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Five groups of participants—healthy young, healthy young-old, healthy old-old, very mildly
demented, and mildly demented individuals of the Alzheimer type (DAT)—participated in a
2-phase experiment that entailed a rhyme judgment task followed by a lexical decision task, in
which half of the stimuli were earlier presented in the rhyme judgment task. The results of the
rhyme task indicated that healthy young and older adults did not produce an influence of word
frequency on rhyme decisions. However, the 2 groups of DAT individuals produced large
word-frequency effects primarily for the nonrhyming pairs. The results of the lexical decision task
indicated that (a) repetition facilitated lexical decisions to words, whereas there was evidence of
inhibition for nonwords; and (b) there was an increasing influence of word frequency across the 5
groups of participants. The results are interpreted with respect to attentional control of
appropriate (lexical and sublexical) processing pathways and the nature of processes that are
disrupted and those that remain uninfluenced in healthy aging and DAT.

In this article, we attempt to do the following: (a) to extend
the notion of a breakdown in inhibitory processing as a
possible framework to better understand the cognitive changes
that occur in both healthy aged individuals and in individuals
with dementia of the Alzheimer type (DAT), (b) to provide
information concerning the nature and stability of long-term
repetition priming effects in healthy aged individuals and in
DAT individuals, and (c) to shed some light on recent
controversies regarding the stability of word-frequency effects
in healthy aged individuals and in DAT individuals.

Zacks (1988) have suggested that healthy aged individuals
have a breakdown in the ability to inhibit partially activated
information. More recently, we (Balota & Duchek, 1991;
Balota & Ferraro, 1993; Spieler, Balota, & Faust, in press;
Sullivan, Faust, & Balota, 1995) have argued that a similar
framework may be useful in accounting for some of the
cognitive deficits that are observed in individuals with DAT.
According to the inhibitory framework, selection for subsequent processing or action involves not only the activation of
relevant representations but also the inhibition of partially
relevant but incorrect representations. For example, when
presented with the sentence The musician was pleased to hear
about the sale of organs at the music store, it is likely that a
skilled language user only has the meaning of organ referring
to musical instruments activated, and the alternative meaning
of organ referring to bodily organ should not be available and
may actually be partially suppressed (see Simpson, 1994, for
evidence of such suppression). It is noteworthy that Balota and
Duchek (1991) found that healthy older adults appeared to be
quite efficient in the inhibition of inappropriate interpretations of ambiguous words but that there was evidence of a clear
breakdown in DAT individuals (see also Faust, Balota, Duchek,
Gernsbacher & Smith, 1995).
To further isolate these inhibitory processes in the present
study, we took advantage of an important characteristic of
simple word processing. Specifically, words afford a number of
distinct and potentially competitive processing routes. For
example, words can be processed at many levels, such as the
level of orthography, phonology, grammatical class, or meaning. Although words afford a number of distinct processing
routes, a skilled language user normally has the ability to
attend to the meaning code of words without allocating much,
if any, attentional resources to other activated codes. In the
study reported here, we used the availability of multiple codes
in lexical processing as a tool to investigate aspects of selection

Inhibition in Healthy Aged and DAT Individuals
Considerable evidence indicates that healthy aged individuals produce deficits, some albeit quite small, in a variety of
cognitive tasks (see Craik & Salthouse, 1992). Because these
deficits are relatively widespread, researchers have argued that
they may be related to more central mechanisms involved in
many cognitive operations, such as activation processes (see
Balota & Duchek, 1988; Duchek & Balota, 1993), inhibitory
control (Hasher & Zacks, 1988), or general slowing of processing (Myerson, Hale, Wagstaff, Poon, & Smith, 1990). With
respect to the notion of inhibitory breakdowns, Hasher and
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and inhibition in healthy aged individuals and in individuals
with DAT. We asked: When a letter string is presented to a
skilled reader, does the reader activate only those codes that
are relevant for the specific task demands and actually suppress the other alternative partially activated, but inappropriate codes?
Our study was motivated in part by a recent set of studies
(Balota & Ferraro, 1993; Patterson, Graham, & Hodges, 1994)
with healthy aged individuals and DAT individuals that investigated two lexical codes that appear to be engaged in simple
word naming performance. According to the dual-route framework (e.g., Coltheart, 1978), when a letter string is presented,
participants can either name the letter string (a) by mapping
the whole orthographic string onto a lexical representation and
then retrieving information stored with that lexical representation to pronounce the word aloud, or (b) by using the
spelling-to-sound correspondences available in the language to
pronounce the letter string aloud. Support for the dual-route
model of naming performance (see Coltheart, Curtis, Atkins,
& Haller, 1993, for a review) has come from such diverse areas
as studies of different types of aphasics (see Coltheart, 1985) to
cross-linguistic studies of orthographies that have varying
degrees of consistency in the spelling-to-sound correspondences (e.g., Lukatella, Turvey, Feldman, Carello, & Katz,
1989). In addition, one finding that was initially viewed as
supportive of the dual-route model is the observation that
readers are relatively slow to name words in English that are
inconsistent with the spelling-to-sound rules in the language.
For example, consider the exception word pint: Participants
are relatively slow to name the word pint, compared to a word
matched on relevant factors, because this word does not follow
the spelling-to-sound correspondences in English (i.e., most
-int words are actually pronounced such that they rhyme with
hint; e.g., mint, tint, lint). Hence, in this case, the lexical route
has the correct pronunciation tor pint, but the sublexical route
would produce a competing pronunciation that rhymes with
hint. Participants must resolve this conflict (possibly by inhibiting the sublexical route), and such resolution slows response
latency to correctly name pint aloud. (See Seidenberg &
McClelland, 1989, for a single-route connection account of
regularity effects.)
Both Balota and Ferraro (1993) and Patterson et al. (1994)
have recently reported evidence that DAT individuals are
more likely to pronounce incorrectly unique-exception words
that are consistent with spelling-to-sound correspondences,
compared to their age-matched controls. Balota and Ferraro
argued that this pattern could be viewed as supportive of a
breakdown in inhibitory control in these individuals. Specifically, DAT individuals apparently are unable to inhibit the
sublexical route, and hence sometimes pronounce a letter
string on the basis of its spelling-to-sound correspondences
instead of its correct pronunciation.
In this study, our first goal was to reverse the relationship
between the lexical and the sublexical routes observed in the
Balota and Ferraro (1993) and Patterson et al. (1994) studies.
We attempted to demonstrate an increasing influence of the
lexical route in DAT individuals in rhyme judgments to both
words and nonwords. The top half of Table 1 displays the
major conditions of interest in the rhyme task. Because the

Table 1
Examples of Stimuli Presented in Phase 1 (Rhyme Phase) and
Phase 2 (Lexical Decision Phase)
Stimulus
Rhyme yes
Rhyme no

HFword

LF word
Phase 1 : Rhyme judgments
where-air
four-chore
gritty-carry
slide-rude

Nonword
tube-dog
strong-hing

Phase 2: Lexical decisions
Repeated
Rhyme yes
Rhyme no
Nonrepeated

air
carry
feet
prety

chore
rude
jilt
gravel

doob
hing
neek
dimp

Note. HF = high frequency; LF = low frequency.
response (rhyme or nonrhyme) is primarily tied to the spellingto-sound correspondence (i.e., the sublexical pathway), and
because half of the stimuli are nonwords (which should
minimize the role of the lexical pathway), an efficient processing system should place a premium on sublexical processes at
the expense of lexical processing (see Monsell, Paterson,
Graham, Hughes, & Milroy, 1992, for evidence of strategic
control over the two routes). Of course, an important issue in
this work is the choice of an appropriate metric that adequately reflects the influence of the lexical pathway. Most
versions of dual-route theory suggest that the lexical route is
sensitive to word frequency, whereas the sublexical route is
relatively insensitive to word frequency (cf. Monsell et al.,
1992; Paap & Noel, 1991). Thus, the presence of a wordfrequency effect can be used as an indicator of the involvement
of the lexical route in rhyme decisions. If an increased
influence of the lexical route in DAT individuals is obtained in
the present rhyme judgments (as reflected by an increasing
word-frequency effect) then this (coupled with the Balota &
Ferraro and Patterson et al. results) would provide the basis
for a dissociation in DAT individuals with respect to the
suppression of the relevant lexical and sublexical codes.
Specifically, in a task that should place a high premium on the
lexical route (word naming), DAT individuals have already
been shown to produce leakage from the sublexical route
(Balota & Ferraro, 1993; Patterson et al., 1994), and for a task
that should primarily rely on the sublexical route (wordnonword rhyming), a Group x Word Frequency interaction
would indicate leakage from the lexical route.

Lexical and Nonlexical Repetition Effects
Our second goal was to provide further information concerning lexical and nonlexical repetition effects in healthy aged
individuals and in DAT individuals. In the present study,
participants performed the rhyme judgments first and then the
lexical decision task (see bottom half of Table 1). Half of the
words and nonwords presented in the lexical decision task also
were earlier presented in the rhyme task, whereas the remaining half of the items were new. Because participants made
rhyme decisions during the first phase of the experiment and
lexical decisions during the second phase of the experiment, it
was possible to avoid the influence of the same decision or
response on repetition priming, and hence to obtain a rela-
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lively pure measure of stimulus repetition priming in the
present paradigm.
There has been considerable interest in repetition priming
effects in healthy aged individuals and in DAT individuals
because of the relevance of such effects to the dissociation of
different memory types (i.e., implicit-procedural vs. explicitdeclarative). It has been argued that because most repetition
priming studies do not require participants to recollect consciously the previous episode in making their decision, performance in these tasks may reflect a type of implicit-procedural
memory. For example, there is evidence of a breakdown in
explicit-declarative memory functioning in healthy aged individuals, but the implicit-procedural memory system appears to
be relatively unimpaired (see Graf, 1990; Howard & Wiggs,
1993; see, however, La Voie & Light, 1994). Unfortunately,
however, there is some inconsistency in the past studies
regarding implicit memory performance in DAT individuals.
For example, Balota and Duchek (1991) found that compared
with age-matched healthy controls DAT individuals produced
slightly larger repetition priming effects in a naming task. On
the other hand, Ferraro, Balota, and Connor (1993) reported
an impairment in mildly demented DAT individuals in a serial
reaction time paradigm.
One factor that may help to distinguish between those
conditions in which normal repetition priming may occur is
whether the earlier repetition involves a preexisting memory
trace. For example, in the Balota and Duchek (1991) study, the
priming effects involved the repetition of words. On the other
hand, Ferraro et al. (1993) investigated the acquisition of a
novel repeating sequence of random key presses. In the latter
case, there appears to be a deficit produced by DAT individuals. Because both words and nonwords are repeated in the
present study and the present paradigm affords a relatively
uncontaminated measure of repetition priming, we are able to
provide further information regarding the importance of a
prexisiting memory trace for intact repetition priming in DAT
individuals.

young and older adults, the verbal scores for the healthy older
adults are higher than the verbal scores for the younger adults.
Of course, with increased exposure across time to words in a
language as one ages, it is not surprising that healthy aged
individuals often have a higher vocabulary score than younger
individuals. In fact, in the Allen et al. (1993) study, the
Wechsler Adult Intelligence Scale—Revised (WAIS-R; Wechsler, 1987) vocabulary scores were reliably higher in the aged
individuals compared with the young adults. Moreover, Tainturier, Trembley, and Lecours (1989, 1992) have provided
evidence that vocabulary scores are related to the wordfrequency effect. Hence, when addressing the role of wordfrequency in modulating word processing in young and older
adults, one must be cautious to insure that the young and older
adults have similar verbal scores. In the present lexical
decision task, we attempted to control for verbal ability by
equating our healthy young and healthy old adults on WAIS-R
vocabulary scores.
Again, as shown in Table 1, our study involved two phases.
In the first phase, participants made rhyme decisions to
high-frequency words, low-frequency words, and nonwords
that were paired with rhyming or nonrhyming words. In the
second phase, the same group of participants performed in a
lexical decision task in which half of each class of stimuli
occurred earlier in the rhyme task, and the remaining half were
new stimuli. There were five groups of participants: healthy
young, healthy young-old (between 60 and 79 years), healthy
old-old (over 80 years), very mildly demented individuals, and
mildly demented individuals. In this way, we have three levels
of both age (young, old, old-old) and three levels of disease
(healthy control, very mildly demented, mildly demented). It is
important to have three levels of each factor in order to detect
any curvilinear relationships between group (age or disease
status) and the targeted cognitive performance. In fact, it is
quite possible that some of the past discrepancies in studies of
cognitive changes in DAT individuals may have been due to
differences in age or disease severity.

Word-Frequency Effects
Method
Our third goal in the present study is to provide evidence
concerning word-frequency effects in lexical decision performance in healthy young, healthy old, and DAT individuals.
This goal is in part motivated by some recent controversy
concerning word-frequency effects in young and older adults.
For example, Allen, Madden, Weber, and Groth (1993) have
argued that there is no change in the word frequency effect
between young and healthy aged individuals. However, close
inspection of the results from these experiments indicate that
overall the word-frequency effect does appear to be slightly
larger in the healthy aged individuals compared with the young
adults. In addition, the Balota and Ferraro (1993) article
provided evidence of an increasing word frequency effect
across each group of participants going from young to healthy
old to very mildly demented individuals to mildly demented
individuals.
One factor that may help to explain the discrepancy across
the past studies is that often in cognitive studies of healthy

Participants
A total of 151 participants participated in this study. There were 48
young and 48 healthy older adults. The young adults were volunteers
recruited from undergraduate courses at Washington University. The
48 healthy older adults were recruited from the Washington University
Aging and Development participant pool. The mean age for the young
adults was 20.1 years, and their ages ranged from 18 to 28 years; the
mean age of the older adults was 69.1 years, and their ages ranged from
62 to 80 years. The groups were matched on the vocabulary subsection
of the WAIS-R (Items 15-40), for young adults, M = 40.15 (5D = 4.92),
and for older adults, M = 40.79 (SD = 5.26), t(94) = .62. Because the
young-old adults were slightly younger than the DAT groups (described below), we eliminated 9 of the youngest young-old participants
to better equate the participant groups. The mean age of these 39
young-old adults was 70.1 years, and their mean WAIS-R score was
41.1.
The remaining three groups of participants (healthy old-old adults,
very mildly demented DAT individuals, and mildly demented DAT
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individuals) were recruited from the Washington University Alzheimer's Disease Research Center (ADRC). As indicated in Balota and
Ferraro (1993), these participants were originally screened for depression, severe hypertension, possible reversible dementias, and any other
potential disorders that could affect cognitive performance. Inclusionary and exclusionary criteria for the DAT individuals conform to those
outlined in the National Institute of Neurological and Communicative
Disorders and Stroke and Alzheimer's Disease and Related Disorders
Association criteria (McKhann et al., 1984). In addition, dementia
severity was staged according to the Washington University Clinical
Dementia Rating (CDR) scale (Berg, 1988; Hughes, Berg, Danziger,
Coben, & Martin, 1982). According to this scale, a 0 indicates no
dementia, a score of 0.5 indicates very mild or questionable dementia,
a score of 1.0 indicates mild dementia, a score of 2.0 indicates
moderate dementia, and a score of 3.0 indicates severe dementia.
The CDR is based on a rather extensive 90-min interview that
assesses cognitive ability in areas including memory, orientation,
judgment and problem solving, community affairs, hobbies, and
personal care. Both the participant and his or her collateral source
(e.g., spouse or child) participate in the interview. One of eight
board-certified physicians (four neurologists and four psychiatrists)
conducted these interviews. The interviews were videotaped and
subsequently reviewed by a second physician for reliability. The
diagnosis of Alzheimer's disease (AD) has been excellent by this
clinical core, with 102 out of 106 (96%; J. C. Morris, personal
communication, May 28, 1994) individuals diagnosed as having DAT
also having AD confirmed on autopsy (Berg et al., 1990; Burke, Miller,
& Rubin, 1988; Morris, McKeel, Fulling, Torack, & Berg, 1988;
Morris, Mohs, Rogers, Fillenbaum, & Heyman, 1988).
Of the 55 participants recruited from the ADRC, 16 participants
were nondemented old-old adults (mean age = 85.1 years, range = 8193 years, CDR = 0), 24 participants were very mildly demented (mean
age = 71.7 years, range = 54-83 years, CDR = 0.5), and 15 were
mildly demented (mean age = 70.8 years, range = 60-80 years,
CDR = 1.0). It is important to note that the individuals who received
the CDR 0.5 rating may in fact be in the very early stages of AD. For
example, Rubin, Morris, Grant, and Vendega (1989) reported evidence from a longitudinal study indicating that 11 of 16 participants
originally classified as having very mild DAT (CDR = 0.5) by this
research team either progressed to a higher CDR level over the course
of 84 months or had AD confirmed at autopsy.

Table 2
Scores (M ± SD) Psychometric Tests for
Each Participant Group
Group

Test

Healthy
MildVery
aged
mild moderate
(>80
DAT
DAT •
years;
n = 16) (n = 24) (n = 15) F(2, 52)"

WMS Logical Memory

M
SD

7.94
2.17

6.08
3.32

2.67
1.80

15.57"

44.63
14.36

49.88
17.68

69.13
37.56

4.54*

20.94
3.79

18.79
3.82

14.07
5.13

10.86"

25.81
7.15

27.71
11.13

17.73
10.61

4.81*

41.06
7.26

39.42
10.43

22.60
12.67

15.75**

5.50
1.46

5.38
1.97

3.00
1.65

10.47**

0.81
1.52

0.46
0.83

2.13
3.16

3.67*

M
SD

8.31
3.34

8.92
4.93

12.93
5.31

4.66*

M
SD
BNT
M
SD

9.31
1.08

9.17
2.08

10.93
8.59

0.72

54.00
4.75

52.42
7.80

45.40
11.72

4.71*

6.50
2.90

6.17
1.71

5.93
2.46

0.24

11.88
3.48

11.45
3.90

6.47
1.73

13.24**

29.69
9.53

26.96
9.10

18.93
5.46

6.90**

11.63
2.28

10.75
1.62

10.00
2.07

2.70

Trails Form A

M
SD
WAIS-R
Information

M
SD
Block Design

M
SD
Digit Symbol

M
SD

Benton Delay (Form C)b

M
SD
Benton Copy (errors)

M
SD
Benton Recall (errors)
Benton Copy (Form D)b

WMS Mental Control

M
SD
Associate Memory Recall

Psychometric Test Performance
The 55 participants who were recruited from the ADRC also
participated in a 2-hr battery of psychometric tests designed to assess
psychological functions, including language, memory, intelligence, and
psychomotor performance. Memory performance was assessed with
the following: Wechsler Memory Scale (WMS; paired-associate learning: Wechsler & Stone, 1973), Benton Visual Retention Test (picture
memory; Benton, 1963), WMS Logical Memory (surface-level story
memory), and WMS forward and backward digit span. Measures of
general intelligence were the Information, Comprehension, Block
Design, and Digit Symbol subtests of the WAIS-R (Wechsler, 1955).
Visual perceptual-motor performance was assessed by the Benton
Copy Test and Trail Making Form A. In the Benton Copy Test,
participants must copy a geometric figure; in Trail Making Form A,
participants connect numerically ordered dots that result in a specific
pattern (Armitage, 1946). Participants also received the WMS Mental
Control test, which evaluates the ability to quickly produce a wellrehearsed letter or digit sequence, such as the alphabet, in a specified
amount of time. Participants also received the Word Fluency test,
which addresses processes associated with lexical retrieval (Thurstone

M
SD
Word Fluency (letters S + P)

M
SD
Digit Span (F + B)

M
SD

Note. DAT = dementia of the Alzheimer type; WMS = Wechsler
Memory Scale; WAIS-R = Wechsler Adult Intelligence ScaleRevised; BNT = Boston Naming Test. F + B = forward plus
backward.
"From group main effect. bData indicate number correct.
*p < .05. **p < .01.
& Thurstone, 1949). In this task, participants are required to quickly
generate as many words beginning with a specified letter (P or S) in an
allotted time period (60 s per letter). As shown in Table 2, the
psychometric test results revealed the expected effect of CDR level,
with performance declining especially between the mildly demented
individuals and the remaining two groups of participants. Of course,
the differences between the old-old group of participants and the very
mildly demented individuals are rather small because the old-old
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individuals are on average 12 years older than the very mildly
demented individuals. Because the young adults and the young-old
adults were recruited from another source, they did not receive the
psychometric battery.1

Apparatus
All testing was conducted with an Apple He microcomputer that was
interfaced with a Mountain Hardware clock card that provided an
estimate of response latency to the nearest millisecond.
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Materials
A total of 320 high-frequency words (over 100 occurrences per
million) and 320 low-frequency words (less than 5 occurrences per
million) were selected from the Kucera and Francis (1967) norms. Of
each frequency range, 160 words were specified as target words, and
160 words were specified as words that were used to construct
pronounceable nonwords by changing one or two letters. The words
and nonwords within each frequency range were equated on syllables
and length in letters. For each target word, a rhyming pairmate and
nonrhyming pairmate was also selected. The rhyming and nonrhyming
pairmates were selected such that participants could not use the
overlap in orthography as a cue to the rhyme decision (e.g., cause-laws
for a rhyming pair and cause-raise for a nonrhyming pair). Rhyming
and nonrhyming pairmates were selected for the nonwords in the same
fashion as for the words (e.g., span-cart for a rhyming pair and
sport-hurt for a nonrhyming pair). In addition to the target words, a
total of 56 additional stimuli (28 words and 28 nonwords) served as
practice-buffer items.
During Phase 1, the rhyming phase, stimuli were counterbalanced
across participants such that no target word, nonword, or pairmate was
repeated with a participant, and each word and nonword occurred in
both the rhyme and nonrhyming conditions across participants. There
were 20 observation in each of the cells that were produced by crossing
word frequency, lexicality, and rhyme decision. Of course, because
word-frequency for nonwords is zero, this was simply a pseudovariable
included for counterbalancing purposes.
During Phase 2, the lexical decision phase, half of each stimulus
class occurred during the earlier rhyme phase and half were new
stimuli. Items were counterbalanced across lists such that no stimulus
appeared more than once for a given participant, and each stimulus
was rotated across the repeat, nonrepeat, rhyme, and nonrhyme
conditions across participants. For the word stimuli there were 20
observations in each of the cells that were produced by factorially
crossing repetition, lexicality, word frequency, and rhyme decision
during Phase 1 of the experiment.

Procedure
Participants were tested individually in a sound-deadened room.
During the rhyming phase of the experiment, participants were
presented the following sequence of events: (a) A rhyming or nonrhyming word was presented for 1,250 ms in the center of the screen; (b)
after a blank screen of 17 ms, the target word or nonword was
presented immediately after the rhyming stimulus in the same location; (c) the participant pressed either the back slash key or the z key
on the keyboard to indicate "yes, the stimuli rhymed" or "no, the
stimuli did not rhyme," respectively; (d) if a correct response was
made, then this initiated the 2,500 ms intertrial interval; if an incorrect
response was made an error message ("YOU PRESSED THE
WRONG KEY") was presented on the screen, and then a keypress
both cleared the screen and began the 2,500 ms intertrial interval.
During Phase 1, participants received a total of 24 practice trials,

which were followed by two test blocks of 80 trials each. Conditions
were equally represented within each test block, and each block was
preceded by four buffer trials.
After a rest period approximately 5-min long, participants were then
given instructions for the lexical decision phase of the experiment.
During this phase, participants were presented with the following
sequence of events: (a) A word or nonword was presented in the
center of the screen; (b) the participant pressed either the back slash
key for a word response or the z key for a nonword response, which
blanked the screen; (c) a correct response initiated the 2,500 ms
intertrial interval; if an incorrect response was made, the message
"ERROR" was presented, which was terminated by a keypress that
cleared the screen and began the 2,500 ms intertrial interval. All
participants pressed the space bar on their own, except the DAT
individuals. (The experimenter pressed the space bar after error trials
for them.) Participants were first presented with 24 practice trials,
which were then followed by two blocks of 160 test trials. Conditions
were equally represented within each test block, and each test block
was preceded by four buffer trials.
Participants were seated approximately 60 cm from the computer
screen. They were encouraged to be as fast and as accurate as possible.
There was a mandatory break at the end of the practice blocks and
between test blocks within each phase. Stimuli within both the practice
block and within each of the test blocks were randomly ordered anew
for each participant. The total time for both Phase 1 and 2 ranged
between 45 min to 1 hr 15 min.

Results
To ensure that the observed means were not unduly influenced by extreme response latencies, we adopted the following
screening procedure. First, for each participant an overall
mean and standard deviation was calculated separately for
Phase 1 and Phase 2. Any observation that was greater than 2.5
SDs above the mean or greater than 5,000 ms was treated as an
outlier. In addition, any response latency that was less than 2.5
SDs below the mean for that participant or less than 250 ms
was treated as an outlier. The mean percentage outlier rates
for the rhyme task were 2%, 2%, 3%, 4%, and 8% for the
young, young-old, old-old, very mild DAT, and mild DAT
individuals, respectively. The mean percentage outlier rates
for the lexical decision task were 2%, 2%, 3%, 3%, and 6% for
the young, young-old, old-old, very mild DAT, and mild DAT
individuals, respectively.
The present analyses were motivated by the three issues that
were discussed in the introduction: (a) Developmental and
DAT related changes in the ability to suppress the lexical route
in a task that places primary emphasis on the sublexical route
(i.e., rhyme judgments); (b) developmental and DAT related
changes in the influence of repetition for preexisting lexical
1

Because one of the goals of the present study was to investigate
word-frequency effects in young and old adults who were equated on
WAIS-R vocabulary performance, and the psychometric battery did
not include either the WAIS-R measure or a young adult control
group, we do not report here the results from nondemented young-old
adults that were recruited from the ADRC. However, it should be
noted that 19 nondemented young-old adults (CDR = 0) did participate in the present study and in fact produced the same pattern of data
as the 48 young-old adults that were not recruited from the ADRC.
Thus, differences in samples are not a contributing factor in the
present data.
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and nonlexical information; and (c) developmental and DAT
related changes in the word-frequency effect. Each of these
issues is addressed by two separate sets of analyses of variance
(ANOVAs). One set of ANOVAs addresses the influence of
age and includes the following three groups of participants:
young adults, young-old adults, and old-old adults. The second
set of ANOVAs addresses the influence of DAT on the groups
that are equated on age and includes the following three
groups of participants: young-old adults, very mildly demented
DAT individuals, and mildly demented DAT individuals.
Group-Related Changes in the Ability to Suppress
the Lexical Route in Rhyme Judgments
Onset latencies. Table 3 displays the mean onset latencies
and error rates as a function of group, rhyme decision (yes vs.
no), lexicality (word vs. nonword), and, for the words, wordfrequency (high vs. low). Figure 1 displays the word-frequency
effects (low frequency minus high frequency) as a function of
rhyme decision for the word stimuli. There are three observations to note in these data: First, as expected, overall response
latencies substantially increased as a function of age and DAT
(see Table 3). Second, all groups of participants appear to be
slower to make rhyme decisions on trials in which the two
stimuli rhyme compared to trials in which the two stimuli do
not rhyme. Third, as highlighted in Figure 1, there appears to
be little evidence of a word-frequency effect for rhyming pairs;
however, for nonrhyming word pairs, there appears to be a
word-frequency effect that primarily occurs for the old-old and
the DAT individuals.
These observations were supported by two separate 3
(group) x 2 (decision) x 2 (word frequency) x 2 (lexicality)
mixed-factor ANOVAs. As noted, one analysis addressed the
influence of Age (young vs. young-old vs. old-old), and the
second analysis addressed the influence of DAT (young-old vs.
very mild DAT vs. mild DAT). As expected, both sets of
Table 3
Mean Rhyme Response Latencies (in Milliseconds) and Error
Percentages as a Function of Group, Rhyme Decision, Lexicality,
and (for Words) Word Frequency
Words
Rhyme
Group
Young
Latency
Error
Young-old
Latency

Error
Old-old
Latency
Error
Very mild
Latency
Error
Mild
Latency
Error
Note.

LF

HF

Nonwords

Nonrhyme

HF

LF

Rhyme

Nonrhyme

717
4

717
4

694

4

735
5

4

896
6

912
5

888
5

963
9

942

950

1,059

1,114

1,005

1,129

9

7

13

13

11

17

948
7

941

1,069

7

9

1,112
9

1,064
7

1,147
11

1,445
10

1,460
6

1,703

1,846
13

1,806
12

1,845
14

648
3
780
5

655
4

788
•

9

HF = high frequency; LF = low frequency.

-25

Young

Y-Old

O-Old

Very Mild

Mild

GROUP
Figure 1. Mean word-frequency effect (in milliseconds) in the rhyme
task as a function of rhyme decision and group. Y = young; O = old.

ANOVAs yielded highly reliable main effects of group, decision, and lexicality, along with highly reliable interactions
between lexicality and frequency and lexicality and decision
(all /?s < .001). Both ANOVAs also yielded highly reliable
Lexicality x Group interactions (bothps < .001), which indicated that the lexicality effect increased both as a function of
age and DAT.
In addition to the effects that were consistent across the
analyses of Age and DAT, there were a number of additional
interactions that were specific to either the age or the DAT
ANOVAs. In the ANOVA that included age as the grouping
factor, there was a reliable interaction between age and
decision, F(2, 100) = 5.91, MSB = 15,280, p < .01, which
indicated that the difference between rhyming and nonrhyming pairs increased with increasing age. In the ANOVA that
included DAT as a grouping factor, three reliable interactions
were specific to this analysis. First, there was a reliable
Lexicality x Frequency x Group interaction, which indicated
that the frequency effect for words increased across groups,
but, of course, there was no change in the frequency effect for
nonwords across groups, because word-frequency for nonwords is a pseudodistinction. Second, there was a reliable
Group x Lexicality x Decision interaction, F(2, 75) = 13.12,
MSE = 12,396, p < .01, which indicated that the difference
between rhyming pairs and nonrhyming pairs increased across
groups with severity of DAT primarily for word stimuli. Third,
and most importantly, there was a reliable Group x Lexicality x
Frequency X Decision interaction, F(2, 75) = 3.51, MSE =
7,360,p < .05.
To more easily interpret the latter four-way interaction that
occurred in the DAT analyses, a separate ANOVA was
conducted on only the word stimuli. This ANOVA yielded the
critical Group x Frequency x Decision interaction displayed
in Figure 1, F(2, 75) = 3.16, MSE = 6,273.3, p < .05, and
reflects the observation that the word-frequency effect does
reliably increase as a function of DAT severity for the
nonrhyming word pairs, but not for the rhyming word pairs. It
is important to emphasize here that separate planned / tests
for each group of participants for the rhyming and nonrhyming
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pairs only yielded reliable frequency effects for the very mildly
demented individuals and the mildly demented individuals for
the nonrhyming pairs (both ps < .05). Thus, it appears that
healthy individuals are able to suppress the lexical route as
evidenced by a lack of word-frequency effect, whereas the
DAT individuals do appear to have difficulty suppressing this
route and hence produce reliable word-frequency effects for
nonrhyming pairs.
Error rates. As shown in Table 3, the error rates followed
very much the same pattern as the response latency data. The
results of the separate ANOVAs including age and DAT
status as grouping factors both yielded main effects of group,
lexicality, frequency, and decision (all ps < .01). The only
interaction that reached significance in the ANOVA including
age as a grouping factor was a marginally reliable Group x
Frequency x Decision interaction, F(2, 100) = 3.10, MSB =
19.96, p = .044. Because lexicality was not included as a factor
in this interaction and frequency is only relevant for words, this
interaction is likely to be spurious. More importantly, the
ANOVA that included DAT status as a grouping factor
showed reliable Frequency x Decision and Lexicality x
Frequency x Decision interactions, F(\, 75) = 5.73, MSB =
25.03, and F(l, 75), MSB = 35.50, respectively; both were
qualified by a Group x Lexicality x Frequency x Decision
interaction, F(2,75) = 4.54, MSB = 35.51. To further interpret
this four-way interaction, we again conducted an ANOVA on
only the word stimuli and obtained a reliable Group x
Frequency x Decision interaction, F(2, 75) = 3.88, MSB =
30.58. As shown in Table 3, this interaction indicated that the
only appearance of a word-frequency effect was for the mildly
demented individuals for the nonrhyming pairs (p < .05).
This pattern is quite consistent with the pattern obtained in the
response latency data.
In summary, the results of the rhyming phase of the
experiment clearly indicated that there was an increasing role
of the lexical route in the DAT groups, as indexed by an
increasing word-frequency effect. Moreover, this increasing
word frequency effect primarily occurred for the nonrhyming
Table 4
Mean Lexical Decision Response Latencies (in Milliseconds)
and Errors (in Percentages) as a Function of Group,
Repetition, and Lexicality
Word
Group
Young
Latency
Error
Young-old
Latency
Error
Old-old
Latency
Error
Very mild
Latency
Error
Mild
Latency
Error

Repeat

Nonword

Nonrepeat

Repeat

Nonrepeat

611
3

634
5

710
5

698
3

740

765

2

4

863
4

851
3

860

900

1,038

1,010

4

5

6

5

902
3

941

1,143

1,137

4

5

4

1,226

1,275

1,587

5

1,546

4

8

5

100

Lexical Decision Task
1

60 +
40 - -

§

Word

20 +

Nonword

& -20 - -40 - -60

Young

Y-Old

O-Old

Very Mild

Mild

GROUP
Figure 2. Mean repetition effect (in milliseconds) in the lexical
decision task as a function of lexicality and group. Y = young; O = old.

stimuli. It is also noteworthy that the healthy young and the
healthy young-old participants were able to suppress the
lexical route for both rhyming and nonrhyming pairs, as
indicated by the finding that there was no hint of a frequency
effect for either of these groups of participants.
Group-Related Changes in Repetition Effects in Lexical
Decision Performance for Preexisting Lexical
and Nonlexical Information
To address the influence of repetition for words and
nonwords in the second lexical decision phase of the experiment, we first conducted a set of analyses in which we
collapsed across word-frequency, which will be further addressed below, and also type of decision in Phase 1 (yes vs. no),
because this latter factor did not produce any consistent
effects. It is important to note, however, that because type of
decision in the rhyme task did not produce any reliable effects,
we can be assured that any observed repetition priming effects
were not due to contaminating effects of the same decision (yes
vs. no) during the first and second presentations of each
stimulus.
Onset latencies. Table 4 displays the mean onset latencies
and percentage error rates in the lexical decision task as a
function of group, repetition, and lexicality, and Figure 2
displays the mean repetition effects (nonrepeated stimuli
minus repeated stimuli) for each group of participants. There
are three points to note from these data. First, as shown in
Table 4, response latencies again consistently increased both
as a function of age and DAT status. Second, repeated words
were consistently faster than nonrepeated words. Third, repeated nonwords were consistently slower than nonrepeated
nonwords. The influence of repetition for words and nonwords
as a function of group is shown in Figure 2.
The results of the ANOVAs including age and DAT status
as grouping factors yielded very similar results. Specifically,
both ANOVAs yielded main effects of group and lexicality
(both ps < .0001), along with Group x Lexicality interactions
(both ps < .005), which indicated that the lexicality effect
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Table 5
Mean Lexical Decision Response Latencies (in Milliseconds)
and Errors (in Percentages) for Word Stimuli as a Function of
Group, Repetition, and Frequency
Repeat
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Group
Young
Latency
Error
Young-old
Latency
Error
Old-old
Latency
Error
Very mild
Latency
Error
Mild
Latency
Error
Note.

Nonrepeat

HF

LF

582
1

639

599
2

669

4

704
1

775
3

719
1

811
6

820
2

900
5

834
3

967

850
1

955
5

865
2

1,016
7

1,155

1,296

1,201

1,348

2

7

2

6

HF

LF

8

7

HF = high frequency; LF = low frequency.

increased across both age and DAT status. More importantly,
both ANOVAs yielded highly reliable Repetition x Lexicality
interactions (both ps < .0001), which indicated that repetition
facilitated words, whereas repetition actually slowed performance for nonwords. Most importantly, neither ANOVA
indicated that the Repetition x Lexicality interaction was
modulated by group. Thus, it appears that both age and DAT
status do not appear to modulate the influence of repetition
for either words or nonwords within the lexical decision task.
The only additional reliable effect or interaction that was
found in these analyses was a reliable main effect of repetition
for the ANOVA that included age as a grouping factor, F(l,
100) = 7.10, MSE = 479, p < .01. This simply indicated that
the benefit of repeating words was greater than the disadvantage of repeating nonwords, although this later disadvantage
was still reliable in and of itself (for the main effect of
repetition for separate ANOVAs on only nonwords,/?s < .001).
Error rates. As shown in Table 4, the error analyses yielded
very similar patterns of data. Both the ANOVAs with age and
DAT status as grouping factors yielded main effects of lexicality (p < .05) and highly reliable interactions between repetition and lexicality (bothps < .0001). The Repetition x Lexicality interactions again indicate that there was a beneficial effect
of repeating words but an overall deleterious effect of repeating nonwords. As in the ANOVAs on the response latency
data, there was no evidence that either age or DAT status
modulated the Repetition x Lexicality interactions.
In addition to the above results, two other effects reached
significance in the ANOVAs on the error rates. First, for the
ANOVA with DAT status as a grouping factor, there was a
marginally reliable main effect of repetition, F(l, 75) = 3.98,
MSE = 4.04, p < .05, which indicated that overall there was
slightly more errors produced by repeated stimuli than nonrepeated stimuli. In addition, there was a reliable Group x
Repetition interaction, F(2, 75) = 4.49, MSE = 4.04,p < .05,
which simply indicated that, collapsed across lexicality, there
was slightly less of a beneficial effect of repetition for the
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mildly demented individuals compared to the remaining two
groups of participants.
In summary, the results of the lexical decision data indicate
that repetition effects are consistent for both words and
nonwords across the participant groups. Hence, in participant
groups that produce considerable breakdown in a widespread
set of cognitive operations and have especially dramatic
breakdowns in episodic-declarative memory tasks, there is
clear evidence of preserved repetition effects for both lexical
and nonlexical representations.
Word-Frequency Effects in the Lexical Decision Task as a
Function of Group
The third major issue addressed in the present study is the
influence of word-frequency in the lexical decision task across
participant groups. Two aspects of this issue are noteworthy:
First, we were interested in whether there are changes in the
word-frequency effect in healthy young, compared to healthy
older adults, under conditions in which the two groups of
participants are equated on a standard measure of vocabulary
knowledge. As noted earlier, there has been some inconsistency in the literature regarding this finding. Second, we were
interested in how the word-frequency effect changes across the
remaining groups of participants as a function of repetition.
Onset latencies. Table 5 displays the mean response latency
and percentage error rates as a function of group, word
frequency, and repetition, and Figure 3 displays the wordfrequency effect as a function of group and repetition. There
are four points to note in these data. First, there appears to be
a slightly larger word-frequency effect in the healthy older
adults compared with the young adults. Second, this wordfrequency effect increases even further in the old-old and the
two DAT groups of participants. Third, there is a larger
word-frequency effect for the nonrepeated words compared to
the repeated words. Finally, this Repetition x Word Frequency interaction occurs for all groups, with the exception of
the mildly demented individuals.
180

20

Young

Y-Old

O-Old

Very Mild

Mild

GROUP
Figure 3. Mean word-frequency effect (in milliseconds) in the lexical
decision task as a function of repetition and group. Y = young; O =
old.
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The results of the ANOVAs that included age and DAT as
grouping factors both yielded main effects of group, repetition,
and frequency (allps < .001). Turning to the specific issue of
whether the word-frequency effect increased with age, the
ANOVA with age as a grouping factor yielded a reliable
Group x Frequency interaction, F(2, 100) = 6.06, MSB =
1,943, indicating that the word-frequency effect did increase as
a function of age. In addition to the ANOVA that included
three levels of age as a grouping factor, we also conducted an
ANOVA with 48 young adults and the full set of 48 healthy
older adults (see the Participants section above). The results of
this ANOVA yielded a reliable interaction between age and
frequency, F(l, 94) = 4.55, MSB = 1,825. Thus, it is very clear
that age modulates the word-frequency effect in these data
when participants are closely matched on WAIS-R vocabulary.
As for the influence of repetition on the word-frequency
effect, both ANOVAs with age as a grouping factor and DAT
as a grouping factor yielded reliable Repetition x Frequency
interactions (both ps < .05), which indicated that the frequency effect is attenuated for repeated words compared to
nonrepeated words. The only remaining effect to reach significance in these analyses was a reliable Group x Repetition x
Frequency interaction for the ANOVA that included age as a
grouping factor, F(2, 100) = 3.62, MSB = 652. As shown in
Figure 3, this interaction reflected the finding that the Repetition x Frequency interaction was largest for the old-old adults.
Separate ANOVAs on each group of participants yielded
evidence of a reliable Repetition x Frequency interaction (all
ps < .03), with the exception of the mildly demented individuals (F < 1.00), which, as shown in Figure 3, produced no
evidence of such an interaction.
Error rates. As shown in Table 5, the error rates are again
quite consistent with the response latency analyses. The results
from the ANOVAs on the error rates yielded main effects of
repetition (both ps < .02) and frequency (both ps < .0001),
along with Repetition x Frequency interactions (both
ps < .03). It should be noted that the Group x Repetition x
Frequency interaction approached significance in the ANOVA
with DAT as a grouping factor, F(2, 75) = 2.59, MSB = 6.69,
p = .08. Again, this reflected the fact that the young-old
(p < .01) and the very mildly demented individuals (p < .06)
produced evidence of a Repetition x Frequency interaction;
however, there was no evidence of such an interaction for the
mildly demented individuals (F < 1.00). Thus, these data are
quite consistent with the observation from the response
latency data that only the mildly demented individuals did not
produce evidence of a Frequency x Repetition interaction.
In summary, there are three points to note about the
influence of word-frequency as a function of repetition and
group in the present lexical decision data. First, wordfrequency effects do increase across age groups, and there
appears to be some tendency for the word-frequency effect to
increase across dementia severity, although this later interaction only approached significance, F(2, 75) = 2.93, MSE =
9,776, p < .06. Second, when one considers a group of healthy
young versus a group of healthy older adults equated on
WAIS-R vocabulary performance, there is clear evidence of a
reliable increase in the word-frequency effect in the healthy

older adults. Third, all groups produced evidence of a reduction in the word-frequency effect for repeated words compared
to nonrepeated words, with the exception of the mildly
demented individuals.
Discussion
The present results yielded four patterns of data: First, the
results of the rhyme task indicated that word frequency did not
influence performance in either the healthy young or the
healthy older adults. Thus, it appears that these participants
were able to minimize the frequency modulated lexical access
route in making their rhyme decisions. However, in contrast to
the healthy young and young-old adults, there was clear
evidence of an increasing word frequency effect in the rhyme
task that occurred primarily in the two DAT groups of
participants. Second, the lexical decision results indicated that
repeated words were more quickly recognized than nonrepeated words and that repeated nonwords were more slowly
recognized than nonrepeated nonwords. This pattern occurred
consistently across groups, and, if anything, was largest in the
response latency data for the mildly demented individuals.
Third, the word frequency effect in lexical decision performance was larger in the healthy older adults than in the
healthy younger adults under conditions in which verbal
WAIS-R performance was equated. Finally, there was evidence of an attenuation in the word-frequency effect for
repeated words compared to nonrepeated words for all groups,
with the exception of the mildly demented individuals. We now
turn to the theoretical implications of the present results.
Control of Inappropriate Processing Pathways
in Lexical Processing
As noted in the introduction, evidence suggests that very
mildly and mildly demented DAT individuals have an increased tendency to regularize words that do not conform to
standard spelling-to-sound pronunciations (Balota & Ferraro,
1993; Patterson et al., 1994). We viewed these results as most
consistent with the notion that DAT individuals have some
difficulty suppressing an activated sublexical route in output.
One of the primary motivations of the present study was to
determine whether these same participant groups would produce an increased influence of the lexical route, as reflected by
an increasing word-frequency effect, under conditions in which
there should be primary emphasis on the output from a
sublexical code (as in the current rhyming task). As shown in
Figure 1, the results of the rhyme task clearly indicated that
this was the case. As noted above, one important aspect of
these results is that there was no word-frequency effect for the
young and the young-old participants; hence, these participants appear to be able to suppress the influence from the
lexical route. However, this was clearly not the case for the
DAT individuals. In this light, it would appear that the present
evidence in conjunction with the past naming studies provides
evidence for a dissociation between the two lexical processing
routes. However, a number of important issues must be
addressed before this observation can be accepted.
First, it is possible that the present rhyme decision data are
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simply a reflection of a scaling problem. Specifically, on the
basis of general slowing arguments (cf. Faust, Balota &
Ferraro, 1994; Myerson & Hale, 1993), one might expect the
slower participants to produce larger effects of any independent variable. Although general slowing accounts are clearly
relevant here, three reasons suggest that the present results
simply cannot be accounted for in terms of the general slowing
framework. First, as shown in Figure 1, there is absolutely no
evidence of a word-frequency effect in either the young or the
young-old participants, even though the young-old participants
were 185 ms slower than the young participants. Second, we
correlated the mean overall response latency in the rhyme task
with the word-frequency effect for the rhyme no decisions
across all our participants. The resulting correlation did not
approach significance, and, in fact, was in the wrong direction,
r(140) = —.15. Thus, simple overall response latency is not a
strong predictor of the observed word-frequency effect. Finally, it should be noted that Faust et al., (1994) have
demonstrated that the slowing functions for the rhyme task
and the lexical decision task are reliably different in the young
and older adults population. Thus, although general slowing
issues and related scaling problems may account for some of
the differences in the present results, we do not believe that an
unembellished general slowing model captures the important
aspects of the present data.
Second, it is also important to address why the word
frequency effect obtained in the DAT groups primarily occurred for the nonrhyming pairs and not the rhyming pairs.
One possible account of this pattern is that when the first
rhyming pairmate is presented, it activated the relevant phonological codes for the target stimulus. Hence, the very mildly
demented and mildly demented individuals could minimize
the influence of the lexical route on these trials because of the
increased availability of the appropriate sublexical route. On
the other hand, when there is insufficient activation of the
relevant phonology, as in the case of nonrhyming pairs, these
groups were unable to make a decision on the basis of the
computed phonological mismatch of the two stimuli, but
instead relied on accessing phonological information through
the lexical pathway in making their decision, as reflected by the
observed word-frequency effects. Thus, these results suggest
that in DAT individuals there are breakdowns in the control of
appropriate processing routes that are primarily manifested
when there are relatively similar levels of activation for the
competing codes. Very simply, the priming of the appropriate
phonological information for rhyming pairs presumably facilitated the access of phonological information, and hence, there
was little influence of the lexical routes, as evidenced by the
lack of a word-frequency effect for any of our participant
groups.
Third, consider a reasonable alternative account of the
present results that does not adhere to the dual-route framework espoused in the present study. For example, Patterson et
al. (1994) suggest that the increased likelihood of regularization errors in the naming performance of DAT individuals is
not simply due to decreased likelihood of suppressing the
sublexical route, but rather to a breakdown in the semantic
contribution to lexical processing (see Balota, Ferraro, &
Conner, 1991, for a review of this literature). Hence, if there is

91

a breakdown in the influence of semantic information to
stabilize a lexical output, then it is possible that participants
may be more likely to rely on a sublexical pathway in the past
naming studies. This account is quite plausible for the regularization of irregular words that occurs in the naming task. It is
also possible that this account may be extended to the present
rhyming data by suggesting that participants actually were
using the lexical processing route in making their rhyme
decisions. According to this account, the young and young-old
adults did not produce reliable word-frequency effects in the
present rhyme decisions simply because there was sufficient
semantic support to minimize the influence of word-frequency
effect. It is only when semantic structure is sufficiently degraded that one can observe a word-frequency effect with the
present set of materials in a rhyming task. Possibly, with a
stronger manipulation of word frequency one might find a
word-frequency effect also occurring in the nonrhyming decisions of the young and young-old adults.
Although degraded semantic support may, in part, be
responsible for the increased word-frequency effect in the
DAT groups of participants, there are aspects of the present
data that question its utility as the only explanatory mechanism. For example, with respect to the argument that the
manipulation of word-frequency was not sufficiently strong to
produce an effect in the semantically supported lexical processing routes of the young adults and young-old adults, the
present lexical decision results provided clear evidence of
highly reliable word-frequency effects for this same set of
stimuli in these same participant groups (64 ms and 81 ms for
the young and young-old, respectively).2 In addition, we
attempted to correlate the two semantic measures (WAIS-R
Information and Boston Naming Test) from the psychometric
battery with the word-frequency effects observed in the rhyming task for the nonrhyming pairs. None of these correlations
was reliable either within the three groups or across the three
groups (all rs < .25). Thus, although one might question the
sensitivity of this correlational analysis, clearly the results did
not provide any direct support for the notion that the increasing word-frequency effect in the old-old, very mildly demented,
and mildly demented individuals was due to the breakdown of
semantic support structures, at least as measured by the
WAIS-R information and Boston Naming tests.
In summary, the degraded lexical-semantic processing account and the breakdown in inhibitory control account are
both viable frameworks that can be used to interpret the
present results and the past naming studies. At the current
level of development, we prefer to conceptualize these breakdowns as a reflection of changes in inhibitory control of distinct

2

Of course, one might argue that the lexical decision task produces
exaggerated effects of word frequency (e.g., Balota & Chumbley, 1984)
that are tied to the decision stage of processing and not merely due to
lexical access processes. Although there is some debate about this
issue (e.g., Balota & Chumbley, 1990; Monsell, Doyle, & Hagard,
1989), we believe that it is likely that some of the obtained wordfrequency effect is likely to reflect lexical processes and some of this
component is likely to reflect decision processes. Thus, the substantial
word-frequency effects obtained in both the young and the young-old
adults are likely to reflect the influence of frequency at both levels.
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processing routes. However, it may be that the apparent
breakdown in inhibitory control is only an indirect reflection of
a degradation in the support structures (e.g., semantics) that
are used to drive the appropriate processing pathways in DAT
individuals.
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Repetition Effects for Words and Nonwords
The present results clearly indicated that there were large
repetition effects for both words and nonwords across our
participant groups. Because these effects were not modulated
by the compatibility of the decision (yes vs. no) in the first and
second encounters with the stimulus and also occurred under
conditions in which the types of processes engaged upon the
two presentations were at different levels (i.e., rhyme decisions
vs. lexical decisions), the present results reflect a relatively
uncontaminated repetition effect. It is also important to note
the differing direction of the repetition effects for the words
and nonwords in the present data. Specifically, words benefit
from repetition, whereas nonwords are actually inhibited by
repetition. The opposite effects of repetition for words and
nonwords in lexical decision performance is quite consistent
with the lexical decision literature in which repetitions occur at
relatively long delays, as in the present study (e.g., Duchek &
Neely, 1989; Durgunoglu & Neely, 1987; McKoon & Ratcliff,
1979), and is also consistent with a simple two-stage model of
lexical decision performance presented by Balota and Chumbley (1984) in which a boost in familiarity because of repetition
will decrease the likelihood of engaging in a slower analytic
check process (and hence speed response latencies), whereas
an increase in familiarity for nonwords will actually increase
the likelihood of engaging in a slower analytic check process
(and hence slow response latencies).
As shown in Figure 2, the mildly demented individuals
produced a substantial repetition effect for words and nonwords even though, as shown in Table 2, these same individuals
produced rather striking breakdowns in episodic memory
performance (see paired associate memory and logical memory
tests). Because this effect is rather substantial for nonwords,
these results support the contention that priming for relatively
novel memory traces remains intact well into the disease
process. This would appear to conflict with some recent
evidence by Ferraro et al. (1993), who found that implicit
learning as reflected by novel repeated sequences in a serial
reaction time task does in fact break down in mildly demented
individuals. We suspect that there are two noteworthy differences that may account for these apparent discrepant results.
First, the present rhyming paradigm may be a bit less attention
demanding than the serial reaction time procedure. Because
Nissen and Bullemer (1987) provided evidence that implicit
learning in this task did in fact demand attention, perhaps
attentional breakdowns in DAT individuals led to the decrease
in learning in the Ferraro et al. (1993) study. Second, the locus
of the priming effects for nonwords may actually reflect a type
of neighborhood activation of orthographically related words
that occurs early in the processing of the nonwords during the
earlier rhyming task. For example, when the nonword cet is
presented, this nonword may activate cat, pet, net, cut, among
other orthographic neighbors, and perhaps the residual activa-

tion from these lexical neighbors underlies the present nonword repetition effects. If this is the case, then repetition
effects for apparently novel memory structures may be intact in
DAT individuals when there are supportive related structures
that may be engaged by the target stimulus. In the case of
learning a random pattern of button presses, as in the Nissen
and Bullemer serial reaction time task, there is relatively little
in the way of supportive structures, whereas in the case of
nonword processing, there is considerable supportive structure
from lexical representations.
In summary, the present results clearly indicate that repetition priming effects are intact for preexisting and relatively
novel memory traces in participant groups that produce rather
striking breakdowns in explicit memory tasks. These results are
quite consistent with a recent article by Kean, Gabrieli,
Growdon, and Corkin (1994), who reported intact repetition
priming for pseudowords in a perceptual identification task. In
this light the results are consistent with the notion that
performance on implicit memory tasks are relatively intact at
least early in the progression of AD, even though explicit
declarative memory performance is greatly compromised (also,
see Deweer et al., 1994). Ultimately, we agree with recent
arguments by Ostergaard (1994) and Gabrieli et al. (1994) that
the characteristics of implicit-procedural memory in DAT
individuals are best interpreted within a framework that takes
into account the characteristics of the retrieval cues provided
in the task and the types of task demands (i.e., either
perceptual or generative) that are placed on the participants at
the time of test.
Word-Frequency Effects in Lexical Decision Performance
There are two noteworthy aspects of the present wordfrequency effects. First, consider the present word frequency
effects for the young and healthy older adults. As noted earlier,
studies have suggested that word frequency effects are of
similar size, in absolute terms, in young and older adults, but
we have argued that many of these studies have either (a)
produced a nonsignificant tendency for an increased wordfrequency effect in older adults compared with younger adults,
or (b) confounded vocabulary knowledge such that older
adults have higher vocabulary knowledge than the younger
adults. Because vocabulary knowledge is related to the size of
the obtained word frequency effect (Tainturier et al., 1989,
1992), it is not surprising that there have been inconsistent
results regarding a change in the obtained word frequency
effect in healthy aged adults, compared with healthy younger
adults. Therefore, in the present study, we equated the healthy
young and healthy older adults on WAIS-R vocabulary size
and ensured that we had sufficient power (3,840 observations
per age group) to detect an Age x Frequency interaction. The
present results yielded a reliably larger word-frequency effect
in the healthy old compared with the healthy younger adults.
Hence, we would argue that when there is sufficient power to
detect an Age x Word Frequency interaction and when groups
are matched on vocabulary knowledge, an Age x Word
Frequency interaction will be obtained.
The second aspect of the word-frequency data that is of
interest in the present results is the word-frequency attenua-
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tion effect. As shown in Figure 3, all participant groups, with
the exception of the mildly demented individuals, produced a
larger word-frequency effect for nonrepeated stimuli compared to repeated stimuli. This pattern has been shown in
previous studies (e.g., Duchek & Neely, 1989) and has been
the focus of considerable research attempting to identify the
locus of this effect (e.g., Forster & Davis, 1984; Rajaram &
Neely, 1992). For example, one simple account is that repetition boosts the familiarity of stimuli and that word frequency
(a proxy of familiarity) is related to performance across a wide
variety of tasks (e.g., pronunciation, lexical decision, and
threshold identification) in a negatively accelerating fashion
(i.e., boosts in performance because of a single repetition is
greater for low-frequency words than for high-frequency words).
Thus, high-frequency words benefit less from repetition than
low-frequency words, thereby reducing the word-frequency
effect for repeated words, which is precisely the pattern
obtained for all the present participant groups, with the
exception of the mildly demented individuals.
An interesting alternative account of the word-frequency
attenuation effect was presented by Forster and Davis (1984).
They presented evidence to suggest that the frequency attenuation effect may be due to an episodic contribution to lexical
decision performance. Specifically, they noted that episodic
recognition performance has been shown to be higher on
low-frequency words than on high-frequency words (e.g.,
Balota & Neely, 1980; Glanzer & Bowles, 1976). Hence, the
lexical decision results may simply reflect an episodic contribution to the decision aspect of the task. In support of this
observation, they demonstrated that when the first presentation of the to-be-repeated stimulus is masked, and hence the
episodic contribution of repetition is minimized, the Frequency x Repetition interaction is eliminated. The Forster
and Davis account of the word-frequency attenuation effect is
particularly interesting in light of the present elimination of
the word-frequency attenuation effect in the mildly demented
individuals. Clearly, the mildly demented individuals produce
large breakdowns in episodic memory, as shown in Table 2.
Moreover, Wilson, Bacon, Kramer, Fox, and Kaszniak (1983)
reported evidence that indicates that DAT individuals do not
produce a word frequency effect in episodic recognition
memory. Specifically, Wilson et al. demonstrated that DAT
individuals do not produce better recognition performance on
low-frequency words than on high-frequency words. In this
light, the present elimination of the Word Frequency x
Repetition interaction in a group of participants that have
rather profound episodic memory impairment is quite consistent with the episodic explanation of the Word Frequency x
Repetition interaction proffered by Forster and Davis.
Conclusions
Our primary goal in the present study was to investigate
aspects of lexical and sublexical processes in both healthy older
adults and in individuals with DAT. The results of the present
study provide further evidence that DAT individuals have
some difficulty controlling inappropriate lexical processing
pathways as indicated by the increasing word-frequency effect
in a task that should primarily reflect sublexical processes. In
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addition, these same groups of participants appear to be quite
capable of benefiting from an earlier exposure to a stimulus in
driving responses in a later lexical decision task. In this light,
these results provide converging evidence with recent reports
that breakdowns in these populations may be best understood
as a breakdown in the control of appropriate processing
pathways (e.g., Balota & Duchek, 1991; Balota & Ferraro,
1993; Spieler, Balota, & Faust, in press).
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