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Abstract
Patients with AlzheimerÕs disease (AD) have been found to exhibit lower levels of false recognition of semantic associates
compared with healthy older adults. Because these patients may show impaired performance of episodic and semantic memory
tasks, this ﬁnding could be explained by deﬁcits in episodic memory, semantic memory, or both. The authors adapted a paradigm
for comparison of semantic versus phonological false recognition. They found that: (a) patients with AD exhibited lower levels of
corrected false recognition of semantic, phonological, and hybrid (mixed semantic and phonological) lists than older adults, and (b)
patients with AD showed very similar levels of false recognition for all list types. These results suggest that only episodic memory
deﬁcits are necessary to explain the lower level of false recognition of semantic associates observed in patients with AD when
compared to older adults. Additionally, (c) older adults showed greater levels of semantic, phonological, and hybrid false recognition than younger adults, extending previous false recognition research of semantically related words and categorized colored
photographs to phonologically related words.
Ó 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction
Patients with probable AlzheimerÕs disease (AD) not
only fail to retrieve desired information but also suﬀer
from distortions of memory (F€
orstl et al., 1994) that
may impair their ability to live independently (Borson &
Raskind, 1997). For example, patients may believe that
they turned oﬀ the stove or took their medication when
they only thought about performing these activities.
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Memory distortions in AD have been explored experimentally using a false memory paradigm originally
developed by Deese (1959) and revived and modiﬁed by
Roediger and McDermott (1995). This Deese/Roediger–
McDermott (DRM) paradigm has demonstrated robust
levels of false recall and recognition in healthy adults.
After studying lists of semantic associates (e.g., candy,
sour, sugar, bitter, good, taste, and so forth) that all
converge on a non-presented theme word or related lure
(e.g., sweet), participants frequently intruded the related
lure on free recall tests (Deese, 1959), and made very
high levels of false alarms to these words on recognition
tests (Roediger & McDermott, 1995).
Using the DRM paradigm, Balota et al. (1999b)
found that, after controlling for false alarms to unrelated items, patients with AD falsely recognized fewer
related lures than did healthy older adults (note that
the recognition data were measured only after recall
performance and therefore were contaminated by the
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earlier recall task). Budson, Daﬀner, Desikan, and
Schacter (2000) also studied patients with AD using the
DRM paradigm, and likewise found that patients with
AD exhibited lower levels of false recognition compared
with healthy older adults.
Similar results have been obtained in patients with
amnesia using several types of material, including the
DRM semantic associates (Schacter, Verfaellie, & Pradere, 1996; Schacter, Verfaellie, Anes, & Racine, 1998a),
categorized pictures (Koutstaal, Verfaellie, & Schacter,
2001), perceptually similar words (Schacter, Verfaellie,
& Anes, 1997), and perceptually related novel objects
(Koutstaal, Schacter, Verfaellie, Brenner, & Jackson,
1999). Patients with amnesia exhibit severe diﬃculties
remembering recent experiences as a consequence of
damage to the medial temporal lobes and related
structures in the diencephalon, despite normal perceptual and linguistic functions along with IQ scores in the
normal range (e.g., Parkin & Leng, 1993; Squire, 1994).
Thus, the results from the patients with AD could be
entirely explained by their poor episodic memory, as is
the case for patients with amnesia.
In addition to their impairment in episodic memory,
however, patients with AD also show impairment on
some tasks that draw upon semantic memory. Such
tasks include generating words from semantic categories
(typically animals, fruits, vegetables; Monsch et al.,
1992; Salmon, Heindel, & Lange, 1999) and judging
word relatedness (Bayles, Tomoeda, & Cruz, 1999).
Patients with AD perform normally, however, on other
tasks requiring intact semantic memory, including semantic priming (Balota & Duchek, 1991; Balota, Watson, Duchek, & Ferraro, 1999a) and instantiation of
semantic categories in sentence comprehension (Nebes
& Halligan, 1999). These seemingly contradictory data
have led Balota and colleagues to postulate that the
major problem with semantic memory in patients with
AD is not in underlying semantic networks, but rather
in an attentional control system that provides access to
those networks (Balota et al., 1999a, 1999b; Watson,
Balota, & Sergent-Marshall, 2001). This theory would
explain why patients with AD show normal performance on paradigms such as priming, that use relatively
automatic activation processes, whereas they show impairment in paradigms that require cognitive eﬀort, and
are heavily dependent upon attentional control systems,
such as category word generation.
It may be that the lower level of false recognition of
semantically associated words that is seen in patients
with AD is attributable in part to a semantic memory
deﬁcit (regardless of the precise etiology of that deﬁcit).
Supporting this idea, Dalla Barba and Wong (1995)
have demonstrated that patients with AD who showed
relatively poor performance on semantic memory tasks
also produced fewer related intrusions on free-recall
tests.

Impairment in semantic memory may contribute to
the reduced level of false recognition of semantic associates in patients with AD: if these patients do not recognize the semantic associations between the studied
items, then they will not develop the general meaning,
idea, or semantic gist conveyed by the collection of semantically related items (gist information; e.g., Reyna &
Brainerd, 1995). It may be that in healthy older adults,
as the study list is presented in the DRM paradigm, a
gist representation is developed. This gist representation
may result in an experience of recollection or familiarity
when either a studied item or a related lure is presented
on a later recognition test. In the DRM paradigm, accurate recognition of previously studied items probably
depends upon both gist information and the speciﬁc
details of a prior encounter (item-speciﬁc recollection),
whereas false recognition of related lure words may be
related to remembering gist but not item-speciﬁc information (cf. Brainerd & Reyna, 1998; Payne, Elie,
Blackwell, & Neuschatz, 1996; Schacter et al., 1996).
Whereas older adults recognize the semantic associations between related items, build up gist, and therefore
become much more susceptible to responding ‘‘old’’ to
the related lures relative to the unrelated lure words,
patients with AD would show much less selectivity between these two diﬀerent types of false positive responses (see Budson, Desikan, Daﬀner, & Schacter,
2001, for additional theories of how these patientsÕ semantic memory impairment may contribute to their
lower level of false recognition of semantic associates).
To begin to explore the contribution of semantic
memory impairments to the lower level of false recognition of semantic associates observed in patients with
AD, Budson et al. (2001) examined false recognition of
perceptually related novel objects with little semantic
content in patients with AD and matched older adults.
They found that compared to older adults, patients with
AD showed lower levels of false recognition of these
perceptually related novel objects as well.
Thus it is clear that the lower level of false recognition
of semantic associates observed in patients with AD
compared with older adults cannot be entirely attributed
to their semantic memory deﬁcit, but may also involve a
more general deﬁcit in the acquisition, retention, or retrieval of gist information. What remains unclear is the
relative contribution of episodic and semantic memory
impairments to the observed results. Because of the
diﬀerences between experiments using perceptual related
novel objects (Budson et al., 2001) and DRM semantically related words (Budson et al., 2000), it is not possible to resolve this issue directly by comparing the
results of these two studies. However, comparing false
recognition for semantically and non-semantically related items within the same experiment should clarify
the relative contributions of semantic and episodic
memory impairments to the lower level of false recog-
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nition observed in the patients with AD compared with
older adults.
Recently, Watson et al. (2001) developed a paradigm
that allows such a comparison. They studied true and
false recall (but not recognition) in patients with AD,
older adults, and younger adults with modiﬁed DRM
lists in which items were either related semantically,
phonologically, or a mixture of both (‘‘hybrid lists’’).
For example, for the related but non-presented lure
word cold, lists could be semantic (chill, frost, warm, ice,
etc.), phonological (code, told, fold, old, etc.), or hybrid
(chill, told, warm, old, etc.). Thus, because the related
lure words are the same for semantic and phonological
lists, it should be possible in this paradigm to directly
compare semantic and phonological false recognition.
Watson et al. (2001) found similar rates of false recall
between patients with AD and older adults across all
conditions. Interestingly, false recall varied by list type,
with hybrid lists producing the largest false recall. In
fact, hybrid lists showed the highest proportion of false
recall relative to true recall across all participants;
phonological lists showed somewhat lower false relative
to true recall, while semantic lists showed the lowest
level of this relative measure. Tests of recall however, do
not tap the same underlying processes as tests of recognition and can be inﬂuenced diﬀerentially by aging
(Craik & Jennings, 1992). For example, the attentional
control system needed for recalling information may be
diﬀerent from or stressed to a diﬀerent degree than that
required for making old/new judgments during a recognition test. Moreover, false recognition has been
studied more extensively and analytically than have recall intrusions (see Schacter, Norman, & Koutstaal,
1998b), and therefore may allow insights that would be
diﬃcult to obtain from studies of intrusion errors.
Therefore, to investigate the contributions of episodic
and semantic memory deﬁcits to the reduced level of
false recognition of semantic associates in patients with
AD compared to healthy older adults we modiﬁed the
paradigm reported by Watson et al. (2001) for use with
recognition. We tested patients with AD, matched older
adults, and, to make our data more comparable to that
of Watson et al. (2001), younger adults. We hypothesized that if semantic memory deﬁcits alone are responsible for reduced false recognition, then semantic
false recognition of patients with AD should be reduced,
but their phonological false recognition should be normal—i.e., at the level of the healthy older adults. If, instead, episodic memory deﬁcits alone are responsible,
then semantic and phonological false recognition of
patients with AD should be reduced by the same
amount compared to older adults. Lastly, if both semantic and episodic memory deﬁcits are responsible,
then compared to older adults, phonological false recognition in patients with AD should be reduced, but not
to the extent seen with semantic false recognition.
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Previous ﬁndings in patients with AD and perceptually related novel objects (Budson et al., 2001), suggest that episodic memory deﬁcits are one important
component contributing to the lower level of false recognition observed in patients with AD, compared with
older adults, in the semantic associates paradigm
(Budson et al., 2000). Because Dalla Barba and Wong
(1995) found that patients with AD who showed worse
performance on semantic memory tasks produced fewer
related intrusions, we also presumed that the semantic
memory deﬁcits in these patients would play a role in
their low level of false recognition of semantically related items. In addition, neuropathological studies of
patients with AD not only show plaques and tangles in
structures that are critical to episodic memory performance such as medial temporal lobes, but pathology is
also present in inferior lateral temporal lobes (Price &
Morris, 1999)—regions that are important for normal
semantic memory performance (Damasio, Grabowski,
Tranel, Hichwa, & Damasio, 1996; Hodges & Patterson,
1995; Hodges et al., 1999). Thus, we expected that both
phonological and semantic false recognition would be
reduced in patients with AD compared to healthy older
adults, but that semantic false recognition would be
reduced to a greater extent than phonological false
recognition.
In addition, to our knowledge comparisons between
older and younger adults have not been reported for
false recognition of phonological words. Because older
adults have been shown to exhibit higher levels of false
recognition of semantically related words (Balota et al.,
1999b; Norman & Schacter, 1997; Schacter, Israel, &
Racine, 1999; Tun, Wingﬁeld, Rosen, & Blanchard,
1998) and categorized colored photographs (Koutstaal
& Schacter, 1997) when compared to younger adults, we
expected that older adults would also show higher levels
of phonological false recognition compared to younger
adults, consistent with the recall data of Watson et al.
(2001).

2. Methods
2.1. Participants
Eighteen patients with a clinical diagnosis of probable AD (National Institute of Neurological and Communicative Disorders and Stroke—AlzheimerÕs Disease
and Related Disorders Association criteria used,
McKhann, Drachman, Folstein, Katzman, & Price,
1984), 18 healthy older adults, and 18 younger adults
were recruited for the experiment. Patients with AD
were recruited from the clinical population at the
Memory Disorders Unit, Brigham and WomenÕs Hospital, Boston, Massachusetts. Older adults were recruited from participants in a longitudinal study of
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normal aging at Brigham and WomenÕs Hospital, from
spouses and friends (but not blood relatives) of the
patients, as well as from ﬂyers and posters placed in
senior centers in and around Boston. Younger adults
were recruited through ﬂiers posted at Harvard University, and word-of-mouth. Written informed consent
was obtained from all participants and their care-givers
(where appropriate). The study was approved by the
human subjects committee of Brigham and WomenÕs
Hospital and Harvard University. Participants were
paid $10/h for their participation. Older adults were all
community dwelling and were excluded if they scored
below 30 on category word ﬂuency (animals, fruits,
vegetables; Monsch et al., 1992), or below 28 on the
Mini Mental Status Examination (MMSE; Folstein,
Folstein, & McHugh, 1975). Most patients showed mild
to moderate impairment on the MMSE, all but one
scoring above 16 (mean ¼ 22:3, range 11–28). Participants were excluded if they were characterized by clinically signiﬁcant depression, alcohol or drug use, focal
brain damage such as that from strokes or tumors, or if
English was not their primary language. All participants
had normal or corrected to normal vision and hearing.
The patients were matched to the older adults on the
basis of sex (7 male and 11 female patients, 8 male and
10 female older adults), age (AD patient mean ¼ 75:5
years, range ¼ 60–85; older adult mean 73.9 years,
range 60–81), and education (patient mean ¼ 15:3
years, range ¼ 9–20; older adult mean ¼ 15:3 years,
range ¼ 12–19). The younger adults were matched on
the basis of sex (9 male and 9 female); their ages ranged
from 19 to 27 years, with a mean of 21.7 years.

no semantic or phonological associations with the lure
items.)
2.3. Procedure
Participants were tested individually, and instructed
to read the study words out loud, and to remember them
for a test session that would follow immediately. The
words were presented on an Apple Macintosh Powerbook 3400c computer, one word at a time for 2600 ms
each, in the center of the screen which was placed a
comfortable viewing distance from the participant.
There was a 400 ms interval between words. The six
study lists were presented without interruptions. Words
were presented visually in the same font and size at
study and test. At test the words remained on the screen
until the participant responded verbally with an ‘‘old’’
or ‘‘new’’ judgement. The experimenter then entered the
appropriate response on the keyboard.

3. Results
The table shows the proportion of ‘‘old’’ responses to
previously studied words (true recognition) and to related lure words (false recognition) as a function of
group (younger adults, older adults, and patients with
AD) and list type (semantic, phonological, and hybrid).
Also shown are the responses to non-studied unrelated
words. These unrelated words provide an index of the
baseline false alarms. Comparisons between older adults
and patients with AD are reported ﬁrst, followed by
comparisons between younger and older adults.

2.2. Materials and design
3.1. Unrelated words
The word lists were taken from Watson et al. (2001),
and consisted of semantic, phonological, and hybrid lists
for the critical lures cold, dog, glass, gun, hard, and
smoke. Each list consisted of 12 words. Each participant
studied two semantic, two phonological, and two hybrid
lists. The words in each list were presented in the same
order each time, and the lists were presented so that the
critical lure items were in the same order for each participant, regardless of whether a particular lure was related to a semantic, phonological, or hybrid list. The
experiment was counterbalanced so that an equal
number of participants saw semantic, phonological, and
hybrid lists for each lure word.
Each test list was composed of 48 words, in a diﬀerent
random order for each participant. Twenty-four of these
items were studied words (from list positions 1, 2, 7, and
8) and 24 were unstudied: 6 related lures (1 from each
list) plus 18 unrelated words taken from standard DRM
lists (Roediger & McDermott, 1995; Stadler, Roediger,
& McDermott, 1999; positions 1, 8, and 10). (Care was
taken to assure that the unrelated words shared little or

Patients with AD made signiﬁcantly more ‘‘old’’ responses to non-studied unrelated words compared to
older adults, and therefore had a higher baseline false
alarm rate. A one-way ANOVA demonstrated a significant eﬀect of group (F ð1; 34Þ ¼ 39:8, MSE ¼ :027,
p < :0005) (Table 1).
Older and younger adults made similar numbers of
‘‘old’’ responses to non-studied unrelated words, giving
them similar baseline false alarm rates (F ð1; 34Þ < 1)
(Table 1).
3.2. True recognition
Compared to healthy older adults, patients with
AD made fewer old responses to studied items for all
list types. A 2 (Group: older adults vs. patients with
AD)  3 (List Type: semantic, hybrid, and phonological) ANOVA found an eﬀect of Group (F ð1;
34Þ ¼ 9:77, MSE ¼ :125, p ¼ :004), no eﬀect of List
Type (F ð2; 68Þ ¼ 1:12, MSE ¼ :022, p ¼ :332), and a
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Table 1
True and false recognition responses by list type
True recognition

Unrelated

False recognition

Semantic

Hybrid

Phonological

Semantic

Hybrid

Phonological

Younger adults
M
SD

.83
.20

.88
.11

.89
.14

.44
.42

.47
.42

.47
.40

.06
.07

Older adults
M
SD

.81
.21

.79
.19

.83
.20

.67
.34

.64
.29

.67
.42

.06
.06

AD patients
M
SD

.65
.22

.62
.25

.52
.33

.69
.39

.67
.40

.61
.44

.40
.22

only trend toward a Group  List Type interaction
(F ð2; 68Þ ¼ 2:64, MSE ¼ :022, p ¼ :079). This trend toward an interaction is present because patients with AD,
but not older adults, showed some tendency toward
making fewer ‘‘old’’ responses to studied words from the
phonological lists compared with the other list types.
After correction for baseline false alarms by subtracting
the proportion of ‘‘old’’ responses to the unrelated
words from the proportion ‘‘old’’ responses to the
studied words, the eﬀect of Group became even stronger
(F ð1; 34Þ ¼ 108:0, MSE ¼ :077, p < :0005) (Fig. 1).
Older and younger adults made similar numbers of
‘‘old’’ responses to studied words for all list types (Table
1). An ANOVA demonstrated no eﬀect of Group
(F ð1; 34Þ ¼ 1:46, MSE ¼ :062, p ¼ :236), no eﬀect of
List Type, and no interaction (F sð2; 68Þ < 1). Because

their baseline false alarms were similar, as in the analysis
of the uncorrected data, no eﬀect of Group was seen for
corrected true recognition (F ð1; 34Þ ¼ 1:42, MSE ¼
:064, p ¼ :242) (Fig. 1).
3.3. False recognition
Patients with AD and healthy older adults made very
similar numbers of ‘‘old’’ responses to lure words. An
ANOVA demonstrated no eﬀect of Group (F ð1; 34Þ
< 1), no eﬀect of List Type, and no interaction (F sð2;
68Þ < 1). Importantly for our initial hypothesis, there
was not even a trend towards an eﬀect of List Type nor
was there a Group  List Type interaction. Because of
their higher rate of baseline false alarms, analysis of the
corrected data showed a signiﬁcant eﬀect of group; the

Fig. 1. Mean proportion of ‘‘old’’ responses to studied words after ‘‘old’’ responses to unrelated words were subtracted (corrected true recognition),
by younger adults, older adults, and patients with AD as a function of list type. Error bars show the standard error of the mean.
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patients with AD demonstrated a signiﬁcantly lower
level of corrected false recognition compared to older
adults (F ð1; 34Þ ¼ 17:28, MSE ¼ :183, p < :0005) (Fig.
2). Thus, as with semantically associated words (Balota
et al., 1999b; Budson et al., 2000), and perceptually related novel objects (Budson et al., 2001), patients with
AD also show lower levels of phonological false recognition after correction for baseline false alarms.
Older adults made signiﬁcantly more ‘‘old’’ responses
to related lure words than younger adults across all list
types (Table 1). An ANOVA showed an eﬀect of Group
(F ð1; 34Þ ¼ 5:08, MSE ¼ :201, p ¼ :031), no eﬀect of
List Type, and no interaction (F sð2; 68Þ < 1). Analysis
of the corrected data also produced an eﬀect of Group
(F ð1; 34Þ ¼ 5:73, MSE ¼ :178, p ¼ :022) (Fig. 2). Thus,
as had been observed in studies of semantically related
words (Balota et al., 1999b; Norman & Schacter, 1997;
Schacter et al., 1999; Tun et al., 1998) and categorized
colored photographs (Koutstaal & Schacter, 1997),
older adults in the present study showed higher levels of
false recognition of phonologically related words than
younger adults.
3.4. Relative false recognition: False recognition divided
by true recognition
Because patients with AD have deﬁcits in true recognition and recall in addition to false recognition and
recall, meaningful between-group comparisons of false
recognition and recall in patients with AD typically involve some type of correction. We have already per-

formed one type of correction, by subtracting baseline
false alarms from the uncorrected false recognition data.
Balota et al. (1999b) controlled for diﬀering levels of
true recall by matching a subset of the participants on
their true recall performance. This method has the advantage of allowing between-group false recognition
and false recall comparisons directly without mathematical manipulation, but has the disadvantage of selecting a sample of participants who may not be
representative of the whole, in addition to requiring
relatively large numbers of participants. Using a diﬀerent method, Watson et al. (2001) controlled for true
recall by dividing the participantsÕ false recall performance by their true recall performance—in this way
obtaining their relative false recall performance. We also
thought this was a good way to explore false memory in
patients with AD.
Therefore, we divided the proportion of ‘‘old’’ responses to lure words by the proportion of ‘‘old’’ responses to studied words to obtain a measure of the
relative false recognition of the participants. Patients
with AD showed greater levels on this relative false
recognition measure compared to healthy older adults
(Fig. 3). An ANOVA showed an eﬀect of Group
(F ð1; 34Þ ¼ 6:25, MSE ¼ :877, p ¼ :017), no eﬀect of
List Type and no Group  List Type interaction
(F sð2; 68Þ < 1).
We also compared older and younger adults by their
relative false recognition. Since false recognition was
greater in older adults compared to younger adults while
their true recognition was similar, it was not surprising

Fig. 2. Mean proportion of ‘‘old’’ responses to related lure words after ‘‘old’’ responses to unrelated words were subtracted (corrected false recognition), by younger adults, older adults, and patients with AD as a function of list type. Error bars show the standard error of the mean.
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Fig. 3. Mean proportion of ‘‘old’’ responses to related lure words divided by studied words (relative false recognition: false/true), by younger adults,
older adults, and patients with AD as a function of list type. Error bars show the standard error of the mean.

that older adults showed higher levels of relative false
recognition compared to their younger counterparts
(Fig. 3). An ANOVA demonstrated an eﬀect of Group
(F ð1; 34Þ ¼ 5:36, MSE ¼ :312, p ¼ :027), no eﬀect of
List Type, and no interaction (F sð2; 68Þ < 1). Thus, in
contrast to the relative false recall data of Watson et al.
(2001), higher relative false recognition of hybrid lists
compared with semantic and phonological lists was not
observed.

4. Discussion
Previous research has shown that after correcting for
unrelated false alarms, patients with AD exhibit lower
levels of false recognition of semantically related words
(Balota et al., 1999b; Budson et al., 2000) and perceptually related novel objects (Budson et al., 2001) compared to healthy older adults. The present experiment
has extended this earlier research by demonstrating that,
compared to older adults, patients with AD show lower
levels of corrected false recognition of phonologically
related words and hybrid lists containing both semantically and phonologically related words. Additionally,
we have shown that as with studies of semantically related words (Balota et al., 1999b; Norman & Schacter,
1997; Schacter et al., 1999; Tun et al., 1998) and categorized colored photographs (Koutstaal & Schacter,
1997), older adults exhibit higher levels of false recognition of phonologically related words compared with
young adults. Lastly, we have related our research to

previous work studying false recall of semantic, phonological, and hybrid words lists (Watson et al., 2001).
In contrast to these recall results, no diﬀerences were
observed in the level of false recognition between semantic, phonological, and hybrid lists in the present
experiment.
4.1. Semantic versus phonological false recognition in
Alzheimer’sdisease
Patients with AD made more false alarms to nonstudied unrelated words, and fewer ‘‘old’’ responses to
studied words, compared with older adults. Importantly
for our initial hypothesis, we found that patients with
AD exhibited very similar levels of false recognition of
semantic, phonological, and hybrid lists. Corrected false
recognition of all lists were lower compared to that of
the older adults—but there was not even a numerical
trend for corrected false recognition of semantic lists to
be lower than that of phonological lists. Though a lack
of diﬀerence must be interpreted cautiously, this ﬁnding
is contrary to our prediction that patients with AD
would show relatively reduced semantic false recognition. Further, the ﬁnding raises the possibility that only
episodic memory deﬁcits are responsible for the lower
level of corrected false recognition of semantic associates observed in patients with AD when compared with
older adults. Moreover, patients with AD showed
greater levels of relative false recognition (false recognition divided by true recognition) compared to older
adults.
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There are several possible reasons why the impairment in semantic memory which patients with AD exhibit on some tasks did not reduce the corrected false
recognition of semantic associates further than the reduction observed with phonological associates. One
explanation relates to the theory that the semantic impairment in patients with AD is attributable to the
dysfunctional attentional control system that provides
access to those semantic networks (Balota et al., 1999a,
1999b; Watson et al., 2001). This theory would predict
that performance on tasks that rely on relatively automatic activation processes would not reveal evidence of
special semantic impairments. Because recognition tests
may depend in part on such automatic processes (Jacoby, 1991), our results are consistent with this theory.1
Another reason why our patients with AD may not
have exhibited lower corrected false recognition of semantic lists compared to phonological lists could be
related to the speciﬁc words used in this paradigm. Poor
performance on semantic tasks in patients with AD
occurs in a graded fashion (Hodges & Patterson, 1995).
For example, Hodges and Patterson (1995) found that
while the most demented patients with AD showed impairment on all levels of a picture sorting task, the mild
subgroup were impaired on the most diﬃcult sorting
task, but not on the easier sorting tasks. Thus, it might
be that our patients would have shown diﬃculty spontaneously associating words in some of the broader
categories (e.g., caring and pink with the category girl),
while they may not have shown diﬃculty spontaneously
associating words in the more narrow categories used in
the present experiment (i.e., snow and frigid with the
category cold, murder and weapon with the category
gun).
Alternatively, we would argue that patients with AD
exhibit similar levels of semantic and phonological corrected false recognition because false recognition for
both lists is dependent upon similar kinds of gist memory. Pathology in AD is most prominent in medial
temporal lobe structures necessary for episodic memory
(Price & Morris, 1999). Patients with AD may simply
show impairment in their memory for the general idea or
meaning conveyed by the items on the semantic lists—
and for the auditory and visual perceptual features of

the phonological lists—because of their episodic memory
deﬁcits. Thus, corrected false recognition of semantic
and phonological lists may be impaired to the same
extent because false recognition for both lists may depend upon the same degraded gist memory.2

1
An additional prediction which follows from this line of
reasoning is that if the false memory paradigm involved a more
cognitively active task, such as recall, a reduction in the number of
critical lure intrusions would be seen for semantic lists relative to
phonological lists. Although there was no signiﬁcant diﬀerence in the
level of false recall of semantic versus phonological lists for patients
with AD in the data of Watson et al. (2001), it is interesting to note
that the more impaired patients with AD (mild dementia, Washington
University Clinical Dementia Rating ¼ 1:0 [Berg et al., 1998])
appeared to intrude critical lures for semantic lists at less than half
the rate of critical lure intrusions for either phonological or hybrid lists
(Fig. 2, Watson et al., 2001), further bolstering this theory.

2
One assumption of this argument is that patients with AD do not
exhibit speciﬁc deﬁcits in phonological processing until quite late in the
disease. If these types of deﬁcits were present in our patients with AD,
one could postulate that they showed reduced semantic false recognition due to their semantic memory deﬁcit and reduced phonological
false recognition due to their phonological processing deﬁcit. Although
some recent studies have suggested that there may be some impairment
in phonological processing in selected patients with AD (e.g., Croot,
Hodges, Xuereb, & Patterson, 2000), many more studies suggest that
phonological processing is spared in patients with mild to moderate
AD (e.g., Cohen, Wilcox, & Lerer, 1991; Patel & Satz, 1994; Verfaellie,
Keane, & Johnson, 2000).

4.2. Interpreting false recognition results in aging and
Alzheimer’s disease
We have shown that for semantic, phonological, and
hybrid lists, patients with AD make similar numbers of
‘‘old’’ responses to related lure words, yet show lower
levels of false recognition after correction for false
alarms to unrelated words, and higher levels of relative
false recognition (false relative to true recognition),
when compared with healthy older adults. Although
these three results may seem contradictory, these different analyses are informative regarding the nature of
the neuropsychological impairments in patients with
AD, and are similar to the signal detection analyses
performed in other studies (Budson et al., 2000;
Koutstaal & Schacter, 1997;. Schacter et al., 1998a;
Schacter et al., 1999).
Corrected false recognition provides a measure of
how likely participants are to respond ‘‘old’’ to a related
lure word versus an unrelated word, and thus controls
for diﬀerences in response bias between the groups.
‘‘Old’’ responses to related lure words represent participantsÕ gist-based false alarms plus their overall tendency
to respond ‘‘old’’ to any word, minus any item-speciﬁc
recollection available to counter the eﬀects of gist.
Therefore, subtracting false alarms to unrelated words
from false recognition of lure words should provide a
measure of participantsÕ tendency to rely on gist information despite any opposing inﬂuence of item-speciﬁc
recollection—but it does not necessarily indicate the
amount of gist memory available to participants (unless
they show no item-speciﬁc recollection). Patients with
AD in this study, in fact, showed no ability to distinguish lures from studied words and thus showed no
item-speciﬁc recollection. Compared to older adults,
patients with AD showed lower levels of corrected false
recognition for all list types, again suggesting that their
gist memory is degraded. Because they made many more
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‘‘old’’ responses to unrelated words than did older
adults, the patients with AD also showed a signiﬁcantly
more liberal response bias than the older adults.
Relative false recognition provides a measure of how
likely participants are to respond ‘‘old’’ to a related lure
word (due to gist information) versus a studied word
(due to either gist or item-speciﬁc information), and thus
may provide a measure of the tendency of subjects to
rely upon gist-based processes versus item-speciﬁc recollection, in addition to controlling for diﬀerences in
response bias between the groups. The older adults
showed relative false recognition rates of less than one,
suggesting that they were somewhat able to use itemspeciﬁc recollection to increase their true recognition
and/or decrease their false recognition by remembering
speciﬁc details of particular studied words—enabling
them to counter their gist-based memory of the study
lists. The younger adults showed even lower levels of
relative false recognition than the older adults, suggesting that younger adults are more able to use itemspeciﬁc recollection than older adults, consistent with
previous work (Koutstaal & Schacter, 1997; Norman &
Schacter, 1997; Schacter et al., 1999). In contrast, the
patients with AD showed rates of relative false recognition greater than one, suggesting that their responses
depended primarily upon gist based memory processes,
consistent with previous work (Budson et al., 2000;
Budson et al., 2001; Budson, Sitarski, Daﬀner, & Schacter, 2002). That their relative false recognition was
greater than—rather than equal to—one is likely attributable to the fact that the lure words were chosen because of their extremely rich semantic and phonological
associations. Thus, although both true and false recognition in patients with AD is dependent upon their gistmemory, the lure words—with their rich associations—
are even more likely to trigger an ‘‘old’’ response than
the studied words (cf. Roediger, Balota, & Watson,
2001).
4.3. Semantic, phonological, and hybrid false recognition
in aging
Younger and older adults made similar numbers of
‘‘old’’ responses to studied words; they also made similar numbers of false alarms to unrelated words. However, older adults made more ‘‘old’’ responses to related
lure words across all list types, giving them higher rates
of uncorrected, corrected, and relative false recognition
of semantic, phonological and hybrid lists compared
with younger adults. These results extend studies of semantically related words (Balota et al., 1999b; Norman
& Schacter, 1997; Schacter et al., 1999; Tun et al., 1998)
and categorized colored photographs (Koutstaal &
Schacter, 1997) in younger and older adults, and are
consistent with the phonological false recognition observed in younger adults (Sommers & Lewis, 1999) as
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well as the false recall data of Watson et al. (2001). In
contrast to the recall data of Watson et al. (2001),
however, we did not ﬁnd an eﬀect of list type. Speciﬁcally, we did not ﬁnd rates of false recognition higher for
hybrid lists than for semantic or phonological lists.
There are at least two possible reasons for this diﬀerence
between false recall versus false recognition of hybrid
lists.3
4.4. False recall versus false recognition of hybrid lists
Participants may be more likely to falsely recall hybrid lure items relative to semantic and phonological
lure items because of the greater likelihood of hybrid
lure words to be self-generated during free recall compared to semantic or phonological lure words. As discussed by Watson et al. (2001), the hybrid lists provide
semantic and phonological boundaries such that the
lure words are uniquely constrained. Thus, we would
argue that as participants are actively trying to retrieve
the study words during the recall test, the speciﬁc lure
words are more likely to very quickly come to mind in
the setting of the hybrid lists compared with the semantic and phonological lists. Participants may thus
think of lure words quickly, although at least initially,
they may realize that these lures were not presented. As
the participants continue to recall items, however, they
may forget that they generated these lure words themselves, and thus later intrude these words due to a
source monitoring error (cf. Mather, Johnson, & De
Leonardis, 1999). Semantic and phonological lists do
not produce this unique constraint and may not as
strongly converge on a speciﬁc lure word. Participants
may self-generate lure words to semantic and phonological lists later during recall, and, because it would
take them longer to forget that they had generated the
lure words themselves, they would be intruded later—or
not at all.4
One test for this theory would be to compare two
groups of participants. The conventional group would
simply write down on a piece of paper all the study
words they could think of after each list. The experimental group would have their paper divided into
halves, one half being for the studied words, and the
3
Recent work by Watson et al. (in press) suggests that the
diﬀerence between our results and those of Watson et al. (2001) may
not only be due to diﬀerences between recall and recognition tests.
4
It is interesting to consider this theory while noting the relative
output position of the lure items in the recall data of Watson et al.
(2001). Although there was no signiﬁcant diﬀerence in the relative
output position of the lures among the diﬀerent lists, it is interesting to
note the numerical trend showing that lures for hybrid lists were
output somewhat earlier (.56) than for either semantic (.72) or
phonological (.59) lists (Table 2; Watson et al., 2001). This numerical
trend was particularly strong for the young adults (.56 vs. .75 and .68,
respectively).
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other half being for words related to studied words
which come to mind but are not actually on the list. For
example, if the participant thinks of the word cold early
in the recall period and knows this word was not on the
list, cold could be written on the ‘‘related but not studied’’ side of the list. If the participant then thinks of the
word cold again later in the recall period, the list can be
used to reduce source monitoring errors. We would
predict that the experimental group would show lower
rates of false recall, particularly of hybrid lists, compared with the conventional group.
A second possible explanation is that participants do
not, in fact, intrude fewer related lure words for semantic and phonological lists compared with hybrid
lists, just fewer critical lure items—that is, lure items
which have been designated by the experimenter as the
critical lures. While seeing a semantic list pushes participants toward the critical lure (e.g., cold), it also pushes participants toward related but non-critical items
(e.g., sleet, glacier). This phenomenon is likely even
stronger for the phonological lists (e.g., bold or sold in
addition to cold). Because their lure word is uniquely
constrained, hybrid lists are less likely to cause subjects
to intrude related but non-critical lures. Thus, if related
but non-critical intrusions are included with the critical
intrusions in the false recall data, levels of total semantic
and phonological false recall may be similar to hybrid
false recall.5
4.5. Concluding comments
We have shown that patients with AD show lower
levels of corrected false recognition of semantic, phonological, and hybrid lists compared to older adults,
while older adults themselves show higher levels of false
recognition of these lists compared to younger adults.
Because patients with AD showed similar levels of semantic and phonological false recognition, we suggest
that the previously observed lower level of corrected
false recognition of semantic associates in patients with
AD compared to older adults (Balota et al., 1999b;
Budson et al., 2000) may be attributable only to the
poor episodic memory of these patients, and not to their
impairment in semantic memory. We have also observed
that, in contrast to healthy older adults, patients with
AD exhibit greater false compared to true recognition,
5
Analysis of the non-critical intrusions of younger and older adults
in Watson et al. (2001; Table 3) provides some support for this
explanation. Whereas semantic and phonological non-critical intrusions on hybrid lists (mean .043 and .083, respectively) were similar to
semantic non-critical intrusions on semantic lists (mean .117), phonological non-critical intrusions on phonological lists (mean .250) were
somewhat greater. Thus, if related but non-critical intrusions were
included with the critical intrusions in the false recall data, levels of
phonological false recall would likely be similar to hybrid false recall,
although the semantic false recall would still be lower.

which we hypothesize is due to their reliance on gistbased memory processes and inability to use item-speciﬁc recollection in the present study. Furthermore, we
suggest that younger adultsÕ greater ability to use itemspeciﬁc recollection allowed them to counter gist-based
memory processes and reduce their false recognition of
all list types, compared to older adults. Lastly, we found
that semantic, phonological, and hybrid lists produced
very similar levels of false recognition across all participants. Future studies will be needed to better understand the interesting diﬀerences observed between false
recognition and false recall (Watson et al., 2001) of
hybrid lists.
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