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Abstract
Clinical observations of patients with ventral frontal and anterior temporal cortical lesions reveal
marked abnormalities in social attitudes. A previous study in seven patients with ventral prefrontal
lesions provided the first direct experimental evidence for abnormalities in social attitudes using a
well-established measure of gender stereotypes, the Implicit Association Test (IAT). Here, we were
able to test whether these first findings could be reproduced in a larger sample of 154 patients with
penetrating head injuries, and to determine the differential effects of ventromedial prefrontal
(vmPFC) and ventrolateral prefrontal (vlPFC) cortical lesions on IAT performance. In addition, we
investigated the role of the superior anterior temporal lobe (aTL), recently shown to represent
conceptual social knowledge. First, we used a linear regression model to identify the role of each of
the three regions, while controlling for the extent of damage to other regions. We found that larger
lesions in either the vmPFC or the superior aTL were associated with increased stereotypical
attitudes, whereas larger lesions in the vlPFC were associated with decreased stereotypical attitudes.
Second, in a confirmatory analysis, we grouped patients by lesion location and compared their
performance on the IAT with that of healthy volunteers. Compared to controls, patients with lesions
in either the vmPFC or the superior aTL showed increased stereotypical attitudes, whereas patients
with lesions in the vlPFC showed decreased stereotypical attitudes. The functional contributions of
these regions in social attitudes are discussed.

Keywords
Ventromedial prefrontal cortex; Stereotypes; Implicit Association Test

* Corresponding author at: Cognitive Neuroscience Section, National Institute of Neurological Disorders and Stroke, National Institutes
of Health, Building 10, Room 7D43, MSC 1440, Bethesda, MD, 20892−1440, USA. Tel.: +1 301 496 0220; fax: +1 301 480 2909. E-
mail address: E-mail: grafmanj@ninds.nih.gov (J. Grafman)..
Disclaimer: The views expressed in this article are those of the authors and do not necessarily reflect the official policy or position of
the Department of the Navy, Department of Defense, nor the U.S. Government.

NIH Public Access
Author Manuscript
Neuropsychologia. Author manuscript; available in PMC 2009 August 1.

Published in final edited form as:
Neuropsychologia. 2009 August ; 47(10): 2125–2132. doi:10.1016/j.neuropsychologia.2009.04.002.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1. Introduction
Stereotypes refer to “socially shared sets of beliefs about traits that are characteristic of
members of a social category” (Greenwald & Banaji, 1995, p. 14). Although overgeneralized
and resistant to new information, stereotypes represent an important, often implicit, component
of adaptive behavior, serving as shortcuts that enable fast predictions of other people's behavior.
Stereotypes may be considered a specialized instance of a social attitude and, as such, they
influence our decision making and behavior in social situations (Wood, 2003). Using the
Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz, 1998), stereotypical
attitudes have been extensively explored in personality and social psychology (e.g., Asendorpf,
Banse, & Mucke, 2002; Rudman, Greenwald, & McGhee, 2001), yet their neural substrates
are still unclear.

The first evidence on the neural basis of social attitudes came from clinical observations of
marked changes in social, religious or moral attitudes after focal lesions of the ventral frontal
lobes (Kleist, 1922). These changes in social attitudes have been observed in frontotemporal
dementia patients with focal neurodegeneration of the frontal lobes (Miller et al., 2001) and
patients with focal atrophy of the anterior temporal lobes (aTL; Edwards-Lee et al., 1997).

Experimental probes to directly investigate the neural basis of social attitudes have mostly
relied on functional magnetic resonance imaging (fMRI) in healthy populations (Cunningham,
Johnson, Gatenby, Gore, & Banaji, 2003; Cunningham & Zelazo, 2007; Knutson, Mah, Manly,
& Grafman, 2007; Phelps et al., 2000). However, anterior temporal and ventral frontal
activations in fMRI are difficult to detect without specific sequence optimization (Knutson et
al., 2007). Furthermore, functional neuroimaging in healthy subjects cannot demonstrate
whether activated brain regions are necessary for task performance (Price, Mummery, Moore,
Frakowiak, & Friston, 1999). The study of patients with brain lesions is thus indispensable to
elucidate the neural basis of social attitudes.

In a recent study using an experimental probe of social attitudes in patients with brain lesions,
Milne and Grafman (2001) found that stereotypical attitudes about gender were diminished in
seven patients with penetrating head injuries to the ventral prefrontal cortex (PFC) when
compared with healthy volunteers and patients with damage to the dorsolateral PFC (dlPFC).
The authors attributed the decrease in stereotypical attitudes to damage to the medial sector of
the ventral PFC. In that study, however, the patients with ventral lesions had damage to lateral
as well as medial sectors of the ventral PFC, and it is believed that these sectors may have
different functional roles (Elliott, Dolan, & Frith, 2000; Kringelbach, 2005; Kringelbach &
Rolls, 2004; Wood & Grafman, 2003). In addition, the number of subjects studied was small.
Here, we tested whether decreased strength of stereotypical attitudes can be reproduced in a
larger sample of patients, and whether this decrease is caused by damage to the ventromedial
PFC (vmPFC) or the ventrolateral PFC (vlPFC).

Further, we investigated the contribution of the superior aTL to stereotypical gender attitudes.
As mentioned above, neuropsychological studies have reported attitudinal changes and
abnormalities of social behavior in frontotemporal dementia patients with aTL atrophy
(Edwards-Lee et al., 1997; Liu et al., 2004). Two recent fMRI studies have shown that the
superior aTL selectively represents abstract conceptual social knowledge (Zahn et al., 2007),
and that conceptual social knowledge representations within the superior aTL are activated
implicitly when evaluating social behavior (Zahn et al., 2009). Based on these studies, we
suggest that the aTL may be important for stereotyping. In particular, we see two possible
consequences of aTL damage. One possibility is that stereotyping depends critically on social
knowledge representations within superior aTL. If this is the case, then damage to the superior
aTL would decrease stereotypical attitudes. Alternatively, there might be an inverse
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relationship between the level of detail of representations in this region and stereotyping. That
is, overgeneralized, stereotypical attitudes may be more prevalent in patients with degraded
access to detailed and specific social conceptual knowledge. In this case, damage to the superior
aTL would increase the strength of stereotypical attitudes.

2. Materials and methods
2.1. Participants

We selected subjects from the Vietnam Head Injury Study (VHIS) Phase 3, which was
conducted between April 2003 and November 2006 at the Bethesda National Naval Medical
Center. The VHIS (Phase 3) includes 199 Vietnam veterans with penetrating head injuries
sustained during combat and 55 veterans with combat exposure, but no brain injury. Patients
were evaluated using the Structured Clinical Interview for DSM-IV-TR Axis I disorders,
nonpatient edition (SCID-I/NP; First, Spitzer, Gibbon, & Williams, 2001) and excluded from
the present study if they had psychotic symptoms or met the criteria for bipolar disorder, major
depression, alcohol/substance dependence or abuse. In addition, three patients were excluded
because of physical inability to perform our test of interest and one patient was excluded
because of technical problems, leaving a sample size of N = 154 patients (all males; mean age
58 years, SD = 2.4; mean education 14.8 years, SD = 2.5). Using the same exclusion criteria,
we obtained a total of 43 controls (all males; mean age 58.7 years, SD = 2.1; mean education
15.3 years, SD = 2.5). Patients and comparison subjects did not differ in age (P = .10) or number
of years of education (P = .24). All participants gave informed written consent, which was
obtained according to the Declaration of Helsinki (BMJ 1991; 302: 1194). The work was
approved by the Institutional Review Boards at the National Naval Medical Center and the
National Institute of Neurological Disorders and Stroke/National Institutes of Health.

2.2. Lesion analysis
We acquired axial computed tomography (CT) scans (MRI scans could not be obtained in most
patients because they still had metal fragments in the brain as a result of their injury) without
contrast at the Bethesda Naval Hospital on a General Electric Medical Systems Light Speed
Plus CT scanner in helical mode. We reconstructed the images with an in-plane voxel size of
0.4 mm × 0.4 mm, an overlapping slice thickness of 2.5 mm and a 1-mm slice interval. Brain
lesions were evaluated using the Analysis of Brain Lesions (ABLe) software (Makale et al.,
2002; Solomon, Raymont, Braun, Butman, & Grafman, 2007) contained in MEDx v3.44
(Medical Numerics, Germantown, MD). For each patient, the brain lesion was manually traced
on each slice by V.R. (a psychiatrist with clinical experience of reading CT scans), and
reviewed by J.G., who was blind to the results of the neuropsychological testing. The total
volume of the lesion was calculated by summing the traced areas and multiplying by slice
thickness. The skull and scalp components of the CT volume were then removed, a process
known as de-skulling (Solomon et al., 2007). Each volume was spatially normalized to a de-
skulled CT scan, which was previously spatially normalized to match the shape of the T1 MNI
brain (standard of the International Consortium for Brain Mapping). The ABLe program that
was used for lesion analysis has the option of excluding the manually delineated lesion from
the spatial normalization process, thus improving registration accuracy. Spatial normalization
was performed using the automated image registration (AIR) algorithm from Woods, Grafton,
Watson, Sicotte, and Mazziotta (1998) using a 12-parameter affine model on de-skulled CT
scans. Accuracy of registration was assessed qualitatively based on image fusion of the
registration scan with the template image and quantitatively by computing an overlap of these
two images. Based on these measures, all registrations were considered accurate. Finally, we
defined regions of interest in terms of structures from the automated anatomical labeling (AAL)
atlas (Tzourio-Mazoyer et al., 2002) and MNI coordinates (see Table 1) and quantified regional
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damage by analyzing the overlap of the spatially normalized lesion image with the AAL atlas
image.

2.3. Neuropsychological assessment
As part of the VHIS (Phase 3), both patients and controls were administered an extensive
clinical and experimental neuropsychological test battery. From that battery we used the
following tests to measure neuropsychological functions that might influence performance on
the IAT: the Wechsler Adult Intelligence Scale-III (Wechsler, 1997) to measure intellectual
ability; the Token Test (McNeil & Prescott, 1994) to measure verbal comprehension; the Card-
Sorting subtest from the Delis–Kaplan Executive Function System (Delis, Kaplan, & Kramer,
2001) to measure executive functions; and the Beck Depression Inventory-II (Beck, Steer, &
Brown, 1996) to measure depression symptomatology. The neuropsychological test results are
reported in Table 2.

2.4. Implicit Association Test (IAT)
To measure the strength of stereotypical gender attitudes, we used the IAT, a computer-
administered response time task. The IAT is a widely validated implicit measure of attitudes
(Greenwald, Nosek, & Banaji, 2003; Hofmann, Gawronski, Gschwendner, Le, & Schmitt,
2005; Rudman et al., 2001) and has recently been applied in neuroimaging studies (e.g., Chee,
Sriram, Soon, & Lee, 2000; Knutson, Wood, Spampinato, & Grafman, 2006; Luo et al.,
2006). We chose this task because participants are generally unaware that their stereotypes are
being assessed, hence their answers are free of social desirability concerns (Fazio & Olson,
2003). The IAT task design is depicted in Fig. 1. Stimuli were female names (e.g., “Jennifer”,
“Mary”), male names (e.g., “Andrew”, “Paul”), words related to strength (e.g., “dominant”,
“powerful”), and words related to weakness (e.g., “delicate”, “fragile”). The complete list of
stimuli can be obtained from the authors. There were 20 stimuli for each category that were
selected from previous gender IAT studies (Knutson et al., 2007; Rudman et al., 2001). Stimuli
were presented in the centre of the visual field in random order using SuperLab Pro 1.75 (Cedrus
Corporation, San Pedro, CA) on Macintosh G3 and G4 computers. Participants were asked to
categorize names as female or male and words as strong or weak by pressing one of two keys
on the computer keyboard. The categories for the classification were shown on the left and
right sides of the screen. Each stimulus was shown on the screen until a response key was
pressed, followed by a 500 ms blank screen. Participants were instructed to respond as quickly
and as accurately as possible.

The IAT procedure consisted of five blocks. In Block 1 participants were asked to classify the
stimuli as male or female names and in Block 2 as weak or strong words. In Block 3, the
categorizations were combined such that participants had to press one response key for female
names or strong words, and another response key for male names or weak words. This is known
as the incongruent condition, since subjects are required to press the same response key for
concepts that are not usually associated. In Block 4, participants were asked to categorize male
and female names again, but this time the key assignment was switched as compared to Block
1. Finally, in Block 5, the categorizations were combined such that participants pressed one
response key for male names or strong words and another response key for female names or
weak words. This is known as the congruent condition, since subjects press the same response
key for stereotypically associated concepts. The number of trials was 80 for each of the two
critical blocks (Blocks 3 and 5), and 40 for each of the remaining blocks. All participants
performed practice trials before each block. The stimuli used in the practice blocks were
additional names and words that were not included in the test trials. The order of the blocks
was counterbalanced across participants (the position of Blocks 1 and 3 were switched with
those of Blocks 4 and 5, respectively).
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The difference in response latencies between the congruent and incongruent conditions
provides a measure of gender attitudes (“IAT effect”). If subjects associate women with
weakness and men with strength, their response times will be faster in the congruent condition
(for example, when they press the same response key for female names and weak words) than
in the incongruent condition (when they press the same response key for female names and
strong words). In the present study, this difference was computed as a D score in accordance
with the recent scoring algorithm outlined by Greenwald et al. (2003, p. 214). Outliers (i.e.,
D scores exceeding ±2.5 standard deviations from the mean) were excluded from the analyses
(N = 4). This was done to ensure that the results were not driven by outliers. The results did
not differ when outliers were included.

2.5. Comparison with other measures
To test whether the observed IAT effects were specific for implicit gender stereotyping as
compared to implicit associations in general, we asked participants to complete a second IAT
which was identical in structure to the gender IAT except that positive or negative words were
paired with words related to Vietnam or hockey. To test whether our findings were specific
for implicit gender stereotyping as compared to explicit gender stereotyping, we asked
participants to perform a short version of the Attitudes toward Women Scale (AWS; Spence
& Helmreich, 1978). The AWS provides an explicit measurement of gender-related attitudes.
Participants are shown 15 statements about traditional gender-roles beliefs (e.g., “The
intellectual leadership of a community should be largely in the hands of men”). The degree of
agreement to each statement is measured on a 5-point scale ranging from 1 (agree strongly)to
5(disagree strongly). A total score is derived by summing the responses after reverse scoring
the egalitarian statements. High scores indicate a profeminist, egalitarian attitude while low
scores indicate more traditional or sexist attitudes. The AWS is administered as a paper-and-
pencil questionnaire.

2.6. Statistical analysis
To identify the effects of vmPFC, vlPFC and superior aTL lesions on stereotypical gender
attitudes, we employed two analyses: (i) we entered percentages of regional damage into a
multiple regression model and (ii) in a confirmatory analysis, we grouped patients by lesion
location and compared their performance on the IAT with that of the controls.

We performed a multiple regression analysis to identify the independent contribution of each
region of interest (vmPFC, vlPFC and superior aTL), while controlling for the other two and
a number of confounding variables. We used the IAT D score as the dependent variable, and
the percentages of lesion involvement in each of the regions as the independent variables. For
each region, the percentage of lesion reported in the model was the average for the left and
right hemisphere. To control for their potential confounding effects, we included in the model
percentages of lesion involvement in the dorsomedial PFC (dmPFC) and dlPFC, total volume
of the lesion, presence of seizures, and use of anticonvulsants. In addition, we checked whether
the IAT effect correlated with demographic characteristics (age and education), mean response
times on the IAT, and performance on the neuropsychological tests described earlier. Since
two variables correlated with the IAT effect (mean response times on the IAT, r = −.260, P = .
001, and performance on the Token Test, r = .229, P = .006), we included them in the model
as well. All variables were assessed for multicollinearity (i.e., presence of high correlations
between the variables in the regression equation), which may bias the estimates of the
regression coefficients (Cohen, Cohen, West, & Aiken, 2003). Typically, variance inflation
factors (VIFs) of 10 or more provide evidence of serious multicollinearity. In the present study,
VIFs were never greater than 4.6 (see Table 3).
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In a confirmatory analysis, we grouped patients by lesion location and examined whether lesion
groups performed significantly differently than controls in the directions predicted by the
regression analysis. Lesion groups were defined for each region that significantly predicted
IAT performance in the regression analysis. Based on previous studies (Koenigs et al., 2008;
Tranel, Damasio, Denburg, & Bechara, 2005), a patient was assigned to a lesion group if his
lesion occupied at least 15% of that region. Patients with damage to more than one region were
classified based on the region with the greatest percentage of damage. This procedure was
adopted to ensure that patients in a lesion group not only had damage to that region, but also
had greater damage to that region than to the other regions under investigation (see Mah,
Arnold, & Grafman, 2004 for a similar procedure). Patients whose damage was outside the
regions of interest or <15% were not included in this confirmatory analysis. We performed
planned comparisons between the control group and each lesion group using t tests for linear
contrasts in a one-way analysis of variance (ANOVA). These planned comparisons were one
tailed because we had a priori hypotheses on the direction of the effects that were derived from
the regression analysis. Finally, data on the non-gender IAT and the AWS were analyzed using
one-way ANOVAs to determine between-group differences. All statistical analyses were
carried out using SPSS 15.0 (SPSS Inc., Chicago, IL). The significance level was set at P = .
05.

3. Results
Table 3 shows the model derived from the multiple linear regression analysis, with standardized
regression coefficients (β) and corresponding t values as well as significance for each
independent variable. This model indicates that lesions in vmPFC, vlPFC, and superior aTL
independently contributed to IAT performance, after controlling for each other and the rest of
the confounding variables. Larger lesions in either the vmPFC or the superior aTL were
associated with a higher IAT effect (i.e., stronger stereotypical associations). On the other hand,
larger lesions in the vlPFC were associated with a lower IAT effect (i.e., weaker stereotypical
associations). Lesions in the dmPFC and dlPFC did not significantly predict IAT performance.
We computed additional multiple regression analyses that examined whether other temporal
or parietal regions (not predicted a priori) significantly influenced IAT performance (including
middle/inferior aTL, posterior inferior temporal lobe, medial temporal lobe, and temporo-
parietal junction/posterior superior temporal sulcus). We found that only lesions in middle/
inferior aTL (β = .206, P = .024), but not lesions in the other regions, significantly predicted
IAT performance.

Fig. 2 shows the lesion overlaps for patients with damage to vmPFC (N = 18), vlPFC (N = 15),
and superior aTL (N = 10). Table 4 provides information about lesion extent and
neuropsychological performance for each patient subgroup. Table 5 reports performance on
the gender and non-gender IATs and the AWS for the three patient subgroups and the control
group. On the gender IAT, a one-way ANOVA of the mean IAT effect between the four groups
showed a significant difference. Planned comparisons revealed that patients with damage to
the vmPFC and superior aTL had a significantly higher IAT effect than controls, while patients
with damage to the vlPFC had a significantly smaller IAT effect than the controls. In contrast
to the group differences on the gender IAT, we found no significant differences between groups
on the non-gender IAT and the explicit measure of gender stereotyping.

4. Discussion
This study examined dissociable contributions of prefrontal and temporal cortical subregions
to stereotypical gender attitudes in 154 patients with penetrating head injuries. Detailed lesion
analysis of brain images allowed us to quantify the extent of damage to specific subregions.
To evaluate gender stereotypes, we used the IAT, an implicit task which reveals attitudes and
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beliefs even when they are not explicitly endorsed (Greenwald et al., 2002; Hofmann et al.,
2005; Nosek, Banaji, & Greenwald, 2002). Using a multiple regression model, we found that
larger lesions in either the vmPFC or the superior aTL were associated with increased
stereotypical attitudes, whereas larger lesions in the vlPFC were associated with decreased
stereotypical attitudes. In a confirmatory analysis, we divided the patients into lesion groups
and compared their performance on the IAT with that of healthy volunteers. The lesion groups
performed significantly differently than controls in the directions predicted by the regression
analysis.

Our first main result was that lesions of the vmPFC and vlPFC had opposite effects on
stereotypical attitudes about gender. Milne and Grafman (2001) found decreased stereotyping
in patients with lesions in the ventral PFC. Here, by quantifying the extent of damage to each
region and performing a multiple regression analysis, we were able to analyze subdivisions of
the ventral PFC and detect functional differences between the medial and lateral sectors. This
finding is in line with previous studies reporting a dissociation between medial and lateral
aspects of the ventral PFC (e.g., Elliott et al., 2000; Kringelbach, 2005; Kringelbach & Rolls,
2004; O'Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001; Wood & Grafman, 2003).

On the one hand, we found that vmPFC damage was associated with a stronger IAT effect,
which indicates increased stereotyping. This finding is in line with a new study (Quadflieg et
al., in press) that examined the neural correlates of gender stereotyping using fMRI. Consistent
with the current neuropsychological data, Quadflieg et al. found activation within medial PFC
for stereotypic versus nonstereotypic judgments. More research is needed to understand the
nature of this finding. One potential explanation may be related to the role of the vmPFC in
the modulation of the expression of social and emotional behavior (e.g., Grafman & Litvan,
1999; Pietrini, Guazzelli, Basso, Jaffe, & Grafman, 2000). It has been suggested that lesions
of the vmPFC disrupt inhibitory and emotional mechanisms, leading to impulsive and socially
inappropriate behavior and decision making (Anderson, Bechara, Damasio, Tranel, &
Damasio, 1999; Bechara, Damasio, Damasio, & Anderson, 1994). Indeed, lesions of the
vmPFC have been associated with abnormal autonomic responses to socially meaningful
stimuli (Damasio, Tranel, & Damasio, 1990), with “acquired sociopathy” (Eslinger &
Damasio, 1985) and with the expression of aggressive and violent behavior (Blair & Cipolotti,
2000; Grafman et al., 1996). Notably, vmPFC patients may present inappropriate social
behavior despite preserved capacities for general intelligence, logical reasoning, and
declarative knowledge of social and moral norms (Eslinger & Damasio, 1985). These patients
can access some types of social knowledge (Saver & Damasio, 1991) and describe social norms
of behavior with a stranger (Beer, John, Scabini, & Knight, 2006). Based on this literature, we
speculate that our finding of increased stereotyping associated with vmPFC damage may be
related to the inability to suppress the expression of inappropriate social behavior, such as
stereotyping. It is important to note that in this study we did not distinguish the contributions
of orbital (Brodmann's Area [BA] 11), subgenual cingulate (BA 25, 32), and dorsal parts of
the anterior vmPFC (BA 10, 32). From a phylogenetic and anatomical perspective, however,
it is unlikely that these different areas are functionally heterogeneous (Kringelbach & Rolls,
2004).

On the other hand, we found that vlPFC damage was associated with a diminished IAT effect,
which indicates decreased stereotyping. A recent fMRI study using a race IAT has suggested
that the vlPFC might play a role in stereotyping (Beer et al., 2008). The involvement of the
vlPFC in IAT performance has been also reported in two fMRI investigations, one assessing
the association of visually depicted legal and illegal behaviors with positive animals (e.g.,
puppies) and negative animals (e.g., snake) (Luo et al., 2006), and the other assessing the
association of flowers and insects with pleasant and unpleasant words (Chee et al., 2000). These
previous imaging studies, coupled with the current results, suggest that the vlPFC may play a
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more general role in mediating implicit attitudes, rather than in gender stereotyping per se.
Alternatively, the role of vlPFC in IAT performance may have less to do with attitudes than
with the executive demands of the task, which include speeded responses and also, potentially,
some degree of response inhibition. This interpretation is supported by previous studies
demonstrating vlPFC involvement in go/no-go tasks, which require subjects to perform
speeded responses on “go” trials and to inhibit their response on “no-go” trials (Aron, Fletcher,
Bullmore, Sahakian, & Robbins, 2003; Casey et al., 2001). The response variability in our
vlPFC patients (see Table 5) may suggest that the vlPFC plays a role in the coordination of
executive task demands unrelated to stereotype processing. Response variability in the vlPFC
group may also originate from the fact that this group of patients was more heterogeneous than
the other two (see Table 4). While the current results demonstrate the importance of vlPFC for
normal performance on the IAT for gender stereotypes, future studies will be needed to clarify
the role of vlPFC in the mediation of implicit (social or otherwise) attitudes versus general
response selection processes. Another interesting question for future studies would be whether
there is an effect of laterality in vlPFC function. Previous response inhibition findings primarily
concerned the right vlPFC (Aron et al., 2003; Aron, Robbins, & Poldrack, 2004; Horn, Dolan,
Elliott, Deakin, & Woodruff, 2003). In the present study we did not distinguish between left-
and right-sided lesions.

In addition to the medial and lateral aspects of the ventral PFC, we also found a critical
involvement of the superior aTL in IAT performance. The contribution of the aTL is unlikely
to reflect general language-related difficulties. First, as reported in Table 4, performance on
the verbal WAIS test and the Token Test was not different among the subgroups of patients.
Second, performance on the verbal IQ did not correlate with performance on the IAT. Since
performance on the Token Test correlated with performance on the IAT, this variable was
entered in the regression model as a covariate. The regression analysis showed that aTL damage
significantly predicted IAT performance, after controlling for Token Test performance (see
Table 3). Instead, we suggest that the aTL may play a role in IAT performance by providing
representations of conceptual social knowledge. As mentioned in Section 1, a recent
neuroimaging study has shown that the superior aTL selectively represents conceptual social
knowledge (Zahn et al., 2007). Selective activation in the superior aTL was found for social
concepts (i.e., concepts describing social behavior: e.g., ‘polite’, ‘stingy’) as compared with
concepts describing animal behavior (animal function concepts: e.g., ‘trainable’, ‘nutritious’).
Remarkably, activity in the superior aTL increased with higher levels of social conceptual
detail. Thus, representations within the superior aTL are recruited, particularly, when fine
distinctions of the conceptual quality of social behaviors are required (e.g., whether somebody
behaved “tactlessly” or “stingily”). Further it has been demonstrated that representations of
conceptual qualities of social behavior in the superior aTL are independent of context of actions
and emotions (Zahn et al., 2009). Based on these fMRI findings, we propose that damage to
the superior aTL may lead to reduce social conceptual detail. This might in turn lead to greater
reliance on stereotypes, which are characterized by a lack of conceptual detail. To our
knowledge, this is the first study that suggests the potential importance of conceptual social
knowledge impairments due to superior aTL damage as contributing to stereotypical social
attitudes.

Because most superior aTL lesions extended into the middle/inferior aTL, we were unable to
test whether the demonstrated effect was specifically due to superior or middle/inferior aTL
damage. However, we excluded the contribution of adjacent regions (posterior inferior
temporal lobe, medial temporal lobe, temporo-parietal junction/posterior superior temporal
cortex, and vlPFC).

Given the proximity of superior aTL and amygdala, it is reasonable to ask whether amygdala
damage could account for the observed effects in the superior aTL. Indeed, the amygdala is

Gozzi et al. Page 8

Neuropsychologia. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



involved in the recognition of emotion in facial expressions (Adolphs, Tranel, Damasio, &
Damasio, 1994) and in the perception of faces of a different race (Hart et al., 2000; Phelps et
al., 2000). A neuropsychological study indicated that the amygdala is not critical for normal
performance on the IAT (Phelps, Cannistraci, & Cunningham, 2003). Here, we were able to
exclude a prominent role of the amygdala for the observed effects in the superior aTL. Only 2
subjects in the superior aTL group had significant damage to the amygdala, and their IAT effect
was lower than the mean IAT effect of the aTL group. Further, since there are direct connections
of the amygdala with the vmPFC via the medial forebrain bundle (Nieuwenhuys, 1982) which
do not depend on connections with the lateral temporal pole, a disconnection syndrome of
amygdalo-frontal fibers is unlikely to explain the impact of lateral aTL lesions on social
attitudes.

The lack of group differences on the non-gender IAT supports the claim that the vlPFC, vmPFC,
and aTL are critically involved in implicit gender stereotyping, rather than playing a more
general role in implicit associations or IAT task performance. However, we realize that further
studies will be required to more precisely characterize the specific roles of these brain areas in
mediating social stereotypes. Previous lesion and neuroimaging studies suggest that superior
aTL and ventral PFC may play a specific role in social cognition. As mentioned earlier, recent
studies corroborate the hypothesis that the aTL selectively represents social concepts versus
concepts describing animal behavior (Zahn et al., 2007). In addition, previous literature has
confirmed the involvement of the ventral PFC in gender (Quadflieg et al., in press) as well as
race (Beer et al., 2008) stereotyping. In this respect, it is important to note that much of what
is currently known about the neural circuitry supporting stereotyping has been gathered from
studies exploring racial attitudes (see Eberhardt, 2005 for a review of neuroimaging studies of
race), and specifically the perception of outgroup faces (e.g., Cunningham et al., 2004; Golby,
Gabrieli, Chiao, & Eberhardt, 2001; Hart et al., 2000; Phelps et al., 2000; Richeson et al.,
2003).

To test whether our findings were specific for implicit gender stereotyping as compared to
explicit gender stereotyping, we compared performance on the gender IAT with performance
on an explicit measure of gender attitudes. The results showed no between-group differences
on the explicit measure of gender stereotyping, supporting the conclusion that vmPFC, vlPFC,
and aTL are critically involved in implicit but not explicit gender stereotyping. Our finding is
in line with previous lesion and neuroimaging studies. For example, Milne and Grafman
(2001) reported between-group differences on the IAT but not on the scales measuring explicit
gender stereotyping. Phelps et al. (2000) found that brain activity during race stereotyping was
correlated with the strength of participants’ implicit attitudes but not their explicit beliefs
(although see Quadflieg et al., in press).

Our patients’ abnormalities on the IAT cannot be attributed to impairments in other
neuropsychological domains. The patients’ performance on the IAT did not correlate with age,
education, or performance on neuropsychological tests measuring intellectual ability,
executive functions, and symptoms of depression (verbal IQ, performance IQ, performance on
the Card-Sorting Test, and score on the BDI-II). Since the IAT D score correlated with mean
response times on the IAT and performance on the Token Test, we controlled for the
confounding effect of these variables by entering them as covariates into the multiple regression
model. Additionally, our results resist general explanations related to lesion volume, because
this variable was also entered in the regression model.

In conclusion, in this study we investigated the critical involvement of vmPFC, vlPFC and
superior aTL in stereotypical attitudes about gender using the IAT. We found that damage to
either the vmPFC or the superior aTL was associated with a greater IAT effect (i.e., increased
stereotyping), whereas lesions of the vlPFC were associated with a diminished IAT effect (i.e.,
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decreased stereotyping). These findings reveal the potential involvement of ventral frontal and
anterior temporal brain regions in social attitudes.
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Fig. 1.
Design of the Implicit Association Test. Stimulus categories on the left or right side of the
screen are mapped onto the corresponding response key. Stimuli are either male or female
names alternating with strong or weak words. Congruent and incongruent conditions differ
only by reversal of stimulus-response contingencies.
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Fig. 2.
Lesion overlaps for the vmPFC, vlPFC and sup aTL groups. Color indicates the number of
overlapping lesions at each voxel, with red denoting areas of greatest overlap of lesions among
patients, and blue denoting areas of minimum overlap (we used a threshold of 2). There is some
overlap between the vmPFC and vlPFC groups. However, lesions extended more laterally in
the vlPFC group. It is important to note that this analysis was only confirmatory. The main
analysis was the regression analysis, in which we were able to identify the role of each region,
while controlling for the extent of damage to other regions. MNI coordinates are given.
Abbreviations: vmPFC, ventromedial prefrontal cortex; vlPFC, ventrolateral prefrontal cortex;
sup aTL, superior anterior temporal lobe; L, left. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of the article.)
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Table 1
Description of the subregions.

Regions of interest AAL structures MNI coordinates

vmPFC Superior frontal gyrus, orbital 0 ≤ x ≤ 20 (Right)

Middle frontal gyrus, orbital −20 ≤ x < 0 (Left)

Inferior frontal gyrus, orbital z ≤ 1

Superior frontal gyrus, medial

Anterior cingulate and paracingulate gyri

Olfactory cortex

Gyrus rectus

vlPFC Superior frontal gyrus, orbital x > 20 (Right)

Middle frontal gyrus, orbital x < −20 (Left)

Inferior frontal gyrus, orbital z ≤ 1

Olfactory cortex

dmPFC Superior frontal gyrus, medial 0 ≤ x ≤ 10 (Right)

Anterior cingulate and paracingulate gyri −10 ≤ x < 0 (Left)

Median cingulate and paracingulate gyri z > 1

dlPFC Superior frontal gyrus, dorsolateral x > 10 (Right)

Middle frontal gyrus, lateral x < −10 (Left)

Inferior frontal gyrus, triangular part z > 1

sup aTL Superior temporal gyrus y ≥ −10

Temporal pole: superior temporal gyrus

middle/inf aTL Middle temporal gyrus y ≥ −10

Inferior temporal gyrus

Temporal pole: middle temporal gyrus

inf pTL Inferior temporal gyrus y < −10

medial TL Hippocampus

Parahippocampal gyrus

amygdala Amygdala

TPJ-pSTS Inferior parietal y < −10

Supramarginal gyrus

Angular gyrus

Superior temporal gyrus Middle temporal gyrus

We defined our regions of interest in terms of structures from the automated anatomical labeling (AAL) atlas and MNI coordinates. Abbreviations: vmPFC,
ventro-medial prefrontal cortex; vlPFC, ventrolateral prefrontal cortex; dmPFC, dorsomedial prefrontal cortex; dlPFC, dorsolateral prefrontal cortex; sup
aTL, superior anterior temporal lobe; middle/inf aTL, middle/inferior anterior temporal lobe; inf pTL, inferior posterior temporal lobe; medial TL, medial
temporal lobe; and TPJ-pSTS, temporo-parietal junction/posterior superior temporal sulcus.
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Table 2
Neuropsychological measures of patients and controls.

Measure Patients Controls Sig.

Verbal IQ (WAIS-III) 104.3 ± 14.5 109.6 ± 13.0 .032*

Performance IQ (WAIS-III) 99.7 ± 14.7 108.4 ± 14.0 .001*

Token Test 97.7 ± 4.7 98.8 ± 1.6 .013*

Card-Sortinga 10.9 ± 3.1 11.4 ± 2.9 .397

BDI 8.3 ± 8.4 11.7 ± 9.7 .023*

Mean ± SD values for neuropsychological tests with potential influence on IAT performance. Asterisks indicate significance <.05. Despite between-group
differences in performance, the mean scores of both groups were within normal limits on these measures. Abbreviations: WAIS-III, Wechsler Adult
Intelligence Scale-III; BDI, Beck Depression Inventory.

a
The Card-Sorting is a subtest from the Delis–Kaplan Executive Function System.
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Table 4
Lesion extent and neuropsychological performance for each patient subgroup.

Measure vmPFC lesion group vlPFC lesion group sup aTL lesion
group

Sig.

Lesion volume (cc) 47.0 ± 36.0 78.8 ± 61.3 76.5 ± 63.1 .177

Verbal IQ (WAIS-III) 104.8 ± 13.1 100.2 ± 18.3 104.7 ± 13.0 .652

Performance IQ (WAIS-III) 100.0 ± 14.5 100.4 ± 16.5 100.0 ± 17.2 .998

Token Test 96.9 ± 3.4 96.4 ± 5.6 98.3 ± 2.1 .551

Card-Sorting 10.3 ± 3.6 10.1 ± 4.00 11.7 ± 2.5 .522

BDI 7.1 ± 6.5 9.7 ± 8.4 6.6 ± 6.6 .487

Mean ± SD values for lesion volume as well as neuropsychological performance are reported separately for each patient subgroup. We did not find
significant differences between the patient subgroups on any of these variables (P>.05). However, for some variables vlPFC patients had higher variability
than the other groups of patients. It is particularly important to note the variability shown by the vlPFC patients on the Token Test, since performance on
the Token Test, but not on the other neuropsychological tests, correlates with performance on the IAT (see Section 2.6 for further details). Although Token
Test performance might have affected IAT performance in the group of vlPFC patients, our main analysis, the regression analysis, suggests that the vlPFC
contribution to IAT performance is unlikely to be due to verbal comprehension as assessed by the Token Test. As a matter of fact, vlPFC damage
significantly predicted IAT performance, after controlling for Token Test performance, as well as lesion volume (see Table 3).

Neuropsychologia. Author manuscript; available in PMC 2009 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gozzi et al. Page 20
Ta

bl
e 

5
Pe

rf
or

m
an

ce
 o

n 
th

e 
IA

Ts
 a

nd
 th

e 
A

W
S 

fo
r t

he
 fo

ur
 g

ro
up

s o
f s

ub
je

ct
s.

T
as

k
M

ea
su

re
C

on
tr

ol
s

vm
PF

C
 le

si
on

 g
ro

up
vl

PF
C

 le
si

on
 g

ro
up

su
p 

aT
L

 le
si

on
gr

ou
p

Si
gn

.

G
en

de
r I

A
T

M
ea

n 
R

Ts
 (c

on
gr

.) 
(m

s)
10

73
 ±

 2
73

12
51

 ±
 4

36
13

61
 ±

 7
07

10
88

 ±
 2

78
.2

41

M
ea

n 
R

Ts
 (i

nc
on

gr
.) 

(m
s)

12
52

 ±
 3

52
14

44
 ±

 5
07

14
89

 ±
 7

28
14

81
 ±

 5
30

.0
96

M
ea

n 
IA

T 
ef

fe
ct

 (m
s)

.3
7 

± 
.2

6
.4

9 
± 

.2
1

.2
5 

± 
.2

5
.6

4 
± 

.2
2

.0
01

*

C
on

tro
l I

A
T

M
ea

n 
R

Ts
 (c

on
gr

.) 
(m

s)
11

99
 ±

 3
04

11
99

 ±
 4

86
11

71
 ±

 6
96

10
62

 ±
 3

00
.8

56

M
ea

n 
R

Ts
 (i

nc
on

gr
.) 

(m
s)

15
17

 ±
 3

79
14

42
 ±

 4
67

13
82

 ±
 6

06
14

32
 ±

 4
35

.7
98

M
ea

n 
IA

T 
ef

fe
ct

 (m
s)

.4
5 

± 
.3

6
.5

0 
± 

.4
1

.3
9 

± 
30

.5
9 

± 
37

.6
49

A
W

S
M

ea
n 

A
W

S 
sc

or
e

56
.4

4 
± 

7.
21

52
.8

9 
± 

7.
48

54
.0

0 
± 

8.
64

55
.2

0 
± 

8.
47

.3
79

Th
e 

ta
bl

e 
sh

ow
s r

es
po

ns
e 

tim
es

 fo
r c

on
gr

ue
nt

 a
nd

 in
co

ng
ru

en
t c

on
di

tio
ns

 a
s w

el
l a

s I
A

T 
ef

fe
ct

 fo
r b

ot
h 

ge
nd

er
 a

nd
 n

on
-g

en
de

r I
A

Ts
. T

he
 ta

bl
e 

al
so

 sh
ow

s t
he

 m
ea

n 
sc

or
e 

on
 th

e 
ex

pl
ic

it 
m

ea
su

re
(A

W
S)

. I
n 

th
e 

ge
nd

er
 IA

T,
 m

ea
n 

re
sp

on
se

 ti
m

es
 fo

r t
he

 c
on

gr
ue

nt
 a

nd
 in

co
ng

ru
en

t c
on

di
tio

ns
 w

er
e 

no
t s

ig
ni

fic
an

tly
 d

iff
er

en
t b

et
w

ee
n 

th
e 

fo
ur

 g
ro

up
s o

f s
ub

je
ct

s, 
w

hi
le

 th
e 

m
ea

n 
IA

T 
ef

fe
ct

 sh
ow

ed
a 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

. P
la

nn
ed

 c
om

pa
ris

on
s r

ev
ea

le
d 

th
at

 p
at

ie
nt

s w
ith

 d
am

ag
e 

to
 th

e 
vm

PF
C

 a
nd

 su
pe

rio
r a

TL
 h

ad
 a

 si
gn

ifi
ca

nt
ly

 h
ig

he
r I

A
T 

ef
fe

ct
 th

an
 c

on
tro

ls
 (P

 =
 .0

48
 a

nd
 P

 =
 .0

01
5,

re
sp

ec
tiv

el
y)

, w
hi

le
 p

at
ie

nt
s w

ith
 d

am
ag

e 
to

 th
e 

vl
PF

C
 h

ad
 a

 si
gn

ifi
ca

nt
ly

 sm
al

le
r I

A
T 

ef
fe

ct
 th

an
 th

e 
co

nt
ro

ls
 (P

 =
 .0

47
). 

D
iff

er
en

ce
s i

n 
th

e 
IA

T 
ef

fe
ct

 c
an

 b
e 

ob
se

rv
ed

 e
ve

n 
in

 th
e 

ab
se

nc
e 

of
di

ff
er

en
ce

s i
n 

re
sp

on
se

 ti
m

es
 b

ec
au

se
 th

e 
ca

lc
ul

at
io

n 
of

 th
e 

IA
T 

ef
fe

ct
 a

cc
or

di
ng

 to
 th

e 
m

os
t r

ec
en

tly
 re

co
m

m
en

de
d 

al
go

rit
hm

 (G
re

en
w

al
d 

et
 a

l.,
 2

00
3)

 in
cl

ud
es

 th
e 

us
e 

of
 p

ra
ct

ic
e-

bl
oc

k 
da

ta
, u

se
of

 e
rr

or
 p

en
al

tie
s (

er
ro

r t
ria

ls
 a

re
 re

pl
ac

ed
 w

ith
 th

e 
m

ea
n 

of
 c

or
re

ct
 re

sp
on

se
s p

lu
s 6

00
 m

s)
 a

nd
 u

se
 o

f s
ub

je
ct

s’
 st

an
da

rd
 d

ev
ia

tio
ns

. I
n 

co
nt

ra
st

 to
 th

e 
gr

ou
p 

di
ff

er
en

ce
 o

n 
th

e 
ge

nd
er

 IA
T,

 th
er

e 
w

er
e

no
 b

et
w

ee
n-

gr
ou

p 
di

ff
er

en
ce

s o
n 

th
e 

co
nt

ro
l I

A
T 

an
d 

th
e 

ex
pl

ic
it 

m
ea

su
re

 o
f g

en
de

r s
te

re
ot

yp
in

g.
 O

n 
th

e 
co

nt
ro

l I
A

T,
 w

e 
fo

un
d 

a 
po

si
tiv

e 
IA

T 
ef

fe
ct

, w
ith

 fa
st

er
 re

sp
on

se
 ti

m
es

 in
 th

e 
co

ng
ru

en
t

co
nd

iti
on

 (V
ie

tn
am

/n
eg

at
iv

e 
w

or
d 

pa
irs

 a
nd

 h
oc

ke
y/

po
si

tiv
e 

w
or

d 
pa

irs
) t

ha
n 

in
 th

e 
in

co
ng

ru
en

t c
on

di
tio

n 
(V

ie
tn

am
/p

os
iti

ve
 w

or
d 

pa
irs

 a
nd

 h
oc

ke
y/

ne
ga

tiv
e 

w
or

d 
pa

irs
), 

in
di

ca
tin

g 
th

at
 o

ur
 su

bj
ec

ts
ge

ne
ra

lly
 a

ss
oc

ia
te

d 
V

ie
tn

am
 w

ith
 n

eg
at

iv
e 

w
or

ds
 a

nd
 h

oc
ke

y 
w

ith
 p

os
iti

ve
 w

or
ds

. T
he

 sc
or

es
 o

n 
th

e 
A

W
S 

in
di

ca
te

 th
at

, i
n 

ge
ne

ra
l, 

ou
r s

ub
je

ct
s c

on
sc

io
us

ly
 e

xp
re

ss
ed

 m
od

er
at

e 
pr

of
em

in
is

t,
eg

al
ita

ria
n 

at
tit

ud
es

. A
st

er
is

ks
 in

di
ca

te
 si

gn
ifi

ca
nc

e 
<.

05
. A

bb
re

vi
at

io
ns

: R
Ts

, r
es

po
ns

e 
tim

es
; c

on
gr

., 
co

ng
ru

en
t; 

in
co

ng
r.,

 in
co

ng
ru

en
t; 

vm
PF

C
, v

en
tro

m
ed

ia
l p

re
fr

on
ta

l c
or

te
x;

 v
lP

FC
, v

en
tro

la
te

ra
l

pr
ef

ro
nt

al
 c

or
te

x;
 su

p 
aT

L,
 su

pe
rio

r a
nt

er
io

r t
em

po
ra

l l
ob

e.

Neuropsychologia. Author manuscript; available in PMC 2009 August 1.


