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ABSTRACT

An explicit, rule-based, category-learning task with abstract visual stimuli was admin-
istered to 50 healthy older adults and 48 younger adults. Accuracy and reaction time
(RT) were examined for the effects of age, perceptua abilities, rule memory, rule com-
plexity, stimulus novelty, and response competition. Older adults performed at equiva-
lent levels to younger adults when applying a simple rule, but showed performance
decrements when applying a more complex rule. The age effect interacted with both
stimulus novelty and response competition, and was not eliminated after controlling
for basic perceptua abilities and rule memory. The authors suggest that older adults
show category learning deficits in conditions that require enhanced cognitive control.
These results are discussed in reference to the growing body of literature regarding
age-related change in executive abilities and frontal [obe function.

Growing evidence within the cognitive aging literature suggests that cogni-
tive functions supported by frontal cortex show decrements with age (e.g.,
Anderson & Craik, 2000; Moscovitch & Winocur, 1995; West, 1996). In
addition, studies have suggested that executive functions supported by fron-
tal cortex may show relatively earlier decline than other areas of cognition
(Braver et a., 2001; Prull et a., 2000; Raz, 2000). One area of cognition in
which executive function may play an important role is explicit categoriza-
tion. Prior research has shown that tasks requiring the use of explicit rules or
strategies (including category learning) are sensitive to prefrontal damage
(Burgess & Shdllice, 1996; Milner & Petrides, 1984; Petrides, 1997; Shdlice &
Burgess, 1991a). As such, we might expect age-related deficits in explicit
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categorization if cognitive aging reflects, at least in part, a decline in pre-
frontal function. However, the effect of age on explicit category learning
tasks remains relatively unexplored. The goal of the current study isto begin
to examine age-related changes in explicit category learning using a novel
but carefully controlled rule-based category learning task.

To provide relevant background, there are several hypotheses regard-
ing the processes by which people categorize information. One dichotomous
view of categorization is that individuals can use either rule or exemplar-
based processing to categorize stimuli (for a general discussion, see Estes
(1986) and Nosofsky (1988); for a discussion of rule-based category learn-
ing see Nosofsky et al. (1989, 1994)). Rule-based strategies require selective
attention to critical attributes as defined by a rule and the integration of sev-
eral pieces of information to determine category membership. Exemplar-
based categorization has been hypothesized to rely largely on memory (or
perhaps familiarity) for exemplars similar to those items that are to be cate-
gorized. Experimental conditions can be created in which these two catego-
rization strategies compete for control of a given response (Erickson &
Kruschke, 1998). Recent studies have provided empirical support for the
hypothesis that individuals can use either rule- or exemplar-based processes
to categorize stimuli (Allen & Brooks, 1991) (see also Smith et al. (1998) for
evidence that rule-based processes are related to frontal 1obe function).

Briefly, there is significant evidence that the frontal lobes are impor-
tant for the use of rule-based strategies. In particular, evidence for afrontal
contribution to rule use comes from the Wisconsin Card Sorting Task
(WCST) (Milner, 1963). The WCST has long served as a measure of fron-
tal function in the neuropsychological literature and requires the develop-
ment of appropriate rules. Though these rules are never explicitly provided
to participants, it islikely that the majority of individuals who perform this
task could state the appropriate rules at the end of the experiment (e.g.,
“sort by shape”). Evidence from frontal lesion patients suggests that dam-
age to the frontal cortex impairs performance on the WCST (e.g.,
Lombardi et al., 1999; Milner, 1964; Stuss et al., 2000) (but see Mountain &
Snow (1993)), consistent with the hypothesis that the application of
explicit rules during categorization is supported, at least in part, by the
frontal cortex.

Results from cognitive aging studies using the WCST and similar para-
digms aso provide evidence of specific age-related impairment in rule use
(eq., lsingrini & Vazou, 1997; Parkin & Lawrence, 1994; Ridderinkhof
et a., 2002) and further the link between age-related changesin rule use and
prefrontal cortex function. In particular, Ridderinkhof et al. found that on a
WCST-like task, older adults continued to demonstrate significant persever-
ative errors, even when provided with explicit cues (i.e., nonspecific = “ shift
categories’; specific = “shift to color”) (Ridderinkhof et al., 2002). These
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results suggest that older adults may demonstrate difficulties using rules
appropriately, even when provided with explicit rule information.

Researchers have also examined the effects of age on non-WCST tasks
that require the use of explicit rules. In particular, early work on concept
acquisition (see Kausler (1991) for review) suggested that older adults are
slower at acquiring appropriate concepts/rules and may fail to use appropri-
ate concepts/rules under certain circumstances. Additional early work by
Hess on prototype abstraction during categorization (e.g., Hess & Slaughter,
198643, 1986b; Hess & Wallsten, 1987) suggested that older adults are able
to use prototype information to categorize information similarly to younger
adults. However, Hess' studies suggested that during category learning, only
the younger adults learned additional explicit information in the form of spe-
cific exemplars and related concepts in addition to prototypical information.
Thus, Hess' work suggests that older adults may demonstrate impairmentsin
categorization due to impaired retention of specific exemplar details. Over-
al, these results suggest that age affects both rule acquisition and the quality
of rule representations.

More recently, Chasseigne et a. (1997) used a task that required
younger and older adults to learn probabilistic relationships between cues
and events to make inferential judgments. Individuals performed similarly
when the cue had a direct relationship with later events. However, during a
task in which the cue and event were inversely related, older adults showed
decreased performance compared to younger adults. The authors hypothe-
sized that this age-related impairment might be due to the increased working
memory requirements of “figuring out” the inverse relationship (i.e., devel-
oping an explicit rule). Therefore in an additional task, they explicitly told
the participants about this inverse relationship. The provision of explicit rule
information benefited the performance of the young-old participants (65-75
years old). However, the performance of the old-old participants (76-90
years old) was still impaired even with the provision of the rule. Thus, this
study is consistent with the hypothesis that older adults may demonstrate
difficulty using explicit rules in certain circumstances, and that working
memory may be afactor that contributes to performance declines.

The studies reviewed above suggest that older adults demonstrate diffi-
culties using explicit rules during cognitive tasks. In addition, there is dso a
large literature suggesting that older adults have difficulty with other tasks that
rely heavily on frontal function (for a review see West (1996)). Similar to
frontal patients, older adults have been found to show impairments in recall
paradigms that require strategic encoding (Sanders et al., 1980; Witte et al.,
1993) and/or strategic retrieval (Craik & McDowd, 1987; Rogers & Gilbert,
1997). In addition, age-related deficits have been noted on other tasks hypoth-
esized to represent frontal lobe function, including the Tower of Hanoi task
(Davis & Klebe, 2001; Head et d., 2002), Stroop (West & Baylis, 1998),
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prospective memory (Vogels et a., 2002), inhibition (Persad et a., 2002), and
context representation (Braver et a., 2001). Specifically, Braver et al. (2001)
found that context processing was impaired in healthy older adults during a
continuous performance task. Age-related deficits in context representation
were thought to lead to amore genera deficit in cognitive control, which was
theorized to negatively impact multiple domains including attention, inhibi-
tion, and working memory. In concert with this theory, our presentation of the
concepts of working memory and cognitive control within this article reflect a
set of interdependent mechanisms, rather than mutually exclusive phenome-
non (see Braver and Barch (2002) for further discussion). In summary, the lit-
erature on cognitive aging provides strong evidence for age-rel ated declines on
cognitive tasks thought to depend on frontal 1obe function, including tasks that
may require older adults to develop and/or apply explicit rules.

The goal of the current study was to begin a quantitative analysis of
age-related effects on explicit category learning. Asreviewed earlier, thereis
a substantial history of work that suggests that older adults show difficulties
in tasks requiring the use of rules or strategies. This study was designed to
expand on previous research in three ways. First, in order to exclude the
effects of age-related difficulties in rule acquisition, we used a rule-based
category learning task that allowed us to train all participants on an explic-
itly provided “correct” rule. Second, this task allowed us to quantitatively
examine the ability to use the “correct” rule, rather than relying on self-
reported or assumed rule/strategy use. Third, we were interested in examin-
ing the specific nature of age differences in rule/strategy use. To do this, we
included parametersin the design that allowed usto investigate the effects of
episodic memory, cognitive control/working memory, and automatic per-
ceptual bias on age differencesin rule-based categorization.

In the current study we used a modified category-learning task devel-
oped by Noelle and Cottrell (2000). Noelle created a category set of simple
abstract shapes that varied on two dimensions (i.e., circle size and line angle)
and had four possible values within each dimension, for atota of 16 possible
stimuli. During the training phase, participants were provided with a verbal
rule with which to categorize the stimuli and underwent extensive practice
with 7 of 16 possible items from the category set. Noelle found that after train-
ing, younger adults showed impairment in the use of rule-based strategies on
critical test items. For these items, the similarity relationship of the item to
those practiced during the training phase led to a categorization bias that
conflicted with that required by the explicit rule. This conflict between exem-
plar-similarity and explicit rule use was hypothesized by Noelle to produce
exemplar-based interference that was reflected in poorer performance. As
Noelle demonstrated, interference trials exhibit maximal sensitivity to rule use
because the rule must effectively compete with, and overcome the perceptual
bias induced by practice-related perceptua familiarity.
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The same study also suggested that participants were less able to utilize
the explicit rule, as this rule became more complex (i.e., involved more stim-
ulus attributes, conjunction vs. disjunction), leading to increased exemplar-
based interference. It is possible that an increase in rule complexity places a
greater demand on both maintenance and manipulation processes in working
memory, leaving fewer cognitive resources available for the successful
implementation of the appropriate rule. Noelle's results suggest that the
exemplar-based interference task is effective for examining the ability to use
rules during categorization and that manipulating rule complexity provides a
potential tool with which to investigate the relationship between cognitive
resources and categorization in older adults.

Noelle also examined younger adults’ ability to use rules to categorize
stimuli in a neutral condition, in which there were no perceptual biases to
compete with rule-based strategy use. Subsequent individual difference
analyses revealed that younger adults who were “good” rule-based strategy
users in the neutral condition demonstrated better performance in the inter-
ference condition than did “poor” rule-users. Thus, his findings suggest that
younger adults who are better able to use rules or strategies in a neutral con-
dition also do better at applying those rules under interference conditions.
Based on these findings, we would predict that if older adults are “poor”
rule-users they should demonstrate greater levels of interference than do
younger adults. In summary, the Noelle study provides evidence of the
effectiveness of using a category-learning task to more objectively examine
rule use during categorization.

Our primary goal was to assess the ability of older and younger adults
to use explicit rules during anovel category-learning task. Based on the liter-
ature described earlier relating both categorization and age-related cognitive
deficits to frontal lobe function we predicted that in comparison to younger
adults, older adults would show evidence of impaired rule use as demon-
strated by higher levels of interference (decreased accuracy and increased
RTs). Additionally, we were interested in exploring severa specific hypoth-
eses as to why older adults might demonstrate impairments in rule use. One
hypothesisis that decreased rule use in older adults is due to rule-forgetting.
We examined potential rule-forgetting as a between-subjects factor. Partici-
pants in the prompt condition received intermittent rule prompts during the
test phase, while participants in the no-prompt condition were required to
maintain the appropriate rule on their own. If older adults’ deficits in rule
use are simply due to an increased tendency to forget the rule, then partici-
pants in the prompt condition should show less interference than no-prompt
participants. A second hypothesis is that increased demands on cognitive
resources affect rule use in older adults. To test this hypothesis, al partici-
pants performed the categorization task at two levels of rule complexity
(high memory load vs. low memory load). Based on previous evidence that



416 CAROLINE A. RACINE ET AL.

suggests an age-related decrement in the ability to effectively allocate execu-
tive control under conditions that require increased working memory load,
we predicted that older adults would show greater impairment during the
high rule complexity condition.

METHOD
Participants

Participants in the study were 57 younger adults and 61 older adults.
Younger adults were recruited from the Washington University community
via posted fliers and a departmental subject pool. Older adults were recruited
via the Washington University Older Adult Subject Pool. All participants
underwent a brief telephone screening prior to entry into the study. Exclusion
criteria included neurological or psychiatric disorders; current psychotropic
medication or recent illicit drug use; uncontrolled hypertension, diabetes, or
thyroid disease; bypass surgery; history of acoholism and/or substance abuse;
and colorblindness, cataracts, or glaucoma. Participants reporting ascore of 11
or higher on the Beck Depression Inventory (Beck et al., 1961) were aso
excluded from the study. Additionally, as agross dementia screen, older adults
were required to achieve a score of five or less on the Blessed Orientation-
Memory-Concentration Test (BOMC) (Katzman et d., 1983). Our exclusion
criteriafor medical conditions and our use of aformal dementia screen consti-
tute stricter guidelines for participant inclusion than used in a number of prior
studies with older adults (i.e,, Balota & Duchek, 1991; Burke et a., 1987;
Hay & Jacoby, 1999; May et a., 1999; Sommers, 1999; West & Baylis, 1998).
Informed consent was obtained in accordance with the institutional review
board. All participants received a cash payment for their participation.

Eleven younger adults and 11 older adults were removed from the fina
analyses due to the endorsement of exclusion criteria or computer error. All fur-
ther descriptions of participants were based on the 48 younger adults (15 male,
33 femae) and 50 older adults (15 male, 35 femae) who successfully com-
pleted the study and met al of the previoudy described screening criteria (see
Table 1 for demographic details). Older adult participants were dightly more
educated (1(96) = 1.86, p = .066) and had higher scores on the Beck Depression
Inventory (BDI) (1(96) = 3.25, p = .0016), though both age groups were well
within the non-depressed range.

Materials
Category Learning Task

All participants performed two conditions of the category-learning task
developed by Noelle (Noelle & Cottrell, 2000): high rule-complexity and
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TasLe 1. Subject Demographic Information

Y ounger? Older®
M Sb Range M SD Range
Age 20.5 20 18-27 74.6 41 66-82
Yrs. of education 134 16 12-20 15.2 24 12-20
BDI score 25 2.7 0-11 4.2 2.6 0-11
n=48
bn=50

low rule-complexity. Each of these two conditions contained three parts that
were administered in the following order; 1) perceptual match control condi-
tion, 2) training phase, and 3) test phase. In all conditions, participants
viewed sequences of abstract shapes measuring ~ 2.5 in.? that were pre-
sented one at a time within a 3 in.? white box on a black computer display.
Stimuli consisted of two sets of abstract visual shapes, each of which varied
on two object dimensions. One set (Figure 1a) consisted of a centrally
located star that varied in color (“DARK” blueto “LIGHT” blue) and a small
red circle that varied in distance from the middle of the star (3 mm =“NEAR,”
6 mm, 9 mm, 12 mm = “FAR”"). The other set (Figure 1b) consisted of a cen-
trally located triangle that varied on the degree of rotation (0° = “UP,” 30°,
60°, 90° = “RIGHT"”) and the density of the texture pattern inside (“LARGE”
density grid to “SMALL" densty grid). There were four possible values of
each dimension and a total of 16 members in each stimuli set. Participants
viewed one set of stimuli in the low complexity condition, and the other set in
the high complexity condition. The sets used for high vs. low complexity were
counterbalanced across participants. In the remaining descriptions below, the
star set (Figure 1a) will be used asthe example.

Perceptual Match

This phase was designed as a practice condition to ensure that partici-
pants could accurately distinguish the perceptual features of the stimuli prior
to performing the category-learning task. Participants were shown members of
a set and were told that they should refer to only the darkest color of gtar as
“DARK,” only the lightest color of star should be “LIGHT,” only the closest
circleas“NEAR” and only the furthest circle as“FAR.” They were instructed
that prior to each block, they would see a prompt on the screen such as
“DARK” and that their task was to decide whether each subsequent object was
“DARK.” Participants pressed one button for a“match” and another button for
a “non-match.” Participants had no time limit in which to respond and
received auditory feedback regarding their accuracy performance. The next
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Ficure 1a. “Star” category set during high-complexity rule condition (“*A” = DARK, LIGHT, or
FAR; “B” = all others). Squares surround items in category “A” that were studied during training.
Circles surround training items that belong to category “B.” Theitem “X” in the hexagon isan
interference item dueto its classification in “ A” according to the rule, but its perceptual
similarity to itemsin category “B.”
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Ficure 1. “Triangle” category set during low-complexity rule condition (“*A” = UP or RIGHT;
“B” = all others). Squares surround itemsin category “A” that were studied during training. Circles
indicate training items that belong to category “B.” Theitem “X” in the hexagon is an interference

item due to its classification in “A” according to the rule, but its perceptual similarity to itemsin

category “B.”
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item appeared following a 500 msinter-stimulusinterval. This phase consisted
of eight blocks of 16 trids, for atotal of 128 trias. In 4 of the 8 blocks, sub-
jects were asked to attend to only one attribute of one dimension (i.e,
DARK?). We considered performance on these single attribute blocks to pro-
vide a (rough) estimate of perceptual identification and discrimination of test
stimuli. We aso administered four blocks in which participants were asked to
attend to one attribute on each of the two dimensions (i.e.,, DARK & FAR?).
We included these two-attribute trial s to give participants practice attending to
both dimensions of a stimulus. However, the two-attribute trials may involve
some of the same cognitive processes required to perform the categorization
task and therefore these blocks were not included in any analyses.

Training Phase

Participants were shown the same stimuli and verbal 1abels as seen dur-
ing the perceptual match phase. Participants were instructed that their task
would be to categorize subsequent stimuli into categories“A” and “B” accord-
ing to a given rule. In the high-complexity condition the rule was a three-part
conjunctive rule as follows. Any dtar that is DARK, regardless of circle dis-
tanceisin category “A.” Any star that is LIGHT, regardless of circle distance
isin category “A.” Any star with a FAR circle, regardless of star color isin
category “A.” Anything else is in category “B.” Therefore, anything that is
DARK, LIGHT, or FAR isin category “A”; everything else isiin “B.” The
low-complexity condition rule was a two-part conjunctive rule as follows:
Any dtar that is DARK, regardless of circle distance is in category “A.” Any
star with a FAR circle, regardless of color isin category “A.” Anything elseis
in category “B.” Therefore, anything that isDARK or FAR isin category “A”;
everything elseisin “B.” Participants pressed one button for itemsin category
“A” and another for itemsin category “B.” Participants had unlimited timein
which to respond and received auditory feedback regarding their accuracy per-
formance. Participants received 36 blocks of 7 trids for a total of 216 trials.
Each block of seven trials consisted of the same four items from category “A”
and threeitemsfrom category “B” with items presented in anew random order
for each of the 36 blocks. As described in further detail below, the seven train-
ing items were selected to create a bias toward specific perceptual features of
the stimulus category. This perceptual bias is essentia in creating exemplar-
based interference during the test condition.

Test Phase

Participants were told to continue using the same rule and response keysto
categorize subsequent items. They were informed that they would no longer
receive feedback about their performance, but they continued to have unlimited
time in which to make their response. Each of the 16 possible category members
was presented once during each of eight blocks in a new random order. Partici-
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pants were randomly assigned to either a PROMPT or NO-PROMPT condition
during the test phase. This manipulation was designed to examine the possibility
that increased interference could be due to increased forgetting of the rule rather
than an inability to successfully use the appropriate rule. During the
NO-PROMPT condition, the procedure during the test phase was exactly that as
described above. In the prompt condition, participants received a prompt that
served as areminder of the correct rule (i.e,, “DARK, LIGHT or FAR”) at the
beginning of each task block for both the low and high complexity conditions.

Identification of “ Interference” Items

We defined items as likely to show effects of interference if they
belonged to one category according to the rule, but were perceptually sim-
ilar to studied items from the other category. Specifically, we selected the
four items predicted to demonstrate interference effects during the test
condition in the following manner. An “interference score” was cal culated
for each item in the category. A particular item’s score was determined by
assigning number values to perceptually similar studied items, (i.e., nearby
in feature space) that were in the same category vs. those that provided a
perceptual bias toward the incorrect category. Anillustration of this calcu-
lation is provided for the item enclosed in the hexagon in Figure 1a (here-
after referred to asitem “X™). For example, if item “X” was viewed during
the test phase, it would belong in category “A” according to the rule
“DARK, LIGHT, or FAR = Category A; everything else = Category B”.
During training, participants studied one “A” item directly adjacent to “ X”
in feature space (enclosed in the square above). Thus, item “X” received
three positive points for studying a directly proximal item in the same cat-
egory. However, there were also two studied items perceptually similar to
“X" (the two circles to the left of “X") but that biased responding towards
the incorrect Category “B.” Item “X” would receive three negative points
for the studied “B” item directly adjacent, and two negative points for the
studied “B” item one space away. After totaling three positive points and
five negative points, the item “X” is assigned an interference score of —2.
This negative score indicates a greater bias toward the incorrect category
than toward the correct category. Interference scores were calculated in the
same manner for all other items, and the four items demonstrating negative
scores were classified as interference items. Three of the interference
items were nonstudied (i.e., not viewed during training) and one item was
studied (i.e., trained). Predicting that an item studied intensively during
training will show effects of perceptua interference from nearby items
may seem counterintuitive. However, in this case, the studied item
(enclosed in the sguare above item “X”) has no proximal studied items
providing information towards the correct rule-based category, and has
adistant studied item driving it in the incorrect direction. Therefore, it is
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possible that there is still enough perceptual bias from the incorrect studied
item so as to exert a negative influence on the classification of the studied
interference item.! Interference values were also calculated using several
other coding schemes, including using diagonal relationships; however, in
all schemes, the same items were predicted to show interference during the
test condition.

Procedure

The order in which participants compl eted the high- and low-complexity
conditions was counterbalanced. To determine whether participants were
able to correctly report the appropriate rule, participants were asked to
verbally report the categorization rule at the end of each rule-complex-
ity condition. All tasks were run on an Apple Macintosh computer
using Psyscope software for stimulus presentation and data collection
(Cohen et al., 1993). Response reaction time and accuracy were
collected using a button box designed specifically for the Psyscope soft-
ware.

Data Analysis

Trials with incorrect responses were excluded from the analyses of
the RT data. For the RT data, outliers were removed by excluding any tri-
alsin which the participant’s RT was greater than two standard deviations
(SD) above or below that participant’s mean RT for the condition in which
the trial occurred (Ratcliff, 1993). For each condition of interest, accuracy
was calculated as the proportion correct across all trials. The distributions
of the accuracy data were somewhat non-normal, violating the assump-
tions of our analyses. Thus, the accuracy data were normalized using an
arcsine transformation (Neter et a., 1990). Data were subjected to
repeated-measure analyses of variance (ANOVAS), as described below.
Planned comparisons were used to follow-up on main effects and interac-
tions predicted by specific hypotheses.

1 We were concerned that the studied interference item could potentially bias the results. Thus, we also
performed an additional set of analyses on the test session data after excluding all studied items (both
interference and noninterference). Accuracy and RT data for nonstudied items was examined in athree-
factor ANOVA with interference (interference vs. noninterference) and complexity (high-complexity
vs. low-complexity) as within-subject effects and age (young vs. old) as a between-subject effect. For
accuracy, the results were essentially the same as the analyses on the complete data set. For reaction
time, the main effects of age, complexity, and interference continued to be significant. Although the
expected age by interference interaction was not significant, the means were in the predicted direction.
In addition, a significant age by complexity interaction was present (with older adults showing greater
negative effects of increased complexity than young adults). The results of the nonstudied items analy-
ses are extremely similar to the results from the full data set; thus we will present the analysesincluding
both studied and nonstudied items.
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RESULTS
Training

In order to confirm that older and younger adults demonstrated similar
levels of learning during the training period, the accuracy and RT data dur-
ing training were analyzed using a 2-factor ANOVA with age (young vs.
old) as a between-subject factor, and complexity (high vs. low) as a within-
subject factor. The accuracy ANOVA indicated no main effect of age,
F(1,96) = .46, p > .4, or complexity, F(1,96) = 1.48, p > .2. Therewas no age
by complexity interaction, F(1,96) = .63, p > .4. The RT ANOVA indicated
an expected significant main effect of age, F(1,96) = 97.79, p < .0001, with
older adults responding overall more slowly than younger adults. The main
effect of complexity, F(1,96) = 10.44, p = .002, was aso significant, with
both groups of participants responding more slowly in the high rather than
low complexity condition. There was no significant age by complexity inter-
action, F(1,96) = .08, p > .8. Thus, the results of the training data suggest
that older and younger adults demonstrated equivalent levels of learning dur-
ing the training period (see Table 2).

Test

In order to examine the effects of the prompt manipulation, the accu-
racy and RT data from the test phase wereinitially analyzed using a 5-factor
ANOVA with age (young vs. old) and prompts (prompts vs. no prompts) as
between-subject factors, and interference (interference vs. noninterference),
study (studied vs. nonstudied), and rule complexity (high-complexity vs.
low-complexity) as within-subject factors. The accuracy ANOVA reveaed
no main effect of prompts, F(1, 94) = .24, p > .6, or any interactions of
prompts with age and/or any other factors (all p’s > .10). The RT ANOVA
revealed no main effect of prompts, F(1, 94) = .64, p > .4, and no further
interaction between prompts and age, F(1,94) = .01, p > .9, or prompts with
any of the other variables (all F's < 3.04). Additionally, the majority of older
adults were able to state the appropriate rule at the end of the low- (96%) and

TasLE 2. Mean Accuracy and RT Performance During the Training Phase
Accuracy RT

Condition M SD M SD
Young

Low complexity .951 .037 723 135

High complexity .953 .066 802 185
Older

Low complexity .947 .054 1149 291

High complexity .964 .026 1243 344
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high-complexity (92%) conditions.? Taken together, these results suggest
that older adults do not differentially forget the rule. Since we did not find
any significant results with respect to the prompt manipulation, all of the
subsequent analyses of the test phase data have been collapsed across the
prompt manipulation for ease of presentation.

The accuracy and RT data from the test phase were analyzed using a 4-
factor ANOVA with age (young vs. old) as a between-subject factor, and
complexity (high vs. low), interference (interference vs. noninterference)
and study (studied vs. nonstudied) as within-subject factors. The accuracy
ANOVA reveded no main effect of age, F(1,96) = .003, p > .9, or study,
F(1,96) = 2.44, p > .12, but significant main effects of complexity, F(1,96) =
4.72, p = .03, and interference, F(1,96) = 76.49, p < .0001. These main
effects were modified by a significant interaction between complexity and
interference, F(1,96) = 17.29, p < .0001. There was also a two-way interac-
tion between study and interference, F(1,96) = 10.52, p = .002. Simple
effects tests to follow up on the study by interference interaction indicated
that participants were equally accurate for both studied (M = .979,
SE =.003) and nonstudied (M = .977, SE = .002) noninterference items,
F(1,97) = 2.03, p > .16. However, accuracy was worse for nonstudied (M =
.920, SE = .009) than studied interference items (M = .938, SE = .006),
F(1,97) = 7.49, p = .007.

Importantly, there was an additional significant interaction between
complexity, study, and age, F(1,96) = 6.32, p = .01. To determine the source
of the 3-way interaction in accuracy, we performed 2-way ANOVAS sepa-
rately for the high- and low-complexity conditions, with age and interfer-
ence as factors. The 2-way interaction of age and study was not significant
for the low complexity condition, F(1,96) = 1.38, p > .24, but was significant
for the high complexity condition, F(1,96) = 5.03, p = .03. Simple effect
tests for the high-complexity condition revealed a significant effect of study
in older adults (studied M = .961, SE = .006; nonstudied M = .935, SE =
.010), F(1,97) = 8.85, p = .004, but not younger adults, (studied M = .955,
SE = .006; nonstudied M = .955, SE = .010), F(1,97) < 1, p > .8. These

2 Inthe low-complexity condition, 2 of the 50 older adult participants did not report the correct rule—one
in the prompt condition and one in the no-prompt condition. In the high-complexity condition, there
were four “rule-forgetting” older adults, al in the no-prompt condition. To examine whether “rule-
forgetters” showed performance declines relative to the other older adults, we performed unpaired
t-tests on the accuracy data for each item type in the high complexity condition. There were no signifi-
cant group differences in accuracy for nonstudied noninterference items, studied noninterference items,
and studied interference items (all t's(48) < 1, p's > .35). Counter-intuitively, there was a trend for the
“rule-forgetters’ to show less interference on nonstudied interference items (t(48) = 2.003, p = .051).
There were no significant group differences in reaction time for any of the four item types during the
high complexity condition (all t's(48) < 1.75, p's > .09). Thus, athough all four of the “rule-forgetting”
older adults were in the no-prompt, high-complexity condition, their performance did not appear to be
disproportionately impacted relative to the other older adults.
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results reflect the fact that older adults' show a larger accuracy difference
between studied and nonstudied items in the high-complexity condition in
comparison to younger adults.

There was also a trend toward a three-way interaction between com-
plexity, interference, and age (F(1,96) = 2.80, p = .10). However, we had a
clear a priori hypothesis that older adults should demonstrate particular
difficulties with interference items in the high-complexity condition. As
such, we felt justified in further exploring whether the data provided any
support for this hypothesis. We performed 2-way ANOV As separately for
the high- and low-complexity conditions, with age and interference as fac-
tors. The ANOVA for low complexity indicated a nonsignificant age by
interference interaction, F(1,97) = .18, p > .67, while the high complexity
ANOVA revealed a significant age by interference interaction, F(1,97) =
5.15, p = .025. Simple effect tests to follow up on the age by interference
interaction in the high-complexity condition indicated that accuracy was
decreased for interference items among both older (interference M = .913,
SE = .012; noninterference M = .983, SE = .004), F(1,96) = 107.47, p <
.0001, and younger adults (interference M = .933, SE = .008; noninterfer-
ence M = .977, SE = .004), F(1,96) = 48.72, p < .0001. However, the
accuracy difference between interference and noninterference items
tended to be larger in older (partial n? = .68) than younger adults (partial
n?=.52).

Taken in sum, these results reflect the fact that older adults’ show
a larger accuracy difference between interference and noninterference
items than do younger adults, but only in the high-complexity condi-
tion. In summary, the accuracy results from the test phase suggest that
older adults have decreased accuracy for both nonstudied and interfer-
ence items in the high-complexity condition when compared with
younger adults. Although older adults' accuracy performance on high-
complexity, nonstudied interference items (M = .892, SE = .134) was
lower than that of younger adults (M = .930, SE = .064), the full age by
complexity by study by interference interaction was not significant,
F(1,96) = .19, p > .67.

The RT ANOVA revealed amain effect of age, F(1,96) = 119.41, p <
.0001, reflecting slower RT performance among older adults. The RT
ANOVA also revealed main effects of complexity, F(1,96) = 9.77, p =
.002, study, F(1,96) = 4.64, p = .03, and interference, F(1,96) = 20.90, p <
.0001. These main effects were modified by a significant age by study
interaction, F(1,96) = 7.33, p = .008, and a trend level age by interference
interaction, F(1,96) = 3.39, p = .07. There were no further higher-order
interactions (all Fs < 1.02). Simple effect tests to follow up on the age by
study interaction indicated that older adults were slower for nonstudied (M
= 1199, SE = 28) than studied items (M = 1158, SE = 28), F(1,97) = 12.17,
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p = .001, but that younger adults were equally fast for studied (M = 752,
SE = 29) and nonstudied items (M = 748, SE = 29), F(1,97) = .13, p > .72).
Simple effect tests to follow up on the age by interference interaction indi-
cated that RTs were slower for interference items among both older (inter-
ference M = 1232, SE = 33; noninterference M = 1125, SE = 26), F(1,97)
= 20.43, p < .0001, and younger adults (interference M = 773, SE = 34;
noninterference M = 727, SE = 27), F(1,97) = 3.03, p = .09. However, the
RT difference between interference and noninterference items tended to be
larger in older than younger adults. To address the issue of age-related
slowing, we repeated the above analyses of after converting the RT data to
z-scores (Faust et al., 1999). In the results of the z-score analysis the age
by study interaction remained significant, but the age by interference inter-
action was not significant (see Table 3).

Perceptual Match

Accuracy and RT data from the perceptual match condition were ana-
lyzed using unpaired t-tests. Statistical results revealed a significant main
effect of age on accuracy (young M = .952, SD = .04; old M = .914, SD =
.07), 1(96) = 18.04, p < .0001, reflecting older adults' decreased accuracy in
comparison to younger adults during the perceptual match condition. Similar
to accuracy performance, RT results revealed a main effect of age (young
M = 845, SD = 254; old M = 1598, SD = 601), t(96) = 133.52, p < .0001,
consistent with older adults' typically slower performance in comparison to
younger adults (see Table 4).

TasLe 3. Mean Accuracy and RT Performance during the Test Phase
Low Complexity High Complexity
Studied Nonstudied Studied Nonstudied

Condition M sD M sD M sD M sD
Accuracy
Y oung

Interference .951 .072 .928 .082 .936 .067 .930 .064

Noninterference 977 .026 .983 .023 974 .035 .981 .031
Older

Interference .933 119 .929 149 934 .070 .892 134

Noninterference .970 .043 976 .061 .988 .025 .978 .046
RT
Y oung

Interference 747 269 710 166 811 208 823 216

Noninterference 691 253 699 207 760 185 758 164
Older

Interference 1154 445 1184 431 1268 353 1323 381

Noninterference 1059 242 1098 255 1149 253 1192 270
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TasLe 4. Correlation Between Dependent Variables During High-Complexity Test
Performance and One-Attribute Perceptual Match Performance
High Complexity

Condition | NI S NS
Perceptual Match
Accuracy

Y oung .064 -.052 .006 .023

Old .022 .203 118 .075
RT

Young .597* .620* .595* .620*

Old A431* 436* A72* 404*
Note: | = interference items, NI = non-interference items; S = studied items; NS =
nonstudied items.
* Correlation is significant at the p < 0.01 level (2-tailed).

Relationship Between Perceptual Match Performance and Age-Related
Differences at Test

One potentia interpretation of the current results is that the significant
group differences observed in the high complexity condition during the test
phase ssimply reflect age-related differences in perceptua abilities, rather
than in rule use. To address this question, we used a very conservative
approach in which we conducted a series of hierarchical regressionsto deter-
mine whether age continued to account for significant variance in the effects
of interference and study on performance (in conditions showing significant
group differences) once perceptua ability was covaried out. We began by
examining the age by interference interaction in accuracy for the high-
complexity condition. In step one of the hierarchical regression, we entered
noninterference performance and perceptual match performance as predic-
tors. These predictors accounted for a significant amount of variance in
interference performance (R? = .262, F(2,95) = 16.839, p < .0001), due to
noninterference (3 = .512, t = 5.788, p < .0001) rather than perceptual
match (3 = —.009, t = —.098, p > .9) performance. This result suggests that
worse perceptual match performance is not associated with increased suscepti-
bility to interference. In step two, we entered age (young = “0" vs. old = “1")
as an additional predictor, which accounted for asignificant increasein vari-
ance in interference performance (chhange = .03, F(1,94) = 4.01, p = .05).
Importantly, the partial correlation between age and interference (pr = —.20)
did not significantly change when perceptual match accuracy was added to
the model (pr =-.20).

Next we examined the age by study interaction in accuracy for the
high-complexity condition. In step one, we entered studied performance and
perceptual match performance as predictors. These predictors accounted for
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a significant amount of variance in nonstudied performance (R? = .240,
F(2,95) = 15.04, p < .0001), again due to studied (3 = .489, t = 5.454,
p <.0001) rather than perceptual match (3 = .019, t = .211, p > .8) perfor-
mance. Again, this result suggests that worse perceptual match performance
is not associated with increased susceptibility to novelty. In step two, we
entered age as an additional predictor, which accounted for a nearly signifi-
cant increase in variance in nonstudied performance (chhange =.03, F(1,94)
= 3.68, p = .06). Similar to the interference results, the partial correlation
between age and study (pr = —.19) did not significantly change when percep-
tual match accuracy was added to the model (pr = —.19). Overal, these data
suggest that age is a significant predictor of both interference and nonstudied
performance during the high complexity condition, even after accounting for
perceptual abilities.

Reaction time (RT) during the perceptual match condition was signifi-
cantly correlated with RT across all high-complexity conditions for both
young and older adults (.43 < r < .62). In order to further explore the nature
of these first-order correlations, we then examined the age by interference
interaction in RT for the high-complexity condition. In step one of the hier-
archical regression, we entered noninterference and perceptual match perfor-
mance as predictors. These predictors accounted for a significant amount of
variance in interference performance (R®> = .86, F(2,95) = 302.26, p <
.0001), again due to noninterference (3 = .89, t = 15.74, p < .0001) rather
than perceptual match (3= .05, t = .84, p > .40) performance. In step two, we
entered age, which provided no additional predictive information above and
beyond that accounted for by noninterference and perceptua match RT
(chhange =.001, F(1,94) = .79, p > .38). We next examined the age by study
interaction in RT for the high-complexity condition. In step one, we entered
studied and perceptual match performance as predictors. These predictors
accounted for a significant amount of variance in nonstudied performance
(R? = .89, F(2,95) = 397.76, p < .0001), due to studied (R = .91, t = 18.19, p
< .0001) rather than perceptual match (R = .05, t = .1.03, p > .3) perfor-
mance. In step two, we entered age, which marginally accounted for an
increase in variance in nonstudied performance (chhange =.003, F(1,94) =
2.29, p = .13). Overdl, it is probable that the strong prediction of interfer-
ence RT by noninterference performance (and nonstudied by studied)
reflects global, age-related differencesin processing speed.

DISCUSSION

The goal of this study was to use a category-learning task to explicitly
examine rule-based categorization in older adults. The results support the
hypothesis that as cognitive demands increase, older adults show perfor-
mance declines in rule-based categorization. The age-related changes in
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performance that we found were relatively subtle in some conditions. How-
ever, the older adults' included in the current study were extremely high
functioning due to the strict and conservative exclusion criteria that we used.
Thus, we believe that the fact that these very high functioning older adults
still showed evidence of categorization declines in theoretically predicted
conditions suggests that a less-screened population of older adults would
show even more severe impairments. Further, the data suggest that age-
related declines in rule-based categorization are not solely due to increased
forgetting of the rule. Rather, age-related categorization deficits were most
apparent in conditions with strong working memory and/or processing
resource demands (high-complexity rule condition), novel information (non-
studied items), and high levels of response competition (interference items).
These results will be discussed in more detail later.

One might argue that a potential limitation of the current study was that
accuracy performance was very good overal in both younger and older
adults, and that some ceiling effects might have been present for younger
adults in some conditions (e.g., the noninterference conditions). However,
analyses of just the younger adult data suggested that accuracy performance
was senditive to the experimental manipulations of interference as well as
the combined influence of study and interference. Thus, although accuracy
levelswere relatively high in younger adults, performance was still differen-
tially affected by predicted experimental variables.

One of our initia hypotheses was that increased rule-forgetting might con-
tribute to older adults’ difficulties using rules during categorization. We argued
that if older adults have deficits in rule use because of an increased tendency to
forget the categorization rule, they should demonstrate enhanced performance
when given external rule reminders in the prompt condition. In this study, older
adults did not demonstrate any benefit of prompts on either accuracy or RT, nor
were there any significant interactions between prompts and any of the other
study variables. Additiondly, the mgority of older adults were able to report the
appropriate rule at the end of the session. Together, these results suggest that in
thistask, age-related impairmentsin rule-based categorization are not due to for-
getting of therule (i.e., potentially due to impaired episodic memory).

Although older adults could correctly report the rule at the end of testing,
they demonstrated performance declines during specific conditions of the cate-
gory-learning task. As predicted, older adults demonstrated greater difficulties
on interference than noninterference items. This finding suggests that under
conditions of high-response competition (between rule-based and exemplar-
based categorization decisions), older adults may have difficulty using a rule
appropriately. Additionally, older adults demonstrated poorer performance on
nonstudied than studied items, suggesting that they may have particular diffi-
culty applying rule-based strategies to nove information. Further, these find-
ings were observed more under conditions of high than low working memory
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load (high-complexity condition), particularly for the accuracy data. There are
several possible frameworks for interpreting the data of the current study, a
few of which are described below. Although we discuss these as different
frameworks, there is clearly some overlap among the ideas, and the factors
described below are not necessarily mutually exclusive.

Active Maintenance

The finding that older adults show some evidence for more impairment
during the high-complexity than low-complexity condition suggests that one
of the factors that influences effective rule use in older adults might be how
much of a demand the rule itself places on cognitive resources (i.e., working
memory load). As noted above, older adults do not appear to have difficulties
with episodic memory for the rule. However, it is possible that this representa-
tion is not actively maintained in working memory in a manner that allows
them to apply the rule quickly and accurately. An inability to have rule infor-
mation easily accessible would make older adults ower and more error-
prone, as we found in the study. This hypothesis is consistent with theories of
age-related impairment in working memory (Craik et a., 1990; Salthouse,
1994) and/or contextual memory (Braver et al., 2001), which postulate that
one factor that influences age-related cognitive deficitsis an impairment in the
representation of information relevant to the task goal. This hypothesis would
aso explain why older adults could till perform the task relatively well,
athough less accurately than younger adults. Even if the rule was not actively
maintained in working memory, an available rule representation in episodic
memory would allow older adults to retrieve the appropriate rule information
as needed, though this method islikely less effective. One potentia method for
examining this hypothesis in future work would be to change the rule on a
trial-by-trial basis. Under these conditions, active rule maintenance would be
much more critical for performance, as the rapid changing of the rule would
make it more difficult to develop a rule representation that could be stored in
episodic memory. Under such conditions, we would predict that older adults
would demonstrate much greater declines in explicit rule use than those found
in the current study, if the maintenance of information in working memory is
indeed a primary reason for age-related deficitsin explicit rule use.

Transient Goal Neglect

Another possible framework for interpreting the observed results has
been referred to as transient goal neglect in West's recent work (e.g., West,
2001; West et a., 2002). This hypothesis suggests that older adults experi-
ence only transient periods of active rule maintenance failures, rather than
gross difficulties actively maintaining the appropriate rule. Periods in which
the rule was not actively maintained could lead to situations of *goal
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neglect” and/or “intention lapse” in which rules or strategies are momen-
tarily unavailable to bias performance appropriately (West, 2001). In the
current study, if the appropriate rule was not immediately available during a
“lapse,” the participant might rely instead on the automatic or familiarity-
based response, and incorrectly categorize items based on their perceptual
similarity to previoudy studied items. Recent evidence suggests that this
pattern of behavior may be particularly true in the case of older adults. Using
atemporal analysis of behavior, West found that older adults had more fre-
guent lapses of intention than did younger adults and that the older adults
take longer to recover from a contextual lapse (West, 1999). Due to short
block length we were not able to examine transient changes in performance
that would be expected if older adults were to show evidence of goal neglect.
However, future studies with longer blocks could examine fluctuations in
older adult performance over time for results similar to those observed by
West and colleagues.

Rule Application

An dternative hypothesis to the two described above is that older
adults are successful at actively maintaining the appropriate rule, but are
unable to apply that rule to influence performance, which resultsin a discon-
nection between intended goal and observed behavior. Studies from both
frontal lesion patients and child development lend evidence toward the
hypothesis that the representation of rules and the ability to apply them may
be independent phenomenon, with the latter being particularly dependent on
the frontal cortex. For example, Shallice and Burgess have presented work
suggesting that patients may show “strategy application” deficits following
frontal damage, even when other executive abilities remain intact (Shallice &
Burgess, 1991a, 1991b).

Interestingly, studies examining the development of rule and strategies
in children have suggested that the first stage of learning a new rule consists
of the ability to understand and remember rules, with the ability to success-
fully use that rule occurring later (e.g. Halford et al., 2002; Zelazo et al.,
1996). It has been proposed that the age-related progression of neurobiologi-
cal changes may follow the reverse course of those changes seen during
development, particularly in frontal white matter (i.e., “retrogenesis,” see
Raz (2000) and Reisberg et al. (1999)). Applying this logic to rule use
(thought to be dependent on frontal function), we might expect to see age-
related decline in the ability to use rules initially, perhaps later followed by
impairment in the ability to understand and recall rules. Our data is consis-
tent with this hypothesis. The older adults could report what the rule was,
but demonstrated difficulties applying the rule under conditions that had
high cognitive control requirements. Future studies that more fully examine
the individual cognitive components that contribute to rule and strategy use
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would prove useful in determining the underlying cause of age-related
declinein rule use.

Per ceptual Decline

Another hypothesis of interest was whether diminished perceptua abilities
mediate older adults difficulties with rule use. Contrary to this hypothesis,
worse perceptual match performance was not associated with an increased sus-
ceptibility to the effects of either novelty (e.g., nonstudied items) or interference
for accuracy or RT. Further, the covariate andyses reveaed that that age contin-
ued to predict a significant amount of variance in accuracy performance after
controlling for perceptua abilities. Thus, the fact that age predicted categoriza-
tion accuracy over and above perceptual match performance suggests that basic
perceptual ahilities do not fully explain older adults breakdown in rule-based
category learning. However, the influences of perceptud abilities on age-related
differencesin rule use should be more closdly examined in future studies.

In summary, we have demonstrated that although older adults are able
to successfully recall appropriate rules, in certain conditions they are unable
to successfully use those rules to guide behavior. Our results also suggest
that the ability to actively maintain the appropriate rule influences the degree
to which older adults are able to successfully apply rules or strategies. Work-
ing memory load, cognitive control, and transient “lapses of intention” are
al potentia factors that could influence older adults' performance on rule-
based tasks. In future work, it will be important to design studies that help
tease apart these different potential explanations. In addition, as noted in the
introduction, performance on rule-based tasks may be dependent on intact
frontal lobe function. Thus, an important next step will be determine the
extent to which difficulties on rule-based tasks among older adults reflect
changesin frontal lobe function with age.
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