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Abstract
Prior research indicates that interracial contact leads to impairment in executive function.  The current study investigates one putative mechanism for this impairment; namely that interracial contact depletes mental resources. White individuals, who had previously completed an implicit measure of racial bias, interacted with a black confederate and then completed an ostensibly unrelated Stroop color-naming test.  In a separate functional magnetic resonance imaging (fMRI) session, we assessed brain activation in response to unfamiliar black male faces in dorsolateral prefrontal cortex (DLPFC), a brain region known to be involved in behavioral inhibition.  In addition to replicating the finding that racial attitudes predict impairment on the Stroop following interracial contact, we also found that activity in DLPFC in response to unfamiliar black faces predicted Stroop impairment.  Importantly, the effect of racial bias on Stroop impairment was mediated by brain activity within a region of right DLPFC.  Consequently, our results support resource depletion as the mechanism through which interracial contact temporarily impairs executive function. 
Why Do Interracial Interactions Impair Executive Function?  An fMRI Investigation

Daily life in much of contemporary society requires regular contact with individuals from different demographic groups (e.g., race, religion).  Recent work suggests that even brief interactions with those from different racial groups can be disquieting and, sometimes, even psychologically threatening (Blascovich, Mendes, Hunter, Lickel, & Kowai-Bell, 2001; Devine & Vasquez, 1998).  In addition to being awkward, interracial interactions have been found to impair performance on a task requiring response inhibition, especially for individuals who harbor relatively high levels of racial bias (Richeson & Shelton, in press).  Specifically, the extent to which white individuals held biased attitudes against blacks—measured both explicitly and implicitly—predicted their extent of response interference on the Stroop color-naming paradigm after interacting with a black confederate. 

One putative mechanism for the impact of interracial interaction on executive function draws on recent theoretical and empirical work arguing that executive attention, including inhibitory ability, is a limited, albeit renewable, resource (Baumeister & Heatherton, 1996; Engle, Conway, Tuholski, & Shisler, 1995).  Engagement in one task that requires executive attention impairs performance on a simultaneous or subsequent task tapping this same resource (Baumeister, Muraven, & Tice, 2000; Engle et al., 1995; Vohs & Heatherton, 2000).  According to this model, therefore, interracial contact impairs the Stroop performance of individuals with relatively high levels of racial bias because they engage in behavioral inhibition during the interaction, which leaves them temporarily depleted of executive attentional capacity.  Resource depletion, in turn, yields underperformance on the Stroop task.  A schematic of the proposed mechanism is provided in Figure 1a.  

Considerable research attests to the involvement of self-regulatory processes to combat the expression of stereotypes and prejudice (e.g., Devine, 1989; Devine & Vasquez, 1998; Shelton, in press; von Hippel, Silver, & Lynch, 2000).  Furthermore, interracial interactions may present a particularly taxing exercise of self-regulation for high-prejudice individuals (Stephan & Stephan, 1985).  Additionally, analyses of videotapes from Richeson and Shelton (in press) provide nonverbal evidence that racially biased individuals engage inhibitory processes during interracial interactions.  Automatic prejudice scores predicted the extent to which individuals displayed behavior indicative of behavioral control (e.g., the absence of fluid movement) during interracial interactions.  Furthermore, the extent to which participants appeared to be controlling their behavior predicted their subsequent Stroop performance.  These data suggest that response modulation and/or inhibition during interracial contact indeed may have left participants less able to inhibit pre-potent responses on the Stroop.  

Building on these results, the present study employed functional magnetic resonance imaging (fMRI) in pursuit of evidence necessary for a critical assessment of the proposed resource depletion model.  Our first step was to consider whether high-bias individuals engage in response inhibition upon exposure to black individuals more than low-bias individuals.   Specifically, we measured the activity of brain regions involved in behavioral inhibition in response to faces of black individuals.  A correlation between racial bias and activity in these brain regions in reaction to black faces would provide compelling evidence in support of the resource depletion mechanism.  

To that end, we drew on the extant literature in cognitive neuroscience finding that a complex circuit of brain structures— consisting, in part, of the dorsolateral pre-frontal cortex (DLPFC) and the anterior cingulate cortex (ACC)— contributes to the control of automatic or pre-potent responses and behaviors (Cohen, Botvinick, & Carter, 2000; Garavan, Ross, & Stein, 1999; Gehring & Knight, 2000).  Furthermore, recent studies have shown that activity within the right middle frontal gyrus of DLPFC predicts successful response inhibition (Bunge, Ochsner, Desmond, Glover, & Gabrieli, 2001; Garavan, Ross, Murphy, Roche, & Stein, 2002).  In light of this work, we were particularly interested in individual differences in the activity of regions of DLPFC in response to photographs of black targets.  In accord with the resource depletion model, we predicted that activity in DLPFC in general, and the right middle frontal gyrus, in particular, would vary as a function of individuals’ level of racial bias.  

The second issue or primary import to the resource depletion account is whether activity in brain regions associated with behavioral inhibition predicts inhibitory task performance after actual interracial interactions (see, again, Figure 1a).  To the extent that reactions to black individuals in the scanner mirror reactions to blacks during interracial interactions, we hypothesize that individual differences in inhibitory brain activity in response to black faces will predict Stroop performance after interacting with a black individual.  Evidence that brain activity reflective of successful inhibition during exposure to black targets (e.g., activity in right middle frontal gyrus) is positively correlated with Stroop interference after an interracial interaction would provide striking support for the resource depletion account of the effect of interracial contact on high-bias individuals’ executive dysfunction. 

Our approach in this study differs from the typical “brain mapping” approach often used in cognitive neuroscience.  Our goal was not to identify brain regions involved in responses to outgroup faces, but, rather, to examine brain activity in specific regions of interest (i.e., those known to be involved in behavioral inhibition) to test theoretical predictions about the role of inhibition in the impairment of subsequent executive functioning.  Thus, the present study examined both behavioral and fMRI data to investigate the viability of resource depletion as the mechanism underlying the inhibitory performance impairment suffered by high-prejudice individuals after interracial interactions.  We considered the following three questions:  1) Does racial bias of White individuals predict activity in brain areas implicated in behavioral inhibition (e.g., DLPFC) during the presentation of black faces?;  2) Does activity in “inhibitory” brain areas during the presentation of black faces predict the extent to which the same  individuals are impaired on a test of response inhibition after an actual interracial interaction?; and, 3) Could activity in “inhibitory” brain areas mediate the relation between racial bias and inhibitory task performance after interracial contact?  

Method

Participants

Ten white American undergraduates (6 female; mean age = 20.5 + 1.8 years), all right handed, with normal or corrected vision consented to participate in this study.  

Session 1: Behavioral Testing 

Prior to the fMRI session, participants were met by a white experimenter who took them to a laboratory testing room where they began a study presumably examining "Serial Cognition-- the influence of one cognitive task on a subsequent task when there is a delay between the two.”  Similar to Richeson and Shelton (in press), the first cognitive task was the Implicit Associations Test (IAT; Greenwald, McGhee, & Schwartz, 1998) that served to assess automatic racial bias.  Next, participants engaged in an ostensibly unrelated 5-minute session with a black experimenter that occurred in a different testing room.  During the “delay task,” participants spent about 1-minute introducing themselves, then commented on two relatively controversial issues each for about 2-minutes (fraternities and racial profiling, in counter-balanced order).  After, participants were met by the original experimenter who took them back to the original testing room, and they performed the second "cognitive task"— a Stroop (1935) color-naming test— which measured inhibitory performance.  

IAT.  The IAT measures automatic associations, and has been employed in numerous studies to assess automatic evaluations of social groups (see Greenwald, et al., 1998 for details).  The IAT required participants to categorize White names, Black names, Positive words, and Negative words as quickly as possible by pressing one of two marked response keys.  In one block of 40 trials, White names and Positive words shared a response key, and Black names and Negative words shared a key (White+/Black– Phase).  In another block1 of 40 trials, the associations were reversed—White with Negative, and Black with Positive (White-/Black+ Phase).  The difference between response latencies during the White+/Black– Phase and latencies during the White-/Black+ Phase provided our index of automatic racial bias— the degree to which an individual tends to hold relatively negative associations regarding blacks.

Stroop.  The Stroop task in the present study was conducted with a color-coded four-button response box.  Instructions explained that participants were to report the correct color in which a stimulus word that itself was the name of a color (e.g., red), or string of X's, appeared as quickly as they could by pressing the appropriate key on the response box.  Color names or control "Xs" appeared on the screen one at a time, in one of the following 4 colors:  yellow, red, green, or blue.  Each word or control stimulus appeared for a maximum of 2000-ms, preceded by a fixation cross (+).  The ITI was 1500-ms.  The task consisted of 20 practice trials followed by 7 blocks of 12 trials each, for a total of 84 experimental trials.  Incompatible trials were those in which the color name appeared in a color other than its semantic meaning (e.g., "red" in blue type).  Control trials, in contrast, were those in which the "xxxx"-string appeared in blue type.  Interference scores were calculated by subtracting latencies associated with control trials from latencies associated with incompatible trials.

Session 2:  fMRI Testing

No less than 2 weeks after participating in Session 1, all 10 participants came in to the MRI facility for an ostensibly unrelated study examining the “perception of spatial location.”  Participants were contacted by a different experimenter from those associated with Session 1, and no reference to the previous session was made. 
Stimuli & Apparatus.  Thirty-two digitized color images2 of different black and white young adults, each bearing a neutral expression, were used as stimuli.  Photographs were taken in full-face frontal view.  Each face was then centered in the image frame such that the eyes always appeared in the same place. 

Imaging data acquisition.  Scanning involved blocked presentation of faces.  Experimental blocks (20-sec. each) alternated with baseline blocks that comprised of a blank screen with a central fixation point (10-sec. each).  During each experimental block, 8 faces (i.e. different individuals of the same race) were presented one at a time for 2.5 seconds, on either the right of left side of fixation.  Participants were instructed to fixate centrally and to indicate whether the face appeared on the right or left of the screen by pressing a button in the corresponding hand.  Target photographs appeared on each side of the screen an equal number of times within each experimental block, and presentation order was randomized.  The total fMRI session consisted of 2 functional runs, each of which included 6 experimental blocks (3 of each race) and 6 baseline blocks. 

Gradient-echo echoplanar MR images were acquired using a 1.5 Tesla GE Signa System  (GE, Milwaukee, WI).  A quadrature birdcage head coil was used for RF transmission and reception.  In each of 25 non-contiguous planes parallel to the anterior-posterior commissure, 112 T2*-weighted MR images depicting BOLD contrast were acquired with TE 35-ms, TR 2500-ms, flip angle 90-degrees, slice thickness 4.5-mm and skip slice 1-mm.  Head movement was limited by foam padding within the head coil.  For each subject, 3-D MRI anatomical data were also obtained using the Spoiled Grass technique.  T1-weighted images (TR 7.7 ms, TE 3 ms, flip angle 15-degrees, slice thickness 1.2-mm) were obtained in the AC-PC orientation.

fMRI data analysis.  BOLD images were realigned to correct for interscan movements and coregistered to the participant’s anatomical image using SPM99 (Wellcome Department of Cognitive Neurology).  The resulting matching brain images were spatially normalized with a cubic (3 x 3 x 3-mm) voxel size.  BOLD images were further smoothed using an isotropic Gaussian filter of 6-mm FWHM and corrected for global activity by proportional scaling.  The different stimulation conditions (black or white faces, and baseline) were then modeled as boxcar functions, convolved with a hemodynamic response function.  In order to identify the regions revealing significant BOLD changes to each race condition compared to baseline, statistics were computed on a voxel-by-voxel basis, using the general linear model (Friston et al, 1995).  These individual results were then submitted to a second-level, random-effects group analysis to create mean t-images (thresholded at p < .005 corrected, minimal cluster size = 5-mm3).  
As we have noted, our research objective was not to map the neural correlates of viewing outgroup faces, which has been studied previously (see e.g., Hart et al., 2000). Rather, given our primary interest in the correlation between automatic racial bias and brain activity in response to black faces, we conducted region of interest (ROI) analyses for several brain regions that have been implicated in behavioral inhibition by previous work (Bunge et al., 2001; Garavan et al., 1999).  We also examined activity in the amygdala based on previous research finding a correlation with IAT bias (Phelps et al., 2000).  Last, activity within a region of right motor cortex was also analyzed as a control region for which we did not expect to find a reliable correlation with IAT bias.  In order to conduct these ROI analyses, an automated peak-search algorithm identified the location of peak activations in each region based on t-value and cluster size. 

Results

Session 1 

All IAT latencies under 300-ms and over 3000-ms were re-coded (see Greenwald et al., 1998), then mean latencies for the White+/Black- Phase were subtracted from mean latencies for the White-/Black+ Phase for each participant in order to index their automatic racial bias3.  Greater values reflect greater racial bias.  Mean RTs for responses to control trials were subtracted from mean RTs for the incompatible trials to assess Stroop interference4.  Recall that we predicted that individuals with greater IAT bias would perform worse than individuals with lower bias, in replication of our previous work (Richeson and Shelton, in press).  Consistent with predictions, a substantial correlation between IAT bias and Stroop interference was observed in the present data, r (8) = .52, p < .06.

Session 2

Correct responses in the spatial location task during the fMRI session were at ceiling for both black and white faces, and there were no differences in mean RTs (Ms = 451.7-ms and 441.6-ms; t (9) = .67).  Initial results revealed that BOLD signal intensities were significantly greater in response to black faces compared to white faces (p < .005 corrected) in the right middle frontal gyrus of DLPFC (BA 9; 18, 51, 27)5, a region of left DLPFC (BA 46; –27, 66, 9), and the ACC (BA 32; –9, 60, 9).  In order to address the issues of a priori concern, however, we extracted the mean % signal change associated with the presentation of black faces compared to baseline, and white faces compared to baseline, in each of these regions, as well as in the amygdala (-15, 0, -12) and our control region in right motor cortex (BA 4; 57, -3, 27), for each participant.  The Pearson product moment correlations between each of these signal intensities and individual IAT bias scores were calculated.  One-tailed significance levels are reported for the correlations reflecting our a priori hypotheses.

Primary Results

Q1. Does IAT bias predict activity in brain areas implicated in response inhibition?  Planned comparisons revealed that signal intensities in response to black faces in both the right middle frontal gyrus (r = .65, p < .05) and left DLPFC (r  = .64, p < .05) were correlated with IAT scores.  Signal intensities in these regions in response to white faces, however, did not correlate reliably with IAT bias (r’s = -.14 and .09, respectively, p’s > .35).  Furthermore, IAT scores did not predict ACC activity in response to either black (r = .11) or to white (r = -.28) faces, p’s > .20.  Last, IAT bias did not predict activity in right motor cortex in response to either black or white faces (r’s = .22 & .23, p’s > .25).  Consistent with predictions, the pattern of findings suggests that individual differences in automatic racial bias predict the activity of brain areas thought to subserve response inhibition upon exposure to blacks, but not to whites.  If individuals are inhibiting behavior in reaction to photographs of black targets during an unrelated spatial judgment in the scanner, it is even more likely that they attempt to control their behavior and modulate their responses during actual interactions with blacks.  

Additional ROI analyses.  Based on the findings of previous research (Phelps et al., 2000) we examined the correlation between IAT bias and activity in the dorsal portion of the amygdala.  Results revealed a significant correlation in response to faces of blacks (r = .58, p < .05).  However, IAT scores were also positively correlated, although not reliably, with amygdala activity in response to white faces (r = .43, p < .11)6.  Thus, the present results offer partial support for Phelps et al. (2000), but seem also to reflect reactions to strangers irrespective of race (see Hart, et al., 2000 for a similar argument). 

Q2. Does activity in inhibitory brain areas predict Stroop performance after interracial contact?  To address this question, we considered whether participants’ percent signal change from baseline to black faces in the right middle frontal gyrus, left DLPFC, as well as in the amygdala7 could predict the degree to which the same individuals’ post-interaction Stroop performance (assessed in Session 1).  Results revealed that only activity in right middle frontal gyrus predicted participants' Stroop interference after the interracial interaction (r = .76, p < .05; other r’s < .25).  Thus, right middle frontal gyrus activity in response to black faces actually post-dicted individuals’ Stroop impairment after an actual interracial interaction.  By contrast, amygdala activity, perhaps indicative of emotional reactions to blacks, did not predict Stroop interference after an interracial interaction.  These findings are rather remarkable, suggesting that individual differences in the activity of a brain region specifically implicated in behavioral inhibition (Bunge et al., 2001; Garavan et al., 1999), upon exposure to black faces, reliably predicted individual differences in impairment on a task that requires the inhibition of pre-potent responses, after exposure to a black individual (i.e., an interracial interaction).  Given these results, we could pursue our third and final question required of a comprehensive examination of the resource depletion mechanism. 

Q3. Does activity in inhibitory brain areas mediate the effect of IAT bias on Stroop performance after interracial contact?  In accordance with the mediation guidelines of Baron and Kenny (1986), we regressed participants’ interference scores on their racial bias (i.e., IAT) scores and activity in the right middle frontal gyrus in response to black faces8.  As diagrammed in Figure 1b, results revealed a significant main effect of right middle frontal gyrus activity [b = 95, p < .002] alone; and, the effect of IAT bias on Stroop impairment was no longer reliable [b = -.03, p = n.s.], indicative of mediation9.  Consequently, the present results suggest that automatic racial bias predicts Stroop impairment after interracial interactions, at least in part, because of resource depletion.  Presumably, individuals who harbor relatively negative associations with blacks engage in behavioral control and inhibition during the interaction.  Such response inhibition during contact with blacks temporarily depletes their executive attentional capacity, yielding relatively impaired performance on the Stroop.
Discussion


Unlike any other social context, direct interpersonal contact with members of racial minority groups may promote members of dominant racial groups to inhibit or, even, to actively suppress stereotypical beliefs, anxious reactions, or simply, uncertainty regarding how to behave (Goff, Steele, & Davies, 2003; Hebl, Tickle, & Heatherton, 2000; Vorauer & Kumhyr, 2001).  High-prejudice individuals may find themselves particularly in need of response inhibition during interracial interaction, and, therefore, may find them extremely taxing.  Furthermore, the results of the present study suggest that high-prejudice individuals may exit interracial interactions temporarily unable to perform optimally on tasks requiring executive attentional capacity.  

The primary purpose of the present study was to investigate the mechanism underlying the impact of interracial contact on high-prejudice individuals’ inhibitory task performance.  We took a rather novel approach in our investigation, making use of experimental behavioral data, in tandem with fMRI data collected during a separate testing session, to consider whether the observed effect of interracial contact on high-bias individuals’ Stroop performance is attributable to resource depletion.  In support of resource depletion, we found that racial bias predicted brain activity in a region distinctly involved in behavioral inhibition (i.e., right middle frontal gyrus) during the presentation of black, but not white, faces.  Moreover, right middle frontal gyrus activity to black faces predicted the extent to which individuals were impaired on the Stroop task, after having interacted with a black confederate during an independent testing session.  Furthermore, when both IAT bias scores and activity in right middle frontal gyrus were considered in one model as predictors of Stroop interference, brain activity remained a reliable, predictor of Stroop interference, but IAT bias did not— suggestive of mediation.  Thus, these data offer considerable support for resource depletion as the mechanism through which interracial contact impairs executive function.

One particularly intriguing finding is that participants called upon inhibitory brain regions in order to complete a relatively benign spatial location task, when black faces served as stimuli, as a function of extent to which they held racially biased automatic associations (i.e., IAT bias).  Perhaps, this finding is limited to contexts in which the majority of individuals strive to be non-prejudiced, and/or the dominant cultural norms sanction the expression (or even consideration) of racially biased views and perspectives.  Given the population and context of the present study, participants with relatively high levels of automatic bias may rely on executive resources in order to control the expression of their automatic reactions to blacks (see Amodio et al., in press; Cunningham et al., 2003; Plant & Devine, 1998 for relevant data and similar arguments).  Or, rather, similar to the effects the bogus pipeline technique, participants in the present study may have believed that their racial beliefs could be ascertained through the acquisition of brain imaging data, and, therefore, modulated their responses to the black faces in hopes of a “clean bill of non-prejudice”.  Consistent with the findings of previous research (Devine & Vasquez, 1998), however, we believe that most individuals, regardless of their level of racial bias, are likely to engage in some level of response modulation during actual interpersonal interactions with blacks.  

In conclusion, the findings of the present study suggest that as interracial contact becomes increasingly involuntary, the inhibitory processing of high-prejudice individuals will increasingly be at risk.  Most notably, the present data elucidate the likely mechanism underlying this effect.  In so doing, our findings also serve to highlight the potential benefit of examining brain activation data and off-line behavioral data in tandem.  Such a mixed-method approach is likely to prove fruitful in investigations of the plausibility of mechanisms that have been proposed for any number of psychological phenomena.  Consequently, adopting a social neuroscience approach, similar to that employed in the present work, is likely to promote theoretical advances in social psychology, as well as open the door to a plethora of creative avenues for future exploration.  
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Footnotes

1Phase order was counter-balanced across participants.

2See Golby et al. (2001) for information.
3Scores ranged from 65-ms to +595-ms (M = 263).

4Scores ranged from -29-ms to +212-ms (M = 60).

5BA stands for Broadmann Area. Talairach coordinates follow.

6IAT bias was also not reliably correlated with the difference between amygdala activity to black and white faces (r = .40, p > .13).

7Activity in these regions to black faces and IAT bias were reliably correlated.

8We used the brain activity to black faces minus baseline in these and our other analyses because exposure to unfamiliar black male faces is likely to be most similar to the experience of interacting with an unfamiliar black male during the behavioral testing session.

9The Sobel test yielded, Z = 1.62, p = .11.  Given the small sample size, were considered this result also to be indicative of mediation.

Figure 1.  Resource Depletion Model of the Impact of Interracial Contact on Executive Function


1a) Schematic of Resource Depletion Model 







1b) Test of Mediation of IAT/Stroop Interference Correlation by Brain Activation 
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