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A visual discrimination protocol similar to that used with monkeys was adapted to measure attentional
set-shifting in mice. An automated touchscreen procedure with compound visual stimuli was used to train
mice to attend to 1 of 2 stimulus dimensions (lines or shapes). On a 2nd problem with new stimuli, the
mice were required to attend to the same dimension (intradimensional [ID] shift) or switch to the
previously irrelevant dimension (extradimensional [ED] shift). Mice readily learned the initial compound
discrimination and following shift problem, but there was no ID–ED difference. The fact that mice can
be tested with stimuli and task sequences similar to those used with primates suggests that this method
can be used to directly compare higher cognitive functions in diverse species.
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Newly developed transgenic and gene-knockout mouse models
provide a unique opportunity to study how genes influence com-
plex behavior, but the behavioral tests available to researchers in
this area have been limited (e.g., Tecott & Nestler, 2004). We
reported previously that C57BL/6 mice are able to discriminate
and learn about two-dimensional computer graphic stimuli for
which the mouse indicates a choice by making a nose-poke to a
touch-sensitive computer screen (Bussey, Saksida, & Rothblat,
2001). This method has great potential for testing mice on cogni-
tive tests virtually identical to those used to study human patient
populations (e.g., Downes et al., 1989). In our previous study, mice
discriminated simple white shapes on a black background. In the
present study, we challenged the visual cognitive abilities of mice
further by using an attentional set-shifting task.

Over the past several years, visual discrimination paradigms
involving intradimensional (ID) and extradimensional (ED) shifts
have been used to assess cognitive processes in monkeys (Crofts et
al., 2001; Dias, Robbins, & Roberts, 1996, 1997; Roberts et al.,
1994) and humans (Downes et al., 1989). These tasks are consid-
ered to be analogues of the Wisconsin Card Sorting Task (WCST),
performance of which is known to be affected by prefrontal cortex
(PFC) damage in human patients (Milner, 1963). In these studies,
animals were trained to discriminate compound visual stimuli on

the basis of two perceptual “dimensions,” that is, lines superim-
posed on shapes. They were first trained to attend to one stimulus
dimension and were then shifted to new problems in which a cue
in the same (ID) or previously irrelevant (ED) dimension was
correct. The ED shift is presumed to be more difficult because the
animal must abandon the perceptual set that was initially estab-
lished and, as with the WCST, switch to a previously irrelevant
one. The finding that monkeys with PFC lesions are impaired on
ED, but not ID, shifts is seen as evidence for disruption to an
executive system responsible for behavioral flexibility. Consistent
with these findings, neuroimaging studies have shown that PFC is
activated in both monkeys (e.g., Nakahara, Hayashi, Konishi, &
Miyashita, 2002) and humans (Rogers, Andrews, Grasby, Brooks,
& Robbins, 2000) when subjects perform these set-shifting tasks.

Although performance on ID–ED shifts has been investigated in
rodents, the paradigms have differed from those used with pri-
mates in several significant respects. Perhaps most important is the
fact that when humans and monkeys are tested on either ED or ID
shifts, the relevant and irrelevant dimensions are in the same
sensory modality (visual). In the typical experiment with rodents,
the relevant and irrelevant dimensions are in different modalities
so that learning the ED, but not the ID, problem requires using
stimulus cues in a different sensory system (e.g., texture–odor,
Birrell & Brown, 2000; odor–spatial, Hilson & Strupp, 1997;
visual–texture, Stefani, Groth, & Moghaddam, 2003). Here we
describe procedures for training mice on a visual ID–ED paradigm
and present evidence that mice readily learn to discriminate com-
pound stimuli that are almost identical to those used with primates
(Dias et al., 1996, 1997; Rogers et al., 2000). These results under-
score the potential of the touchscreen method for cognitive testing
of transgenic and gene-knockout mouse models.
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Method

Subjects

The subjects were 20 male C57BL/6 mice (Jackson Laboratory, Bar
Harbor, ME). All mice were approximately 60 days old at the start of
testing. Subjects were food-deprived to 85% of normal body weight during
behavioral testing.

Apparatus and Procedures

Visual discrimination testing was conducted with computer-automated
touchscreen procedures as previously described (Bussey et al., 2001).
Briefly, the mice were tested in a Plexiglas chamber (20� 20 � 20 cm).
A food well (4 � 3 � 2 cm) attached to an externally placed pellet
dispenser (Model ENV 203–20; MED Associates, St. Albans, VT) was
located centrally on the wall at the rear of the chamber. An “initiate” lever
(5.0 � 1.5 � 1.0 cm) was located 2.5 cm above the top of the food well.
A computer, on which the stimuli were presented, was placed at the other
end of the chamber. A touchscreen unit (Model 3457; CarrollTouch Inter-
national, Tokyo) was attached to the front of the monitor.

Mice were pretrained to initiate each trial by depressing the initiate lever
to produce stimulus onset, then nose-poking the appropriate stimulus to
receive reward (see Bussey et al., 2001, for more extensive details of
pretraining procedures). A press on the correct panel was followed by the
disappearance of the stimuli, presentation of a tone, and delivery of a food
pellet (20 mg; P.J. Noyes, Lancaster, NH). Initiation of the next trial could
then occur 5 s after the response. An incorrect response terminated the
stimuli and deactivated the initiate lever for 20 s.

For this study, we used a between-subjects design that controls for
potential confounds related to the order of testing. Mice were initially
trained to respond to one of the dimensions (line or shape). On a second
problem, half of the mice in each condition were required to attend to the
same dimension (ID; line–line, shape–shape), whereas the remaining mice
had to switch to the previously irrelevant dimension (ED; line–shape,
shape–line). With a between-subjects design, it is also possible to control
for task difficulty because the same stimulus sets are used for both shift
conditions (Rothblat & Wilson, 1968; Shepp & Eimas, 1964). The visual
stimuli and sequence of problems are shown in Figure 1. The mice were
first trained on a simple discrimination (Figure 1.1) that contained cues
from one stimulus dimension, either lines (black, approximately 4 cm� 2
mm on a gray background) or shapes (white, approximately 4 cm across on
a gray background). For half of the mice in each group, one of the cues
(shape or line) was correct, whereas the remaining mice in each group were
rewarded for responding to the other cue. The left–right position of the
correct stimulus was varied pseudorandomly, appearing in each position on
50% of the trials. Mice were tested for 20 trials per day. A correction
procedure was used whereby after an incorrect response, the same stimulus
presentation was repeated until the mouse made the correct choice. Train-
ing on the simple discrimination continued until the subject reached a
criterion of 80% correct responses (not including correction trials) on 2
successive days.

On the second problem, a second dimension was introduced to form
compound stimuli comprised of the black lines superimposed on the white
shapes (Figure 1.2). On each trial, the correct stimulus on the simple
discrimination (e.g., star) was paired with one or another of the line cues.
Mice were rewarded for continuing to respond to the previously rewarded
stimulus (i.e., star) and disregarding the irrelevant dimension. The two
stimulus pairs were presented equally often in intermingled fashion. The
criterion on the compound discrimination was also 80% correct responses
on 2 successive days.

On the shift problem (Figure 1.3), a new set of line and shape stimuli
was used. For the ID shift group, the relevant dimension was the same as
that of the compound discrimination (shape–shape, line–line), whereas the
ED group was required to choose one of the cues from the previously

irrelevant dimension (shape–line, line–shape). Criterion performance on
the shift problem was 80% correct responses (i.e., at least 16 of 20
first-choice trials) within a single session.

Behavioral Measures and Statistical Analyses

The following measures were recorded for each discrimination problem:
(a) trials to criterion, (b) total errors to criterion, and (c) errors to criterion
(noncorrection trials). Because analyses of these measures produced es-
sentially the same results, the number of sessions to criterion is reported.
The data were statistically analyzed with analyses of variance. Post hoc
comparisons were made with simple main effects.

Results

Simple Visual Discriminations

All mice were able to readily learn both the simple line and
shape discriminations presented in the touchscreen apparatus. A 2

Figure 1. The visual stimuli and sequence of discrimination problems for
the intradimensional and extradimensional shift conditions. Correct and
incorrect responses are indicated by� and -, respectively. Each of the line
or shape cues was positive for half of the mice in that group.
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(dimension)� 2 (correct cue) analysis of variance showed that the
mean (� SEM) number of sessions to criterion on the shape
discrimination (9.6� 1.51) was not significantly different,F(1,
18) � 1.10,p � .3089, from the number of sessions required to
learn the line discrimination (12.6� 2.62). Moreover, neither
stimulus in each of the dimensions was more difficult to learn than
the other,F(1, 18)� 0.16,p � .851.

Compound Visual Discriminations

When a second dimension was added to form compound stimuli,
the performance of the mice was initially disrupted. On the 1st day
of the compound task, performance fell to approximately 69%
correct, but all mice were able to quickly reattain criterion level.
Introduction of irrelevant lines disrupted the performance of mice
discriminating shapes to a greater extent (mean [� SEM] sessions
to criterion� 7.1 � 1.00) than introduction of irrelevant shapes
disrupted performance of the mice discriminating lines (4.9�
0.60). This difference between the groups nearly reached signifi-
cance,F(1, 18)� 4.16,p � .0564.

ID and ED Shifts

No differences were found on the shift problem between the ID
and ED groups. The mean (� SEM) sessions to criterion on the
shift problem was 13.6� 3.18 for the ID mice compared with
16.2� 3.51 for ED mice. An analysis of variance with group and
dimension as factors showed no significant main effects or inter-
action,F(3, 16) � 0.33,p � .568. Backward learning curves on
the shift problem for the ID and ED conditions are shown in Figure
2. Traditionally, the abscissa locus of the backward function is that

of the median subject in each group (Hayes, 1953). For example,
the median number of sessions to criterion for both the ID and ED
shifts was 13, so the backward learning curve of each group
reaches criterion at 13. The two backward curves did not differ
significantly in either the length of the initial chance portion or the
rate at which the curves rose from chance to criterion. Because of
the training bias, the length of the initial flat portion would be
expected to be shorter in the ID condition. The number of sessions
it takes for improvement to begin is thought to reflect the proba-
bility of attending to the relevant dimension (Mackintosh, 1965;
Shepp & Eimas, 1964; Zeaman & House, 1963). As previously
reported for rats (Shepp & Eimas, 1964), once the mice acquired
the appropriate dimensional response, learning which cue was
correct proceeded rapidly.

Discussion

The present results, together with our previous findings (Bussey
et al., 2001), show the utility of the touchscreen apparatus for
assessing higher level cognitive functions in the mouse. Mice
quickly learned to discriminate both simple line and shape stimuli
and performed a compound discrimination at a consistently high
level when an irrelevant dimension was added. The testing method
used task sequences and visual stimuli (lines superimposed on
shapes) that were very similar to those used to investigate the role
of PFC in primates (humans, e.g., Downes et al., 1989; monkey,
e.g., Dias et al., 1996, 1997; Roberts et al., 1994). Thus, the use of
this method should allow for more direct comparison of higher
cognitive functions across diverse species.

ID and ED shifts are designed to measure the transfer of an
attentional set from one discrimination to another. When the same
dimension (ID) is relevant in consecutive discriminations, then
positive transfer of learning is predicted, even though the second
problem contains new stimulus attributes (cues). Negative transfer
should occur when the relevant dimension of one problem is made
irrelevant (ED) in a second discrimination. If ID shifts lead to
easier problem solution than ED shifts, it is assumed that an
attentional set has been formed. However, we found no evidence
of an ID–ED difference. On one hand, the absence of an ID–ED
difference could mean that the mice were unable to form a per-
ceptual set. Colacicco, Welzl, Lipp, and Wu¨rbel (2002) also failed
to find an ID–ED difference when they tested mice with a rodent
version of a set-shifting task (Birrell & Brown, 2000). On the other
hand, it is possible that the demands of learning the shift problems
masked attentional transfer. Stimulus-bound features of the dis-
criminanda used for the shift problem can have a major effect on
dimensional saliency and obscure the influence of previous train-
ing. Crofts et al. (2001), for example, found that monkeys learned
ID faster than ED when shifted from shapes to lines, but there was
no ID–ED difference when they were shifted from lines to shapes.
Further study is necessary to determine the specific attributes of
the visual cues that mice use to discriminate in order to optimize
formation of a dimensional bias. It is important, for example, that
the mice do not respond to individual configurations of the com-
pound stimuli and thus fail to abstract a perceptual set.

In the ID–ED paradigm, the ED shift is presumed to be more
difficult because the subject must abandon the perceptual set that
was initially established and, as with the WCST, switch to a
previously irrelevant one. Accordingly, the finding that animals

Figure 2. Backward learning curves for intradimensional (ID) and ex-
tradimensional (ED) groups, plotting mean (� SEM) percent correct re-
sponses for daily sessions. The abscissa locus is that of the median subject
in each group.
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with PFC lesions are impaired on ED, but not ID, shifts has been
taken at face value as evidence for disruption to some sort of
executive system responsible for behavioral flexibility. In these
experiments, however, a within-subject design was used whereby
each animal was tested on both ID and ED tasks. Typically, the ED
shift occurs after the ID shift in the discrimination series. When it
follows the ID condition, the ED shift may be harder to learn, not
because of an attentional bias, but rather because there is more
interference (proactive) from preceding problems. Hence, although
this ID–ED paradigm has been used successfully to detect PFC
impairment (Birrell & Brown, 2000; Crofts et al., 2001; Dias et al.,
1996, 1997; Roberts et al., 1994), the specific nature of the deficit
remains uncertain. The use of a between-subjects design would
allow one to more confidently attribute the effects of lesions to the
attentional component of the ED, versus the ID, shift. Whether
PFC lesions impair ED, but not ID, shifts when mice are tested
with this paradigm is now being investigated.

In summary, the present results confirm that mice readily learn
visual discriminations in the touchscreen apparatus. The fact that
mice can be trained with stimuli and task sequences similar to
those used with primates shows that the touchscreen procedure for
the mouse, in which genetic manipulations are possible, can be an
important new tool for studying the neural substrates of higher
cognition.
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