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Expertise reduces neural cost but does not modulate 

repetition suppression

Expertise Reduces Neural Cost

Martin Wiesmann and Alumit Ishai

University of Zurich, Zurich, Switzerland

The extent to which repetition suppression is modulated by expertise is currently unknown. We used event-related

fMRI to test whether architecture students would respond faster to buildings and would exhibit stronger repetition

suppression in the fusiform gyrus (FG) and parahippocampa cortex (PHC) than students from other disciplines.

Behaviorally, we found shorter response latencies with target repetition in all subjects. Moreover, the repetition of

targets and distracters was associated with decreased neural responses in the FG and PHC in all subjects. In

control, but not in architecture students, reaction times during the first repetition of the target were correlated with

activation in the cuneus, lingual gyrus, inferior parietal lobule, insula, and anterior cingulate cortex, indicating

that the non-experts had to recruit additional regions in order to perform the task. Our findings suggest that due to

their expertise, architects were able to encode and detect building stimuli at a lower neural cost.

Keywords: Architecture; Cognition; Expertise; fMRI; Object recognition; Parahippocampal cortex; Working memory.

INTRODUCTION

The neural signature of stimulus repetition is decreased

activation in the cortex, known as repetition suppres-

sion. Single-unit recordings in nonhuman primates

have shown reduced neural responses to repeated vis-

ual stimuli in extrastriate cortex (e.g., Miller, Li, &

Desimone, 1991b). Functional brain imaging studies in

humans, using various techniques—positron emission

tomography (PET), functional magnetic resonance

imaging (fMRI), and event-related potentials (ERPs)—

and various classes of visual stimuli (e.g., words,

objects, and faces), have also shown that stimulus

repetition results in decreased cortical activation

(Buckner et al., 1995; Rugg, Soardi, & Doyle, 1995;

Vuilleumier, Henson, Driver, & Dolan, 2002). Repeti-

tion suppression is stimulus-specific, size- and location-

invariant, and observed under anesthesia (Miller,

Gochin, & Gross, 1991a). These properties have

suggested that repetition suppression is an automatic,

intrinsic response of cortical neurons (Desimone, 1996;

Wiggs & Martin, 1998). The neural mechanisms that

mediate repetition suppression are currently

unknown. Three models have been proposed to

account for the main empirical findings: the fatigue

model, according to which the amplitude of the firing

of neurons decreases with stimulus repetition; the

sharpening model, which posits that fewer neurons

respond to repeated stimuli; and the facilitation

model, according to which the latency or duration of

neural activity is shortened with stimulus repetition

(Grill-Spector, Henson, & Martin, 2006). It has also

been suggested that in contrast with reduced responses

to repeated stimuli in ventral temporal regions, which

reflect perceptual processing, the repetition suppres-

sion effects observed in prefrontal regions reflect the

retrieval of learned stimulus–response associations

(Dobbins, Schnyer, Verfaellie, & Schacter, 2004;
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58 WIESMANN AND ISHAI

Horner & Henson, 2008; Race, Shanker, & Wagner,

2009). In some repetition suppression studies, the first

repetition of a target evoked enhanced neural

responses relative to the responses during target

encoding. These “match enhancement” effects were

found in inferior temporal and prefrontal neurons in

both monkeys (Miller & Desimone, 1994) and

humans (Ishai, Pessoa, Bikle, & Ungerleider, 2004)

performing delayed matching tasks.

Repetition suppression is modulated by various

cognitive factors, such as task demands and attention

(Eger, Henson, Driver, & Dolan, 2004; Yi & Chun,

2005; Xu, Turk-Browne, & Chun, 2007; Soto,

Humphreys, & Rotshtein, 2007). We have previously

shown that repetition suppression is also modulated

by emotion. Within a distributed network of face-

responsive regions, repetition of fearful faces was

associated with stronger suppression than the repetition

of neutral faces. We interpreted these results to

suggest that emotional faces become more sharply

tuned than neutral faces, presumably due to their

biological significance (Ishai, Bikle, & Ungerleider,

2006; Ishai et al., 2004). It is currently unknown,

however, whether these findings can be generalized.

Specifically, it is unknown how expertise and experi-

ence modulate the decrease in neural response to

repeated stimuli. The goal of our study was to test

whether architecture students would exhibit differential

behavioral and neural responses while performing a

working memory task in which an encoded building

target was repeated twice among distracter buildings.

It has been consistently shown that visual perception

of houses and buildings evokes activation in medial

fusiform gyrus (Aguirre, Zarahn, & D’Esposito, 1998;

Ishai, Ungerleider, Martin, & Haxby, 2000; Ishai,

Ungerleider, Martin, Schouten, & Haxby, 1999), as

well as the parahippocampal cortex (PHC), a region

that mediates the encoding of local environments and

extraction of spatial information for navigation, which

was termed the “parahippocampal place area”

(Epstein & Kanwisher, 1998). Moreover, the repetition

of scenes that include buildings has been associated

with decreased neural responses in the PHC (e.g.,

Epstein, Graham, & Downing, 2003). Based on our

previous findings of stronger repetition suppression

for emotional than neutral faces (Ishai et al., 2004,

2006), we hypothesized that if experience-dependent

changes are manifested by sharp-tuning of the neural

response to visual stimuli, then compared with

students from other disciplines, architecture students

would respond faster to building stimuli and would

exhibit stronger repetition suppression and/or match

enhancement effects in building-responsive regions,

namely the FG and the PHC. Thus, faster behavioral

responses and stronger repetition suppression would

reflect the sharp tuning of the response to buildings in

architects.

METHODS

Subjects

Twenty-four healthy, right-handed subjects (13 males,

11 females, mean age 26 years) with normal vision

participated in the study. All subjects gave informed

written consent for the procedure in accordance with

protocols approved by the University Hospital of

Zurich. Twelve subjects (7 males, 5 females) were

architecture students from the Swiss Federal Institute

of Technology (ETH) in their last year of the Master’s

program. During the 4 years of studies toward their

bachelor degree, the architecture students took

courses in design, technology, humanities, and social

and natural sciences, and worked 6 months on practical

assignments that involved drawing and constructing

three-dimensional models of buildings. During their

first year of the Master’s degree the architecture

students took additional courses in creative design

and completed more practical assignments. The other

12 subjects were students from the University and

ETH Zurich, who study biology, neurobiology,

chemistry, pharmacy, veterinary medicine, and

computer science.

Stimuli and tasks

Stimuli were displayed using Presentation (www.

neurobs.com, version 12.2) and were projected with a

magnetically shielded LCD video projector onto a

translucent screen placed at the feet of the subject.

We used 320 new monochrome photographs of

buildings from Barcelona and Tel Aviv taken by the

photographer Ilan Nachum (see http://ilannachum.

com/galleries.html). Except for a few photographs of

famous Gaudi buildings, which two architecture

students and two control subjects recognized, all

images were of unfamiliar buildings (see Figure 1).

Scrambled images of these buildings, which were

created by phase scrambling luminance and color

information from these pictures, were used as

control stimuli. Subjects performed a working mem-

ory task. In each trial, a target building was

presented for 4 s (encoding), followed by 10 build-

ings, each presented for 2 s. The target and one of

the distracters were repeated twice, intermixed with

6 nonrepeated distracters. Stimuli were presented
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EXPERTISE REDUCES NEURAL COST 59

successively, without an interstimulus interval. Sub-

jects were instructed to memorize the target building

and press a button when detecting it, thereby making

the target the behaviorally relevant stimulus. Each

time series included 8 trials with buildings and 2 trials

with scrambled buildings. Five times series were

collected for each subject and the order of trial type

was randomized.

Data acquisition

Data were collected using a 3 T Philips Intera whole

body MR scanner (Philips Medical Systems, Best,

The Netherlands). Changes in blood-oxygenation

level-dependent MRI signal were measured by using

sensitivity encoded gradient-echo echoplanar sequence

(SENSE, Pruessmann, Weiger, Scheidegger, &

Boesiger, 1999) with 33 axial slices, TR = 2 s, TE = 35

ms, flip angle = 80°, field of view = 220 mm, acquisition

matrix = 128 × 128, reconstructed voxel size = 1.72 ×

1.72 × 4 mm, and SENSE acceleration factor R = 2.

High-resolution spoiled gradient recalled echo

structural images were collected in the same session

for all the subjects (160 sagittal slices, TR = 8.27 ms,

TE = 3.9 ms, field of view = 240 mm, acquisition

matrix = 256 × 256, reconstructed voxel size = 1 × 0.9

× 0.9 mm). These high-resolution structural images

provided detailed anatomical information for the

region-of-interest (ROI) analysis and for 3D normali-

zation to the Talairach and Tournoux atlas (1988).

Data analysis

For each subject, the behavioral data, namely

responses and reaction times, were computed for the

first and the second repetition of the target buildings.

ANOVA was used to compare the various conditions.

Functional MRI data were analyzed in BrainVoyager

QX Version 1.10 (Brain Innovation, Maastricht, The

Netherlands). All volumes were realigned to the first

volume, corrected for motion artefacts and spatially

smoothed using a 5-mm full-width-at-half-maximum

Gaussian filter. Stimulus events were modeled using a

delta function, which was convolved with a canonical

hemodynamic response function to yield a regressor

for each condition. The main effects of interest (build-

ings vs. scrambled images; first repetition of a target

vs. second repetition of a target; encoding vs. first

repetition of a target; first repetition of a distracter vs.

second repetition of a distracter) were analyzed using

the general linear model (Friston et al., 1995). Based

on the main effect (buildings vs. scrambled build-

ings), a set of ROIs was anatomically defined for

each subject with clusters that showed a significant

effect (p < .01, uncorrected). These regions included

the inferior occipital gyrus (IOG), fusiform gyrus

(FG), and parahippocampal cortex (PHC). The speci-

fication of ROIs was therefore orthogonal to the

subsequent tests that were addressed at the second-

level analysis. For each subject and in each ROI, the

mean parameter estimates were calculated separately

for each experimental condition (i.e., encoding and

first and second repetitions of targets and distracters)

and were used for between-subjects random-effects

analyses.

To test for task-related effects, additional ROIs

were defined based on the contrast of repeated

targets vs. repeated distracters (T > D) with clusters

that showed a significant effect (p < .005, uncor-

rected). These regions included the intraparietal

sulcus (IPS), insula (INS), anterior cingulate cortex

(ACC), and orbitofrontal cortex (OFC). However,

we did not find any differences between the two

groups. To test for match enhancement effects, we

localized all regions that responded more to the first

repetition of the target than to target encoding (T1 >

ENC). These regions included the IOG, FG, PHC,

INS, and ACC.

Finally, we tested whether reaction times were

correlated with brain activation by including the

response latencies as a covariate in the GLM analysis.

For each subject, the reaction times of detecting the

Figure 1. Stimuli and task. In each trial, a target building was presented for 4 s (ENC), followed by 10 buildings, each presented for 2 s. The

target (T1, T2) and one of the distracters (D1, D2) were repeated twice, intermixed with 6 nonrepeated distracters. Subjects were instructed to

memorize the target and press a button when detecting it.
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first and second repetitions of the targets were

normalized by z-transformation, and the standard

hemodynamic response function (HRF) was then

multiplied with the new z-values for each trial, thus

creating a latency-correlated design-matrix.

RESULTS

Behavioral data

The mean accuracies and standard error of the mean

(SEM) for detecting the first (T1) and second (T2)

building targets were 97 ± 1% and 99 ± 1%, respec-

tively, for the control students, and 97 ± 1% and 98 ±

2% for the architecture students. The differences

between the groups were not statistically significant.

In all subjects, the proportion of correct responses was

significantly higher for T2 than for T1, 97 ± 1% and

98 ± 1%, respectively, t(46) = 2.51, p < .05.

Averaged across all 24 subjects, detecting the

second presentation of the target was significantly

faster than detecting its first presentation, 615 ± 24 ms

for T1 and 588 ± 23 for T2; t(46) = 3.41, p < .01.

Relative to the control group, the architecture students

responded faster to both targets, but this difference

did not reach statistical significance, T1: 649 ± 33 ms,

T2: 616 ± 34 for the control group; T1: 581 ± 34 ms,

T2: 561 ± 30 for the architecture students, F(1, 47) =

3.49, p > .05.

The mean accuracies for detecting the scrambled

targets were also similar, T1: 93 ± 3 %, T2: 93 ± 2 %

for the control group; T1: 98 ± 2 %, T2: 98 ± 1 % for

the architecture students, F(1, 47) = 1.21, p > .05.

The architecture students responded faster to the

first repetition of the scrambled targets (687 ± 34

ms) than the control group, 817 ± 52 ms, t(22) =

2.40, p < .05. The response latencies to the second

presentation of the scrambled targets were very

similar in the two groups, controls: 782 ± 50 ms;

architects: 689 ± 42 ms, t(22) = 1.81, p > .05. A

two-way ANOVA revealed a significant difference

in the reaction times averaged across both scram-

bled targets between the two groups, F(1, 47) = 6.15,

p < .05.

Imaging data

The main effect, namely responses evoked by all

buildings as compared with the scrambled buildings,

revealed activation within a distributed cortical

network that included multiple, bilateral regions. Con-

sistent with previous findings, significant activation

was found in extrastriate regions that respond more to

buildings, including the FG and PHC (Figure 2). The

contrast of repeated targets vs. repeated distracters

revealed activation in attention- and task-related

areas, namely the IPS, IFG, INS, and ACC (see Table 1

for cluster size and Talairach coordinates). We then

conducted an ROI analysis to test for differences

between T1 and T2, first (D1) and second (D2) repeti-

tions of the distracters, and encoding of the target

(ENC) vs. T1.

Repetition suppression

Having localized the visual activation evoked by

buildings, we analyzed the amplitude of the response

associated with specific events, namely, encoding of

targets, repetition of targets, and repetition of

distracters. We first provide the results for activation

evoked by the targets.Figure 3 shows the amplitude

of the response evoked by the first and second repe-

titions of the targets in the FG and PHC. As bilateral

Figure 2. Activation evoked by buildings as compared with scrambled buildings. Group statistical maps, averaged across all subjects,

illustrating significant activation in the FG and PHC.
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EXPERTISE REDUCES NEURAL COST 61

activation was found in both regions, we averaged

the data across the two hemispheres. In both the FG

and PHC, T1 evoked stronger activation than T2,

and the differences were statistically significant in

both control, t(46) = 3.27, p < .01 in the FG; t(42) =

3.22, p < .01 in the PHC, and architecture students,

t(46) = 3.79, p < .001 in the FG; t(40) = 3.96, p < .001

in the PHC.

The amplitude of the responses during the first

and second repetition of the repeated distracters is

also shown in Figure 3. Although the repeated

distracters were task-irrelevant, we found that the

neural response to D1 was stronger than activation

evoked by D2. In both groups, the difference

between D1 and D2 was significant in the FG,

controls: t(46) = 3.04, p < .01; architects: t(46) = 6.14,

p < .0001, and in the PHC, controls: t(42) = 2.72, p <

.01; architects: t(40) = 6.73, p < .0001. Within the

PHC we also found significant interaction between

group and distracters, F(1, 85) = 4.75, p < .05.

Within the PHC, activation evoked by D1 was

significantly higher in the architects than in the control

TABLE 1 

Regions activated during presentation of buildings

Control group Architects group

Region N

Mean cluster 

size [mm3]

Coordinates

N

Mean cluster 

size [mm3]

Coordinates

X Y Z X Y Z

Main effect (buildings vs. scrambled)

L. IOG 10 826 (64) –29 (2) –81 (1) –14 (1) 7 886 (68) –26 (2) –82 (2) –12 (2)

R. IOG 9 845 (51) 27 (3) –79 (2) –11 (1) 9 939 (50) 24 (1) –79 (1) –10 (2)

L. FG 12 832 (42) –26(1) –55 (1) –11 (2) 12 809 (54) –27 (1) –54 (1) –11 (1)

R. FG 12 794 (57) 26 (1) –54 (1) –9 (1) 12 856 (61) 25 (1) –56 (1) –10 (1)

L. PHC 11 860 (46) –25 (1) –43 (1) –11 (1) 9 877 (43) –25 (1) –43 (1) –13 (1)

R. PHC 11 838 (32) 25 (1) –42 (1) –11 (1) 11 893 (29) 25 (1) –43 (1) –12 (1)

OFC 6 788 (82) –1 (1) 52 (2) –4 (2) 5 793 (73) –3 (1) 49(3) –8 (2)

Targets vs. distracters

L. IPS 5 848 (41) –43 (3) –43 (2) 38 (3) 7 917 (23) –38 (2) –34 (1) 47 (2)

R. IPS 5 856 (85) 39 (5) –43 (3) 36 (3) 3 808 (135) 40 (6) –35 (2) 46 (2)

L. INS 8 854 (66) –43 (2) –2 (1) 9 (1) 9 832 (40) –42 (1) –4 (1) 10 (1)

R. INS 6 571 (116) 42 (2) –1 (1) 9 (2) 8 570 (53) 40 (1) –1 (1) 9 (1)

ACC 11 803 (55) –4 (1) 0 (1) 45 (2) 8 875 (27) –3 (1) –1 (2) 46 (2)

L. IFG 4 729 (60) –38 (6) 16 (3) 13 (5) 3 881 (44) –45 (7) 10 (5) 8 (6)

R. IFG 4 788 (82) 41 (2) 15 (4) 15 (8) 3 593 (158) 43 (7) 11 (6) 14 (6)

Notes: N indicates number of subjects that showed activation in a region. Coordinates are in the normalized space of the Talairach and

Tournoux brain atlas. Numbers in parentheses indicate SEM.

Figure 3. Repetition suppression. Responses evoked by repeated targets and repeated distracters within the FG and PHC. T1 = first repetition

of the target; T2 = second repetition of the target; D1 = first repetition of the distracter; D2 = second repetition of the distracter. Data were aver-

aged across the two hemispheres and all subjects that showed activation in the region. Error bars indicate SEM.
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group, t(41) = 4.15, p < .0001. The nonrepeated

distracters evoked similar activation and the differ-

ences between the two groups were not significant in

the FG, t(46) = 0.28, p > .05, and the PHC, t(41) = 0.03,

p > .05.

Match enhancement

We then compared activation evoked by encoding of

the target buildings and the first repetition of these

targets. Within the IOG, FG, PHC, INS, and ACC,

the first repetition of the target evoked higher activa-

tion than the encoding of the target (Figure 4). This

“match enhancement” effect was significant in the

IOG, controls: t(36) = 3.24, p < .01; architects: t(30)

= 2.40, p < .05; FG, controls: t(46) = 6.08, p <

.0001; architects: t(46) = 5.67, p < .0001; PHC, con-

trols: t(42) = 4.01, p < .001; architects: t(40) = 2.94,

p < .01; INS, controls: t(26) = 6.87, p < .0001;

architects: t(32) = 5.85, p < 0.0001; and ACC, con-

trols: t(20) = 4.77, p < .001; architects: t(14) = 4.11,

p < .01.

Correlations between reaction time 
and brain activation

Finally, we tested whether the reaction times of

detecting the first and second repetitions of the targets

were correlated with brain activation. Interestingly,

we found that in control but not in architecture stu-

dents, detecting the first repetition of a target was cor-

related with activation in multiple regions (Figure 5),

which included the cuneus (mean Talairach coordi-

nates: –2, –80, 20); lingual gyrus (14, –64, 0); inferior

parietal lobule (58, –28, 26); insula (–49, –20, 11; 45,

–14, 13) and ACC (5, –17, 43).

DISCUSSION

We investigated, using event-related fMRI, the neural

responses evoked by repetition of buildings, which

were either task-relevant (targets) or -irrelevant (dis-

tracters), in architecture and non-architecture stu-

dents. We found in all subjects shorter response

latencies with target repetition, as well as reduced

neural responses to repeated stimuli within the FG

and PHC, and stronger activation to the first repetition

of the encoded target in the IOG, FG, PHC, and ACC.

Contrary to our hypothesis, we did not find evidence

for sharper tuning of the response to buildings as

manifested by greater neural decreases to repeated

targets in architecture students. Nevertheless, regres-

sion analysis of the reaction time with cortical activity

revealed in control, but not in architecture students,

activation in the cuneus, lingual gyrus, inferior pari-

etal lobule, insula, and anterior cingulate cortex.

Consistent with previous studies (Epstein et al.,

2003; Yi & Chun, 2005), we found that the repetition

of building stimuli resulted in decreased neural acti-

vation in multiple building-responsive regions along

the ventral stream, namely the FG and PHC (Aguirre

et al., 1998; Epstein & Kanwisher, 1998; Ishai et al.,

1999, 2000). Our data are also consistent with the pre-

dictive coding model, according to which learning is

reflected by reduced prediction error, as manifested

by reduced activation with repetition (Friston, 2005).

We also found that within the IOG, FG, PHC, and

ACC the first repetition of a target evoked enhanced

neural responses relative to the responses during tar-

get encoding. Similar “match enhancement” effects

were previously found in inferior temporal and pre-

frontal neurons in monkeys performing delayed

matching tasks (Miller & Desimone, 1994) and in

humans (Ishai et al., 2004). It has been suggested that

repetition suppression and target enhancement are

Figure 4. Match enhancement. Responses evoked during encoding and first repetition of the targets in the IOG, FG, PHC, and ACC. ENC =

encoding of the target; T1 = first repetition of the target. Data were averaged across the two hemispheres and all subjects that showed activation

in the region. Error bars indicate SEM.
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two neural mechanisms with complementary func-

tions: automatic detection of stimulus repetition and

maintenance in working memory, respectively. These

parallel mechanisms are required to bias the competition

between multiple objects in typically crowded visual

scenes, in favor of the behaviorally relevant items

(Desimone, 1996). The similar patterns of repetition

suppression and match enhancement observed in all

subjects, regardless of their expertise, is likely due to

the modern, urban environments that many of us live

in. We are surrounded by buildings and houses and on

a daily basis are required to remember architectural

landmarks in order to navigate. Thus, due to their life-

long exposure to buildings, our control students were

not completely novice subjects. When subjects were

presented with eight repetitions of a stimulus, most

extrastriate regions exhibited reduced response to the

second, but not to subsequent presentations of the

stimulus, except for the right posterior FG, which

exhibited gradual reductions for all repetitions (Reber,

Gitelman, Parrish, & Mesulam, 2005). As we haven’t

observed differential effects of expertise within this

region, which according to Reber and colleagues links

repetition suppression with expertise, it is likely that

these effects reflect short, within-session familiarity

or fluent reprocessing of the stimuli.

Within the PHC, architects showed stronger neural

response to the first repetition of a distracter than

control subjects. We have previously shown that

distracter faces, regardless of their repetition or

valence, evoked negligible activation, indicating top-

down attenuation of behaviorally irrelevant stimuli in

the human brain (Ishai et al., 2004). Our current find-

ings suggest that architecture students, due to their

unique training, may automatically attend not only to

task-relevant stimuli, but also to irrelevant items that

non-experts can filter out. The architects have prob-

ably also responded faster to the scrambled images

because of their hands-on experience with geometric

forms.

If architects process building stimuli in a more

semantic manner, one would expect differential

effects of repetition suppression within prefrontal

regions (e.g., Race et al., 2009). As both control and

architecture students exhibited similar behavioral and

neural responses, it seems that repetition suppression

Figure 5. Correlations between response latencies and brain activation. In control subjects, reaction times recorded during the first repetition

of the targets were correlated with activation in a network of regions that included the cuneus, lingual gyrus, inferior parietal lobule, insula and ACC.
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is not modulated by expertise within ventral temporal

and prefrontal regions. Similar findings were reported

in a recent study in which aesthetic judgment of build-

ings and faces was investigated in architects and non-

architects. Regardless of their expertise, all subjects

similarly rated the aesthetic appeal of the stimuli and

showed similar patterns of activation within the

nucleus accumbens. However, in the orbitofrontal

cortex and subcallosal cingulate gyrus, buildings

evoked higher activation in architects than in non-

architects, suggesting that expertise modulates the

representation of stimulus value (Kirk, Skov, Christensen,

& Nygaard, 2009).

We found a significant difference between the two

groups when we correlated the response latencies

during target detection with brain activation. This

regression analysis revealed in control, but not archi-

tecture students, significant activation in a network of

regions (cuneus, lingual gyrus, inferior parietal

lobule, insula, and anterior cingulate cortex) that

mediate various cognitive tasks that require attention

and memory retrieval. It therefore seems that the

control subjects performed the working memory task

with a higher neural cost. The recruitment of

additional regions in control subjects is reminiscent of

age-related functional changes in the human brain.

When compared with young adults, older adults tend

to recruit additional cortical areas, especially in the

prefrontal cortex, despite similar performance in

terms of accuracy and speed of response (Grady,

2008). It has been suggested that cortical recruitment

serves as a compensatory mechanism to counteract

age-related decline in task performance. Such recruit-

ment, however, could also reflect age-related dedif-

ferentiation, namely difficulties in recruiting

specialized neural mechanisms (Buckner, 2004;

Cabeza, 2001; Gazzaley & D’Esposito, 2007). It has

also been suggested that old adults are more vulnerable

to environmental distractions during task performance

(e.g., Stevens, Hasher, Chiew, & Grady, 2008). One

could similarly argue that our control subjects were

unable to suppress the neural response to the distracter

buildings. However, as control and architecture

students showed similar neural responses to the

distracters in the FG, and architects responded more

to D1 in the PHC, it seems highly unlikely that the

non-architects were more distracted by these task-

irrelevant stimuli.

The specific training and experience our architecture

students had during the course of their studies likely

resulted in more efficient cognitive performance that

required fewer neural resources, whereas the control

subjects had to recruit additional cortical regions.

Consistently, several studies have shown that perceptual

learning and skill acquisition result in decreased

activation in sensory and motor regions (e.g.

Kassubek, Schmidtke, Kimmig, Lücking, & Greenlee,

2001; Mukai et al., 2007; Poldrack et al., 2005). The

additional recruitment of regions could be due to a

different cognitive strategy employed by the control

subjects. However, the virtually identical behavioral

performance and patterns of neural activation

observed in the two groups suggest that this is highly

unlikely. According to the expertise framework

(Bukach, Gauthier, & Tarr, 2006; Raichle, 1998),

perceptual learning and category specialization result

in differential cortical responses. Our surprising findings

provide a new perspective on expertise, namely

reduced neural cost. Future studies might determine

the neural mechanisms of the lower neural cost asso-

ciated with expertise and the extent to which expertise

modulates the patterns of cortical connectivity among

extrastriate, parietal, and prefrontal regions.
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