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Several studies have demonstrated that faces are processed differently from other types of objects, implicating
a special role that faces have within the human visual system. However, other studies have suggested that faces
may be special only in that they constitute a highly familiar category of visual objects with which most humans
have expertise. In this study, we tested a group of expert musicians with a musical instrument classification task
during which irrelevant images of musical instruments were presented as visual distractors under varying con-
ditions of perceptual load. Unlike nonmusicians (who had been tested in Lavie, Ro, & Russell, 2003, using the
same paradigm as in the present study), the musicians processed these irrelevant images of musical instruments
even under conditions of high perceptual load. These results suggest that musical instruments are processed au-
tomatically and without capacity limits in subjects with musical expertise and implicate a specialized processing

mechanism for objects of high familiarity.

Whether faces are innately special or simply belong to
a highly experienced category of visual objects has been
the subject of considerable debate (see, e.g., Kanwisher,
2000). Many studies have shown that faces may be dif-
ferentially processed in comparison with other object cat-
egories (for review, see Farah, Wilson, Drain, & Tanaka,
1998). For example, faces are affected disproportionately
by stimulus inversion (Yin, 1969), are processed more
holistically than are other types of objects (Tanaka &
Farah, 1993), and may be processed within a dedicated
brain region (De Renzi, Perani, Carlesimo, Silveri, &
Fazio, 1994; Desimone, Albright, Gross, & Bruce, 1984;
Kanwisher, McDermott, & Chun, 1997). We have also
provided evidence that human faces may constitute a
special stimulus for visual attention (Lavie, Ro, & Rus-
sell, 2003; Ro, Friggel, & Lavie, 2007; Ro, Russell, &
Lavie, 2001). For example, whereas nonface distractors
can be ignored successfully when the relevant task in-
volves high perceptual load, interference by distractor
faces is not modulated by the level of load in the task.
These results support the claim that processing of faces
may be mediated by a specialized face-processing system
(a “module”) for which processing capacity is unaffected

by the level of load in a nonface search task (using written
names as the search stimuli).

Although there has been overwhelming evidence sug-
gesting that the processing of faces is special, research has
shown that words and objects (MacLeod, 1991; Tipper &
Driver, 1988) can also be processed automatically, and
other studies have shown that similar processing mecha-
nisms for faces can be acquired for other object categories
with visual expertise (Bukach, Gauthier, & Tarr, 2006). For
example, when recognizing dogs, dog show judges dem-
onstrated inversion costs that are similar to the costs mea-
sured with faces (Diamond & Carey, 1986). More recently,
subjects who were trained on subordinate classification of
novel objects demonstrated holistic processing for novel
objects that are similar to faces (Gauthier & Tarr, 1997).
Furthermore, neuroimaging studies of bird and car experts
have demonstrated that the same brain area involved with
processing faces in the fusiform gyrus is also involved with
processing the objects of their expertise (i.e., birds for bird
experts and cars for car experts; Gauthier, Skudlarski, Gore,
& Anderson, 2000; Xu, 2005).

In the present study, we examined whether expertise with
nonface objects can also render those objects into special
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Figure 1. An example of the stimulus displays.

stimuli for visual attention in the same way as has been
shown for faces. We thus tested whether the perceptual pro-
cessing of objects of expertise may also be unaffected by
the level of perceptual load in a name search task. To this
end, we recruited highly skilled musicians as subjects in an
experiment employing the same paradigm as in one of our
previous experiments (Lavie et al., 2003). The musicians
were asked to classify names of musical instruments into
wind versus string instruments, and we tested whether the
level of interference by response-congruent or -incongruent
musical instrument distractors (see Figure 1) would be
modulated by the level of perceptual load in the name
search task. We modulated perceptual load by varying the
number of search items to produce a relevant search set size
of one, two, or four items. This manipulation of perceptual
load through the relevant search set size is well established
(see Lavie & Tsal, 1994, for a review) and has been shown
to modulate nonface distractor processing (e.g., letters or
other meaningful nonface objects) in many previous studies
(e.g., Lavie & Cox, 1997, see Forster & Lavie, 2007, 2008,
for more recent examples).

METHOD

Subjects

Eight music students (2 males, 6 females; 18-21 years old;
M = 19.4) from the Shepherd School of Music at Rice University
participated in this experiment after giving informed consent. All
subjects had at least 3 years of intensive experience playing a musi-
cal instrument (M = 9.9 years; range, 3—16 years). They therefore
had extensive exposure to musical instruments on a regular basis.

The data from these musicians were compared with the data from
Lavie et al.’s (2003) Experiment 4. These latter data were collected
from a group of 12 undergraduate subjects (5 males, 7 females;
19-24 years old; M = 19.6)," who had not been selected on the basis
of musical expertise. Although we cannot rule out that some of those
nonmusicians had some musical expertise, because they had not
been screened explicitly for this possibility, our present data would
be conservatively biased against finding any differences between

our two groups of subjects if some of our nonmusician subjects actu-
ally had musical expertise.

Stimuli and Procedure

On each trial, subjects were asked to search for a name of a musi-
cal instrument among zero, one, or three nonword consonant let-
ter strings (set sizes of one, two, or four, respectively) and to make
speeded classification responses as to whether it was a string or a
wind instrument, while ignoring a peripheral distractor (presented
5° from fixation either on the left or right with equal probability).
A total of six string (banjo, guitar, harp, piano, sitar, violin) and six
wind (bagpipe, flute, saxophone, trombone, trumpet, tuba) instru-
ments were used. Both word and nonword letter strings were pre-
sented in black, lowercase Arial font on a gray background. The size
of the letter strings was approximately 0.5° in height, with a width
ranging from 1.5° to 3.0°, depending on the number of letters in the
string. The nonword consonant letter strings had from 5 to 10 letters
in each string, so as to roughly match the number of letters in the
musical instrument names. Because the subjects had to first local-
ize the word from any nonwords, extensive perceptual processing
in the form of a visual search was required before the categoriza-
tion response could be made, and it is this perceptual search stage
for which load was varied through the increase in the search set
size. The distractor was a grayscale image of a musical instrument,
one from the opposite category (incongruent condition) or from the
same category (congruent condition) as that indicated by the name.
The distractors were 5° in height and 2.5°-5° in width, depending on
the geometry of the musical instrument. The distractor image and
the target word, along with the nonwords, were presented simul-
taneously on each trial and remained present until the participant
responded or 2 sec had elapsed. The intertrial interval was 500 msec.
Figure 1 shows a typical trial. Each subject ran through a practice
block of 48 trials followed by four experimental blocks of 96 trials.
Within each block, all conditions were intermixed randomly. Before
the experiment, all subjects were shown a sheet of paper on which
all of the labeled musical instruments used in this experiment were
depicted.

RESULTS

Table 1 presents the mean reaction times (RTs) and per-
centage errors across the musicians and nonmusicians for

Table 1
Mean Reaction Times (RTs, in Milliseca:)l:ue;s) and Error Rates for Each Condition
Nonmusicians Musicians
Congruent Incongruent Congruent Incongruent
RT Error Rate RT Error Rate RT Error Rate RT Error Rate
Set Size M SE M SE M SE M SE M SE M SE M SE M SE
1 732 30 1.9 0.7 781 26 55 0.6 668 29 33 1.0 739 42 4.1 1.1
2 807 24 23 0.7 828 28 4.1 0.8 749 32 3.1 1.1 780 28 3.7 1.1
1.8

4 1,032 32 3.6 09 1,012 26 59

1.3 913 34 47 23 952 35 49
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Figure 2. The mean congruency effects (incongruent minus
congruent distractor conditions) for each of the set sizes in the
nonmusicians (light bars) and the musicians (dark bars). “p <
.05; n.s., not significant.

each of the congruency X load conditions. A two-way,
within-subjects ANOVA on the musician group RTs, with
factors of congruency (congruent, incongruent) and rel-
evant set size (one, two, four), showed a main effect of
congruency [F(1,7) = 21.46, MS, = 1,272, p = .002]:
Target RTs were faster when the peripheral distractor was
congruent with the target word as opposed to when the
distractor was incongruent. The main effect of set size
was also significant [F(2,14) = 61.69, MS, = 3,649, p <
.001], reflecting slower responses with increased set size
(704, 765, and 933 msec for the one, two, and four set size
conditions, respectively). Most importantly, and unlike the
effects measured with nonmusicians (see Figure 2), there
was no interaction of congruency and load [F(3,21) =
1.84, MS, = 980, p = .20]. RTs in the congruent condi-
tions were significantly faster than those in the incongru-
ent conditions for all set sizes (p < .005, p < .03,andp <
.02, with one-tailed ¢ tests for the one, two, and four set
size conditions, respectively) for these musicians.

This difference in the effect of set size on distraction
by irrelevant musical instrument distractors between the
musicians and nonmusicians was further confirmed by a
linear regression analysis on the magnitude of the congru-
ency effects across the different set sizes for the two groups.
Whereas the congruency effects were linearly modulated
by increasing set size for the nonmusicians (#2 = .99, p <
.005), there was no such effect for the musicians (#2 = .56,
p > .10). This difference in the extent to which congru-
ency effects could be accounted for by an increased level
of set size between the two subject groups was highly sig-
nificant (z = 3.61, p < .001). In addition, the musicians
showed larger congruency effects (M = 48 msec) than did
the nonmusicians (M = 17 msec) [F(1,18) = 6.97, MS, =
1,005, p < .02], and this difference was found across all
set sizes. In other words, there was no interaction of set
size, congruency, and group [F(2,36) = 1.67, MS, = 910,
p = .20]. Thus, musicians cannot ignore musical instru-
ments, even under conditions of higher load in the relevant

task that allows for successful ignoring of such distractors
in a nonmusician group.

Finally, as can be seen in Table 1, the musicians were
faster than the nonmusicians, but this effect of group did
not achieve significance [F(1,18) = 2.62, MS, = 46,480,
p = .12]. Perhaps more importantly, set size had a similar
effect on the search RTs for the musicians and nonmusi-
cians; the interaction between group and set size was not
significant [F(2,36) = 1.54, MS, = 2,805, p = .23]. These
results indicate that the two groups differed specifically in
the visual processing of the musical instrument distractors
but not in the name search task itself.

DISCUSSION

The present findings show that expertise with nonface
objects can result in a special status of these objects for
attention, similar to that previously found for faces. Our
musician subjects, who practice and perform music ex-
tensively and are around musical instruments regularly,
showed specialized processing of musical instruments
in comparison with the nonmusician subjects. Whereas
for the nonmusicians interference by musical instrument
distractors was modulated by the level of load in a name
search task, the interference by the same musical instru-
ment distractor for the musicians was not modulated by
the level of load in the name search task.

Thus, as with faces, the processing of objects of exper-
tise does not appear to be subjected to attentional capacity
limits. This result suggests that prioritization of objects of
expertise may provide a mechanism for the efficient pro-
cessing of objects of expertise so that these can be tagged
and processed in an automatized manner that does not de-
pend on attentional capacity.

It is important to note that the difference between musi-
cians and nonmusicians in our study was confined to the
processing of visual images of 3-D musical instruments.
Performance of the name search task and the effects of
set size on the search RTs were comparable between the
groups. This pattern of findings can be illuminating with
respect to the locus of the effects reported. On one hand,
it suggests that the processing advantage with musical
expertise is rather specific to the visual, rather than the
verbal (cf. Franklin et al., 2008), processing of the ob-
jects of expertise. On the other hand, the heterogeneous
range of musical instruments that we used suggests that
the expertise effects measured in this study are unlikely
to be based on the presence of specific local visual fea-
tures, but rather indicate a more general and global level
of perceptual expertise for musical instruments of various
kinds. This suggestion is in line with previous findings
that, relative to nonmusicians, musicians generally are
faster and more accurate in tests of visual spatial percep-
tion and mental imagery (Brochard, Dufour, & Després,
2004; Patston, Hogg, & Tippett, 2007), have faster inter-
hemispheric visual transfer times (Patston, Kirk, Rolfe,
Corballis, & Tippett, 2007), and have larger cortical motor
representations (Elbert, Pantev, Wienbruch, Rockstroh, &
Taub, 1995). Note that these findings were not confined
to the representations of musical instruments. However,
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some of the tests in which the musicians showed perfor-
mance advantages involved spatial-relational processing
of visual stimuli (Brochard et al., 2004; Patston, Hogg, &
Tippett, 2007). It is thus possible that the specificity of
the advantage found in our study to the images of musical
instruments, rather than to their names, reveals a more
fundamental difference between the spatial and object rec-
ognition processing of visual 2- and 3-D objects as com-
pared with verbal information (such as the letter strings
in the name search task). The effects of musical expertise
might therefore be different from other forms of expertise,
such as expertise with faces, cars, and birds, that may be a
consequence of extensive experience with the perceptual
categorization of specific features and objects of expertise
(Mondloch, Maurer, & Ahola, 2006; Tanaka, Curran, &
Sheinberg, 2005).

Our results may also suggest that, at least in the case
of attentional load, faces may be special, not because of
some special innate feature but because of the extensive
experience people have in classifying them (as with words
in the Stroop effect). This conclusion is in line with other
demonstrations that the objects of high expertise acquire
processing characteristics similar to those for faces (Gau-
thier et al., 2000; Gauthier & Tarr, 1997), including simi-
lar neural correlates (Gauthier et al., 2000; Xu, 2005).
Finally, a recent study (Thoma & Lavie, 2009) has dem-
onstrated that distractor face processing has face-specific
capacity limits. Interference by response-incongruent ver-
sus -congruent distractor faces in the task used by Lavie
et al. (2003) was modulated by the level of load on faces.
As soon as the names in the search plus classification task
were replaced with faces, the effects of load on interference
by the distractor faces were restored. Whether objects of
expertise also show similar object-specific capacity limits
would be an interesting topic for future research.
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NOTE

1. The gender, mean age, and error rates were not available for 2 of
the nonmusician subjects.
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