statistical values of SCR parameters are given in
Table 1. The data show no evidence that amplitudes of
SCRs were influenced by the RTs and MTs of the
movements (see the results of ANCOVA in the legends of
Figs. 4 and 5) or by the touched position (right vs left; all
the differences Z were non-significant at P<.05 in the two
monkeys), nor do they show that the SCRs were affected
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by the reward parameters. In particular, the amplitude of
the peaks did not correlate with the quantity of reward
(0.4 ml vs 1.2 ml: monkey E, Z=1.57, n.s.; monkey N,
Z=– 1.94, n.s.). Similarly, the variability of the times of

peak relative to touch-times (V1) was smaller than that
relative to reward onset (V2) (monkey N: V2/V1=1.88;
V1<V2 at P<2.10-4; monkey E: V2/V1=3.33, V1<V2 at
P<4.10-8). This indicates that the SCRs were more related
to the touch-time than to the reward onset.

We further investigated the relationships between
SCRs and arm movement in monkey N by altering the
time relationship between target-press and reward during
one session. The reward was delivered, i.e., the valve was
opened, at the time of the press. In the corresponding
trials (5 TS tests totaling 70 trials), the SCRs remained
identical to those observed with the “normal” TS tasks. In
particular, the onset of the response remained time-locked
with the target-press with the same average latency.

When the quantity of reward was predictable (tasks C1
and C2), SCRs were observed with the same character-
istics as in the TS task (Fig. 4; latencies and rise times not
illustrated). This result indicates that knowledge of the

Fig. 3 Examples of skin conductance responses during perfor-
mance of TS trials

Table 1 Parameters of skin conductance responses (SCRs) in
monkeys E and N in the target-selection task. Data are means € SD.
Units are indicated in parentheses

SCR parameters Monkey E Monkey N

Latency (ms) 1,605€506 638€173
Amplitude (mS) 0.23€0.16 0.09€0.06
Rise time (ms) 1,651€395 1,640€777

Fig. 2a, b Performance in the
TS task. (a) Percentage of re-
sponses to the best target (A)
and to the touch position corre-
sponding to the performing
hand (left position, L, for mon-
key E, right position, R, for
monkey N) in the successive
trials of selected TS tests.
Shaded areas, confidence limits
(at P<0.05) of the null hypoth-
esis (i.e., random behavior, no
preferred target; no preferred
position). See Results section.
(b) Percentages of “large-keep”
and “small-keep” strategy in
successive trials of the same
selected TS tests. Shaded areas,
confidence limits (at P<0.05) of
the null hypothesis (i.e., random
behavior)
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quantity of liquid most likely to be delivered at the end of
a trial had no influence on the SCRs. In contrast, when the
target-presses were not rewarded task (C3), the SCRs
were less frequent and had a smaller amplitude, especially
in monkey N (Fig. 4).

The parameters of the SCRs were statistically the same
in the evaluation and repetition periods of the TS tasks
(Fig. 5, latencies and rise times not illustrated). During the
evaluation period, no difference in SCRs was observed in
trials in which the animal switched between the targets
and those in which no switching occurred (not illustrated).

In the sequence tasks (C4 and C5), the shape of the
electrodermal responses depended on the reward schedule
(Fig. 6), but not on the succession left fi right or right fi
left of the movements. When the first press yielded no
reward and the second press yielded 1.2 ml (task C4), the
SCR was generally made of two, sometimes three
successive small SCRs. The first response occurred after

the first target press (R or L) with the same latency and
amplitude as in the TS task and was followed by the other
response(s), which occurred without fixed time-relation-
ship with the second target press. The global response
culminated after the second touch, approximately at the
time of reward delivery. When the first press yielded
1.2 ml and the second yielded 0 ml (task C5), there were
in general two successive responses. The first response
occurred with the same latency as in the TS task and was
immediately followed by another response, evidenced by
the inflection point on the rising slope of the global
response. The global response culminated well after
reward delivery, but before the second touch.

During performance of the correct GO trials of the
GO–NOGO task, SCRs analogous to those observed in
the TS task were observed. They were rare in the correct
NOGO trials and their amplitude was significantly
smaller (Fig. 7).

Fig. 4a, b Frequency of occurrence (a) and amplitude (b) of skin
conductance responses (SCRs; mean € SEM) in the TS task and in
the reference tasks C1, C2, and C3 in the two monkeys. Data
pooled from 5 sessions in monkey N and from 2 sessions in monkey
E. In monkey N, SCRs are similar in all rewarded trials (TS, C1,
C2). TS versus C1: frequency, P<0.30 (n.s.); amplitude, Z=�0.48
(n.s.), TS versus C2: frequency, P<0.67 (n.s.); amplitude, Z=�0.17,
Mann-Whitney U-test). In contrast, frequency of occurrence and
amplitude of the SCRs are smaller in C3. TS versus C3: frequency,

P<0.01, amplitude, Z=10.67, P<10-6; ANCOVA (RTs and MTs as
covariates; F1.358=43.55, P<10-4). In monkey E, SCRs are similar in
all rewarded trials (TS, C1, C2). TS versus C1: frequency, P<0.61
(n.s.); amplitude Z=- 0,39 (n.s.). TS versus C2: frequency, P<0.94
(n.s.); amplitude, Z=- 0,92 (n.s.). Frequency of occurrence and
amplitude of SCRs are smaller in C3. TS versus C3: frequency,
P<0.01, amplitude, Z=2.3, P<0.02; ANCOVA (RTs and MTs as
covariates; F1.152=4.73, P<0.03). *P<0.05; **P<0.01; ***P<0.001

271



In the two monkeys, occasional SCRs (in less than 5%
of trials) were elicited in relation to the touches of the SP.
Their latencies, rise times, and amplitudes were similar to
those observed in relation to the target-touches in the TS
task. At times, large SCRs, without clear time-relation-
ships to specific event of the trials or specific periods of
the tests (evaluation/repetition), were also observed.

SCRs were never observed in relation to cue-onset,
execution errors (premature SP release) or free rewards.

Discussion

Based on the performance of rewarded and nonrewarded
tests (target-selection, control, GO/NOGO, sequence), we
found that conditioned monkeys generate phasic electro-
dermal responses, time-locked with arm movements
toward rewarded targets. These dermal responses could
reflect important mechanisms for reward anticipation and
consumption.

SCR parameters: interspecies comparisons

The possibility that the recorded signals resulted from a
contraction or from a movement of the hand from which

skin conductance was measured can be ruled out. The
signals studied in this report have the canonical shape of
SCRs already described in humans and in animals. When
the animal occasionally moved the recorded hand, the
resulting signal was generally small, erratic, and never
had the smooth profile of the responses illustrated in
Fig. 3. These signals were considered as artifacts and
rejected.

SCRs with latencies of 1–2 s have been recorded by
Levy et al. (1997) at the plantar surface of squirrel
monkeys in response to unexpected auditory stimuli. Our
shorter latencies might be explained by the fact that SCRs
at the upper limbs are shorter than at lower limbs
(Shahani et al. 1984) and that the signal responsible for
the SCRs may precede the target touch.

SCRs with amplitudes between 0.5 and 0.8 mS (i.e., at
least 5 times larger than in the present task) have been
recorded in the squirrel monkey by Levy et al. (1997). In
humans, SCR amplitudes between 0.01 and 5 mS have
been reported (Naveteur et al. 1998).

Parameters of SCRs such as frequency of occurrence,
peak-latency, and peak-amplitude were different in the
two animals. In humans, interindividual variability in
electrodermal parameters (amplitude or latency) have
frequently been related to humidity, temperature or
thickness of the skin (Fowles and Rosenberry 1973;

Fig. 5a, b Frequency of occur-
rence (a) and amplitude (b) of
SCRs (mean € SEM) during the
evaluation and repetition peri-
ods of the TS task in the two
monkeys (data pooled from 5
sessions in monkey N and 2 in
monkey E). These parameters
are identical in the two periods.
In monkey N, evaluation vs
repetition period: frequency,
P<0.439 (n.s.); amplitude,
F1.183=1.04 (n.s.). In monkey E,
evaluation vs repetition period:
frequency, P<0.747 (n.s.); am-
plitude, F1.165=1.02 (n.s.)
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Maulsby and Edelberg 1960; Ba-M’Hamed et al. 1986).
These parameters were not measured in our monkeys. In
humans, interindividual differences have also been as-
cribed to central factors linked to the personality (e.g.,
stabile vs labile subjects; Koelega 1990; Boucsein 1992)
and to variability in attending to and processing infor-
mation (Katkin 1975). Differences between the two
monkeys may also be due to methodological aspects
which cannot be measured: monkey E had been trained

during 24 months before the recording sessions, he
worked head-fixed and received a recording chamber;
monkey N had been trained during 4 months before the
recordings, he worked head-free and had not been
implanted.

SCRs and preparation for reward consumption

Our data show a link, not shown before, between
electrodermal activity, instrumental action, and reward.
Occurrence and onset of the SCRs were tightly related to
the execution of arm movements toward the targets. Thus,
the SCRs may partly reflect the activation of the
corresponding sensorimotor loops. It is well known in
humans that SCRs are favored by the execution of
movements (Stern and Anschel 1968; Edelberg 1970;
Harding and Punzo 1971). Dermal activity modifications
seem to index autonomic adjustments associated with
specific motor actions (Boucsein 1992). Our data support
the claim of several authors that the motor system and the
electrodermal control system are closely associated
(Darrow 1937; Edelberg 1972, Sequeira et al. 1995;
Fredrikson et al. 1998).

Another determinant of SCRs was the anticipation of
reward. In monkey N, there was a clear dichotomy
between rewarded movements (tasks C1, C2, TS), which
were followed by SCRs, and nonrewarded movements in
task C3, which were followed by little responses or no
responses (Fig. 4). In monkey E, the differences between
rewarded and nonrewarded movements were smaller, but
were statistically significant. In the two monkeys, move-
ments toward the starting position, which were not
directly associated with reward, were rarely followed by
SCRs. Our sequence data show that the occurrence and
time of onset of SCRs were determined by the reward
schedule (Fig. 6). All these data support a crucial role for
the reward(s) in the occurrence and organization of SCRs.

The SCRs have the same intensity: (1) in the TS task,
in which the amount of reward was not predictable, and
(2) in conditions C1 and C2, in which it was predictable.
Thus, these anticipatory mechanisms are not sensitive to
the amount of reward.

Fig. 7a, b Frequency of occur-
rence (a) and amplitudes (b) of
SCRs (mean € SEM) in the
rewarded GO and NOGO trials
(monkey N). GO versus NOGO:
frequency, P<10-4; amplitude,
Z=7.53, P<10-6, Mann-Whitney
U-test. ***P<0.001

Fig. 6 SCRs in sequential tasks with different reward schedules in
monkey N. The SCRs are aligned on the first target touch. In C4,
the reward schedule in relation to the first and second touches is
0 ml and 1.2 ml (upper curves). In C5, the reward schedule is 1.2 ml
and 0 ml (intermediate curves). On the time axes, light gray area:
lower and upper limits of the second target touch; dark gray area:
lower and upper limits of the valve opening. The lower curves
correspond to aborted trials due to erroneous selections of the first
target. Data pooled from two recording sessions (71 trials). The
SCRs are different. C4 versus C5: maximum amplitude, Z=0.39
(n.s.), latencies of the maxima, Z=5.2, P<10-6, ANCOVA (RTs and
MTs of the second touch as covariates; F2.66=27.28, P<10-4)
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The fact that the conditioning can tightly associate, in
a physiological response, both reward-related and arm
movement-related mechanisms has already been observed
at the cellular level. In many cells of the striatum
(Hollerman et al. 1998, Tremblay et al. 1998), of the
parietal cortex (Platt and Glimcher 1999), and of the
anterior cingulate cortex (Amiez and Joseph 2000), the
motor- or oculomotor-related activity is indexed by the
target’s reward value. The neuronal mechanisms which
associate movement and reward may participate in the
genesis of SCRs observed in the present tasks.

According to Panksepp (1982), an expectancy com-
mand system, controlled by environmental cues, underlies
anticipatory appetitive behaviors. This system resembles
the arousal system II that Routtenberg (1968) conceived
as a motivational activation system influencing cortical-
driven motor actions and preparatory autonomic activity.
The neural substrate of this system includes a corticohy-
pothalamic network connected to motor areas via basal
ganglia (Boucsein 1992). In the present experiment, due
to extensive learning, the visual signals could act as cues
labeling the appetitive value of the next movement. As a
result, only those movements that predicted the occur-
rence of a reward were accompanied by an emotional
arousal, revealed by SCRs. Finally, when related to the
arousal dimension of approaching behaviors discussed by
Damasio (1994), SCRs would mark the changes of the
internal state of the organism in anticipation of reward
consumption.

SCRs and detection of the best target

We found that the SCRs occurred after the target touch.
They were identical in the evaluation and repetition
periods of the TS task and in the rewarded control tasks.
This indicates that the neuronal networks at the origin of
the SCRs have no particular role in the cognitive
processes (working memory, response monitoring, selec-
tive attention, set shifting, etc.) that are presumably
associated with the detection of the best target.

Although there is no direct evidence of an equivalence
between the two tasks, it might be interesting to compare
the present results with those obtained in the Iowa
gambling task (Bechara et al. 1994, 1996), which shares
with the TS task many formal similarities. In the
gambling task, SCRs occurred before the card selection
and showed marked variations of amplitude according to
the different stages of the discovery and knowledge of the
task. When its contingencies were better known by the
subjects, the anticipatory SCRs tended to disappear
(Bechara 2001). We conclude that the anticipatory dermal
activity observed in humans in relation to decision-
making tasks is not observed in animals performing the
TS task.

Two explanations, not exclusive from each other, may
account for this difference. One is the risk. For Critchley
et al. (2001) and Bechara et al. (1996, 1997, 1999), the
notion of risk is central to the occurrence and interpre-

tation of the anticipatory SCRs. In the TS task, the risk is
minimal. Whatever the choice, the animal is rewarded.
Another explanation is the conditioning and the familiar-
ity with the task. In the gambling task, the subjects
discover a novel environment and a novel task. In the TS
task, the environment is familiar and the task is well
mastered, as revealed by the procedure adopted by the
animal (the delayed use of the large-keep strategy) and by
the rapid detection of the best target. One hypothesis is
that the animal is in a situation of cost-benefit analysis,
which is not accompanied in humans by the activation of
emotional (somatic) markers (Damasio 1994). Familiarity
with the task may also explain the lack of dermal
responses to errors (selection errors in the GO-NOGO
task, execution errors due to early SP release in all tasks).
The animal may not react emotionally to errors that have
been committed many times and that have become an
integral part of his performance.

Our results nevertheless suggest that the SCR tech-
nique has the potential for revealing direct links between
decision processes in monkeys and in humans, lending
credence to the monkey as a neurophysiological model of
decision-making. This demonstration will require specific
conditions such as placing the animal in unfamiliar
situations in which decisions may have aversive conse-
quences.
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