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Semantic relevance explains category effects in medial fusiform gyri
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We used functional Magnetic Resonance Imaging to explore the
neural correlates of semantic relevance in 12 healthy participants
performing a picture-naming task. In addition, we tested the
hypothesis that category effects typically found in functional
imaging can be partly explained in terms of different semantic
relevance for animals and artefacts. We report that semantic
relevance modulates neuronal responses in the medial fusiform
gyrus bilaterally. As predicted, category effects in this region are
strongly modulated by the semantic relevance of the items.
Specifically, the effect of artefacts > animals is greatly reduced
when the two categories are matched for semantic relevance. Thus,
the present study demonstrates that neuronal responses during
concept retrieval are modulated by the semantic relevance of the
features. It also suggests that increased activation in the medial
fusiform gyrus typically found for artefacts > animals can be
explained by different semantic relevance for animal and artefact
items.

© 2005 Elsevier Inc. All rights reserved.

Introduction

The question of how concepts are represented in the human
brain is still highly debated. The most popular theory suggests
that conceptual representations are based on semantic features
(e.g., sensory and non-sensory). Recently, it has been proposed
that conceptual representations depend on the relative contribu-
tion of their semantic features to the meaning of a concept (e.g.,
semantic relevance). The present study used functional Magnetic
Resonance Imaging (fMRI) to investigate the neural correlates of
semantic relevance during concept retrieval, and furthermore to
explore how these effects interact with category.

One way of analysing semantic features involves grouping
them according to their content. In this regard, one of the most
frequently investigated distinctions is that between Sensory and
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Non-sensory features. Consider for example the concept Dog.'?
Sensory features include “has four legs”, non-sensory features
include functional (e.g., “is used for hunting”), associative (e.g.,
“likes to chase cats”) and encyclopaedic features (e.g., “may be
one of many breeds”).>* This proposal has been enormously
influential, spanning an entire area of empirical enquiry (Warring-
ton and Shallice, 1984; Allport, 1985; Warrington and McCarthy,
1987; Farah and McClelland, 1991; Saffran, 2000; Martin and
Chao, 2001; Thompson-Schill et al., 1999; Rogers et al., 2005). A
number of functional neuroimaging studies have investigated the
neural basis of semantic features by directly comparing sensory
and non-sensory tasks (Martin et al., 1995; Gauthier et al., 2000;
Thompson-Schill, 2003; Noppeney and Price, 2003; Hauk et al.,
2004; Kellenbach et al., 2005). Other functional imaging studies
have reported differential activation for different categories of
object stimuli (Martin et al., 1996; Mummery et al., 1998; Chao et
al., 1999; Tyler et al., 2000; Devlin et al., 2002). Although there is
a growing consensus that both action tasks and tool stimuli
increase activation in a distributed left hemisphere visuo-motor
system, many inconsistent results have also been reported. These
inconsistencies could be due to the fact that concepts in our lexicon
vary in relation to many other factors (Cree and McRae, 2003),
including frequency, familiarity, age-of-acquisition etc. Most
critically these dimensions differ for Living and Non-living (Cree
and McRae, 2003).

! Concept names are printed in italics, and names of semantic features in
angled brackets.

2 Semantic features are also sometimes termed “properties” or
“attributes”.

3 Throughout this paper, the term “concept” refers to a set of weighted
semantic features; semantic feature is used to describe any type of statement
about the concept (both Sensory and Non-sensory).

4 Functional features are defined in different ways. Some authors use this
term for features that directly refer to functions (e.g. “gives milk”) others
denote physically defined features defined by motor properties (e.g. “used
to cut”, Farah and McClelland, 1991). Others have defined functional
knowledge by exclusion to denote any property that is not physically
defined (Thompson-Schill et al., 1999).
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Another factor that may be uncontrolled across object
categories is semantic relevance. A concept may have uncount-
able semantic features although those really useful in distinguish-
ing it from closely related concepts may not be numerous.
Among dimensions proposed as descriptors of semantic features
we can list dominance (Ashcraft, 1978), distinctiveness (Garrard
et al.,, 2001) and most recently semantic relevance (Sartori and
Lombardi, 2004; Sartori et al., 2005). Semantic relevance is a
measure of the contribution of semantic features to the “core”
meaning of a concept. For example, “has a trunk” is a semantic
feature of high relevance for the concept Elephant, because most
subjects use it to define Elephant, whereas very few use the
same feature to define other concepts. Instead “Has 4 legs” is a
semantic feature with low relevance for the same concept,
because few subjects use it to define Elephant but do use it to
define many other concepts. When a set of semantic features is
presented, the concept with the highest summed relevance is the
one which will be retrieved.

Semantic relevance is the result of two components (see
Methods for details). A local component, which measures the
importance of the semantic features for the concept, may be
interpreted as dominance.’> A global component, which measures
the importance of the same semantic feature for all the other
concepts in the lexicon, may be interpreted as distinctiveness.®
While both dominance and distinctiveness alone do not predict
accuracy in a “naming-to-description” task, they are highly
correlated with naming accuracy when combined into relevance
(Sartori et al., 2005). Sartori et al. (2005) also showed that:
(i) relevance is better at predicting naming accuracy in a
“naming-to-description” task than a number of other parameters
such as Age-of-Acquisition, frequency, familiarity and typicality;
(ii) relevance is a robust measure, not significantly influenced by
the number of concepts in the database or by sampling errors.
Critically, living and non-living items differ in terms of their
semantic relevance (Sartori and Lombardi, 2004). Specifically,
living items may have either low, medium or high semantic
relevance. In contrast, non-living items can only have low or
medium relevance. This led to the prediction that semantic
relevance may account for category-specific deficits in neuropsy-
chological patients. Sartori and Lombardi (2004) found that,
when concepts belonging to Living and Non-living categories are
equated for relevance, a previously well-established category-
specific deficit disappears. Furthermore, the selective impairments
could be completely reversed, in a naming-to-description task, by
presenting stimuli with properly selected levels of relevance
(Sartori and Lombardi, 2004). In short, semantic relevance is the
best predictor of naming accuracy in healthy subjects and furthermore
appears to account for category-specific deficits in neuropsycholo-
gical patients.

Based on the findings of the behavioural studies in healthy
subjects and neuropsychological patients, one would expect that

3 Dominance is a measure of how frequently a semantic feature is used in
defining a concept (Ashcraft, 1978).

¢ Relevance of semantic features is different from distinctiveness.
Distinctiveness is a dimension which is not concept-dependent, since
scores are high when the feature is found in only a few concepts (Garrard
et al.,, 2001). Instead, the relevance of a given semantic feature varies
across different concepts and, in a way, may be considered concept-
dependent. For example, the feature “has a beak” has higher relevance for
the concept Duck than for the concept Swan but the same distinctiveness.

semantic relevance affects brain responses. However, the neural
correlates of semantic relevance are currently unknown. The first
aim of the present study was therefore to investigate the effect of
semantic relevance on brain activation during concept retrieval.
For this purpose, we measured brain responses in 12 healthy
volunteers who overtly named pictures of items with low,
medium or high semantic relevance. Because semantic relevance
is based on high order visual features,” we expected its effect to
be most apparent within the human ventral visual pathway.

The observation that non-living items typically have greater
semantic relevance than living-items raises the possibility that the
category effects reported in functional imaging studies may be
partly explained in terms of semantic relevance. This hypothesis is
supported by the predictive value of relevance in neuropsycholog-
ical studies of patients with category-specific disorders (Sartori and
Lombardi, 2004). The second aim of the present study was
therefore to test the hypothesis that category effects within the
human ventral visual pathway are modulated by the semantic
relevance of the items. In order to test this hypothesis, we
manipulated the category of the items which could be either
animals or artefacts. We predicted that category effects within the
ventral visual pathway would be modulated by the semantic
relevance of the items. Specifically, we expected that differences
between artefacts and animals to be greatly reduced when the two
categories are matched for semantic relevance.

Materials and methods
Relevance of semantic features

Relevance is a measure of the contribution of semantic features to
the “core” meaning of a concept. A few semantic features of high
relevance are sufficient for an accurate retrieval of the target concept.
When a set of semantic features is presented, their overall relevance
results from the sum of the individual relevance values associated
with each ofthe semantic features. Relevance may be interpreted as a
non-linear combination of dominance (also called production
frequency; Cree and McRae, 2003) and distinctiveness (Sartori et
al., 2005).

Dominance

Dominance is a measure of how frequently a semantic feature
is used in defining a concept (Ashcraft, 1978; Garrard et al.,
2001). It is defined as the number of times subjects report a
given feature in defining a concept;

Dominance; = number of times feature i is reported for concept j

Distinctiveness

The distinctiveness of a given feature is defined as the
inverse of sharedness, which, in turn, is defined as the number
of concepts in which the semantic feature appears, divided by

7 High order visual features refer to features as “is an animal”, “has 4
legs” which are derived from verbal descriptions of subjects defining the
concepts. In contrast, low order visual features refer to parameters such as
size, line orientation, luminance, texture, color and contrast, which have no
semantic interpretation (Cavanagh et al., 1990).



994 A. Mechelli et al. / Neurolmage 30 (2006) 992—1002

the total number of concepts in the lexicon (or database) (Tyler
et al., 2000).

Distinctiveness; = N /n;

where N is the total number of concepts analysed and n; the
number of concepts the feature j appears in.

Relevance
Relevance results from a non-linear combination of dominance
and distinctiveness

Relevance; = dominance; *log, (distinctiveness;)

Relevance is different from distinctiveness. Consider this
hypothetical example based on 100 subjects defining 100 concepts
one of which is Ziger. Consider now the following two features:
(1) “has black stripes on yellow background” and (ii) “seen
yesterday at the zoo”. Assume that both are reported in only 1 of
the 100 concepts, exactly in Ziger. Accordingly, the two features
have the same distinctiveness which is (N/n = 100/1) = 100.
Suppose that all 100 subjects list the feature “has black stripes on
yellow background” (dominance = 100) but only one subject
reports “seen yesterday at the zoo” (dominance = 1). Then the
relevance of “has black stripes on yellow background” will be
much higher than “seen yesterday at the zoo” for the concept
Tiger but these two features will have the same distinctiveness.
Intuitively, the importance of “has black stripes on yellow
background” in indexing 7iger is much higher then “seen
yesterday at the zoo” and this importance is captured by relevance
but not by distinctiveness. The logarithmic damping is intended to
capture the idea that, for example, the effect of having a feature in
3 concepts rather than in 1 is larger than the effect of having the
same feature in 97 rather than in 94 concepts (for details see
Sartori et al., 2005).

Estimating semantic relevance of higher order visual features for
pictures

When a picture is presented, the visual features that are encoded
in the picture are processed. Each of these features has an associated
relevance value. The total relevance of the picture results from the
sum of the relevance values of the constituent visual features. We
estimated the relevance for 62 pictures of animals and 169 pictures
of artefacts taken from various stimulus sets (e.g., Snodgrass and
Vanderwart, 1980; Dell’ Acqua et al., 2000).

Relevance of visual features
Procedure for estimating semantic relevance of visual features:

(a) Feature listing of visual features. Eighteen subjects were
shown a subset of 50/240 pictures. For each picture they were
instructed to list the visual features they could identify in it.
Eighteen subjects described every picture.

(b) Foreach concept, the number of times a given feature was listed
was counted. Synonyms and lemma were collapsed into the
same semantic feature according to the procedure reported by
Cree and McRae (2003).

(c) A matrix of 231 pictures x 490 visual features was obtained.

(d) From the matrix, which reports the number of times each
semantic feature was listed for a given picture, the

relevance was computed according to the following
formula:

Relevance; = dominance;*log, (distinctiveness;)
where
Dominance;; = number of times feature i is reported for picture j

Distinctiveness; = N /n;

with N = the total number of pictures and » = the number of
pictures the feature j appears in.

Relevance of a picture
The relevance of a picture was calculated by summing up all
relevance values of visual semantic features that were reported:

Total Visual relevance of picture; = Z; (relevance;)

This is the measure on which the fMRI study on picture naming
due to visual features was based.

fMRI study

Subjects

Informed consent was obtained from 12 right handed volunteers
(5 males), aged between 21 and 28 (with a mean age of 24), with
English as their first language. This group did not include those
subjects who were recruited for the estimation of the semantic
relevance of the pictures, see above. None of the volunteers reported
a history of neurological or psychiatric illness, or disturbances in
speech comprehension, speech production, reading or writing.

Experimental paradigm

The experimental paradigm included two tasks: naming and
rest. During the naming condition, subjects overtly named a total
of 270 black and white drawings of animal and artefact items.
Stimuli included 62 animal items and 169 artefact items. The
remaining 39 stimuli were fruit, vegetable or body part items that
are not relevant to the present study and will not be discussed
further. An additional factor was the semantic relevance of the
stimuli: artefacts could have low relevance (38 items, range
112.29-182.33; mean 160.4641), medium relevance (108 items,
range 185.68—324.38; mean 240.00) or high relevance (23 items,
range 327.48—-401.13; mean 355.43); animals could have low
relevance (31 items, range 105.44—183.43; mean: 154.20) or
medium relevance (31 items, range 184.66—325.43; mean:
219.03). A full list of artefact and animal items and their semantic
relevance can be found in Appendix. Stimuli of the same category
were presented in blocks of 5, with duration of 600 ms and
stimulus onset asynchrony of 3055 ms. During the resting
condition, subjects viewed a fixation cross in the centre of the
screen. A total of 15 resting blocks were used, each lasting 15.275
s. In order to minimise speech-related movements, subjects were
instructed to whisper. Vocal responses were recorded using a
microphone to identify unsuccessful trials, which were then
discarded from the statistical analysis.

Scanning technique
A Siemens 3T scanner was used to acquire a total of 470 T,*-
weighted echoplanar images with BOLD contrast. Each echoplanar



A. Mechelli et al. / Neurolmage 30 (2006) 992—1002 995

image comprised 35 axial slices of 2 mm thickness with 1 mm slice
interval and 3 x 3 mm in-plane resolution. Volumes were acquired
with an effective repetition time (TR) of 2.275 s/volume and the
first six (dummy) volumes of each run were discarded to allow for
T, equilibration effects. In addition, a T1-weighted anatomical
volume image was acquired from all subjects.

Statistical parametric mapping

Statistical parametric mapping was performed using SPM2
software (Wellcome Department of Imaging Neuroscience, London,
UK), running under Matlab 6.5 (Mathworks Inc. Sherbon MA,
USA). All volumes from each subject were realigned using the first
as the reference and resliced with sinc interpolation. The functional
images were spatially normalised (Friston et al., 1995a) to a standard
MNI-305 template using nonlinear-basis functions. Functional data
were spatially smoothed with a 6-mm full width at half maximum
isotropic Gaussian kernel, to compensate for residual variability
after spatial normalisation and to permit application of Gaussian
random field theory for corrected statistical inference.

First, the functional data were analysed in a subject-specific
fashion. In order to remove low-frequency drifts, a high-pass filter
was used with a cutoff period of 128 s. Each stimulus was
modelled by convolving the onset times with a synthetic
hemodynamic response function (HRF). The parameter estimates
were calculated for all brain voxels using the general linear model,
and the contrast images of interest were computed (Friston et al.,
1995b). Second, the subject-specific contrast images were entered
into an ANOVA to permit inferences at the population level (i.e., a
random effects analysis). The t-images for each contrast at the
second level were subsequently transformed into statistical
parametric maps of the Z statistic.

Two separate statistical analyses were performed, which used a
parametric and a categorical approach, respectively. In the
parametric analysis, semantic relevance was modelled in a
parametric fashion for animal and artefact items independently.
This analysis allowed us to look at the linear and nonlinear effect of
semantic relevance, for each category independently. In the
categorical analysis, low, medium and high relevance items were
modelled independently within each category. This resulted in 5
experimental conditions of interest: low relevance animals (range
105.44—183.43; mean: 154.20), medium relevance animals (range
184.66—325.43; mean: 219.03), low relevance artefacts (range
112.29-182.33; mean 160.4641), medium relevance artefacts
(range 185.68—324.38; mean 240.00), high relevance artefacts
(range 327.48—401.13; mean 355.43). This analysis allowed us to
compare animal and artefact activations when relevance was
unmatched (e.g., all artefacts > all animals) as well as when
relevance was equated (e.g., low relevance artefacts > low relevance
animals). We report and discuss regions that showed significant
effects at P < 0.05 (corrected for multiple comparisons across the
whole brain) with an extent threshold for each cluster of 5 voxels.

Results

Accuracy of vocal responses was very high for both animal
(97.4%) and artifact (98%) items. Furthermore, there was no
significant difference in accuracy between animal and artifact items
(P = 0.345). Our presentation of the functional imaging results
starts with a brief report of activation for naming all object
categories relative to fixation. We then focus on the parametric

effects of semantic relevance. Finally, we test the hypothesis that
category-selective activation can be explained in terms of
differential semantic relevance for animal and artefact items.

Effect of naming vs. fixation

First, we examined the overall effect of naming at P < 0.05
(corrected for multiple comparisons across the whole brain).
Naming animals and artefacts relative to fixation increased
neuronal activity in a number of regions including bilateral
inferior, middle and superior occipital, middle temporal, inferior
frontal and intra-parietal cortex, see Table 1 and Fig. 1. These
results are consistent with previous studies of picture naming that
identified similar distributed networks (Bookheimer et al., 1995;
Murtha et al., 1999; Price et al., 2005).

Parametric effects of semantic relevance

Linear and nonlinear effects of semantic relevance were
investigated when data were (i) limited to artefacts only; (ii)
limited to animals only; (ii) averaged over artefacts and animals.
We detected a positive linear effect of semantic relevance when the
stimuli were artefacts, see Table 2 and Fig. 2. This was observed in
bilateral medial fusiform, bilateral middle occipital, right lingual
gyrus and right cerebellum (P < 0.05 corrected). In these regions,
artefacts with higher semantic relevance elicited greater neuronal
responses than artefacts with lower semantic relevance. These
effects were not observed for animals, even when the statistical

Table 1
Regions that expressed increased activation for naming relative to fixation

NAMING > FIXATION

Anatomical location X y z Z score
Frontal
Left precentral —50 -8 46 8.4
Right precentral 50 -10 38 8.0
Left inferior frontal/insula —54 -2 18 7.4
Right inferior frontal/insula 54 —4 24 7.4
Left middle superior frontal -2 12 46 8.4
Right middle superior frontal 2 12 46 8.1
Temporal
Left middle temporal —54 —46 10 6.9
Right middle temporal 66 —34 8 7.8
Left superior anterior temporal —56 12 -8 7.8
Occipital
Left middle occipital —28 -96 2 8.2
Right middle occipital 18 —98 —4 8.0
Left lateral posterior fusiform —40 —62 -20 8.2
Right lateral posterior Fusiform 46 —62 —18 8.4
Left lateral middle fusiform —44 —52 —18 7.5
Right lateral middle fusiform 44 —50 -20 7.9
Left superior occipital —28 —74 26 6.0
Right superior occipital 30 —74 26 7.4
Parietal
Left intraparietal sulcus -28 —60 44 6.2
Right intra-parietal sulcus 28 —68 44 6.7
Other
Left parahippocampal gyrus —14 —26 —16 7.4
Left superior cerebellum —40 —48 -28 9.0
Right superior cerebellum 38 —56 —32 8.7

Co-ordinates [x, y, z] are reported in Talairach space. All Z score are
significant at P < 0.05 (corrected for multiple comparisons).
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threshold was as low as 0.001 uncorrected. Consequently, there
was no significant effect of semantic relevance when data from
artefacts and animals were averaged together (P > 0.001
uncorrected) but there was an interaction between semantic
relevance and category confirming that the effect of semantic
relevance was higher for artefacts than animals (left medial
fusiform: Talairach co-ordinates x = —28; y = —54; z = —14 Z
score: 4.0; right medial fusiform: Talairach co-ordinates x = 30; y =
—48; z = —14 Z score: 4.7; see Table 2). Negative or nonlinear
effects of relevance were not observed even when lowering the
statistical threshold to P < 0.001 (uncorrected).

Categorical effect of living vs. non-living

After identifying the neural correlates of semantic relevance, we
tested our hypothesis that category-sensitive activations may be
accounted for by differential semantic relevance for animal and
artefact items. This was achieved by comparing artefacts and
animals when relevance was unmatched (i.e., all artefacts > all
animals) as well as when relevance was equated (e.g., low
relevance artefacts > low relevance animals).

We first compared the two categories when relevance was
unmatched by directly comparing all animals with all artefacts. In
other words, artefacts with low, medium or high relevance were
contrasted against animals with low or medium relevance. A
significant effect of artefacts > animals was detected in the left
and right medial fusiform gyri, see Table 3 and Fig. 3. These regions
have been reported to respond more to non-living than living items
in previous functional imaging studies (Chao et al., 1999). The
reverse comparison (animals > artefacts) did not identify any
category-effects that survived our statistical threshold of P < 0.05
(corrected). However, when lowering the statistical threshold to P <
0.001 (uncorrected), we observed a trend in the right lateral fusiform
gyrus (Talairach co-ordinates x = 44; y = —50; z = —22; Z score =
3.2) which was consistent with previous studies comparing animals
to artefacts (Chao et al., 1999; Rogers et al., 2005), see Fig. 4.

We then compared the two categories when relevance was
equated by discarding artefacts with high relevance. In other
words, artefacts with low or medium relevance were contrasted
against animals with similar relevance. The effect of artefacts >
animals was greatly reduced and no longer survived our
statistical threshold of P < 0.05 (corrected). However, a trend
could still be detected in both left and right medial fusiform
when lowering the statistical threshold to P < 0.001 (uncor-
rected). We then compared animals and artefacts independently
for medium and low relevance items. When only medium
relevance items were considered, the effect of artefacts >
animals was greatly reduced and no longer survived a statistical

Naming > Fixation

Fig. 1. Brain areas that expressed increased activation for naming relative to
fixation (thresholded at P < 0.0001 uncorrected).

Table 2
Regions that expressed a positive linear effect of relevance for artefacts,
animals and artefacts > animals

Positive linear effect of relevance

Anatomical X y z Z score
location Artefacts Animals Artefacts >
Animals

Left medial —28 —-52 —-14 51 n.s. 4.0
fusiform

Right medial 32 =50 —-16 5.6 n.s. 4.7
fusiform

Left middle -29 -92 4 55 n.s. n.s.
occipital

Right middle 34 -82 10 5.1 n.s. n.s.
occipital

Right lingual 6 —88 —16 5.2 n.s. n.s.
gyrus

Right cerebellum 18 -84 -—24 5.1 n.s. n.s.

Co-ordinates [x; y; z] are reported in Talairach space. Z scores significant at
P < 0.05 (corrected for multiple comparisons) are reported in bold. The
remaining Z scores are significant at P < 0.001 (uncorrected). n.s. = not
significant at P < 0.001 (uncorrected).

threshold of P < 0.05 (corrected), but a trend could be detected
in the medial fusiform bilaterally with a statistical threshold of
P < 0.001 (uncorrected). When only low relevance items were
considered, the effect of artefacts > animals was no longer
significant even when lowering the statistical threshold to P <
0.001 (uncorrected).

To summarise, the parametric analysis revealed that semantic
relevance affects neuronal responses in the bilateral medial
fusiform for artefact but not for animal items. The categorical
analysis revealed that the same region expressed increased
activation for artefacts relative to animals when relevance is not
matched; however, this effect is strongly reduced when relevance is
similar for artefacts and animals.

Discussion

The first objective of the present study was to investigate the
neural correlates of semantic relevance during concept retrieval. To
this purpose, we measured brain responses in 12 healthy volunteers
who overtly named pictures of items which had different semantic
relevance. We expected the effect of semantic relevance to be most
apparent within the human ventral visual pathway, on the basis that
relevance is estimated from high order visual features. We report
that semantic relevance increases neuronal responses in the left and
right medial fusiform gyrus for artefact but not animal items. This
effect appears to be specific to semantic relevance. For instance,
parallel analyses revealed that the effect of semantic relevance is not
affected when visual complexity, Age-of-Acquisition, frequency,
familiarity and typicality are modelled as additional variables of
interest. We were specifically concerned with visual complexity
because this factor might co-vary with visual relevance in some
instances. However, when visual complexity was explicitly
modelled in the analysis, a positive effect of semantic relevance
was still significant in both left (x = —26; y = —48; z = —14; Z
score: 5.6) and right (x = 28; y = —44; z = —12; Z score: 5.8)
fusiform gyri. In contrast, no effect of visual complexity was found
in these regions even when lowering the statistical threshold to P <
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Fig. 2. Effect of semantic relevance on brain responses (x = 32; y = —48; z = —14).

0.001 (uncorrected). A direct comparison revealed that the effect of
semantic relevance was significantly greater than the effect of visual
complexity in both left (x = —28; y = —48; z = —14; Z score = 4.7)
and right (x = 34; y = —48; z = —10; Z score = 4.6) fusiform gyri.
Thus, the effect of semantic relevance could not be explained by
differences in visual complexity. Importantly, the medial fusiform
areas that are modulated by semantic relevance correspond to the
areas that are more responsive to artefacts than animals (e.g., see
Chao et al., 1999). The second objective of the study was to test the
hypothesis that category effects within the human ventral visual
pathway are modulated by semantic relevance. This was achieved
by comparing artefacts and animals when relevance was unmatched
(i.e., all artefacts > all animals) as well as when relevance was
equated (e.g., low relevance artefacts > low relevance animals).
When artefacts and animal items are compared irrespective of
semantic relevance, we find a strong effect of artefacts > animals in
the very same fusiform regions modulated by semantic relevance
However, when semantic relevance is carefully equated between the
two categories, the effect of artefacts > animals is greatly reduced.
Two questions are critical for the interpretation of these results.
First, why was there a positive effect of relevance in the medial
fusiform gyrus for artefact but not for animal items? Second, why
was the effect of artefacts > animals reduced when relevance was
matched for the two categories? We will now address these
questions in turn.

With respect to why a positive effect of relevance was
detected for artefact but not for animal items, we considered the
possibility that this might be explained by differences in
statistical power due to a greater number of artefact than
animal stimuli (i.e., 173 and 62, respectively). If this was the
case, a direct comparison between the effects of relevance for
artefacts and tools should not yield any significant results. This
is because the statistical power of such a comparison is not
dependent on the relative number of items in the two categories.
However, this direct comparison confirmed that the effect of
semantic relevance was higher for artefacts than animals (see

Table 3

Results and Table 2 for details). This suggests that the
differential effect of relevance for artefacts and animals cannot
be accounted for by a greater number of artefact than animal
stimuli. An alternative explanation is that the differential results
of relevance for artefacts and animals may be due to differences
in the ranges of semantic relevance. As discussed in the
Introduction, artefacts may have low, medium or high relevance
(range: 112.29-401.13) whereas animals can only have low or
medium relevance (105.44-219.03). It is therefore possible that
a parametric effect of relevance is expressed across a wide
range which include low, medium and high values but not when
only low and medium values are available. In other words, the
parametric effect of relevance might be driven by high
relevance items which are available for artefacts but not for
animals. This explanation is supported by the percent signal
changes observed in the medial fusiform gyrus for low, medium
and high relevance items, see Fig. 3. It can be seen that, in
both left and right medial fusiform, percent signal change varies
only minimally between low and medium relevance items,
irrespective of category. Indeed, a direct statistical comparison
between low and medium relevance items did not yield any
significant effects even when lowering the statistical threshold to
P < 0.001 (uncorrected). Furthermore, the interaction between
relevance and category (i.e., low > medium relevance for
artefacts vs. animals) did not reach significance using a similar
statistical threshold. However, percent signal change for high
relevance artefacts is much greater than for low and medium
relevance items, as confirmed by a direct statistical comparison
(high relevance arefects > all other conditions: left: Talairach
co-ordinates z = —28; y = —52; z = —14; Z score: 5.7 P < 0.05
corrected; right: Talairach co-ordinates x =32; y = —50;z=—16; Z
score: 6.0 P < 0.05 corrected). Thus, we conclude that the most
likely explanation for the differential effect of relevance for
artefact and animal items is that the effects are driven by high
relevance items which are available as artefacts but not as
animals.

Comparison between animals and artefacts, irrespective of visual relevance (“relevance unmatched”) and for items with low and medium visual relevance only

(“relevance matched”)

Artefacts > Animals Relevance unmatched

Relevance matched

Low, medium and high relevance

Low and medium relevance

Medium relevance Low relevance

Anatomical location X y z Z score X y z Z score  x y z Zscore x y z Zscore
Left Medial Fusiform — —28 —52 —14 5.4 -28 =52 -—16 3.7 —-28 —52 —14 35 n.s.
Left Cerebellum —26 -36 —24 4.1 n.s. n.s. n.s.
Right Medial Fusiform 32 -50 —16 53 30 —-48 -—18 34 32 =50 —16 3.0 ns.
Right Cerebellum 28 —42 —-22 5.9 28 —44 -22 4.7 28 —42 22 43 n.s.

Co-ordinates [x, y, z] are reported in Talairach space. Z scores significant at P < 0.05 (corrected for multiple comparisons) are reported in bold. The remaining
Z scores are significant at P < 0.001 (uncorrected). n.s. = not significant at 7 < 0.001 (uncorrected).



998 A. Mechelli et al. / Neurolmage 30 (2006) 992—1002

Artefacts > Animals
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Fig. 3. The effect of artefacts > animals and its modulation by semantic relevance (thresholded at P < 0.0001 uncorrected). The bilateral medial fusiform gyri
expressed greater activation for artefacts than animals. The graphs show the percent signal change for low relevance animals (Low Anim), medium relevance
animals (M Anim), low relevance artefacts (Low Art), medium relevance artefacts (M Art) and high relevance artefacts (High Art).

We now move to the question of why the effect of artefacts >
animals was reduced when relevance was matched for the two
categories. We considered the possibility that this might be due

Animals > Artefacts

N

Percent Signal Change

Low Anim M Anim Low Art  MArt High Art

Fig. 4. The effect of animals > artefacts (thresholded at P < 0.0001
uncorrected). The right lateral fusiform gyri expressed greater activation for
animals than artefacts. The graph shows the percent signal change for low
relevance animals (Low Anim), medium relevance animals (M Anim), low
relevance artefacts (Low Art), medium relevance artefacts (M Art) and high
relevance artefacts (High Art).

to differences in statistical power, with the comparison including
all artefacts being more sensitive than the one including low and
medium relevance artefacts only. If this was the case, however,
the strength of the category effects should depend on how many
items are included in each category which was clearly not the
case. For instance, when we compared high relevance artefacts
against low and medium frequency animals, the effect of
artefacts > animals became even more significant despite the
number of animal stimuli (i.e., 62) being greater than the
number of artefact stimuli (i.e., 23) (left: Talairach co-ordinates
z = =28,y = =52, z = —14; Z score: 6.3 P < 0.05 corrected,;
right: Talairach co-ordinates x = 32; y = —50; z = —16; Z score:
6.4 P < 0.05 corrected). This suggests that differences in
statistical power can not account for the fact that the effect of
artefacts > animals was reduced when semantic relevance was
matched. An alternative explanation is that differences between
artefact and animal categories in the medial fusiform gyri, are
driven by items with high relevance which can only be artefacts.
This interpretation is supported by the percent signal changes for
low, medium and high relevance items observed in the medial
fusiform gyri, see Fig. 3. It can be seen that the effect of artefacts >
animals is largely driven by the increased response to high
relevance artefacts rather then low and medium relevance items.
Thus, we conclude that the most likely explanation for why the
effect of artefacts > animals was reduced when relevance was
matched for the two categories, is that category effects in the medial
fusiform gyri are driven by high relevance items. This suggests that
the category differences typically observed in this region may be an
epiphenomenon of semantic relevance rather than effects due to
category per se.

It is interesting to notice that, although category effects no
longer reached significance when relevance was matched, a
trend could still be detected for items with medium relevance
(see Results for details). One possibility is that this effect was
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simply due to noise, consistent with the observation that a trend
could not be detected when the analysis was limited to low
relevance items. However, it is also possible that semantic
relevance does not entirely explain the category differences
typically reported in the medial fusiform gyri. In other words,
increased activation in the medial fusiform gyri for artefacts >
animals might be a compound effect of semantic relevance and
other factors. These might include some visual and semantic
properties of the stimuli that were not controlled in the present
study or even category per se.

A question of interest is whether semantic relevance might
modulate activation in other regions of the brain that typically
express category effects in functional imaging studies. For
instance, when lowering the statistical threshold to P < 0.001
(uncorrected), we found a trend in the right lateral fusiform gyrus
which is consistent with previous studies of category effects (Chao
et al., 1999; Rogers et al., 2005). However, this area did not appear
to be either positively or negatively modulated by semantic
relevance (P > 0.001 uncorrected) as shown in Fig. 4. It is
therefore important to recognise that semantic relevance may
explain increases for artefacts > animals in the medial fusiform
gyrus but does not appear to drive effects in other areas that are
modulated by category.

In short, the majority of previous functional imaging studies of
the semantic system had looked for divisions by varying stimulus
category (Ishai et al., 2000a,b; Chao et al., 1999; Damasio et al.,
1996; Martin et al., 1996; Moore and Price, 1999; Mummery et al.,
1996, 1998; Perani et al., 1995, 1999; Grabowski et al., 1998).
These studies had led to divergent results, which may reflect
differences in the types of stimuli that have been presented. To our
knowledge, no attempt has been made to measure directly the effect
of higher-order visual features on brain responses during picture
naming. Here, we have used a quantitative index of concept
activation and retrieval, namely semantic relevance. This has
allowed us to demonstrate that medial fusiform activation
previously reported for artefacts > animals is clearly related to
the higher-order visual features, which are directly indexed by
relevance. More specifically, we have shown that the medial
fusiform activation is primarily driven by a subset of artefacts
which have high semantic relevance. When these items are
excluded, category effects are greatly diminished.
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Appendix A
Semantic
relevance
ARTEFACTS
High relevance
BUS 401.13
MOTORCYCLE 400.15
BICYCLE 375.92
GUN 372.69
HOUSE 371.62
CHURCH 370.69
OLL 364.76

Appendix A (continued)
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Semantic
relevance

ARTEFACTS

High relevance
COUCH 364.54
LAMP 363.46
SAND-GLASS 362.61
SHOE 357.69
SAIL BOAT 354.53
ROCKING CHAIR 353.62
WINDMILL 347.30
WELL 343.74
SNOWMAN 342.07
NEST 337.61
EASEL 337.39
GLASSES 336.46
BED 333.30
HELICOPTER 328.23
CHAIN 327.89
SHIRT 327.48

Medium relevance
SHIELD 324.38
CAR 324.31
JACKET 324.03
CANDLE 323.88
FLASK 321.38
WATCH 319.30
RAFT 319.12
PIANO 313.61
TELEPHONE 310.61
DRESS 307.83
TRUCK 307.65
SWEATER 306.25
COAT 305.01
TELEVISION 304.86
STOVE 303.00
TORCH 302.40
BELL 301.94
CANOPY 299.48
CLOCK 293.77
PULPIT 291.37
KETTLE 290.05
FENCE 286.47
STOOL 285.86
MICROSCOPE 284.73
CHAIR 280.29
FORK 279.31
LIGHTHOUSE 279.13
MASK 278.94
AIRPLANE 278.47
NEEDLE 277.85
BELT 277.63
POCKETBOOK 277.00
SCREW 275.47
ACCORDION 270.31
BOOT 268.92
DESK 267.78
AXE 266.25
TABLE 264.93
SCALE 263.85
BRUSH 263.72
IGLOO 259.77
RECORD PLAYER 258.46
COMB 257.07

(continued on next page)



1000

Appendix A (continued)

A. Mechelli et al. / Neurolmage 30 (2006) 992—1002

Appendix A (continued)

Semantic Semantic
relevance relevance

ARTEFACTS ARTEFACTS

Medium relevance Medium relevance
LOCK 254.92 BARREL 190.03
FLAG 253.19 PITCHER 188.99
PENCIL 253.13 PEN 188.46
DRESSER 252.79 HANGER 185.68
ARMOUR 252.54 Low relevance
LIGHT BULB 252.08 PARACHUTE 182.33
SUITCASE 251.85 CROWN 181.85
NUT 251.40 PIPE 181.00
TELESCOPE 250.53 KEY 180.13
ROLLER SKATE 248.62 SPOON 179.51
ASHTRAY 245.38 BUTTON 178.44
IRON 243.68 ANCHOR 176.78
FOOTBALL HELMET 243.61 FRYING PAN 175.82
BABY CARRIAGE 243.36 CIGAR 173.08
CIGARETTE 242.53 BALLOON 172.70
SPINNING WHEEL 241.58 SIEVE 172.54
TRAIN 240.58 CAP 171.92
DIRIGIBLE 240.15 HARP 171.78
PLUG 236.03 BASKET 168.66
SCISSORS 235.76 VASE 166.97
LIGHT SWITCH 235.03 PYRAMID 166.49
VIOLIN 234.05 SLED 165.43
TIE 232.71 POT 165.21
DOORKNOB 231.49 KITE 164.75
KNIFE 229.97 SPOOL OF THREAD 164.52
WINEGLASS 228.80 PAGODA 164.40
IRONING BOARD 227.87 FRENCH HORN 161.69
CANNON 225.66 RING 160.37
OIL CRUET 223.39 TOP 154.83
REFRIGERATOR 223.28 UMBRELLA 152.84
ANVIL 223.06 PAINTBRUSH 152.46
TENNIS RACKET 221.18 GLOVE 152.26
TOOTHBRUSH 220.57 ROLLING PIN 150.52
TURBAN 220.30 SCREWDRIVER 149.21
TOASTER 219.89 BARN 147.65
RULER 219.87 HAMMOCK 146.82
BOOK 218.38 BROOM 146.69
WAGON 218.25 BOTTLE 146.04
SAW 217.72 GLASS 139.69
FOOTBALL 216.84 CuUP 137.68
BASEBALL BAT 216.54 DRUM 136.52
PANTS 213.78 BOW 125.78
WATERING CAN 213.29 THIMBLE 112.29
TUB 212.30
BALL 212.23 ANIMALS
GUITAR 211.29 Medium relevance
CLOTHESPIN 210.19 ELEPHANT 325.43
TRAFFIC LIGHTS 209.79 GOAT 278.90
HAT 209.63 LOBSTER 258.91
DOOR 207.48 KANGAROO 255.73
WHISTLE 206.86 FISH 252.75
SOCK 205.31 ROOSTER 245.30
BIGA 204.21 HEN 24422
NAIL 203.98 DOG 239.99
SWORD 202.60 CAMEL 237.01
CAKE 202.22 COW 233.43
SWING 201.22 SNAIL 232.01
RADAR 200.34 PEACOCK 227.33
PLIERS 196.86 DONKEY 216.68
GARBAGE CAN 196.02 SNAKE 215.02
SALT SHAKER 192.61 EAGLE 214.25
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Appendix A (continued)

Semantic
relevance
ANIMALS
Medium relevance
HIPPOPOTAMUS 212.46
SEAL 208.84
HORSE 205.48
RHINOCEROS 205.45
BUTTERFLY 198.93
MOUSE 196.45
SEA HORSE 195.76
BIRD 190.89
DEER 190.48
GIRAFFE 189.82
TIGER 188.53
GRASSHOPPER 187.72
TURKEY 186.73
LION 185.76
ZEBRA 184.95
PARROT 184.66
Low relevance
TURTLE 183.43
DUCK 183.08
LEOPARD 176.35
OSTRICH 175.91
TOUCAN 175.59
BEETLE 175.18
SWAN 173.35
OWL 170.27
SHEEP 170.00
WHALE 168.55
BEE 168.33
ANT 166.20
PENGUIN 161.22
CAT 160.37
GORILLA 155.07
RACCOON 152.52
FLY 150.33
CATERPILLAR 150.23
BEAR 147.91
FOX 143.37
SKUNK 140.51
SQUIRREL 140.10
PIG 140.10
WOLF 139.40
DACHSHUND 139.40
ALLIGATOR 138.10
MONKEY 137.12
PANDA 134.84
RABBIT 130.43
FROG 127.71
SPIDER 105.44
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