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Is our knowledge about the appearance of objects more closely related to verbal thought or to percep-
tion? In a behavioural study using a property verification task, Kosslyn (1976) reported that there are
both amodal and perceptual representations of concepts, but that amodal representations may be more
easily accessed. However, Solomon (1997) argued that due to the nature of Kosslyn’s stimuli, subjects
may be able to bypass semantics entirely and perform this task using differences in the strength of associ-
ation between words in true trials (e.g., cat-whiskers) and those in false trials (e.g., mouse—stinger).
Solomon found no evidence for amodal representations when the task materials were altered to include
associated false trials (e.g., cat-litter), which require semantic processing, as opposed to associative strat-
egies. In the current study, we used fMRI to examine the response of regions of visual association cortex
while subjects performed a property verification task with either associated or unassociated false trials.
We found reliable activity across subjects within the left fusiform gyrus when true trials were intermixed
with associated false trials but not when true trials were intermixed with unassociated false trials. Our data
support the idea that conceptual knowledge is organised visually and that it is grounded in the percep-
tual system.

One of the leading theories of the organisation of ~ 1985). Numerous investigators have drawn distinc-
semantic knowledge holds that conceptual infor-  tions between visual knowledge and nonvisual (e.g.,
mation is distributed across distinct attribute  functional) knowledge, in areas ranging from
domains, such as vision, touch, and action (Allport,  language acquisition (e.g., Gentner, 1978; Nelson,
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1974) to object categorisation (e.g., Rosch, Mervis,
Gray, Johnson, & Boyes-Braem, 1976). Many
neuroimaging studies have supported the distinc-
tion between visual and nonvisual knowledge (see
Thompson-Schill, 2003, for a review). One inter-
pretation of these studies is that our knowledge
about the visual attributes of an object is repre-
sented differently from our knowledge of other,
nonvisual attributes. This claim is related to a
fundamental question that has been debated by
philosophers (e.g., Locke, 1690/1959) and
psychologists (e.g., Kosslyn, 1994; Pylyshyn, 1981)
for centuries: To what extent does conceptual
knowledge rely on perceptual representations, as
opposed to propositional, amodal representation?
That is, are the underlying representations descrip-
tive (i.e., more akin to verbal thoughts and
nonperceptual) or are they depictive (i.e., percep-
tual and possess visual-spatial qualities)? Until the
mid-twentieth century, the view that conceptual
knowledge 1is perceptually based was widely
accepted (e.g., Locke, 1690/1959; Price, 1953).
However, this assumption was called into question,
and the nature of the internal representations of
conceptual knowledge has undergone much scru-
tiny over the past few decades.

One approach that researchers have taken to
address these questions is to examine the processes
involved in mental imagery. It is assumed that in
order to create a mental image of an object, access to
conceptual knowledge is necessary. Thatis, in order
to create a mental image of an apple, one must
retrieve the stored knowledge about the concept
“apple.” Thus, it seems that understanding the
nature of mental imagery may help us address more
fundamental questions about the representation of
long-term  conceptual knowledge, especially
knowledge about visual attributes. According to
depictive theories of conceptual knowledge, mental
imagery involves the same representations and
mechanisms normally used during visual percep-
tion (e.g., Kosslyn, 1994; Shepard & Cooper, 1982;
Zatorre, Halpern, Perry, Meyer, & Evans, 1996).
Thatis, conceptual representations are grounded in
the perceptual systems and that information is
represented in a spatial and pictorial format. One
line of evidence in support of this theory came from

visual scanning experiments. In Kosslyn, Ball, and
Reiser’s (1978) classic study, subjects were
instructed to focus their attention on one part of a
mental image and “move” that part to the location
of some other part of the image. They reported that
the time taken to complete a mental scan was
directly proportional to the physical distance
between the two locations. Kosslyn and colleagues
inferred from these findings that mental imagery
and visual perception must share similar
mechanisms.

However, the validity of these conclusions has
been questioned. For example, Pylyshyn (1981)
argued that subjects interpreted the task demands
as simulating the use of visual-spatial knowledge.
Similarly, Intons-Peterson (1983) suggested that
subjects were responding to experimenters’ expec-
tations, and that their performance was biased by
the experimenters’ presumptions. These investiga-
tors have proposed that subjects’ expectations
resulted in performance that appeared to support a
perceptual-based theory, even though the under-
lying representations were not perceptual. Instead,
Pylyshyn and others have argued that there is a
complete independence between the perceptual
system and the conceptual system, such that when
an object is perceived, its visual features will be
represented in the perceptual system, and the
conceptual system will reinterpret that information
as a list of propositional features. For example, on
perceiving an apple, the perceptual system repre-
sents it in a visual form, and the conceptual system
reinterprets that information into an amodal
feature list, with entries such as “shiny,” “red,”
“round.” Proponents of propositional theories
argued that since much of cognition depends on a
“language of thought,” it is only natural that mental
images are represented propositionally, and that
this amodal list is retrieved when conceptual
knowledge is accessed (Fodor & Pylyshyn, 1988;
Pylyshyn, 1984). However, as Barsalou (1999)
noted, nearly all evidence for amodal theories is
indirect, relying either on theoretical arguments, or
on the ability to implement amodal representations
formally and computationally.

The only exception seems to be Kosslyn’s (1975,

1976) property verification experiments, in which
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he investigated whether visual imagery and other
forms of internal representations can be differenti-
ated. In this task, subjects were asked to determine
whether certain properties are true or false of
certain concepts. For example, when presented
with the concept word “cat,” subjects were asked to
verify whether the property “claws” is true of that
concept. To determine whether individuals would
consult amodal knowledge or perceptual knowl-
edge when verifying properties, Kosslyn (1976)
manipulated task instructions within the same
group of subjects. For the first block of trials,
subjects did not receive explicit instructions on how
to perform the task. They were simply told to verify
the properties as quickly as possible without sacri-
ficing accuracy. For the second block of trials,
subjects were given explicit imagery instructions.
They were told to first form a vivid mental image
and then to verify each property by consulting their
mental picture. Furthermore, Kosslyn systemati-
cally varied two other factors: size of a property rela-
tive to its concept and the associative strength
between a property and its concept.

Under neutral instructions, subjects were signif-
icantly faster at verifying properties than under the
imagery condition. Furthermore, reaction times
collected under the neutral instructions were corre-
lated with associative strength between properties
and their concepts, which support theories of
amodal representations. On the other hand, reac-
tion times collected under the imagery condition
were not correlated with associative strength;
instead, the reaction times were inversely correlated
with property size. These results support theories of
perceptual representations. In sum, Kosslyn
concluded that there are both amodal and percep-
tual representations of concepts, but that amodal
representations may be more easily accessed.

Although these findings have been cited exten-
sively, recent work challenges the extent to which
these findings can elucidate the representation of
conceptual information. Solomon (1997) ques-
tioned the nature of the stimuli used in Kosslyn’s
(1976) original studies (see also Barsalou, Solomon,
& Wu, 1999), noting that the true trials and the
false trials actually differed on two dimensions:
(1) whether the properties belong to the concepts,
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and (2) whether the properties are associated with
the concepts. One way of assessing associative
strength between two concepts is how frequently
the two concepts co-occur in the same context. The
more frequently they occur together, the more asso-
ciated they are. Another way of thinking about
associative strength is how readily a concept
becomes available when another concept is
accessed. For example, consider the two concept—
property pairs “cat-head” and “mouse-stinger.”
The words in the first pair are associated because
these words often appear together within the same
context. On the other hand, the words “mouse” and
“stinger” rarely occur within the same context, and
it is unlikely that these two words are associated
with each other. In other words, not only do these
word pairs differ on whether the property belongs
with the concept, they also differ on associative
strength.

The
strength between false and true trials may have had
consequences for the results reported by Kosslyn
(1976). Solomon (1997) pointed out that while all
of the true properties in Kosslyn’s original study
were associated to their concepts (e.g., cat—head),
all of the false properties were unassociated to their
concepts (e.g., mouse—stinger). It was possible for
subjects in the neutral condition to perform the task
based on a simple word association strategy. That
is, subjects might have adopted a strategy of
answering “yes” if the concept and property are at all
associated and answering “no” if the concept and
property are unassociated. Furthermore, it has been
shown that when using a simple word association
strategy, access to conceptual knowledge is not
obligatory (Glaser, 1992). Glaser proposed a model
that includes a direct connection between the
printed words and the verbal lexicon, and this route
is independent from the conceptual system. If
subjects in Kosslyn’s experiment were in fact not
accessing conceptual knowledge to perform the
task in the neutral condition, then the findings
from that experiment do not bear on the question
of the nature of conceptual knowledge
representations.

Solomon (1997) replicated Kosslyn’s property
verification experiments (1975, 1976), with one

inadvertent variation in association
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important variation: To ensure that conceptual
processing would be engaged in all property verifi-
cation trials, Solomon replaced the unassociated
false trials with associated false trials (e.g., steak—
grill) in one condition of the experiment. Solomon
reasoned that subjects would not be able to rely on a
simple word-association strategy when the
concepts and properties of both true and false trials
were equivalently associated. Under these condi-
tions, subjects’ performance was predicted by
perceptual factors (e.g., size) and not linguistic
factors (e.g., associative strength). Contrary to
Kosslyn’s (1976) results, Solomon obtained this
pattern of data even when subjects received neutral
instructions (i.e., associated-neutral subjects). The
author interpreted these data as support for the idea
that conceptual knowledge is grounded in percep-
tual simulation. The present experiment follows
from this study, but additionally addresses differ-
ences in neural activity between associated and
unassociated conditions.

One approach to investigating the relation
between conceptual knowledge and perception has
been to compare neural mechanisms of each. This
approach has been motivated, in part, by the unre-
solved questions from behavioural experiments.
Neuropsychological studies of patients with
perceptual and imagery deficits as a result of brain
damage have been used to bolster the hypothesis
that mental imagery and perception share common
processes (e.g., Bisiach & Luzzatti, 1978; Farah,
Soso, & Dasheiff, 1992; Servos & Goodale, 1995).
Recently, functional neuroimaging has been used
to investigate this question in normal subjects.
Some studies have reported activation in visual
cortex during mental imagery (e.g., Charlot,
Tzourio, Zilbovicius, Mazoyer, & Denis, 1992;
D’Esposito et al., 1997; Goldenberg, Podreka,
Steiner, Franzen, & Deecke, 1991; Goldenberg,
Podreka, Steiner, & Willmes, 1987; Roland &
Friberg, 1985), in extrastriate and occasionally
primary visual areas (see Kosslyn & Thompson,
2000, for a full review of this topic). As this
approach will be used in the present investigation,
we briefly review some relevant findings here.

Using functional magnetic resonance imaging

(fMRI), D’Esposito and colleagues (1997) used a

mental image generation task to examine the neural
bases of mental imagery. Subjects listened to alter-
nating blocks of concrete words (e.g., apple, horse)
and abstract words (e.g., treaty, guilt) while in the
scanner. Subjects were instructed to generate
mental images of the concrete words’ referents, and
they were told to listen passively to the abstract
words. D’Esposito and colleagues reported that in
neurologically intact adults, visual association
cortex was recruited during mental imagery.
Specifically, when compared to passive listening of
abstract words, generating images in response to
concrete words resulted in significantly greater
activity that was asymmetrically lateralised to the
left fusiform gyrus, left premotor area, and the left
anterior cingulate gyrus. These data were also
consistent with other neuroimaging studies of
mental imagery (e.g., Goldenberg et al., 1987,
1991).

Thompson-Schill, Aguirre, D’Esposito, and
Farah (1999) reported similar findings in their
investigation of the neural bases of semantic knowl-
edge using MRI. Subjects in their experiment were
asked a series of yes/no questions about visual or
nonvisual characteristics of living and nonliving
objects. For example, the following questions were
posed to the subjects: visual/living—"“Does a parrot
have a curved beak?”; nonvisual/living—“Are
pandas found in China?”; visual/nonliving—*“Are
bows of violins longer than violins?”; and non-
visual/nonliving—“Does a toaster use more elec-
tricity than a radio?” Consistent with D’Esposito
et al’s (1997) results, Thompson-Schill and
colleagues also found differential patterns of activa-
tions between visual knowledge retrieval and
nonvisual knowledge retrieval. Specifically, greater
left fusiform gyrus activity was found when subjects
engaged in visual knowledge retrieval than when
they executed nonvisual knowledge retrieval. Addi-
tionally, in one subject who participated in both
experiments, when activation during visual knowl-
edge retrieval was compared to the explicit imagery
task used by D’Esposito et al., considerable overlap
in the left fusiform gyrus was found between these
two tasks. On the basis of these results, the left
fusiform gyrus was a crucial region of interest in the
present investigation.
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The aim of the present study was to demonstrate
the involvement of visual cortical regions during
semantic processing—even with no explicit
imagery instructions—and furthermore to show
that such involvement depends on the extent to
which semantic knowledge, as opposed to lexical
association information, is required to perform the
task. Specifically, we used fMRI to examine the
involvement of the left fusiform gyrus in the prop-
erty verification task. Activity in the visual associa-
tion cortex during property verification would
support the assertion that semantic knowledge is
indeed grounded in the perceptual system.
However, this prediction only applies to tasks that
require the retrieval of semantic knowledge. Thus,
we hypothesised that different patterns of activa-
tion would be observed depending on whether the
false trials in the experiment were associated or
unassociated pairs. To test this hypothesis, subjects
were randomly assigned to the associated condi-
tion, in which both true and false trials were associ-
ated pairs (as in Solomon, 1997), or the
unassociated condition, in which true trials were
associated but false trials were unassociated pairs (as
in Kosslyn, 1976). Following from Solomon, we
predicted that left fusiform activity during property
verification would only be observed in the associ-
ated condition because this condition forces
subjects to retrieve semantic knowledge. In
contrast, activation of the left fusiform gyrus during
property verification would not be expected to reli-
ably occur in the unassociated condition, in which
subjects are able to adopt a word association
strategy to perform the task. If semantic knowledge
is represented amodally (Pylyshyn, 1981, 1984),
then no activation in the visual association cortex is
expected in either condition.

METHODS

Subjects

Fourteen subjects from the University of Pennsyl-
vania participated in this experiment. Subjects were
randomly assigned to either the associated or unas-
sociated task condition. Subjects in the associated
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group were two males and five females, aged 19-21
years (mean age = 19.9 years). Subjects in the unas-
sociated group were five males and two females,
aged 18-22 years (mean age = 20.6 years). All
subjects met the following inclusion criteria:
They were (1) high-school educated, (2) native
English speakers, and (3) right-handed. General
exclusionary criteria were (1) history of neurological
or psychiatric illness or (2) current use of medica-
tion affecting the central nervous system (e.g.,
psychotropic  drugs). Informed consent was
obtained from all subjects. Each subject was paid
$20 for his or her participation.

Materials

Property verification task

Each subject performed a property verification task,
in which the task was to determine whether a prop-
erty (e.g., frosting) was part of a concept (e.g., cake).
Subjects were told that each stimulus pair was
arranged in a top—bottom configuration and that all
concept words were presented on the top and all
property words were presented on the bottom. All
of the concept—property pairs used in this experi-
ment were originally developed by Solomon
(1997). To construct the 100 true trials, 100 prop-
erties (e.g., hood, udder, drawer) were paired with
100 concepts (e.g., car, cow, dresser) from 18
different superordinate categories (e.g., vehicle,
mammal, furniture), and all properties were limited
to physical parts of concepts. For example, “hill”
could be loosely considered a property of “ant,” but
here it was considered a false property because it
was not a physical part of the concept. These pair-
ings varied widely along both association strength
and size of property, and no property or concept was
ever repeated.

For the false trials, two sets of materials were
constructed. The associated set was constructed by
pairing 100 concepts with 100 associated false
properties (i.e., canary—sing). The unassociated set
was constructed by pairing the same 100 concepts
with a random order of the same 100 false proper-
ties (i.e., canary—wine), thereby creating unassoci-
ated pairs, but also keeping the concepts and
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properties constant. No false property or concept
was repeated or used as a true property or concept.

To assess the association strength of both the
true and false pairs, an independent group of 20
subjects from University of Chicago rated the asso-
ciation strength of all possible pairs. For this task,
subjects first read a concept word, then a property
word, and then rated how much the property word
had come to mind while reading the concept word.
Subjects made their rating from a scale of 1 (did not
come to mind) to 9 (immediately came to mind). The
true pairs varied widely in association strength, with
the 50 most-associated properties averaging 7.5
and the 50 least-associated properties averaging
4.6. The two kinds of false pairs differed markedly,
with the associated false pairs averaging 5.0 and the
unassociated false pairs averaging 1.2.

True pairs were also chosen to represent a wide
variety of sizes of properties of the concepts. For
example, a cat’s head is larger than a cat’s claw and
therefore a head should be easier to resolve on an
image of a cat than a claw. To assess the size of the
property on the concept, 12 new subjects imagined
each concept and estimated the percentage of the
concept that the property occupied. For example,
subjects were asked, “What percentage of the total
volume of a fox is its nose?” Subjects gave a rating
from 0 to 100 for each concept—property pair. The
largest 50 properties averaged 29.7%, whereas the
smallest 50 properties averaged 10.6%. Concept—
property pairs were also chosen so that association
strength and the size of the property was not corre-
lated (r = .13, p > .25).

To summarise, there were three types of prop-
erty verification trials—true, associated false, and
unassociated false. The correct response for a true
trial was “yes,” and the correct answer for a false trial
was “no.” Subjects in both the associated and the
unassociated groups encountered the same true
trials (e.g., goat—ear). The critical trials that differed
between the two groups were the false trials.
Subjects in the associated condition received asso-
ciated false trials (e.g., stapler—paper), and subjects
in the unassociated condition received unassociated
false trials (e.g., stapler—vegetable). Although both
associated false trials and unassociated false trials
required a “no” response, the relationships between

the stimulus words differed in the two conditions.
In the associated false trials, even though the two
words were associated with each other, the property
was not part of the object, but in the unassociated
false trials, the property was neither part of the
object nor an associate of the concept.

Baseline letter verification task

In the letter verification task, subjects determined
whether a single letter (e.g., “m”) was part of a
pronounceable nonword letter string (e.g.,
“smalum”). As in the property verification task, the
stimulus pair was arranged in a top—bottom config-
uration, where the pronounceable nonword
appeared on the top and the single letter appeared
on the bottom. Average number of letters in the
nonwords was matched to those of the experi-
mental trials.

Procedures

The procedure used in the associated and unassoci-
ated groups was identical, with the only difference
being the stimuli in the critical false trials, as
described above. Each trial began with a fixation
point presented in the middle of the screen for 200
ms. The concept word (or nonword) followed the
fixation and was presented for 2800 ms and
remained on the screen for the duration of the trial.
The stimulus onset asynchrony between the
concept word (or nonword) and the property word
(or letter) was 1300 ms. In other words, the total
exposure time for the concept word (or nonword)
was 2800 ms, and the total exposure time for the
property word (or letter) was 1500 ms. The dura-
tion of each trial was 3000 ms. Subjects indicated
their response with bilateral button presses on a
four-button keypad, and their response times in
milliseconds were recorded. If the answer was “yes,”
they pressed the two inner buttons, and if the
answer was “no,” they pressed the two outer
buttons. They were told to respond as quickly as
possible without sacrificing accuracy, and they were
told that they must respond within the 1500 ms
time window during which the property word
remained on the screen. It is important to note that
subjects were nof given explicit instructions on sow
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to make their decision (e.g., no imagery instruc-
tions were given); rather they were told to deter-
mine as accurately and as quickly as possible
whether the property was part of the concept. Four
sample items, using nontest pairs, were shown to
the subjects to familiarise them with the task prior
to the scanning session.

The timing and trial composition of the blocks
were the same for both tasks. Each experimental
run consisted of 20 blocks of trials, alternating
between property verification blocks and letter veri-
fication blocks. True and false trials were inter-
mixed within each property verification block (see
Figure 1). There were 10 blocks (i.e., 100 trials) of
trials in each run. There were 50 property verifica-
tion trials and 50 letter verification trials. Among all
of the trials within each run, half of them required a
“yes” response, and half of them required a “no”
response. A total of four runs (i.e., 400 trials)
comprised the experiment.

Using PsyScope software (Cohen,
MacWhinney, Flatt, & Provost, 1993), stimuli
were presented by a Macintosh G3 Powerbook
connected to an LCD projector. The image was
projected to a screen that was placed at the subjects’
feet. A mirror that was mounted to the head coil
was placed right above the subjects’ eyes, and it
allowed them to see the projected image on the
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Figure 1. Pictorial depiction of trial types.
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screen. However, a different stimulus presentation
system was used for three of the subjects (one in the
associated group and two in the unassociated
group). For these three subjects, the Avotec Silent
Vision Visual Presentation system was used
(Avotec, 2002). A four-button fibre-optic response
pad connected to the computer was used to record
the subjects’ button press responses.

Image acquisition

Following the acquisition of saggital and axial T1-
weighted localiser images, gradient echo,
echoplanar fMRI was performed in 21 contiguous
5 mm axial slices (TR = 2000, TE = 50, 64 x 64
pixels in a 24 cm field of view, voxel size = 3.75 mm
x 3.75 mm x 5 mm) using a 1.5-T GE Signa system
equipped with a fast gradient system and the stan-
dard quadrature head coil. To minimise head
motion, foam padding was placed between the
subject’s head and the head coil. Twenty seconds of
“dummy” gradient and 1f pulse preceded the actual
data acquisition to approach steady-state
magnetisation.

Image processing

Offline data processing was performed using
VoxBo software (VoxBo, 2002). After image
reconstruction, the data were sinc interpolated in
time to correct for the fIMRI acquisition sequence.
A slicewise motion compensation method was
utilised to remove spatially coherent signal changes
by the application of a partial correlation method to
each slice in time (Zarahn, Aguirre, & D’Esposito,
1997). Additional motion detection and correction
was undertaken using a six-parameter, rigid-body
transformation. None of the subjects had
translational motion that exceeded 2 mm in any
plane or angular motion that resulted in more than
a 2 mm displacement. Additionally, spatial
smoothing and normalisation were performed.
Raw data for all runs from each subject were trans-
formed to standardised MNI space (Evans, Collins,
Mills, Brown, Kelly, & Peters, 1993) and spatially
smoothed by convolution with a three-dimensional
Gaussian kernel that has a FWHM of 1.5 x 1.5 x
2.0 (in voxels).
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Image analyses

Voxelwise analysis was performed on each
subject’s data by using a general linear model for
serially correlated error terms (Worsley & Friston,
1995), and an estimate of intrinsic temporal
autocorrelation was included within the model
(Aguirre, Zarahn, & D’Esposito, 1997). Further-
more, sine and cosine regressors for frequencies
below that of the task (0.0148 Hz) were also
included in the general linear model. Temporal
data were smoothed with an empirically derived
estimate of the haemodynamic response of the
fMRI system; this analysis has been empirically
demonstrated to hold the mapwise false positive
rate at or below tabular values (Zarahn et al.,

1997).

RESULTS

Behavioural results

The task employed in this experiment was a direct
replication of Solomon’s (1997) behavioural experi-
ments. A summary of the relevant data from Solo-
mon’s study is reported in Table 1 (for a full report
of the behavioural effects of these manipulations,
please refer to Solomon’s study). In this experi-
ment, we collected and analysed behavioural data
from nine of our subjects as a manipulation check.
Overall, we replicated the basic findings reported
by Solomon: Subjects were highly accurate at veri-
tying properties for concepts and for verifying
letters in nonwords. Specifically, individuals in the
associated condition (M = 98.0%) were equally
accurate at letter verification as subjects in the unas-

sociated condition (M = 97.8%). However, subjects
in the associated condition (M = 93.7%) were less
accurate at verifying properties than subjects in the
unassociated condition (M = 99.8%). In terms of
reaction times, on correct true trials, subjects in the
associated condition responded slightly slower on
the true trials (M = 829 ms) than subjects in the
unassociated condition (M = 809 ms). Further-
more, on correct false trials, subjects in the associ-
ated condition responded slower on the associated
false trials (M = 885 ms) than subjects in the unas-
sociated condition on the unassociated false trials

(M =833 ms).

fMRI results

The same analysis was performed on data from
both the associated and the unassociated groups:
To identify a significant property verification main
effect, all property verification trials were compared
to all baseline letter verification trials. In both
conditions, all subjects showed significant increases
in fMRI activity during the property verification
condition relative to the baseline condition,
mapwise o = .05 (see Figure 2). Two analyses were
performed to examine group differences in the
pattern of activation between subjects in the associ-
ated and unassociated groups: First, we performed a
focused region of interest analysis to test for group
differences in the specific area of visual cortex
hypothesised to be involved in imagery and visual
semantics. Second, we conducted an exploratory
analysis across the whole brain to identify other
candidate regions displaying group differences, in
either direction.

Table 1. Summary of behavioural results (mean reaction times and mean error rates) from Solomon’s (1997) study and the

current study
Mean reaction times (SD) Mean error rate
Solomon Current study Solomon Current study
(n=296) (n=9) (n=96) (n=9)
Conditions True False True False True False True False
Associated 842 (182) 979 (276) 829 885 0.07 0.07 0.06 0.07
Unassociated 731 (169) 748 (150) 809 833 0.05 0.02 0.01 0.01
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Subject RB, ASSOCIATED condition
!4.-

Figure 2. Data from representative subjects in (a) the associated condition and (b) the unassociated condition. Both subjects showed
significant increases in fMRI activity during property verification condition relative to baseline condition (mapwise & = .05). However,
only the associated subject showed significant activation in the left fusiform gyrus. Furthermore, neither subject showed significant
activation in the right fusiform gyrus. Anatomically defined regions of interest in the left and right fusiform gyri are indicated by the

white outline boxes.

ROI analyses. In each subject, an anatomically
defined region of interest (ROI) in the left fusiform
gyrus was created. Specifically, the local maxima
coordinates for the left fusiform activity reported by
D’Esposito et al. (1997) were used as a landmark
(Talairach coordinates: —33, —48, —18). Subse-

quently, using those coordinates as the centre, a
sphere that encompassed 30 voxels (~2.11 cm’) was
created. This ROI was then used to examine the
effects of property verification. The time series
from all 30 voxels were averaged, and the effect size
for property verification relative to baseline trials

COGNITIVE NEUROPSYCHOLOGY, 2003, 20 (3/4/5/6) 533



KAN ET AL.

5

’7* 7‘ - Associated

* I:l Unassociated

Average t-value

. -

Right Fusiform Gyrus

Left Fusiform Gyrus

Regions of interest

Figure 3. Average t-value of property verification minus baseline
letter verification comparison within the left fusiform gyrus and the

right fusiform gyrus.

was calculated for the averaged time series for each
subject. An unpaired #-test of these effect sizes,
with subjects as a random variable and condition as
a between-subject variable, was used to test for
group differences. Furthermore, to examine poten-
tial hemispheric differences, the same approach was
used to analyse activity within the right fusiform
gyrus (Figure 2).

As a group, subjects in the associated condition
showed significant activation in the left fusiform
gyrus, M = 3.09; #6) = 3.05, p < .05 (Figure 3). On
the other hand, subjects in the unassociated group
did not show significant activity in the same

anatomical region M = 0.26; #6) = 0.451, p = .67

(Figure 3). An unpaired #-test revealed a significant
difference between the two groups, M = 2.83; /(12)
=2.44, p < .05.

To investigate laterality differences, a 2 (condi-
tion) x 2 (hemispheres) mixed ANOVA was
conducted. A significant interaction was found,
F(1,12) = 4.80, p = .05. Probing with simple effects
revealed a significant hemispheric difference in the
associated group, F(1, 6) = 10.27, p < .05, but not in
the unassociated group, F(1, 6) = 3.85, p = .10.

Whole-brain analyses. We performed an exploratory
whole-brain analysis that directly compared all
voxels in the associated and the unassociated condi-
tions, using a random effects group analysis of
normalised data from all subjects. Due to the small
number of subjects in each group, we did not have
enough power to detect above-threshold differ-
ences using the conservative Bonferroni correction
for ~18,000 voxels. We identified all voxels above a
threshold of # = 3.5, based on an uncorrected alpha
level of .005. To guard against Type I error, we
initially included only activation with an extent of
seven or more contiguous voxels. Using these
criteria, the only area found to be different between
the two conditions, with greater activation in the
associated condition than the unassociated condi-
tion, was the left fusiform gyrus (see Figure 4). This
region was slightly superior (~10 mm) to the
hypothesised region in the ROI analysis. When the
cluster size was lowered to two contiguous voxels,
the left middle frontal gyrus also revealed greater
activation for the associated condition. Further-
more, right middle temporal gyrus showed greater
activation for the unassociated condition than the
associated condition (see Table 2).

Table 2. Local maxima for areas of activation in the random effects group analysis of the

whole brain

Talairach coordinates Cluster
Region (Brodmann’s area) (%9, %) size” t
Associated > Unassociated
Fusiform gyrus (37) L —45 -53 -6 9 433
Middle frontal gyrus (10) L -33 55 -6 2 4.05
Unassociated > Associated
Middle temporal gyrus (21) R 48 24 -6 2 3.81

*No. of voxels.
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Figure 4. Random effects group analysis of the whole brain. (Associated—Unassociated, cluster size =7 contiguous voxels. )
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DISCUSSION

In this study, we investigated the involvement of
visual cortex during conceptual processing, in order
to test claims about the representation of semantic
knowledge. Specifically, we investigated the extent
to which the left occipito-temporal region of the
brain is involved in the property verification task.
We examined a region of interest in the left
tusiform gyrus, which has been associated with
mental imagery in previous studies (D’Esposito et
al., 1997; Thompson-Schill et al., 1999). We
hypothesised that if semantic knowledge is indeed
grounded in the perceptual system, we should find
significant activity in the left fusiform gyrus during
property verification, but only when conceptual
information is required (i.e., when associated false
trials were present). Two aspects of the results of
this study are noteworthy: The location of activa-
tion associated with the property verification task
and the conditions under which this activation was
observed. Each of these points is elaborated below.
The firstimportant finding of this study was that
retrieval of semantic knowledge, in the absence of
explicit mental imagery instructions, activated a
region of visual association cortex that has been
associated with visual object recognition (e.g.,
Ishai, Ungerleider, Martin, & Haxby, 2000; for a
review, see Kanwisher, Downing, Epstein, &
Kourtzi, 2001) and visual imagery (e.g., D’Esposito
et al., 1997). Activation of visual association cortex
during semantic processing supports the idea that
conceptual knowledge is grounded in the percep-
tual system. Furthermore, we replicated the hemi-
spheric asymmetry reported in other studies on
mental imagery (e.g., D’Esposito et al., 1997;
Farah, 1984; Riddoch, 1990). The absence of acti-
vation in the right fusiform gyrus serves as a control
region to show that effects reported here are specific
to areas involved in mental imagery rather than
nonspecific increases in activation related to task
difficulty or duration of processing. In addition, the
hemispheric differences may have implications for
understanding the processes involved in retrieval of
semantic knowledge. Farah (1995) has claimed that
the process of mental image formation is lateralised
to the left hemisphere, despite the fact that visual

perception occurs, at least in its initial stages,
symmetrically in both hemispheres. Barsalou
(1999) argued that retrieval of conceptual knowl-
edge requires the simulation of perceptual informa-
tion; our results suggest that the process of visual
simulation during semantic retrieval is, like mental
imagery, a left-hemisphere lateralised process.
Differential involvement of the left and right
fusiform gyri has also been reported in studies of
object recognition. In an fMRI experiment using a
repetition priming paradigm, Koutstaal, Wagner,
Rotte, Maril, Buckner, and Schacter (2001)
reported differential neural effects of priming in left
and right fusiform gyri. Specifically, it was reported
that visual form changes between first and second
exposures were more “costly” in the right fusiform
than in the left fusiform. That is, perceptual
changes of stimuli led to a greater reduction of
neural priming effects in the right fusiform than the
left fusiform. Future studies may help elucidate the
nature of hemispheric specialisation in the fusiform
gyrus, as it relates to both image formation and
object recognition.

The second important finding was that activa-
tion of this region only occurred under conditions
hypothesised to require conceptual knowledge.
Within the left fusiform gyrus, we found reliable
activity across subjects when true trials were inter-
mixed with associated false trials, but not when true
trials were intermixed with unassociated false trials.
This pattern of activation follows from the task
analysis provided by Solomon (1997). Based on
patterns of response times, she argued that two
processes are available to perform the property veri-
fication task: First, one can consult information
about lexical co-occurrence, or strength of associa-
tion between two words; this process will only be
effective when associative strength is a reliable indi-
cator of the correct response (i.e., in the unassoci-
ated condition). Second, one can retrieve semantic
information about the properties of an object by
perceptually simulating the representation; this
process is assumed to be less efficient than the
former, and will thus be preferred only when the
other process is ineffective (i.e., in the associated
condition). According to this framework, differ-
ences in activation between the associated and
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unassociated condition will reflect the semantic
retrieval and perceptual simulation demands that
are unique to the associated condition. As
predicted, these differences were observed in visual
association cortex.

It is possible that activation in other regions of
cortex would also differ between the two condi-
tions, either as a result of an extended network of
cortex that supports perceptual simulation or as a
consequence of other cognitive differences between
the two tasks (e.g., conflict monitoring in the more
difficult, associated condition). In order to evaluate
other, unanticipated differences, we conducted an
exploratory analysis of effects across the entire
brain. With a cluster size of seven contiguous
voxels, the left fusiform gyrus was the only region
that revealed greater activity in the associated than
the unassociated condition. This result is consistent
with the region of interest analysis reported above,
although the location of the cluster is slightly
superior to the a priori region of interest based on
the results of D’Esposito et al. (1997). Although
the results of the whole-brain analysis must be
interpreted with caution because a conservative
threshold was not applied, the trend in the data
indicates that the left fusiform gyrus is selectively
recruited by whatever processing differences exist
between the two conditions. Based on previous
research, differences in the left fusiform gyrus are
likely to reflect perceptual simulation (or image
formation) that accompanies semantic knowledge
retrieval.

The task analysis described above would seem to
support the prediction that regions associated with
retrieval of lexical associations would be more active
in the unassociated condition relative to the associ-
ated condition. In the unassociated minus associ-
ated contrast, the only area that showed a hint of
activation was in the right middle temporal gyrus.
However, note that this activation is present only
when the cluster threshold is lowered to two contig-
uous voxels (see Table 2), so it would be premature
to draw any strong inferences based on this result.
One possible reason for the lack of greater activa-
tion in the unassociated condition may be due to
automatic word association processing, which is
common to both conditions. According to the

CONCEPTUAL KNOWLEDGE IN VISUAL CORTEX

priming literature, word association is assumed to
be a relatively automatic process (e.g., Meyer &
Schvaneveldt, 1971; Shelton & Martin, 1992).
When subjects perform the task, word association
processes may be triggered automatically. Thus,
brain areas that are recruited for word associations
would be activated for subjects in both associated
and unassociated conditions, and a direct compar-
ison would reveal no differences in relevant brain
regions. Another possible explanation for the lack
of increased activation in the unassociated condi-
tion is that perhaps there is more between-subject
variability in the patterns of activation associated
with retrieval of linguistic information. Since a
group analysis was performed, only areas that are
reliably activated for all subjects were identified.
Therefore, increased between-subject variability
associated with a given process would result in
fewer common areas found to be active in the group
analysis.

Thus far, we have illustrated how one manipu-
lation (i.e., relationship between true and false
trials in a property verification task) modulates
activity in the visual association cortex. It is
reasonable to further examine how other factors
may affect activity in this part of the brain. Data
from neuroimaging (e.g., Martin, Wiggs,
Ungerleider, & Haxby, 1996; Mummery,
Patterson, Hodges, & Wise, 1996; Thompson-
Schill et al., 1999) and neuropsychological studies
(e.g., Farah, McMullen, & Meyer, 1991;
Warrington & McCarthy, 1987; Warrington &
Shallice, 1984) have indicated that there may be
category-specific effects in the retrieval of
semantic knowledge. It is, then, reasonable to
suppose that the effects that we have observed in
the current study may differ across different types
of stimuli. For example, perhaps the processes
involved in verifying properties of living things
may differ from verifying properties of nonliving
things. Unfortunately, since a blocked design was
used, we are unable to address that issue in this
study. Thus, it will be informative to investigate
these effects in an imaging study using an event-
related design.

For the past few decades, Pylyshyn has main-

tained that subjects in mental imagery experiments
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are merely simulating the use of visual spatial repre-
sentations, even though the internal representa-
tions are organised amodally (for a review, see
Pylyshyn, 1981). He further argued that this is
particularly true in experiments that explicitly ask
subjects to imagine a certain object or scenario. He
postulated that the subjective experience of “seeing
with the mind’s eye” is purely epiphenomenal.
Researchers who support the idea that conceptual
knowledge is grounded perceptually have tried to
use neuroimaging data to counter Pylyshyn’s argu-
ment. For example, in a review chapter, Kosslyn
and Thompson (2000) concluded that visual
perception and mental imagery share many
common neural mechanisms on the basis of many
neuroimaging studies. Although it is difficult to
imagine a way in which subjects could “simulate”
blood flow to certain regions of the brain, Pylyshyn
(in press) has recently extended his criticisms to the
functional neuroimaging literature as well.

We believe that our current study addresses part
of Pylyshyn’s concern. In the present experiment,
although subjects were told to verify each property
with the corresponding concept, they were not
given explicit imagery (or nonimagery) instructions
on how to perform the task. Thus, it seems improb-
able that subjects would interpret the task as
requiring them to simulate the use of visual repre-
sentations. Furthermore, it is even less plausible
that all of the associated subjects would choose to
simulate the use of visual spatial representations
and that the unassociated subjects would choose
not to simulate that experience. Our finding that
manipulating the type of false trials modulates acti-
vation of the visual association areas presents a
strong argument against Pylyshyn’s (in press)
claims. If neural activity is purely epiphenomenal,
there is no reason to expect the group differences
observed in this experiment. It is difficult to explain
the group differences observed in this study with
Pylyshyn’s reasoning. In contrast, our results are
easily explained by differences between the two
conditions with regard to requirements for concep-
tual knowledge, which is grounded in the percep-
tual system.
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