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Abstract

Impairments to either perceptual or word-retrieval processes have been hypothesized to explain confrontation
naming impairments in patients with Alzheimer’s disease (AD). This study measured the effects of structural
similarity, which affects perceptual processing, and name frequency, which affects word retrieval, on naming latency
and accuracy in 16 AD patients and 16 age-matched controls. AD patients named pictures more slowly and made
more errors than control participants. Their naming accuracy was disproportionately affected by name frequency,
but not by structural similarity. The findings indicate that the processing of structural properties of objects is
unaffected in early-stage AD, and suggest that word-retrieval impairments underlie the naming deficit in AD.

(JINS 1999,5, 659—-667.)
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INTRODUCTION Aword-retrieval impairment would cause errors that reflect
nonperceptual factors, such as word meaning or name fre-
: ) o ) guency. Several studies have examined the types of errors
earllestthsymptoTs (;ftﬁ\lzhelme”rs dlse?_se_ (AA%) fuhr_thrir'that AD patients make and the factors that influence error
more, the severity of the overall dementia in IS NGNY v ates in order to distinguish between perceptual and word-

correlated with the degree of impairment on a confronta-retrieval impairments.

tion naming task (Skelto.n.—Roblnso.n & Jones, .198.4)' T_he Evidence that naming errors in AD reflect visual confus-
speuﬁc nature 9f the deficit underlying the naming impair- ability and visual quality of the stimuli argues for a percep-
ment is the subject of some debate. There is general agre fal impairment in AD. In one study, many of the incorrect
ment that picture naming requires at least two distinct an esponses (55%) given by AD pati;ants on a confrontation
sequential stages of (1) perceptual processes that recOgniﬁ?{ming task were visually similar to the presented objects
the structure of the object or picture, and (2) word-retrieval e.g., calling a thimble a cup; Rochford, 1971). In a second
processes that include the semantic, lexical, and phonolo 'tud;y/, AD patients were mo,re likely to’ correctly name an

ical operations inV(_)Ived in producing th? object’s or pic- object if they were able to use nonvisual sensory informa-
ture’s name. There is, however, less certainty about Whetheffon (e.g., touch) to aid their identification (Barker & Lawson,

Fhe plcture-.nlammg_ deﬂqt in AD reflec_:ts either impaired Qb' 1968). In another study, the amount of available perceptual
ject recognition or impaired word retrieval. A perceptual im-;

. . e . nformation was reduced across four conditions by present-
pairment would cause misidentification of pictures basejO

An impairment in the ability to name objects is one of the

. ) . : . ng an actual object, a black-and-white photograph of the
on incomplete or inaccurate visual information; errors shoul

. S . bject, a line drawing of the object, or a masked line draw-
reflect visual similarities between objects and should be af: ) g J

. ! _Ing of the object (Kirshner et al., 1984). AD patients, but
fected by perceptual factors, such as detail or visual qualltynot control participants, made more errors as available per-

ceptual information was reduced. Shuttleworth and Huber
) ) (1988) replicated the increased sensitivity of AD patients to
Reprint requests to: Sharon L. Thompson-Schill, 3815 Walnut Streetth f ilabl linf . Furth
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19104-6196. E-mail: thompson@psych.upenn.edu more, the presentation of actual objects significantly re-
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duced the proportion of visually similar errors made by AD knowledge about living and nonliving things (Farah &
patients. Thus, naming errors decreased when the likeliMcClelland, 1991).
hood of perceptual misidentification was reduced. Convergent evidence from three sources favors the
Other studies argue that naming errors in AD are the resuiensory—functional hypothesis over the living—nonliving hy-
of a word-retrieval impairment despite adequate perceptiopothesis of category-specific knowledge deficits. First, the
of a picture. These studies have found a high proportion ofensory—functional hypothesis is more consistent with the
semantically related errors (Bayles & Tomoeda, 1983; Marsensorimotor organization that is already known to exist in
tin & Fedio, 1983) and difficulty discriminating among ex- the brain. There is some evidence for sensorimotor organi-
emplars in the same semantic category (Huff et al., 1986zation of semantic representations as well. For example, some
Skelton-Robinson & Jones, 1984). Iltem-specific deficits haveaphasic patients have a specific impairment in the ability to
been reported across several different tasks and modalitiekescribe the function of an object despite normal ability to
(Flicker et al., 1987; Huff et al., 1988). Within-item consis- describe the appearance or category of the object (Good-
tency, particularly with tasks that require no perceptual proglass et al., 1986). The sensory—functional hypothesis also
cessing (e.g., exemplar generation), suggests a semantieceives support from neuroimaging studies of normal pop-
impairment in AD. Also, many studies of AD patients have ulations (Martin et al., 1995). Second, the sensory—functional
reported that the probability of a naming error varied with hypothesis explains exceptions to the living—nonliving dis-
the frequency of the name: The lower the frequency of thdinction that have been observed in clinical reports; for ex-
object, the more likely an AD patient was to hame the pic-ample, a patient with a selective impairment of living things
ture incorrectly (Kirshner et al., 1984; Skelton-Robinson & was also impaired on two nonliving, but structurally similar
Jones, 1984). Low-frequency words are more difficult tocategories: gemstones and fabrics (Warrington & Shallice,
retrieve (i.e., take longer to retrieve) than high-frequencyl984). Finally, Farah and McClelland (1991) demonstrated
words, and the disproportionate AD deficit with low- thata computational model of semantic knowledge with only
frequency words may reflect deficits in controlled or ef- modality-specific components can account for selective im-
fortful word-retrieval processes (Ober & Shenaut, 1995)pairments in the knowledge of living and nonliving things.
Although these studies have led to a variety of interpretaSupport for a neural basis of this model was provided by a
tions about the status of semantic representations and coneuroimaging study of visual and nonvisual knowledge of
trolled retrieval processes in AD, they are similar in so farliving and nonliving things (Thompson-Schill et al., 1999).
as they indicate a nonperceptual basis for the naming im¥hese three lines of evidence suggest that a specific impair-
pairment in AD. ment in the ability to name living things may reflect the
There are, however, two further issues in picture namingyreater degree of structural analysis required to distinguish
that go beyond a dichotomy between perceptual and wordiving objects from one another, rather than a fundamental
retrieval processes and may both be relevant to AD. Firstimpairment in the representation of living things.
there is evidence that different kinds of pictures may in- Several studies have addressed the possibility of category-
voke different kinds of knowledge represented in separablepecific naming impairments in AD. According to the
brain regions. Second, perceptual and word-retrieval prosensory—functional hypothesis, a perceptual impairment
cesses may interact during picture naming rather than occuvould result in a disproportionately higher error rate for liv-
in a strictly serial fashion. Evidence that the impairment ining than for nonliving things in AD patients relative to con-
the ability to recognize and name visual objects can varyrols due to the high visual similarity of living things. This
across categories of semantic knowledge comes from paesult was reported by Silveri et al. (1991) on a confronta-
tient studies that report specific inabilities to name eitheition naming task using color pictures of living and nonliv-
living objects (Warrington & Shallice, 1984) or nonliving ing objects. AD patients performed significantly worse on
objects (Warrington & McCarthy, 1983, 1987). Rather thanthe living than on the nonliving pictures, in contrast to the
interpreting these results as evidence for separate brain Ilgontrols who showed no such difference. The failure to find
cations for semantic knowledge about living and nonlivinga difference for controls in this study, however, is difficult
objects, Warrington and colleagues suggested that the orgto interpret given the very high accuracy rate (over 99%).
nization of semantic memory is modality-specific. The bulk Thus, this study could not rule out the possibility that living
of our experience with many living things $&nsory Fur-  things are generally harder to identify than nonliving objects.
ther, various four-legged animals, or birds, or insects tend Other reports argue against a disproportionate impair-
to look structurally similar and must be distinguished byment of living things in AD. Hodges et al. (1992) report no
relatively subtle structural attributes. In contrast, the bulkdifferences between living and nonliving items on a con-
of our experience with manufactured objectfusctional  frontation naming task for either AD patients or control par-
Further, nonliving things, especially manufactured items suchicipants. Montanes et al. (1995) report more errors naming
as appliances, or weapons are structurally distinct and caime drawings of living things than of nonliving things in
be identified based on relatively few perceptual featuresboth AD patients and normal controls; the interaction be-
The sensory—functional hypothesis explains these categoryween semantic category and patient group was not re-
specific impairments in terms of the differential weighting ported, so the extent of a disproportionate impairment for
of visual and motor information in the representation ofliving things in AD is unclear. In a second experiment mea-
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suring naming accuracy for color pictures, Montanes et alMETHODS

found no differences between living and nonliving items for

either AD patients or control subjects. Thus, these studieResearch Participants

provide some challenge to the claim that AD patients have

a specific impairment in the ability to name living things. Sixteen patients with a clinical diagnosis of AD and 16 age-
There is also evidence that perceptual and word-retrievdnatched controls were recruited for the study. Each AD pa-

processes are interactive during the course of picture narﬁi.ent received a standard diagnOStiC evaluation that included

ing (Humphreys et al., 1988) such that information about? medical history, neurological examination, neuropsycho-

structural properties of an object may start to affect word-ogical testing, MRI, electrocardiogram, chest x-ray, and rou-

retrievai processing before the perceptual anaiysis iS Corr‘i.lne blood tests. All patients met clinical criteria for AD as

pleted. Humphreys et al. (1988) manipulated structuraPutlined by the National Institute of Neurological and
similarity of pictures orthogonally with name frequency. Communicative Disorders and Stroke (NINCDS) and the

Structural similarity, measured by degree of overlap beAlzheimer's Disease and Related Disorders Association

tween line drawings of objects within a semantic category(ADRDA) Work Group (McKhann et al., 1984). The crite-
should affect the processing time required during the struction that AD patients demonstrate episodic memory impair-
tural analysis of the picture. Conversely, the frequency ofnent was operationally defined in this study as a score of
the name of the picture, which has been shown to have @ Of less on the Consortium to Establish a Registry for
robust effect on naming latency (Oldfield & Wingfield, Alzheimer’s Disease (CERAD) delayed Word List Recall
1965), should affect the processing time required during wordneasure (Morris et al., 1989). Patients with moderately
retrievai_ Humphreys et ai_ found that high frequency pic-SeVere dementia, defined as a Mini-Mental State Examina-
tures were named faster than low-frequency pictures foHon (MMSE; Folstein et al., 1975) score below 17, were
structurally distinct items, but not for structurally similar excluded.
items. The behavioral interaction between a factor (struc- Controls for the AD patients were recruited from patient
tural similarity) that influences perceptual processing andPouses and a pool of older hospital volunteers. Control eval-
another factor (name frequency) that influences word reuations consisted of a medical hiStory and administration of
trieval supports an interactive cascade model of picture nanthe MMSE and CERAD Word List procedure. Inclusion re-
ing. For pictures that are structurally distinct, the mainquired an MMSE score of 27 or greater and delayed Word
limitation in naming may be the frequency of the picture List Recall score of 6 or greater. The exclusion criteria were
name. Pictures that are structurally similar may coactivate 1€ same as those for the AD group. The AD patients and
number of potential names, and the main limitation is restheir controls did not differ significantly in agep(> .30).
olution of the object’s structural identity (the co-activation Control participants had more education than did AD pa-
of multiple names renders them all available as soon as ofients [t(29) = 3.54;p < .01]. Table 1 provides demo-
ject recognition is complete and therefore eliminates worddraphic and psychometric information for the AD patients
frequency as a factor in naming latency). and the control participants.

The present experiment examined the interaction be-
tween perceptual processing and word-retrieval in AD USinquaterials
an orthogonal manipulation of structural similarity and name
frequency. Both naming latency and accuracy were meafthe stimuli were the complete set of 76 pictures used by
sured to provide a more sensitive measure of the differHumphreys et al. (1988). In this set, half of the items were
ences between living and nonliving items; in all previousdrawn from categories where exemplars tend to be structur-
studies in which category-specific effects were compareally similar (birds, insects animals vegetablesandfruits)
between AD patients and elderly control participants, theand half were selected from categories where exemplars tend
control participants performed at ceiling on accuracy meato be structurally distinctglothing household itemgurni-
surements (Hodges et al., 1992; Montanes et al., 1995; Siture, vehicles tools, toys body parts jewelry). As noted
veri et al., 1991). in the Introduction, living things tend to be structurally

The orthogonal manipulation of structural similarity and more similar to each other than do nonliving things; thus it
name frequency allowed for assessment of three possibl@as unavoidable that the structurally similar categories were
sources of naming impairment in AD. If the naming deficit all groups of living things. The relevance of the living—
in AD is perceptual, patients should be impaired on struchonliving dichotomy for the present study is addressed in
turally similar items, which require more detailed percep-the Discussion.
tual processing, irrespective of name frequency. If the naming To quantify the differences between structural similarity
deficit is due to word retrieval, patients should be impairedfor the items in this set, Humphreys et al. (1988) obtained
on low name-frequency items, irrespective of structural sim+atings of attribute overlap (i.e., number of common parts
ilarity. Finally, if the deficit is one of transmission between for exemplars from each category) and contour overlap (i.e.,
perceptual processing and word retrieval, AD patients shouldverage percentage contour overlap of normalized line draw-
show an abnormal interaction between structural similarityings between exemplars of the same category); items in the
and name frequency. structurally similar categories had more common attributes
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Table 1. Demographic and psychometric information

. CERAD measure of recall
Age Education

Group (years) (years) MMSE Immediate Delayed
Control (N = 16)
M 70.9 15.5% 28.9** 22.2%* 7.8**
SD 5.2 1.7 1.0 2.2 1.4
Alzheimer’s diseaseN = 16)
M 73.2 12.8 22.9 12.1 2.3
SD 5.2 2.5 2.6 4.0 1.8

Note CERAD = Consortium to Establish a Registry for Alzheimer’s Disease; MMSHini-Mental State
Examination.

aMaximum score= 30. "Maximum score= 10. °Education data was unavailable for 1 AD patient.

*p < .01. **p < .001.

and a higher degree of counter overlap with other items irstart of each trial, the interval between the onset of the spo-

the same category than did items in structurally distinctken response and the presentation of the next picture was

categories. The line drawings of each item were obtained500 ms, which allowed for enough time for participants to

from the Snodgrass and Vanderwart (1980) standardizedomplete the pronunciation of their response. The testing

set, and structurally similar and structurally distinct itemssession began with a practice block of five items to famil-

were matched, on average, on name agreement and imageize participants with the testing procedure. The test block

agreement (using the ratings supplied by Snodgrass &f items consisted of 3 filler items and 76 test items.

Vanderwart).

nal;]:_?rceh group (_)f 38 items, half of the spmu!l were Iqw RESULTS
qguency items and half of the stimuli were high

name-frequency items (Kucera & Francis, 1967). Conse- .

quently, there were 19 items of each of four types of stim-Naming Latency

uli: (1) low name-frequency and structurally similar (e.9., For each participant, the median naming latencies (RTs) for
pear), (2) low name-frequency and structurally distinct (€.9.each of the four stimuli types were computed, after discard-
scissors), (3) high name-frequency and structurally simila§ng trials in which an incorrect response was given or in
(e.g., bear), and (4) high name-frequency and structurallyhjch a microphone problem produced an inaccurate re-
distinct (e.g., clock). The mean name frequencies (occurgponse time. Median RTs and error percentages are given in
renceg1,000,000) for structurally similar and structurally tgpje 2.

distinct low name-frequency items were 2.74 and 2.47, re- The data were analyzed in a2 X 2 analysis of vari-
spectively; the mean name frequencies for structurally simzpce (ANOVA) with diagnosis (AD or control) as a between-
ilar and structurally distinct high name-frequency items wereyarticipants factor and structural similarity (similar or
30.37 and 33.58, respectively. High and low name-frequencyjistinct) and name frequency (low or high) as within-
items were matched, on average, on contour overlap andrticipants factors. AD patients( = 1332.70 ms) re-

complexity (using the ratings supplied by Snodgrass &sponded more slowly than control participantd =
Vanderwart). Additional details and a complete list of the

items used in this experiment can be found in Humphreys

et al. (1988). Table 2. Median correct naming latencies (ms) and percentage
errors as a function of structural similarity and name frequency

Procedure Structural similarity

The stimuli were presented using PsychLab software and a Structurally Structurally

Macintosh llci computer. Each trial began with a central fix- similar distinct

ation dot for 500 ms, followed by a 500-ms delay. Each pic-groyp RT %Eror RT % Error

ture was presented centrally for an unlimited amount of time:
Participants were instructed to quickly and accurately nam('e\'c"_r'mi'fcomro' N =16) o8 17 970 6
the picture aloud, and response latencies were measured 9" "€quency

using a voice-activated relay; incorrect responses were rex Low frequency 1181 14 1106 10
g . Y: P . . Alzheimer’s diseaseN = 16)

corded by the experimenter. Subsequent trials were trig- High frequency 1463 29 1112 10

gered by the participant’s response, following a 500-ms | 4, frequency 1459 25 1297 18

intertrial interval. Thus, including the fixation dot at the
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1115.92 msfF (1,30 = 4.92,p < .05, MSE= 305532.95].  structural similarity (similar or distinct) and name fre-
High name-frequency item$/ = 1188.05 ms) were named quency (low or high) as within-participants factors. There
faster than low name-frequency itemgl [= 1260.58 ms; were no indications of a speed—accuracy trade-off. AD pa-
F(1,30 = 4.82,p < .05, MSE = 34954.46]. Structurally tients (M = 19%) made more errors than control partici-
distinct items M = 1123.48 ms) were named faster thanpants M = 11%;F (1,30 = 9.11,p < .01, MSE= 6.49].
structurally similar itemsi{l = 1325.15 msE (1,30 =20.51, The error rate was higher for low name-frequency items
p < .001, MSE = 63464.43]. There was a reliable inter- (M = 17%) than for high name-frequency itenid E 13%;
action of Name Frequency< Structural Similarity F(1,30 = 4.18,p < .05,MSE= 2.85]. The error rate was
[F(1,30 = 8.76,p < .01,MSE= 25367.41]. Pairetitests  higher for structurally similar itemsM = 19%) than for
(using a Bonferroni corrected alpha rate of .025) indicatedstructurally distinct items§l = 11%;F (1,30 = 40.06,p <
that participants named high name-frequency items faste001, MSE = 2.23]. There was a significant interaction of
than low name-frequency items for structurally distinctitemsName Frequenci Structural Similarity{ F(1,30 = 5.88,
[t(31) = 6.05,p < .001,SE= 25.75], but not for structur- p < .05, MSE= 1.63]. Paired tests (using a Bonferroni
ally similar items ¢ < 1). There were no higher-order in- corrected alpha rate of .025) indicated a reliable difference
teractions with diagnosis (afis > .20). between high name-frequency and low name-frequency
The data were also analyzed over items, after computingems for structurally distinct item¢(31) = 3.50,p < .001,
the median RT for each item, excluding error trials as be-SE= 0.330] but not for structurally similar itemg¢ & 1).
fore. Additionally, three items (bee, beetle, and tiger) wereThe two-way interaction of Diagnosis Name Frequency
excluded because they were misnamed by more than 50%pproached significan¢€ (1,30 = 2.99,p = .094,MSE=
of control participants. The data were analyzed ima2x 2.85]. No other interactions with diagnosis approached sig-
2 ANOVA with diagnosis (AD or control) as a within-items nificance (allps > .45).
factor and structural similarity (similar or distinct) and name The data were also analyzed over items; as before, three
frequency (low or high) as between-items factors. As withitems were excluded because they were misnamed by more
the analysis over participants, there were main effects othan 50% of control participants. The data were analyzed in
diagnosig F(1,69 = 40.11,p < .001,MSE = 32469.49] a2X 2Xx 2ANOVAwith diagnosis (AD or control) as within-
and structural similarityF (1,69 = 7.21,p < .01,MSE= items factor and structural similarity (similar or distinct) and
114169.29]. The main effect of name frequency did not aphame frequency (low or high) as between-items factors. As
proach statistical significance in the analyses over itemsvith the analysis over participants, there was a reliable main
(p > .40). There was a reliable interaction of Name Fre-effect of diagnosi§F (1,69 = 24.89,p < .001,MSE= 2.24].
quencyX Structural Similarity[F(1,69 = 4.56,p < .05,  No other main effects or interactions reached statistical sig-
MSE = 114169.29]. Unpaired tests (using a Bonferroni nificance. Only one two-way interaction, that of Name Fre-
corrected alpha rate of .025) indicated that participants namegluency X Diagnosis, approached statistical significance
high name-frequency items faster than low name-frequenclyfF (1,69 = 3.27,p = .075,MSE= 2.24].

items for structurally distinct iten4(36) = 2.60,p < .025], For both of the above analyses of the error data, the only
but not for structurally similar itemg & 1). There were no interaction with diagnosis that approached significance was
higher-order interactions with diagnosis (p#i > .30). with name frequency. Paireédests (over participants, Bon-

ferroni corrected error rate of .025) indicated that for con-
trol participants, there was no effect of name frequency on
error rate { < 1); however, AD patients made more errors

The data were analyzed in a2 X 2 ANOVA with diag-  on low name-frequency than high name-frequency items
nosis (AD or control) as a between-participants factor andt(15) = 2.70,p < .025,MSE= 0.83; see Figure 1]. This is

Errors

a b
30 30
[0 High Frequency [ structurally Similar
o B Low Frequency o B Structurally Distinc
[] o
= 204 = 20
w w
- -
f= [=
Q Q
© 10+ © 104
[J] [ ]
a a
0 0
NC AD NC AD

Fig. 1. (a) Percent naming errors as a function of name frequency for 16 AD patients and 16 control participants.
(b) Percent naming errors as a function of structural similarity for AD patients and control participants.
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in contrast to the comparable effect of structural similarityNo other correlations approached statistical significance (all
found in control participantg(15) = 4.53,p < .01,MSE= rs < .15).

0.65], and in AD patient$t(15) = 4.50,p < .01, MSE= To examine the effects of familiarity on naming accu-
0.84]. racy, error data were analyzed over items, as described above.
First, we examined the relative predictive power of both fa-
miliarity and name frequency in a multiple regression of
these variables on number of errors for each item. Famil-
Errors were classified into six types: (1) superordinate errorgarity accounted for more unique variance than did fre-
(2) coordinate errors, (3) circumlocutory errors, (4) visualquency, and was a significant predictor of number of naming
errors, (5) omissions, and (6) other errors. The proportionsrrors (p < .01). However, when familiarity was included

of each type of error are shown in Table 3. Independent in an ANOVA with diagnosis and structural similarity, as
tests were used to compare the proportion of each error typgescribed above for name frequency, an interaction of
between control participants and AD patients; there werd-amiliarity X Diagnosis did not approach significance
no significant differences for any of the six types of errors(F < 1). Only the main effect of familiarity approached
(all ps > .10). significance F(1,69 = 2.96,p < .10]. Thus, while famil-
iarity is indeed related to naming accuracy, it does not dis-
tinguish between AD and control participants and is therefore
unlikely to account for the interaction we observed of Name
Two secondary analyses were performed to address the difrequencyx Diagnosis.

ference in education between AD patients and control par-

ticipants (see Table 1). First, after accounting for the Varianc‘f)ISCUSSION

attributable to years of education (using education as a co-

variate), no changes in the patterns of the data were found.he goal of this study was to dissociate perceptual and word-
Second, all analyses were repeated on a subset of contrigitrieval processes in picture naming. Perceptual processes
participants and AD patientsi(= 12) who had at least 12 were examined by manipulating the structural similarity of
and no more than 16 years of education, and the findinggictures, and word-retrieval processes were examined by ma-
described above for each group were replicated. nipulating the name frequency of pictures. Independent ma-
nipulation of structural similarity and name frequency

. allowed for the examination of the interaction between per-
Other Variables ceptual and word-retrieval processes. Participants were faster

A number of other variables about the items used in thigghd more accurate in naming structurally distinct compared

experiment may affect picture naming, and could poten.to structurally similar pictures, and pictures with high name-
tially be relevant to explaining naming deficits in AD. Par- frequency compared to low name-frequency. These effects
ticularly relevant given the results of this study would be Verified the effectiveness of the manipulations of percep-
any variables that are correlated with name frequency, whicktal and word-retrieval processes. In addition, participants
therefore might at least partially account for the effects wewere faster and more accurate in naming high name-
observed of name frequency on naming accuracy in AD pafrequency compared to low name-frequency pictures for
tients. We considered the following variables, provided bystructurally distinct items, but there was no effect of name-

Snodgrass and Vanderwart (1980): familiarity, image agreefrequency for structurally similar items. This interaction be-
ment, name agreement, and complexity. For the 76 items ifiveen structural similarity and name frequency supports the
our set, only one of these variables was significantly correcascade model of picture processing (Humphreys et al.,
lated with name frequencyamiliarity (r = .37,p < .01).  1988) and shows that the model remains valid across the

adult life span.

AD patients were slower and less accurate in naming pic-

Table 3. Mean proportion of error types tures than were control participants. However, with one ex-
ception, there were no interactions between diagnosis and
Group any of the effects described above. For pictures named cor-

Normal  Alzheimer's rectly, AD patients showed a normal effect of structural sim-

control disease ilarity, a normal effect of name frequency, and a normal

Error type (N=16) (N=16) interaction of Structural Similaritk Name Frequency on

naming latency. Both AD patients and control participants

Types of Errors

Education

iupeéf)fdinaﬁ (“?l:G" for *fly”) ;98 ;2 made more errors for structurally similar than structurally
oordinate (lion” for “tigerr) distinct pictures; the AD error rate was not disproportion-
Circumlocutory (“it flies” for “plane”) 0 1 Lo

Visual (“cup” for “thimble”) 8 13 ately affected by structural similarity. However, only AD
Omission 11 17 patients made more naming errors for low name-frequency
Other 4 6 pictures than high name-frequency pictures. This effect of

name frequency does not appear to be attributable to other
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features of the pictures, such as name agreement or famigt al., 1991) likely reflects a ceiling effect in the perfor-
iarity. The disproportionate effect of word frequency on AD mance of control participants that may have obscured the
naming errors that we observed mirrors frequency effectginding that living things are more difficult to name. Mon-
reported elsewhere not only with picture naming (e.g., Kirshtanes et al. (1995) reported conflicting results about whether
ner et al., 1984), but also with lexical decision tasks (e.g.accuracy is lower for living things; however, our data are
Ober & Shenaut, 1988). consistent with their apparent failure to find a dispropor-

The normal effect of structural similarity in AD patients tionate impairment in naming accuracy in AD patients.
indicates that structural analysis of objects is unaffected in In contrast to the similar effect of structural similarity on
early-stage AD. Previous studies of picture naming have amaming in AD patients and control participants, name fre-
gued for preserved structural analysis in AD on the basis ofjuency had a differential effect on AD patients relative to
post-hocerror classifications (Bayles & Tomoeda, 1983; control participants. The differential effect of name fre-
Martin & Fedio, 1983), a useful but inevitably subjective quency was found for naming accuracy, but not for naming
categorization. The only direct assessment of the relatioratency. Response times often mirror accuracy rates, but in
between perceptual processes and picture naming methe present study there was a sharp boundary between low
sured perceptual processes via discrimination of irregulaname-frequency pictures that were named correctly and those
polygons (Huff et al., 1986). Although discrimination of ab- that were named incorrectly. When a picture was named cor-
stract forms provides a good test of perceptual ability, it mayrectly, AD patients were no more affected by name fre-
or may not provide a measure of the same processes imuency than were control participants. However, AD patients
volved in perceiving meaningful objects. The present studyere more likely to name incorrectly low-frequency items
used objective, structural properties of pictures to assess patran high-frequency items.
ceptual processes, and thus shows directly that AD patients The present findings may not be generalizable to more
retain the processes involved in the structural analysis oeverely demented patients or to early-stage patients who
meaningful pictures. present clinically with visuospatial impairment. The rela-

If a perceptual impairment explains the AD naming def-tive proportions of visual and semantic errors have been
icit, then AD patients should show a disproportionate diffi- shown to change as the disease progresses (Huff et al., 1986;
culty with items that are more visually confusable. In this Martin & Fedio, 1983), suggesting that there may be two
experiment, neither the latency nor the accuracy of AD padistinct deficits with different time courses. Likewise, Gon-
tients was disproportionately affected by structural similar-nerman et al. (1997) suggested that the degree of category-
ity. If deficient transmission between perceptual processingpecific deficits in AD may change (and even reverse) as
and word retrieval explains the AD naming deficit, then thethe disease progresses, a hypothesis which has been sup-
AD patients should show an abnormal interaction of Strucported by subsequent computational models of these im-
tural Similarity X Name Frequency. AD patients showed thepairments in AD (Devlin et al., 1998). In our study, the same
same interaction of Structural Similaritg Name Fre-  pattern was found for patients with both moderate and mild
quency as did control participants. If a word-retrieval im- dementia; however, as the dementia becomes more severe,
pairment explains the AD naming deficit, then AD patients AD patients may experience additional impairments of struc-
should show a disproportionate impairment on low nametural processing. Also, some early-stage patients with dis-
frequency items. In this experiment, AD patients made sigproportionate visuospatial problems may have deficits in
nificantly more errors for low name-frequency items relativeperceptual processing of pictures (Montanes et al., 1995;
to high name-frequency items; this dissociation did not occuShuttleworth & Huber, 1988) but, because these patients rep-
for the control participants. Thus, a word-retrieval deficit is resent a minority of AD cases, our results are generalizable
the most likely explanation of the AD naming impairment. to most early-stage AD patients.

The present study, however, cannot determine whether the The present results reveal a dissociation between percep-
word-retrieval deficit is better characterized as item-specifidual and word-retrieval processes required for picture nam-
degradation of semantic knowledge (e.g., Huff et al., 1988)ng. The perceptual processes required to analyze structural
or as impairment of controlled word retrieval (e.g., Ober & features of pictures were preserved in AD patients, but word-
Shenaut, 1995). retrieval processes, as indexed by the effects of name fre-

The structurally similar items used in this experiment werequency, were impaired. The dissociation between perceptual
drawn from categories of living things, and the structurallyand word-retrieval processes may extend beyond object rec-
distinct items were drawn from categories of nonliving ognition to implicit memory processes. For example, forms
things. The effect of structural similarity on latency and ac-of repetition priming that rely on structure-based process-
curacy in both control participants and AD patients indi-ing (e.g., perceptual identification) are often intact in AD
cates that living things are generally more difficult to name(Fleischman et al., 1995; Gabrieli et al., 1994; Keane et al.,
than nonliving things. The finding that AD patients are nor-1991, 1994), including picture-naming priming with stim-
mally influenced by structural similarity suggests that AD uli overlapping with those used in the present study (Park
patients do not have a disproportionate impairment in theet al., 1998). In contrast, kinds of repetition priming that
knowledge of living things. The discrepancy with a previ- rely on effortful retrieval (e.g., exemplar-generation prim-
ous finding of category-specific deficits in AD (Silveri ing) are often impaired in AD (Monti et al., 1996; Salmon
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et al., 1988). To the extent that repetition priming memoryHodges, J.R., Salmon, D.P., & Butters, N. (1992). Semantic mem-
is a manifestation of changes in the same neural system that ory impairmentin Alzheimer’s disease: Failure of access or de-
initially processes a stimulus, the picture-naming and prim-  graded knowledgeReuropsychologia30, 301-314.
ing results provide convergent evidence for the existence dfiuff, F.J,, Corkin, S., & Growdon, J.H. (1986). Semantic impair-
two neurally separable systems. One system, relatively rznsegts";”dzigom'a'“A'Zhe'mer’S diseaBeain and Language
spared I.n AD, m{.ﬂy be specialized for the proces_smg of perHuff, F.J., Mack, L., Mahlman, J., & Greenberg, S. (1988). Acom-
ceptual information. Another system, damaged in AD, may , ; o . :

- ) . parison of lexical-semantic impairments in left hemisphere
be specialized for word retrieval, and damage to this system ;.0\« and Alzheimer's diseasBrain and Language34,

appears responsible for the naming deficit in AD. 262-278.
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