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Abstract Visual categorization can be derived
from interaction between inputting features set (IFS)
from outside stimuli and anticipating features set
(AFS) from concept, and such interaction can take
two forms: match extraction and conflict control. Us-
ing ERP recording, we investigated the temporal
course of visual categorization. The results indicated
that the larger the AFS, the higher the amplitude of
the N1 was generated, which demonstrated the effect
of the AFS on the attention. When the size of the AFS
was larger than or equal to 2, prominent N2 compo-
nent was elicited, which demonstrated the effect of
conflict when the feature of IFS mismatched with the
feature of the AFS. The judgment of category was
manifested on the LPC component, and this com-
ponent was also sensitive to conflict control. Based
on the results, we proposed that the temporal course
of visual categorization was as follows: selective at-
tention, feature perception, feature match/extraction
and judgment of category/conflict control. Among
those processes, the judgment of category is the core
processing; however the former four sub-processes
form the base of categorization. The results are in
support of the idea that LPC is responsible for high-
level categorization process.

Keywords: visual categorization, event-related potentials, AFS (an-
ticipating features set), IFS (inputting features set), conflict control,
LPC.

Categorization is the process to ascertain the identity
of an object by a specific standard!"*. Categorization is
a fundamental cognitive process; in fact, the raw per-
ception would be of little use without the effective clas-
sification of original information into distinct catego-
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ries®!. There have been numerous studies on this topic
exploring the psychological and neural mechanisms
underlying categorization™.

The early researches supposed that the amplitude of
LPC reflected the degree of the categorization process-
ing involving context updating'®”). Ito and Cacioppo'™
discovered that LPC component of ERP was sensitive
to the explicit categorization task. Azizian et al.”! ex-
plored the ERP reflection of similarity changes between
target and standard stimuli in categorization and dis-
covered that the amplitude of P300 can reflect the
categorization effect of similarity. Besides, Thorpe et
al.”! found that human brain can discriminate correctly
the natural objects very quickly against complex back-
grounds: the waveforms elicited by the target stimuli
(photos including animals) and distraction stimuli
(photos without animals) diverge at 150 ms after stim-
uli onset, the waveform elicited by the non-animal
photos went negatively from 150 ms while that elicited
by animal photos went on positively until 180 ms when
it turned negative. Antal et al."”’ found that non-animal
photos elicited more negative N1 and N2 in 150—250
and 350—500 ms time windows than animal photos
while animal photos elicited more positive P2 compo-
nent. They thought that N1 was relevant to high level
categorization processing. Fabre-Thorpe et al.l'!l dis-
covered that the categorization speed of natural objects
could not be improved through sufficient training of
subjects, which implied that visual categorization un-
derwent many a few processing stage and these stages
could not be compressed.

As illustrated above, from the ERP study on catego-
rization, two different conclusions can be reached. One
group concluded that categorization is reflected by late
components LPC or P300 and the other group con-
cluded that categorization is reflected in component as
early as N1.

In our opinion, the reason for this discrepancy lies in
different understanding of the exact cognitive process
underlying categorization. It is reasonable to assume
that categorization is a process involving interaction
between the inputting features set (IFS) and anticipat-
ing features set (AFS) and such an interaction can take
three different forms: extracting of the inputting feature
if it matches that of anticipation, controlling the input-
ting feature if it mismatches that of expectancy and
ignoring the inputting feature if there is no correspond-
ing feature in the anticipation.

We take Thorpe et al.’s research as an example[s].
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When categorization responses between animal and
non-animal photos were required, the subjects’ prior
knowledge of the feature of a typical “animal” formed
the base for the top-down AFS (i.e. four limbs, eyes,
wings, hair, furs, etc.). At the same time, the visual
features characterizing the object formed IFS (i.e. red
feathers, the beaks, etc.) in a bottom-up manner. As
long as any one feature in the IFS falls in the AFS, the
subject can make “yes” response.

The majority of research, which suggests that the
early ERP components reflect categorization processing,
was conducted in the animal vs. non-animal paradigm
used in Thorpe et al.”). When the inputting features
came from known animals, nearly all the inputting fea-
tures would fall into the AFS, therefore not causing any
features conflict. It is important to note that the brain
cannot complete perceptual processing until 150 ms
after the stimuli onset!'?]. Therefore, the ERP compo-
nents reported in these studies may only reflect the
perception of the individual features, but may not be
responsible for the higher level processes, such as
categorization including conflict control. Categoriza-
tion including conflict control is more valuable and
universal for human beings’ adaptive behaviors, after
all the gross differentiation of animal VS non-animal is
rather simple considering the complexity of the re-
quirement for cognitive process in real world.

As described above, categorization occurs based on
the interaction between IFS and AFS; therefore in order
to reveal the detailed mechanism, it is necessary to sys-
tematically manipulate the features of stimuli. Standard
geometric figures can be a suitable stimulus set. In ad-
dition, experimenter can also easily control the sub-
jects” experience on the stimulus!". In the present
study, the subjects were required to first compare two
geometric figures and find the common features (form-
ing AFS), and then followed with a categorization task
which required the subjects to take the AFS as standard
and judge whether the third geometric figure shared a
category with the preceding two geometric figures. The
categorization task requirement is to make “yes” judg-
ment if the IFS just has one feature that matches the
AFS in correspondent dimension, and making “no”
judgment if no any feature in the IFS matches the AFS
in correspondent dimensions.

There were thus three different interactions scenarios
between IFS and AFS: the inputting feature falls in
AFS and matches the feature in correspondent dimen-
sion (causing match-extraction processing); the input-
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ting feature fall in AFS and mismatches with the fea-
ture in correspondent dimension (causing con-
flict-control processing); the inputting feature does not
fall in AFS and are irrelevant to the task (causing ir-
relevance-ignorance processing). Three experimental
conditions were implemented: condition 1, AFS has
one common feature (one matching feature, 1MF);
condition 2, AFS has two common features (two
matching features condition, 2MF); condition 3, AFS
has three common features (three matching features
condition, 3MF). Through this novel experimental de-
sign, we expect to gain better understanding of the
brain mechanisms underlying the temporal process of
higher visual categorization including conflict control.

1 Method
1.1 Subjects

Fifteen undergraduate students served as subjects, of
which 7 males and 8 females, ages 21 —28, 24 on av-
erage. All subjects were physically and mentally
healthy, right-handed, and had normal or corrected-to-
normal vision. All subjects signed an informed consent
form for the experiment.

1.2 Materials

The stimuli were all regular geometrics, each stimu-
lus having a feature in each of three dimensions: color
(yellow, blue, green, and red), shape (triangle, square,
circle, and cross), and stripe orientation (0°, 45°, 90°,
and 135°). RGB value of color is 225, 235 and 0 (for
yellow), 0, 221 and 255 (for blue), 0, 255 and 50 (for
green), 255, 51 and 0 (for red), respectively. The com-
bination of the four feature levels and the three dimen-
sions makes up 4x4x4=64 different stimuli (Fig. 1).
The stimuli were all drawn in CorelDRAW11, and were
individually exported and saved as a bmp file. The sizes
of the figures are: 4.56 cm base and 5.92 cm high for
triangles, 4.28 c¢cm edge for squares, 4.28 cm diameter
for circles, and 4.24 wheelbase for crosses ( in experi-
ment, the distance between subjects’ eyes and the
screen is larger than 1 m; therefore horizontal and ver-
tical angles were both less than 3.5°). To avoid the im-
pact of dazzling flashes on brain electrical activities,
black screen background was adopted.

1.3 ERP Recording

The EEG was recorded from 64 scalp sites using tin
electrodes mounted in an elastic cap (NeuroScan Inc.),
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(a)
Fig. 1.

with the linked reference on the left and right mastoids,
and a ground electrode was placed on the medial aspect
of the frontal. The horizontal and vertical electrooculo-
grams (EOGs) were recorded. The EEG and EOG were
amplified using a DC-100 Hz bandpass and continu-
ously sampled at 500 Hz/channel. All inter-electrode
impedance was maintained below 5 kQ. Averaging of
ERPs was computed off-line; the analysis course began
100 ms before onset of stimulus, and continued until
700 ms after the onset of the stimuli. Trials with EOG
artifacts (mean EOG voltage exceeding +80 pV) and
those contaminated with artifacts due to amplifier clip-
ping, peak-to-peak deflection exceeding =80 pV were
excluded from averaging.

1.4 Procedure and Task

The procedure of each trial was as follows: first, a
central fixation cross ‘‘+’’ was presented in center of
screen for 500 ms; second, S1 and S2 was presented
simultaneously, one in each side of the center of screen
for 1500 ms followed by a blank screen for 1000—
1500 ms as the interval, the subjects were asked to
compare the two stimuli and find out their common
features (forming a new category C); third, target
stimulus (S3) was presented, and the subjects had to
judge by pressing one of two response keys (F or J)
within 2000 ms whether S3 belonged to the category C.
Completing the categorization, there was a blank screen
for 1000 ms.

Category C was defined with features. There are
three conditions (Fig. 1): (1) C was defined with just
one feature. For example, “the stripe orientation was
0°”. If strip orientation of S3 was 0°, then the subject
should give a positive response (Fig. 1(a)). (2) C was
defined with two features. For example, “the shape is
square and the stripe orientation was 45°”. If shape of
S3 was square Or stripe orientation of S3 was 45°, then
the subject should give a positive response (Fig. 1(c)).
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Illustration of stimuli material, experimental tasks and correspondent answers. only shape and orientation were presented here.

(3) C was defined with three features. For example,
“the shape was circle, the color was red, and the stripe
orientation was 45°”. If shape of S3 was a circle, or the
color of S3 was red or the stripe orientation of S3 was
45°, then the subject should give a positive response
(Fig. 1(b)). Therefore, three categorization tasks were
obtained: one matching feature condition (1MF, one
match abstraction processing, two irrelevant ignorance
processing), two matching features condition (2MF,
one match abstraction processing, one conflict control
processing, and one irrelevant ignorance processing),
and three matching features condition (3MF, one match
abstraction processing, two conflict control processing).
Only the subjects whose accuracy in the practice ar-
rived at 90% would step into the formal experiment.
Because the classification happened after S3 onset, the
ERP waveforms were time-locked to the onset of S3.

1.5 ERP data analysis and statistics

The recorded EEGs in the three conditions were
overlapped and averaged respectively. The ERP of the
following electrode sides were selected for statistic
analyses: F3, Fz, F4, Fc3, Fcz, Fc4, C3, Cz, C4, Fc5,
Fc6, C5, C6 (13 sites for anterior); Cp3, Cpz, Cp4, P3,
Pz, P4, Po3, Po4, Poz (9 sites for posterior). The N1
component may have separable anterior and posterior
subcomponents. The amplitudes (baseline to peak) of
anterior N1 and posterior N1 were thus measured sepa-
rately in the 80—120 and 120—160 ms time windows,
respectively. The amplitudes (baseline to peak) of P2
(190—250 ms) and N2 (250—310 ms) were measured
at both anterior and posterior electrodes, respectively.
Mean voltage of LPC in the time window of 330—480
ms was measured at both anterior and posterior elec-
trodes.

Amplitudes (baseline to peak) of the early compo-
nents (N1, P2, and N2) and mean amplitude in the time
window of 330—450 ms (LPC) were analyzed using
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two-way repeated measures analysis of variance
(ANOVA). For all analyses, P was corrected for devia-
tions according to Greenhouse-Geisser.

2 Results
2.1 Behavioral data

The accuracies of classifying S3 were recorded. Av-
eraged accuracy was 98.08% in 1MF, 96.63% in 2MF,
and 95.65% in 3MF. According to the Signal Detection
Theory, if a subject’s P(A) value is larger than 0.5,
his/her responses were reliable (P(A) = (hit number +
correct rejection number)/total stimulus number).
Analysis results indicated that all 15 subjects’ responses
were reliable. The ANOVA result of response time (RT)
indicated that the condition main effect was significant
(F(2,28) = 43.129, P<0.001), the response way (yes or
no) main effect was significant (F(1,14) = 14.721, P =
0.002), but the condition by response way interaction
was not significant (F(2,28) = 3.511, P>0.05).

Obviously, when the classification task needs a posi-
tive response, the involving cognitive processes consist
of match abstraction, conflict control and irrelevant
ignorance; but when the negative response is needed,
the involving cognitive processes do not include match
abstraction. Because the match abstraction is the key
processing in the classification, only the processing
under positive response could be identified as classifi-
cation, and in the present paper only the correct posi-
tive response was analyzed. In the positive response
way, RT of 1MF, 2MF and 3MF was 651 ms, 818 ms
and 844 ms, respectively. The condition main effect of
RT was significant (F(2,28) = 82.29, P<0.001), mean
amplitudes pairwise comparison of RT showed that
IMF was significantly faster than 2MF (F(1,14) =
129.68, P<0.001), 2MF was significantly faster than
3MF (F(1,14) = 6.609, P = 0.022).

2.2 ERP Components

For the anterior N1 (N100), there was significant
condition main effect (F(2,28) = 3.575, P = 0.047),
electrode effect was, too, F(12,168) =4.947, P = 0.003,
but the condition by electrode interaction was not,
F(24,336) = 0.904, P = 0.105. Mean amplitudes pair-
wise comparison of condition showed that there was
not significant difference between 1MF and 2MF
(F(1,14) = 1.728, P = 0.210), and there was not any
significant difference between 2MF and 3MF, either,
(F(1,14) = 1.644, P = 0.221), but there was significant

difference 1IMF and 3MF (F(1,14) = 8.371, P = 0.012).
For the posterior N1 (N140), there was not any signifi-
cant condition main effect (F(2,28) = 0.493, P = 0.540),
electrode effect was significant (F(8,112) = 7.547, P =
0.003), and the condition by electrode interaction was
not significant (F(16,224) = 1.554, P = 0.218).

For P2, there was significant condition main effect
(F(2,28) = 4.213, P = 0.036), electrode effect was not
significant (F(21,294) = 1.046, P = 0.357), nor was the
condition by electrode interaction F(42,588) = 2.447, P
= 0.046. Mean amplitudes pairwise comparison of con-
dition showed that there was significant difference be-
tween IMF and 2MF (F(1,14) = 7.622, P = 0.015),
there was no significant difference between 2MF and
3MF (F(1,14) = 0.001, P =0.975), there was significant
difference between 1MF and 3MF (F(1,14) = 9.442, P
=0.008).

For N2, there was significant condition main effect
(F(2,28) = 15.636, P<0.001), electrode effect was sig-
nificant (F(21,294) = 6.202, P = 0.01), and the condi-
tion by electrode interaction was significant (F(42,588)
= 4.647, P = 0.001). Mean amplitudes pairwise com-
parison of condition showed that there was significant
difference between 1MF and 2MF (F(1,14) = 12.051, P
= 0.004), there was no significant difference between
2MF and 3MF (F(1,14) = 2.133, P = 0.166), there was
significant difference IMF and 3MF (F(1,14) = 45.820,
P<0.001).

For LPC, there was significant condition main effect
(F(2,28) = 38.508, P<0.001), electrode effect was sig-
nificant (F(21,294) = 8.016, P = 0.001), and the condi-
tion by electrode interaction was significant (F(42,588)
= 2.731, P = 0.47). Mean amplitudes pairwise com-
parison of condition showed that there was significant
difference between 1MF and 2MF (F(1,14) = 43.303,
P<0.001), there was no significant difference between
2MF and 3MF (F(1,14) = 0.674, P = 0.425), there was
significant difference 1MF and 3MF (F(1,14) = 96.992,
P<0.001).

3 Discussion

The behavioral data of RT revealed that the response
in 1MF was faster significantly than that in 2MF which
reversely was significant faster than that in 3MF. As
stated above, 1MF includes one match extraction proc-
essing and two irrelevant ignorance processings. 2MF
includes one match extraction processing, one conflict
control processing, and one irrelevant ignorance proc-
essing. And 3MF includes one match extraction proc-
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essing and two conflict control processings. Obviously,
the three conditions involve the same number of proc-
essing and each has one match extraction processing,
and therefore, the difference among them lies in con-
flict control or irrelevant ignorance processing. The
result indicates that the conflict control processing is
more difficult than irrelevant ignorance processing,
implying that conflict control processing is likely to
happen in more complex thinking stage while irrelevant
ignorance processing in a simpler stage (such as atten-
tion).

Three conditions elicited prominent N1 in cen-
tral-parietal sites at 100 ms after S3 onset and the am-
plitudes of three conditions showed regular descending
relations in negative direction: 3MF elicited the highest
amplitudes, the amplitude of 2MF was medium and
IMF showed the lowest amplitudes. According to most
ERP study results, N1 is related to attention'”. The
subjects should attend to the greatest number (three) of
features when they keep three possible features in
working memory, the number (two) of features to be
attended was less than the former when the subjects
keep two possible features in working memory and
they need only to attend one when keeping one feature
in working memory. Therefore, the negative amplitudes
in NI just reflected the number of features subjects
should attend to, that is to say, the greater the number,
the higher the amplitude of N1.

From 150 ms after S3 onset, the waveform of 1MF
diverged from those of the other two conditions, and
the waveforms of all three conditions reached their
maximal amplitudes at about 220 ms, but the prominent
P2 was found only in 2MF and 3MF. P2 also appeared
in IMF and its amplitude was larger than the other two
conditions. According to the relevant researches”, the
divergence arising at 150 ms between 1MF and 2MF,
3MF signaled the beginning of feature perception, and
this processing may end at 220 ms. Larger P2 ampli-
tude in 1MF revealed that this condition caused
stronger perceptual processing. Otherwise, the smaller
P2 amplitudes of 2MF and 3MF indicated the decen-
tralization of feature perception because greater number
of target features brought about weaker perceptual
match. Besides, significant condition and electrode in-
teraction appeared in P2, greater difference happened at
central-frontal sites while no difference occurred in
occipital-parietal sites, which is consistent with the
waveform showed in Fig. 2, indicating that perceptual
processing is mainly related to the central-frontal
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N2 is closely related with mental conflict!'*'"] In the
present research, 2MF and 3MF both elicited prominent
N2 whereas almost no component appeared in 1MF,
which indicated that 2MF and 3MF elicited stronger
mental conflict. Significant condition and electrode
interaction appeared in N2; this was probably caused
by the fact (Fig. 2) that weaker differences happened at
occipital-parietal sites while stronger difference oc-
curred in central-frontal sites, suggesting that percep-
tual processing is mainly related to the central-frontal
sites!'”). The interaction is likely related to conflict de-
tection correlated with the activation in anterior cingu-
lated cortex''”. Analysis showed that conflict control
happened in two dimensions in 3MF, in one dimension
in 2MF and no conflict-inhibition appeared in 1MF.
Obviously, the existence of conflict control would raise
mental conflict, and the more conflict processes, the
greater the mental conflict. The N2 amplitude relations
among three conditions well reflected the point stated
above: 1MF raised no obvious N2 component, while
2MF and 3MF elicited obvious N2. 3MF elicited
slightly higher amplitude than 2MF, which stemmed
from conflict control occurring in two dimensions for
the former, while it happened only in one dimension for
the latter.

After N2, IMF elicited very obvious LPC compo-
nent peaking at 370 ms while no obvious LPC compo-
nent appeared in 2MF and 3MF (Fig. 2). The relation
could be explained by the fact that the human brain
began to control the conflicting features on conscious
thinking level after conflict detection. It is generally
accepted that LPC reflects the advanced and complex
mental processing. Donchin thought that the latency of
LPC represents the time needed to evaluate and catego-
rize the stimulil”. Through analysis and taking into ac-
count the nature of the present task, we can conclude
that LPC represents the end of categorization that in
essence is the judgment of category based on percep-
tual analysis.

Besides, some researchers hold that LPC represents
some inhibition on stimulus processing!"®). In the pre-
sent research, 1MF includes no inhibition processing
while 2MF and 3MF both include inhibition processing,
as is clearly reflected on the amplitude relations among
three conditions: the amplitude elicited by 1MF was
significantly higher than those elicited by 2MF or 3MF.
However, there was no significant difference in P3 am-
plitude between 2MF and 3MF, which is possibly re-
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Fig. 3. The temporal course of visual categorization (take 2MF as the example).
lated to the parallel processing of thinking'"”! but pend-  the temporal course of categorization (Fig. 3). Subjects

ing further research.

would form two kinds of preparations according to the

With the result of the present study, we can describe  expectancy: dimension preparation and feature prepara-
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tion. Dimension preparation was embodied in attention
processing: attending to target dimension (i.e. color,
shape) and ignoring irrelevant dimension (i.e. stripe).
100 ms after stimulus onset, subjects only paid atten-
tion to target dimension (solid line) and ignored irrele-
vant dimension (orientation, dashed line), that is, target
dimension was further processed and the waveform
manifestation of attention processing was N1 compo-
nent. Further processing was perceptual analysis by
which the subject could recognize what the features
were in target dimension (red, circle) and the waveform
manifestation of perceptual analysis is P2.

After attention and perceptual analysis, the categori-
zation stepped into feature match stage in which the
effect of feature preparation embodied. The inputting
feature originating from perceptual analysis would be
compared with the features in AFS. If the inputting
feature matched with the correspondent feature in AFS,
then the inputting feature would be extracted for next
processing. If the inputting feature mismatched with the
correspondent feature in AFS, then the inputting feature
would cause conflict and elicit N2.

After the termination of perceptual analysis was the
judgment of category and conflict control stage in
which subjects further controlled the conflicting fea-
tures and made the positive judgment according to the
matched feature. And the waveform manifestation of it
was typically LPC whose amplitude would decrease in
2MF and 3MF because of the control on the conflicting
features. It is worthwhile to notice that the brain cannot
eliminate easily the feature impression when the feature
has been represented in the thought. Therefore, the in-
hibition on the conflicting features would last for a
while, which could account for the smaller LPC ampli-
tude of 2MF and 3MF than that of 1MF.
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