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The present study was aimed at clarifying the role of
perceptualand semantic processes contributingto category-
specific effects by measuring event-related brain poten-
tials (ERPs) during an object categorization task. Studies
on category-specific effects in semantic memory tasks
have become increasingly important to uncovering the
structure of the semantic system. This field of semantic
memory research originated in neuropsychological stud-
ies with brain-damaged patients, who occasionally ex-
hibit a selective loss of semantic knowledge in some cat-
egories. A large number of brain-damaged patients have
meanwhile been reported to have selectively lost their se-
mantic knowledge about natural (or animate/living) cate-
gories (e.g., animals, vegetables) while still showing pre-
served knowledge about objects from artifactual (or
inanimate/nonliving) categories (e.g., tools, musical in-
struments; De Renzi & Lucchelli, 1994; Warrington &
Shallice, 1984). The opposite pattern has also been ob-
served, albeit less frequently (e.g., Sacchett & Hum-
phreys, 1992; Warrington & McCarthy, 1987).

Likewise, neuroimaging studies in healthy volunteers
have revealed category-specific brain activation during
picture naming(e.g., Damasio, Grabowski, Tranel,Hichwa,
& Damasio, 1996; Martin, Wiggs, Ungerleider, & Haxby,
1996; Spitzer, Kwong, Kennedy, Rosen, & Belliveau,

1995). Since picture naming is assumed to be mediated by
semantic processes (see, e.g., Humphreys, Riddoch, &
Quinlan, 1988), category-specific brain activations were
taken as support for multiple semantic subsystems. In a
study using positron-emission tomography (PET), Mar-
tin et al. observed that naming tools elicited a stronger ac-
tivation than naming animals in an extendedarea of the left
frontal lobe as well as in an area of the left temporal lobe.
Conversely, naming animals activated an area in the left
occipito-temporal region more strongly than did naming
tools. The neuroanatomical locations of these category-
specific areas were largely confirmed in a recent neuropsy-
chological study with brain-damaged patients by Tranel,
Damasio, and Damasio (1997). In that study, however,a rel-
atively greater importanceof the right-hemisphere regions
for the processing of natural categories was observed.

Alternative Interpretations of
Category-Specific Effects

The precise interpretation of category-specific effects
in semantic memory tasks is still a matter of controversy.
In particular, the relative contributions of semantic and
perceptual factors to category-specific effects have been
debated.According to a multiple-systemsaccount, seman-
tic knowledge associated with a given category is locally
represented in the human brain to some extent.Hence, func-
tionally and structurally distinct semantic subsystems are
distinguished (Devlin, Gonnerman, Andersen, & Seiden-
berg, 1998;Farah & McClelland,1991;Spitzer, 1998;War-
rington & Shallice, 1984). For example, Warrington and
her colleagues (Warrington & McCarthy, 1987; Warring-
ton & Shallice, 1984)have proposed that category-specific
deficits in brain-damaged patients emerge from a more
fundamental distinction between visual and functional
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In two experiments the effect of object category on event-related potentials (ERPs) was assessed
while subjects performed superordinate categorizations with pictures and words referring to objects
from natural (e.g., animal) and artifactual (e.g., tool) categories. First, a category probe was shown
that was presented as name in Experiment 1 and as picture in Experiment 2. Thereafter, the targetstim-
ulus was displayed. In both experiments, analyses of the ERPs to the targets revealed effects of cate-
gory at about 160 msec after target onset in the pictorial modality, which can be attributed to category-
specific differences in perceptual processing. Later, between about 300–500 msec, natural and
artifactualcategorieselicitedsimilar ERP effectsacross targetand categorymodalities. These findings
suggest that perceptual as well as semantic sources contribute to category-specificeffects. They sup-
port the view that semantic knowledge associated with different categories is represented in multiple
subsystems that are similarly accessed by pictures and words.
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semantic knowledge. Their so-called sensory-functional
hypothesis states that visual semantic knowledge is more
important for identifying objects from natural categories
than for objects from artifactual categories because they
require a more fine grained differentiation between vi-
sual attributes. In contrast, functional semantic knowl-
edge is supposed to be more relevant for objects from ar-
tifactual categories because the visual appearance of
objects from a given artifactual category can vary con-
siderably. However, artifactual objects are specifically
designed to subserve a certain function (see Tranel, Logan,
Frank, & Damasio, 1997, for a factor analysis of various
variables obtained from natural and artifactual objects).

The multiple-systems account for category-specific
effects has been criticized by Humphreys and colleagues
(Humphreys & Riddoch, 1987; Lloyd-Jones & Hum-
phreys, 1997a, 1997b). They have argued that category-
specific effects do not necessarily imply multiple semantic
systems and provide a perceptual account of category-
specific effects. This perceptual account states that ob-
jects from natural categories have similar shapes and are
therefore perceptuallynot differentiated from each other.
For that reason, objects from natural categories are called
structurally similar. Objects from artifactual categories,
in contrast, have distinct shapes. They are therefore per-
ceptually more differentiated and are considered to be
structurally dissimilar. In the perceptual account, it is as-
sumed that visual identification of structurally similar
objects is more difficult than identificationof structurally
dissimilar objects.

Selective deficits in natural categories in brain-damaged
patients are explainedon the grounds of these perceptual
differences; that is, the more difficult process of visual
recognition of natural objects is more readily disturbed
by any nonspecific damage to the structural representa-
tion and/or the semantic system. Selective deficits in ar-
tifactual categories are assumed to arise from damage to
representations of functional object knowledge. In that
respect, the perceptual and the multiple-systems ac-
counts provide similar interpretations.

In particular, early reports of category-specific se-
mantic memory impairments in natural categories have
been criticizedas visual complexity, familiarity, and name
frequency of the stimuli were not properly controlled
(Humphreys & Riddoch, 1987). Accordingly, deficits in
natural categories disappeared in some patients when
these variables were taken into account (Funnell & Sheri-
dan, 1992; Parkin & Stewart, 1993). However, in more re-
cent studies that were explicitly controlled for these fac-
tors patients still exhibited a deficit in natural categories
(e.g., Farah, McMullen, & Meyer, 1991; Kurbat, 1997).
Furthermore, selective deficits in natural categories are
not only reported in the visual, but likewise in other sen-
sory as well as in the verbal inputmodality (e.g., Sheridan
& Humphreys, 1993). Hence, category-specific semantic
memory impairments cannot be simply attributed to per-
ceptual difficulty.

Yet, there is recent evidence that perceptual sources
still contribute to category-specific effects even when
stimuli were controlled for name frequency, visual com-
plexity, and familiarity. Studies with healthy subjects
showed that pictures with objects from natural categories
took longer to be named than did objects from artifactual
categories (Lloyd-Jones & Humphreys, 1997a, 1997b).
In a regression analysis, “perceptual feature overlap” was
the most important predictor for naming latencies (Lloyd-
Jones & Humphreys 1997b). Furthermore, naming of
objects from natural but not from artifactual categories
was facilitated by surface details such as texture and color
(Price & Humphreys, 1989; Tanaka & Presnell, 1999).
These findings suggest that visual features are more im-
portant for the processing of natural than of artifactual
categories, probably because natural categories show a
greater perceptual similarity.

Electrophysiological Correlates of
Perceptual and Semantic Processing

Recordings of time-locked brain electrical activity
have been frequently used to uncover structure and pro-
cesses underlying task performance (Rugg & Coles,
1995). In contrast to behavioral measures, the ERP
method allows the on-line analysis of cognitive pro-
cesses with a temporal resolution in the range of mil-
liseconds and conveys informationabout their neural sub-
strates. ERPs have been successfully applied to examine
semantic processing in numerous studies (for an
overview, see Kutas & Van Petten, 1994). For instance,
the N400 ERP-component—that is, a negative deflection
in the ERP peaking at about 400 msec after stimulus pre-
sentation—has been widely used as an electrophysio-
logical index of semantic processing (Kutas & Hillyard,
1980). The N400 has been shown to be specifically sen-
sitive to semantic deviations (Kutas & Hillyard, 1980,
1983). Furthermore, the scalp distribution of the N400
appears to be sensitive to structural aspects of semantic
memory since it differs between concrete and abstract
words (Kounios & Holcomb, 1994). Using ERPs, it was
also possible to differentiate the semantic representa-
tions of action verbs and nouns evoking visual associa-
tions (Dehaene, 1995; Pulvermüller, Preissl, Lutzen-
berger, & Birbaumer, 1996).

ERPs can also be applied to distinguish between per-
ceptual and semantic processes in object categorization.
In a recent study, Tanaka, Luu, Weisbrod, and Kiefer
(1999) observed that subordinate categorizations (e.g.,
poodle) of a depicted object eliciteda larger N1 than basic
level (e.g., dog) or superordinate categorizations (e.g.,
animal) starting at about 150 msec after target presenta-
tion. The visual N1 ERP component, an early negative
deflection in the ERP, reflects perceptual processing and
is enlarged when attention is paid to visual stimuli (Man-
gun & Hillyard, 1991). This ERP effect supports previous
cognitive studies suggesting that subordinate categoriza-
tion requires extended perceptual processing (Jolicœur,
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Gluck, & Kosslyn, 1984). In contrast, Tanaka et al. found
a frontal ERP effect related to superordinate relative to
basic-level categorizations starting at about 300 msec
after target presentation. Since frontal ERP effects re-
flecting semantic processing have been described in sev-
eral studies (Kiefer, Weisbrod, Kern, Maier, & Spitzer,
1998; Snyder, Abdullaev, Posner, & Raichle, 1995), this
observation is consistent with the assumption that su-
perordinate categorization requires additional semantic
processing (Jolicœur et al., 1984).

The Present Study
The present study was designed to dissociate percep-

tual and semantic sources underlying category-specific
effects in neurologically intact subjects. ERPs recorded
during task performance were used for tracking the time
course of cognitive processes involved in object catego-
rization. ERPs to natural and artifactual categories were
assessed in a superordinate categorization task with pic-
tures and object names as target stimuli. Contributions of
perceptual and semantic processes can be distinguished
by their corresponding ERP events, as modulated by nat-
ural and artifactual categories.

ERP effects related to perceptual processing are ob-
served relatively early after stimulus presentation in the
N1 window (between 100 and 200 msec) at posterior elec-
trode sites. As noted, due to their greater perceptual sim-
ilarity, visual information presumably plays a more im-
portant role for the categorizationof objects from natural
than from artifactual categories.According to this assump-
tion, the visual N1 ERP component should be enlarged
to natural categories. In contrast, ERP effects related to
semantic processing are usually obtained somewhat later
in the N400 time window between 200 and 500 msec
after target presentation (Kutas & Hillyard, 1980). In nu-
merous studies, the N400 has been shown to be sensitive
for semantic congruency(i.e., a greater N400 for words or
pictures that violate the semantic context in comparison
with semantically congruent stimuli). More important
for the present study, category-specific ERP differences
in the N400 window are most likely related to category-
specific access to semantic memory. Given what is known
about category-specific semantic memory organization
from neuropsychological and neuroimaging studies, ar-
tifactual and natural categories should differentially mod-
ulate the N400 ERP component at fronto-central and
occipito-temporal electrode sites.

The systematic variation of object category and target
modality further helps to dissociate perceptual and se-
mantic sources. If category-specific effects reflect se-
mantic memory organization rather than merely differ-
ences in perceptual processing, they should be observed
with pictorial as well as with verbal stimuli. In contrast,
category-specific effects confined to pictorial stimuli are
most likely due to perceptual differences.

EXPERIMENTS 1 AND 2

In the first experiment, subjects had to indicate whether
or not a given superordinate category name (e.g., “ani-
mal”) is appropriate to a target object (e.g., cat). This stan-
dard paradigm has several limitations.First, manipulation
of target modality is confoundedwith the absence or pres-
ence of a modality switch between category probe and tar-
get object. Second, the verbal category label may have en-
couraged the subjects to adopt a verbal strategy even in
the pictorial modality. For these reasons, a second exper-
iment was conducted in which the target stimuli (pictures
and words) and procedure were identical to those of Ex-
periment 1, but the category probe was presented pictori-
ally in form of an object pair (e.g., zucchini and kohlrabi
as probe for the category vegetable; see Figure 1). The ra-
tionale for using an object pair instead of a single object
as category probe was that a pair represents the entire con-
ceptual and perceptual range of a given superordinatecat-
egory to a greater extent than a single object does.

Method
Since both experiments were basically the same regarding the ex-

perimental design and procedures, they are described together in the
following method section, with any methodological differences noted.

Subjects
Twenty-five right-handed University of Heidelberg students par-

ticipated in Experiments 1 and 2, respectively. All of the subjects
participated in only one experiment and gave an informed consent.
Participation in the experiments was voluntary and not paid. Hand
dominance was assessed with a translated German version of the
Edinburgh Inventory (Oldf ield, 1971). Subjects were native Ger-
man speakers with no neurological or psychiatric disorder and nor-
mal or corrected-to-nor mal vision. In each experiment, data of
5 subjects had to be excluded from analysis because of excessive ar-
tifacts in the EEG recordings (less than a minimum of 60% artifact-
free trials). In Experiment 1, the remaining 20 subjects (10 male/
10 female) had an average age of 26.4 years (range 5 22–34). In
Experiment 2, average age of the 20 included subjects (10 male/
10 female) was 24.5 years (range 5 19–29).

Materials
Experiment 1 stimuli consisted of a superordinate category

name as probe and a target object (Figure 1). One hundred sixty
color pictures of common objects and 160 corresponding object
names served as targets. Half the objects belonged to artifactual cat-
egories (20 items from the categories of tools, furniture, trans-
portation, and musical instruments, respectively) and the other half
were from natural categories (20 instances from the categories of
animals, plants, fruits, and vegetables, respectively). These categor-
ies were most frequently used in previous studies (e.g., Spitzer et
al., 1995; Warrington & McCarthy, 1987). Pictures were digitized
mainly from The Macmillan Visual Dictionary (Corbeil & Archam-
bault, 1994) and adjusted in size. The objects were depicted in a
canonical view against a white background.

For the selection of the target objects, two pretests were run. In
the first pretest (n 5 15), object names for the verbal condition and
naming latencies for the pictures as an index for picture recognition
difficulty were obtained. For each picture, mean naming latency
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was calculated and the most frequent object name was determined,
which was subsequently used in the main experiments. Only ob-
jects that could be correctly named by at least 70% of the subjects
were included in the final stimulus set. In the second pretest, typi-
cality ratings for the objects were obtained from a new sample of 20
subjects.

Stimuli were selected so that target objects from natural and ar-
tifactual categories did not differ from each other signif icantly in
typicality [natural, 4.65; artifactual, 4.56; t (1,158) 5 1.221] and nam-
ing latency [natural, 1,215 msec; artifactual, 1,186; t (1,158) 5 .972]
as well as in word length [natural, 6.9 letters; artifactual , 7.5;
t(1,158) 5 21.350] and in word frequency [according to Ruoff,
1990; natural, 8.08 per 500,000; artifactual, 9.53 per 500,000;
t(1,158) 5 2.409] of the object names. Categories were also equated
in terms of the average width [natural, 6.4 cm; artifactual, 6.2 cm;
t(1,158) 5 .492] and height [natural, 5.7 cm; artifactual, 6.2 cm;
t(1,158) 5 .804] of the pictures as well as the width [natural, 4.8
cm; artifactual, 5.2 cm; t(1,158) 5 21.204] and the height (1.7 cm
for both categories) of the object names. At a distance of 95 cm, the
viewing angle for the pictorial stimuli subtended on average 3.8º
horizontally and 3.4º vertically, and for the verbal stimuli, 3º hori-
zontally and 1º vertically. The category labels had an average width
of 6.2 cm and an average height of 1.7 cm (viewing angle, 3.7 º hor-
izontal, 1º vertical). Since natural and artifactual categories were
initially matched for name frequency, naming latency, and typicality,
but not for complexity and familiarity of the pictures, both variables
were measured post hoc following the instructions of Snodgrass
and Vanderwart (1980) in a group of 20 new subjects. Mean differ-

ences in these variables were small [complexity, artifactual 5 2.8 vs.
natural 5 2.5, t(158) 5 2.067, p < .05; familiarity, artifactual 5 2.8
vs. natural 5 3.1, t(158) 5 3.9, p < .001], but statistically reliable.

In half the trials, category–target object pairings were semantically
congruent; that is, the object was a member of the specified category
(e.g., animal– cat), and in the other half they were semantically in-
congruent. Semantic congruency and kind of category (natural or
artifactual) were varied orthogonally. This was achieved by re-
grouping congruent category– target object pairings only within a
given kind of category to obtain items for the incongruent condition
(e.g., animal–rose). All category–object pairs were divided into two
stimulus lists in such a way that each object occurred in one list in
the congruent and in the other list in the incongruent condition. Each
subject saw both stimulus lists. However, one list was presented
with targets in the pictorial and the second list with targets in the
verbal modality. The assignment of the lists to the different target
modalities and the presentation order of the modalities was counter-
balanced across subjects. As a result, each object occurred with the
same frequency in the congruent and incongruent conditions in
both the pictorial and the verbal modalities. This procedure yielded
a 2 3 2 3 2 completely crossed factorial design with modality, cate-
gory, and semantic congruency as independent variables. In total, sub-
jects received 40 trials for each of the eight experimental conditions.

The only change in the second experiment concerned the modal-
ity of the presented category. Instead of the category names, cate-
gories were probed by a pair of depicted objects (Figure 1). Through-
out the experiment, the same pair of objects was used for a given
category. The categories were visualized by the following pairs of

750 ms
fixation cross

300 ms
category

600 m
ISI

until response
target

Experiment 1

Experiment 2

+

cat

animal

+

cat

Figure 1. Temporal sequence of events in one trial of the superordinate
categorization task. The example in the top row is an instance of a category
name/ target object pairing as used in Experiment 1 (congruent condition). The
bottom row exemplifies a category picture–target object pairing as used in
Experiment 2 (incongruent condition).
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objects, which were not used as targets: transportation (cabriolet,
subway), tools (crowbar, shovel), furniture (folding chair, kidney-
shaped table), musical instrument (mouth organ, keyboard), fruit
(cranberry, apricot), vegetable (zucchini, kohlrabi), plants (maple,
deadnettle), animal (duck, sheep). The object pairs were selected
so that visual similarity within one pair was minimized and so that
a broad range of category instances were represented. The pictures
were adjusted in size and were placed pairwise in the lower left and
in the upper right corner of the category-specifying picture. These
pictures were 9.7 cm in length and 6.4 cm in height (viewing angle,
5.8º horizontal, 3.8º vertical). A pretest with 10 new subjects
showed that the category pictures probed the intended categories
unequivocally.

Procedure
In Experiment 1, subjects were seated in front of a computer

screen with their chins positioned on a chinrest in a dimly lit elec-
trically shielded room. All stimuli were displayed in the center of a
computer screen synchronous with the screen refresh rate. Each
trial started with the presentation of a fixation cross for 750 msec
that was replaced by a superordinate category name for 300 msec.
After an interstimulus interval (ISI) of 600 msec the target stimu-
lus was displayed. The target remained on the screen until the sub-
ject responded. It disappeared automatically after 3,000 msec if
there was no response, and the trial was counted as an error. Reaction
times (RTs) to the target stimuli as well as the correctness of the re-
sponse were recorded. Following the subject’s response, three stars
were displayed, which prompted the subject to initialize the subse-
quent trial with a mouse click (see also Figure 1). Subjects were
presented with a category name and thereafter with an object. They
were requested to decide as quickly and as accurately as possible
whether the target object was a member of the previously presented
category or not. Subjects responded with their right hands using the
index finger for yes responses (left mouse button) and the middle
finger for no responses (right mouse button). Subjects were also in-
structed to refrain from moving and blinking. Picture and word tar-
gets were presented in separate blocks. Within the blocks, the order
of the category– target object pairs was randomized. Before the
main experiment, a practice experiment consisting of 32 trials was
run. A second practice experiment with 16 new trials was run before
the second block when the target modality was changed. In both
training phases, feedback on the correctness of the response was
given. In the main experiment, subjects did not receive feedback re-
garding their performance. The entire experimental session required
about 2 h to complete. In Experiment 2, experimental procedure
was identical to that of Experiment 1 except that, instead of the ver-
bal category labels, category pictures were shown. At the beginning
of the experiment, subjects were familiarized with the category pic-
tures printed on a sheet of paper. The categories were never named
by the experimenter.

ERP Recording and Signal Extraction
Scalp voltages were collected using a 64-channel Geodesic Sen-

sor Net (Tucker, 1993). The net consists of 66 sintered Ag/AgCl
electrodes, which occupy the vertices of a triangular mesh of elas-
tic line. This ensures their regular repartition on the surface of the
scalp with a spacing of about 4 cm (see Figure 2). A right inferior
occipital electrode was connected to the ground, and the vertex
electrode was used as reference. Eye movements were monitored
with supra- and infra-orbital electrodes and with electrodes on the
external canthi. Electrode impedance was maintained below 20 kW
for all recordings. Electrical signals were amplif ied with Synamps
amplifiers (low-pass filter 5 70 Hz, 24-dB/octave attenuation; 50-
Hz notch filter). Scalp voltages were continuously recorded, digi-
tized by a microcomputer at a sampling rate of 250 Hz, and stored
on the hard disk for off-line analysis. The continuous EEG was seg-

mented in epochs starting 150 msec before the onset of the target
and lasting until 900 msec after its onset.

The EEG epochs were digitally low-pass filtered with an upper
cutoff at 16 Hz using a two-pole double Butterworth filter and were
aligned to the 150-msec baseline before the onset of the target. EEG
epochs were examined, and all trials contaminated with ocular or
movement artifacts were discarded. Trials with correct responses
were averaged separately for conditions, synchronous to the onset
of the target. On average, individual subject averages were based on
32.1 trials (range 5 21–40). The number of trials included in the av-
erages did not differ signif icantly between conditions [F(7,133) 5
1.341, MSe5 10.482, p < .24]. The average-reference transform
was applied to obtain a reference-independent estimation of scalp
voltage (Bertrand, Perrin, & Pernier, 1985), and the reconstructed
vertex reference was added to the data, resulting in a total of 65 data
channels. The average-reference transformation has been shown to
be useful for topographic ERP analysis in previous studies (e.g.,
Kiefer et al., 1998).

Statistical Analysis
Scalp voltage was analyzed statistically at bilateral pairs of elec-

trodes in specific time windows. To restrict the number of statistical
comparisons, electrodes were selected a priori in several scalp re-
gions of interest according to theoretical predictions. Two time win-
dows were determined according to the major ERP features of the-
oretical interest observed in the data set: (1) the visual N1 with a
maximum over posterior areas and (2) the centro-parietal N400. In
both experiments, the N1was analyzed in the time window of 166–
206 msec and the N400 in the time window of 370–520 msec post-
target. Mean voltages were computed for each time window and for
selected pairs of bilateral electrodes in four scalp regions (Fig-
ure 2): fronto-central (16/53, 10/58), centro-parietal (28/41, 17/42,
5/54), occipito-temporal (33/40, 27/45, 25/46), and inferior temporo-
occipital (30/50, 31/47). ERPs in the N1 time window were ana-
lyzed at inferior temporo-occipital electrodes because early per-
ceptual effects on ERPs were expected in this scalp region (Tanaka
et al., 1999). ERPs in the N400 window were assessed at fronto-
central, centro-parietal, and occipito-temporal electrodes, since the

Figure 2. Electrode locations on the Geodesic net. Each num-
ber represents a recording site. A line indexes the groups of bi-
lateral pairs of electrodes selected for statistical analysis.
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N400 is largest in these regions (Kutas & Hillyard, 1980). Further-
more, categories are expected to elicit differential ERP waves, par-
ticularly at fronto-central and occipito-temporal electrodes (De-
haene, 1995; Pulvermüller et al., 1996).

To reduce complexity of statistical analysis, voltages were aver-
aged across electrode sites in each scalp region of interest. Separate
repeated measures analyses of variance (ANOVAs) were performed
for picture and word targets on mean voltage of each time window
with category, congruency, and hemisphere as factors. Mean dif-
ferences between conditions were subsequently assessed using
Newman–Keuls tests. When appropriate, degrees of freedom were
adjusted according to the method of Greenhouse–Geisser, and only
corrected signif icance levels are reported. The level of significance
testing was p 5 .05.

Results
Experiment 1: Category Names

Behavioralresults. Repeated measures ANOVAs were
carried out on RT to the targets and on error rate (ER),
with modality, category, and congruency as factors. RT
analysis was based on mean RT of the correct responses
per condition. Responses longer than twice the individ-
ual mean were rejected as outliers (.76% of the data set).
Analysis revealed that picture targets were categorized
faster than word targets [main effect of modality, F(1,19) 5
4.488, MSe5 24,124.8,p < .05], and reactions to congru-
ent targets were faster than to incongruent targets [main
effect of congruency, F(1,19) 5 33.183, MSe5 4,624.4,
p < .0001]. Moreover, category interactedwith congruency
[F(1,19) 5 17.232, MSe5 756.3, p < .001]. Newman–
Keuls tests revealed that objects from natural categories
were verified faster than objects from artifactual categories
when category and target were congruent. In the incon-
gruent condition, RT between categories was not signifi-
cantly different. Modality interactedwith neither category
nor congruency (F < 1). Hence, category and congruency

affected verification latencies largely independently of
modality (Figure 3).

Analysis of ER yielded a main effect of category
[F(1,19) 5 7.805, MSe5 6.7, p < .01] that was qualified
by a category 3 congruency interaction [F(1,19) 5
26.482, MSe 5 27.3, p < .0001]. Post hoc tests indicated
that in the congruent condition, more errors were made
for artifactual than for natural categories. In the incon-
gruent condition, ER was higher for natural than for ar-
tifactual categories (Figure 3). The factor modality was
not significant and it did not interact with any other fac-
tor (F < 1).

Electrophysiological data. In all conditions, presen-
tation of the target elicited a visual P1 ERP component
at about 130 msec posttarget onset followed by a visual
N1 at about 180 msec posttarget onset (Figure 4). These
early components were largest over the posterior part of
the head at inferior temporal and occipital electrodes,
thus roughly over the visual cortices. Both ERP compo-
nents reflect perceptual processing of visual stimuli (Man-
gun & Hillyard, 1991). In the N1 time window, category-
specific differences emerged only in the pictorialmodality.
Natural categories elicited a larger visual N1 than arti-
factual categories. In the subsequent part of the record-
ing epoch a broad negative deflection was observed at
centro-parietal electrodes (around the vertex—the mid-
dle of the head), at fronto-central electrodes (roughly
over the motor cortices), and also over the back of the
head at occipito-temporal electrodes. This negative de-
flection was larger to incongruent than to congruent tri-
als and peaked at about 400 msec after target presenta-
tion. According to its latency, topography, and sensitivity
to semantic congruity, this deflection was identified as
an N400 ERP component (Kutas & Hillyard, 1980). The
N400 was partially overlapping with a posterior positiv-
ity that was more rapidly rising for congruent trials and
that is known as the “late positive complex” (LPC). In
the N400 time window, ERPs to natural and artifactual
categories diverged in both input modalities. Natural cat-
egories elicited a less negative potential than artifactual
categories over the right hemisphere, in particular at
right occipito-temporal electrodes—that is, over poste-
rior parts of the head superior to the electrodes at which
the N1 effect was obtained. In the pictorial modality, po-
tentials to artifactual categories were less negative than
to natural categories at left fronto-central electrodes.1
Thus, category-specific ERP differences were observed
that were at least in part comparable for both modalities.

Statistical analysis of the ERP data focused on two time
windows of interest: (1) the early time window (visual
N1) and (2) the late time window (N400). (For the rationale
of time window and electrode selection, see the Method
section.) In order to reduce complexityof the Results sec-
tion, main effects of hemisphere that are not of theoreti-
cal interest are not reported.

Early time window (visual N1). N1 amplitude was an-
alyzed at inferior temporo-occipital electrodes in a time
window of 166–206 msec posttarget onset. In the pic-

Figure 3. Mean RTs (n 5 20) and error rates (ERs) in the su-
perordinate verification task of Experiment 1 for picture and
word targets as a function of category and semantic congruency
(lines 5 RT; bars 5 ER). The error bars depicted in the present
and the upcoming figures indicate the standard errors of the
mean of each condition.
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Figure 4. Selected ERP waveforms of average-referenced grand-averaged data (n 5 20) for picture and word targets from Experi-
ment 1 as a function of object category and semantic congruency. Potentials are collapsed across electrode sites within each scalp region.
For the location of the electrodes refer to Figure 2. The long vertical line indicates the onset of the target. In this and the following figures,
negative potentials are plotted downward and positive potentials upward. The small closed arrows indicate the early category-specific
ERP effect on the visualN1. The large arrows refer to late category-specific effects (N400): Closed arrowheads indicate scalp regions where
natural categories elicited a less negative potential than artifactual categories (i.e., natural categories showed a decrement in N400 am-
plitude). Open arrowheads refer to regions where artifactual categories elicited a less negative potential than natural categories.
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torial modality, differences between categories were ob-
served [main effect category, F(1,19) 5 30.503, MSe 5
766.5, p < .0001]. ERPs to natural categories were more
negative than to artifactual categories; that is, visual N1
was larger to natural than to artifactual categories. In the
verbal modality no comparable effect was obtained
(Figure 4).

Late time window (N400). In the N400 time window
(370–520 msec after target presentation), ERPs were as-
sessed at fronto-central, centro-parietal, and occipito-

temporal electrodes. The results of these analyses are re-
ported separately for each scalp region (Figures 4 and 5).

1. Fronto-central: Congruency affected ERPs in both
the pictorial and verbal modalities [picture, F(1,19) 5
23.410, MSe 5 956.7, p < .001; word, F(1,19) 5 25.373,
MSe 5 1,783.0,p < .0001]. Incongruent targets were more
negative than congruent targets. Hence, an N400 congru-
ency effect was demonstrated for both picture and word
targets. Moreover, in the pictorialmodality, a hemisphere-
specific effect of category was observed as indexed by a
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Figure 5. Mean voltages (average-referenced data; n 5 20) from Experiment 1 for the late time window (N400;
370–520 msec) at selected electrode groups (collapsed across electrode sites) as a function of object category and
hemisphere in the pictorial and verbal target modality. An asterisk indicates significant effects between cate-
gories in the ANOVAs. Note a less negative potential to artifactual categories in the fronto-central region, partic-
ularly over the left hemisphere. ERPs to natural categories were less negative over the right hemisphere, in par-
ticular over the occipito-temporal region.
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category 3 hemisphere interaction [F(1,19) 5 13.041,
MSe 5 704.2, p < .01]. Post hoc tests revealed that artifac-
tual categories were less negative than natural categories
over the left hemisphere. As can be seen in Figure 4, ar-
tifactual categories were developing a positive shift rel-
ative to natural categories, thereby reducing the N400.
Over the right hemisphere, the opposite voltage pattern
was observed: Natural categories were less negative than
artifactual categories.

2. Centro-parietal: Congruency affected ERPs in the
pictorial and verbal conditions[picture, F(1,19) 5 17.664,
MSe5 2,371.6, p < .001; word, F(1,19) 5 44.069, MSe5
2,289.9, p < .0001]. ERPs to incongruent targets were
more negative than those to congruent targets. Hence, an
N400 congruency effect was also obtained over the
centro-parietal area. In addition, category-specific dif-
ferences were observed. In the pictorial modality, a main
effect of category [F(1,19) 5 6.171, MSe5 1,703.3, p <
.05] was qualifiedby a category 3 congruency interaction
[F(1,19) 5 12.467,MSe5 1,625.5,p < .01]. Post hoc tests
revealed that congruent and incongruent targets differed
significantly from each other in artifactual, but not in
natural, categories. Hence, an N400 congruency effect
was obtained only in artifactual categories. Furthermore,
it turned out that differences between categories were
confined to the incongruent condition. A category 3
hemisphere interaction [F(1,19) 5 8.183, MSe 5 560.9,
p < .05] indicated a less negative potential over the right
centro-parietal region for natural than for artifactual cat-
egories. In the verbal modality, a category 3 congruency
3 hemisphere interactionwas obtained[F(1,19) 5 6.177,
MSe 5 269.8, p < .05]. The congruency effect for arti-
factual categories was larger than for natural categories
over the right hemisphere. Post hoc tests showed that ERP
differences between congruent and incongruent targets
were reliable over both hemispheres in natural as well
as in artifactual categories. As in the pictorial modality,
category-specific differences were confined to the incon-
gruent condition.

3. Occipito-temporal: At occipito-temporal electrodes,
category-specific effects were also observed in both the
pictorial and verbal modalities. In the pictorial modality,
a main effect of category was obtained [F(1,19) 5 8.376,
MSe 5 2,668.7, p < .01] that was modified by a category
3 hemisphere interaction [F(1,19) 5 8.793, MSe 5
1,015.0, p < .01]. Likewise, the category 3 hemisphere
interaction was also significant in the verbal modality
[F(1,19) 5 5.198, MSe 5 770.3, p < .05]. Post hoc tests
showed that ERPs to natural categories were less negative
than to artifactual categories over right occipito-temporal
areas. Categories did not differ from each other signifi-
cantly over the corresponding left hemisphere region.

Summary of the ERP results. In the early time window
(visual N1), category affected ERPs only in the pictorial
modality. Natural categories elicited a greater N1 than
artifactual categories. In the late time window (N400),
category-specific ERP differences emerged in both
modalities at right-hemisphere electrodes, in particular

over occipito-temporal and centro-parietal regions. Nat-
ural categories elicited a less negative potential than ar-
tifactual categories. In the pictorial modality, category-
specific differences were also obtained at fronto-central
electrodes: Over the left hemisphere, artifactual cate-
gories elicited relative to natural categories a less nega-
tive potential. Over the right hemisphere the opposite
pattern was observed—that is, a less negative potential
to natural categories. Hence, categories affected the
N400 ERP component differentially. Finally, a N400
congruency effect was observed at fronto-central and
centro-parietal electrodes (i.e., a more negative potential
to incongruent than to congruent targets). The N400 con-
gruency effect was larger in artifactual than in natural
categories at centro-parietal electrodes. In the verbal
modality, a corresponding category-specific difference
in the N400 congruency effect was confined to the right
hemisphere.

Experiment 2: Category Pictures
Behavioral results. Analysis of verification latencies

was based on mean RT of the correct responses per con-
dition. Responses longer than twice the individual mean
were rejected as outliers (.57% of the data set). A repeated
measures ANOVA with modality, category, and seman-
tic congruency as factors showed main effects of modality
[F(1,19) 5 5.920, MSe 5 12,517.2,p < .05] and congru-
ency [F(1,19) 5 22.862, MSe 5 4,092.1, p < .001]. Re-
sponses to picture targets were faster than to word targets,
and the acceptance of a congruent target as a member of
a category occurred faster than the rejection of an in-
congruent target (Figure 6). Furthermore, a modality 3
category interaction [F(1,19) 5 17.056, MSe 5 1,012.8,
p < .001] indicated that category-specific RT effects dif-
fered between modalities. Post hoc tests revealed that RT
differences between categories were restricted to the pic-

Figure 6. Mean RTs and error rates (ERs; n 5 20) in the super-
ordinate verification task of Experiment 2 for picture and word
targets as a function of category and semantic congruency (lines 5
RT; bars 5 ER).
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torial modality. Verification latencieswere shorter to nat-
ural than to artifactual categories. In the verbal modality,
mean differences were not statistically reliable. A mar-
ginally significant triple interaction of modality 3 cate-
gory 3 congruency [F(1,19) 5 3.819, MSe 5 844.9, p <
.065] suggests that category-specific RT differences ob-
served in the pictorial modality were larger in the con-
gruent than in the incongruentcondition.These modality-
and category-specific effects contrast the findings of Ex-
periment 1, in which category-specific differences oc-
curred regardless of input modality. Inspection of Fig-
ures 3 and 6 reveals another major difference between
the experiments.The overallRT in Experiment 2 was about
100 msec faster than in Experiment 1. As can be seen,
this was a general effect independent of target modality
and category.

ERs were also subjected to a repeated measures ANOVA
with modality, category, and congruency as factors. In
this analysis, marginally signif icant interactions for
modality 3 category [F(1,19) 5 4.104, MSe 5 19.6, p <
.057] and modality 3 category 3 congruency[F(1,19) 5
4.089, MSe 5 19.9, p < .057] were observed. The triple
interaction indicated that the ER pattern was different for
picture and word targets. In the pictorial modality, ERs
were higher when a congruent object had to be accepted
as a member of an artifactual category than as that of a
natural category. In contrast, subjects were less accurate
in their rejections of an incongruentobject from a natural
category relative to an incongruent object from an arti-
factual category. Hence, there was a particular difficulty
in accepting congruent objects from artifactual categor-
ies and in rejecting incongruent objects from natural cat-
egories. In the verbal modality, ER was higher for nat-
ural than for artifactual categories (Figure 6).

Electrophysiological results. Presentation of the tar-
get stimuli elicited ERP events similar to those in Exper-
iment 1: the early sensory components P1 and N1 over
inferior occipital and inferior temporal areas and the later
N400 as well as a broad parietal and occipito-temporal
positivity (LPC). The ERP wave forms in Figure 7 show
a pattern of early and late category effects similar to that
observed in Experiment 1—an early effect on the visual
N1 confined to the pictorial modality (i.e., a larger N1 am-
plitude to natural categories) and later category-specific
differences in both modalities,most pronouncedat fronto-
central and occipito-temporal electrodes. As in Experi-
ment 1, ERPs were statistically analyzed in the early time
window (N1) and the late time window (N400).

Early time window (N1). In this time window, scalp
voltages were analyzed at inferior temporo-occipital
electrodes (see also Figure 7). In the pictorial modality,
a significant effect of category was obtained [F(1,19) 5
13.931, MSe 5 20,692.0, p < .001]: Natural categories
elicited a greater N1 than artifactual categories. There
was also a marginal effect of congruency [F(1,19) 5
3.733, MSe 5 15,410.9, p < .07]. ERPs to congruent tar-
gets were more negative than to incongruent targets. In the

verbal condition, category-specific differences in N1
amplitude were not statistically reliable.

Late window (N400). In this time window, ERPs were
analyzed at fronto-central, centro-parietal, and occipito-
temporal electrodes (Figures 7 and 8).

1. Fronto-central: In both modalities, incongruent tar-
gets elicited a more negative potential than congruent
targets, as indexed by a main effect of congruency [pic-
ture, F(1,19) 5 25.476, MSe 5 2,098.5, p < .0001; word,
F(1,19) 5 32.384, MSe 5 2,124.8, p < .0001]. Hence,
an N400 congruency effect was obtained. Furthermore,
category-specific differences were observed in both
modalities. ERPs to artifactual categories were less neg-
ative than ERPs to natural categories [main effect category,
picture, F(1,19) 5 12.260, MSe 5 855.5, p < .01; word,
F(1,19) 5 6.788, MSe 5 1,099.4, p < .05]. Unlike in Ex-
periment 1, comparable effects were observed in both
modalities. In the pictorial modality, the category 3 con-
gruency [F(1,19) 5 13.439, MSe 5 581.0, p < .01] inter-
action indicates that the congruencyeffect was larger in ar-
tifactual than in natural categories. Post hoc tests showed
that mean differences between congruent and incongru-
ent targets were reliable in both categories. Furthermore,
categories significantly differed from each other only in
the congruent condition:Artifactual categories elicited a
less negative potential than natural categories. In the ver-
bal modality, a corresponding category 3 congruency
interaction was only marginally significant [F(1,19) 5
3.979, MSe 5 1,283.5, p < .06]. In the pictorial modality,
the category-specific effect differed between hemispheres
(interaction category 3 hemisphere, F(1,19) 5 7.615,
MSe 5 399.5,p < .05]. Post hoc tests revealed that the volt-
age difference between categories was reliable only over
the left hemisphere (i.e., a less negative potential to arti-
factual than to natural categories).

2. Centro-parietal: At centro-parietal electrodes, in-
congruent targets elicited a larger N400 component than
congruent targets in all conditions [main effect congru-
ency, picture, F(1,19) 5 53.793,MSe 5 2,791.9,p < .0001;
word, F(1,19) 5 51.010, MSe 5 4,227.38, p < .0001].
Moreover, category-specific differences were observed.
The congruency effect was larger for artifactual than for
natural categories in both modalities, as indicated by a
category 3 congruency interaction [picture, F(1,19) 5
56.661, MSe 5 436.3, p < .0001; word, F(1,19) 5 4.447,
MSe 5 1,686.4, p < .05]. Post hoc tests showed that ERPs
to congruent and incongruent targets differed signifi-
cantly from each other in all conditions. In the pictorial
modality, differences between categories were reliable in
the congruent as well as in the incongruent condition; in
the verbal modality, category-specific differences were
restricted to congruent targets. In the congruent condition,
artifactual categories were less negative than natural cat-
egories. In the incongruent condition, the opposite volt-
age pattern was found.

3. Occipito-temporal: A main effect of category was
observed in both the pictorial and verbal modalities [pic-
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Figure 7. Selected ERP waveforms of average-referenced grand-averaged data (n 5 20)
for picture and word targets from Experiment 2 as a function of object category and semantic
congruency. Potentials are collapsed across electrode sites within each scalp region. The long
vertical line indicates the onset of the target. The small closed arrows indicate the early
category-specific ERP effect on the visual N1. The large arrows refer to late category-specific
effects (N400): Closed arrowheads indicate scalp regions where natural categories elicited a
less negative potential than artifactual categories. Open arrowheads refer to regions where
artifactual categories elicited a less negative potential than natural categories.
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ture, F(1,19) 5 25.327, MSe 5 1,977.9, p < .0001; word,
F(1,19) 5 4.898, MSe 5 3,529, p < .05]. Natural cate-
gories were associated with a less negative potential than
artifactual categories. In the pictorial modality, a cate-
gory 3 hemisphere interaction [F(1,19) 5 12.161, MSe 5
688.6, p < .01] indicates that category-specific differ-
ences were larger over the right than over the left hemi-
sphere. Post hoc tests showed that mean differences be-
tween categories were significant on either side. Finally,
a category 3 congruency interaction [F(1,19) 5 14.569,

MSe 5 315.9,p < .01] was significant: Category-specific
differences were largest in the incongruent condition,
but post hoc tests revealed reliable differences between
categories in both the congruent and the incongruent
conditions. In artifactual categories, incongruent targets
elicited a more negative potential than congruent targets.
Hence, an N400 congruencyeffect similar to that at centro-
parietal electrodes was observed. In natural categories, the
opposite pattern was obtained: Incongruent targets were
less negative than congruent targets. In the verbal modal-
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ity, a main effect of congruency was obtained [F(1,19) 5
11.460, MSe 5 2,399.6, p < .01], showing that incongru-
ent targets were more negative than congruent targets.

Summary of the ERP results. As in Experiment 1, cat-
egory affected ERPs to picture targets, but not to word
targets in the N1 time window: N1 amplitude was greater
to natural than to artifactual categories. In the late time
window, category-specific ERP effects over occipito-
temporal and fronto-central areas were replicated.Natural
categories elicited a less negative potential over occipito-
temporal regions, whereas artifactual categories were less
negativeover fronto-central regions.Finally, a congruency
effect on the N400 amplitude was obtained in all condi-
tions. ERPs to incongruent targets were more negative
than to congruent targets. As in Experiment 1, category
interacted with congruency: The ERP difference be-
tween congruent and incongruent targets was larger for
artifactual than for natural categories. At fronto-central
and centro-parietal electrodes, categories predominantly
differed in the congruent condition:Artifactual categories
were less negative than natural categories. In the picto-
rial modality, categories diverged also in the incongruent
condition at centro-parietal and occipito-temporal elec-
trodes, at which natural categories were less negative than
artifactual categories.

Discussion
Category-specific effects in semantic tasks have mean-

while been demonstrated in several behavioral (e.g.,
Lloyd-Jones & Humphreys, 1997a, 1997b), neuropsy-
chological (e.g., Warrington & Shallice, 1984), electro-
physiological (e.g., Dehaene, 1995), and neuroimaging
(e.g., Martin et al., 1996) studies. The present study was
designed to clarify the role of perceptual and semantic
sources underlying category-specific effects. ERPs to
natural and artifactual categories were recorded in dif-
ferent input modalities. If category-specific effects have
perceptual sources, they should be confined to the pic-
torial modality. In contrast, if category-specific effects
mirror semantic memory organization, they should be
observed in both modalities.

The results of the experimentssuggest that both sources,
perceptual and semantic, contribute to category-specific
effects in object categorization. Early ERP differences
between artifactual and natural categories (about 160–
200 msec) were restricted to the pictorial modality. Later
in the recording epoch (between about 300 and 500 msec),
category-specific ERP effects were obtained with both
pictorial and verbal target stimuli. The late effects support
the notion that the semantic memory system reflects the
distinction between natural and artifactual categories in
some respect. In the upcoming sections of the discussion,
we first focus on the behavioral data and thereafter on
the ERP effects in the early and the late time windows.

Behavioral Data
In both experiments, verification latencies were shorter

for pictures than for words. Such a superiority of pictorial

stimuli over words in categorization tasks has been de-
scribed in several studies (e.g., Bajo, 1988; Potter & Faul-
coner, 1975). It has been suggested that access to seman-
tic memory is faster with pictures than with words. Despite
this general difference in response latencies, the effects
of congruency and category on RT (and ER) were strik-
ingly similar for both modalities in Experiment 1 (verbal
category probe). Objects from natural categories were
accepted faster as a member of a category than objects
from artifactual categories in both the pictorial and ver-
bal modalities.

The present RT results are in line with a study by Price
and Humphreys (1989) that also yielded an advantage
for natural categories in object categorization (living/
nonliving decision). The observation of faster responses
to natural than to artifactual categories clearly contrasts
with performance in naming tasks and in categorization
tasks with highly similar contrast categories (e.g., fruit
vs. vegetable) in which objects from natural categories
are responded to more slowly than objects from artifac-
tual categories (Lloyd-Jones & Humphreys, 1997a,
1997b). Possibly, members of natural categories are iden-
tified more slowly than members of artifactual categories
when categorical decisions require fine-grained distinc-
tions between competing alternatives. In contrast, nat-
ural categories are processed faster than artifacts when
only broad distinctions between categories have to be
made. Recently, Devlin et al. (1998) have suggested that
artifactual and natural categories differ in the “informa-
tiveness or distinctiveness of semantic features” (which
is greater in artifactual categories) and in the “intercor-
relation of features” (which is greater in natural categor-
ies). Accordingly, categories with low informativeness
of features (i.e., natural categories that comprise exem-
plars with many shared features) allow faster and more
accurate verificationsof category membership relative to
categories with high informativeness of features (i.e., ar-
tifactual categories that includeexemplarswith few shared
features). At the same time, rejections of objects that do
not belong to the category (incongruent targets) are more
difficult when features are highly intercorrelated. This
assumption is also consistent with the distribution of er-
rors in the present verification task. In artifactual categor-
ies, subjects made more errors with congruent than with
incongruent targets, whereas in natural categories the op-
posite pattern was found.

Pictures from artifactual categories used in the present
study were somewhat more complex and less familiar than
those of natural categories. Therefore, it cannot be com-
pletely ruled out that natural categories were perceptu-
ally somewhat easier to process than artifacts. However,
differences in complexity and familiarity cannot account
for category-specific RT effects in the verbal modality
and for the ERP effects discussed below (see also Lloyd-
Jones & Humphreys, 1997b).

In Experiment 2, in which the category probe was pre-
sented pictorially, category-specific RT differences like
those observed in Experiment 1 were observed for pic-
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tures, but not for words (although category-specific ERP
effects were still obtained for words). The latter finding
is problematic for the multiple-systemsaccount and favors
a purely perceptional view of category-specific effects.
However, a purely perceptional account could accom-
modate neither the behavioral findings from Experiment 1
nor the category-specific ERP effects in both experi-
ments. It should be noted that the overall RT level in Ex-
periment 2 was about100 msec faster than in Experiment1,
suggesting that a pictorial category probe facilitates cat-
egorization (since there was also an associated increase
of error rates in some conditions in Experiment 2 relative
to Experiment 1, a speed–accuracy tradeoff cannot be en-
tirely ruled out). It is possible that response speed affects
category-specific processing more with verbal than with
pictorial stimuli. On the grounds of the present data it is
not possible to completely clarify the reasons for this un-
expected result, but the greater stability of category-
specific RT effects in the pictorial modality supports the
notion of perceptual sources contributing to category-
specific effects.

Early ERP Effects
In the early time window (between 160 and 200 msec

after target onset), objects from natural categories elic-
ited a greater N1 ERP component than objects from ar-
tifactual categories. This effect was present for pictorial
but not for verbal targets (for a similar ERP effect, see
Thorpe, Fize, & Marlot, 1996). It is well established in
ERP research that the N1 reflects visual perceptual pro-
cessing and that N1 amplitude is enhanced when attention
is directed to visual stimuli (Mangun & Hillyard, 1991).
Likewise, in the Tanaka et al. (1999) study, subordinate
object categorizations (e.g., poodle) requiring more elab-
orate perceptual processingwere associated with a greater
N1 deflection than basic-level (e.g., dog) or superordi-
nate categorizations (e.g., animal).

Hence, the greater visual N1 to natural categories sup-
ports the assumption of the perceptual account that per-
ceptual information plays a more important role in the
processing of natural than of artifactual categories (Lloyd-
Jones & Humphreys, 1997a, 1997b). The present ERP
results render it unlikely that picture complexity and fa-
miliarity are the relevant perceptual variables underlying
this effect, since pictures from natural categories were
rated slightly less complex and more familiar than arti-
factual categories. Therefore, if familiarity and complex-
ity were modulating N1 amplitude, we would expect a
larger N1 to artifactual categories. However, the opposite
ERP pattern, a larger N1 to natural categories, was ob-
served in the present experiments.

Presumably, the greater intracategorical perceptual
similarity of objects from natural than from artifactual
categories is the relevant factor for the present perceptual
category-specific effect (Lloyd-Jones & Humphreys,
1997a, 1997b;Tranel, Logan, et al., 1997). There are three

possibilities for how perceptual similarity of natural cate-
gories can lead to the observed enhanced visual activation
as reflected by the N1 effect: (1) Perceptual activation to
natural categories is greater than to artifactual categories
because representations of a larger number of competing
exemplars are simultaneouslyactivated by a given picture
(see, e.g., Vitkovitch,Humphreys, & Lloyd-Jones, 1993);
(2) perceptual information is more strongly weighted in
category decisions to natural objects; and (3) in categories
with high intracategorical similarity, perceptual features
are more informative cues for determining superordinate
category membership than in categories with low similar-
ity. Therefore, subjects may have attended more to per-
ceptual properties of natural objects. The latter two inter-
pretations are consistent with results from behavioral
studies demonstrating that surface details (e.g., color and
texture) facilitate naming and categorization of objects
from natural categories more strongly than from artifac-
tual categories (Price & Humphreys, 1989; Tanaka &
Presnell, 1999). It should be noted that these three possible
interpretations for the perceptual N1 effects are not mu-
tually exclusive and at present it is not possible to dis-
tinguish between these alternatives.However, all of them
(albeit for different reasons) suggest that natural categories
are associated with enhanced perceptual processing.

Late ERP Effects
In the time window between about 300 and 500 msec

after target presentation, a broad negative deflection was
obtained at fronto-central, centro-parietal, and occipito-
temporal recording sites that was identified as an N400
ERP component (Kutas & Hillyard, 1980). As it has been
frequently noted, N400 amplitude was larger to seman-
tically incongruent than to congruent targets (for an over-
view, see Kutas & Van Petten, 1994).

Most relevant to the issue of category-specific seman-
tic memory access, ERPs were differentially modulated
by natural and artifactual in both input modalities. In
particular, ERPs to natural categories were less negative
at occipito-temporal electrodes (with a dominance over
the right hemisphere), whereas artifactual categories were
less negative mainly at fronto-central electrodes (with a
dominance over the left hemisphere). Thus, categoriza-
tion of natural and artifactual categories was associated
with a reduction of N400 amplitude at specific electrode
sites. From this finding, it can be concludedthat these cate-
gories are processed in at least partially different brain
regions. Furthermore, the presence and the overall simi-
larity of these category-specific effects for both input
modalities suggest that they arise from category-specific
differences in semantic processing. For the present argu-
mentation it is not relevant whether the N400 ERP wave
proper was differentially modulated by natural and arti-
factual categories or whether a positive potential that
was differentially elicited by these categories overlapped
with the N400, thereby reducing its amplitude. Both pos-
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sibilities imply that these categories are semantically pro-
cessed in different brain regions.

Semantic categories also differed in the size of the N400
congruency effect (i.e., a larger N400 to incongruent
than to congruent targets, as described above): The con-
gruency effect was consistently larger in artifactual than
in natural categories. In order to explore the ERP pattern
resulting in a larger congruency effect in artifactual cat-
egories, ERPs to natural and artifactual categories were
compared separately in the congruent and incongruent
conditions.It turned out that similar category-specificERP
differences were obtained as described above, but they
were specifically related either to congruent or to incon-
gruent targets: In the congruentcondition,artifactual cate-
gories elicited a less negative potential than natural cat-
egories at fronto-central and centro-parietal electrode
sites. In the incongruent condition, in contrast, natural
categories were associated with a less negative potential
at occipito-temporal and centro-parietal electrode sites.
It is unlikely that these category-specific differences in
the N400 congruency effect are simply due to decision-
related processes or due to differences in semantic expec-
tancy because they are obtained even when there are not
any significant RT differences between categories (as
observed in the verbal modality in Experiment 2).

Alternatively, it is proposed that the observed inter-
action between category and congruency reflects a dif-
ferential enhancement of category-specific processing in
the congruent and incongruent conditions, respectively.
As already outlined above, Devlin et al. (1998) have sug-
gested that exemplars of artifactual categories share only
a few common features. Therefore, accepting a congru-
ent artifact as member of a superordinate category is as-
sociated with relatively high demands in semantic pro-
cessing. In natural categories, in contrast, it is relatively
more demanding to reject incongruent targets because
features are highly intercorrelated between categories
(Devlin et al., 1998). These assumptions imply that in ar-
tifacts, category-specific semantic processing is enhanced
with congruent targets, whereas in natural kinds, category-
specific processing is enhanced with incongruent tar-
gets. The pattern of behavioral results in the present ex-
periments is consistent with this assumption (see the
discussionof the behavioraldata for a detailedexplanation
of the interaction between category and congruency).

Although category-specific effects were quite similar
across target and category probe modalities, they were not
entirely identical. For instance, the interaction between
category and congruency at fronto-central electrodes
was obtained with a pictorial category probe (Experi-
ment 2), but not with a verbal category probe (Experi-
ment 1). Similarly, in the pictorial target modality, arti-
factual categories elicited a greater left fronto-central
activity than natural categories whether the category was
probed verbally (Experiment 1) or pictorially (Experi-
ment 2). In the verbal target modality, a bilateral effect
was obtained only when a pictorial probe was used. At
present, it is difficult to satisfactorily explain these dif-

ferences in category-specific processing across category-
and target modalities. Perhaps category-specific process-
ing is enhanced and/or recruits partially different neural
circuits when visual information is provided by the cat-
egory probe and the target object (see, e.g., Lloyd-Jones
& Humphreys, 1997a, for a category-specific RT effect
in picture but not in word categorization). Further stud-
ies are needed to clarify the functional significance of
these modality-specific differences.

If we accept the conclusion that the late category-
specific effects indeed reflect differences at a semantic
level of representation, the question about the underlying
factors determining semantic memory structure can be
raised. Is it semantic category per se that determines se-
mantic memory organization directly (see, e.g., Cara-
mazza & Shelton, 1998), or is there a more fundamental
distinction underlying category-specific semantic mem-
ory organization?

The sensory-functional hypothesis was outlined in the
introductory section (Warrington & McCarthy, 1987;
Warrington & Shallice, 1984). This hypothesis states
that for natural categories, visual semantic knowledge is
relatively more important than for artifactual categories,
whereas artifactual categories depend more on functional
knowledge (see Farah & McClelland,1991, for a compu-
tational model with separated but highly interconnected
subsystems of visual and functional knowledge). Simi-
larly, Spitzer (1998) has proposed that semantic knowl-
edge is represented in a map-like fashion in multiple cor-
tical areas (see Pulvermüller, 1999, for a neurobiological
approach).

In support of the sensory-functional hypothesis, be-
havioral studies show that subjects differentially use vi-
sual versus functional information when dealing with
natural and artifactual categories, respectively (Price &
Humphreys, 1989; Tanaka & Presnell, 1999; Tranel,
Logan, et al., 1997; Vitkovitch et al., 1993). Furthermore,
findings from neuroimaging studies are also compatible
with this view (Martin et al., 1996; Thompson-Schill,
Aguirre, D’Esposito, & Farah, 1999). Frontal areas acti-
vated by artifactual categories are anatomically close to
the motor cortices. It is possible that action-related/func-
tional semantic knowledge is represented in the anatom-
ical neighborhood of brain areas involved in motor func-
tions. Likewise, occipital-temporal areas activated by
natural categories are anatomically close to the visual
cortices. Presumably, they represent visual semantic
knowledge.Although the localizationalvalue of ERPs has
to be viewed with caution (Nunez, 1981), the topography
of the present category-specific ERP effects over fronto-
central and occipito-temporal areas is consistent with the
anatomical locations observed in neuroimaging studies.

The presentERP study extendsearlier work on category-
specific processing by showing that category-specific
effects arise at two temporally distinct processing stages:
at an early perceptual stage (about 160–200 msec) and at
a later semantic stage (about 300–500 msec). In the pic-
torial modality, categories differ in perceptual as well as
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in semantic processes, whereas in the verbal modality,
category-specific processing is confined to the semantic
stage (for a similar distinction between the retrieval of
perceptual and semantic features, see Flores d’Arcais,
Schreuder, & Glazenborg, 1985). It should be noted that
the present early perceptual effects with pictorial stimuli
do not reflect higher complexity and lower familiarity of
objects from natural relative to artifactual categories, as
has been the case in earlier studies (Funnell & Sheridan,
1992; Parkin & Stewart, 1993). It is suggested that they
arise because perceptual cues are more informative for
determining category membership in natural than in ar-
tifactual categories due to their greater perceptual simi-
larity (Lloyd-Jones& Humphreys, 1997a, 1997b; Tranel,
Logan, et al., 1997).

Finally, it should be noted that the dichotomy of nat-
ural and artifactual categories as well as of functionaland
visual knowledge clearly is a simplification of the rich-
ness of semantic knowledge. Semantic knowledge may
be derived not only from the visual, but also from other
sensory channels.Likewise, “functional”semantic knowl-
edge may be further subdivided. Furthermore, neuro-
psychological and neuroimaging studies suggest that ar-
tifactual and natural categories are not homogenous and
can be further differentiated (e.g., Caramazza & Shelton,
1998; Spitzer et al., 1995). More research is needed to
appreciate the varieties of semantic knowledge and their
organization in human memory.

Conclusion
The present study shows that perceptual and semantic

sources of category-specific effects can be distinguished
by the sequence of ERP events, as modulated by natural
and artifactual categories presented in different input
modalities. At an early perceptual stage (about 160–200
msec after target onset), categories differ only in the pic-
torial modality. The results provide evidence that per-
ceptual features are more important for category identifi-
cation in natural than in artifactual categories. However,
at a later stage that can be related to semantic processing
(about 300–500 msec), category-specific ERP differences
were observed in both modalities. The study therefore
supports the view that semantic knowledge associated
with natural and artifactual categories is represented in
multiple subsystems that presumably code different as-
pects of semantic knowledge.The present work also shows
that category-specificeffects obtained with pictorial stim-
uli cannot be unequivocally interpreted as reflecting se-
mantic memory organization unless the perceptual and
semantic processes underlyingthese effects can be clearly
dissociated.
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NOTE

1. Both the N1 and the N400 ERP components partially overlapped
with a positive wave (P1 and LPC, respectively) in some scalp regions.
Therefore, they only appear as negative deflections in the waveforms
rather than as a negative potential.At these electrodes, a less positivepo-
tential in one experimental condition relative to a different condition in-
dexes a greater N1 or N400. However, for clarity reasons, the term “more
negative” is always used in this text to indicate a greater N1 or N400.
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