
Brief Communication

Visual object pattern separation deficits
in nondemented older adults
Chelsea K. Toner,1 Eva Pirogovsky,2 C. Brock Kirwan,3 and Paul E. Gilbert1,2,4

1Department of Psychology, San Diego State University, San Diego, California 92120, USA; 2San Diego State University/University

of California San Diego Joint Doctoral Program in Clinical Psychology, San Diego, California 92120, USA; 3Department of

Psychiatry, University of California, San Diego, California 92120, USA

Young and nondemented older adults were tested on a continuous recognition memory task requiring visual pattern
separation. During the task, some objects were repeated across trials and some objects, referred to as lures, were
presented that were similar to previously presented objects. The lures resulted in increased interference and an increased
need for pattern separation. For each object, the participant was asked to indicate whether (1) this was the first time the
object was seen (new), (2) the object was seen previously (old), or (3) the object was similar to a previous object (similar).
Older adults were able to correctly identify objects as old or new as well as young adults; however, older adults were
impaired when identifying lures as similar. Therefore, pattern separation may be less efficient in older adults resulting in
poorer recognition memory performance when interference is increased.

A primary region of the brain affected by normal aging is the
hippocampus in humans (Good et al. 2001; Allen et al. 2005;
Driscoll and Sutherland 2005; Raz et al. 2005; Walhovd et al. 2005)
and animal models (Rosenzweig and Barnes 2003; Driscoll et al.
2006). However, the subregions of the hippocampus may be
differentially affected by normal aging (Small et al. 2002, 2004).
The dentate gyrus (DG) subregion may be particularly susceptible
to age-related changes in both humans (Small et al. 2002) and
animal models (Small et al. 2004; Patrylo and Williamson 2007),
whereas aging may have less of an impact on pyramidal cells in
the CA subregions (Small et al. 2002, 2004). In contrast, the CA
subregions of the hippocampus may be more vulnerable to
pathological aging associated with Alzheimer’s disease (Braak
and Braak 1996; Price et al. 2001; West et al. 2001). Therefore,
tasks sensitive to dysfunction in particular subregions of the
hippocampus may help to differentiate cognitive impairment
associated with normal aging from pathological changes associ-
ated with Alzheimer’s disease. Although hippocampal-dependent
tasks are highly sensitive to age-related changes in the brain (for
review, see Rosenzweig and Barnes 2003), behavioral studies in
humans have not examined the performance of nondemented
older adults on tasks shown to be particularly sensitive to DG
function. As described in detail below, a key function of the DG
may be to support pattern separation. Age-related changes in the
DG may impair the ability to reduce similarity among new input
patterns, resulting in decreased pattern separation (Wilson et al.
2006). Therefore, decreased efficiency in pattern separation may
be a critical, but relatively unexamined, processing deficit in
nondemented older humans.

Pattern separation is described as a mechanism for separating
partially overlapping patterns of activation so that one pattern
may be retrieved as separate from other patterns (Gilbert et al.
2001; Gilbert and Kesner 2006; Kirwan and Stark 2007). The
operation of a pattern separation mechanism is critical for re-
ducing potential interference among similar memory representa-
tions and increasing the likelihood of accurate encoding and

subsequent retrieval. Models have suggested that the hippocam-
pus may support pattern separation (Marr 1971; McNaughton and
Nadel 1989; O’Reilly and McClelland 1994; Shapiro and Olton
1994; Rolls 1996, 2007; Rolls and Kesner 2006; Kesner 2007; Myers
and Scharfman 2008). Based on characteristics of the mossy fiber
system, pattern separation may be facilitated by the DG and its
mossy fiber projections to the CA3 subregion of the hippocampus
(Gilbert et al. 2001; Gilbert and Kesner 2006; Rolls and Kesner
2006; Leutgeb et al. 2007; McHugh et al. 2007; Rolls 2007; Bakker
et al. 2008; Goodrich-Hunsaker et al. 2008; Hunsaker and Kesner
2008). Numerous studies have provided evidence that the DG and
CA3 may play a key role in pattern separation using electrophys-
iological methods (Tanila 1999; Leutgeb et al. 2004, 2005, 2007;
Leutgeb and Leutgeb 2007; Renaudineau et al. 2007), behav-
ioral experiments utilizing localized neurotoxin induced lesions
(Gilbert et al. 1998, 2001; Lee et al. 2005; Gilbert and Kesner 2006;
Goodrich-Hunsaker et al. 2008; Hunsaker and Kesner 2008), and
genetic manipulations (Cravens et al. 2006; Kubik et al. 2007;
McHugh et al. 2007).

To examine pattern separation in humans, Kirwan and Stark
(2007) developed a paradigm to measure brain activity using high
resolution functional magnetic resonance imaging (fMRI) while
young, healthy human participants performed a continuous rec-
ognition task involving highly similar stimuli. On this task,
pictures of everyday objects were shown one at a time to each
participant in the fMRI scanner. Some of the objects were repeated
across trials and some objects, referred to as lures, were presented
that were very similar but not identical to previously presented
objects. The lures were hypothesized to result in increased in-
terference and an increased need for pattern separation based on
overlapping object features. Activity in the hippocampus distin-
guished between correctly identified old stimuli, correctly rejected
similar lure stimuli, and false alarms to similar lures. The data
provide compelling evidence that the hippocampus may play
a significant role in pattern separation in humans. Another study
from the same laboratory (Bakker et al. 2008) reported that when
participants viewed these same stimuli in the fMRI scanner the
results showed a consistent bias toward pattern separation in the
DG and CA3 subregions (Bakker et al. 2008). Therefore, the DG
and CA3 subregions of the human hippocampus may play
a critical role in pattern separation.
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Despite substantial evidence suggesting that hippocampal
dysfunction is associated with aging, studies have not examined
pattern separation in nondemented older adults. Behavioral tasks
that measure pattern separation may be a powerful and largely
unexamined tool for the early detection of DG dysfunction
associated with aging. Inefficient pattern separation may disrupt
numerous mnemonic functions critical for the execution of daily
living skills. Therefore, the present study examined pattern
separation in nondemented older adults using a paradigm de-
veloped by Kirwan and Stark (2007).

The present study sample consisted of 20 nondemented older
adults over 65 yr of age (average 74.4 yr, SE 1.64) and 20 young
adults (average 19.15 yr, SE 0.30). The average years of education
was 13.85 (SE 0.26) years for young adults and 15.05 (SE 0.41) for
older adults. A one-way analysis of variance revealed a statistically
significant difference in education level F(1,38) = 5.98, P < 0.05.
However, the mean difference in education level was only one year
and the higher education level was in the older adults. Older
adults were screened for dementia using the Dementia Rating
Scale (DRS) (Mattis 1976). The average DRS score for older adults
was 136.10 (SE 1.02) and any participant who scored <123 was
excluded from the study. Older adult participants also completed
a battery of standardized neuropsychological tests including the
Trail Making and Color–Word Interference subscales from the
Delis Kaplan Executive Function System (D-KEFS) (Delis et al.
2001), as well as the Hopkins Verbal Learning Test–Revised (HVLT–
R) (Brandt 1991).

Young and older adults completed an established continu-
ous recognition memory task requiring pattern separation for
visual object information (Kirwan and Stark 2007; Bakker et al.
2008). Color photographs of everyday objects were shown one at
a time on a computer screen to each participant. Some of the
objects were repeated across trials and some objects, referred to as
lures, were presented that were very similar but not identical to
previously presented objects. The lures were hypothesized to result
in increased interference and an increased need for pattern
separation based on object features (Kirwan and Stark 2007).
Participants were informed that several pictures of objects would
be viewed during the task. When each object was presented, the
participant was asked to press one of three buttons on a keyboard
to indicate whether (1) this was the first time the object was seen
during the task (new), (2) the object was seen previously during
the task (old), or (3) the object was similar to an object seen
previously during the task (similar). Instructions were visible at the
bottom of the screen throughout testing. Participants were given
six blocks of 108 stimuli each and were allowed to respond at their
own pace. Trials were presented in random order with the mean
lag separating the first and repeat or first and lure stimuli being
;30 trials.

The mean proportion of responses of old, similar, or new to
first, repeated, and lure stimuli for young and older adults are
shown in Figure 1. A 2 3 3 analysis of variance (ANOVA) with
group (young adults, older adults) as a between-group factor and
stimulus (first, repeat, lure) as a within-group factor was used to
analyze correct responses. The analysis revealed a significant main
effect of group F(1,38) = 27.80, P < 0.001, a significant main effect of
stimulus F(2,76) = 85.73, P < 0.001, and a group 3 stimulus
interaction F(2,26) = 5.08, P < 0.01. A Newman–Keuls post-hoc
comparison test of group 3 stimulus interaction revealed that
young adults significantly outperformed older adults (P < 0.05)
when correctly identifying lures as similar (Fig. 1). However, there
were no significant age-related differences in correctly identifying
first stimuli as new or repeated stimuli as old.

A 2 3 2 ANOVA with group (young adults, older adults) as
a between-group factor and error type (old, new) as a within-group
factor was used to analyze the types of errors committed in
response to lure stimuli. The analysis revealed a significant main
effect of group F(1,38) = 15.50, P < 0.001 and a significant main
effect of error type F(1,38) = 101.58, P < 0.001; however, the group 3

stimulus interaction did not reach significance F(1,38) = 2.11, P =

0.15. The results demonstrate that nondemented older adults
committed significantly more errors when identifying lure stimuli
(Fig. 1).

To examine the number of correct responses to lure stimuli
(responding similar) relative to the number of false positive
responses to lures (responding old), difference scores were calcu-
lated for each participant by subtracting the number of old
responses to lure stimuli from the number of similar responses
to lure stimuli. A one-way ANOVA with group (young adults, older
adults) as a between-group factor and the difference scores as the
dependent variable revealed a significant between-group differ-
ence F(1,38) = 14.57, P < 0.001. Younger adults were more likely to
label a lure stimulus as similar, whereas older adults were more
likely to label a lure as old (Fig. 2).

The present results indicate that young adults significantly
outperformed older adults when correctly identifying lures as
similar. Rather than correctly identifying lures as similar, older
adults were more likely to commit false positive errors and identify
the stimuli as old. Therefore, age-related changes in hippocampal
subregions of nondemented older adults may result in less
efficient pattern separation. However, there were no significant
age-related differences in correctly identifying first stimuli as new
or repeated stimuli as old. Therefore, the ability of older adults to
correctly recognize repeated and new stimuli suggests that the age-
related differences in identifying lure stimuli were not due solely
to general recognition memory deficits.

As mentioned previously, there is growing evidence suggest-
ing that pattern separation is facilitated by the DG and its mossy

Figure 1. The mean proportion of responses (+ SE) of old, similar, or new to the (A) first presentation of objects (FIRST), (B) objects presented previously
during the experiment (REPEATED), and (C) objects that were similar to previously presented objects (LURE) for young and older adults on a continuous
recognition memory task for visual objects.
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fiber projections to the CA3 subregion of the hippocampus. The
DG may be particularly susceptible to age-related changes (Small
et al. 2002, 2004). In addition, neuroimaging studies have dem-
onstrated that the present task is associated with activation of the
DG and CA3 subregions of the hippocampus and may be a good
measure of pattern separation (Kirwan and Stark 2007; Bakker
et al. 2008). A recent model published by Wilson et al. (2006)
suggests that age-related changes in the DG may impair the ability
to reduce similarity among new input patterns, resulting in
decreased efficiency in pattern separation. In addition, the model
proposes that, with advanced age, the CA3 subregion may become
entrenched in pattern completion (Wilson et al. 2006). Pattern
completion is described as a mechanism by which a pattern of
activation can be completed or retrieved based on incomplete
input (McNaughton and Nadel 1989; O’Reilly and Rudy 2000;
Guzowski et al. 2004; Lee et al. 2004; Kesner et al. 2005; Rolls and
Kesner 2006). The model proposes that age-related changes in the
hippocampus strengthen the autoassociative network of the CA3
subregion at a cost of processing new information and enhancing
pattern separation (Wilson et al. 2006). In the present task, when
lure stimuli were presented, age-related changes in the DG may
decrease pattern separation, whereas pattern completion may be
increased in the CA3 subregion. Therefore, rather than correctly
identifying a lure stimulus as similar based on the operation of
a pattern separation mechanism, pattern completion may domi-
nate and the lure stimulus may be incorrectly identified as an old
stimulus, resulting in a false positive error.

To examine the number of correct responses to lure stimuli
relative to the number of false positive responses to lures,
difference scores were calculated for each participant. A positive
difference score is indicative of more correct responses to lure
stimuli than incorrect responses. Therefore, efficient pattern
separation is reflected by higher difference scores in the positive
direction. A negative mean difference score is indicative of more
incorrect responses to lure stimuli than correct responses, suggest-
ing decreased pattern separation efficiency and an increase in false
positive errors. The average difference score for the younger adults
suggests that they were more likely to label a lure stimulus as
similar rather than old (Fig. 2). However, the average difference
score for the older adults suggests that they were more likely to
label a lure stimulus as old rather than similar. Thus, the present
data are consistent with the model proposed by Wilson et al.
(2006). The present findings suggest that pattern separation may
be less efficient in nondemented older adults and the findings
offer insight into a potential mechanism that may contribute to
increased false positive errors.

Older adult participants also completed a battery of stan-
dardized neuropsychological tests including subscales from the

D-KEFS and the HVLT–R. Executive function tasks from the D-
KEFS are thought to be sensitive to frontal lobe function, whereas
serial list learning tests such as the HVLT–R are thought to rely on
medial temporal lobe function. Pearson r correlations were used to
examine relationships between the ability of older adults to
correctly identify lure stimuli and performance on the measures
from the HVLT–R and the D-KEFS (Table 1). The ability of older
adults to correctly identify lures was significantly correlated with
indices of medial temporal lobe function on the HVLT–R, with the
exception of recognition discriminability. The executive function
measures on the Trail Making Test (number–letter switching) or
Color–Word Interference Test (inhibition and inhibition/switch-
ing) were not correlated with number of lures correctly identified.
However, a significant correlation was detected between task
performance and number sequencing, a basic component process
involved in completing the number–letter switching executive
function task. The results suggest a relationship between perfor-
mance on the present visual pattern separation task and perfor-
mance on standardized tests that are sensitive to medial temporal
lobe function. However, there was no relationship between
performance on the present task and executive function tests
sensitive to frontal lobe function.

Although the aforementioned functional neuroimaging stud-
ies suggest that the human DG and CA3 hippocampal subregions
support pattern separation based on overlapping object features
(Kirwan and Stark 2007; Bakker et al. 2008), the perirhinal cortex
also may play a role in pattern separation for objects. Lesion
studies involving rats and monkeys indicate that lesions of the
perirhinal cortex typically disrupt object recognition; however,
hippocampal lesions produce variable results on object recogni-
tion tasks (for review, see Murray et al. 2000). Specifically, studies
have shown that the perirhinal cortex may function to distinguish
between visual objects with overlapping features to reduce feature
ambiguity (Bussey et al. 2002, 2006; Gilbert and Kesner 2003;
Norman and Eacott 2004; Bartko et al. 2007). However, some
studies have suggested that the hippocampus may play little role is
disambiguating object features (Saksida et al. 2006). Studies using
stereological methods for quantifying neuronal numbers in
rodents (Rapp et al. 2002) and magnetic resonance imaging in
humans (Insausti et al. 1998) have reported that total neuron
numbers and cortical volumes are largely preserved in the peri-
rhinal cortex in aged rats and humans, respectively. Others have
postulated that age-related functional changes in perirhinal cortex

Figure 2. Mean difference scores (number of similar responses to lure
stimuli � number of old responses to lure stimuli) for young and older
adults on a continuous recognition memory task for visual objects. Lure
objects were very similar but not identical to previously presented objects.

Table 1. A summary of the results from Pearson r correlations

HVLT–R

Total immediate recall r = 0.57 P < 0.01
Delayed recall r = 0.64 P < 0.01
Retention r = 0.56 P < 0.05
Recognition discriminability r = 0.13 P = 0.59

D-KEFS trail making test
Visual scanning r = �0.13 P = 0.59
Number sequencing r = �0.35 P = 0.13
Letter sequencing r = �0.62 P < 0.01
Number–letter switching r = �0.17 P = 0.49
Motor speed r = �0.32 P = 0.16

D-KEFS Color–Word Interference Test
Color naming r = �0.12 P = 0.64
Word reading r = �0.12 P = 0.63
Inhibition r = �0.39 P = 0.09
Inhibition/switching r = �0.30 P = 0.21

Summary of results examines the relationships between the ability of
older adults to correctly identify lure stimuli and performance on
standardized neuropsychological measures from the HVLT–R and the
D-KEFS.
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may result in deficits on tasks such as fear conditioning in rodents
(Moyer Jr. and Brown 2006). Therefore, age-related functional
changes in the perirhinal cortex also may contribute to the
decreased ability of older adults to identify lure stimuli as similar
in the present study.

In conclusion, age-related changes in the hippocampal sub-
regions of nondemented older adults may result in less efficient
pattern separation. As a result, older adults may demonstrate
poorer recognition memory performance when interference is
increased. Pattern separation tasks have been shown to be partic-
ularly sensitive to DG function in both humans and animal
models. Since the DG may be particularly sensitive to age-related
changes in the hippocampus, the present task offers unique
insight into the possible behavioral effects of age-related DG
dysfunction. In addition, functional changes in the perirhinal
cortex also may contribute to decreased visual object pattern
separation in older adults. The present findings may have im-
portant implications for designing and evaluating standardized
neuropsychological tests for assessing age-related changes in
recognition memory. In addition, the identification of key mne-
monic processing deficits in pattern separation may result in
behavioral interventions for older adults that structure daily living
tasks to mitigate interference, resulting in improved recognition
memory. A current goal of Alzheimer’s disease research is to
identify early markers for disease onset during the very early
stages and to differentiate these markers from those associated
with normal aging. Since normal and pathological aging may have
differential effects on the subregions of the hippocampus, tasks
sensitive to dysfunction in particular subregions of the hippocam-
pus, such as the DG, may help to differentiate cognitive impair-
ment associated with normal aging from pathological changes
associated with Alzheimer’s disease.
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