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Abstract

The hypothesis that Alzheimer’s disease (AD) degrades semantic representations predicts that AD qualitatively alters spontane-
ous thoughts. In two experiments contrasting free associations to words with strong (e.g., bride-groom) versus weak (e.g., body-leg)
associates participants with AD produced less common responses (e.g., bride-pretty) than normal controls but only for words with
strong associations, and only on the Wrst (but not on second or third) association response. Furthermore, all participants produced
fewer semantically related responses to words with weak associates. Because strong associations should be retrieved more easily than
weak associations these results are problematic for retrieval-based accounts of AD. Instead we propose that AD entails a semantic
deWcit, and that strong associations involve more semantic processing than weak associations (in all speakers).
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Alzheimer’s is a common degenerative disease that
aVects the brain and from which there is no recovery.
People with Alzheimer’s gradually lose more and more
of the cognitive abilities that normal adults take for
granted ultimately including even the most basic skills
such as understanding the meanings of frequent words.
Although the hallmark of Alzheimer’s disease (AD) is
impaired explicit memory, patients with early-stage dis-
ease also display a number of symptoms consistent with
the hypothesis that AD involves a gradual deterioration
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of semantic memory (for review, see Chertkow & Bub,
1990; Martin, 1992; Salmon, Butters, & Chan, 1999).
This degraded semantics hypothesis is supported by data
from verbal Xuency tasks which showed that patients
with AD were more impaired relative to healthy elderly
controls on semantic Xuency than on phonemic Xuency
tasks (e.g., patients with AD had more diYculty listing
members of the category Animals than with listing words
that begin with the letter F; e.g., Butters, Granholm,
Salmon, Grant, & Wolfe, 1987). Semantic Xuency also
declined faster than phonemic Xuency as the disease pro-
gressed (Salmon, Heindel, & Lange, 1999). In addition,
subcategory cues (e.g., pets, farm animals) did not
improve semantic Xuency scores in patients with AD
(although such cues did improve Xuency scores in
demented patients with Huntington’s or Parkinson’s dis-
ease; Randolph, Braun, Goldberg, & Chase, 1993).
Impressively, patients with AD had faster mean response
latencies than normal controls during semantic Xuency
(despite producing fewer exemplars) but not during pho-
nemic Xuency—a pattern suggesting that there is a
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reduction in the number of items available for retrieval
from semantic memory (Rohrer, Wixted, Salmon, &
Butters, 1995). Taken together, these Wndings suggest
that patients with AD suVer a degradation of the con-
cepts and associations that allow cognitively intact peo-
ple to eYciently produce exemplars from a semantic
category, but relatively less degradation of the lexicon
and associations between word forms that are important
for phonemic Xuency.

The degraded semantics hypothesis predicts that
patients with AD should perform diVerently from con-
trols on the word-association task. Word association is
one of the oldest psychological tasks, dating back to
Freud and Jung who suggested that word associations
would reveal censored and unconscious aspects of peo-
ple’s thoughts. Recent interpretations of the word asso-
ciation task also stipulate that meaning drives responses
(de Groot, 1989) since the majority of responses gener-
ated in word-association are related to the stimulus
word in meaning. For example, given cat people will be
much more likely to say dog than can or bat (Postman &
Keppel, 1970). A compelling reason for postulating that
meaning (rather than associations between word-forms)
drives responses in word association comes from
research on bilingual speakers. When asked to free asso-
ciate to a stimulus word either within or across lan-
guages, bilinguals were almost as likely to produce the
same associated concept across languages as they were
within the same language. That is, given the English
word cat a Spanish–English bilingual would be almost
as likely to produce perro, the Spanish word for dog, dur-
ing a between-language testing condition as she was to
produce dog during a within-language condition (van
Hell & de Groot, 1998). Word-forms in diVerent lan-
guages are extremely unlikely to be related associatively
(because they rarely occur together) therefore this Wnd-
ing strongly suggests that word associations primarily
reXect the characteristics of stored meanings (which
would be shared between languages).

In accord with the degraded semantics hypothesis,
patients with AD had particular diYculty with the word
association task; in many cases, patients were able to
provide meaningful stimulus deWnitions but could not
provide a single associate (Abeysinghe, Bayles, & Tros-
set, 1990). Instead participants with AD produced multi-
word responses, repeated the stimulus, or provided
unrelated responses. In addition, they were signiWcantly
impaired in discriminating highly related from unrelated
associates, and were less likely to provide an associate in
the same grammatical class relative to controls (for simi-
lar results in dementia in general see Gewirth, Shindler,
& Hier, 1984; Santo Pietro & Goldfarb, 1985). These
results clearly demonstrated that patients with AD per-
form diVerently than cognitively intact controls on the
word association task, but did not clarify precisely how
AD altered the types of associations produced.
To understand more about the nature of cognitive
impairment in AD, it may be informative to examine the
types of semantic associations that patients with AD
produce (when they do produce them). Two studies uti-
lized this approach. In one study, dementia severity cor-
related with response commonality for both English and
French speakers with AD; as cognitive impairment
increased, patients were less likely to give common
responses (Eustache, Cox, Brandt, & Lechevalier, 1990).
In a second study, Randolph (1991) demonstrated that
patients with AD produced less typical responses on the
word-association task than did age-matched controls,
and this diVerence appeared to be numerically larger
when stimulus words had strong associates than when
they had weak associates. Unfortunately, Randolph was
unable to explore this apparent relationship because the
interaction between participant and stimulus type was
not signiWcant. The failure to observe a signiWcant inter-
action may have been due to insuYcient power given the
small sample size or to a relatively small diVerence in
associative strength between so-called strong and weak
associates in the Randolph study. In any event, both of
these studies suggest that strong associates are more vul-
nerable than weak associates to the deleterious eVects of
AD, but given the studies’ limitations, further analysis of
the role of associative strength on the word association
responses of patients with AD is warranted.

The current study was designed to better characterize
the nature of word association responses in AD to con-
strain accounts of the cognitive impairments associated
with the disease, and accounts of the word association
task. The goal of the Wrst experiment was to determine if
stimuli with strong associations (i.e., strong stimuli) in
fact produce greater diVerences between patients with
AD and age-matched controls relative to stimuli with
weak associations (i.e., weak stimuli). An example of a
stimulus with a very strong association is dill, to which
87% of cognitively intact participants produced pickle
(Nelson, McEvoy, & Schreiber, 1998). In contrast, a
stimulus with weak associates is chicken, to which only
9% produced its strongest associate soup. By comparing
word-association responses to strong and weak stimuli
in patients with AD, the present study evaluated whether
or not associative strength is an important factor in pro-
ducing the diVerence between patients with AD and con-
trols on the word-association task.

The second experiment was designed to provide evi-
dence against the possibility that a confounding factor
produced the pattern of results obtained in Experiment
1. Strong and weak stimuli vary on many factors. For
instance, relative to weak stimuli, strong stimuli are
more likely to be concrete, and are less likely to be asso-
ciated with many diVerent words. To illustrate, after
pickle only two additional associates to dill are listed in
the Nelson et al. (1998) norms. These are weed and spice
and both were very weakly associated to dill (only 1% of
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the participants in the normative study produced them).
In Experiment 2 we tested if dills could be turned into
chickens by using a continuous association task. Partici-
pants produced three associations (instead of just one)
to the same stimulus. If associative strength (not con-
creteness or some other confounding factor) is the criti-
cal factor in producing the diVerence between patients
with AD and controls, then even strong stimuli should
produce no diVerences between groups after the Wrst trial
because strong associates are no longer available.

2. Experiment 1—Strong versus weak stimuli

In a previous study that examined the impact of asso-
ciative strength on word association performance in AD,
Randolph (1991) used only 10 strong and 10 weak items,
and tested only 10 participants with AD. In addition, he
used “strong” stimuli with associates that (on average)
only 50% of a normative sample produced and “weak”
stimuli with associates that (on average) as many as 30%
of the normative sample produced. As such, his failure to
observe an interaction between strength and group (AD
versus control) may have reXected a Type II error. To
test whether AD aVects strong but not weak associa-
tions, Experiment 1 incorporated a stronger manipula-
tion of associative strength.

2.1. Method

2.1.1. Subjects
Eighteen patients with probable Alzheimer’s disease

(AD) and 18 elderly normal controls (NC) participated in
the study. All were participants in the University of Cali-
fornia, San Diego (UCSD) Alzheimer’s Disease Research
Center (ADRC) through which they received annual med-
ical, neurological, and neuropsychological evaluations.
Based on these evaluations and a number of laboratory
tests (to rule out other causes of dementia) the diagnosis
of probable AD was made by two senior staV neurologists
at the ADRC according to criteria developed by the
National Institute of Neurological and Communicative
Disorders and Stroke (NINCDS) and the Alzheimer’s
Disease and Related Disorders Association (ADRDA)
(McKhann et al., 1984). Diagnosing neurologists were
provided with a general statement concerning results of
the neuropsychological evaluation (e.g., a deWcit in two or
more areas of cognition) but were not aware of any spe-
ciWc test scores. To reduce the inclusion of patients with
multi-infarct dementia, patients with scores of Wve or
greater on the Rosen-modiWed Hachinski ischemia scale
(Hachinski et al., 1975; Rosen, Terry, Fuld, Katzman, &
Peck, 1980) were excluded from the AD group. The NC
participants were either spouses of the patients with AD
or were recruited through newspaper advertisements. Vol-
unteers with a history of severe head injury, learning dis-
ability, alcoholism, drug abuse, or serious psychiatric
disturbance were excluded. All participants or (when
appropriate) caregivers provided informed consent after
the study procedure had been fully explained. On average
patients with AD (MD4.17, SDD2.92) and normal con-
trols (MD4.44, SDD3.68) participated in the experiment
approximately 4 months after their annual evaluation at
the ADRC and the delay between the two test dates was
never longer than 11 months. Table 1 shows the mean age,
years of education, mean Mini-Mental State Examination
scores (MMSE; Folstein, M.F., Folstein, S.E., & McHugh,
1975) and Dementia Rating Scale scores (DRS; Mattis,
1988) for each group. The AD and NC groups did not
diVer signiWcantly in mean age or years of education (both
ts <1).

2.1.2. Materials
The stimulus materials for the current investigation,

their division into strong versus weak categories, as well as
coding of association strength of participant’s responses
were based on the normative database published by Nel-
son et al. (1998). The Nelson et al., database lists 5019
stimulus words and the responses provided by 6000 par-
ticipants in a free association task in which subjects were
told to “ƒ write the Wrst word that comes to mind that is
meaningfully related or strongly associated to the word.”
Response strength in the current study was rated using the
proportion of subjects who produced that same response
in the Nelson et al., norms. Further details regarding the
Nelson et al., database are available on the web at: http://
cyber.acomp.usf.edu/FreeAssociation/Intro.html.

Stimuli with very strong (nD26) and very weak asso-
ciates (nD26) were selected from the Nelson et al. (1998)
norms to diVer as much as possible in association
Table 1
The mean age, years of education, mini-mental state examination scores (MMSE), and dementia rating scale (DRS) scores of the normal control
(NC) subjects and patients with probable Alzheimer’s disease (AD) in Experiments 1 and 2

Standard deviations are shown in parentheses.

Experiment 1 Experiment 2

Normal controls Alzheimer’s patients Normal controls Alzheimer’s patients

Age 76.67 (7.79) 76.33 (6.44) 77.54 (7.33) 74.00 (13.23)
Education 16.00 (2.74) 16.22 (2.90) 15.62 (2.84) 15.08 (2.50)
MMSE 29.56 (0.86) 24.39 (2.62) 28.85 (1.28) 22.83 (3.83)
DRS 140.61 (2.20) 120.00 (9.49) 139.00 (3.44) 117.92 (8.22)

http://cyber.acomp.usf.edu/FreeAssociation/Intro.html
http://cyber.acomp.usf.edu/FreeAssociation/Intro.html
http://cyber.acomp.usf.edu/FreeAssociation/Intro.html
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strength (called FSG in the association norms) with an
attempt to avoid extremely rare words, ambiguous
words (e.g., bark), words with an obvious antonym (e.g.,
black) or synonym (e.g., couch), and words that were
strongly associated with a common category label (e.g.,
kiwi-fruit),1 or were are part of compound words or
phrases (e.g., racket ball). On average strong stimuli had
an associate that was produced by 69% (SDD 12%) of
the normative sample, whereas on average weak stimuli
had associates produced by only 9% (SDD 3%) of the
normative sample. Strong and weak stimuli also varied
on a number of other dimensions. SpeciWcally, strong
stimuli (6.0 SDD 1.6) tended on average to have fewer
words associated with them than weak stimuli (26.9
SDD5.3; this variable was called QSS in the association
norms), strong stimuli tended to be lower in word fre-
quency (20.2 SDD 36.5) than weak stimuli (51.6
SDD78.6; according to the CELEX database Baayen,
Piepenbrock, & Gulikers, 1995), strong stimuli tended to
be shorter in number of syllables (1.7 SDD0.8) than
weak stimuli (2.1 SDD0.7), and more strong stimuli
(nD18 or 69%) than weak stimuli (nD6 or 23%) were
concrete. We defer discussion of these largely unavoid-
able confounds until Experiment 2 (which was designed
to address this problem). A list of the materials we used
in Experiments 1 and 2 is shown in the Appendix.

2.1.3. Procedure
The participants were tested individually in a quiet

room. During the testing session, an experimenter ver-
bally presented each stimulus word to each participant.
Before beginning the task, participants were given the
following instructions: “In this task I will say a word and
then I want you to tell me the Wrst word that comes to
mind. Just say whatever word you think of after I say my
word. For example, if I say television you might say
radio. Or if I say fortune you might say teller. Do you
have any questions?” If the participant inquired as to
whether the amount of time he or she took to respond
was measured, the experimenter clariWed that time was
not important. If the participant did not respond when
given a stimulus word, the experimenter prompted the
participant by saying, “What does television make you
think of?” If the participant still didn’t respond, the
experimenter said, “Just say whatever comes to mind—
any word is Wne as long as you haven’t said it already.” If
the participant still did not respond the experimenter
said: “Let me give you another example. If I say

1 Although we presented it Wrst, Experiment 1 was actually run after
Experiment 2. The category restriction was not employed in Experi-
ment 2. For example, one of the stimuli in Experiment 2 was the stimu-
lus cat that is a member of the frequently encountered semantic
category animal. Because diVerent mechanisms may be involved in gen-
erating category labels instead of other types of associations we decid-
ed to avoid such stimuli in Experiment 1.
lobster—that might make you think of shrimp.” Also, if
the participant responded by saying that they were
unable to think of a word, the experimenter encouraged
the participant once by saying “take your time and try to
think of any word that comes to mind.” When the par-
ticipant responded with a lengthy tangential phrase or a
deWnition of the stimulus word, the experimenter said:
“try to respond with just one word that comes to mind
after I say my word.” If the participant produced the
same association on successive trials the experimenter
said “think of a diVerent word, you have to produce a
diVerent word each time.” The experimenter wrote down
each response on a test form, and responses were also
audio taped for subsequent veriWcation of manual coding.

2.2. Results and discussion

We determined the associative strength of each item
produced on the word association task by each partici-
pant by using the Nelson et al. (1998) norms (using val-
ues in the variable called “FSG”). When participants
produced more than one word (a multi-word response;
see Table 3), the most strongly associated word pro-
duced was scored. Similarly, when participants produced
a word that was morphologically related to the most
strongly associated word, they were credited for produc-
ing the strongest associate. For example, a participant
said “cutting paper” in response to the stimulus scissors.
This response was scored 0.87 because 87% of the nor-
mative sample produced cut in response to scissors.
Responses that did not appear in the Nelson et al. (1998)
norms were coded as zero. We calculated the means and
standard deviations of association response strength for
the two groups in each condition and these are shown in
Table 2. We calculated separate ANOVAs for subject
means (F1) and stimulus item means (F2). The analyses
included two factors with two levels: Group Type (AD
and NC) and Stimulus Strength (strong and weak).
Group type was always treated as a between subjects
variable, and Stimulus Strength was a repeated factor in
the subjects analysis and a between items factor in the
items analysis.

The results of the subjects analysis are shown in Table 2.
There was a robust main eVect of stimulus type such that
participants produced more common responses when
they were given a strong stimulus F1 (1, 34)D537.82,

Table 2
Participants’ mean response strength (from Nelson et al., 1998) in
Experiment 1

Standard deviations are shown in parentheses.

Stimulus type Group type

AD NC

Strong 0.33 (0.16) 0.41 (0.18)
Weak 0.02 (0.01) 0.02 (0.01)
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MSED 0.004, p < .01; F2 (1,100)D230.22, MSED0.014,
p < .01. There was also a main eVect of group type that
was signiWcant in the subjects analysis F1 (1, 34)D6.46,
MSED 0.004, p < .05 and marginally signiWcant in the
items analysis F2 (1, 100)D 3.18, MSED 0.014, pD .078.
In addition, there was an interaction between group and
stimulus type such that, relative to weak stimuli, strong
stimuli produced a greater diVerence between patients
with AD and the NC group. The interaction was signiW-
cant in the subjects analysis F1 (1, 34)D 6.97
MSED 0.004, pD .01 and there was a trend in the same
direction in the items analysis F2 (1, 100)D2.98,
MSED 0.014, pD .087.

The main eVect of group type supports the degraded
semantics hypothesis that predicted that patients with
AD should produce diVerent types of semantic associa-
tions compared to NC participants. Two aspects of the
results require further explanation. First, patients with
AD produced less common responses than NC partici-
pants, and second, AD had a greater eVect on strong
associations than on weak associations. In fact, planned
comparisons indicated that AD had no eVect on
responses to weak stimuli (t < 1). Before considering the
implications of these results we conducted some addi-
tional analyses to provide further evidence that semantic
factors produced the observed Wndings.

2.3. Subjective analysis

To further assess the nature of the diVerences between
groups a research assistant (who was blind to the hypoth-
esis being tested) coded each response (to all the stimuli in
both strong and weak conditions) into one of the follow-
ing categories: semantic (e.g., scissors-paper), form (e.g.,
scissors-sauces), both (e.g., scissors-sew), multi-word (e.g.,
scissors-cut paper), unrelated (e.g., scissors-quiet), nonword
(e.g., lizard-skirk; the stimulus lizard was one of few that
led to a nonword response; no nonwords were produced
in response to the stimulus scissors). The results of this
analysis are shown in Table 3. The majority of responses
were semantically related to the stimulus. This is consis-
tent with previous suggestions (see Section 1) that the
word association task taps semantic processing.

Unrelated responses were the next most common
response type (after semantically related responses) in
the NC group, and the third most common response
type in the AD group. It is possible, however, that these
responses reXected idiosyncratic semantic relationships
that were not obvious without explanation. For exam-
ple, in response to the stimulus scissors one participant
said never; this response seems unrelated to scissors,
however, it is possible that this person was thinking “I
never use scissors.” In the AD group multi-word
responses were second most common (after semantically
related responses). In fact, participants in the AD group
generated signiWcantly more multi-word responses than
did NC participants. The same result was reported previ-
ously (Abeysinghe et al., 1990) and may reXect the AD
group’s greater diYculty with following the task instruc-
tions relative to the NC group. A number of other mar-
ginally signiWcant diVerences emerged between
participant groups (see Table 3); we defer discussing
these until after presenting Experiment 2.

2.3.1. Semantically related versus not semantically related 
responses

One reason why participants in the AD group may
have produced less common responses on average would
be if they produced more odd responses because they
temporarily lost track of the instructions or forgot the
stimulus. Odd responses would be scored a zero and this
would reduce the semantic association scores of AD par-
ticipants on average without there having been any
actual qualitative change in the type of semantic
responses that the AD group produced. If so, the reduc-
tion in response commonality could be explained with-
out relying on the degraded semantics hypothesis.

To address this possibility we compared the average
association response strength (again using the variable
FSG in the Nelson et al., 1998, norms) in the two
Table 3
The mean percentage of responses classiWed into diVerent types in Experiments 1 and 2 collapsed across Wrst, second, and third association trials

Standard deviations are shown in parentheses.
a Responses that were both semantically and formally related to the stimulus word.
b Degrees of freedom D 34 in Experiment 1 and D 23 in Experiment 2.

Experiment number Group type or 
statistic

Response type

Semantic Form Botha Multi-word Unrelated Nonword No response

Experiment 1 NC 80.1 (12.8) 0.4 (2.4) 5.1 (2.1) 6.2 (7.4) 7.8 (5.5) 0.2 (0.7) 0.1 (1.5)
Experiment 1 AD 74.8 (20.9) 1.3 (2.4) 3.6 (2.1) 11.5 (7.4) 7.6 (5.5) 0.3 (0.7) 0.9 (1.5)

Two-tailedb t test 1.66 1.44 1.49 2.54 <1 <1 2.02
p value 0.11 0.16 0.15 0.02 0.90 0.64 0.05

Experiment 2 NC 80.8 (7.7) 1.3 (1.9) 3.1 (1.6) 4.4 (4.9) 10.0 (4.8) 0.4 (0.8) 0.0 (0.0)
Experiment 2 AD 73.9 (20.9) 1.1 (2.7) 0.9 (1.8) 15.0 (14.4) 7.3 (18.1) 0.4 (0.0) 1.9 (4.4)

Two-tailedb t test 1.47 <1 3.21 2.46 1.39 1.82 1.45
p value 0.16 0.81 <0.01 0.02 0.18 0.08 0.16
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participant groups including only responses that were
judged as semantically related to the stimulus in the
strong-stimuli condition (the condition that demon-
strated a signiWcant diVerence between participant
groups). The degraded semantics hypothesis predicts
that patients with AD should produce less common
responses even when limiting the comparison exclusively
to responses that were semantically related (and there-
fore were not “odd”). The results of this analysis con-
Wrmed this prediction.

To the extent that AD participants did produce seman-
tically related responses, these were still less common
responses on average 0.38 (SDD0.11) than those that par-
ticipants in the NC group 0.46 (SDD0.09) produced. This
diVerence was signiWcant t (34)D2.24, pD .032. This Wnd-
ing is of interest because it suggests that the reduction in
response commonality in the AD group (for strong stim-
uli; see Table 2) was not simply an artifact of between
group diVerences in their approach to, or their ability to
carry out, the word-association task. Even when partici-
pants with AD produced words that were semantically
related to the stimulus words the responses tended to be
less common than those that the NC group produced.

3. Experiment 2—Continuous association

The results of Experiment 1 provided evidence that
strong associations are more vulnerable than weak asso-
ciations to the cognitive impairments associated with
AD. The materials in Experiment 1 entailed the stron-
gest possible manipulation of association strength. As
noted (see Section 2.1.2) this resulted in the inadvertent
manipulation of a number of other variables as well (e.g.,
concreteness, number of associates). To illustrate, a typi-
cal strong stimulus is the word shingle. It is concrete, and
was strongly associated with the word roof (61% of
responses in the Nelson et al., 1998, norms) and weakly
associated with only eight other words in the norms
(10% with house, and 1% with crystal, disease, money,
tile, wall, and window). In contrast, a typical weak stimu-
lus is the word crisis. It is abstract, it’s strongest associate
is problem which was produced by only 10% of the nor-
mative sample, and it was also associated with 29 other
words in the norms (7% with emergency; 5% with trou-
ble; 3% with tragedy, disaster, dilemma, danger, stress,
help; 2% with serious, sad, panic, bad; and 1% with
worry, trauma, situation, school, oil, missile, mid-life,
hurt, handle, emotion, death, cry, crash, catastrophe,
attack, and anxiety).

When considering association strength, after the Wrst
and strongest associate is exhausted, strong stimuli essen-
tially become weak stimuli. For example, the second
strongest associate to strong stimulus shingle is the word
house that was produced by 10% of the normative sample
much like the Wrst associate to the weak stimulus crisis
(i.e., 10% problem). If association strength is the variable
responsible for the diVerence between groups, rather than
one of the other variables confounded with stimulus
strength, then the diVerence should go away after partici-
pants generated the Wrst association. To test this predic-
tion in Experiment 2 we asked participants to generate
three successive word associations to each stimulus, on
average the strongest possible association to the stimuli in
Experiment 2 was 41% (SDD32%) the second strongest
was 11% (SDD8%) and the third was 9% (SDD6%). We
predicted that strong stimuli would produce a diVerence
between groups (as in Experiment 1) but only on the Wrst
response and not for subsequent responses that only had
relatively weak association strength. Experiment 2 also
included stimuli with a range of stimulus strengths thus
addressing another possible concern regarding the results
of Experiment 1 that weak stimuli did not produce a
diVerence between participant types because of a Xoor
eVect.

3.1. Method

3.1.1. Subjects
Fourteen patients with probable Alzheimer’s disease

(AD) and 14 elderly normal controls (NC) participated
in the study. They were from the same population as
reported in Experiment 1. Two of the participants in the
AD group deWned the stimulus words instead of produc-
ing associations, and one of the participants in the NC
group produced a majority of responses that seemed to
be completely unrelated to the stimulus words. For
example, in response to gymnastics this NC participant
said dead, and in response to cat he said afterwards (68%
of his responses were unrelated; a proportion that was
12SD greater than average for the NC group as shown in
Table 6). These participants’ data (2 from the AD group
and the 1 NC participant just described) were not
included in any of the analyses reported below.

Table 1 shows the mean age, years of education, mean
Mini-Mental State Examination scores (MMSE; Fol-
stein et al., 1975) and Dementia Rating Scale scores
(DRS; Mattis, 1988) for each group. The AD and NC
groups did not diVer signiWcantly in mean age or years of
education (both ts < 1). All participants or (when appro-
priate) caregivers provided informed consent after the
study procedures were fully explained. On average
patients with AD (MD5.75, SDD 4.14) and normal con-
trols (MD3.00, SDD3.58) participated in the experi-
ment approximately 4 months after their annual
evaluation at the ADRC and the delay between the two
test dates was never longer than 11 months.

3.1.2. Materials
Stimuli with very strong (nD6), medium (nD6), and

very weak associates (nD6) were selected from the Nel-
son et al. (1998) norms. The stimuli were selected as
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described in Experiment 1 except that an eVort was made
to include words with moderately strong associates in
addition to the strong and weak stimuli. On average
strong stimuli had an associate that was produced by
82% (SDD6%) of the normative sample, medium stimuli
had an associate that was produced by 30% (SDD14%)
of the normative sample, and weak stimuli had associates
produced by only 12% (SDD2%) of the normative sam-
ple (see Nelson, McEvoy, & Dennis, 2000 for a sugges-
tion that values above 4% will tend to be oV the Xoor).

3.1.3. Procedure
The procedure was identical to that in Experiment 1

except for the instructions that were as follows: “In this
task I will say a word three times. Each time I want you
to try to think of a diVerent word that comes to mind.
Just say whatever word you think of after I say my word.
For example, if I say television you might say radio, then
I’ll say television again and this time you might say show,
then I’ll say television one more time and you might say
watch. Try to think of a diVerent word each time. Do you
have any questions?” If the participant repeated the
same association then the experimenter said, “think of a
diVerent word, you have to produce a diVerent word
each time.” If, after responding to the Wrst and/or second
trial, the participant stated that he or she was unable to
think of any other words, the experimenter encouraged
the participant once by saying “take your time and try to
think of any other word that comes to mind.”

3.2. Results and discussion

Means and standard deviations of association
response strength were calculated and coded as in
Experiment 1 for each participant and for each item in
each condition. Separate ANOVAs were calculated for
participant (i.e., subject) means (F1) and stimulus item
means (F2). The analyses included three factors: Group
Type (AD and NC), Stimulus Strength (strong, medium,
and weak), and Association Trial (Wrst, second, and
third). Group Type was always treated as a between sub-
jects variable, Stimulus Strength was a repeated factor in
the subjects analysis and a between items factor in the
items analysis, and Association Trial was a repeated fac-
tor in both subjects and items analyses.
The results of the subjects analysis are shown in Table 4.
There were main eVects of group type, stimulus strength,
and association trial. Participants with AD produced less
associated responses, a diVerence that was signiWcant by
subjects F1 (1, 23)D6.65, MSED0.002, pD .017 but not
by items F2 (1,30)D 1.07, MSED0.008, pD .309 suggest-
ing that only some items (in this case the strong stimuli;
see below) were showing a diVerence between the AD
and NC participants. In contrast, the main eVects of
stimulus strength F1 (1, 23)D658.09, MSED 0.002,
p < .01; F2 (1,30)D 37.65 MSED0.008, p < .01 and asso-
ciation trial F1 (1, 23)D239.34, MSED 0.006, p < .01;
F2 (1, 30)D64.90 MSED0.005, p < .01 were robust in all
analyses. Both group types produced more common
responses when given stimuli with stronger associates,
and after the Wrst trial their responses became less
common.

There were a number of signiWcant two-way interac-
tions which will not be reported because they were part
of a three-way Group Type£ Stimulus Type£ Associ-
ation trial interaction that was robust by subjects
F1 (1, 23)D 8.34, MSE D 0.007, pD .008 with a trend in
the same direction in the analysis by items F2 (1, 30)
D 2.13, MSE D 0.005, pD .136. Visual inspection of
Table 4 clariWes the nature of this interaction; the
between group diVerence was restricted almost exclu-
sively to the Wrst association trial in the strong
condition.

These results conWrm that high association strength
is most sensitive to the cognitive changes associated
with AD, and indicate that this Wnding is not attribut-
able to a diVerent property correlated with words that
have strong associates. Words with strong associates
produced a diVerence between group types only on the
Wrst association; the same stimuli produced no diVer-
ence between groups on second and third association
trials.

The results for medium strength stimuli in Experi-
ment 2 also provided evidence against the possibility
that a Xoor eVect (in responses to weak stimuli) pro-
duced the interaction between stimulus strength and par-
ticipant type (in both Experiments 1 and 2). As shown in
Table 4, medium strength stimuli led to responses that
were more typical than weak stimuli (i.e., responses that
were oV the Xoor), however, there were still no
Table 4
Participants’ mean response strength (from Nelson et al., 1998) in Experiment 2

Standard deviations are shown in parentheses.

Stimulus type First association Second association Third association

Group type Group type Group type

AD NC AD NC AD NC

Strong 0.45 (0.17) 0.59 (0.11) 0.05 (0.09) 0.08 (0.09) 0.07 (0.09) 0.01 (0.04)
Medium 0.16 (.06) 0.14 (.05) 0.07 (.02) 0.08 (.03) 0.03 (.03) 0.06 (.05)
Weak 0.03 (0.02) 0.04 (0.01) 0.03 (0.02) 0.02 (0.02) 0.01 (0.01) 0.02 (0.01)
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signiWcant diVerences between groups (t < 1; and in fact,
the diVerence was in the wrong direction with AD partic-
ipants producing more typical responses than NC partic-
ipants). We provide additional evidence against Xoor
eVects in Section 4.

A possible criticism of the method in Experiment 2 is
that after producing the Wrst response participants could
have produced associations to their own Wrst responses
instead of to the stimulus (i.e., response chaining). If so,
then Experiment 2 would not be convincing as evidence
against the possibility that some factor correlated with
stimulus strength, rather than strength itself, produced
the observed Wndings. To assess the response chaining
possibility we randomly selected 20 data points from the
NC group and 20 from the AD group. If the participants
were chaining their responses then their second
responses should be associatively related to their own
Wrst responses. It may also seem that the second
responses should be more related to the stimulus than to
the Wrst responses. However, responses cannot be more
strongly related than the stimuli allow and only weaker
associations remain after the strongest associations are
produced. For example, given weapon 59% of the partici-
pants in the normative sample produced gun, but only
8% of the normative sample produced the second stron-
gest association knife. In addition, Wrst responses varied
also in stimulus strength, a factor that would clearly
aVect how strongly related second responses could be to
Wrst responses. Taking gun (instead of weapon) as a
stimulus, the strongest possible association was the word
shoot produced by 24% of the participants in the
sample. Thus, in comparing the second responses to the
Wrst responses we considered the baseline possible asso-
ciative relatedness and expressed the relationships as a
proportion.

There was no evidence to support response chaining.
In the NC group, the 20 randomly chosen data points
had a baseline stimulus strength (FSG) of 38%
(SDD 32%). The Wrst responses to these 20 stimuli were
produced by 27% (SDD34%) of the participants in the
normative sample (Nelson et al., 1998) for a response
typicality of about 71% (i.e., 27/38) of what could be
expected relative to the younger adults in the normative
sample. In contrast, treating the Wrst responses as stim-
uli, these had a baseline stimulus strength of 31%
(SDD 18%), however the second responses were pro-
duced by only 7% (SDD 19%) of the normative sample,
for a response typicality of only 23% (i.e., 7/31) of what
could have been expected. The random data points in the
AD group provided less convincing evidence against
response chaining, however, they certainly provided no
positive evidence for chaining either. Response typicality
was about 24% (11/41) of what could be expected on the
Wrst response and, using the Wrst response as a stimulus,
response typicality was about 20% (i.e., 7/35) of what
could be expected. Positive evidence of response chain-
ing should have shown at least a trend in the opposite
direction.2

3.3. Subjective analysis

As in Experiment 1, subjective ratings showed that the
majority of responses were semantically related to the
stimuli (see Table 3). Similarly, in both experiments unre-
lated responses were the next most common response type
(after semantically related responses) in the NC group,
and the third most common response type in the AD
group, and participants in the AD group generated signiW-
cantly more multi-word responses relative to NC partici-
pants. A number of other signiWcant or marginally
signiWcant between group diVerences emerged (see Table
3). For example, in Experiment 1 participants in the AD
group were more likely to produce a “don’t know”
response, and in Experiment 2 NC participants were more
likely to produce an associate that was related to the stim-
ulus in both meaning and form. However, given the very
low total number of responses of these types, and the lack
of consistency in observed eVects across experiments we
do not interpret these diVerences any further.

The subjective analysis provided an opportunity to
assess the nature of the continuous association technique,
and ultimately provided a clue as to why weak stimuli
were less sensitive to the eVects of AD than strong stimuli
(in both Experiments 1 and 2). First, as shown in Table 5,
the majority of responses produced, even on the second
and third association trials, were semantically related to
the stimulus words. This Wnding is of interest because it
suggests that participants approached the association task
in a qualitatively similar manner on the second and third
association trials, and that the reduction in diVerences

2 In some cases the strongest association to the Wrst response would
have been the stimulus itself. For example, in one randomly selected
data point the stimulus winter elicited the response summer. The stron-
gest association to summer in the Nelson et al. (1998) norms is winter
(produced by 40% of the sample). However, because participants were
not allowed to produce the stimulus itself whenever this occurred we
used the next strongest possible response (which in this case was hot
produced by 15% of the normative sample). We made this adjustment
on 3 data points in the normal control random sample, and on 1 data
point in the AD sample. Without this more conservative approach the
results against the response chaining hypothesis would have been even
stronger because it would have increased the baseline possible similari-
ty of the Wrst responses as stimuli.

Table 5
The mean percentage of responses classiWed as semantically related
to the stimulus on Wrst, second, and third association trials in
Experiment 2

Standard deviations are shown in parentheses.

First Second Third

NC 91.0 (8.0) 79.5 (12.1) 71.8 (11.9)
AD 82.9 (20.2) 73.6 (21.2) 65.3 (19.3)
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between groups on the second and third trials in Experi-
ment 2 could not be attributed to a shift in how the partic-
ipants approached the task on these trials.

Interestingly, although the majority of responses were
semantically related, the proportion of semantically
related responses decreased on average with each succes-
sive association trial (see Table 5). This Wnding suggested
the possibility that when strong semantic associations
are not available the word association task activates
semantic representations to a lesser extent than when
strong associations are available. Consistent with this
proposal, an analysis comparing responses to weak ver-
sus strong stimuli showed fewer semantically related
responses to weak stimuli. This result was robust even
including only the 6 strongest and 6 weakest items in
Experiment 2. On the Wrst association trial participants
produced semantically related responses 92% of the time
on average (SDD13%) when given a strong stimulus,
and only 72% (SDD 21%) when given a weak stimulus
paired-t (48)D4.22, p < .01. The data from Experiment 1
demonstrated the same pattern. Responses were judged
to be semantically related to the stimulus in 83%
(SDD 9%) of cases for strong-stimuli but only 72%
(SDD 13%) of cases for weak-stimuli paired-t (70)D6.35,
p < .01. This result suggests that weak stimuli are less
likely to activate semantic representations than are
strong stimuli. This proposal in turn may explain why
only strong-stimuli were sensitive to AD (see below).

4. General discussion

In two experiments, patients with Alzheimer’s dis-
ease (AD) and cognitively intact age- and education-
matched control participants (NC) produced spoken
word-associations in response to single spoken word
stimuli. In both experiments participants with AD pro-
duced responses that were less common than NC par-
ticipants’ responses. For example, given the stimulus
bride nearly half (46%) of participants in the NC group,
but only 25% of the participants in the AD group, said
groom (the most strongly associated response accord-
ing the Nelson et al., 1998, norms). However, only stim-
ulus words that had a very strong associate in the
norms, that is, strong stimuli, produced a diVerence
between groups (an example of a strong stimulus is
bride which led to the response groom in 87% of the
Nelson et al., normative sample). In contrast, weak
stimuli, that is, words that did not have a single
strongly associated response in the norms, produced no
diVerence between groups. For instance, given the stim-
ulus confusion no participant (in either group) pro-
duced lost (which 7% of the normative sample
produced and which was the strongest association to
confusion in the norms), and the same number (nD 5 or
28%) of NC and AD participants produced one of the
next the strongest associates (i.e., understand, mix, dis-
may, or mess all of which 3% of the normative sample
produced).

These results conWrmed the prediction of the
degraded semantics hypothesis; participants with AD
produced diVerent types of associations relative to con-
trols. However, the hypothesis does not necessarily pre-
dict that stronger associations should more readily
demonstrate the eVects of cognitive impairment. In fact,
assuming that strong associations are more robust, this
Wnding is somewhat unexpected because it could be
argued that stronger associations should be more resis-
tant to damage (e.g., Balota, Watson, Duchek, & Ferr-
aro, 1999). Before considering how to explain this result,
it is important to establish that association strength was
the critical factor.

Several aspects of the data suggest that association
strength determined whether or not patients with AD
were impaired on the word-association task rather than a
between group diVerence in approach to the task, or some
property of the stimuli that was confounded with stimulus
strength. In Experiment 2, participants produced more
than one association to the same stimulus word thereby
eVectively converting stimuli with strong associates into
weak stimuli (because only weak associates remain after
the strong associate is produced). The results showed that
even responses to strong stimuli only produced a diVer-
ence between AD and NC participants on the Wrst associ-
ation; using the very same strong stimuli, no diVerences
emerged between participant groups on the second and
third association trials. An analysis of 40 randomly
selected data points from Experiment 2 also provided no
evidence that participants were chaining their responses
on the second and third association trials. Instead, it seems
that the AD and NC participants produced equally com-
mon responses to strong stimuli after the strongest associ-
ation was exhausted (by the Wrst response). These data
strongly suggest that stimulus strength was critical, and
imply that strong associations are more vulnerable to the
cognitive eVects associated with AD.

Other analyses provided evidence against the possibil-
ity that participants with AD produced less common
responses (to strong stimuli on the Wrst response) simply
because they failed to understand, or could not perform,
the word association task. Subjective ratings of the rela-
tionship between each stimulus and each response dem-
onstrated that even when participants with AD did
produce responses that were (judged to be) semantically
related to the stimulus, these were relatively less com-
mon than responses that the NC participants produced.
In other words, to the extent that participants with AD
performed the task as instructed, their responses were
nevertheless qualitatively diVerent (again only in the
strong stimulus condition).

A few additional analyses provide evidence against
another, relatively uninteresting, possible reason why
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weak associations were not sensitive to AD, which is
that weak associations were subject to a Xoor eVect, or
that weak stimuli lacked the power to reveal group
diVerences of any kind. First, in Experiment 2 medium
strength associations were not at Xoor and also pro-
duced no eVect of AD (see Section 3.2). It could be
argued that even medium strength stimuli produced
responses that were close to the Xoor, however, the mag-
nitude of the participant group diVerence in response
typicality on strong stimuli in Experiment 1 was only 8%
(41 minus 33; see Table 2), and as such there was room in
responses to the middle strength stimuli to produce a
similarly sized eVect.

Second, although weak stimuli did not demonstrate
sensitivity to the cognitive changes associated with AD,
both strong and weak associations were sensitive to age-
diVerences3 particularly in in Experiment 1 in which the
age range was 60–89. Individuals closer to 90 produced
less common responses when given strong and weak
stimuli. The correlation between participant age and
response commonality was r2D¡.249, p < .01 for strong
and r2D¡.192, pD .01 for weak stimuli. The same analy-
sis of the data from Experiment 2 (using responses on
the Wrst association trial only) showed no signiWcant cor-
relation between age and response commonality of
r2D .07, pD .194; however, relative to Experiment 1 there
were both fewer subjects and fewer items in Experiment
2—a diVerence which may have interfered with the pos-
sibility of detecting an age eVect. Where the age eVect
was obtained (i.e., in Experiment 1) age was not signiW-
cantly correlated with education (r2D .02, pD .436) and
also not with raw scores on the WAIS-R Vocabulary
subtest (r2D 0.004, pD .737; for this correlation no
vocabulary score was available for 3 of the NC partici-
pants) suggesting that the age eVect was not simply an
artifact of age diVerences in vocabulary (as in previous
comparisons of older to younger adults; Burke & Peters,
1986). In contrast, strong stimuli in Experiment 1 pro-
duced a correlation with DRS scores r2D 0.234, p < .01
whereas weak stimuli did not r2D .016, pD .46 again
indicating that strong but not weak stimuli were sensi-
tive to the cognitive changes associated with AD. The
age related reduction in response commonality could
reXect retrieval problems or the fact that increased age
entails diVerent experiences and therefore also diVer-
ences in semantic memory (see below). These data dem-
onstrated that weak stimuli could detect some types of
group diVerences.

3 Note that the participants in the current study were much older
than the undergraduates who produced the Nelson norms. One way to
test if strong and weak stimuli were sensitive to age eVects would be to
compare responses from the current study to those in the Nelson
norms. However, given that the participants in the current study would
likely diVer from those who generated the Nelson norms in a number
of other variables we refrained from carrying out such analyses.
A third piece of evidence that association strength,
and not a Xoor eVect, was critical was that within the
strong items (the stimuli that demonstrated robust diVer-
ences between AD participants and controls) there was a
relationship between association strength and the group
diVerence. This analysis is shown in Fig. 1. Stronger
associations produced bigger group diVerences, and rela-
tively few stimuli produced eVects in the wrong direction
(more typical responses in participants with AD which
in Fig. 1 are diVerence scores below zero).

4.1. The degraded-semantics hypothesis

The results we obtained conWrmed the general predic-
tion that semantic associations should be diVerent in
participants with AD than in normal controls. However,
further explanation is needed to explain why the diVer-
ence was restricted to strong stimuli, and why partici-
pants with AD produced less typical (instead of more
typical) responses than controls. One view of the associa-
tion task would be consistent with the degraded seman-
tics hypothesis and would also explain the interaction
between participant type and stimulus strength is sug-
gested by the subjective analysis which showed that
weak stimuli were signiWcantly less likely to produce
semantically related responses (in both the AD and NC
groups).

Fig. 1. The diVerence in response typicality (difscore on the Y axis)
between the AD and NC groups (AD minus NC typicality scores)
plotted as a function of a continuous measure of association strength
(the variable FSG on the X axis) using Wrst responses to the thirty-Wve
stimuli with the strongest associates in Experiments 1 and 2. Within
the strong items, words with stronger associates produced a signiW-
cantly greater diVerence between participant groups (r2 D 0.14). The
relationship between participant type and association strength as a
continuous variable within the strong items provides further evidence
that strong associations are more sensitive to the eVects of AD than
weaker associations (and suggests that the interaction between associ-
ation strength and participant type is not merely an artifact of a Xoor
eVect in the weak items; see Tables 2 and 4 and Fig. 2).
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Fig. 2 shows how the results diVered when we classi-
Wed the responses subjectively (i.e., categorically as
either semantically related or not) versus when we used
typicality ratings. For this Wgure we combined the data
from all the participants in Experiments 1 and 2 (leav-
ing out the data from 2nd and 3rd association trials
and the data on items with medium strength associates
in Experiment 2). A small number of subjects partici-
pated in both Experiments 1 and 2 (4 with AD and 3
from the NC group). These participants’ data
were entered only once using the materials from Exper-
iment 1 (which had many more stimulus items than
Experiment 2).

The top panel of Fig. 2 shows the interaction; strong
stimuli produced a diVerence in response typicality
(using the Nelson et al., 1998 norms) between AD and
NC participants, but weak stimuli produced no diVer-
ence between groups. In contrast, the bottom panel of
Fig. 2 shows that, for both participant types, responses
to weak stimuli were less likely to be judged as semanti-
cally related to the stimulus than responses to strong
stimuli.

Fig. 2. In the top panel, mean typicality of responses to words with
strong versus weak associates (typicality based on the variable FSG in
the Nelson et al., 1998, norms). In the bottom panel, mean proportion
of responses that were semantically related to the stimulus (based on
subjective judgments). (Error bars show standard errors for the partic-
ipant group means; data in both panels were collapsed across Experi-
ments 1 and 2.) Participants with AD produced less typical responses
to words with strong associates (top panel), and fewer semantically
related responses overall (bottom panel). In both the AD and the NC
group, responses to words with weak associates were less likely to be
semantically related to the stimulus word (bottom panel). Together
these Wndings suggest that words that are weakly associated with
many other words activate concepts less than words that are strongly
associated with just one word.
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The subjective analysis (shown in the bottom panel of
Fig. 2) suggests that diVerent cognitive processes may be
involved in producing word associations to strong ver-
sus weak stimuli. SpeciWcally, participants may be less
likely to rely on meaning when producing associations to
weak stimuli. By this view, even when semantically
related responses were produced these involved meaning
to a lesser extent for weak than for strong stimuli. If
weak associations are eVectively “less semantic” in
nature, and AD primarily entails damage to semantic
representations, then the AD eVect might be restricted to
strong stimuli. This account of the word-association task
accounts for the counter-intuitive aspect of the Wndings
(that stronger associations were more aVected by cogni-
tive impairment) by positing that strong associations
entail more of the type of processing that is aVected by
AD. This view of the word association task is also con-
sistent with previous suggestions that “strong” represen-
tations (e.g., high frequency words) will be less
vulnerable to structural degradation (e.g., Hutchison &
Balota, 2003). The reason why weak stimuli did not dem-
onstrate an eVect of AD is not because weak stimuli were
structurally intact, but because intact semantic represen-
tations may not be as important for producing responses
to weak stimuli as they may be for producing responses
to strong stimuli.

A necessary next step is to specify what it means to say
that strong stimuli involved increased semantic process-
ing. The results of Experiment 2 suggested that “more
semantic” in this case is unlikely to reXect something as
simple as “more concrete” because the same words (or
concepts) demonstrated the eVect on the Wrst but not on
second and third association responses (i.e., not after
strong associations were exhausted). One possibility is all
or none: weak stimuli may be more likely to activate
associations that are not based on meaning at all. How-
ever, the bottom panel of Fig. 2 demonstrates that the
majority of responses, even to words with only weak
associations, were semantically related to the stimulus. As
such, the proposal that strong associations entail more
semantic processing than weak associations may need to
apply in a continuous rather than an all-or-none fashion.
That is, even when weak stimuli do lead to semantically
related responses these may entail relatively less activa-
tion of meaning than strong associations. As an example,
this could be operationalized in some distributed models
of meaning representation (e.g., Cree, McRae, & McNor-
gan, 1999; Masson, 1995; McRae, de Sa, & Seidenberg,
1997) by having increased numbers of overlapping
semantic features for strong stimuli and their associations
relative to weak stimuli and their associations. Within this
type of framework, participants with AD might be
expected to produce less typical responses if small
amounts of damage had a greater eVect on strong associ-
ations eVectively reducing them in strength such that they
no longer diVered from weaker associations.
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That the majority of responses were semantically
related to the stimulus is also consistent with our
assumption that meaning drives responses in the word-
association task. Without this assumption the degraded
semantics hypothesis would predict that participants
with AD should produce responses similar to NC partic-
ipants in the word-association task. An alternative possi-
bility is that lexical associations between word forms
play a role in the word association task. In many cases it
would be impossible to distinguish between the semantic
and lexical-associative alternatives because word pairs
can be associated both semantically and at the level of
word forms. In some cases, lexical associations seem
obviously important. For example, the strongest associa-
tion to the weak stimulus chicken was soup. The semantic
properties of soup are hardly related to those of chicken
but the words “chicken soup” do occur together.

We cannot rule out the possibility that associations
between word forms inXuence responses, at least in
part (this is a common problem in psycholinguistic
research; Hutchison, 2003; Thompson-Schill, Kurtz, &
Gabrieli, 1998). Previous investigators, however,
argued that meaning drives responses in the word asso-
ciation task (de Groot, 1989), and as already noted (see
Section 1) consistent with this proposal bilinguals dem-
onstrated similar associations between languages even
though words in diVerent languages seldom occur
together (van Hell & de Groot, 1998). In addition, if
associations between word forms were involved, then it
is odd that so few (less than or approximately 1%; see
Table 3) of responses in the association task were
purely form related to the stimulus (e.g., cat and can;
see also Postman & Keppel, 1970).

4.2. The retrieval account

Some investigators suggest that semantic impair-
ments in AD reXect a processing deWcit that interferes
with information retrieval from a relatively intact
semantic memory store (for reviews, see McGlinchey-
Berroth & Milberg, 1993; Nebes, 1989; Nebes, 1992;
Ober, Shenaut, & Reed, 1995). According to this view,
the structure of semantic memory remains essentially
unchanged in the early stages of the disease, and the
deWcits exhibited on standard language tasks (e.g.,
confrontation naming, verbal Xuency) result from
diYculty with retrieving the desired lexical representa-
tions.

The retrieval-based account predicts that AD related
deWcits should be particularly obvious when retrieval is
diYcult. In this respect, it is diYcult for the retrieval
account to explain why strong associations (which seem
to immediately and easily pop to mind) were sensitive to
AD whereas weak associations were not. This reversed
pattern (relative to the current set of results) was
obtained in one study; strong but not weak associations
produced intact priming in participants with AD (Balota
et al., 1999). The retrieval account cannot side step the
current results (as above) by proposing that a property
of the word-association task caused strong but not weak
stimuli to demonstrate an eVect of AD; retrieval is
clearly equally necessary to produce a response to a
weak and a strong stimulus. The retrieval account is
based primarily upon the results of studies that demon-
strated intact semantic priming in patients with AD
(Nebes, Martin, & Horn, 1984; Ober, Shenaut, Jagust, &
Stillman, 1991). To some extent the diVerence in Wndings
across paradigms may result from the fact that diVerent
processing mechanisms are needed in diVerent tasks.

To assess the extent to which retrieval diYculty
contributed to the current Wndings, we used word fre-
quency as a marker of retrieval diYculty and con-
ducted an analysis to determine if participants with
AD produced higher frequency words relative to those
in the NC group. If participants with AD had more
diYculty retrieving the most common associate they
may have produced higher frequency (but less com-
mon) associates instead. The results of this analysis
are shown in Table 6. Consistent with this proposal,
participants with AD produced higher frequency
words relative to the NC participants. However, this
eVect was signiWcant only for strong stimuli again sug-
gesting that strong associations were more vulnerable
to the eVects of AD relative to weak associations—a
Wnding that is the opposite of what the retrieval diY-

culty account predicts. The observed pattern could not
be attributed to diVerences in baseline frequency
because strong (M D 120.91, SD D 128.65) and weak
(M D 89.40, SD D 110.89) stimuli did not diVer
t (64) D 1.05, p D .30 on the average frequency of the
strongest associate in the Nelson et al. (1998) norms
(for this analysis we combined the 56 stimuli used in
Experiment 1 and the 6 strongest and 6 weakest stim-
uli used in Experiment 2).

An additional variable to consider in the context of
the retrieval deWcit hypothesis is the number of diVerent

Table 6
The mean response frequency per million produced by participants in
each group in Experiments 1 and Wrst-response trial in Experiment 2

Standard deviations are shown in parentheses.
a Degrees of freedom D 34 in Experiment 1 and 23 in Experiment 2;

data presented are analyzed over subjects not items.

Group type Experiment 1 Experiment 2

Stimulus type Stimulus type

Strong 
(n D 26)

Weak
(n D 26)

Strong 
(nD 6)

Weak 
(n D 6)

AD 151 (80) 174 (139) 248 (165) 98 (52)
NC 105 (46) 122 (41) 147 (77) 103 (57)
DiVerence 46.85 51.82 100.84 ¡4.5
Two-tailed t testa 2.16 1.51 1.99 <1
p value 0.04 0.14 0.06 0.22
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associates. One recent study elaborated the retrieval
account with evidence that participants with AD have a
speciWc diYculty selecting one response from a number of
possible responses (i.e., a selection deWcit). Impressively, in
one experiment the AD eVect was greater on a relatively
easier task (Xuency for the letter F) and the AD related
deWcit was smaller on a more diYcult task (Xuency for
words that begin with FL). Because there are more F
words than FL words, and therefore more response com-
petition in generating F words (than FL words), this result
suggests that participants with AD have particular diY-

culty when competition for selection is greater (Tippett,
Gendall, Farah, & Thompson-Schill, 2004).

Assuming that normative set size is an indication of
how many competitors become active in each individual
cognitive system during the word association task (for
discussion of this point see Nelson et al., 2000), then the
selection deWcit view of AD would also predict that weak
stimuli should have produced a bigger (not smaller) par-
ticipant diVerence in the current study because strong
stimuli had fewer associates (both in the current study
and in the Nelson et al., 1998, norms). However, we did
not manipulate or control the number of associations
and this leaves open the possibility that both association
strength (FSG) and association set size (QSS) may aVect
responses in this task (the correlation between FSG and
QSS for all the materials in the current study was
r2D¡.90). To determine if set size has an eVect it would
be necessary to manipulate set size while controlling
association strength.

The age related reduction in response commonality to
both strong and weak stimuli is also potentially useful
for distinguishing between the retrieval and semantic
deWcit hypotheses. Research on aging converges on the
conclusion that semantic representations are intact in
older adults whereas advanced age impairs the ability to
access word forms for production (for a review see
Burke, MacKay, & James, 2000). Given that increased
age in the current study aVected responses to both strong
and weak stimuli it would seem that both types of stim-
uli are sensitive to retrieval deWcits where they exist. As
such, both types of stimuli should have been sensitive to
AD if AD primarily entails problems with retrieval. This
conclusion, however, assumes that the observed age
eVects on word association on both strong and weak
stimuli resulted from increased diYculty with retrieving
the word forms. An equally plausible explanation for the
age related reduction in response commonality is that
word associations diVer as semantic representations con-
tinue to develop over the life-span (Hirsh & Tree, 2001).
In other words, the age eVect is not unambiguously
related to retrieval deWcits, or deWcits of any kind.

Another approach to distinguishing between the
degraded semantics and retrieval-based accounts is to
examine word-associations in patients with identiWed
retrieval deWcits. Huntington’s disease is a dementing
neurodegenerative disorder considered by some (Butters
et al., 1987; Butters, Wolfe, Martone, Granholm, & Cer-
mak, 1985; Monsch et al., 1994), to be characterized by a
general retrieval deWcit (but see Barr & Brandt, 1996;
Suhr & Jones, 1998). Notably, Randolph (1991) reported
that relative to cognitively intact controls, patients with
Huntington’s disease generated equally common word
associations. If the above-reported sensitivity of strong
associations to AD resulted from a retrieval deWcit, then
patients with Huntington’s disease should have demon-
strated a similar pattern of performance. This suggests
that the word-association task is not sensitive to
retrieval deWcits, and as such the AD related reduction in
response commonality should instead be attributed to
changes in the structure of semantic memory, and pro-
cessing diVerences involved in generating associations to
weak versus strong stimuli.

4.3. Clinical implications

To determine if the word association task may be use-
ful in clinical settings we conducted a logistic regression
with deviation from the NC mean as the independent var-
iable and classiWcation into the AD versus the NC groups
as the dependent variable. For this analysis we used only
the responses to strong stimuli (because these were sensi-
tive to the eVects of AD), and we combined the data from
Experiments 1 and 2 (again excluding the Experiment 2
data for 7 subjects who participated in both experiments).
We carried out the logistic regression twice, once using
performance that was a single standard deviation below
the NC mean as the independent variable, and once using
two standard deviations. Both analyses produced signiW-
cant Wndings but we report only the single standard devia-
tion results because these were slightly more accurate in
predicting the probability of AD. The Chi-squared for the
total model was adequate (pD .005) and the total correctly
classiWed was 68.52% (or 82% of the NC and 54% of AD
participants). The inverse of the estimated odds-ratio (1/
ExpB) indicated that participants who produced words
that were on average 1 SD below the NC mean (associa-
tive strength according to the Nelson et al., 1998 norms)
were 5.38 times (CI 1.56–18.49) more likely to have AD
than those who produced associates at or above the NC
mean (WaldD7.09, pD0.001). This suggests that the asso-
ciation test may be clinically useful for distinguishing
between people with AD and normal controls but the
results would Wrst need to be replicated in larger groups of
participants.

5. Conclusions

The vulnerability of strong but not weak associa-
tions to AD, the reduced typicality of responses in AD
relative to NC participants, and the fact that weak
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stimuli led to fewer semantically related responses rela-
tive to strong stimuli (in both the AD and NC groups)
constrain hypotheses about the nature of cognitive
impairments in AD as well as theories of how meaning
is represented within the normal cognitive system. The
current data do not support retrieval-based accounts of
the deWcits in AD because strong associates are easier
to access and produce, and these should thus have been
less (not more) vulnerable to retrieval deWcits. The cur-
rent data also constrain accounts of the word associa-
tion task. To explain why strongly associated concepts
should be more vulnerable to AD and changes in
semantic representations relative to weakly associated
concepts we suggested that weak associations are less
dependent on meaning than strong associations. This
proposal predicts that early AD will be more likely to
aVect tasks that entail more semantic processing, and
that weak stimuli entail less semantic processing than
strong stimuli even in cognitively intact people. On a
more general note, the current study demonstrated how
data from cognitively impaired populations can lead to
potentially useful clinical tests while also improving
our understanding of normal cognitive processes.

Appendix 

Experiment 1

Strong stimuli Weak stimuli
ashtray body
astronomy chicken
bait cleaner
broth computer
chlorine conceit
circle condemn
cork confusion
crib crisis
dill culture
duplicate disown
error extreme
Xipper farmer
husband Weld
keg fray
lens grace
option intensity
sap mastery
shingle mutton
skunk natural
slippery obscure
stumble overwhelm
throne range
tribe renounce
weapon resistance
whiskers standard
yoke tact
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