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Abstract

Functional assessment of the prefrontal cortices in the non-human primate began with the seminal work of Jacobsen in the 1930s. However,
despite nearly 70 years of research, the precise nature of the cognitive function of this region remains unclear. One factor that has limited
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rogress in this endeavor has been the lack of behavioral tasks that parallel most closely those used with humans. In the prese
escribe a test for the non-human primate that was adapted from the Wisconsin Card Sorting Task (WCST), perhaps the most

est of prefrontal cognitive function in humans. Our adaptation of this task, the Conceptual Set-Shifting Task (CSST), uses learn
nd stimuli nearly identical to those of the WCST. The CSST requires the animal to initially form a concept by establishing a p
esponding to a given stimulus class, maintain responding to that stimulus class, and then shift to a different stimulus class when
ontingency changes. The data presented here establishes baseline performance on the CSST for young adult rhesus monkeys an
hat components of prefrontal cognitive function can be effectively assessed in the non-human primate in a manner that parallels
ssessment of humans.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Assessment of the cognitive functions of the prefrontal
ortex (PFC) in the non-human primate began with the
eminal work of several researchers in the early 1920s
nd 1930s (Jacobsen, 1935, 1936; Bianchi, 1922; Breslau
t al., 1994). They demonstrated that lesions in the PFC

mpair performance on cognitive tasks, such as delayed
esponse and delayed alteration, tasks that are now thought to
equire “working memory”, a short-term buffer for “working
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with” recently presented and remembered stimuli (Badd
1986). More recent work in the field, using a variety of te
with non-human primates, has implicated the prefro
cortices (i.e., all those regions rostral to the motor and
motor cortices) in learning, memory and executive func
(Dias et al., 1996; Roberts et al., 1994; Gaffan and Harr
1989; Bachevalier and Mishkin, 1986; Woods and Kni
1986; Passingham, 1985; Mishkin and Manning, 19
Oscar-Berman, 1978; Rosen et al., 1975; Pohl, 1973; Butters
and Pandya, 1969). Examples of tests include, the delay
response test, the delayed alternations test, the rev
learning test and a test of attentional set shifting (Roberts e
al., 1988; Dias et al., 1996; Diamond, 1990; Goldman e
1971; Pohl, 1973). Animals with damage to the prefron
regions have been shown to be impaired on these tests
Jacobsen: delayed response test; Pohl: reversal lear
However, despite nearly 70 years of research, the pr
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nature of the cognitive function subserved by this region
remains unclear. One factor that has limited more rapid
progress in this endeavor has been the lack of behavioral
tasks that parallel more closely those used with humans.

In humans, the Wisconsin Card Sorting Test (WCST;
Grant and Berg, 1948) is the most frequently employed instru-
ment used to assess prefrontal cortex function (Berg, 1948;
Milner, 1968, 1995). The WCST assesses the ability to ab-
stract, maintain, and shift cognitive set according to changing
reward contingencies (Nagahama et al., 1996; Damasio and
Anderson, 1993; Heaton et al., 1993). Essential components
of the WCST paradigm have been incorporated into a task de-
veloped for non-human primates by Roberts et al. (1988). The
task assesses both extra-dimensional and intra-dimensional
shifting of set, but does not use the same stimuli as that of
the WCST. Our adaptation of the WCST for the non-human
primate, the Conceptual Set-Shifting Task (CSST), uses the
same basic principles, learning criteria, as well as the iden-
tical stimuli as those of the WCST. The CSST requires the
animal to initially form a concept by establishing a pattern of
responding to a given stimulus class (color or shape), main-
tain responding to that same stimulus class, and then shift
to a different stimulus class when the reward contingency is
changed. The data presented below establishes a baseline per-
formance on the CSST for young adult rhesus monkeys and
demonstrates that components of prefrontal cognitive func-
t mate
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every 6 months. The monkeys used in the present study
were behaviorally sophisticated. Each had been tested on the
Delayed Non-Matching to Sample (DNMS), both acquisition
of this task and delays of 2–10 min as well as the Delayed
Recognition Span Test (DRST) prior to the administration
of the CSST. The details of the DNMS and DRST tasks are
described elsewhere (Herndon et al., 1997; Moss et al., 1997).

2.2. Apparatus

On testing days, animals were transferred from their
home cage into a mobile testing cage approximately 36 in.
square× 50 in. height. One side was double-walled so that
the outer small mesh side could be removed exposing a larger
grid with square openings 3 in.× 3 in. on a side that allowed
the monkey to easily reach out of the testing cage. The mobile
cage was moved into a sound-attenuating chamber that con-
tained a 19 in. touch-sensitive and resistive computer screen
controlled by a Macintosh-based computer. For stimulus pre-
sentation, the computer screen was divided into a 3× 3 matrix
(unmarked). Rewards of M&Ms or Skittles candies were de-
livered from an automated dispenser (Med Associates) by
a tube into a tray located immediately beneath the touch
screen. The interior of the testing chamber was darkened
and the apparatus was located in a darkened room. White
noise was presented through two speakers, one mounted on
e trane-
o oring
a ting
p cog-
n ren.
A ing.

2

llow-
i ouch
s nkeys
a ST,
a and
t

2

each
e k re-
q ared
i s on
t t was
l d it.
T de-
l The
a of
t ching
o for
2 ll 20
ion can be effectively assessed in the non-human pri
n a manner that parallels closely those used in the cli
ssessment of humans.

. Materials and methods

.1. Subjects

The behavioral data in this study was obtained from e
oung adult male rhesus monkeys (Macaca mulatta) that
erved as normal controls in our ongoing behavioral stu
f normal aging (Moore et al., 2003). All of the monkeys de
cribed in this report were obtained from the Yerkes Nati
rimate Research Center and had known birth dates
omplete health records. Prerequisite to entering the s
ach monkey received a complete medical examination
xplicit exclusion criteria were applied for the followi
onditions: splenectomy, thymectomy, exposure to radia
ancer, organ transplantation, malnutrition, chronic illn
ncluding viral or parasitic infections, neurological disea
r chronic drug administration. All of the monkeys w

ndividually housed and were in constant auditory
isual range of other monkeys. Monkeys were fed a di
urina Chow and fruit at the end of testing each day an
eekends. Water was available continuously. The mon
ere maintained under a 12-h light/dark cycle that cha
radually over the course of an hour. All animals w
hecked daily by animal technicians for health and w
eing and were given a medical exam by staff veterina
ach side within the automated apparatus to mask ex
us sounds. Stimulus presentation, touch screen monit
nd reward delivery were controlled by a behavioral tes
rogram, “Glyph”, which was developed for assessing
itive functions in mentally challenged adults and child
non-correctional procedure was used throughout test

.3. Behavioral testing

Testing consisted of three tasks administered in the fo
ng order: a pre-training task to adapt the monkey to the t
creen, a three-choice discrimination to assess the mo
bility to respond to stimuli of the type to be used in the CS
nd the CSST task that consists of an initial abstraction

hree subsequent shifts of stimulus set.

.4. Automated pre-training

The automated pre-training task was used simply to t
ach monkey to touch the computer screen. This tas
uired the monkey to touch a single stimulus that appe

n a pseudorandom fashion in one of the nine location
he screen. The stimulus was an image of an apple tha
eft on the screen for 60 s or until the monkey touche
he inter-trial interval was 15 s. Touching the stimulus

ivered a food reward into the tray beneath the screen.
nimals were initially rewarded for touching any portion

he screen, and then were subsequently shaped to tou
nly the apple stimulus. Pre-training was administered
0 trials a day until the monkey correctly responded to a
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consecutive trials in a single day. The day after the monkey
completed the pre-training task, they began a simple three-
choice discrimination task.

2.5. Three-choice discrimination task

This task was administered to establish that monkeys
could discriminate among three fixed stimuli that differed
in shape and color, but were not identical to those that would
be used in the CSST. As shown inFig. 1, the task presented
the monkey with a pink square, an orange cross, and a brown
12-point star on each trial. The stimuli remained constant in
terms of color and shape for each trial while their spatial lo-
cation among the nine screen positions was varied from trial
to trial in a pseudorandom sequence that was balanced over
4 days of testing. The pink square was the positive stimu-
lus for all trials and a non-correctional procedure was used
throughout this task. The stimuli remained on the screen for
60 s. The inter-trial interval was 15 s. Testing was adminis-
tered for 80 trials per day until the monkey chose the pink
square on 10 consecutive trials during one testing session
to reach the criterion level of performance. The discrimi-
nation task was only available to be given to a subset of
monkeys. However, an analysis of the data comparing the
performance of the monkeys who had completed the dis-
c ence
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2.6. Conceptual set shifting task

Formal testing began on the CSST on the day following
the completion of the pre-training or discrimination tasks.
As shown inFig. 2, the stimuli for the CSST differed in two
relevant dimensions, color (red, green, or blue) and shape
(triangle, star, and circle). All nine possible combinations of
stimuli (i.e., red triangle, red star, red circle, blue triangle,
etc.) were presented in four pseudorandom sequences to the
monkeys over 4 days of testing. If the monkey did not make
criterion on the 4th day of testing, the same four sequences of
trials was administered in the same order until criterion was
reached. This procedure ensured that stimuli dimensions and
locations were presented in a balanced randomized fashion.
On each trial, three different stimuli were presented repre-
senting all three colors and all three shapes as indicated in
Fig. 2. On each trial, the three stimuli were presented in a
pseudorandom order in three of nine locations on the com-
puter touch screen (Fig. 2). If a monkey did not respond to
the touch screen within 60 s, the screen reverted to blank, a
non-response was recorded and the inter-trial interval began.
For all trials, the inter-trial interval was 15 s during which the
screen was blank. Each day of testing consisted of 80 trials.

All monkeys were tested sequentially on four phases of
the CSST: initial abstraction (red), shift-1 (triangle), shift-2
(blue) and shift-3 (star). During the initial abstraction and
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rimination task to those that did not suggest that experi
n this task did not significantly alter performance on
SST.

ig. 1. Schematic of a single trial of the discrimination task. On each tri
onkey is presented with three stimuli: a pink square, an orange cro
brown 12-point star. The correct response on all trials is the pink sq
he monkey must choose this stimulus on 10 consecutive trials in or
each criterion. Once criterion is reached, testing is started the next d

he CSST (For interpretation of the references to colour in this figure legend,
he reader is referred to the web version of the article.).

t s)
w

cquisition of the first conceptual set, the monkey ha
hoose the red stimulus regardless of its shape in ord
btain a food reward. Once the monkey chose this stim
n 10 consecutive trials, the program switched the rewa
ontingency during the same testing session without ale
he monkey. Thus, the monkey now had to choose the tria
timulus, regardless of its color to obtain a food reward
ll phases of the test, once the monkey reached a crit
f 10 consecutive correct responses, the remaining tria

hat day rewarded the new concept so that intra-day da
he shift could be obtained.

Testing then continued on the new stimulus continge
ntil the monkey again reached a criterion of 10 consec
esponses. The computer then switched the rewarded c
ency to the color blue, regardless of its shape. Finally, w
riterion was reached on the blue category, the conting
as switched to the last category star. Testing continue

his category until criterion was reached.
For the automated pre-training task, the number of t

o criterion and non-responses were recorded. For the t
hoice discrimination, the total number of trials, errors,
on-responses to criterion were recorded. For the CSS

otal number of trials and errors to criterion for the red co
ion were recorded, while for the subsequent three shift
itions, the total number of trials, errors, and persever
rrors were recorded. In addition, the total number of bro
ets, perseverative errors and non-responses made ac
hree shifts and the perseverative errors as a percent
al shift trials (sum total of trials during the shift condition
ere determined.
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Fig. 2. In this schematic of the Conceptual Set Shifting Task (CSST), each screen (panel) represents one trial. On each trial, the monkey is presented with three
stimuli that vary in shape and color. During the first concept condition, the monkey must choose the red stimulus regardless of its shape as illustratedin the top
three screens. Once the monkey chooses the correct stimulus on 10 consecutive trials, the computer switches the rewarded stimulus on the same testingday,
without alerting the monkey. In the second concept condition, the monkey must chose the triangle-shaped stimulus, regardless of the color, as illustrated in the
bottom three screens. Again, when the monkey chooses the correct stimulus for 10 consecutive trials the computer switches the rewarded stimulus on the same
testing day, without alerting the monkey. Testing is continued in this same manner for the blue and star conditions (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of the article.).

A perseverative error was recorded when a monkey made
an error by choosing a stimulus that contained the compo-
nent of the previously rewarded concept. A broken set was
recorded when a monkey achieved a span of six–nine consec-
utive correct responses, but then made an error and missed
reaching criterion of 10 straight correct responses. A non-
response was recorded when a monkey failed to respond by
touching the screen on any trial within 1 min of the stimuli
appearing on the screen. A non-response was not counted
as an error, but it did reset the count of consecutive correct
responses to zero (i.e., for purposes of achieving criterion
performance). Thus, the total number of trials and errors did
not include the number of non-responses.

3. Results

All results are analyzed with standard parametric statis-
tics including one-way and two-way analysis of variance
(ANOVA). Post hoc paired comparisons were evaluated us-
ing the Bonferroni correction to protect against inflation of
Type 1 error.

3.1. Pre-training task

hey
m ining

task. Trials to criterion ranged from 60 to 300. However, there
were no indications that the number of trials required to learn
this task was, in any way, related to subsequent performance.

3.2. Three-choice discrimination task

Table 1shows the performance of the monkeys on the ini-
tial three choice discrimination task in terms of trials, errors
and non-responses to criterion.

The discrimination task was only available to be given to a
subset of monkeys. However, a one-way ANOVA comparing
the performance of the monkeys who had the discrimination

Table 1
Trials and errors, and non-responses for each monkey on the discrimination
task

Monkey Trials Errors Non-responses

AM 092 193 55 14
AM 093 N/A N/A N/A
AM 094 188 95 0
AM 095 201 97 12
AM 128 142 68 0
AM 132 177 65 3
AM 163 378 210 27
AM 202 137 52 0

Mean 202.29 91.71 8.00
S.E. 28.47 19.29 3.59

N error.
Monkeys differed dramatically in the ease with which t
astered touching the computer screen in this pre-tra
 /A: Indicates monkeys that were not given this task; S.E. = standard
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Table 2
Trials and errors for each monkey on the initial abstraction of the CSST

Monkey Trials Errors

AM 092 87 36
AM 093 160 72
AM 094 116 58
AM 095 147 76
AM 128 185 69
AM 132 131 55
AM 163 129 66
AM 202 141 58

Mean 137.00 61.25
S.E. 9.67 4.17

S.E. = standard error.

task to those that did not was completed, and the data sug-
gested that experience on this task did not significantly alter
performance on the CSST.

3.3. Conceptual set shifting task (CSST)—initial
abstraction

Table 2shows the monkeys performance on the initial
abstraction of the first concept (red).

3.4. Conceptual set shifting task (CSST)—shifts 1, 2
and 3

Tables 3–5show the performance of the monkeys on the
three subsequent shift conditions (triangle, blue and star).

One particularly important measure in regards to PFC
function is the tendency to perseverate in response pattern
during the shift conditions. This aspect of PFC function was
assessed in several ways. First, the total number of persever-
ative errors (when a monkey made an error by choosing a
stimulus that contained the component of the previously re-
warded concept) was determined (Table 6). Then, since it is
plausible that as the number of trials required to reach crite-
rion increased so does the number of opportunities to make
a perseverative error, we further analyzed this type of error
by calculating the total perseverative errors as a percentage
o

T
T hift of
t

M

A
A
A
A
A
A
A
A

M
S

S

Table 4
Trials, errors, and perseverative errors for each monkey on the second shift
of the CSST

Monkey Trials Errors PE

AM 092 187 94 77
AM 093 223 104 78
AM 094 179 115 40
AM 095 195 107 89
AM 128 163 111 81
AM 132 219 120 81
AM 163 290 143 106
AM 202 400 234 168

Mean 232.00 128.5 89.88
S.E. 25.86 14.87 12.08

SE = standard error.

Table 5
Trials, errors, and perseverative errors for each monkey on the third shift of
the CSST

Monkey Trials Errors PE

AM 092 187 84 55
AM 093 174 97 69
AM 094 228 137 55
AM 095 337 158 64
AM 128 336 186 104
AM 132 226 120 82
AM 163 256 109 64
AM 202 327 190 144

Mean 259.90 135.10 79.63
S.E. 22.05 13.17 10.12

S.E. = standard error.

Table 7 shows the total of number of broken sets and
non-responses for each monkey. Broken sets is a measure
of maintaining a response pattern based on reinforcement
contingencies, whereas non-responses may represent a tem-
porary change in response pattern due to increased task diffi-
culty during the shift conditions since no non-responses were
observed during the discrimination task (a relatively simpler
task than the CSST).

Table 6
Total perseverative errors across all shift conditions and total perseverative
errors as a percent of shift trials for each monkey on the CSST

Monkey PE PE as a percent of shift trials

AM 092 187 29.87
AM 093 189 27.23
AM 094 144 21.69
AM 095 243 28.59
AM 128 318 37.37
AM 132 221 33.18
AM 163 230 32.90
AM 202 499 44.36

Mean 253.88 31.90
S.E. 36.81 2.27

S.E. = standard error.
f total shift trials (Table 6).

able 3
rials, errors, and perseverative errors for each monkey on the first s

he CSST

onkey Trials Errors PE

M 092 252 120 55
M 093 297 175 43
M 094 257 132 49
M 095 318 162 90
M 128 352 178 133
M 132 221 108 58
M 163 153 91 60
M 202 398 228 187

ean 281.00 149.25 84.38
.E. 25.54 14.84 16.79

.E. = standard error.
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Table 7
Total number of broken sets and non-responses for each monkey on the
CSST

Monkey BS NR

AM 092 16 1
AM 093 10 12
AM 094 12 174
AM 095 4 5
AM 128 8 75
AM 132 6 28
AM 163 12 69
AM 202 8 10

Mean 9.50 46.75
S.E. 1.26 19.46

S.E. = standard error.

4. Discussion

The Conceptual Set Shifting Task (CSST) is a task that
was adapted from and parallels closely the Wisconsin Card
Sort Task (WCST), a task used for over 50 years for the as-
sessment of “higher cortical” function in humans (Grant and
Berg, 1948; Berg, 1948; Milner, 1968, 1995). The present
study documents the feasibility of adapting the principles of
the WCST and applying them through a task designed for
use with the monkey to assess components of PFC cogni-
tive function. A detailed discussion of the CSST paradigm,
as well as outcome measures, patterns of performance ob-
served on the task, and analyses of errors follow in two sep-
arate sections below. These two sections are followed by a
brief discussion of the WCST and CSST as measures of PFC
function.

4.1. The CSST paradigm

4.1.1. Three-choice discrimination
For the three-choice discrimination task, three stimuli,

each of which differs from the other two in color and shape,
are presented simultaneously on the touch screen. Position
is randomized and selection of the designated positive stim-
ulus is followed immediately by delivery of a reward. The
r d se-
l and
b ired
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s vel of
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c per-
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i the
d rd, it
e ccu-
r oice
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t f the
C

4.1.2. Initial abstraction
On the initial abstraction of the CSST, stimuli composed

of all combinations of the three colors and three shapes (all
different from those used for the three-choice discrimina-
tion) comprise the set of nine different stimuli that are used
throughout the task. From this set, three different stimuli are
presented on each trial, such that each of the three shapes
and each of the three colors is always present. In this phase
of the CSST, the animal learns the rule that the relevant di-
mension is color, and not shape, by rewarding the animal
for choosing the red stimulus in each trial regardless of its
shape. Achieving a high degree of accuracy on this phase of
the task (typically within a range of 60–160 trials) can be
interpreted as evidence of the animal’s capacity to abstract a
concept based on a singular dimensional feature of the stim-
ulus. It is clear that learning this phase is required in order to
continue to the next phase of the task, in which the animal’s
capacity to shift from an established and learned dimensional
set to a newly designated and previously unlearned set is
assessed.

4.1.3. Shifts of set
Once the monkey has learned the initial dimension (color)

and stimulus (red) in the abstraction phase of the task, the re-
ward contingency is changed to a different dimension, shape
(in this initial instance with triangle as the correct stimulus).
T soci-
a ed
d g of
t than
f tri-
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c ask.
T r) are
t n as
t ired
t lower
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s ncing
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i ther
e ask.
T uture
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i the
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l
a rded
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i task
h imal
emaining two stimuli are designated as negative, an
ection of either of these is followed by non-reward
lacking out of the screen. Hence, the monkey is requ

o always select the positive stimulus and establish
timulus–response association to a consistent, high le
ccuracy. As a pre-training/control task, the three-choice
rimination achieves several goals that are requisite to
orm the CSST task. First, it familiarizes the monkey w
he mode of stimulus presentation. Second, it ensures th
mal’s ability to discriminate among three stimuli along
imensions that will be used throughout the task, and thi
stablishes that the animal can maintain a high-level of a
acy for a given reward contingency. As such, the three-ch
iscrimination should always be administered as prereq

o the initial abstraction and set-shifting components o
SST.
he animal must now form a new dimension–reward as
tion while “unlearning” or inhibiting the formerly learn
imension–reward association. Not surprisingly, learnin

his shift requires a significantly greater number of trials
or the initial abstraction (mean of 103 trials versus 248
ls, respectively), which likely reflects the combined p
esses of the “unlearning” and new learning on this t
wo subsequent shifts in dimension (blue and then sta
hen administered, each to the same learning criterio
hat in the previous two stages. The mean trials requ
o learn these two subsequent shifts appears to be
han that of the initial shift (143 trials and 185 trials,
pectively) and suggests that animals may be evide
learning to learn” the shifting strategy. This is an em
cal question that could be directly addressed by fur
xtending the number of dimensional shifts on the t
his is an interesting, but separate issue that awaits f

nvestigation.

.1.4. Related tasks employing “shift of set”
It may be of interest to compare the CSST to other

avioral tasks that have been used in the field to asse
bility to change a learned “strategy” in the face of a ch

ng reinforcement contingency (i.e., shift of set). One of
rst, and perhaps most classic, tasks of this type was th
ayed spatial alternation task (Jacobsen, 1935) in which the
nimal is required to alternate responses from a rewa
timulus located to the left side of the animal to a rewa
dentical stimulus located to the right of the animal. This
as also been used in a non-spatial form in which the an
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must alternate responses between two different stimulus ob-
jects, where the spatial location is changed from left to right
in a random fashion to preclude the use of spatial cues to
solve the task. A related form of delayed alternation task is
the discrimination reversal task that can also be administered
in a spatial and non-spatial form. For reversal learning, the
animal is first taught to respond reliably to one of two ob-
jects (or to either left or right locations) and, after reaching
a specified learning criterion, the reinforcement contingency
is changed to now reinforce the other object (or location).
The initial reversal is then followed by additional reversals
(typically three or greater) or until the animal can “reverse”
within the same session without error (Mahut, 1971; Jones
and Mishkin, 1972; Lai et al., 1995). The delayed alterna-
tion and discrimination reversal tasks in either their spa-
tial or non-spatial forms require the animal to shift within
a dimension rather than shifting to another previously irrele-
vant dimension. It might be argued that the intra-dimensional
shifts (e.g. shifting from color to color) required in alter-
nation and reversal tasks make different, and perhaps less
complex, demands than those requiring extra-dimensional
shifts (e.g. shifting from color to shape) as on the WCST and
CSST.

A more complex task of frontal lobe function, and another
analogue of the WCST, was developed in England for use
with the non-human primate (Roberts et al., 1994; Dias
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Roberts et al. (1988), using their attentional set-shifting
task, have repeatedly demonstrated that performance on an
intra-dimensional shift is superior to performance on an
extra-dimensional shift. In addition, they have used this task
extensively in studies investigating the effects of lesions
in the PFC. For example performance by marmosets with
excitotoxic lesions of the lateral (Broadman Area 9) and
orbital (Broadman Areas 11, 12 and 13) PFC regions was
equivalent to controls on intra-dimensional shifts but was
impaired relative to controls on extra-dimensional shifts
(Dias et al., 1996). These findings are comparable to the
performance by a group of rhesus monkeys tested with the
CSST. These animals had bilateral lesions of the prefrontal
cortices, including Brodmann areas 46, 9 and 10, and their
performance was characterized by impaired abstraction and
set shifting on the CSST (Moore et al., 2001).

4.2. Outcome measures, patterns of performance and
error analyses

4.2.1. Outcome measures
The CSST offers several measures that can be used to

characterize performance on the task for both the abstraction
and set-shifting phases. The standard measures of trials and
errors required to reach learning criterion on the initial ab-
straction phase provides a basic index of the overall rate of
l ch of
t oken
s ross all
t f total
s an
b

ine
i alysis
r bles,
t ndent
m riables
p ction,
s ll of
w
1 996;
S

4
n to

d arn”
d per-
f on-
t ely,
w ma-
n nce,
b ible
t ), one
m rfor-
m ain
a

t al., 1996; Robbins et al., 1996). This task is a visual discr
nation paradigm that requires intra-dimensional and e
imensional shifts that assess attentional set in both hu
nd non-human primates (Roberts et al., 1988). Compound
timuli comprised of colored shapes and black lines are
n this task and subjects are required to maintain an atten
et, shift their attentional set within the same perceptua
ension (intra-dimensional shift) and shift their attentio

et from one perceptual dimension to another (e
imensional shift) (Roberts et al., 1988; Dias et al., 199).
esting consists of simple and compound discriminati

ntra-dimensional and extra-dimensional shifts, probe
nd reversals and it has been administered on an auto
pparatus and a hand-testing apparatus (Roberts et al., 1988
ias et al., 1996). While this test is comparable to the WCS

t does differ in several aspects. First, the stimuli use
he attentional set-shifting task are markedly different f
hose used in the WCST and differ across trials, whe
he CSST was developed to be a direct analogue o
uman WCST by using the basic principles, learn
riterion and similar stimuli of the WCST. Second,
nclusion of an intra-dimensional shift provides furt
nformation regarding maintenance of set; however,
ntra-dimensional shifts are difficult to distinguish fro
earning new complex discriminations. Though this typ
hift is important, it is not currently measured in the WC
r CSST. However, the CSST could be easily modifie

nclude intra-dimensional shifts (shifting from one co
o a second color) without changing the nature of
ask.
earning. The same two outcomes can be applied to ea
he three-shift phases. In addition, the total number of br
ets, perseverative errors and non-responses made ac
hree shifts and the perseverative errors as a percent o
hift trials (sum total of trials during the shift conditions) c
e determined.

A Pearson’s correlational matrix was used to determ
f these variables were independent measures. The an
evealed no significant relationship amongst these varia
herefore, demonstrating that each variable is an indepe
easure. Patterns of performance based on these va
rovide insight into cognitive processes, such as abstra
et shifting and inhibition of perseverative responses, a
hich are thought to be mediated in part by the PFC (Milner,
995; Omori et al., 1999; Petrides, 2000a,b; Robbins, 1
tuss and Benson, 1986).

.2.2. Patterns of performance
With the use of additional shifts, one can be in a positio

etermine the rate at which animals can “learn how to le
imensional shifts. By example, can monkeys learn to

orm a shift after the first or second trial that the reward c
ingency is changed to a different dimension? Alternativ
ill monkeys under certain experimental conditions of
ipulations show a steady level of shift-to-shift performa
ut never evidence improvement over shifts? It is plaus
hat in some instances (e.g. selective reversible lesions
ight uncover whether animals demonstrate superior pe
ance in shifting set to one particular dimensional dom
s compared to others.
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4.3. Analyses of errors

4.3.1. Perseveration
Shifts of dimensional set require not only the acquisition

of a new stimulus–response association, but also the suppres-
sion of previously rewarded relationships. As a consequence,
they provide an opportunity to assess the number of trials
required and errors committed to successfully achieve this
transition. Errors committed following a shift in reward con-
tingencies that involve choosing a stimuli that contains the
component of the previously rewarded concept, particularly
when they exceed the level expected by that in a “normal”
control or reference group, have been identified as “persever-
ative” responses or, more generally, as perseverative behavior.
In the extreme, perseveration manifests itself as a behavior
in which the patient or animal is unable to successfully shift
to the new reward and relentlessly continues to respond to
the previously correct stimulus dimension in the absence of
reward. For the CSST, as described in the methods section
above, perseveration can be assessed with different scoring
criteria. First, one can measure the total number of persever-
ative errors across all shift trials. But since it is plausible that
the number of opportunities to make a perseverative error
increases as the number of trials required to reach criterion
increases, one can refine this measure of this type of error
by calculating the total perseverative errors as a percentage
o er-
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that has been used for the past >50 years. A detailed de-
scription of the administration and behavioral components
of the task, as well as a discussion of the patterns of per-
formance observed and analyses of errors amenable to the
task are also provided Together, they demonstrate that the
CSST is a suitable task that can assess several components of
executive function, specifically abstraction, set-shifting and
response suppression, in the non-human primate in a man-
ner that parallels methods used in the clinical assessment of
humans.
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