
The number of elderly Americans is rapidly growing, with 
estimates of a 300% increase in the number of adults over 
60 between 2000 and 2050 (Population Division, 2001). In 
view of a concomitant increase in health risks with aging, 
research has tended to focus on ameliorating the likely im-
pact of this trend on health care services. Just as important 
as treating age-related declines in health and cognitive func-
tioning, however, is the need to understand why some people 
do not exhibit an age-related decline (Glatt, Chayavichitsilp, 
Depp, Schork, & Jeste, 2007; Rowe & Kahn, 1987), a phe-
notype sometimes termed successful aging. Although the 
exact phenotype of successful aging has been debated in 
the literature, there is a growing consensus concerning the 
importance of understanding the biological mechanisms of 
healthy aging, as well as developing early identification and 
putative therapies for those whose cognitive performance 
deteriorates with age (Glatt et al., 2007; Hendrie et al., 2006; 
Rowe & Kahn, 1987; Silverman et al., 2008; Zubenko, Stif-
fler, Hughes, Fatigati, & Zubenko, 2002).

Examining cognitive aging in rodents offers tight ex-
perimental control for identifying genetic, environmental, 

and epigenetic factors that may contribute to successful 
cognitive aging (cases in which cognitive performance 
does not deteriorate with age). Numerous tasks for ro-
dents exist that are analogous to human cognitive tasks 
and show validity for selective cognitive domains (Young, 
Powell, Risbrough, Marston, & Geyer, 2009). Zhang, Wat-
son, Gallagher, and Nicolle (2007) demonstrated that, like 
humans, rodents exhibit variance in spatial cognitive de-
cline with age. Age- unimpaired (AU) rats could be identi-
fied using the Morris water maze, which assessed spatial 
memory. Like young rats, the AU rats exhibited higher 
muscarinic-mediated GTP–Eu binding in the hippocam-
pus and prefrontal cortex, as compared with age-impaired 
(AI) rats (Zhang et al., 2007). Cognitive reserve is one the-
ory that proposes how older people retain cognitive per-
formance at levels comparable to that of young subjects 
(Whalley, Deary, Appleton, & Starr, 2004). Data suggest, 
however, that maintenance of cognitive performance with 
age may also be supported by adaptive behavioral strate-
gies and/or recruitment of additional mechanisms or net-
works, when compared with younger subjects (Velanova, 
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rats, as compared with mice. One study examined ASST 
performance in mice overexpressing the Swedish amyloid 
precursor protein (APP) mutation Tg(HuAPP695.K70N-
M671L)2576, used as a mouse model of Alzheimer’s dis-
ease, and in their wildtype litter mates 6 versus 14 months 
of age (Zhuo et al., 2007). Because no within-group ef-
fects of reversals or ED shifts were observed, however 
(Zhuo et al., 2007), it remains unclear whether the task as-
sessed executive functioning accurately (Birrell & Brown, 
2000). Moreover, since individual differences in perfor-
mance within the 14-month-old mice were not reported 
(Zhuo et al., 2007), it is unknown whether successful cog-
nitive aging can be measured using this task.

We sought to examine the effects of aging (4 vs. 
24 months) on ASST performance in C57BL/6 mice, an 
inbred strain that is commonly used in behavioral test-
ing and is often the strain of choice when backcrossing 
mutants onto a particular inbred line. We hypothesized 
that, consistent with humans (Owen et al., 1991) and rats 
(Barense et al., 2002), aged C57BL/6 mice would exhibit 
a significant deficit in ASST performance, as compared 
with young mice, specific to ED shifting. Moreover, we 
expected that there would be a separation of performance 
levels within the aging group so that successful and unsuc-
cessful cognitive-aging performers could be identified.

METHOD

Aged (24 months) male C57BL/6N mice (n  20) were obtained 
from the NIA aged colony (Charles River). Young (5 months) 
C57BL/6N mice (n  20) were purchased from Charles River labo-
ratories. Training began with the mice weighing 20–40 g. The mice 
were housed in pairs in a vivarium on a reversed day–night cycle 
(lights on at 8:00 p.m., off at 8:00 a.m.) and were maintained at 85% 
of free-feeding weight with water available ad lib. Prior to training 
and testing, the mice were brought to the laboratory for 60 min 
between 9:00 a.m. and 6:00 p.m. All procedures were approved 
by the University of California, San Diego (UCSD) Institutional 
Animal Care and Use Committee. The UCSD animal facility meets 
all federal and state requirements for animal care and has been ap-
proved by the American Association for Accreditation of Labora-
tory Animal Care.

Apparatus
Mice readily dig in bedding placed in small bowls to retrieve a 

food reward, using olfactory cues to solve tasks (Young, Crawford, 
et al., 2007; Young, Kerr, et al., 2007; Young, Sharkey, & Finlayson, 
2009). Ceramic pots (4.5  2.5 cm) were used for digging bowls, 
which were placed on platforms (11  5 cm). Specific odors and 
platforms were utilized as cues to guide the selection of mice. Odors 
were derived from commercially available powdered spices, includ-
ing ground ginger, nutmeg, garlic, coriander, thyme, and cinnamon 
(Al bertsons). Platforms included sandpaper, wood, neoprene, metal 
wire, tile, and a scrubber (Homebase). Platforms were used, as op-
posed to a digging medium, because (1) mice do not readily ma-
nipulate their environment (Caine, Negus, & Mello, 1999) and (2) in 
initial pilot studies it proved difficult to identify whether mice were 
manipulating the medium in order to sample the medium or to iden-
tify the correct stimulus (i.e., digging for a reward). We chose to use 
platforms as the second dimension, since it had previously been dem-
onstrated that rodents can utilize platform textures to solve tasks (Ste-
fani, Groth, & Moghaddam, 2003; Stefani & Moghaddam, 2003). 
The food reward was a single 25-mg food pellet for each correct trial 
(Noyes Precision). The test apparatus was an adapted Perspex cage 

Lustig, Jacoby, & Buckner, 2007). Compensatory mecha-
nisms that may support intact spatial memory in the water 
maze task have been identified in aged rats. For example, 
young and AI rats exhibit NMDA receptor-dependent 
long-term depression (LTD) in the hippocampus, whereas 
AU rats (similar spatial memory to young) exhibited non-
NMDA receptor-dependent hippocampal LTD (Lee, Min, 
Gallagher, & Kirkwood, 2005). These data suggest that 
adaptive mechanisms may contribute to maintaining nor-
mal cognitive performance with age. Overall, these data 
support the use of rodents for investigating mechanisms 
of successful cognitive aging.

Age-associated impairment in cognitive functioning is 
not observed across all cognitive domains, however (An-
stey & Low, 2004; Gazzaley & D’Esposito, 2007). Hence, 
when successful cognitive aging in rodents is investigated, 
it is important to focus on those cognitive domains that 
are most sensitive to age-induced impairment. One such 
domain with high sensitivity to age-related cognitive de-
cline in humans is executive functioning (Gazzaley & 
D’Esposito, 2007). One of the most common tests of ex-
ecutive function in humans is the Wisconsin card-sorting 
task (WCST; Eling, Derckx, & Maes, 2008), with numer-
ous reports on age-related decline in performance (Ashen-
dorf & McCaffrey, 2008; Rhodes, 2004). Performance on 
the WCST, however, requires contributions from working 
memory, reversal learning, attentional set shifting, and 
sustained attention, without separate measures for each 
of these domains (Eling et al., 2008). The complexity and 
multifaceted aspect of the task has led to some difficul-
ties in the interpretation of results from this task as being 
relevant to any one cognitive domain (Kremen, Eisen, 
Tsuang, & Lyons, 2007). In-depth analyses of age-related 
deficits in the WCST implicate poor shifting of an atten-
tional set as the core deficiency in performance (Ashen-
dorf & McCaffrey, 2008; Rhodes, 2004). Modifications to 
the WCST have been made to specifically examine atten-
tional set shifting and reversal learning, referred to as the 
intradimensional (ID)/ extradimensional (ED) task (Owen, 
Roberts, Polkey, Sahakian, & Robbins, 1991). Age-related 
decline in ED set shifting in this task has been reported 
(Owen et al., 1991). An animal analogue of the ID/ED 
task exists (attentional-set-shifting task [ASST]; Birrell 
& Brown, 2000) that exhibits high face, predictive, and 
construct validity for attentional set shifting in humans 
(Young, Powell, et al., 2009).

The ASST has been performed in rats and, more re-
cently, has been validated in mice (Bissonette et al., 2008) 
and may provide a tool for assessing successful cognitive 
aging. Barense, Fox, and Baxter (2002) reported that aged 
rats had poorer performance of the ASST, as compared 
with young rats. Upon further examination, Nicolle and 
Baxter (2003) demonstrated that AI set-shifting rats ex-
hibited lower levels of [3H] kainate binding in the cin-
gulate cortex and higher levels of NMDA binding in the 
dorsomedial striatum, as compared with young and AU 
rats. Few studies have examined the genetic or epigenetic 
contribution to performance in this task, which may, in 
part, be due to the difficulty of genetic manipulation in 
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one stimulus would identify the baited bowl. The third and final 
reversal (EDR) would require the mice to attend to the previously 
irrelevant stimuli in the platform dimension. At each stage, the 
mice were required to make six consecutive correct responses prior 
to moving to the next stage. Mice were counterbalanced so that the 
initial SD would be either odor or platform. Stimulus combinations 
and locations were selected in a balanced order. Trials to criterion 
and errors were recorded for each stage. Given the speed–accuracy 
trade-off observed with increasing task difficulty in mice (Abra-
ham et al., 2004; Rinberg, Koulakov, & Gelperin, 2006), we also 
recorded mean correct latency by stage. Latencies to respond were 
measured using stopwatches, initiated as the doors were raised 
and stopped when the mouse dug in one of the choices available. 
The total correct latency was divided by total correct responses, to 
produce the mean correct latency.

Statistical Analyses
Trials to criterion, errors to criterion, and correct and incor-

rect response times were recorded for every mouse at each stage. 
Data were initially analyzed using a repeated measures three-factor 
ANOVA with stage (SD, CD, CDR, ID, IDR, ED, and EDR) as a 
within-subjects factor and with group (age) and dimension change 
(odor to platform, platform to odor) as between-subjects factors. 
Since age and stage did not significantly interact with dimension 
change (F  1, n.s.), dimension change data were not analyzed fur-
ther. Different stages were also analyzed separately, because these 
stages are believed to be mediated by different cognitive constructs 
(Birrell & Brown, 2000) and different underlying neural substrates. 
Thus, two-factor ANOVAs compared SD, CD, and ID as discrimina-
tion learning and CDR, IDR, and EDR as tests of reversal learning 
(Birrell & Brown, 2000). Post hoc analyses for significant effects 
or interactions were performed using Tukey’s test, with  set to 
p  .05. Planned t test comparisons were conducted for trials to 
criterion and mean correct latencies on ED shifting by age, given 
the different cognitive constructs measured at this stage, as well as 
on ID shifting for comparative purposes. Where significant effects 
of age were observed, equality of variance was also assessed using 
Levene’s test of equality of error variances. The relationship between 
ED shifting as measured by trials to criterion and correct response 
latencies was assessed via continuous (regression) and categorical 
(quartile split—top and bottom 25%) analyses as described previ-
ously (Swerdlow et al., 2006). Data were analyzed using SPSS.

(30 18 12 cm), with clear plastic panels used to separate half of 
the cage into two equal sections. The two digging bowls were placed 
in each quarter section, with access to these sections limited by re-
movable dividers. The removable dividers were used to deny the mice 
access to the other bowl after they had made a selection.

Shaping
On Day 1, the mice were introduced to the testing chamber and 

room and were trained to dig in unscented bedding for a food re-
ward. On Day 2, the mice were required to dig selectively in bowls 
containing each of the odors they would encounter in the main task, 
with platforms varied so that they encountered each platform prior 
to testing. The criterion for a dig was defined as when the nose or 
paws of the mouse broke the surface of the digging medium. This 
criterion was used throughout testing.

ASST Paradigm
Each trial was initiated by raising the divider, allowing access to 

two digging bowls, one of which was baited. For the first four trials, 
the mice were permitted to dig in the unbaited bowl without con-
sequence, although an error was recorded, so that if one bowl was 
investigated in error, the mouse could move to the second baited 
bowl and learn the cue contingency. Errors on subsequent trials re-
sulted in the mouse’s being denied entry to the other area, an error 
recorded, and the trial restarted. Trials would continue until six 
consecutive correct responses had been made. Throughout the test 
session, the mice were required to perform a series of discrimina-
tions in which they had to select a bowl on the basis of a stimulus 
in a particular dimension, either odor or platform. Examples of the 
discriminations required to be made are found in Table 1. For ex-
ample, in the simple discrimination (SD), the only relevant dimen-
sion present in the example provided would be odor. Compound 
discrimination (CD) would introduce the second dimension (plat-
form), but the relevant stimulus (odor) in the SD would still iden-
tify the correct bowl. The first reversal (CDR) would require the 
mouse to respond in the bowl with the previously irrelevant odor. 
Subsequently, the mice would have to perform an ID shift wherein 
two novel odors were presented and only one would identify the 
baited bowl. The second reversal (IDR) would require the mouse 
to respond in the previously irrelevant odor-filled bowl. The mice 
would then be required to perform an ED shift, wherein the previ-
ously irrelevant dimension (platform) would then be relevant and 

Table 1 
Example of the Testing Stages and Possible Stimulus Combinations  

in the Attentional-Set-Shifting Task for Mice

 
Dimension

Exemplar 
Combination

Discrimination  Relevant  Irrelevant  Correct  Incorrect

Simple discrimination odor O1 O2

Compound discrimination (CD) odor platform O1/P1 
O1/P2

O2/P1 
O2/P2

CD reversal odor platform O2/P1 
O2/P2

O1/P1 
O1/P2

Intradimensional (ID) shift odor platform O3/P3 
O3/P4

O4/P3 
O4/P4

ID reversal odor platform O4/P3 
O4/P4

O3/P3 
O4/P4

Extradimensional (ED) shift platform odor P5/O5 
P5/O6

P6/O5 
P6/O6

ED reversal platform odor P6/O5 
P6/O6

P5/O5 
P5/O6

Note—Mice were counterbalanced so that one half received odor as the initial rel-
evant dimension, whereas the other half received platform. Thus, the correct exem-
plar is provided in bold.
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[F(2,111)  5.7, p  .005]; post hoc analyses revealed 
that performance at CD was significantly faster in all 
groups, as compared with the SD or ID stages ( p  .05).

Reversal Learning
After the discrimination stages CD, ID, and ED, the cor-

rect exemplars were reversed for CDR, IDR, and EDR, as-
sessing reversal learning. No differences in trials to crite-
rion were observed between young and old mice, nor was 
there an age  stage interaction or a main effect of stage. 
Young and old mice also did not differ in mean correct 
latency during reversal learning, nor was there an age  
stage interaction.

ID/ED Task Validation
The ASST has been designed so that internal valida-

tion of attentional set formation can be assessed by com-
paring the performance of animals in the ID versus ED 
stages. Poorer ED versus ID performance would suggest 
that the animals had formed an attentional set to the ini-
tial stimulus dimension. Hence, we compared the ID/ED 
performance of all mice. When comparing overall trials 
to criterion, a significant ID/ED difference was observed 
[F(1,70)  20.1, p  .0001; Figure 1]. Tukey’s post hoc 
analyses revealed that mice took significantly more tri-
als to perform an ED shift, as compared with an ID shift 
( p  .05). A significant main effect of stage was also RESULTS

Overall Performance
The performances of young and old C57BL/6N mice 

on the ASST were compared. Given the novelty of the 
parameters used, the data were analyzed for conceptual 
validity—that is, that performance in the ED shift was 
significantly worse than that in the ID shift and that this 
effect was apparent in young and old mice irrespective 
of starting stimulus dimension. A significant main effect 
of stage was observed on trials to criterion in the ASST 
[F(6,198)  5.6, p  .001; Figure 1]. In comparison with 
young mice, aged mice exhibited no significant difference 
in trials to criterion, with no effect of starting dimension 
and no stage  age interaction observed. A main effect 
of stage was noted on mean correct latency [F(6,198)  
4.8, p  .01], whereas aged mice did not differ signifi-
cantly from young mice in overall mean correct latency. 
No stage  age interaction was observed for mean correct 
latency. Given the differences in performance at the vari-
ous stages, performance was analyzed according to the 
cognitive constructs represented by the stages (Birrell & 
Brown, 2000).

Discrimination Learning
We examined the performance of animals in discrimi-

nation learning (stages SD, CD, and ID) because each of 
these required no rule shift. There were no differences in 
the number of trials to criterion based on age or stages, 
nor was there an age  stage interaction. No mean cor-
rect latency differences were observed between young and 
old mice or in an age  stage interaction. A main effect 
of stage was observed on mean correct latency, however 
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Figure 1. Trials to criterion for each stage of the attentional-
set-shifting task (ASST) in young and old mice. Mice could 
perform the ASST when odors and platforms were used as the 
perceptual dimensions. The mice were required to perform six 
correct responses consecutively in each stage before moving on 
to the next stage, from simple discrimination (SD), to compound 
discrimination (CD), CD reversal (CDR), intradimensional 
(ID) shift (IDS), ID reversal (IDR), extradimensional (ED) shift 
(EDS), and finally ED reversal (EDR). Data are presented as the 
mean SEM. *p  .05.
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Figure 2. Correct latency performance of mice during intradi-
mensional (ID) and extradimensional (ED) shifts by starting di-
mensions, and correct latency differences for the mice when they 
switched from odor (O) to platform (P) or from P to O between ID 
and ED shifts, respectively. Irrespective of initial starting dimen-
sion (O or P), the mice took longer to choose the correct bowls 
when switching to the novel stimulus dimension. Data are pre-
sented as mean SEM. *p  .05 when compared with ID shift 
in corresponding starting dimension.
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with young mice [Levene’s test of sphericity: F(1,35)  
5.0, p  .05; Figure 4B]. These data are best represented 
by a scatterplot depicting the greater individual variance 
in mean correct latency in aged animals in the ED, but not 
the ID, phase of the task (Figure 4B).

Because latency changes can be interpreted as either 
changes in speed–accuracy trade-off or simply alterations 
in locomotor activity in aged mice, we examined the rela-
tionship between trials to criterion and choice latency. If 
mice with high latencies show low trials to criterion, this 
result may indicate a speed–accuracy trade-off strategy. 
Although not significant, mean correct latency exhibited 
a negative correlation with trials to criterion on ED shift 
performance (r  .25, p  .15). The relationship be-
tween ED trials to criterion and mean correct latencies 
was also examined, using only the mice in the highest and 
lowest quartiles of trials to criterion in the ED phase, as 
has been described previously for other measures (Swerd-
low et al., 2006). The mean correct latencies of young 
mice with high versus low ED trials to criterion did not 
differ [F(1,8)  3.0, p  .21; Figure 5A]. Old mice with 
low ED trials to criterion were significantly slower than 
old mice with high ED trials to criterion [F(1,8)  6.4, 
p  .05; Figure 5B].

DISCUSSION

In the present study, we demonstrated that mice can 
readily be trained to discriminate between odors or plat-
forms in performance on the ASST. Surprisingly, however, 
aged (24 months) mice did not exhibit a deficit in ASST 
performance, as compared with young (4 months) mice, 
as measured by trials to criterion. Aged mice did, how-
ever, exhibit significantly longer correct latencies than 
did young mice, specifically in the more difficult stage of 
the task—that is, the ED shift stage—with no differences 
observed at any other stage. This slowing of performance 
in some mice may reflect a speed–accuracy trade-off. 
This interpretation is supported by our finding that the 
aged mice with the lowest trials to criterion exhibited the 
longest choice latencies, which was not observed in the 
young mice. These data support the conclusion that aged 
mice may use a different strategy (speed–accuracy trade-
off) in the ASST to maintain accurate performance.

The validity of the ASST for probing executive func-
tions is thought to be dependent on observing a significant 
increase in trials to criterion for the ED stage, as compared 
with the ID stage. Here, we observed a clear ID/ED dif-
ference irrespective of initial perceptual dimension, sug-
gesting that ED shift performance assessed attentional set 
shifting. This ID/ED shift has not always been observed 
with mice in this task, likely due to methodological differ-
ences. To our knowledge, only two (DeSteno & Schmauss, 
2008; Papaleo et al., 2008) of eight (Brigman, Bussey, 
Saksida, & Rothblat, 2005; Colacicco, Welzl, Lipp, & 
Wurbel, 2002; Garner, Thogerson, Wurbel, Murray, & 
Mench, 2006; Laurent & Podhorna, 2004; Levi, Kofman, 
Schwebel, & Shaldubina, 2008; Zhuo et al., 2007) mouse 
studies have demonstrated an ID/ED shift in parameters 

observed for mean correct latency [F(1,70)  15.0, p  
.0001]. Post hoc analyses revealed that mean correct laten-
cies were longer for ED trials than for ID trials ( p  .05; 
Figure 2).

Aging Effects on ED Shifting
The performances of young and old mice were com-

pared in ID and ED shifting. These comparisons were 
made to determine whether there was a general aging 
effect on rule learning in novel stimuli (ID shifting) or 
whether aging selectively affected prefrontally mediated 
(Bissonette et al., 2008) attentional set shifting (ED shift) 
(Birrell & Brown, 2000). Since ED was the only stage in 
which attentional set shifting was specifically examined, 
planned t test comparisons were performed on the effect 
of age on ED shift performance. No effect of age on total 
trials to criterion was observed for ID or ED shifting. Old 
mice took significantly longer to make a correct response 
in ED shifting than did young mice, however, as measured 
by mean correct latency (t  2.2, p  .05; Figure 3). 
No difference in the mean correct latencies of ID shifting 
was observed between old and young mice (t  1, n.s.). 
Furthermore, there was no difference in the variability 
between young and old mice in latency to respond dur-
ing ID shifting (Figure 4A). Aged mice, however, exhib-
ited a significantly greater increase in the variability of 
mean correct latency during the ED shift, as compared 
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Figure 3. Age-related differences in mean correct latencies 
for mice moving through attentional-set-shifting task (ASST) 
stages. Correct latencies for young and old mice were compared 
as they performed the intradimensional (ID) shift, ID reversal 
(IDR), and the extradimensional (ED) shift. Age did not affect ID 
or IDR correct latencies, but had negative impact on the latency 
for mice to complete a correct ED shift. Data are presented as 
mean SEM. *p  .05 when compared with performance at ID 
shift. #p  .05 when compared with young mice.
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neither ID/ED shifts nor performance differences from 
simple to reversal learning were observed (Zhuo et al., 
2007). Thus, although an effect of aging was observed, 
the interpretation of the data remains ambiguous, since 
there was not a clear attentional set formed in these mice. 
These ambiguities also make it more difficult to com-
pare with the present study. The present data do not fully 
support the idea that mice exhibit age-related deficits 
in performance of a set-shifting task. This finding is in 
contrast with previous human (Ashendorf & McCaffrey, 
2008; Owen et al., 1991; Rhodes, 2004) and rat (Barense 
et al., 2002) studies and may reflect the fact that the mice 
in the present study were younger than is required for an 
observed deficit in trials to criterion. The data do sup-
port the conclusion, however, that some aged mice did 
begin to exhibit altered performance in the task, because 
we found much higher variability in latency to respond in 
aged mice than in young mice. Although humans and rats 
exhibit poorer trials to criterion in ED shifting (Barense 
et al., 2002; Owen et al., 1991), aged mice in the present 
study exhibited longer mean correct latencies in ED shift-
ing. The strategy for maintenance of accuracy at the ex-

consistent with rats and humans (reviewed in Young, 
Powell, et al., 2009). Bisonette et al. (2008) utilized four 
ID shift stages to ensure that mice showed an attentional 
set when moved to the ED stage. The use of multiple ID 
stages to demonstrate an ID/ED effect is in contrast to 
the present study, in which only one ID shift was utilized, 
consistent with the original report for the task in rats (Bir-
rell & Brown, 2000). The data presented here support the 
conclusion that mice can form an attentional set, with ID/
ED differences observed in trials to criterion and mean 
correct latency. The present data also extend the dimen-
sions from which stimuli can be selected when ASST is 
assessed, since the mice readily utilized platform cues to 
discriminate between stimuli. These findings are consis-
tent with the utility of platforms as cues for rats in the 
cross-maze set-shifting paradigm (Stefani et al., 2003; 
Stefani & Moghaddam, 2003).

Only one aging study (Zhuo et al., 2007) in mice in 
the ASST has been reported previously. This longitudinal 
study assessed the ASST performance of mice with the 
amyloid precursor protein mutation (TG2576). Although 
an effect of aging was observed for every stage in the task, 
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Figure 4. Individual mean correct latencies for mice at intradimensional (ID) and extradi-
mensional (ED) shifts. The mean correct latencies of individual mice at the ID and ED shift 
stages were plotted and compared. (A) Latencies to perform ID shifts did not differ by age. 
(B) Latencies to perform ED shifts did, however, separate by age, with some old mice (age 
unimpaired) exhibiting performance at levels comparable to those of young mice, whereas 
other mice exhibited an age-related decline in performance (age impaired) as measured by 
increased mean correct latency. *p  .05 for test of equality of error variance, as compared 
with young mice.
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increased task difficulty with ED rule shifting (Figure 2) 
and age in mice resulted in longer latencies (Figures 3 
and 5), whereas rats were reported to exhibit an increase 
in errors (Barense et al., 2002). When performing a sus-
tained attention task, aged rats exhibited both reduced ac-
curacy and longer response latencies, when compared with 
younger rats (Muir, Fischer, & Björklund, 1999). These 
results were interpreted as indicative of age-induced inat-
tention, although processing speed deficiencies may have 
contributed as performance improved to levels compa-
rable to those for younger rats with a small increase in 
stimulus duration (Muir et al., 1999). Thus, caution must 
be taken when interpreting data that may have been con-
founded by processing speed differences in rodents. These 
data highlight the utility of the speed–accuracy trade-off 
as a strategy in older animals for maintaining accuracy 
of performance. These speed–accuracy trade-off data in 
olfactory discrimination therefore support the hypothesis 
that older mice may have had greater difficulty in per-
forming the ED shift, as compared with younger mice. 
It is certainly possible that latency increases were due to 
nonselective slowing of locomotor activity in aged mice; 
however, the restriction of these findings to stages that 
were most difficult (i.e., latency reductions were observed 
only in the ED stage, and not in the ID stage) would argue 
against this interpretation. In addition, the aged mice in 
these studies did not show a significant change in loco-
motor activity/exploration, as measured in the open field 
via distance traveled or average velocity (data not shown), 
suggesting that the long response rate was not due simply 
to nonspecific reductions in motor activation.

In the present study, young and old mice did not differ 
in simple discrimination learning (SD, CD, and ID shift-
ing), as measured by trials to criterion or mean correct la-
tency. Although there was an effect of stage, this effect was 
observed only as the mean correct latency for CD being 
shorter than that for SD or ID, likely due to the familiar-
ity of the stimuli. The reversal learning performances of 
the mice (CDR, IDR, and EDR shifts) were significantly 
poorer, as measured by trials to criterion, than those for 
simple learning stages (CD, ID, ED shifts), however. 
These data indicate that the mice had acquired the dis-
crimination rules and were not simply using an unknown 
strategy (e.g., bait scent) to perform the task. No effect 
of age on reversal learning performance, as measured by 
either errors or response latencies, was observed, findings 
that are consistent with the results of human studies of 
aging with similar tasks (Owen et al., 1991). Therefore, 
in the present study, the only age-related effect on mouse 
performance on the ASST appeared to be selective for re-
sponse latencies in ED shifting. The selectivity for aging 
effects on this stage exhibits some consistency with the 
findings of human and rat studies (Barense et al., 2002; 
Owen et al., 1991). Another practical consideration of the 
use of the ASST in modeling cognitive decline with age is 
whether or not there is enough power to detect individual 
differences across aged animals for future mechanistic or 
treatment studies. Although power to detect AI and AU 
groups will vary with the criterion used (e.g., median 

pense of speed is consistently observed in psychological 
testing in humans, including the elderly, and is referred to 
as a speed–accuracy trade-off (Busemeyer & Townsend, 
1993). The observation that the aged mice that performed 
most accurately in this test were significantly slower than 
poorer performing older mice supports the hypothesis that 
they adopted a speed–accuracy trade-off strategy. Younger 
mice, however, did not show a relationship between mean 
correct latency and accuracy, suggesting that this strategy 
was adopted only in the aged group.

Previous studies have suggested that mice demonstrate 
a speed–accuracy trade-off in other cognitive domains, 
especially when olfactory cues are used. In the odor dis-
crimination choice reaction time task, increasing odor 
similarity, which presumably increases discrimination 
difficulty, resulted in longer reaction times in mice that 
maintained high accuracy (Abraham et al., 2004; Rinberg 
et al., 2006). Interestingly, when challenged similarly, rats 
did not lengthen their reaction times but committed more 
errors, reducing their accuracy in responding (Uchida & 
Mainen, 2003). Therefore, consistent with these findings, 
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Figure 5. Examination of the relationship between extradimen-
sional (ED) shift trials to criterion and mean correct latencies for 
young and old mice. The ED shift performance of old and young 
mice, as measured by trials to criterion, was split within the two 
age groups into high (poor performers) and low (good perform-
ers) quartiles (i.e., top and bottom 25%). The mean correct laten-
cies (MCLs) of these mice were then compared between quartiles 
within each age group. (A) Top performing young mice, as mea-
sured by ED trials to criterion, did not differ significantly in speed 
from poorer performing mice. (B) Older mice that performed well 
on ED shift trials to criterion were significantly slower than poorly 
performing older mice. Data are presented as mean SEM. *p  
.05 when compared with poor performing old mice.
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the Wisconsin Card Sorting Test a useful neurocognitive endopheno-
type? American Journal of Medical Genetics B, 144, 403-406.

Laurent, V., & Podhorna, J. (2004). Subchronic phencyclidine treat-
ment impairs performance of C57BL/6 mice in the attentional set-
shifting task. Behavioural Pharmacology, 15, 141-148.

Lee, H. K., Min, S. S., Gallagher, M., & Kirkwood, A. (2005). 
NMDA receptor-independent long-term depression correlates with 
successful aging in rats. Nature Neuroscience, 8, 1657-1659.
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Discrimination and avoidance learning in adult mice following de-
velopmental exposure to diisopropylfluorophosphate. Pharmacology 
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ioural Brain Research, 146, 97-103.

Mhyre, T. R., Chesler, E. J., Thiruchelvam, M., Lungu, C., Cory-
Slechta, D. A., Fry, J. D., et al. (2005). Heritability, correlations 
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inbred strains of mice. Genes, Brain, & Behavior, 4, 209-228.

Muir, J. L., Fischer, W., & Björklund, A. (1999). Decline in visual 
attention and spatial memory in aged rats. Neurobiology of Aging, 
20, 605-615.

Nicolle, M. M., & Baxter, M. G. (2003). Glutamate receptor binding in 
the frontal cortex and dorsal striatum of aged rats with impaired atten-
tional set-shifting. European Journal of Neuroscience, 18, 3335-3342.

split, quartile extremes, or two standard deviations from 
the mean of young performers) and with the method (e.g., 
age at testing), in the present study, aged animals showed 
the highest variability in ED latency performance (Fig-
ure 4B). Thus, this measure may allow for the strongest 
detection of differences in individual task performance, 
as compared with other phases of the task, or in trials to 
criterion measures.

Although the relationship between speed and accuracy 
is not always clear, there is evidence to support a speed– 
accuracy effect in ED shifting in mice performing the 
ASST. Bissonette et al. (2008) demonstrated that, con-
sistent with human and rat neuroanatomical studies (Bir-
rell & Brown, 2000; McAlonan & Brown, 2003; Owen 
et al., 1991), medial prefrontal cortex (mPFC) lesioned 
mice exhibited impaired ED shifts, whereas orbitofrontal 
lesioned mice exhibited impaired reversal learning. Inter-
estingly, mice with mPFC lesions exhibited a poorer ac-
curacy in the ED shifting stage only, whereas the response 
latencies of these mice were shorter than those of sham 
lesioned controls in ED shifting only (Bissonette et al., 
2008), suggesting that faster responses may be linked 
to poor performance in impaired animals. The present 
findings suggest that the converse may also be observed, 
with age-impaired animals lengthening response time to 
maintain accuracy. In conclusion, mice can demonstrate 
an attentional set shift. Moreover, platforms can be used 
as a perceptual dimension, which may alleviate the am-
biguity of differentiating between digging and sampling 
when digging media are used. The present study adds to 
the cross-species translational validity of using the ASST 
in mice and highlights the importance of assessing latency 
to respond, because this measure may unmask subtle cog-
nitive differences or strategies. Finally, the ASST in mice 
may be useful for examining compensatory changes or 
resilience factors (Mhyre et al., 2005), which may contrib-
ute to successful cognitive aging (Glatt et al., 2007) in the 
executive function domain.
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