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The Word-Frequency Mirror Effect in Young, Old, and Early-Stage
Alzheimer’s Disease: Evidence for Two Processes in
Episodic Recognition Performance

David A. Balota, Gregory C. Burgess, Michael J. Cortese, and David R. Adams
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Two experiments address the nature of the word-frequency mirror effect in episodic recognition performance
and the underlying cognitive changes that occur in both healthy aging and in early-stage Dementia of the
Alzheimer’s Type (DAT). In Experiment 1, five groups of participants (young, healthy old, healthy old-old, very
mildly demented individuals, and mildly demented individuals) studied lists of high- and low-frequency words
and were given a yes/no episodic recognition test. The results indicated that there was a dramatic decrease in |
rate for low-frequency words across age and DAT, but no decrease for high-frequency words, thereby eliminating
the low-frequency advantage typically found in recognition performance for the DAT individuals. For the distrac-
tor items, there was a clear advantage in rejecting low-frequency words compared to high-frequency words, and
the size of this advantage was constant across groups of participants. This between-group pattern was replicate
in a second experiment, in which only young adults were required to respond either under short or long respons
deadlines. The results are discussed with respect to an attentional control framework in which cognitively im-
paired groups of participants, and young adults at a short response deadline, rely more on baseline familiarity
processes than on recollection-based processes. Discussion focuses on the nature of the recollection- and fam
iarity-based processese 2001 Elsevier Science
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Individuals with Dementia of the Alzheimersprocesses appear to be relatively intact, at leas
Type (DAT) produce breakdowns in a wideearly in the disease process. For example, thes
variety of memory tasks. Indeed, the majomdividuals appear to produce normal levels of
diagnostic criterion used by most clinicians is aepetition priming (see Balota & Duchek, 1991;
deterioration in declarative/episodic memoryBalota & Ferraro, 1996; Gabrieli et al., 1999).
performance (e.g., Nebes, 1992). However, thaterestingly, both Ferraro et al. and Gabrieli et
memory breakdowns are not limited to declaraal. have provided evidence that one will find
tive/episodic memory tasks. There is also somareakdowns in early-stage DAT individuals
evidence suggesting that there are breakdownden the implicit memory tasks place a rela-
in semantic memory knowledge (e.g., Buttersively high demand on attentional systems. This
et al., 1987) along with impairment in proce-attentional account is consistent with accumulat-
dural learning tasks in the mild form of demening evidence that DAT individuals produce
tia (see, e.g., Ferraro, Balota, & Conner, 1993preakdowns in the attention demanding aspect

Although there are a wide variety of memoryof Stroop (e.g., Fisher, Freed, & Corkin, 1990;
changes in DAT, it is also clear that someSpieler, Balota & Faust, 1996), reading with dis-

traction (Duchek, Balota, & Thessing, 1998),
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the integrity of the semantic memory structuraized as old when oldnd alsomore accurately
per se(see, e.g., Balota, Watson, Duchek, & Ferrecognized as new when new” (Glanzer &
raro, 1999; Nebes, Martin, & Horn, 1984; OberAdams, 1990, p. 5). Consider, for example, the
& Shenaut, 1995a, 1995b). This is supported bword-frequency effect in episodic recognition
evidence which suggests that when one minperformance. Low-frequency words produce
mizes the attentional demands of semantic tasksth a higher hit rate and a higher correct rejec
(e.g., via semantic priming procedures) veryion rate than high-frequency words. The mirror
mild and mildly demented individuals producepattern across hits and correct rejections i
relatively normal levels of semantic processingiound across a number of quite distinct variables
even across varying levels of prime—targesuch as concreteness, list length, meaningful
strengths (see Balota et al., 1999; Ober & Sheess, pictures vs words, and other variables (se
naut, 1995a, for a review). Glanzer & Adams, 1985, for a review).

Based on the above results, one might argue Although there are a number of variables that
that the memory deficits observed in DAT indi-produce the mirror effect in episodic recogni-
viduals are accentuated by the attention déion performance, we will primarily focus on
manding aspects of tasks, whereas more autword frequency in the present article. This find-
matic operations appear to be relatively intadhg is of interest for a number of distinct rea-
(see Balota & Faust, 2001; Jorm, 1986, for resons: First, unlike many of the other variables
views). Similar arguments have been made ré¢hat produce the mirror effect in recognition
garding the cognitive changes in healthy oldememory, the word-frequency effect is either
adults (e.g., Hasher & Zacks, 1988). It is in thigliminated (see Watkins, LeCompte, & Kim,
light that the present experiments explore tw@000) or reversed in recall performance (e.g.,
interrelated issues: First, we attempt to take addalota & Neely, 1980; Glanzer & Bowles,
vantage of the memory profile exhibited in1976). This dissociation between word-fre-
healthy aging and in DAT individuals to providequency effects as a function of retrieval task has
leverage on understanding one of the basic priprovided a testbed for memory models. Second
ciples of human memory performance, referredlthough a number of models can accommodats
to as the mirror effect in episodic recognitiorthe higher hit rate for low-frequency words
performance. Second, we use the mirror effeciompared to high-frequency words, it is more
in episodic recognition performance to providelifficult to accommodate the lower false alarm
a better understanding of the underlying mechaate to low-frequency words compared to high-
nisms that produce the observed episodic merfrequency words (see Stretch & Wixted, 1998a,
ory breakdowns in both healthy older adults an@998b, for a discussion of this issue). Specifi-
in individuals with early-stage DAT. We now cally, why should word frequency influence per-
turn to a brief discussion of the mirror effectformance on items that were not presented dur
and recent work regarding episodic memorjng study?
performance in healthy older adults and in DAT Joordens and Hockley (2000) and Reder et al
individuals. (2000) have both recently developed two-
process accounts of the word-frequency mirror
effect. Although there are clear differences in
their theoretical perspectives, there are alsc

Glanzer and Adams (1985) coined the tersome important similarities. For example, both
“mirror effect” and argued that this pattern is sonodels suggest that for hit rates, there are op
ubiquitous that it appears to reflect a basic priposing influences of a type of item-specific rec-
ciple of human episodic recognition performellective process (which benefits low-frequency
ance. The mirror effect refers to the finding thatords) and a baseline familiarity process (which
“if there are two classes of stimuli, and one ibenefits high-frequency words). In the absence
more accurately recognized than the other, thef any study episode, subjects rely primarily on
the superior class lBothmore accurately recog- baseline familiarity and so produce higher false

Mirror Effect in Episodic Recognition
Performance
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alarms to high-frequency words compared tto note that there is evidence that in episodic
low-frequency words. On the other hand, berecognition performance older adults are indeec
cause the increased recollection for low-fremore likely to produce “know” responses than
guency words typically outweighs any baselinéremember” responses compared to healthy
advantage for high-frequency words, one findgounger adults (see Java, 1996; Mantyla, 1993
higher hit rates for low-frequency words tharParkin & Walter, 1992). Within the Joordens
high-frequency words. Both Joordens and Hocland Hockley and Reder et al. framework, this
ley and Reder et al. provide converging evidencguggests that at least older adults may be mor
for these two processes contributing to the mitikely to rely on familiarity-based information
ror effect by using Tulving’'s (1985) remem-to drive recognition judgments, thereby poten-
ber/know distinction. The notion here is that retially modulating the hit rate advantage for low-
member responses are more likely to refledtequency words. We now turn to a brief review
recollective processes, whereas know responsefsthe role of familiarity in memory-impaired
are more likely to reflect familiarity basedgroups.
processes. Both Joordens and Hockley and = | .
Reder et al. found that low-frequency words proF@miliarity Effects and Recognition
vide more remember responses than high-fre- Performance in Individuals with Episodic
quency words, whereas high-frequency words Memory Loss
provide more know responses than low-fre- Verfaellie and Cermak (1999) have noted
quency words (also see Gardiner & Java, 199¢hat “. . . patients with amnesia often experi-
Strack & Forster, 1995, for a similar pattern)ence a sense of familiarity for recently en-
This was interpreted as support for a class aountered people or events. This feeling of
two-process models. familiarity is striking, because patients remain
Given the importance of word-frequency andat a loss to describe where or when they en-
mirror effects in understanding episodic recogeountered these people or experienced thes
nition performance, the present investigatioevents.” In fact, there is some evidence that
explored this effect in healthy young, healthyamnesics with focal lesions to the limbic sys-
older adults, and DAT individuals. Because ofem show a relative sparing of recognition
the specific cognitive changes that occur in botmemory (Aggleton & Shaw, 1996), suggesting
memory and attention in healthy older adultshat this familiarity may be used to support
and in early stages of DAT, it is possible thaepisodic recognition decisions (see, however,
one might find a qualitatively different patternHaist, Shimamura, & Squire, 1992). Verfaellie
of mirror effects in these populations. Specifiand Cermak provided evidence which suggest:
cally, it is possible that older adults and earlthat amnesics can use perceptual fluency tc
stage DAT individuals may be likely to rely make episodic recognition judgements, and in-
more on baseline familiarity of the stimulus in-terestingly, they also provided evidence that
stead of recollective item specific informationthese individuals rely more on perceptual flu-
This may produce more “yes” responses to botbncy than healthy controls. Of course, it is
high-frequency targetand high-frequency dis- likely that individuals with focal lesions to the
tractors. Of course, based on the Joordens aliohbic system may have intact cortical struc-
Hockley (2000) and Reder et al. (2000) argutures that provide useful access to perceptua
ments regarding the relevance of remember arfidiency information that can also be used for
know judgments to the word-frequency mirromaking episodic recognition decisions. These
effect, one might also expect age (and DAT) tanay be subserved by nonlimbic cortical struc-
modulate the percentage of remember ardres that engage initial processing of the
know responses to high-and low-frequencgtimulus, i.e., fluency operations (Jacoby,
words. Although we are unaware of any studie$983a, 1983b). It is also possible that frontal
that have directly explored remember/knoveortical areas that may be more related to
judgments in DAT individuals, it is interesting metacognitive reflection of the increase in
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familiarity may also be intact in these individ-demanding/recollective processes break dowr
uals (see, e.g., Moscovitch & Winocur, 1992)what are the predictions regarding the word-fre-
However, Parkin and Walter (1992) found thatjuency mirror effect in these individuals? It is
performance on the Wisconsin Card Sortinguite possible that these individuals may be
task (a task that has been viewed as reflectingore likely to rely on baseline familiarity infor-
primarily frontal operations) was negativelymation and hence be more likely to respond olc
correlated with the relative incidence ofto high-frequency words than to low-frequency
“know” responses in episodic recognition perwords for both targets and distractors. Interest
formance in healthy older adults. In this lightingly, Wilson et al. (1983) provided a pattern
it appears that decreases in frontal function ithat is consistent with this prediction in a group
older adults may also contribute to an increasaf DAT individuals. Specifically, they found that
in the reliance on familiarity processes tdor old items there was a slight reversal of the
drive recognition performance. word-frequency effect in DAT individuals,
Turning to DAT individuals, the predictions whereas for new items, there was the standar
would appear to be a bit more complex. Irfinding of more false alarms to high-frequency
these individuals, there is rather widespreadords than low-frequency words. Thus, DAT in-
neuropathology in medial temporal, frontaldividuals appeared to be responding “old” basec
and parietal areas (see Kanne et al., 1998; Moon baseline familiarity. In a second experiment,
ris et al., 1996). Because of the widespread inA/ilson et al. tested only healthy control individ-
volvement of this disease, one might expeaials either immediately or after a delay of 1
that DAT individuals will produce decreasedweek. They reasoned that DAT individuals were
perceptual priming that is critical for thepossibly biased to respond old to high-fre-
buildup of familiarity information. However, as quency words simply because they were unabl
noted above, there is now accumulating evito retrieve list context information. If this were
dence that when DAT individuals are presentethe case, then one might find a similar pattern ir
implicit memory tasks that minimize atten-healthy older adults after such a delay, whereir
tional operations (simple repetition priming eflist context information would be minimized.
fects), there is relatively little breakdown in theHowever, the results did not support this predic-
implicit priming effects (e.g., Balota & tion. Specifically, healthy older adults showed a
Duchek, 1991; Gabrielli et al., 1999; Moscov-normal word-frequency effect even after a 1-
itch, 1986). In one study particularly relevant toveek delay. Based on these results, Wilson et a
the present research, Balota and Ferraro (199&)gued that it appears that DAT individuals do
investigated the repetitionrk word-frequency not engage in the appropriate encoding opera
interaction in healthy young, older adults and itions that produce a substantial boost for low-
individuals with DAT in the lexical decision frequency words.
task—a task which has been shown to place a Although the Wilson et al. results are consis-
premium on familiarity information (e.g., tent with the notion that DAT individuals will
Balota & Chumbley, 1985; Seidenberg & Mc-not produce a word-frequency effect for old
Clelland, 1989). The results of this studyitems, there are a number of issues that still
yielded a large long-term repetition effect fomeed to be addressed. First, the interpretation o
all groups of participants, which was larger foitheir second experiment that varied retention in-
low-frequency words than for high-frequencyterval with healthy control individuals is con-
words. Thus, even DAT individuals producedstrained by the fact that the lure items did not
large repetition effects in a task that places show a word-frequency effect. Wilson et al. ac-
premium on familiarity-based information. knowledged the difficulty posed by this failure
If indeed familiarity-based information is rel-to find a word-frequency effect for the lure
atively intact in both healthy older adults and iitems. Second, and more importantly, because
early-stage DAT individuals (at least as reflectediilson et al. included only a single group of
in the lexical decision task), but more attentiohealthy older l = 20) individuals and a single
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group of DAT (N = 17) individuals, it is unclear EXPERIMENT 1
whether this reduction of the word-frequency
effect for old items will vary across different Methods
levels of healthy aging and different levels of Participants Four groups of older adults and
dementia severity. Of course, it is possible thaine group of young adults participated in this
one might only find this pattern in relatively se-study. The young group included 28 undergrad-
vere amnesic individuals (also see Huppert &ates at Washington University who were eithel
Piercy, 1976, for a similar pattern in Korsakoffpaid or received course credit for their participa-
patients). In fact, the mean hit rate minus falséon. The mean age of the young group was 19.:
alarm rate for the DAT individuals in the Wilsonyears, with a range of 18 to 22 years. The olde
et al. study was very low, i.e., .20 compared tadults included both healthy older adults anc
the healthy controls at .65. older adults with DAT who were recruited from
In the first experiment, we included fivethe participant pool at the Alzheimer’s disease
groups of participants. This allowed us to indeResearch Center at Washington University.
pendently investigate the influence of age anthere were two groups of healthy older adults, &
the influence of severity of DAT with threeyounger old group (mean age of 71.4 years, witt
groups per comparison. Specifically, for the agerange of 63 to 79 years) and an older old grou
comparison we compared healthy young adul(mean age of 85.0 years, with a range of 80 t
(mean age of 19.4 years), healthy young-ol@R2 years). These participants were screened fc
adults (mean age of 71.4 years), and healtlepression, severe hypertension, possible re
old-old adults (mean age of 85.0 years). Turningersible dementias, and other disorders whict
to the comparison across DAT levels, we congould affect cognitive performance. There were
pared healthy age-matched control individuak3 participants in the younger old group and 25
with very mild DAT individuals and mild DAT participants in the older old group.
individuals. In order to equate age across There were two groups of older adults with
groups, we included both the healthy young olBAT. The severity of the dementia was scaled
and the healthy old-old participants in the coraccording to the Clinical Dementia Rating
trol group. Hence, in the DAT analysis, th§CDR) scale developed at Washington Univer-
healthy control group had a mean age of 76sity (Berg, 1988; Hughes et al., 1982). The first
years, the very mild DAT individuals had awas a group classified with very mild DAT
mean age of 77.6 years, and the mild DAT ind(CDR = 0.5). There were 35 participants in this
viduals had a mean age of 77.6 years. group. The mean age of this group was 77..
In addition to providing estimates of accuracyears, ranging from 61 to 91 years. The secon
on the recognition test, we also included estgroup of DAT individuals was classified with
mates of processing speed during the recogmild DAT (CDR = 1.0). This group included 17
tion test. The notion is that if across our grougsarticipants, with a mean age of 77.6 years and
of participants there is an increased reliance oange from 56 to 90 years. DAT individuals
more automatic familiarity based processesjere included or excluded based on criteria se
then one might find response latency to also prby the National Institute of Neurological and
duce the predicted change in latencies for HGommunicative Disorders and Stroke and
rates, but not for false alarm rates. Of courséJzheimer's disease and Related Disorders As
without a measure of response latency, it is alsociation (McKhann et al., 1984). The diagnosis
possible that changes in accuracy may be aw- Alzheimer's disease by the clinical core at
companied by opposing influences on respon¥éashington University has been excellent (93%
latency across groups of participants. Thus, tltBagnosis accuracy confirmed at autopsy) ant
response latency measures provide an importamll documented (e.g., Berg et al., 1998).
converging piece of evidence regarding differ- Psychometric performancall of the healthy
ences across groups in episodic recognition paider adults and the DAT individuals partici-
formance. pated in an independent 2-h battery of psycho
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TABLE 1
Psychometric Means$p) as a Function of Group

CDRO CDRO CDR 0.5 CDR 1.0

(Young-Old) (Old-Old) (Very Mild DAT) (Mild DAT)
WAIS Information 226 (3.8) 21.1 (3.7) 17.9 (5.4) 12.9 (5.3)
Boston Naming 56.7 (4.0) 52.9 (7.5) 515 (7.6) 40.8 (12.6)
Logical Memory 9.8 (2.7) 8.5 (3.1) 6.0 (3.7) 2.2 (1.5)
Associate Memory 14.4 (3.8) 13.3 (4.2) 11.0 (3.4) 7.3 (2.3)
Benton Copy 9.8 (0.6) 9.6 (0.8) 9.4 (1.0) 7.9 (2.5)
Trailmaking A° 37.7 (11.5) 46.9 (15.9) 455 (21.1) 83.4 (42.5)
Block Design 32.8 (8.0) 29.9 (6.7) 26.2 (8.1) 16.1 (10.0)
Digit Symbol 49.3 (9.6) 38.9 (8.8) 39.4 (12.4) 27.1(12.1)
Digit Span 11.6 (2.2) 11.4 (2.3) 10.7 (2.1) 9.4 (2.1)
Word Fluency 29.3(10.8) 28.1 (11.3) 26.9 (11.4) 18.1 (10.3)
Mental Control 7.5 (1.7) 7.6 (1.8) 75 (1.8) 5.8 (2.4)

 For this task, lower scores reflect better performance.

metric tests designed to assess cognitive furneerformance in these tasks occurs in the Mildly
tioning in a number of distinct domains. MemDemented Groups. Although there was the ex
ory was assessed with the Wechsler Memopected pattern of psychometric performance
Scale (WMS; Wechsler & Stone, 1973), Associamong the remaining groups, when the Mildly
ates Recall and Recognition subscales (pairddemented Group was excluded from the analy
associates learning), Logical Memory subscakes, the Benton Copy, Digit Span, Word Flu-
(surface-level story memory), and forward andncy, and Mental Control tasks did not reach
backward Digit Span from the WMS. Lexicalsignificance.

retrieval processes were assessed by the WordViaterials Forty-eight high- and 48 low-fre-
Fluency test, which required participants tguency words were selected for this study (se
name as many words as possible beginning witie Appendix for complete list). All items, with
a specified letter (e.g., P or S) in a 60-s time pthe exception of SEQUIN and SLEUTH, were
riod (Thurstone & Thurstone, 1949), and thdisted in the Klera and Francis (1967) norms.
Boston Naming Test (Goodglass & KaplanThe mean frequency of the low-frequency
1983), in which participants named line drawwords was 2.18, and the mean frequency of thi
ings. Measures of general intelligence were thegh-frequency words was 77.38. The words
Information, Block Design, and Digit Symbolranged from three to seven letters in length an
subtests of the WAIS-R (Wechsler, 1955). Therere matched in length across word frequency
Benton Copy Test and Trail Making Form A asAll words were concrete nouns with the excep-
sessed visual perceptual motor performance. tion of NATION. The words from these two lists
the Benton Copy test, participants copy a gewvere used to create study and test lists. Th
metric figure; in the Trail Making Form A test,length of these lists was varied across groups il
participants connect numerically ordered dotsrder to minimize ceiling and floor effects. For
that result in a specific pattern (Armitageyoung and healthy older adults all 96 words
1946). Participants also received the WMS$ere used. For participants with very mild DAT,
Mental Control test, which evaluates the ability2 words were used (36 high and 36 low fre-
to produce quickly a well-rehearsed letter oquency). For the participants with mild DAT, 48
digit sequence, such as the alphabet, in a spesibrds were used (24 high and 24 low fre-
fied amount of time. The results from the psyguency). For those participant groups with list
chometric battery are displayed in Table 1. Aengths less than the maximum, the selection o
expected, all measures produced main effectswbrds included in the experiment was counter-
group (allps < .01). However, it should also bebalanced, thereby ensuring that there were n
noted that the largest breakdown in cognitiveystematic item differences across list length.
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Half of the high-frequency and half of theword had not been presented. Because respon:
low-frequency words for a given list length werdatency was being measured, participants were
chosen to form the study list, and the remainingncouraged to respond as fast as possible durin
half of the items within each frequency banthe recognition test, but not at the cost of accu-
were used as lure items on the recognition tesacy, which was the primary dependent measure
The assignment of words to the study list waSach of the words from the test list was pre-
counterbalanced across participants such thsnted one at a time in arandom order at the cen
each word occurred both as a study item andex of the computer screen. The word remainec
lure item. on the screen until the participant responded.

Procedure Participants were tested individu-The response initiated a 1-s intertrial interval.
ally. All instructions were given to the partici-
pants by an experimenter who was present wifeSults
the participant during the testing session. Before Mixed-factor analyses of variance were per-
the experiment began, participants were irfermed on hits, false alarmd;, C (e.g., Snod-
structed that this was a memory experiment amgglass & Corwin, 1988), and response latencie:
that they would see a list of words presented @o examine the effects of word frequency anc
the computer screen one at a time. They wegeoup on recognition performance. For each de
further instructed to read each word aloud and pendent measure, there were two ANOVAS con:
try to remember the word for a later test. Partiducted. One ANOVA included Age (young,
ipants were allowed to ask questions before tlyeung-old, and old-old) as the grouping factor,
experiment began. and the second ANOVA included DAT (healthy

During the first part of the experiment, word®ld, very mild DAT, and mild DAT) as the
from the study list were presented one at a tinggouping factor. Unless noted, all effects are sig:
centered on a computer screen. The words waridicant atp < .05.
presented in a random order, which was deter-Accuracy The mean percentage of hits (top
mined separately for each participant. Particpanel) and false alarms (bottom panel) are pre
pants read each word aloud. Upon the detectisented in Fig. 1.There are three points to note
of voice onset, via a Gerbrands voice-key, a 2#s Fig. 1. First, with the exception of the mildly
stimulus duration was initiated, after which thelemented individuals, all groups produced the
next stimulus word was presented. standard mirror effect, i.e., higher hit rate and

The second part of the experiment was déwer false alarm rate for low-frequency words
signed as a filler and consisted of 10 trials of amompared to high-frequency words. Second, a
arithmetic verification task. In this task, a simplshown in the hit rate there is a dramatic decreas
addition or subtraction problem was presentg@7%) across participant groups for the low-fre-
on the screen, along with the solution. Particguency words, whereas for the high-frequency
pants were instructed to indicate if the answevords, there is virtually no change in perform-
was correct or incorrect by pressing the rigtgnce. Third, the change in the frequency effec
and left mouse buttons respectively. A 1-s inteecross groups for hits is in sharp contrast to th
trial interval separated the trials in this part gbattern produced for the false alarms, whereir
the experiment. all groups appear to produce an equivalent bene

The final part of the experiment was thdfit for rejecting low-frequency words compared
recognition test. Participants were instructetb high-frequency words.
that they would see a list of words one at a time
on the computer and that these words would ei-*Although it is customary to graph between group condi-
ther be words from the first part of the experitions with bar graphs, we have purposefully graphed thest
ment or new words. They were instructed tgata in a line graph to highlight the apparent continuous

. . change across age groups in cognitive performance. It is &
press the right mouse button if they thought th%ast possible that some of the changes observed in th

word was presented in the first part of the €XPCFealthy older groups may reflect undetected very early stag
iment and to press the left mouse button if theizheimer's disease.
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FIG. 1. Mean percentage hit and false alarm rate as a function of word frequency and group.

The above observations were supported Wy(2,93)= 8.11,MSE= .09, and the DATX fre-
the ANOVAs. First, consider the changes in higuency interactionf(2,117) = 12.67,MSE =
rates across groups. The hit rate reliably de22, were both highly reliable in the analysis on
creased across levels of DAF(2,117)= 5.49, hits. This reflects the fact that the frequency ef-
MSE = .34, but not across agE,< 1. In addi- fect in hit rates decreased across age and de
tion there were more hits for low-frequency thammentia, with the eventual reversal of the fre-
high-frequency words in both the age analysigjuency effect occurring for the mild DAT
F(1,93) = 121.44,MSE = 1.39, and the DAT patients.
analysis,F(1,117) = 3.98, MSE = .07. More In the analyses of False Alarms, the false
importantly, the agex frequency interaction, alarm rate increased across DAF(2,117) =



WORD-FREQUENCY MIRROR EFFECT 207

3
2 |
o
1 4
0 r . . —
Young Young-Old Old-Old Very Mild Mild
0.4
0.3 1
o 02
L
@©
E 014
7}
Ll
3 0 k
o \
0.1 | |T*LF o
- -0 - HF
-0.2 . , . .
Young Young-Old Old-0ld Very Mild Mild

Group

FIG. 2. Mean discriminability and bias estimates as a function of word frequency and group.

9.68,MSE = .43, and approached significance Signal detection analyseA signal-detection

in the analysis with agd;5(2,93)= 2.39,MSE=  analysis was also applied to the data to obtai
.08, p < .10. More false alarms were mademeasures of discriminabilityd() and bias C).

to high-frequency words than low-frequencyAs shown in Fig. 2, results from these analyse:
words in the analysis by agé(1,93) = 50.82, were generally consistent with the above analy
MSE= .45, and DATF(1,117)= 42.40 MSE= ses. Specifically, as shown in the top panel o
.53. In contrast to the analyses on the hit rate, tH&g. 2, there is more of a decrease in discrim:
frequency effect in false alarms was constanhability for low-frequency words than high-fre-
across groups as reflected by the lack of both ajuency words across groups. Second, as show
ageX frequencyf(2,93)= 1.62, and a DATX in the bottom panel of Fig. 2, across groups, par
frequencyF < 1, interaction. ticipants tend to be less conservative (lowel
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FIG. 3. Mean raw response latencies as a function of word frequency and group.

scores reflect less conservative) to high-freompared to low-frequency words. More impor-
guency words as a function of age and DATantly, the change in bias across groups for low
whereas for low-frequency words there is a geand high-frequency words was reflected in a sig
eral tendency to become more conservativeficant agex frequency interactiorf;(2,93) =
across groups. 5.92,MSE= .08, which also approached signif-
Overall,d" decreased across ag€2,93) = icance in the DAT analysef(2,117) = 2.98,
3.87,MSE= 3.42, and DATF(2,117)= 12.48, MSE= .35,p < .06.
MSE = 1.15. Discriminability was greater for Response latencief\nalyses were also per-
low-frequency than high-frequency words in théormed on response latencies for correct re:
analysis by age;(2,93)= 233.11 MSE= .20, sponses during the recognition test. Extreme
and by DAT,F(2,117) = 48.84, MSE = .25. scores were eliminated first by removing any re-
Also, the interactions between age and fresponses less than 250 ms or greater than 10,0
guency,F(2,93) = 3.88, MSE = .20, and DAT ms. Of the remaining observations, latencies
and frequencyf(2,117)= 10.45,MSE = .25, that deviated by 2.5 standard deviations from
in the d’ analyses were significant, indicatingeach participant’s overall mean were discarded
that the difference between low- and high-freOverall, outliers accounted for 3% of the data.
guency words in discriminability decreased’he data from one participant in the old-old
across age and DAT. group and two participants in the very mildly
In the analyses dZ, the bias estimate, the ef-demented group were not included becaus
fect of Frequency was significant in the agthere were no valid responses for at least one ¢
analysisF(1,93) = 5.60,MSE = .08. This was the conditions.
due to high-frequency words producing a less
conservative bias than low-frequency words. 2To determine whether more responses were being dis:
The effect of Frequency also approached Signﬁgrded in certain conditions and across groups, we performet

. . . _ an analysis on the proportion of responses discarded. In thi
icance in the DAT analysm:,(l,ll?) = 3.73, analysis, Subject Group included all five groups. The main

MSE = .35, p < .06, which again reflected theeffect of Group was significar(4,143)= 7.20,MSE= .04
less conservative bias for high-frequency wordsis was due to the higher outlier rate for the mildly de-
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FIG. 4. Mean transformed scores as a function of word frequency and group.

The mean response latency data are presentedhe results from the ANOVAs yielded main
in Fig. 3. As shown here, there are three majeffects of age,F(2,92) = 10.62, MSE =
points to note: First, there was a large increa8s70188.1, and DAT;(2,115)= 36.67,MSE=
in response latency for the mildly demented irB79476.77. In addition, the main effect of fre-
dividuals. Second, high-frequency words proguency was reliable in the ANOVA with age,
duced slower response latencies compared F@L,92) = 36.91, MSE = 26095.76, and DAT,
low-frequency words. Third, the distractor item$(1,115) = 12.25, MSE = 47650.49. Partici-
were overall slower to reject than were the targpaints responded in less time to old items that
items to accept. Of course, the last observatiorew items in the analysis by AgE(1,92) =
needs to be interpreted with some caution b89.86,MSE = 37329.85, and DATF(1,115)=
cause the right button on the mouse was used38.28, MSE= 125414.96. No other effects were
make the “old” response and the left key on th&gnificant.
mouse was used to make the “new” response. Of course, the above analyses on raw re

sponse latencies may be a bit misleading be
mented group (.07). More responses to old items were diQ-aL!SG there are also considerable Fn_creases
carded than for new item#(1,143)= 20.33,MSE = .02. variance across the groups of participants. Ir
Also, the interaction between Old/New and Frequency wasrder to rescale the data so effect sizes ar
significant,F(1,143)= 14.40,MSE= .00. This was due to a equivalent at different points of the RT scale,
Qiﬁerencein outlier rates betweeplow-frequencyold and ne\‘gaust’ Balota, Spieler, and Ferraro (1999) have
items (.04 vs .02), whereas no difference was found between . . .
high-frequency old and new items (.03 vs .03). However, thQrOV'qed evidence th‘?ltaranSfo_rmat'on of the
mildly demented group had a higher rate for high-frequencglata is useful. In this analysis, we converted
old compared to new items (.08 vs .05), whereas the outi@ach RT to & score based on an individual's
rate was the same for low-frequency old and new items (.07 y§erall grand mean and standard deviation. Thi
.07). This pattern produced a reliable Grogg-requencyx ztransformed data are presented in Fig. 4. Thes

Old/New interactionf-(4,143)= 5.73,MSE= .00. Of course, . | d nicel h
because the outlier rate was so low in these cells, with very [{}212 are quite clear, and nicely converge on th

tle variance in some of the cells, one must be cautious not &curacy data. First, as one can see the respon
over interpret the importance of these outlier differences.  latencies to targets were relatively faster than tc
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lures. Second, for the lure items, as in the acclatency data, which is based anscore trans-
racy data, the response latencies to high-freisrmed data to adjust for overall differences in
guency new items were relatively slower than tepeed and variance across groups.
low-frequency new items and this difference did These results are consistent with the Wilsor
not change across groups. On the other hand, &iral. (1983) study described above and also e
the old items, the response latencies were retend this pattern to different age groups, differ-
tively faster for low-frequency words than forent levels of dementia severity, and to respons
high-frequency words, and this word-frequenciatency measures. It is very clear that low-fre-
effect decreases across groups. quency hits are disproportionately influenced by

The above observations were supported loth Age and DAT compared to high-frequency
separate ANOVAs on thescores, as a function hits. Moreover, there is no influence of either
of age and DAT. There was a main effect oAge or DAT on the influence of word frequency
old/new both in the analysis by Agg(1,92)= on the distractor items.
62.43,MSE= .14, and DATF(1,115)= 47.44, Before turning to the theoretical interpreta-
MSE = .16. Relatively faster responses wergon of these results, we present the results from
made to low-frequency words than to high-frea second experiment. This experiment is baset
guency words in the analysis by a§é1,92)= on the notion that one can mimic performance in
64.67, MSE = 2.78, and DAT,F(1,115) = healthy older adults in a group of healthy young
13.95, MSE = .80. The interaction betweenadults by imposing a response deadline. An in-
group and frequency was significant in thé&iguing recent example of this approach is a
analysis by agef(2,92) = 4.24, MSE = .18, study reported by Jacoby (1999). Jacoby founc
due to the frequency effect decreasing acro#sat putting young adults under a temporal dead-
age groups, but this interaction was not signifline increased their reliance on familiarity based
cant in the DAT analysi$;(2,115)= 1.08. The information, compared to recollection-based in-
group X frequencyX old/new interaction was formation, as reflected by an increased suscepti
marginally significant in the analysis by agebility to repetitions of distractor information.
F(2,92)= 2.82,MSE= .04,p < .07, but not in Moreover, the younger adult pattern under time
the analysis by DATE < 1. This marginally re- pressure was quite similar to that of the older
liable interaction across age groups was due t@dults who were not under time pressure. Thus
gradual reduction in the frequency effect for oldacoby argued that by pushing young adults tc
items, whereas the frequency effect for newespond quickly, there was increased reliance or
items remained constant. familiarity-based information, just as found in
older adults without time pressure.

In Experiment 2, we extend the Jacoby logic

The results of Experiment 1 are quite clearand use a relatively novel tempo response deac
Specifically, as shown in Fig. 1, the effect of botHine approach to investigate the word-frequency
age and DAT on the hit rate and correct rejectiomirror effect (also see Hintzman, Caulton, &
rate changed quite dramatically as a function durran, 1994; Joordens & Hockley, 2000). The
word frequency. In particular, there was virtuallfempo response deadline approach is useful be
no change across groups in the word-frequen@ause it produces strong constraints on when i
effect for the distractor items. This was reflectetime the participant must respond to the cue
in both the accuracy data and the response leased on both auditory and visual temporal cue
tency data. On the other hand, there was a largeee Balota & Shields, 1988; Kello & Plaut,
change across groups in performance for the ol§98). If the pattern of results from Experiment
items. In particular, the hit rate for the low-fre-1 is due to an increased reliance on baseline fe
quency words decreased dramatically acrossiliarity information to drive the response, and
groups, whereas for the high-frequency wordword frequency can modulate this familiarity,
there was virtually no change in performance. Ahen one might actually find a similar dissocia-
very similar pattern was found in the responséon in a group of young adults under short anc

Discussion
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long response deadlines. In particular, oneenter of a computer screen. During the study
should expect a normal word frequency mirrgphase, the following events occurred during
effect at the slow deadline, but an elimination afach trial: (a) the study word was presented a
the word frequency mirror effect at the fasthe center of the screen for 2000 ms; (b) the
deadline. stimulus was removed from the screen; and (c)
500 ms blank intertrial interval was initiated.
EXPERIMENT 2 In order to minimize any recency effects,
subjects were given a short arithmetic task im-
Method mediately following the study list. The arith-
Participants  Forty-eight undergraduatesmetic task began when the participant pressed
from Washington University in St. Louis partic-key on the keyboard. Five simple addition and
ipated in this experiment as partial fulfillment obubtraction equations (with an answer) were
an introductory psychology course requiremenshown individually. The subject determined if
Materials Four lists, each containing 48the equation presented on the screen was corre
words, were created for this experiment. Eaabr incorrect. Participants responded by pressing
list contained 24 high-frequency words (meathe “/” key on the keyboard if the equation was
frequency of 237.8 occurrences per million) andorrect or the “Z” key if the equation was incor-
24 low-frequency words (mean frequency of 7.Bect. Each equation remained at the center of the
occurrences per million). The words were corscreen for 2000 ms or until a response was
crete nouns from four to seven letters in lengtmade. There was a 500-ms blank screen be
Word length was not reliably different acrossween trials. After the arithmetic task, the par-
word frequencyf(190) = 1.43,p = 0.15. These ticipant pressed a key to continue to the recog-
words were counterbalanced across subjects rstion test.
that each item appeared an equal number ofThe procedure for the recognition test was
times in each condition created by crossingased, in part, on tempo naming tasks used b
tempo (fast vs slow), presentation (studied VBalota and Shields (1988) and Kello and Plau
distractor), and block order (fast tempo block1998). In this procedure, subjects are given ¢
first vs slow tempo block first). Ninety-sixseries of cues in rhythm. The cues (both visua
medium-frequency words were selected faand auditory) rhythmically indicate the point in
practice items. time when the response should be initiated. Thit
Procedure The experiment was composed ofhythmic cueing procedure is very similar to a
two blocks—one block with a slower 1000-msesponse deadline procedure. The primary dif
response signal rhythm (dempg and one ference is that subjects are given clear tempore
block with a faster 500-ms tempo. Each blockues during each trial (as reflected by the rhyth
consisted of a study phase, an arithmetic distrazic patterning) that indicate when to initiate the
tor task, and a yes/no recognition test. Thesesponse. As described below, subjects are re
tasks were preceded by three practice setsnarkably successful in producing responses &
give the subjects an opportunity to practice thae targeted rhythmic delay within a narrow
tempo procedure. Each practice set was ident&mporal window.
cal to the test phase, except that only 8 medium-The timing of recognition decisions was
frequency words were studied and 16 mediunguided through the use of a rhythmic sequence
frequency words were tested. In total, theftones and visual cues, which flanked the loca-
participants received 48 practice trials at eadlon of the recognition test stimulus. As illus-
tempo prior to the administration of the experitrated in Fig. 5, the following sequence of
mental trials for a given tempo block. events occurred on each trial: (a) a 50-ms 750
Subjects were instructed that words showiz tone was presented simultaneously with the
during the study phase would be used later incaset of a pair of ampersands, separated by th
yes/no recognition test. Forty-eight words weraumber of spaces corresponding to the recogni
displayed individually in uppercase letters at thiéon target plus 10 spaces, which served as vi-
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FIG. 5. Sequence of events in response deadline paradigm.

sual cues indicating where and when the targ8®?VRONG” was shown and a short tone was
stimulus would be presented; (b) the flankers rggresented.

mained on the screen for the duration of one After the recognition test was completed for
tempo (either 500 or 1000 ms); (c) a second 5@lock 1, the participants were instructed to
ms 750-Hz tone was presented with an addpress a key to continue to the practice trials fol
tional pair of flankers presented at the immedithe second phase of the experiment. The secor
ate inside of the original pair; (d) thephase was conducted in an identical fashion t
presentation of the tones and the flankers wake first except that different study and test
repeated three more times in rhythm; (e) on theords were presented and the duration of the
fifth presentation of visual/auditory cues, théempo changed based on the counterbalancin
recognition test stimulus was presented withiorder.

the flankers; (f) after time equivalent to one

tempo passed, the flankers were removed frofesults

the screen and the target stimulus alone re- Prior to analysis, the data were screened fo
mained at the center of the screen; and (g) pasutliers. Responses which wetd 000 ms from
ticipants pressed either the “/” key for old or “z"the tempo were omitted from all calculations.
key for new. After each response, the particiThe means and SDs for each subject were con
pants were also given feedback to help themuted from all remaining observations. Those
stay on tempo. If their keypress was correct anlials which were 2.5 SDs from the mean for
within a 100-ms window of the correct tempothat subject were omitted from further analyses
(i.e., =50 ms), an “O” would appear at the cen-This screening procedure eliminated 2.8% of
ter of the monitor. For every 50 ms that the rethe data.

sponse was early, & would appear to the left ~ Accuracy The mean percentage hit rate and
of the “O,” whereas for every 50 ms of a late refalse alarm rate are displayed in Fig. 6. As
sponse a*+” sign was presented to the right ofshown in this figure, the results are quite cleal
the “O.” After an incorrect response, the wordand very consistent with the predictions basec
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FIG. 6. Mean hit and false alarm rate as a function of word frequency and tempo.

on the results from Experiment 1. Specificallynodulation of the frequency effect by tempo for
at the slow tempo, there is evidence of the mithe distractor items.

ror effect in which low-frequency words pro- The above observations were supported by
duce a higher hit rate and lower false alarm rag (high vs low frequency)x 2 (fast vs slow
compared to high-frequency words. However, a&mpo)x 2 (old vs new) mixed-factor ANOVA.
the fast tempo the results are quite different. IFhis analysis yielded a significant three-way in-
particular, there is a slight reversal of the worteraction between tempo, old/new, and word fre-
frequency effect with the high-frequency wordsjuency,F(1,46)= 6.48, MSE= .008,p = .014.
producing a higher hit rate than the low-frein order to further investigate this interaction,
quency words. However, there was virtually ngeparate 2 (high vs low frequency)2 (fast vs
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FIG. 7. Mean discriminability and bias estimates as a function of word frequency and tempo.

slow tempo) ANOVAs were conducted on théMSE= .007, and slightly reversed, but not reli-
targets and the distractors. The results froable, at the fast tempé& < 1.00). Turning to the
these analyses were also clear. Specifically, ftalse alarm results, there was again a highly reli
the targets, there were main effects of tempable main effect of tempd;(1,47) = 24.89,
F(1,47) = 26.89,MSE = .02, and Frequency, MSE = .017, and frequency;(1,47) = 86.75,
F(1,47)= 4.55,MSE= .008. More importantly, MSE = .0089. However, in contrast to the hit
there was a highly reliable tempo frequency rate, there was no frequeney tempo interac-
interaction, F(1,47) = 11.69, MSE = .0092, tion,F < 1.00.

which reflected the fact that the frequency effect Signal detection analyseés in Experiment
was reliable at the slow temge(1,47)= 20.75, 1, we also submitted the present results to a sic
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FIG. 8. Mean response latency deviation from the correct response tempo as a function of word-frequency
and tempo.

nal detection analysis. The estimates of bias aMSE = .02, reflecting the pattern that there was
sensitivity as a function of tempo and word frean increased bias to high-frequency words at
guency are displayed in Fig. 7. Overall, these réhe fast tempo compared to the slow tempo,
sults are consistent with the results from the sig¢hereas for low-frequency words there was a
nal detection analyses from Experiment 1. Firslecreased bias across tempos.
as shown in the top panel, the differencedin  Response latencyeviations in response la-
between high- and low-frequency words deency from the targeted response tempo wer
creases at the fast tempo compared to the slago calculated for both hits and correct rejec-
tempo. Second, as shown in the bottom panébns. (Because there is no between-participant
the changes in the Bias estimates across tempgasnparison, as in Experiment 1, thkescore
go in the opposite direction for high- and lowtransformation of the data is not warranted.) The
frequency words. mean deviations from the targeted tempo are
The above observations were supported hjisplayed in Fig. 8. There are three points tc
separate ANOVAs on the sensitivity and crinote in this figure. First, participants were quite
terion estimates. For the sensitivity measuregpod at responding in line with the tempos, with
there was a highly reliable effect of tempoan average deviation of 28 ms from the targete
F(1,47) = 46.03, MSE = .55, frequency, response deadline. Second, responses deviat
F(1,47) = 13.07,MSE = .22, and a reliable from the target tempo more at the fast deadline
interaction between tempo and frequencyxompared to the slow deadline. Third, and mos
F(1,47) = 9.09, MSE = .25, which indicates importantly, these data also conform to the ac:
that sensitivity to low-frequency words changesuracy data. Specifically, for the hit rates, at the
more across tempo than for high-frequencglow tempo, response latencies were faster t
words. Turning to the measure of bias, the maitow-frequency words than to high-frequency
effect of Frequency was reliablé5(1,47) = words, whereas at the short tempo, there is som
24.64,MSE = .019, with a reliable interaction hint of a reversal of the word-frequency effect.
between frequency and temge(1,47) = 4.83, However, turning to the distractor items, there
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only appears to be a main effect of frequendgally, for hit rates, there was evidence of a
with the high-frequency words producingcrossover interaction in both accuracy and re
shorter response latencies than the low-freponse latencies, whereas for false alarm rate
quency words at both the short and the lorthere was no hint of an interaction.
tempos.
The above observations were, in general, sup- GENERAL DISCUSSION
ported by an ANOVA. The overall ANOVA The results of the present experiments con-
yielded a main effect of tempol(1,47) = verge on the notion that there are at least twc
46.22 MSE= 6132, but the frequency effect didtypes of information that, under some condi-
not reach significancé;(1,47)= 1.26,MSE= tions, compete to drive an episodic recognition
484.85. Although the overall ANOVA did not decision (see Jacoby, 1999). One componen
yield a reliable three-way interaction amongentails a more recollective or controlled process
tempo, frequency, and old/ne(1,47)= 2.29, that involves a slower, more attention demand-
MSE = 668, p = .14, the separate two-waying analysis and contributes to the advantage ir
ANOVAs did support the above interpretationhit rates for low-frequency words compared to
Specifically, for the hit rate, there was a reliabldigh-frequency words. The second component
two-way interaction between tempo and freentails a baseline familiarity component and
quencyF(1,47)= 4.49,MSE= 376, indicating appears to be faster acting and is likely to be
that the word frequency effect was in the premore automatic in nature. As Joordens anc
dicted direction at the slow tempo, but actually{Hockley (2000) and Reder et al. (2000) have
reversed at the fast tempo-However, for the recently argued these two components may ac
correct rejection rate, there was no hint of an inin opposition when considering the hit rate for
teraction between frequency and tempo,< high- and low-frequency words. Specifically,
1.00. Thus, the response latency data are in dow-frequency words produce higher recollec-
cord with the accuracy data. tion, as reflected by more “remember” re-
) . sponses, whereas high-frequency words pro
Discussion duce higher familiarity, as reflected by more
The results from Experiment 2 were consisknow” responses. For healthy young adults,
tent with the interpretation from Experiment lthe low-frequency advantage in episodic recog-
Specifically, we argued that across groups ition performance reflects the recollection-
Experiment 1, participants appeared to relgased process outweighing the familiarity-
more on baseline familiarity than recollection tgased process.
drive a response. This was reflected in the datawithin this framework, the results from Ex-
by a dramatic decrease in the frequency effegériment 1 could be viewed as indicating that
for the hit rate, whereas the frequency effect fatealthy older adults and individuals with early-
the false alarm rate did not change acrossage DAT produce breakdowns in the attentior
groups. If our interpretation of Experiment Idemanding recollective process, but not in the
was correct, then we expected to replicate thisore automatic familiarity-based process. This
pattern in Experiment 2, where young adult suljs reflected by the considerable breakdown ir
jects were put under time pressures to respotiee hit rates for low-frequency words across
relatively quickly. In fact, this is precisely thegroups, reflecting changes in the recollection
pattern of results found in Experiment 2. Specifrocess, with relatively little change in hit rate
for high-frequency words, reflecting the more
¥ We also included an ANOVA, which included Block automatic, familiarity-based process. The addi-
order (fast tempo first vs slow tempo first) as a factor. As efjye effect of frequency across groups on the
pected, the predicted interaction was somewhat larger Wh?§|Se alarm rates is also consistent with this no

participants received the slow response deadline first r;gd nb hiah-fr nev words should pro
then received the fast response deadline. This pattern 5% ecause hig equency wo p

expected because of a contrast effect of receiving a f4&4{Ce more false alarms than |OW'frequenCy
tempo after receiving a slow tempo. words in the absence of recollection for all
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groups, i.e., subjects are more likely to resportdrenty-three participants who participated in Ex-
on baseline familiarity for nonpresented items.periment 1 also participated in a different experi-
The results from Experiment 2 are also corment within the same 2-h testing session that in-
sistent with this interpretation. Specifically, wecluded estimates of declarative memory as
were able to mimic the pattern of word-fretreflected by free recall performance (see Balote
quency effects in hit and false alarm rates fouret al., 1999). In order to examine whether the pat-
across groups in Experiment 1 in a single grouprn of accuracy data in the present study was at
of young adults who responded either at a rel&ributable to varying influences from overall de-
tively slow pace, which allowed recollectiveclarative memory performance, we partialed out
processes to be engaged, or at a relatively falsé participants’ recall performance via analyses
pace, which encouraged responses that werkcovariance. If differences in overall memory
based on familiarity processes. This experimeperformance were responsible for the pattern of
was motivated by recent work by Jacoby (1999)esults obtained in Experiment 1, recognition
suggesting that one can modulate the relianperformance would be similar across groups
on familiarity and recollection by manipulatingonce differences in free recall were partialled out.
response deadlines (also see Dolan & Baloféhe results of the analyses indicated that the fre:
1999; Joordens & Hockley, 2000). guencyX group interaction remained significant
Although we believe the present patterrin the analysis by agé;(2,78) = 5.38, MSE =
along with other extent data, is quite consister®1, and by DATF(2,93) = 12.10,MSE = .02,
with this general interpretation, there clearly areven after the participants episodic recall per-
alternative accounts that need to be addresséatmance was partialed out. In addition, there
We address each of these in turn. was still no frequency group interaction for the
false alarms in either the analysis by age or by
DAT. Thus, when one covaries out baseline recall
performance, the initial pattern of results does not
substantially change. Furthermore, the same pat
The present account places emphasis on tteen of reliable effects occurs if one partials out
distinct roles of recollection and familiarity inLogical Memory performance (a standard psy-
the recognition performance. It is possible thahometric declarative memory task). Specifi-
the large decrease in performance on low-freally, the interaction in hits still remains highly
quency words may bietally due to differences reliable,F(3,115)= 9.98. (It is noteworthy that
in the quality of encoding these items. In thisve could only conduct the analysis with two
light, single-process models that rely on thelder adult groups and two DAT groups because
quality of encoding may be a more parsimowe do not have available data from the Logical
nious account of the present results. Becausemory test for the young adults.) Thus, simple
high-frequency words are already poorly erdifferences in declarative memory across groups
coded, there is no change in performance damnot sufficient to account for the changes in the
these items across groups. Although it is vempirror effect across groups observed in Experi-
clear that memory encoding differences amment 1.
likely to contribute to the present results, we do In addition to partialing out memory perform-
not believe that this is the full story. There arance, the results from Experiment 2 also sugges
two aspects of our data that are inconsistent withat memory encoding differences cannot totally
this account. accommodate the present results. Specifically
First, if the present results are totally due to difthere was no difference in encoding across the
ferent levels of memory encoding, then oneubject groups who received the fast and slow
might be able to eliminate the groupfrequency tempos. However, simple temporal deadlines
interaction by partialing out overall memory peryielded a pattern of performance that was identi-
formance on a different declarative memory testal to the between-group performance found in
for the same group of individuals. One hundre&xperiment 1. Joordens and Hockley (2000)

Simple Memory Differences vs
Recollection/Attentional Differences across
Groups and Deadlines
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have recently reported similar results from &he sole cause of the observed pattern of data
deadline experiment. Thus, it is unlikely that dif-First, in a lexical decision study by Balota and
ferences in memory trace strength can accouRerraro (1996) in which participants were re-
for these results. Rather, it appears that subjeajsired to discriminate words from nonwords,
rely on different types of information acrossDAT individuals at the same cognitive level as
groups and at different temporal deadlines.  the present DAT individuals, were quite accurate

Finally, it is also worth noting here that anyin recognizing low-frequency words and did not
account of the word-frequency mirror effect thateliably differ from healthy control individuals
totally relies on differences in memory trac€5.3% vs 6.3% error rates for the healthy control
strength for high- and low-frequency wordsand DAT individuals, respectively). Second, the
must also accommodate the elimination or rgresent word frequency group interaction in
versal of this effect in recall performance (e.ghit rates also occurred in healthy aging, in
Balota & Neely, 1980; Glanzer & Bowles,which there is often an increase in vocabulary
1976). Although factors such as biases to repgrérformance from healthy young to healthy
high-frequency words and increased associatiedder adults (see Balota & Ferraro, 1996, for a
connections for high-frequency words haveiscussion of this issue). In fact, one might
been proposed to account for the reversal of taegue that this should work against observing
word frequency effect in recall performance, wéhe interaction. Third, the results from the
are unaware of any clear tests of the degreetempo experiment converged on the same pat
which these factors modulate the word fretern of results, even though tempo was a within-
quency effect in recall performance. As disparticipants manipulation. Finally, we partialed
cussed below, we believe that the attentional deut differences in semantic/lexical performance
mands at retrieval, as a function of taskom measures available from the psychometric
constraints, are more likely candidates for thieattery (Boston Naming and WAIS information
dissociation in word-frequency effects in recalbubtests), and again the group word fre-
and recognition performance. guency interaction in hit rate was still reliable,

, , F(3,114)= 4.22,MSE = .10,F(3,114)= 4.90,

Semantic/Lexical Changes across Groups MSE = .10, respectively, and the interaction in

In addition to baseline differences in memonyalse alarm rate did not approach significance
performance across groups, it is also possib(@oth Fs < 1.00). Based on these observations,
that the present results are due to group diffeit does not appear that the present results can b
ences in their vocabulary knowledge of theaccounted for by differences between groups in
low-frequency words, i.e., semantic memoryocabulary knowledge of low-frequency words.
differences. Possibly, the semantic memory rep- )
resentations in the DAT individuals are deOther Studies That Have Addressed the Role o
graded and low-frequency words, because of Attention and_ Retrieval Speed in the Word
their infrequent use, are more susceptible to this Freauency Mirror Effect
degradation compared to high-frequency words. Hintzman, Caulton, and Curran (1994) also
In fact, this is a component of the account thavestigated the role of attention in producing
Wilson et al. (1983) proffered in their initial the word-frequency mirror effect in episodic
word-frequency episodic recognition studyrecognition. In their study, they used both di-
Specifically, low-frequency words may be morevided attention tasks and a response signal pro
degraded in DAT individuals and hence are lessedure. Because they found little change in the
likely to be appropriately encoded and retrievedvord-frequency mirror effect under single vs
Pushing this view to an extreme, one might exdivided attention manipulations and also under
pect poor performance on low-frequency wordshort and long response deadlines, they con
because these items are functionally being enluded that the mirror effect does not reflect
coded as nonwords. However, there are fowonscious, postretrieval judgments of the mem-
reasons that make this possibility untenable asability of the items. The observation that at-
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tentional manipulations do not modulate thdorcing a response via deadline procedures tha
word-frequency mirror effect would appear toby dividing attention via the presence of a sec:
be inconsistent with the present results and irendary task at retrieval. Joordens and Hockley
terpretation. However, there are two aspects aiso viewed their results as most consistent witt
the Hintzman et al. deadline experiments that two-process model of recognition perform-
warrant further attention. First, Hintzman et alance, wherein speeded encoding or retrieval de
found relatively small word-frequency effects inmands primarily modulate the influence of rec-
the hit rates. In fact, the results from their firsollection, leaving the familiarity of the stimulus
experiment did not produce a reliable word-freas the primary influence on performance. As
quency effect in the hit rate. Second, there wasoted above, this two-process framework was
a clear tendency in their data to produce a patlso consistent with Joordens and Hockley’s ob.
tern quite similar to the results from the presergervation thatknow responses are higher for
second experiment. For example, the results bigh-frequency words than low-frequency
their second experiment (with three responseords, whereasememberresponses show the
signal deadlines) indicated that there appears teverse pattern (also see Reder et al., 2000).
be about a 7 to 8% advantage for Iow-frequencP/ o . ) .
words at the long deadline, but virtually no dif-mPlications for the “Memory” Deficit in
ference exists between low- and high-frequency Healthy Aging and Alzheimers Disease
words at the short deadline. This change in the One simple implication of the present results
frequency effect did not occur for lure itemsis that older adults, and to a much larger exten
and actually showed some tendency for the odAT individuals, appear to have particular
posite pattern. In fact, in Hintzman et al.'s Ex-breakdowns in remembering relatively rare
periment 6, they used shorter response signavents. We have argued that this deficit may ir
lags because there appeared to be a differentfrt be related to attention demanding aspects ¢
bias to call high-frequency words old at theecollection in determining if a given stimulus
shortest (175 ms) lag in Experiment 3. The reitem was seen earlier in the experimental con
sults of their Experiment 6 yielded a similartext. Word-frequency may be a particularly
pattern. At this level, the results from Hintzmartricky variable in the present experimental con-
et al. appear quite consistent with the presetxt, because familiarity (a strong correlate of
results. frequency) is typically a useful piece of infor-
In addition, as noted above, Joordens amdation in making recognition memory judg-
Hockley (2000) recently presented evidencments, but can be misleading in this context.
from a deadline experiment with young adults, Of course, there are other ways to increase the
which is quite consistent with the results fronflamiliarity of a stimulus word via the context that
the present Experiment 2. They found thatis embedded. For example, one might also ma:
speeding encoding and/or retrieval operatiomspulate the degree to which context is related to
did not influence the word-frequency effect om particular item, thereby making the item more
the false alarm rates, but did influence, and ior less familiar due to the supporting context. In
some cases reverse, the word-frequency effabis light, the results from some recent studies
for the hit rates. Interestingly, Joordens anexploring false memory are noteworthy. Specifi-
Hockley also argued that Hintzman et al’scally, Balota et al. (1999); Norman and Schacter
(1994) failure to modulate the word-frequency1997); Tun, Wingfield, Rosen, and Blanchard
mirror effect via the presence of a secondary dtt998); and Watson, Balota, and Sergent-
tention demanding task may have been due ktarshall (2001) have all reported evidence of in-
the fact that retrieval processes appear to donsireased, relative to veridical memory, suscepti-
nate performance of a secondary task (see, tuitity to false memories in healthy aging in the
example, Anderson, Craik, & Naveh-BejaminDeese/Roediger and McDermott paradigm. In
1998). In this light, it may be more likely tothis paradigm, participants are presented word:
modulate the word-frequency mirror effect bye.g., THREAD, PIN, EYE, SEWING, SHARP,



220 BALOTA ET AL.

POINT, PRICK, THIMBLE, HAYSTACK, miliarity, as defined by the context in which an

PAIN, HURT, and INJECTION) that are relateditem is embedded, will more likely drive mem-

to a critical nonpresented word (e.g., NEEDLE)ory performance in both healthy older adults and
Although veridical memory decreases in thesm DAT individuals. Balota et al. argued that this

subjects, false memory rates either remain thgattern could be accommodated within an atten-
same or increase across groups. Balota et #bnal control framework in which healthy older

(1999) have extended this work to individualsadults and DAT individuals are more likely to se-

with Alzheimer’s disease. The results from theitect overall familiarity to drive a response instead
recall test are displayed in Fig. 9. As shown her&f source-specific familiarity.

these data have an intriguing similarity to the hit Why might there be a shift to a reliance on fa-
rates displayed in Fig. 3. Specifically, for themiliarity-based information in healthy aging?

items that have a high degree of support from th®ne simple possibility is that the additional 50
highly related list (e.g., the critical nonpresentegiears of experience in healthy older adults,
word NEEDLE), there are relatively similar lev-compared to healthy young adults, has increase
els of false recall. On the other hand, for itemsheir reliance on familiarity-related information

that have relatively less support within the conbecause this information is typically predictive
text of items, i.e., the items that were actuallyf correct responses, while minimizing the de-
presented, there is a considerable breakdown iimands on precious limited attentional resources
recall performance. Interestingly, as in the preddnfortunately, this simple account would not

ent study, Balota et al. demonstrated that this irsccommodate the increased susceptibility tc
teraction was not simply due to differences ibaseline familiarity in age-matched DAT indi-

overall memory performance because this patiduals. A second related possibility is that
tern persisted even after partialing out veridicathanges in underlying neural systems produc
memory performance. Thus, itis possible that fasreakdowns in attentional selection processes
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FIG. 9. Mean proportion correct recall and mean proportion false critical recall in the DRM paradigm as a
function of Group (taken from Balota et al., 1999).
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and this may increase the influence of prepotetite stimulus. Specifically, the person remem-
relatively stronger sources of information, akibers some episodic details of the encoding
to the influence of the word dimension on coloevent. Of course, this is quite consistent with
naming in the Stroop task. In this light, it is inthe observation that low-frequency words pro-
teresting to note that there is accumulating evituce more “remember” responses than do high
dence that both healthy aging and early-stagequency words (e.g., Gardiner & Java, 1990).
Alzheimer’s Disease produce changes in front&n the other hand, there are aspects of the tas
cortical systems that have been viewed as beidgmands of episodic recognition performance
critical to some aspects of attentional contrahat suggest that additional processes may als
systems (e.g., Balota & Faust, 2001; Morris gilay a role. One piece of information that has
al., 1996; West, 1996). We believe these changkesen shown to modulate episodic recognition
in attentional control systems produce brealperformance is the processing fluency of the
downs both in the richness of the encoded merarget. For example, Jacoby and Whitehouse
ory trace and the ability to control different(1989) have shown that increasing the speed o
sources of activated information at retrieval. Aprocessing of a recognition test item, via the
this level, we believe it is important to reemphapresentation of a masked identity prime, can
size the contribution of attentional control syslead to increases in false alarms and hit rate:
tems in the episodic memory loss exhibited inompared to an unrelated prime condition. This
both healthy older adults and in early stageork suggests that there is an important role of
Alzheimer’s disease. fluency in making episodic recognition deci-
Of course, one must also be cautious not tsions, i.e., if the stimulus is processed unusually
overemphasize a single system underlying thfast, then it is likely that is was recently pre-
cognitive changes that occur in healthy agingented. This is particularly relevant to the word-
and in early stage Alzheimer’s disease. There fsequency mirror effect because low-frequency
clear evidence of heterogeneity in the neuwords produce larger fluency boosts due to rep-
ropathological and cognitive profiles of healthyetition than do high-frequency words (e.g., Ja-
older adults and in DAT individuals. Recently,coby & Dallas, 1981). This relatively greater in-
researchers have been able to use the cognitmease in fluency for low-frequency words,
and/or neuropathological profiles of individualscompared to high-frequency words, due to a
to predict performance on targeted tasks and/study episode could be used to make an attribu
components of tasks (e.g., Glisky, Polster, &ion that the stimulus is old.
Routhieaux, 1995; Kanne et al., 1998; Henke, The potential role of relatively larger changes
Johnson, & De Leonardis, 1999). At this leveljn familiarity for low-frequency words com-
the present work might be viewed as an attempiared to high-frequency words is consistent
to move the pendulum away from the view thawith a recent study by Dolan and Balota (1999).
Alzheimer's Disease is a declarative memkn this study, participants either read or heard ¢
ory/medial temporal disease. There are addist of high- and low-frequency words in an op-
tional neural systems (including frontal attenposition paradigm (see Jacoby, 1999). Subject
tional systems) that may underlie the observedere instructed to respond “old” only to earlier
breakdowns in memory performance in earlyead words. At a long deadline (1500 ms), indi-
stage DAT. viduals were better at rejecting low-frequency
. “heard” words, compared to high-frequency
The Nature of Recognition: Are Two ProcessegNordS, presumably due to low-frequency items
Enough? producing greater recollection. More intriguing
So far in this article, we have been relativelyis the pattern at the short deadline (800 ms). |
vague about the nature of the recollection ansubjects relied on only baseline familiarity at the
familiarity components in recognition. Oneshort deadline, then one would expect subject
common interpretation of recollection is the reto be relatively poor at rejecting high-frequency
trieval of the source of the earlier occurrence dfieard words compared to low-frequency words



222 BALOTA ET AL.

However, this was not the pattern. In fact, suldevelop the metacognitive information available
jects were actually poorer at rejecting low-freregarding the utility of a relative boost in famil-
qguency heard words at the short deadline, yiel@hrity to drive episodic recognition decisions.
ing a crossover interaction between frequency The role of metacognitive/inferential proc-
and delay. This is consistent with the notion thasses in episodic recognition performance an
subjects were using relative change in familiathe changes that we observed in the preser
ity, instead of baseline familiarity, to make theisstudy across age groups is intriguing in light of
episodic recognition decisions. Of course, basédde work by Parkin and Walter (1992). They
on the present results one might expect thatfdund that older adult’'s “know” judgments were
one shortened the deadline to 500 ms that onegatively correlated with performance on Wis-
would find that baseline familiarity would mod-consin Card Sorting task, which presumably re-
ulate performance, and hence high-frequendlects frontal lobe function. There is also evi-
heard words would be more poorly rejected. dence that metamemory performance is
The importance of relative familiarity as arparticularly disrupted in individuals with frontal
account of the word-frequency mirror effect wakobe damage (e.g., Janowsky, Shimamura, &
originally espoused by Brown, Lewis, andSquire, 1990). Finally, there is a relatively high
Monk (1977), and similar views have more reincidence of senile plaque involvement (a neu-
cently been endorsed by Benjamin, Bjork, antbpathological marker for Alzheimer’s Disease)
Hirshman (1998, also see Joordens & Hocklei frontal lobes of early-stage DAT individuals
2000). The notion here is that participants haye.g., Kanne et al., 1997; Morris et al., 1996). In
available an estimate of the baseline familiaritshis light, it is possible that present results may
of the stimulus (or the average baseline familiam part be due to changes that occur in olde
ity of the stimuli being presented) along with thedults and in individuals with early-stage DAT
relative change in familiarity, as indexed byn insights regarding the appropriate cues to us
changes in the fluency of processing the stimte make recognition judgments. Of course, suct
lus from an earlier encoding event. It is possible possibility is also consistent with the rather
that the difference between these two estimatisge attentional breakdowns that have been ok
provides a cue for recognition. served in these groups (see Balota & Faust
If participants can use the relative change 2001, for a review).
familiarity as a useful piece of information to
drive episodic recognition decisions, then one
might expect participants to consider low-fre- SUMMARY
quency words more memorable than high-fre- The present experiments have shown that on
quency words. This prediction was not supsan eliminate and partially reverse the low-fre-
ported in early work by Greene and Thapaguency hit rate advantage in episodic recogni
(1994) and Wixted (1992), who found that subtion performance, while leaving the low-fre-
jects actually reported high-frequency words aguency false alarm advantage unaltered, i.e.
more memorable than low-frequency wordone can eliminate the word-frequency mirror ef-
However, it is interesting to note here that morkect in episodic recognition performance. This
recent work by Guttentag and Carroll (1998)vas accomplished by comparing different
and Benjamin (2001) has demonstrated thatdfoups of participants who exhibit both memory
subjects are asked to make their memorabilignd attentional breakdowns and also by forcinc
judgments during a recognition test that indeegbung adults to respond within a narrow tempo-
participants rate low-frequency words moreal deadline. We have viewed these results a
memorable than high-frequency words, even fanost consistent with the view that there are mul-
items that were considered new. Hence, it afiple sources of information that are available
pears that exposure to a recognition test does @uring a recognition test to drive an “old” re-
crease the sensitivity to the memorability o$ponse. These include baseline familiarity, rec-:
low-frequency words. It is possible that subjectsllection of specific episodes, and possible attri-
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bution processes regarding the relative chand&iduals, we believe that there may be in-
in fluency of a stimulus. Because of the widecreased likelihood of these individuals relying
spread changes in attentional processes in bath inappropriate sources of familiarity in driv-
healthy older adults and in early-stage DAT ining an “old” response.

APPENDIX

High-frequency words
CAR ROAD WORLD RADIO STREET COLLEGE
ROSE HOME PLANE BEACH BOTTLE LIBRARY
KEY BALL FLOOR CLOUD JACKET PICTURE
Ccow TOWN BOOK BREAD NATION PALACE
CAT KING FIELD DRESS GARDEN KITCHEN
SUN BABY HOTEL MOUTH STREAM FATHER
CUP POOL TRUCK SNAKE MARKET VILLAGE
TREE BEAR WHEEL VALLEY ENGINE CHICKEN

Low-frequency words
URN FLEA COBRA WHARF TABLET CREVICE
BOAR SILO OLIVE YACHT TRIPOD DUNGEON
OowL LILY OTTER DWARF GALAXY PARASOL
SPA HARP ISLE TUNIC WIZARD BEGGAR
GEM LASS VALET ALTAR CAVERN MONSOON
KEG VASE GOURD FLASK AFGHAN SLEUTH
EEL PLUM PECAN ANVIL JAGUAR TROLLEY
VINE LOFT BANJO SEQUIN BONNET VULTURE
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