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Objective: The authors sought to directly
examine compromises in the semantic
system in mild cognitive impairment and
their possible relationship to everyday
functional competencies.

Method: Study participants were 25
patients who met criteria for amnestic
mild cognitive impairment, 27 patients
with mild or moderate Alzheimer’s dis-
ease, and 70 healthy comparison subjects.
The authors administered a novel seman-
tic distance task in which participants
make decisions about word or image
stimuli that correspond to real-world
entities that differ in physical size. The
authors also administered a performance-
based measure of everyday functional
competence.

Results: Participants in the mild cognitive
impairment and Alzheimer’s groups were
consistently less accurate and slower than
healthy comparison subjects in semantic
decisions in which words were used as
stimuli. When these participants had to
make more fine-grained decisions about

the semantic attribute of size, their perfor-
mance in accuracy and reaction time
disproportionately worsened relative to
that of comparison subjects. In image-
based conditions in which line drawings
were used as stimuli, sensory-perceptual
information (i.e., the size of the drawings
themselves) had undue influence over
semantic knowledge judgments in the
mild cognitive impairment and Alz-
heimer’s groups. Performance in the se-
mantic distance task was a strong and
significant predictor of everyday functional
competence in the mild cognitive impair-
ment and Alzheimer’s groups.

Conclusions: This study synthesized sev-
eral distinct strands in the mild cognitive
impairment literature by providing evi-
dence for 1) compromises in the semantic
system in mild cognitive impairment, not
confounded by overt retrieval or refractory
access; 2) intrusion of perceptual informa-
tion on semantic processing; and 3) a ro-
bust relation between semantic corruption
and difficulties in everyday functioning.

(Am J Psychiatry 2012; 169:1275-1283)

Semantic memory refers to a stored representational
knowledge base that includes information about, and
enables interpretation of, entities and language (1, 2)
(Figure 1). Impaired semantic memory is considered a
critical feature of Alzheimer’s disease (3, 4). In amnestic
mild cognitive impairment, a disorder often thought to
be a transitional phase between cognitive health and
Alzheimer’s disease, there is increasing evidence that the
range of cognitive abnormalities in mild cognitive impair-
ment extends well beyond episodic memory (5). Few
studies, however, have directly addressed compromises of
semantic memory. Moreover, findings, when positive,
have been confounded by use of paradigms involving
overt word retrieval, which would make it ambiguous
whether patients simply had word-finding problems
(i.e., were logopenic) or had corrupted semantic knowl-
edge; several studies were also limited by small sample
sizes (6-10). From a neurobiological perspective, our
research was further motivated by the finding of in vitro
molecular and in vivo volumetric abnormalities in regions

of the lateral temporal cortex known to be engaged during
semantic processing in at-risk samples with the APOE4
gene and in samples with mild cognitive impairment
(5, 11, 12). From a clinical perspective, we had observed
that patients with mild cognitive impairment sometimes
appeared perplexed or confused in interviews, as if they
did not have the knowledge to comprehend or describe
a point. Thus, we sought to determine the relationship
between semantic memory compromises and everyday
functional competencies, which has only rarely been
examined (but see Perry and Hodges [10] for a negative
result).

In this study, we examined semantic processing in
large groups of healthy comparison subjects, patients
with mild cognitive impairment, and patients with
Alzheimer’s disease by employing a novel paradigm
developed by Cohen et al. (13) that does not require
overt word retrieval. The task capitalizes on well-known
“distance effects” in the semantic system, such that size
judgments of entities similar in size in the real world have
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FIGURE 1. Semantic Processes in the Real World

Examples

Features and Attributes

(see also the semantic task used in the present study)
Which is bigger—a key or an ant?

Which is red—an apple or a grape?

Which has fur—a bird or a dog?

Natural Categories
Is a cat living or nonliving?
Is a cake living or nonliving?

Vocabulary Meaning
What is the difference between a lie and a mistake?
Define orthogonal.

Abstraction
How are a chair and a table similar?

Facts
How many continents are there?

Famous People
Who was Gandhi?

Scripts

Make a list of items for a trip to the beach.

(This type of script memory may also involve executive functions as
well as semantic knowledge.)

Autobiographical Knowledge
What high school did you attend?
(There is debate about the boundary between semantic knowledge
and autobiographical knowledge.)

Tool Use
What is a hammer used for?
(Tool semantics may preferentially engage premotor areas.)

Naming
What is round, made of rubber, and is found on cars? (tire)
(Involvement of the motor speech region [Broca’s area] is obligatory.)

longer response times and are less accurate than size
judgments about entities that are very dissimilar in size
in the real world. These effects correspond to well-known
quantity processing effects using numbers (14). We included
both word (in which the stimuli were orthographic) and
image (in which the stimuli were line drawings of real-
world entities) conditions so that we could differentiate
between abstract semantic knowledge and semantic
knowledge based on visual perception. Furthermore, the
image condition depicted the entities as two different
sizes that were either congruent or incongruent with
real-world size differences. For example, an ant could
be depicted as smaller than a house (image-congruent)
or as larger than a house (image-incongruent). We
predicted that in the word condition, in which the
stimuli themselves did not carry information about
physical size, any differences between healthy subjects
and the mild cognitive impairment and Alzheimer’s
groups should reflect impairments in the semantic
system above and beyond impairments in word re-
trieval. Furthermore, because the physical size of the
words shown on the monitor did not differ, decisions
could only be made after access to a central semantic
knowledge store. We further predicted that in the image
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Discussion

All these items involve some form of semantic processing. The
semantic system is thought to be organized in networks that
reflect different types of relatedness or association. Semantic items
and knowledge have been acquired remotely, often over many
repetitions, and do not reflect recent learning. Semantic processes
engage large and distributed networks of cortical regions, usually
but not exclusively involving the left anterior, lateral, and ventral
temporal lobe as well as the left inferior parietal lobe (angular
gyrus). Perceptual knowledge usually demands ventral temporal or
angular gyrus engagement, while verbal or conceptual knowledge
generally demands lateral temporal engagement. Semantic pro-
cesses do not require the engagement of medial temporal lobe re-
gions (including the hippocampus and entorhinal cortex) involved
in episodic memory. Compromises of the semantic system may
take the form of frank corruption of knowledge representations,
failures to access said knowledge (“refractory access”), or anomia
(“logopenia”), in which the verbal label of an entity is inaccessible
but meaning is retained.

Readings

Binder JR, Desai RH, Graves WW, Conant LL: Where is the semantic
system? A critical review and meta-analysis of 120 functional
neuroimaging studies. Cereb Cortex 2009; 19:2767-2796

Grossman M: Primary progressive aphasia: clinicopathological cor-
relations. Nat Rev Neurol 2010; 6:88-97

Mahon BZ, Caramazza A: Concepts and categories: a cognitive neu-
ropsychological perspective. Annu Rev Psychol 2009; 60:27-51

Patterson K, Nestor PJ, Rogers TT: Where do you know what you
know? The representation of semantic knowledge in the human
brain. Nat Rev Neurosci 2007; 8:976-987

Weintraub S, Mesulam M: With or without FUS, it is the anatomy
that dictates the dementia phenotype. Brain 2009; 132:2906—
2908

condition, participants with mild cognitive impairment or
Alzheimer’s disease would be prone to undue influence
of depicted size and thus show relative processing advan-
tages for congruent stimuli or disadvantages for incon-
gruent stimuli, a situation that might reflect abnormally
increased “permeability” between the perceptual and the
semantic systems.

Beyond determining the presence and nature of se-
mantic abnormalities in mild cognitive impairment, we
also sought to investigate whether semantic processing
and everyday functional competence were associated in
patients with mild cognitive impairment and Alzheimer’s
disease. We hypothesized that even subtle corruption
of the semantic system would result in inefficiency or
failure on real-world tasks. To explore this question, we
used the UCSD Performance-Based Skills Assessment
(UPSA) (15), a performance-based measure of everyday
functional competence that we recently showed (16) is
sensitive to failures in instrumental activities of daily
living in patients with mild cognitive impairment. In
particular, we hypothesized that abnormalities in se-
mantic distance effects (in accuracy or response time)
would be a robust predictor of everyday functional
competence.
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TABLE 1. Demographic and Clinical Data for the Mild Cognitive Impairment, Alzheimer’s, and Healthy Comparison Groups

Healthy Comparison

Mild Cognitive Impairment Alzheimer’s Disease

Variable Group (N=70) Group (N=25) Group (N=27)
N % N % N %
Male? 22 31 8 32 17 63
Mean SD Mean SD Mean SD

Age (years) 75.3 8.7 76.0 6.1 78.2 7.1
Education (years) 15.1 33 14.8 3.6 14.6 3.7
Mini-Mental State Examination score” 28.4 1.6 26.3 1.8 21.7 34
UPSA score€ (percent) 849 9.8 74.5 10.2 57.0 13.0

4 Significant difference between groups (X2:8.74, p=0.01).

b Significant difference between groups (F=106.30, df=2, 119, p<0.0001).

¢ Significant difference between groups (F=55.81, df=2, 113, p<0.0001).

Method

Staging Instruments

The Mini-Mental State Examination (MMSE) (17) was used for
screening of cognitive level. The Clinical Dementia Rating scale
(18) was used to assess dementia; this instrument consists of
items related to memory, orientation, problem solving, personal
care, functioning at home and in hobbies, and functioning in
community affairs. Domain scores were integrated in an algo-
rithm in order to yield the global value.

Participants

The study included 122 participants—25 patients with mild
cognitive impairment, 27 patients with Alzheimer’s disease, and
70 healthy comparison subjects. All participants were between
the ages of 55 and 90. The diagnostic procedures for patients
with mild cognitive impairment and Alzheimer’s disease were
identical to those employed in Goldberg et al. (16). Basic demo-
graphic characteristics and data on global cognition and function-
ing are presented in Table 1. Participants were assessed at the
Litwin-Zucker Center for Research in Alzheimer’s Disease and
Memory Disorders. After the consent/assent process, all partic-
ipants underwent a basic medical examination by a neurologist or a
geriatric psychiatrist to determine study eligibility. Exclusion criteria
included evidence of clinically significant and active pulmonary,
gastrointestinal, renal, hepatic, endocrine, or cardiovascular dis-
ease; clinically significant folate or vitamin B,, deficiency; current
cancer treatment; a Hachinski Ischemic Scale score >4; evidence of
other neurological disorders, including but not limited to stroke,
Parkinson’s disease, seizure disorder, hydrocephalus, and head
injury with loss of consciousness lasting >30 minutes within the
past 5 years; and any current DSM-IV axis I disorder other than
Alzheimer’s disease (including substance use disorders within the
previous year). Controlled diabetes, hypertension, and hypothy-
roidism were not among the exclusion criteria.

Mild cognitive impairment. Twenty-five individuals met cri-
teria for amnestic mild cognitive impairment according to the
criteria of Petersen et al. (19). These participants had memory
impairment of greater than 1.5 standard deviations on either
selective reminding or logical memory and had preserved
activities of daily living (i.e., were “functioning well”). Individuals
who had additional impairments in other nonmnemonic
domains of cognition were included as long as activities of
daily living were preserved (i.e., “amnestic plus”). All par-
ticipants with mild cognitive impairment had MMSE scores
=24 and global Clinical Dementia Ratings of 0.5 (as specified
by the National Institute of Aging Working Group on Study
Design).
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Alzheimer’s disease. Twenty-seven individuals met National
Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disorders Association
criteria for probable Alzheimer’s disease. Diagnostic criteria
include memory impairment (as defined above for mild cognitive
impairment) and at least one other area of impaired cognition,
including speed of processing, executive ability, and/or semantic
processing/language; report of decline in memory and other
areas of cognition; and impairments in activities of daily living.
Patients in the Alzheimer’s group had MMSE scores <24 and >18
(i.e., in the mild to mild moderate range) and Clinical Dementia
Ratings =1.0 on the global scale, with two exceptions, who had
MMSE scores <24 and Clinical Dementia Ratings=0.5 but were
determined to have experienced significant declines in everyday
functional capacity.

Cognitively healthy comparison subjects. Seventy individuals
had MMSE scores =24 and did not meet psychometric criteria
for mild cognitive impairment or Alzheimer’s disease. All formal
neurocognitive test scores for these participants were within 1.5
standard deviations of normative data in published studies or
manuals.

Measures

Neurocognitive Battery. From a larger battery of neuropsy-
chological measures that was administered, we used the fol-
lowing tests in this study (for regression analyses, see below): the
Boston Naming Test (confrontation naming), verbal fluency for
letters F, A, and S; semantic fluency (for animals); the Buschke
Selective Reminding Test (verbal list learning); the Trail Making
Test, parts A and B (speed and executive function); letter number
span (executive function); digit span (working memory); digit
symbol coding (speed); the clock drawing test (semantic
knowledge and visual motor ability); and the Wechsler Memory
Scale logical memory subtest (memory for stories). See Goldberg
et al. (16) for more detailed descriptions of each measure, and
see the data supplement that accompanies the online edition of
this article for group means.

Semantic distance task. We used a paradigm developed by
Cohen et al. (13) in which participants respond to stimuli
corresponding to real-world entities that differ in physical size.
Subjects were instructed to indicate as quickly and as accurately as
possible, by pressing one of two buttons, which of the two entities
is larger (or smaller) in the real world. Small semantic distances
(contrasts between entities that are relatively similar in real-world
size) are more difficult to resolve than larger semantic distances
(contrasts between entities that are relatively dissimilar in real-
world size) and hence result in lower accuracy and longer
response times (which we measure as reaction time). In contrast,
large semantic distances result in higher accuracy and shorter
reaction times.
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Three conditions were used: word, image-congruent, and
image-incongruent. For all conditions, participants saw two
words or images and were asked which was larger in the real
word (or smaller in the real world). For the word condition, two
words representing real-world entities of different sizes were
presented. The font size of the print was equal for the two
words. In the image condition, stimuli were line drawings de-
picting each of the entities drawn in two different sizes. Images
were congruent if real-world size and stimulus presentation size
(i.e., size of drawings on the monitor) were consistent (e.g.,
a small line drawing of “ant,” a large line drawing of “house”)
and incongruent if the two parameters were not consistent (e.g.,
large “ant,” small “house”). These conditions and stimulus ex-
amples are illustrated schematically in Figure 2. Further details
about task stimul, trials, timing, and instructions are presented
in the online data supplement.

For each condition, we calculated accuracy as percentage
correct. For reaction time, we included correct responses only.
Median reaction times were calculated for individual subjects,
and means of the medians were used for group data. The word
condition was administered first; word pairs were presented in
fixed random order. The word condition was followed by the
image conditions, in which congruent and incongruent trials
were intermixed in a fixed random order.

The computer recorded subject response data (median re-
action time and accuracy) for each trial. For the purposes of data
reduction and clarity of interpretation, we collapsed data from
contrasts for semantic distances 1 and 2 (which reflect entities
whose real-world sizes were similar and hence more difficult)
and contrasts for distances 3 to 8 (which reflected entities whose
sizes were relatively dissimilar and hence easier), such that each
subject had two data points for each condition for both median
reaction time and accuracy. Our rationale for collapsing con-
trasts is further detailed in the online data supplement. In sum,
when size differences between entities are relatively large, as in
contrasts 3 through 8, accuracy increases and reaction time is
shorter. We consider these contrasts to reflect “large” semantic
distances and, as noted, collapsed them by averaging. When size
differences between entities are small (as in contrasts 1 and 2),
accuracy declines and reaction time is slowed. We consider these
contrasts to reflect “small” semantic distances and, as noted,
collapsed them by averaging.

Test of everyday functional competence. The UPSA is
a performance-based measure of functional abilities using proxy
tasks and scenarios that have ecological validity. It has recently
been validated in mild cognitive impairment and Alzheimer’s
populations (16). It includes measures of real-world activities
such as planning a trip to the beach, determining a route, dialing
a telephone number, and writing a check. In the present study,
we used a recently validated (20) short form of the UPSA
consisting of the communication and comprehension/planning
subtests. The composite score (percent correct) was our primary
dependent measure.

Procedure

The neurocognitive test battery, the UPSA, and the semantic
distance task were administered to each participant in one or
two testing sessions.

Results

Word Condition

Word accuracy. Data from the word accuracy condition
were subjected to a 3X2 repeated-measures analysis of

1278 ajp.psychiatryonline.org

variance (ANOVA) using group as the between-subject
variable and semantic distance (small or large) as the
within-subject variable. We observed a significant main
effect for diagnosis (Table 2). A series of post hoc t tests
demonstrated that the mild cognitive impairment group
and the Alzheimer’s group both had consistently lower
accuracy than the healthy comparison group (see also
Table 2). We also observed a diagnosis-by-distance in-
teraction, such that the mild cognitive impairment and
Alzheimer’s groups had disproportionately more difficulty
when making accurate responses in contrasts involving
small semantic distances compared with the healthy
comparison group (Figure 3A). As expected, a main effect
of distance indicated that the large distance condition
was performed more accurately than the small distance
condition.

Word reaction time. The results for reaction time were
similar to those for accuracy. We observed a significant
main effect for diagnosis, such that the mild cognitive
impairment and Alzheimer’s groups both had significantly
longer reaction times than the healthy comparison group
(by post hoc t test; see also Table 2). We also observed
a diagnosis-by-distance interaction, such that the mild
cognitive impairment and Alzheimer’s groups were dis-
proportionately slower in making responses in contrasts
involving small semantic distances (Figure 3B). As
expected, a main effect of distance indicated that the large
distance condition was performed more rapidly than the
small distance condition.

Image Conditions

Image accuracy. Accuracy data from the image conditions
were first subjected to a 3X2X2 repeated-measures ANOVA
using group as a between-subject variable and image
(congruent and incongruent) and semantic distance (small
and large) as within-subject variables. First, a main effect for
diagnosis was observed (F=7.54, df=2, 119, p<0.001), such
that healthy comparison subjects outperformed the mild
cognitive impairment and Alzheimer’s groups (significant
by post hoc t test). A two-way interaction involving diag-
nosis and semantic distance was also observed (F=5.02,
p=0.008). Thus, collapsing across congruency conditions,
the mild cognitive impairment and Alzheimer’s groups
demonstrated steeper declines in performance from the
(easier) large to the (harder) small distance conditions.
(Declines were 8 percentage points for the healthy com-
parison group, 11 points for the mild cognitive impairment
group, and 12 points for the Alzheimer’s group). A three-
way interaction was also observed, such that the mild
cognitive impairment and Alzheimer’s groups demonstrated
disproportionate changes in accuracy in the incongruent
and congruent conditions depending on semantic dis-
tances (F=2.93, df=2, 119, p=0.04).

To further understand these accuracy results, we next
analyzed image-congruent and image-incongruent accuracy

Am | Psychiatry 169:12, December 2012
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FIGURE 2. Schematic lllustration of the Stimuli Used in the Semantic Distance Tasks®
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Condition 1
Word stimuli were two words of equivalent font sizes.

Question: Which one is larger/smaller in the real world?

ANT

HOUSE

Semantic distance is ‘large’,
as entities are dissimilar in size.

ANT

KEY

Semantic distance is ‘small’,
as entities are similar in size.

Conditions 2 and 3
Image stimuli were two images of differing size on the monitor screen.

Question: Which one is larger/smaller in the real world?

' \ -t

BERE]

Congruent Condition
(large house, small ant)

Incongruent Condition
(large ant, small house)

@ The subject views two words or two illustrations representing real-world entities and makes a decision as to which is larger or smaller based
on their respective sizes in the real world. Accuracy and reaction times were computed. Comparisons of entities that are dissimilar in size in
the real world result in more accurate and faster reaction times than comparisons in which the entities are similar in size.

scores separately (see Table 2). In the image-congruent
condition (Figure 3C), there was a main effect of diag-
nostic group for accuracy, such that the healthy comparison
group was more accurate than the mild cognitive impair-
ment and Alzheimer’s groups. A diagnosis-by-distance
interaction was also noted, such that the Alzheimer’s group
demonstrated a disproportionate gain in performance on
the easier large-distance contrasts. For accuracy scores in the

Am | Psychiatry 169:12, December 2012

incongruent condition (Figure 3E), a main effect of diag-
nosis was observed, such that the healthy comparison group
was significantly more accurate than the mild cognitive
impairment and Alzheimer’s groups (see Table 2). A
diagnosis-by-distance interaction was also observed, such
that the mild cognitive impairment group showed a dis-
proportionate reduction in accuracy in the more difficult
small-distance condition.
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TABLE 2. Repeated-Measures Analyses of Variance Examining Group Differences and Interactions for Semantic Distance

Task Accuracy and Reaction Time, by Condition

Reaction Time Proportion Correct

Task df p F p
Words
Diagnosis 2,119 9.88 0.00012 5.55 0.005%
Distance 1, 119 556.74 0.0001 198.01 0.0001
Diagnosis-by-distance interaction 2,119 6.69 0.002 3.86 0.02
Images (congruent)
Diagnosis 2,119 4.84 0.001° 5.64 0.005%
Distance 1, 119 200.50 0.0001 75.60 0.0001
Diagnosis-by-distance interaction 2,119 1.78 0.17 4.71 0.01
Images (incongruent)
Diagnosis 2,119 412 0.022 6.84 0.0022
Distance 1,119 98.01 0.0001 109.08 0.0001
Diagnosis-by-distance interaction 2,119 0.42 0.66 3.63 0.03

@ The healthy comparison group was significantly different from the Alzheimer’s and mild cognitive impairment groups.

b All groups differed significantly from each other.

Image reaction time. In the image conditions, a main effect
of diagnosis for reaction time was observed (F=4.98, df=2,
119, p=0.008) (Figures 3D and 3F). The healthy comparison
group had faster reaction times than the mild cognitive
impairment and Alzheimer’s groups, by post hoc t test. For
reaction time, neither a two-way nor a three-way in-
teraction was observed. Further subanalyses were not
conducted, given the nonsignificant interactions.

Prediction of Function

We sought to determine whether any of the 12 accuracy
and reaction time variables from the semantic distance
paradigm, other semantic measures (semantic fluency,
Boston Naming Test), and other cognitive measures in
multiple domains (episodic memory in the selective
reminding test; speed in Trails A, digit symbol coding,
and letter fluency; executive function in Trails B and letter
number span; working memory in digit span; and clock
test) could predict functional competence, as indicated by
the UPSA score. In these analyses, we combined the
Alzheimer’s and mild cognitive impairment groups be-
cause they were similar in profile and did not demonstrate
restriction of range. Additionally, demographic variables
(age, sex, and education) were forced to enter the model
and accounted for an R?=0.30.

For the combined mild cognitive impairment and
Alzheimer’s group, we found that four variables entered
our regression model significantly and independently
at p<0.05 above and beyond demographics. These
were selective reminding memory total score (AR*=0.13,
F=6.31, p=0.0007, standardized beta=0.48), followed by
three semantic distance variables: word accuracy for large
semantic distances (AR?=0.04, F=5.58, p=0.03, beta=0.76),
image-congruent reaction time for large distances
(AR?=0.12, F=7.29, p=0.004, beta=0.46), and word accuracy
for small semantic distances (AR?=0.06, F=5.35, p=0.03,
beta=0.39). In this model, the image-congruent reaction
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time variable acted as a suppressor variable, as upon
entering, it unsuppressed the relationship of word accuracy
with UPSA, such that its beta parameter increased from 0.34
to 0.76. Thus, together these four predictors accounted for
nearly 35% of the variance in function (overall model,
F=7.89, df=7, 30, p=0.0001). None of the cognitive variables
other than selective reminding entered in the combined
mild cognitive impairment and Alzheimer’s group.

In the healthy comparison group, selective reminding
memory was a significant predictor (AR%=0.03, F=3.81,
p=0.05; beta= 0.29; overall model, F=2.65, df=5, 59, p=0.03).
No other variable reached entry significance.

Discussion

Semantic Processing

Although it is well established that impairment in seman-
tic memory disrupts the cognitive processes of language
comprehension/production and object recognition in the
Alzheimer’s disease population, there is little direct evidence
about the presence and character of semantic abnormali-
ties in mild cognitive impairment. This study has several
important findings that bear on the issue. It demonstrated
that semantic processing abnormalities in mild cognitive
impairment, as determined in a novel paradigm, are not the
result of retrieval problems but rather of refractory access to
or corruption of the attributes of semantic representations.
Several elements of the pattern of performance of the
groups are worth noting. First, patients in the mild cog-
nitive impairment and Alzheimer’s disease groups were
consistently less accurate and slower than healthy com-
parison subjects in the word condition. Second, when
these patients had to make more fine-grained decisions
about semantic attributes, their performance dispropor-
tionately worsened relative to that of comparison subjects.

In the image condition, sensory-perceptual information
(i.e., the size of the stimuli themselves) had undue influence
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FIGURE 3. Accuracy and Reaction Time in the Word Condition, the Image-Congruent Condition, and the Image-Incongruent
Condition
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E. Accuracy F. Reaction Time
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over semantic knowledge judgments in the mild cognitive
impairment and Alzheimer’s groups, albeit in subtly different
ways. For Alzheimer’s patients, when the images were
visually congruent with their semantic representations in
contrasts in which relative size differences of the entities in
the real world were large, normalization of performance
accuracy was observed. When the stimuli were visually in-
congruent, patients with mild cognitive impairment dem-
onstrated disproportionately more difficulty responding
accurately, especially when the relative size of the objects
was similar. Broadly, this leakage of perceptual information
into semantic decision making might reflect selective
attention impairments (i.e., a compromised filtering mech-
anism resulting in increased permeability between percep-
tual and semantic processes). Similar interpretations of
Stroop-type data have been made (7, 21). It might also reflect
weakened or noisy semantic representation, such that stored
knowledge could not “override” immediate perceptual
information. Finally, it might reflect reduced executive ability
to allocate cognitive resources under demanding conditions
(perhaps especially relevant to the mild cognitive impair-
ment group in the image-incongruent condition).

Everyday Functional Competence and Semantic
Processing

Critically, abnormalities in semantic processing were
specifically related to compromises in everyday functional
competence as measured by the UPSA, a performance
based instrument that assays ecologically relevant proxy
tasks. Abnormalities in semantic distance performance
accounted for unique variance above and beyond that
accounted for by episodic memory. Tests from other
domains of cognition, such as speed and executive func-
tion, did not enter our regression models. Interestingly,
clinical tests of language that relied on overt retrieval
(fluency, naming) also did not enter our final regression
model as predictors of functional capacity on the UPSA,
possibly suggesting that UPSA scores are driven more by
compromises in semantic knowledge than by failure to
retrieve the verbal labels of things.

Limitations

Itis important to appreciate that we are using the semantic
distance paradigm as a model system that can be manipu-
lated with a relatively high degree of precision. Thus, we are
not proposing that patients with mild cognitive impairment
or Alzheimer’s disease have specific deficits in making
judgments based on size representations. In our view, it
is likely that these patients have corruption of multiple
attributes or properties of semantic entities. Nevertheless, it
remains to be experimentally determined whether our
results generalize to a range of semantic attributes. We also
note that while it is possible that the interaction in accuracy
in the word condition could reflect a ceiling effect in the
healthy comparison group, we think that this is unlikely
because we found parallel results for word reaction time in
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which no such ceiling effect was present. It could be argued
that word accuracy represents a decision-making failure,
rather than a failure in semantic processing. To test this
notion, we excluded the two word-accuracy variables and
found that word reaction time for short and long dis-
tances both entered our regression model significantly
and accounted for similar amounts of variance in the
UPSA (see the online data supplement). Because reaction
time was derived from correct responses only, this also
suggests that decision making per se does not play a
major role. Finally, we do not think that our findings were
driven by the Alzheimer’s group, as post hoc contrasts
demonstrated that the healthy comparison group per-
formed significantly better than both the mild cognitive
impairment and Alzheimer’s groups.

Implications

The cognitive and cortical architectures of the semantic
memory system are complex (22-24). It is known, however,
that loss of finer distinctions during attribute-based
semantic decision making is sensitive to semantic break-
downs in dementias. Furthermore, loss of knowledge about
physical attributes has long been viewed as a hallmark of
various neurodegenerative conditions (25). Both of these
phenomena were carefully measured by our paradigm.

We also tentatively suggest that our data are consistent
with a degraded semantic store, rather than refractory
access to representations. We base this on findings that
patients had reliably and disproportionately more diffi-
culty when size distinctions were small in semantic space
and hence relatively difficult, despite the fact that the
stimuli were the same in the easier condition (i.e., only the
pairwise contrasts differed). It would thus be unlikely for
access to be consistently gained in one context but not the
other. Nevertheless, we acknowledge that our paradigm
was not designed a priori to adjudicate between the
alternatives. Perhaps more importantly, the distinction is
not critical for our central argument that semantic
compromises are independent of overt retrieval in mild
cognitive impairment and are related to everyday func-
tional impairments.

Most studies of intact and damaged semantic systems
implicate anterior and lateral temporal lobe regions as
playing an important role in multiple types of semantic
processing. This also suggests that neuropathology in mild
cognitive impairment may not be restricted to the medial
temporal lobe, but extends to lateral temporal cortices that
are engaged during semantic tasks (12, 26). It was recently
observed in the Alzheimer’s Disease Neuroimaging Initia-
tive cohort (5) that lateral temporal cortical thickness was
significantly reduced in mild cognitive impairment.

Summary

This study usefully synthesized several distinct strands
in the mild cognitive impairment literature by providing
evidence for 1) corruption in the semantic system in mild
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cognitive impairment, not confounded by overt retrieval
of words in expressive language tasks; 2) intrusion of
perceptual information on semantic knowledge, due
perhaps to failures in filtering; and 3) a robust relation
between semantic processing compromises and difficul-
ties in everyday functional competence.
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