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Abstract

This experiment explored knowledge of lour types of semantic relations (superordinate categery, part,
property, and function) in Alzheimer’s disease (AD) subjects and age- and education-matched controls.
Moderate AD subjects showed the greatest disruption on functional relations, intermediate disruption on part
and property relations, and the least disruption on category relations; mild AD subjects showed a similar
pallern but significant deficits only on functions. We suggest that the disproportionate deficit on functions
reflects a greater cognitive complexity of functions than other semantic relations that renders them more
vulnerable either to disrupted processing or to structural degradation of the network of associations among

semantic concepts. (JINS, 1995, 1, 568-374.}
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Introduction

Semantic memory refers to general knowledge, including
knowledge about the relations among concepts. For ex-
ample, semantic memory includes knowing that scissors
are a kind of /oof and that scissors are used for cutting
things. Many recent studies of Alzheimer’s discase (AD)
patients attempt to characterize the impairments of se-
mantic memory that are associated with this iliness (e.g.,
Nebes, 1990, 1992; Gainotti, 1993). One question has
been whether categories are preserved relative to other
attributes (i.c., properties, parts, and functions). Warring-
ton (1975) first suggested this possibility in a study of
three patients with progressive dementia of undefined eti-
ology. She found that these patients were able to answer
“yes” or “no” questions (e.g., for canary: “Is it an ani-
mal?”y and multiple choice questions (e.g., for canary:
“Is it an animal or not an animal?™) about the categories
of pictured objects, but they were impaired on questions
about the physical properties of objects (e.g., for canary:
“Is it bigger than a car?™). Similarly, Martin and Fedio
(1983) found that AD patients were able to sort photo-
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graphs into sets and produce appropriate category labels
as well as make judgments about categorical relations
(e.g., for saw: “Is it a ro0f?”). However, patients were lcss
accurate in their judgments about perceptual and func-
tional relations (e.g., “Docs it have moving paris?”; “Is
it used to cui things?). Chertkow et al. (1989) asked AD
patients to answer a series of lorced-choice questions
about line drawings with an accompanying label. Subjects
were asked about each item’s category (e.g., “Is it a roo!
or clothing?”), physical properties (e.g., for saw: “Is it
sharp or duli?”) and functional attributes (e.g., for saw:
“Do you cu! things with it or /fiff with it?”). They found
that the patients and controls performed equally well (and
near perfectly) on the superordinate question but the pa-
tients made more errors than elderly controls on questions
about the perceptual and functional attributes of the
items. Overall, the results of these studies have been used
as support for the view that superordinate relations re-
main intact relative to other semantic attributes in AD
patients.-

On the other hand, evidence contradicting the idea that
category relations are relatively preserved was reported by
Nebes and Brady (1988). They had AD patients and
matched controls judge whether or not several words were
related to a line drawing of an object (e.g., shirt). Test
words included the object’s superordinate category (cloth-



Semantic refations and Alzheimer’s disease

ing), a general associate {te), a distinctive physical feature
(coflar), a function of the object (wear), and unrelated
items (e.g., guide, snow, bear), There was no difference
in responsc times when Nebes and Brady compared the
combined response times of physical features and func-
tions to the combined response times of categorics and as-
sociates. Sirnilarly, Funnell (1992) reported results from a
case study in which the level of performance on semantic
featurc questions (Is a sfone saft?) did not differ from thal
on semantic category questions (Is a sparrow a bird?).

More recently, Johnson et al. (1995) examined the ¢f-
fects of typicality on AD patients’ judgments of four types
of semantic relations: categories, parts, propertics, and
functions (e.g., Is this a kind ol dog? — collie; Is this a
part of a bicycle? — basket). Johnson et al. found that AD
subjects, like elderly controls, showed typicality effects
for all attributes: however, therc was also somc evidence
that functions might be particularly difficult for AD
subjects.

Across these studies, then, the results do not show a
consistent, rank order of deficit for various attributes.
Even if the results were entirely consistent, the conclu-
sions would be equivocal for the following reasons: {1}
The Warrington (1975) study tested patients who were not
specifically diagnosed as having Alzheimer’s disease (il
was later reported that two of the three patients had Pick’s
discase on autopsy, scc Hodges et al., 1992) and Funnell's
(1992) study included only a single patient; (2} The Mar-
tin and Fedio (1983) study was bricfly reported as a pilot
study and little information was provided about the items
used and the patients tested; (3) Neither Chertkow et al.
(1989) nor Ncbes and Brady {1988) report data separately
for percepiual and function attributes; (4) In the Nebes
and Brady study, the rationale for combining data for cat-
cgories and associates is not clear; (5) The fact that the
same concepts were tested repeatedly in the Chertkow
et al., Martin and Fedio, and Nebes and Brady studies
raiscs the question of whether or not performance was
affected equally in the control and AD groups by prim-
ing. The repeated testing of the same concepts may have
produced interference that fell differentially on different
attributes in the Chertkow et al, and Martin and Fedio
studies or produced facilitation that reduced potential
differences between the response times for dilferent
attributes in the Nebes and Brady study; (6) The John-
son et al. study did not hold concept constant across
attributes.

In short, it may be thal AD produces greater or ear-
lier disruption in some types of semantic attributes than
others, but to date the evidence for this proposition is not
strong. Thus, this experiment was designed to determine
whether AD patients are disproportionately impaired on
some aspects of semantic meaning relative to others. Sub-
jects were asked to verify category membership, parts,
properties, and functions for various concepts. Across
subjects, a particular concept was tested in all four seman-
tic conditions but each subject saw the concept only once.
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Method

Subjects

Seventy-two subjects participated: 36 AD patients and 36
elderly controls. The patients were referred to us for test-
ing by physicians and clinics in New Jersey and Pennsyl-
vania (sec Acknowledgments). The elderly controls,
matched to the AD patients for age and education, were
predominantly spouscs of the patients. Five elderly con-
trols were recruited from retirement communities in the
Princeton area as controls for patients without spouses.
For inclusion in the AD group, subjects had to bc diag-
nosed as having probable Alzheimer’s discase as defined
by the National Institute of Neurological and Communi-
cative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association {(NINCDS-ADRDA)
Work Group (McKhann et al., 1984} criteria. The AD pa-
ticnts were divided into 2 groups on the basis of their
Mini-Mental Status Examination [(MMSE); Folstein
et al., 1975] scores. Fifteen patients with MMSE scores
between 4 and 18 were included in the moderately-to-
severely impaired group and 21 patients with MMSE
scores of 19 or greater were included in the mildly im-
paired group. Table 1 shows the demographic characteris-
tics and MMSE scores for the groups. The groups did not
differ in age or years of schooling. The moderately im-
paired patients had significantly lower MMSE scores than
the mildly impaired patients, /(1,34) = 51.45, MSE =
10.96. MMSE scores were also obtained for the last 15 of
the 36 clderly controls tested; the controls scored higher
than the mild, F{1,34} = 69.79, MSE = 4.67, and mod-
crate, F(1,28) = 147.01, MSE = 10.19, groups.

Muaterials and procedure

The materials consisted of 40 object names (¢.g., corn,
saw) and four attributes —category, part, property, and
function — for each {e.g., for saw; its category is feol, its
part is teeth, its properly is jagged, and its function is cut-
ting: for corn: the attributes were, respectively, crop,
kernel, yellow, and cat). Each attribute set was then sub-

Table 1. Demographic and psychometric charucteristics
ol the subjeet groups

Elderly

Moderate &

severe AD Mild AD controls

(N =15 (N =21) {N =36)
Gender (F/M) 7/8 11/10 21/15
Age (yr)* 71.5(2.2) 73.9(1.5) T71.7 (1.4)
Education (yr)* 13.1 {79  13.8 (9% 14.2 (47)
MMSE (30 max.)® 14,4 (1.1) 22.4 (54) 285 (.4D°

“Values are M{SFE).
bMMSE scores were available for 15 of the 36 elderly controls.
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divided into four subsets of ten items. The subsets were
cquated for frequency (Francis & Kucera, 1982; see also
Funnell & Sheridan, 1992), typicality,” and number of
syllables. Each experimental list included a 10-item sub-
set of items from each attribute, that is, categories, parts,
properties, and functions. There were no significant dif-
ferences in the average frequencies or typicality ratings of
the four types of attributes in a particular list. Attribute
subsets were tested in blocks and for each block, in ad-
dition to the 10 target items, there were 6 foils of the ap-
propriate attribuie type unrelated to any other concept on
the list {e.g., for the category task, guitar-reptile}. Like
targets, foils used were equated across attributes for fre-
quency (Francis & Kucera, 1982) and number of syllables.
No subject was tested twice on the same concept. The dif-
ferent attributes for a given concept were counterbalanced
across subjects as was the order in which the attributes
were tested.

Each trial began with the experimenter reading a ques-
tion aloud, (e.g., “Is this a category for saw?”). Then a
word appeared in the middle of a computer screen (e.g.,
tool), activating a timer. The subject responded to the
question by answering “ves” or “no” and the experimenter
pressed a key on the keyboard to record the subject’s re-
sponse and response time and advanced to the next trial.
We did not have subjects press buttons or speak into a
voice key in order to eliminate extra task requirements
(keeping track of which button is which; inhibiting irrel-
evant vocalizations such as coughing or clearing throat)
that might create a greater cognitive burden on AD pa-
tients than controls. Moreover, the primary dependent
variablé was accuracy. However, we recorded the time
from the appearance of the word on the screen to the ex-
perimenter’s keypress. Although these times include an
experimenter factor contributing to absolute response
times, we were not particularly interested in absolute re-
sponse times {(AD patients generally respond more slowly
than controls) but rather in any poiential interaction of
attribute with subject group.

Results

Subsequent comparisons following the analyses of vari-
ance {ANOVAs) reported below were made using the

! [n order to equate lypicality across lists in each experiment, we ob-
tained typicality ratings from young adult subjects for all of the attributes
used in this experiment. Each subject was asked to rate how likely an
attribute for a concept came to mind on a scale of 1 to 5 where 1 is not
at all likely and 5 is very likely. For example, for categories of concepls,
subjects read the following instructions, “lor each concept below (on
the left in bold), rate how likely the category (on the right) is to come
to mind when you think of 4 category for the concepl. Please use the
full range of the scale when making your decisions and circle only one
number.” Each concept-attribute relation was rated by approximately
30 (range = 27 10 32) subjects. The overall mean rating for items used
was 3.59, For comparison, this is between the average for medium and
high typical items in Johnson, et al., 1995, Details are available rom
the authors.
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Tukey-Kramer test to compare groups or the Tukey
Honestly-Significant-Difference (HSD) test to compare
atiributes. Unless otherwise indicated, results are signif-
icant at p < .05 or better.

The mean proportion of correct responses to targets
minus the proportion of incorrect responses to foils (i.e.,
hits-faise positives) are shown in Figure 1. The data were
analyzed as a 3 (Group: elderly contrels, milds, and mod-
erates} X 4 (Attribute: categories, parts, properties, and
functions) ANOVA. There was a main effect of group,
F(2,71) =31.62, MSE = .07. Subsequent comparisons in-
dicated that moderately impaired patients (.60}, mildly
impaired patients {.80), and elderly controls (.93) were sig-
nificantly different from each other. In addition, there
was a main effect of attribute type, #(3,213) = 13.21,
MSE = .02; functions (.69} were harder than categorics
(.84), parts (.79), or properties {.79). More important, as
is evident from Figure 1, attribute type interacted with
group, F{6,213} = 3.27, MSE = .02, Subseguent analy-
ses revealed that moderates made significantly more er-
rors than milds and elderly controls on all attributes. The
only significant difference between the milds and elderly
controls was for the functions. In short, moderates were
impaired on all attributes, but most impaired on functions
and least on categorics, Mild AD patients showed the
same general pattern, but were significantly impaired on
functions only.

The median response times (RTs) in seconds for tar-
gets are shown in Figure 2. There was a main effect of
group, F(2,69) = 13.61, MSE = 2.78; moderately im-
paired patients (2.30) were significantly slower than
mildly impaired patients (i.49) and eiderly controls (.98).
The difference between the milds and elderly controls was
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Fig. 1. Mean proportion correct L0 targets minus mean prepor-
tion incorrect to foils. Error bar indicates standard error of the
means indicated by crror bars.
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Fig. 2. Median time in s for correct responses to targets. Error
bar indicates standard error of the mean.

not significant. The main effect of attribute, #{3,207) =
8.79, MSE = .22, indicates that subjects were generally
slower in responding to categories (1.75) and properties
(1.73) than parts (1.43) and functions (1.45). In addition,
attribute type interacted with group, F(6,207) = 3.09,
MSE = .22, Subsequent analyses revealed that moderates
were slower than milds and elderly controls when re-
sponding to all types of attributes. Milds were signifi-
cantly slower than elderly controls when responding to
properties.

Within-subject tests on all four attributes
of the same concepts

Accuracy
Thirty of the subjects (15 elderly controls, and 11 mild
and 4 moderate AD patients) were given 3 test lists in ad-
dition to the first included in the anakyses above. The time
between tests ranged approximately 15-30 min, during
which subjects were engaged in other tasks. Across the
four lists, for each subject each concept was tested for all
four attributes: category, part, property, and function.
The mean proportion correct responses to targets minus
the mean proportion incorrect responses to foils (hits-
false positives) collapsed across all four tests are shown
in Figure 3. The general pattern was similar to the pattern
observed when the analysis was limited to Test 1 as re-
ported above (see Figure 1).

Subsequent analysis of the accuracy data was per-
formed to determine how subjects’ errors were distributed
across concepts; that is, of the four attributes for each
concept, how many attributes were correctly verified. If
concepts degrade as a “package” we would expect AD pa-
tients to have a bimodal distribution in which they either
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Attribute

B e
[ Mitd
O med

Fig. 3. Mean proportion correct to targets minus mean propor-
tion incorrect to foils, collapsed across 4 trials (within-subjects
analysis). Error bar indicales standard error of the mean.

got all four attributes correct for a concept or ne attri-
butes correct. As evident from Figurc 4, however, even for
moderates it was rare that no attributes (or even only one)
were correct (sce also Bayles et al., 19913,

Median response times
The median response times, in seconds, for correct re-
sponses 1o targets collapsed across the four tesls are
shown in Figure 5. The general pattern is similar to that

o

Three Zero

Mumber of Concept Attributes Correct

H =
Mild
O Mod

Fig, 4. Mean proportion of concepts for which 4, 3, 2, 1, and
0 attributes were correet {within-subjects analysis). Error bar in-
dicales standard error of the mean,
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Madian RT Correct {in sec)
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Fig. 5. Median corrcet response times (in s} lor Largets (within-
subjects analysis). Error bar indicates standard error of the mean.

obtained in the analysis of Test 1 data alone (see Figure 2).
Figure 6 shows the median response times to targets for
each of the four tests, collapsed across type of attribute.
From Figure 6, overall response times of modcrates de-
creased to a level closer to that of milds and eldetly con-
trols at Test 2 but then increased again on Tests 3 and 4.

Although the small number of moderate AD subjects
that were tested on all 4 attributes of each concept make
the conclusions tentative, the accuracy data are consistent
with those from Test | data. AD patients had particular
difficulty verifying functional relations. In addition, cat-
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Fig. 6. Median correct response times (in s) for largets (within-
subjects analysis). Error bar indicates standard error of the mean.

M. K. Johnson and A.M. Hermann

egorical relations were relatively intact even in moderately
impaired AD patients. Furthermore, the response time
data for subjcets tested four times on each category sug-
gested that moderate AD patients may be subject to both
facilitation and interference effects when the same con-
cept is repeatedly tested. Moderates responded more
quickly on Test 2 than Test 1; however, response times in-
creased again on Tests 3 and 4. Although these data are
suggestive, we cannot make any strong conclusions about
the exact form of the relation between response time and
test because the time was not held constant between pairs of
adjacent tests. Also, the rise in response time from Test 2
to Tests 3 and 4 could reflect dissipation of facilitation or
a general fatigue effect rather than increasing interference.

Discussion

Previous studies of attribute knowledge in AD patients
suggested that categorical knowledge might be preserved
relative to knowledge of other attributes. Limitations to
these previous studies include small sample {Funnell,
1992), unspecified etiology of patients tested (Warring-
ton, 1975), limited information about the items and pro-
cedures involved {Martin & Fedio, 1983}, repeated testing
of the same concepts (Nebes & Brady, 1988; Chertkow
et al., 1989), combining results across different types of
artributes (Nebes & Brady, 1988; Chertkow et al., 1989},
or not holding concepts constant across attributes (John-
son et al., 1995). Therefore, the present experiment was
designed to determine whether AD patients are equally
disrupted on several types of attribute knowledge (cat-
egory, part, property, and function).

The accuracy data clearly demonstrate that moderately
impaired patients show preserved performance on cat-
cgorical relations relative to other attributes, consistent
with conclusions reached by Warrington (1975), Martin
and Fedio (1983), and Chertkow et al. (1989). Further-
more, consistent with Johnson et al. (1995), we found that
both moderate and mild AD patients showed a dispropor-
tionate disruption of functional relations. These findings
were obtained comparing different attributes of the same
concepts and with frequency levels of the words designat-
ing the attributes equated across attribute condition. The
overall pattern of disruption shown in Figure 1 suggests
a systematic progression in semantic memory deficits;
functions are disrupted initially in the mild stage of AD,
followed by parts and properties and, lastly, categorical
information as the diseasc progresses. That is, broad cat-
egory knowledge is more available than more specific, dif-
ferentiating or distinguishing information (Warrington,
1975; Schwartz et al., 1979).

Why might deficits in functional knowledge show up
carly and remain disproportionately disrupted as AD pro-
gresses? There are several possibilities worth considering
for why, among the more differentiating attributes, func-
tions would be the most vulnerable (Johnson et al., 1995).
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One alternative is suggested by ideas proposed by Tversky
and Hemenway (1984) and Roy and Square (1985). Tversky
and Hemenway suggested that functions of objects are ap-
prehended via salient or essential parts of objects. Similarly,
Roy and Sguare suggested that perceptual features (i.e.,
parts and properties) of objects serve to activate the proce-
dures associated with functicnal knowledge. These views
imply that parts and properties arc more basic than func-
tions and thal knowledge of parts and propertics is essen-
tial to knowledge of functions. If knowledge of functions
is accessed through knowledge of parts and properties, then
it follows that activation of functional knowledge depends
on activation of parts and properties. Because they are “far-
ther away,” more activation or more processing operations
would be required to activate functional knowledge thanto
activate other attributes of a concept.

Another possibility is that functions are more cogni-
tively complex than parts and properties because parts
and properties define concepts as entities whereas fune-
tions generally reflect potential relations (¢.g., actions ex-
pressed as verbs) among different coneepls or entities, In
effect, il takes more concepts to instantiate a function
than it does to instantiatc a part or a properiy. For exam-
ple, the fact that a sew has reeth is part of the basic defi-
nition ol a saw; the fact that a saw can be used for curting
requires knowledge of the parts and properties of other
concepts — entilies with which saws might interact (e.g.,
lumber, irees, etc.). That is, functions require general
knowledge beyond knowledge of individual objects
(Miller, 1991). Again, more activation or more process-
ing operations would be required Lo access and maintain
the concepts necessary for completing the relation in the
casc of functions than of other attributes, A related pos-
sibility is that as more relevant concepts are activated,
more irrelevant concepts arc aclivated as well, increasing
the demands for scleciion and, perhaps, inhibition.

In short, in normal scmantic processing, relative to
other attributes, functions may require (1) more or lon-
ger lasting stimulus-driven activation; (2) more agenda-
controlled, strategic, or reflective processes for keeping
concepts active (refreshing, rehearsing} or for refrieving
related information (e.g., Johnson, 1992); or (3) more in-
hibition of irrclevant concepts (e.g., Hasher & Zacks,
1988). One or more of these factors would not necessar-
ily be reflected in accuracy or response times of cogni-
tively intact subjects on tasks that are well within their
processing capabilitics. However, stresscs on the cogni-
tive system (e.g., from brain damage) may reveal differ-
¢nces in processing requirements that are nol otherwise
obvious. There have been proposals about disruption of
cognitive processing arising from Al that correspond to
each of these possibilities. AD may reduce levels of se-
mantic activation (e.g., Milberg et al., 1995), disrupt
self-initiated or reflective cognitive processes (e.g., Nebes
et al., 1984; Hartman, 1991; Bonilla & Johnson, 19935);
and/or disrupt inhibitory processes (e.g., Balota & Duchek,
1861). Thus, disrupted processing views could accommo-
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date a disproportionate deficit in functional knowledge in
AD patients.

However, the present results alone do not rule out the
possibility that critical cognitive processes are mtact but
the semantic structure is degrading (¢.g., Chan et al.,
1993). For example, if on average more concepts are rc-
quired to compute the meaning of functions than other
semantic relations, then the degradation of any associa-
tions within the network would, by chance, fall dispro-
portionately on functions. Nevertheless, the present
results, along with other findings (e.g., Johnson et al.,
1995) indicate that if the semantic network is degrading,
it is doing so in a manner that maintains many of the sys-
tematic typicality relations among concepts characteris-
tic of an inlact semantic system and at the same time
produces marked impairment ol functional knowledge
relative 1o other attributes.

In summary, the present results indicate that AD does
not tesult in a random loss of entire concepts (see Fig-
ure 4), nor a random loss of attributes across concepts,
Rather, there appears 1o be a regular progression to the
deficit that maintains a consistent relative rank order of
difficulty of altributes (categories, properties and parts,
functions) as the disease progresscs (see Figure 1), AD pa-
tients also show typicality effects for each of the seman-
tic aftributes investigated here (Johnson et al., 1995).
Thus, AD appears 10 be a discase that, at least in its ear-
lier stages, results in systematic deficits rather than a dis-
ordering ol knowledge, and in which more cognitively
complex semantic relations are more vulnerable to the dis-
£ase Process.
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