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ABSTRACT

Implicit contextual cueing is an important mechanism in which environmental contextual features are
learned and used to guide visual search on a subsequent occasion. Little is known about the effect of
healthy aging on this implicit learning mechanism. Therefore, in the current study we tested a large group
of healthy young and older adults with an implicit spatial contextual cueing task. Results reveal that both
young and older adults are able to benefit to the same extend from repeated spatial contextual
information. Furthermore, no significant correlation was found between the extent of implicit contextual
learning and both age and education level. Together, this indicates that implicit contextual learning is

relatively resistant to the effect of aging, unlike other forms of learning, regardless of education level.



INTRODUCTION

In 1998 Chun & Jiang first demonstrated an implicit memory process that is based on the visual
organization of the environment. They showed that people are able to learn environmental contextual
features and can take advantage of this knowledge on subsequent occasions by improving their visual
search of the environment. In order to do this they used a visual search task, in which subjects had to
locate a target among a number of distractors. Unknown to the participants, the spatial configurations of
the stimuli were repeated in half of the trials. Although none of the participants noticed these repetitions,
response times in the trials with repeated contextual information were faster than in trials with novel
contextual information; an effect that is now called implicit contextual cueing (for a review see Chun,
2000). During the past decades many studies have been aimed at defining the characteristics of this
mechanism, showing it is a fast occurring, long-lasting phenomenon (Chun & Jiang, 2003) and that it can
occur after repetition of spatial, object, movement (Chun & Jiang, 1999) or temporal features (Olson &
Chun, 2001). Patient and neuroimaging studies have consistently shown that the medial temporal lobes
(MTL) are particularly important for implicit contextual learing (Chun & Phelps, 1999; Greene, Gross,
Elsinger & Rao, 2007; Manns & Squire, 2001; Park, Quinlan, Thornton & Reder, 2004), although it
remains unclear whether it is particularly the hippocampus or also other MTL areas that are involved
(Manns & Squire, 2001). Furthermore, a recent study with Parkinson’s disease patients demonstrated that
the basal ganglia also have an important role in implicit contextual cueing (Van Asselen, Almeida, André,
Januério, Freire, Castelo-Branco, 2009). Although it was clearly shown that both MTL and striatum are
involved in implicit contextual cueing, it remains unclear what are their exact roles.

Normal aging has a more pronounced effect on some areas of the brain than on others. The
MTL are one of the brain areas that undergo substantial changes during aging. By measuring volume
changes related to aging using Magnetic Resonance Imaging, Raz and colleagues (2005) showed that the
hippocampus shrunk substantially, whereas only minimal changes were found in the entorhinal cortex.

Furthermore, several behavioral studies have shown age-related impairments in a range of memory tasks
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that are though to depend on the MTL (i.e. Head, Rodrigue, Kennedy, Raz, 2008; Yonelinas, Widaman,
Mungas, Reed, Weiner, Chui, 2007). In a longitudinal study including volumetric measures, shrinkage of
the striatum was also found with aging (Raz, Rodrigue, Kennedy, Head, Gunning-Dixon & Acker, 2003).
Raz & Rodrigue (2006) claim that the neostriatum is disproportionately affected by aging effects, in
addition to tertiary association cortices and the cerebellum. This was further supported by Aizenstein et
al. (2006), who used functional MRI to demonstrated age-related effects in the striatal regions during an
implicit sequence learning task. Furthermore, behavioral studies have shown that some implicit learning
mechanisms that are generally assumed to depend on the strianum can decline with aging, such as priming
and motor sequence leaming and higher order serial learning (Dennis, Howard, Howard, 2006;
Fleischman, 2007; Harrington & Haaland, 1992; Howard, Howard, 1997; Howard, Dennis, Howard,
Yankovich & Vaidya, 2004; Howard, Howard, Dennis, Kelly, 2008; Howard, Howard, Dennis,
Yankovich, 2007; Howard, Howard, Japikse, DiYanni, Thompson, Somberg, 2004). It should be noted,
however, that some studies have found little affect of aging on striatal functions, as was measured with
motor (Daselaar, Rombouts, Veltman, Raaijmakers & Jonker, 2003) as well as priming tasks (Fleischman,
Wilson, Gabrieli, Bienias and Bennett, 2004, Mitchell & Bruss, 2003).

Taking into account the considerable age effects on both the medial temporal lobes and the
striatum, it is expected that implicit contextual learning is impaired in older adults as compared to
younger adults. Nevertheless, Howard, Dennis, Howard, Yankovich and Vaidya (2004) found no effect
of aging on implicit contextual learning, whereas higher order sequence learning in the same participants
was impaired. However, it can be argued that a possible aging effect might have been masked by the high
level of education of the older subjects that participated in the study (mean was 17.2 years). Memory
decline due to aging seems to be more pronounced in people with low education than those with more
years of education (Colsher & Wallace, 1991; Evans et al., 1993) and in the study of Howard et al. (2004),
the older group of subjects was higher educated than the group of younger subjects. This raises the
question whether a possible effect of aging might be found when the older subjects are not highly

educated and are matched for years of education with younger participants. Therefore, in the current



*study the implicit contextual cueing task was applied to a group of young and older adults of a wide range

of education levels in order to define the effect of aging on implicit contextual learning.

METHODS

Participarits Two groups of subjects participated in this study: a group of young (n = 40) and older adults
(n = 42). Group characteristics are described in Table 1. All participants were healthy and did not have
any neurological or psychiatric diseases. The Vocabulary subtest of the WAIS-III was used to estimate
verbal intelligence. In six subjects, this subtest was not applied. Older adults with more than 75 years of

age were tested with the Mini-Mental-State examination, in order to exclude for dementia. All subjects in

both groups were right handed.

INSERT TABLE 1 ABOUTHERE

Apparatus and stimuli The stimulus delivery software Presentation (Neurobehavioral systems) was used.
During each trial 11 white distractors (L -shapes) and one white target stimulus (T - shapes) were
presented against a darker grey background. A shift in vertical line of the distractors was made in order to
turn them more similar to the target stimulus (see Figure 1). Distractors could be rotated 0°, 90°, 180° or
270° and the target stimulus could be rotated 90° or 270°. Stimuli had a size of 0.81° x 0.81° (visual

angle) and the distance between the computer screen and the subjects’ eyes was 52 cm.

INSERT FIGURE 1 ABOUT HERE

Procedire For each trial, the target and distractor stimuli were presented at the same time on the computer
screen. Participants were instructed to locate the target stimulus as quickly as possible and indicate
whether the target was rotated to the left or to the night. The contextual cueing task included 16 blocks of
24 trials, resulting in a total of 384 trials. Each block consisted of 12 trials with a new configuration and
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12 trials with a configuration that was repeated across blocks, appearing once in each block. Thus, during
the entire experiment, 12 repeated configurations and 288 new configurations were used. Target position
in both repeated and new trials were randomly defined from the same set of positions. While for the
trials with new configurations, the positions of distractors were always newly generated, in the trials with
a repeated configuration, the positions of the distractors and target T were kept constant. However, the
direction of rotation of the target stimulus was randomly defined, in order to prevent subjects of learning
fixed stimulus-response associations. After each block, a short break of 10 seconds was given in which an
empty screen was shown. The experiment started with 24 practice trials that were identical to the real
experiment, except that only trials with new configurations were used. Auditory feedback was provided
by giving a high pitch tone for each correct response and a low pitch tone for each incorrect response.

In order to define whether subjects were aware of the repeated configurations, participants were
asked the following three questions after finishing the contextual cueing task: 1) ‘Did you notice anything
during the experiment?’ 2) ‘Did you notice that some of the configurations were repeated?” 3) ‘Did you
try to remember the repeated configurations?” Subjects who reported to have noticed the repeated
configurations were excluded from futher analyses. Finally, a recognition memory task was performed, in
which the twelve repeated configurations were randomly shown among twelve new configurations.

Subjects were asked to indicate whether they recognized the configuration or not.

RESULTS

Characteristics of particpants An Independent Samples t-test indicated that there was no significant
difference between the two groups of participants regarding years of education [t (67) = 1.0} and
performance on the vocabulary subtest of the WAIS-III [t (61) = 1.8] No difference in gender
distribution was found between the two age groups, as was analysed with a Chi-Square test (32 (1) =

0.02).



 Contextual Cuemg Task Trals in which an error was made (young adults: 1.2%; older adults: 1.5%) or in
which the response took more than an individually defined cut-off score (young adults: 4.0%; older
adults: 4.1%) were excluded from statistical analyses. The cut-off score was two standard deviations
above the mean response time and was calculated for each subject separately. For statistical analyses,
response times of the sixteen blocks were averaged into four distinct epochs for the repeated and new
trials separately. Thus, each epoch included four blocks.

The contextual cueing effect is reflected by the difference in response times between the trials
with repeated and new configurations. Repeated Measures analyses indicated that response times were
significantly faster in the repeated trials than in the new trials [(F1, 67) = 5.1, p<0.05]. No interaction
effect was found between Configuration and Group, indicating that older and younger adults were able
to use the remembered contextual information to the same extend. A marginally significant interaction
was found between Epoch and Configuration [F (3, 201} = 2.4, p = 0.07}, suggesting that the contextual
cueing effect increased over time. If learning took place during the experiment, we should not find any
difference between the repeated and new trials in the first block. The difference in response times
between the new and repeated trials of the first block was -42 ms, and the response times were slightly
faster in the new trials than in the repeated trials, although this difference was not significant. [t(68) = 0.4]
On the contrary, the difference between new and repeated trials in the last block of the experiment was
145 ms [t (68)=2.2, p < 0.05], indicating that subjects were able to benefit from the learned contextual
information.

Another type of learning that can occur during the contextual cueing task is visuomotor learning,
which is reflected by the gradual decrease of response times with Epoch [F (3, 201) = 72.3, p <0.001].
No interaction effect was foud beween Epoch and Group, indicating that aging does not affect this type

of visuomotor learning. Finally, younger adults made faster responses than older adults [F (1, 67) = 18.5,

p <0.001].

INSERT FIGURE 2 ABOUT HERE



Correlation analysis To define whether the extent of implicit contextual learning decreases gradually with
age, we have examined the correlation between both measures (see Figure 3). The contextual cueing
effect was defined as the difference between the response times of the repeated and new configurations.
No significant correlation was found between age and the contextual cueing effect [ = -0.02,] or between
education level and the contextual cueing effect [r = -0.01}. This further confirms our finding that age

does not influence implicit contextual learning,

INSERT FIGURE 3 ABOUT HERE

Recogrition memory task

In order to define whether subjects were indeed not consciously aware of the repetitions and thus
implicitly learned the repeated spatial configurations, a recognition memory task was used. When asked
whether the subjects had noticed anything in particular during the experiment, three of the young
participants indicated to have noticed something, but when further questioned only two mentioned the
repeated configurations. In response to the second question, three of the younger adults indicated to
have noticed the repetitions, in contrast to seven older adults. Three of the older subjects and one young
subject indicated that they tried to remember to repeated spatial configurations. Performance on the
recognition memory task was on chance level (chance level = 12 correct responses) for both the young
[12.8 correct; t (33) = 1.7] and older adult group [ 12.5 correct; t (34) = 1.1). Subjects who reported to

have noticed the repeated configurations were excluded from the previous analyses.

DISCUSSION

The current study was aimed at defining the effect of healthy aging on implicit contextual learning.
Therefore, an implicit contextual cueing task using spatial contextual information was applied to a group

of young and older adults. We showed that both young and older adults responded faster when the
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| spatial configuration of a trial was repeated than when a new configuration was used. This difference in
response times between the repeated and new trials reflects implicit contextual learing, Importantly, this
difference in response time was the same for young and older adults, indicating that the extent of learning
was the same for both groups. This conclusion was further supported by the fact that no correlation was
found between the contextual cueing effect (the difference in response times between repeated and new
trials) and age.

These results are in line with the findings of Howard et al. (2004), who demonstrated that older
adults did show an implicit contextual cueing effect as was reflected by a significant difference in
response times between trials with repeated and new configurations. In contrast to Howard et al. (2004)
we studied a group of young and older participants with variable education levels, which allowed testing
the hypothesis that preservation of implicit contextual learning was independent of education level. We
hypothesized that an effect of aging might be found in subjects with a lower level of education,
considering that previous studies had shown that years of education can have a protective effect on
memory decline due to aging (Colsher &Wallace, 1991; Evans et al. 1993). However, our results show
that older adults with a higher and lower education are able to leam implicit contextual information.
Furthermore, no correlation was found between the contextual cueing effect and the level of education,
indicating that this factor does not seem to play a role in implicit contextual learning,

It remains intriguing that a learning mechanism that is so complex and depends on a network of
brain areas, including the MTL and basal ganglia, is not affected by aging. Part of the answer might lie in
the anatomy of the medial temporal lobes and basal ganglia and the effect of aging on these structures.
Although it was shown that both brain areas are involved in implicit contextual learning, it remains
unclear what are the exact brain areas. That is, several studies have shown the involvement of the MTL
(Chun & Phelps, 1999; Greene, Gross, Elsinger & Rao, 2007; Manns & Squire, 2001; Park, Quinlan,
Thornton & Reder, 2004), but it remains unclear whether it is the hippocampus in particular (Greene,
Gross, Elsinger & Rao, 2007) or other medial temporal lobe areas (Manns & Squire, 2001} that play a
relevant role. Regarding the role of the basal ganglia, the evidence of its importance is even more limited.

We have previously shown that patients with Parkinson’s disease, who have damage to the striatum, are



impaired on an implicit contextual cueing task (Van Asselen et al, 2009). However, patient studies are not
ideal for indicating exact anatomical structures, leaving the question of what specific basal ganglia
structure (i.e. caudate nucleus, lentiform nucleus) is involved unanswered. As referred in the
Introduction, both these brain areas seem to undergo changes with aging Aizenstein et al., 2006; Dennis
et al. 2006; Howard, et al. 1997, 2004; 2007; 2008;Fleischman, 2007; Head, Rodrigue, Kennedy, Raz,
2008; Raz et al., 2003, 2005, 2006; Yonelinas, Widaman, Mungas, Reed, Weiner, Chui, 2007; Harmington
& Haaland, 1992). However, the extent of aging depends on the exact region within the MTL and basal
ganglia. For example, the putamen, caudate nucleus and hippocampus seem to be more affected by aging
than the globus pallidus and enthorinal cortex (Raz et al., 2003, 2006). Additionally, we do not know how
the tracts connecting these brain areas are affected by aging. In order to resolve this issue, we will first
need to understand what is the exact network underlying implicit contextual learning, before studying
how this is affected by healthy aging. In order to do this, future studies should employ both structural
and functional neuroimaging techniques.

In sum, we found that healthy aging does not affect implicit contextual learning. Importantly,
education level does not influence implicit contextual learning, nor does it define the effect of aging on

this learning mechanism.
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FIGURES

Figure 1: Example of a few displays of the Contextual Cueing task.

Figure 2: Mean reaction times and standard errors (in ms) for the young and older adults for the trials

with repeated and new configurations as a function of epoch (1-4).

Figure 3: Correlation between the contextual cueing effect {difference in response times in ms between

the repeated and new trials) and age {years).

Figure 4: Correlation between the contextual cueing effect (difference in response times in ms between

the repeated and new trials) and education level (years).
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