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Abstract The type of experience involved with an object
category has been regarded as one important factor in
shaping of the human object recognition system. Laborato-
ry training studies have shown that different kinds of
learning experience with the same set of novel objects
resulted in different perceptual and neural changes. Whether
this applies to natural real-world objects remains to be seen.
We compared two groups of observers who had different
learning experiences with faces, using holistic processing as a
dependent measure. We found that, while ordinary observers
had extensive individuation experience with faces and
displayed typical holistic face processing, art students who
had acquired additional experience in drawing faces, and thus
in attending to parts of a face, showed less holistic processing
than did ordinary observers. These results converge with
laboratory training studies on the role of type of experience in
the development of different perceptual markers for different
object categories. It is thus insufficient to categorize expertise
simply in terms of object domains (e.g., expertise with faces).
Instead, perceptual expertise should be classified in terms of
the underlying process or task demand.
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Object perception is challenging. Apart from the huge
variability in visual input—due to changes in viewing
conditions related to lighting, viewpoint, and so forth—a
wide range of perceptual tasks can also be performed with
different objects. Sometimes we categorize objects into
groups, ignoring small differences, while at other times we
discriminate in fine detail to identify individuals; we may
attend to certain parts, to obtain specific information about
object function or its affordance (e.g., the ear of a cup for
grasping), or we may attend to all parts in a certain
sequence, to portray an object through drawing, sculpting,
or other art form. Experience is therefore essential, because
it allows for the recruitment of optimal processing strategies
when handling different object perception tasks.

Experience has been shown to modify object representa-
tions in the visual system. For example, individuals who
have developed expertise in recognizing objects in a certain
category (e.g., cars, birds, fingerprints, music notes, letters,
and characters) have shown specific perceptual behaviors
and greater activity in specific brain regions, as compared
with novices (Busey & Vanderkolk, 2005; Gauthier,
Skudlarski, Gore, & Anderson, 2000; Gauthier, Wong,
Hayward, & Cheung, 2006; A. C.-N. Wong & Gauthier,
2007; A. C.-N. Wong, Jobard, James, James, & Gauthier,
2009; Y. K. Wong & Gauthier, 2010; Xu, 2005; for a
different view, see McKone & Robbins, 2007; Robbins &
McKone, 2007). Laboratory studies have impressively
demonstrated that hours of training with novel computer-
generated objects can result in similar behavioral and neural
markers of expertise (Gauthier & Tarr, 2002; Gauthier,
Williams, Tarr, & Tanaka, 1998). While these findings have
underscored the importance of experience in shaping our
visual system, recent studies have further showed that the
exact manner in which the visual system is modified
depends on the type of experience. For example, learning
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to separate objects into categories leads to different
behavioral and neural effects, as compared with learning
to identify and name the individuals (Tanaka, Curran, &
Sheinberg, 2005; A.C.-N. Wong, Palmeri, & Gauthier,
2009; A. C.-N. Wong, Palmeri, Rogers, Gore, & Gauthier,
2009). Learning to associate shapes with meanings, as
compared with learning to visually discriminate them, also
results in different behavioral and neural effects (Song, Hu,
Li, Li, & Liu, 2010). Apart from laboratory training, several
studies have also shown that perceptual strategies and
neural correlates do have an association with real-life
expertise for such object categories as cars and birds (e.g.,
Gauthier et al., 2000). However, again, these studies have
only demonstrated that experience does something, without
addressing which type of experience brings the specific
changes in question. Similarly, for faces, it is still unknown
whether the type of experience can indeed account for the
different perceptual and neural characters associated with
real-life face perceptual experts.

The present study aims to examine the relationship
between different types of real-life learning experience and
face perception. In our experiment, we tested two groups of
observers on their face processing. One group was ordinary
observers, who were experts in identifying individual faces.
The other group was art students, who were experts not
only in identifying individual faces, but also in face
drawing. All art students have to pass the college entrance
examination of fine arts, which includes four subjects:
sketching, quick sketching, color, and originality. Head
painting is included in the first three subjects. After they
have passed the entrance examination, they also have to
take a course in sketching, which includes head sketching,
for at least one semester. An important step of head
sketching is depth depiction—that is, to depict the details
of facial features. Through a large amount of practice, art
students learn the structure of eyes, nose, mouth, and ears,
and become familiar with patterns of facial features in
different orientations and emotions, and with distinguishing
characteristics. They learn to quickly and accurately grasp
the main facial features of each individual. An intriguing
question is whether our two groups would differ in their
face perception behavior. Specifically, we asked whether
the face drawing experts, given their additional experience
in isolating individual face features during drawing, would
show a smaller tendency to view faces holistically, as
compared with ordinary observers.

Face perception has been regarded as a special case of
object perception, with holistic processing as one of the
markers of its special status (Farah, 1991; Farah, Wilson,
Drain, & Tanaka, 1998). Specifically, observers tend to pay
obligatory attention to all parts of a face (Hole, 1994;
Richler, Tanaka, Brown, & Gauthier, 2008), and spatial
relationships among parts are also emphasized (Maurer,

LeGrand, & Mondloch, 2002; Mondloch, Maurer, & Ahola,
2006). Holistic processing is greater for individuals with
better face perception performance (Richler, Cheung, &
Gauthier, 2011) and is also enhanced after acquiring
expertise in perceiving nonface objects (Gauthier & Tarr,
2002; A. C.-N. Wong et al., 2009b). Recent studies,
however, have shown the limitations of the effect of
experience. For example, the effect of expertise in
perceiving nonface objects on holistic processing may only
generalize to very specific object domains (e.g., modern but
not antique cars, for experts with modern cars; Bukach,
Phillips, & Gauthier, 2010; Robbins & McKone, 2007).
Besides, in novel training studies, not all kinds of
experience enhance holistic processing: While experience
with individuating similar objects can do this, mere
exposure or basic-level categorization cannot (Nishimura
& Maurer, 2008; A. C.-N. Wong et al., 2009b).

In this experiment, we examined whether all kinds of
experience would be associated with greater holistic
processing for faces. Holistic processing, defined here as
the obligatory attention to all parts of an object, was
measured because it has been identified as a typical
behavioral marker of face-like expertise (Gauthier & Tarr,
2002; Richler et al., 2008; A. C.-N. Wong et al., 2009b).
We adopted a composite paradigm typically used for
measuring holistic face processing (Hole, 1994), with a
modified complete design to avoid response biases
(Gauthier & Bukach, 2007; Richler et al., 2011; Wenger
& Ingvalson, 2002). Participants performed same/different
matching on the top halves of two sequentially presented
composite faces, ignoring the irrelevant bottom parts. For
ordinary observers, holistic processing can be found as
better performance in congruent trials (i.e., both tops and
bottoms are the same or different) than in incongruent
trials (same for one part and different for the other). This
congruency effect should also be larger when the top and
bottom parts are aligned than when they are misaligned.
We expected that ordinary observers would show holistic
processing, typically found in the literature (Richler et al.,
2011; Richler et al., 2008). Of interest was whether art
school students, who have acquired additional expertise in
face drawing, would show less holistic processing, due to
their experience in attending to individual parts and
features for detailed drawing.

An important strength of the present study was that it
allowed us to probe whether lab training studies of the
effect of type of experience on object perception apply to
real-world expertise. However, this also means that the
study was correlational in nature, because experience was
not manipulated. Smaller holistic processing associated
with art students would thus only suggest, not necessarily
imply, that face drawing experience causes a decrease in
holistic processing.
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Method

Participant

A group of 48 students from Sun Yat-sen University (24
male, 24 female; 20–24 years of age) and 50 students from
Guangzhou Academy of Fine Arts (33 male, 17 female;
19–24 years of age) participated for monetary compensa-
tion. The art students had 2–16 years of experience in
drawing faces. All participants had normal or corrected-to-
normal vision and signed a consent form before the
experiment.

Design

A 2 (group: control or art student) × 2 (alignment: aligned
or misaligned) × 2 (congruency: congruent or incongruent)
mixed design was used, with group as a between-subjects
factor and alignment and congruency as within-subjects
factors.

Materials

Eight grayscale Chinese male faces with a neutral expres-
sion were split into top and bottom halves in order to form
composite faces. For composites with aligned top and
bottom parts, each composite subtended a visual angle of
5.4° × 8.2° at a viewing distance of 50 cm. Each misaligned
composite subtended an angle of 8.2° × 8.2°.

Procedure

The experiment was run by E-Prime 1.2 software (www.
pstnet.com/eprime.cfm). Each participant completed a face
composite task. A face identification task was also
administered to assess their face recognition ability, in
order to verify that the two groups had comparable levels of
face recognition ability.

In each trial of the face composite task, a 200-ms central
fixation cross appeared, followed by a 250-ms blank screen.
Then the first composite was displayed for 200 ms. After a
500-ms interstimulus interval (ISI), the second stimulus was
displayed for 2,000 ms or until response. Participants were
required to determine, as quickly and accurately as
possible, whether the tops of the two composites were the
same or different. Half of the trials were same trials, and
half were different trials. In congruent trials, the tops and
bottoms were both the same or different; in incongruent
trials, the tops were the same and the bottoms different, or
vice versa. There were 32 trials for each of the four
conditions (alignment × congruency), resulting in a total of
128 trials. Participants completed 8 practice trials with
feedback before the actual experiment.

In the face identification task, which was modeled on the
Cambridge Face Memory Test (Duchaine & Nakayama,
2006), the stimuli were the original faces used in the
composite task. All faces subtended an angle of 5.4° × 8.2°.
Each trial began with a 200-ms fixation cross, followed
with a 250-ms blank screen. Then the target face appeared
for 200 ms, followed by a 500-ms blank screen and the
second stimulus array, with four faces displayed until
response. Participants had to determine whether the target
face was present in the four-face array as accurately as
possible by pressing 1, 2, 3, 4, or 5 (absent). In target-
present trials, the target was displayed in the four positions
with equal probabilities. A total of 64 target-absent and 64
target-present trials were presented. Before the actual test,
8 practice trials were presented with feedback.

Results

Composite task

A total of 13 participants’ data (5 control and 8 art students)
were discarded because of low accuracy (< 56%). For response
times (RTs), only correct trials with an RTwithin three standard
deviations from the mean of each group were included in the
analysis. The mean sensitivity (d' = ZHit – ZFA) and correct
RTs are shown in Fig. 1 and Table 1, respectively. Typically,
holistic processing is indicated by more accurate and faster
responses for congruent than for incongruent trials, especially
for the aligned condition (Richler et al., 2011; Richler et al.,
2008; A. C.-N. Wong et al., 2009b). As has typically been
found in previous studies, we observed such a result pattern
in both groups. However, the art students showed smaller
effects in general.
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Fig. 1 Mean sensitivity (d') and standard errors for control students
and art students as a function of alignment and congruency
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This observation was confirmed by a 2 (group) × 2
(alignment) × 2 (congruency) mixed ANOVA conducted
on d'. The three-way interaction was significant, F(1, 83) =
4.40, p < .05. Separate analyses for the two groups revealed
that the interaction between alignment and congruency was
significant for the control participants, F(1, 42) = 22.298,
p < .001, but only marginally significant for the art students,
F(1, 41) = 3.618, p = .064. We also directly compared the
holistic processing of the two groups, defined as the effect of
alignment on the congruency effect [(aligned incongruent
RT – aligned congruent RT) – (misaligned incongruent RT –
misaligned congruent RT)]. This measure indicates how much
the interference from the irrelevant part depends on the intact
configuration of parts (Bukach et al., 2010; Cheung, Richler,
Palmeri, & Gauthier, 2008; Richler, Bukach, & Gauthier,
2009; Richler et al., 2011; A.C.-N. Wong et al., 2009b). This
measure was significantly smaller for art students (0.43) than
for the control group (1.12), F(1, 83) = 4.40, p < .05.

The 2 (group) × 2 (alignment) × 2 (congruency) mixed
ANOVA conducted on RTs revealed a significant main
effect of congruency, F(1, 83) = 5.88, p < .05. Other main
effects and interactions were not significant (ps > .12).

Identification task

The art students and the control group displayed similar
face identification ability. A one-way ANOVA on accuracy
in the identification task revealed no significant difference
between the two groups (art students, M = .73, SD = .14;
control, M = .68, SD = .12), F(1, 83) = 2.449, p = .121.

Correlation analysis

In order to examine the association between drawing experi-
ence and the magnitude of holistic processing for the art
students, we calculated the Pearson correlation between years
of drawing and the size of the holistic effect on d'. There were
two missing values, because 2 art students did not report
their years of drawing experience. Zero years of drawing
experience was assumed for the control group. A significant
negative correlation was found between years of drawing
experience and holistic processing for all participants, r

(83) = −.224, p = .042; the more drawing experience, the
less holistic processing. This correlation, however, wasmainly
driven by the discrete group differences, as can be seen in the
scatterplot (Fig. 2) as well as in the nonsignificant correla-
tions within the art students [r(40) = −.05, p = .76].

An interesting set of analyses, related to a recent debate
(Konar, Bennett, & Sekuler, 2010; Richler et al., 2011), is the
computation of correlations between face identification
performance and holistic face processing. We did not
observe such a correlation in d', r(85) = .017, p = .877, nor
in RTs, r(85) = .033, p = .764. Separate analyses for each
group showed similar results (d', ps > .617; RT, ps > .248).
Therefore, although we adopted a complete design similar to
that of Richler et al. (2011), our results were similar to those
of Konar et al. (2010), who used a partial design.

Discussion

Recent years have seen a number of empirical studies
detailing how the object recognition system is shaped by

Fig. 2 Scatterplot showing the correlation between years of drawing
experience and the magnitude of holistic processing for both groups

Table 1 Mean correct RTs
and standard errors for control
students and art students as
a function of alignment and
congruency

Aligned Misaligned

Congruent Incongruent Congruent Incongruent

Control

Mean 710.48 730.52 720.30 721.48

SE 20.24 21.52 20.54 21.67

Art Students

Mean 745.15 759.69 737.70 746.22

SE 20.48 21.77 20.78 21.93
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nature (Polk, Park, Smith, & Park, 2007; Zhu, Song, Hu,
Li, Tian, Zhen, & Liu, 2010) and nurture (Gauthier et al.,
2000; Xu, 2005). On the nurture side, laboratory training
studies have indicated that how our mind handles an object
category depends not only on the degree, but also on the
type of experience involved (Song et al., 2010; A.C.-N.
Wong et al., 2009b; A. C.-N. Wong et al., 2009c). The
present study extended previous findings to faces and
showed that different types of experience with the same
real-world category are associated with different perceptual
phenomena.

We found holistic face processing for all observers. This
is not surprising to those who believe that holistic
processing is a design of nature for perception of such an
evolutionarily important category, or to those who attribute
holistic processing to extensive experience in the fine
discrimination of faces. What is intriguing is the reduced
holistic processing, but identical face identification ability,
found for art students experienced in face drawing as
compared with ordinary observers. The results suggest that
the art students were more flexible in shifting attention
among parts of a face, and thus were more successful in
following the instruction of part matching in the face
composite task. Because face perception entails different
judgments (concerning identity, gender, expression, inten-
tion, etc.) involving different sets of diagnostic information
(Joyce, Schyns, Gosselin, Cottrell, & Rossion, 2006;
Schyns, Bonnar, & Gosselin, 2002), it is possible that the
additional experience of drawing would enhance one’s
attentional flexibility to better utilize different facial
features for different tasks, making one a more versatile
face processor.

A limitation of the present study is its correlational
nature. There was no pretest to determine whether art
students had shown holistic processing identical to that of
the control students before training. Alternative explana-
tions are therefore possible with regard to the association
between art students and reduced holistic processing. For
example, it is possible that those who gravitate to art are
particularly good at decomposing an object or scene into its
parts. Thus, it may not be that art training causes changes in
holistic processing. Further studies that directly manipulate
training will be needed to address this issue. It is possible
that a relatively short training regimen (months, or even
weeks) may suffice, given the similar levels of holistic
processing for art students with different years of training,
as shown in our correlation analyses.

An implication of the present results concerns the
relationship between holistic processing and efficient face
identification. A close tie between these abilities has been
emphasized by previous findings of a correlation between
holistic face processing and face identification performance
(Richler et al., 2011) and increased holistic processing of

novel objects as a result of individuation training (A.C.-N.
Wong et al., 2009b). We found, however, that the art
students showed less holistic processing than did the
ordinary observers, yet had similar face identification
performance. Also, we did not observe any correlation
between the magnitude of holistic processing and face
identification performance for either the art students or the
ordinary observers, contrary to what Richler et al. (2011)
found. This prompts the question of whether holistic
processing, or obligatory attention to all features, is
necessary for efficient face identification. A possibility is
that attention to all features does help one identify faces,
but individuals differ in their experience of fulfilling other
task demands (e.g., drawing, photography, verbal descrip-
tion, etc.) with faces. These other experiences might affect
the degree of obligatory attention to all features but not face
identification ability, weakening the correlation between the
two.

To conclude, different levels of holistic processing were
found for observers having different types of experience
with faces. An intriguing possibility is that face drawing
experience, as well as experience acquired later in life after
one has had extensive experience identifying individual
faces, can still alter one’s style in face perception. The
experience of learning to fulfill different task demands
associated with different objects might therefore be essen-
tial for continuously optimizing object perception abilities.
Future training studies would be required in order to
directly test the causal relationship between types of
training and face perception. One may, however, start to
consider categorizing perceptual expertise in terms of the
task demands involved (e.g., face identification expertise,
face drawing expertise) instead of merely in terms of the
domains (e.g., face expertise).
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