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Abstract

Behavioral data have repeatedly shown a dissociation between consciously expressed and automatically elicited evaluations of social groups (e.g., positive evaluation on self-report measures accompanied by negative evaluations on less direct measures). To examine the neural components that underlie conscious and unconscious social evaluation, participants were presented with subliminal and supraliminal Black and White faces during event-related fMRI. Greater amygdala activation occurred to subliminal Black than White faces. For supraliminal presentations, this effect was reduced, accompanied by increased activation to Black faces in areas in frontal cortex associated with response competition and control (i.e., anterior cingulate and ventrolateral PFC).  Correlations with an indirect measure of race prejudice, the IAT, indicated that each of these effects was stronger for participants with greater levels of unconscious bias. These results provide new evidence of neural dissociations in the conscious and unconscious evaluation of social groups, and provides evidence that conscious evaluations can modulate unconsciously activated evaluations.

Dissociated Conscious and Unconscious Evaluations of Social Groups:

An fMRI Investigation

For almost 100 years, psychologists have studied evaluation, preferences, and attitude asking for introspective reports of the good-bad aspects of people, things, and events.  From this work, a great deal has been learned about the development and maintenance of complex attitudes such as those directed toward significant social objects – other humans.  More recently, among the more remarkable and well-established results to emerge is the discovery that humans spontaneously evaluate socially meaningful objects along a good-bad dimension even when evaluation is not explicit1,2. Based on this research, many current models of social evaluation suggest two independent modes: one that is introspectively accessible and associated with relatively more controlled and deliberate processing; and another, that is introspectively inaccessible and activated automatically3. These models suggest that evaluation along a good-bad dimension can proceed without awareness of the evaluation, the source of the evaluation, or even that an evaluative process was engaged4. 

If evaluation has these two components, there is the possibility that evaluation of the same object can be qualitatively different depending on whether the evaluation is conscious or unconscious5-8. Such dissociations are often observed for behavioral measures of social group attitudes. In U.S. college samples, over 80% of White participants show strong negativity toward the social categories Black, elderly, foreign compared with White, young, American on measures that tap unconscious evaluation (evaluation that is outside conscious awareness or conscious control).  In contrast, these same participants report egalitarian and unbiased attitudes on measures of conscious evaluation of the same groups5-7.

To understand this system of spontaneous and deliberate judgments along a good-bad dimension of social evaluation, we integrate behavioral work tapping conscious and unconscious evaluation with investigations of the neural systems involved in conscious and unconscious evaluation.  Three new questions are posed: First, does social group membership unconsciously activate evaluative responses in particular brain regions known to be involved in evaluation and affect? Although recent imaging studies have begun to investigate the evaluation of individuals as members of social groups, this research has failed to detect systematic or clear evidence for overall race differences in expected activity in the amygdala. Amygdala activation is associated with general automatic affective or emotional processing9-13. That is, in all previous published work, and in stark contrast to the strong behavioral evidence for unconscious negative evaluations of Black compared to White individuals, there has yet to be a clear pattern of overall greater amygdala activation to Black faces relative to White faces14,15.

In the present work, we explore two conditions to more clearly distinguish between evaluations that are unconscious and those that are conscious. We presented faces that elicit varying degrees of social evaluation (positive and negative) either supraliminally or subliminally. Presentations below threshold should prohibit any of the responses that accrue to consciously presented stimuli and would provide a clear test of the role of the amygdala in unconscious social evaluation. Existing neuroimaging work on evaluation of social categories (e.g. race) has only used supraliminal presentation of faces and hence it is possible that weak amygdala effects may be a result of more positive conscious evaluations interacting, and perhaps modulating, an early unconscious detection of threat or fear16,17. 

Second, does brain activity differ when social evaluation proceeds consciously and unconsciously, or are the same brain regions involved to greater or lesser degree in supporting a common evaluative process. Despite the substantial behavioral literature demonstrating dissociations between conscious and unconscious evaluations, research exploring the neural components of these different systems is only just beginning. In a previous study, we (WAC et al., under review) separately examined neural activity associated with automatic evaluation from more controlled evaluation. Specifically, participants explicitly judged whether famous names such as Adolph Hilter and Bill Clinton were good or bad (evaluative task) or a past or present day figure (non-evaluative task). When analyzing the neural correlates of conscious evaluation, we found greater activity in areas of medial and ventrolateral prefrontal cortex for evaluative judgments than for nonevaluative judgments. At the same time, there was greater activity in the amygdala for names rated as bad by participants compared to names rated as good, regardless of task. That is, we observed this amygdala difference associated with stimulus valence in both good-bad and past-present judgments. Moreover, finding additional brain areas involved in the conscious evaluation of names that were not involved in the automatic evaluation of names reinforces models of evaluation that posit separate systems3,6. 

Third, this research asks a related yet previously unaddressed question. If different systems are recruited for conscious and unconscious processing of social groups, is there evidence at the neural level that conscious processing can modulate (e.g., decrease) the activity observed for unconscious evaluation? In work to date, both subliminal and supraliminal presentations of angry and fearful faces show greater amygdala activation than neutral faces. That is, fearful faces induce a negative emotion whether the meaning of the face is extracted from a subliminal exposure (unconscious processing) or a supraliminal one (unconscious and conscious processing). Yet, differing from previous work on emotional face perception, the social evaluation examined here examines a potentially more complex affective condition. If Black faces elicit unconsciously activated fear and threat, a subliminal exposure should detect that. However, if beliefs about being unbiased and equal in one’s treatment of members of all social groups is activated consciously, supraliminal exposure should engage processes that are in conflict with the more unconscious one.  Here, we have the opportunity to examine not only a dissociation between conscious and unconscious social evaluation, but also the potential for a modulation of unconscious negative evaluation after the activation of conscious positive evaluation that may occur as the result of conflicted evaluation. It is possible that the reason that previous neuroimaging studies have not found overall amygdala differences for supraliminal Black and White faces may be the result of the coactivation of discrepant conscious and unconscious evaluations.
To address these questions, thirteen White participants were presented with a visual stimulus every 2 seconds during while being scanned using fMRI. Stimuli were either Black or White emotionally neutral faces, or white squares, half of each type presented subliminally or supraliminally. All stimuli were preceded and followed by a mask image. Participants were asked only to indicate whether each stimulus appeared to the right or left of a fixation cross. Face stimuli were always separated by 12 seconds (see Fig 1). By presenting subliminal and supraliminal face stimuli, we manipulate the processes available for making an evaluative judgment. When presented with subliminal faces, only unconscious processes can respond to the face – the conscious system is, by definition, unaware of even the presence of the face. In contrast, stimuli presented supraliminally allow for activity associated with conscious processing in addition to unconscious processes. Thus, differences in patterns of activation between Black and White faces necessarily reflect differences in the unconscious versus the conscious evaluation of social groups. Following scanning, participants completed the Implicit Association Test, a response latency based measure of automatic evaluation of Black relative to White faces, in addition to several questionnaires assessing participants self-reported (i.e., consciously accessible) attitudes toward these groups and their motivations to be unbiased.

RESULTS

Behavioral Data


One participant had an excessive number of incorrect responses on the Implicit Association Test (30%), and thus was dropped from all analyses using the IAT18. As expected, participants showed a high degree of automatic negative evaluation toward Black faces relative to White faces on the IAT. Response latencies that required combining Black faces and good words (e.g., fabulous, terrific), and White faces and bad words (e.g., horrible, revolting; 1011 ms) were significantly longer than response latencies pairing Black faces with bad words, and White faces with good words (851 ms), t(11) = 3.6, p < .01, d = 1.04). This indicates that participants, on average, had stronger evaluative associations between Black+bad/White+good than Black+good/White+bad. In stark contrast to the negative associations revealed by the IAT, participants self-reported evaluations that were unbiased toward one or the other group. On average, they disagreed with statements on the modern racism scale (2.13 on a 6 point scale), reported equally warm feelings toward and equally associated good and bad concepts with the groups Black and White (differences of .07 and .46, respectively), and reported having internalized motivation to respond without bias (4.9 on a 6 point scale). Given such lack of conscious bias in the presence of automatic negative associations toward Black faces, this sample provided an ideal test of brain activity associated with conflicting conscious and unconscious social group attitudes. 

Amygdala Contributions to Unconscious Social Evaluation

Our first question regarding the unconscious evaluation of social groups was examined by contrasting the neural activity (as reflected in the fMRI BOLD signal) to Black and White subliminal faces. Because previous research immediately suggests the amygdala as an a priori region of interest14-17, we constructed an anatomic mask of the amygdala and constrained initial analyses to this region to increase sensitivity. Contrasting activity to subliminal Black and White faces revealed a significant difference in the right amygdala (MNI coordinates: 18, -6, -12), t(12) = 4.26, p < .001 (Fig 2). An examination of the time course of this difference indicates that amygdala activity increased to subliminal Black faces, and decreased to subliminal White faces (Fig 2, top time plot). We interpret this finding to be consistent with the result that amygdala activity increased when participants were expecting electric shock and decreased compared to baseline when participants were given a safety signal19. Similarly, multiple-cell recordings from the rabbit amygdala during conditioning showed that amygdala activity gradually increased to an aversive CS+, and gradually decreased to a non-aversive CS-; that is, the amygdala responded differentially to stimuli signaling threat and stimuli signaling safety20. 

Additional support for the suggestion that the amygdala is involved in the automatic evaluation of social group membership comes from correlations between amygdala activity and behavioral measures of prejudice. We correlated the mean difference in fMRI signal in the amygdala for subliminal black vs. white faces with an indirect measure of racial attitudes, the Implicit Association Test. Presumably, to the extent that amygdala activity reflects processing associated with the automatic and unconscious evaluations of social groups, individual differences in this activity should correlate with behavioral individual difference measures assumed to measure automatic biases.  Replicating our previous work showing a correlation between the IAT and amygdala activation to Black relative to White faces for blocked supraliminal faces15, we find that the IAT also predicted greater activation to randomly presented Black subliminal faces relative to White subliminal faces, r(11) = .70, p < .01 (Fig 3). As shown in Fig 3, participants with lower IAT scores exhibited a flat amygdala response to subliminal Black faces whereas participants with higher IAT scores showed a clear amygdala response to Black faces. This correlation strengthens the claim that the amygdala is involved in the automatic and unconscious evaluation of social group membership.

Because it could be argued that the patterns of activation observed could be a function of differences in perceptual features of the stimuli – such as luminance – rather than differences in the races of the faces, we conducted a control study to examine this possibility. To create control stimuli, we applied a gaussian blur to each of the faces used in the previous study. To further remove the ‘faceness’ of the stimuli, we removed the ears, and inverted the faces. An additional eight participants performed the same spatial task used in the previous study, but the critical face stimuli were replaced by the blurred face stimuli. Comparing the activity for Black and White blurred stimuli in either the subliminal or supraliminal conditions showed no significant differences even at more lenient statistical thresholds – indicating that the luminance alone of the stimuli cannot account for the differences seen in the main study.

Additional whole brain analyses thresholded at p < .005 with a cluster threshold of 10 contiguous voxels indicate additional areas where activation was greater for Black than White faces in the subliminal condition. These regions were the entorhinal cortex, the supplementary motor cortex, and superior temporal gyrus. Areas in which greater activation was observed for Black faces relative to White faces are presented in Table 1.
Prefrontal Contributions to Conscious Social Evaluation

Our second question takes us to the brain correlates associated with the conscious perceptual of social group membership. To address this question, we contrasted whole brain activity to Black vs. White faces presented above threshold (i.e., supraliminally) and found a variety of areas of activity that differed from those involved in unconscious processing. Areas of increased activity to Black faces relative to White faces were observed (Table 1 & Fig 4) in right ventrolateral PFC (BA 47: t(12) = 4.04, p < .005: 57, 30, -12), right dorsolateral PFC (BA 9: t(12) = 4.88, p < .001: 27, 48, 24), and anterior cingulate (BA 32: t(12) = 5.82, p < .001: -6, 36, 24). In previous work, these areas have been shown to be negatively correlated with activity in the amygdala21 and associated with emotional regulation,22 as well as general inhibitory23 and control processing24 under conditions of response conflict. Thus, finding activity in these regions for supraliminal presentations of Black faces relative to White faces is consistent with the hypothesis that participants would be motivated to control negative feelings toward Black individuals (given their conscious beliefs),

In previous work, we have shown that evaluations that are marked by ambivalence are associated with neural activity in anterior cingulate and ventrolateral prefrontal cortex (WAC et al., under review). When people simultaneously self-report having both positive and negative evaluations of an individual, greater activity is seen in these areas. The present results extend these findings by showing that evaluative discrepancies between unconsciously activated and consciously activated evaluations also are associated with activation in these control regions. Because these participants report no bias, yet show bias on the response latency behavioral measure (the IAT), participants with the highest IAT scores presumably have the greatest discrepancy between implicit and explicit measures. Thus, these participants should show more response conflict and attempted resolution for supraliminal Black relative to White faces (but not when the face is subliminal). Correlating IAT scores with individual statistical contrast maps (Black-White) for supraliminal faces, we found that participants with higher conflict had greater activation in the anterior cingulate and the ventrolateral PFC than participants with less ambivalence (r’s = .83 and .81, respectively, p’s < .01). These results suggest that such activation reflects attitudinal conflict in social evaluation.  

A Reduction in Amygdala Processing for Supraliminal Presentations

In contrast to the difference in amygdala responding to subliminal Black vs. White faces no such difference was found for the more conscious processing of supraliminal Black and White faces using our a priori cutoffs. This result suggests that conscious processing does modulate activity that may arise from unconscious evaluation. This result stands in contrast to previous research regarding the conscious and unconscious processing of emotional faces in which amygdala activation was detected for both subliminal and supraliminal presentations of emotional faces with at least equal effects, if not stronger, for supraliminal presentation. We suggest that an important difference between emotional faces and faces representing social groups is that conscious and unconscious evaluations of emotional faces share the same affective valance – angry faces are negative both conscious and unconsciously – whereas conscious and unconscious evaluations of certain social groups may have dissociated valance – conscious evaluations of Black faces by White participants may be more positive than unconscious evaluations of Black faces. 

It is important to note, however, that although it is evident that the amygdala difference between Black and White faces was evidently reduced in the supraliminal condition compared to the subliminal condition, if we drop our threshold for detecting differences in activation to p < .05 within our amygdala region of interest, the amygdala response is significantly greater to Black faces than White faces and follows a similar pattern as was observed for the subliminal faces (Fig 2). Nevertheless, when directly compared, the difference in amygdala activation to Black and White supraliminal faces was significantly reduced compared to subliminal activations when a presumably contervalanced conscious attitude was also activated, F(1,12) = 5.25, p < .05. This suggests that consciously activated egalitarian attitudes may have the ability to contradict, and maybe even replace, automatically activated attitudes25.

Discussion

The current data, combined with previous investigations of intergroup attitudes, is consistent with the postulate that for Whites, the unconscious evaluation of Black faces may be one of threat or negative affect, and the unconscious evaluation of White faces may be one of safety, or non-threat. Support for this suggestion comes from the dramatic difference in the time lines for amygdala activation under both subliminal and supraliminal conditions; Black faces activated the amygdala whereas White faces deactivated the amygdala. The fact that this effect was greatest in the subliminal condition is consistent with the idea that amygdala activation reflects unconscious processing of valence. Lastly, participants who had more automatic negative attitudes toward Black faces relative to White faces as measured by the IAT also had more amygdala activity to Black faces than White faces as compared to those who were on the low end of the measure. These results suggest that having implicit negative associations to a social group may result in people having automatic and unconscious fear or threat responses when encountering members of that group.

When we consider the pattern of activity in the whole brain for the subliminal and supraliminal conditions, this research demonstrates a neural dissociation between the conscious and unconscious evaluation of social group members. Whereas Black faces relative to White faces activated the right amygdala during unconscious processing, when participants had the opportunity to evaluate the Black and White faces consciously, we found activity differences in areas of PFC (BA 47 & 9) and anterior cingulate – areas associated with inhibition, control, and response conflict24. Finding a dissociation between the activity observed for the unconscious and conscious processing of faces of different social groups, and that conscious processing involves areas associated with conflict and response competition, potentially explains why previous neuroimaging research has failed to find robust evidence for greater amygdala activation to Black faces relative to White faces – conscious processing can modulate unconscious processing. 

These data provide new evidence about the neural correlates of conscious and unconscious evaluations with conflicting valance. For the first time, the neuroimaging data mirrors differences found for behavioral data in this domain.

Methods

Participants

Twenty White participants were paid for their participation.  The data from four participants were omitted for excessive head movement (greater than 2mm in any direction) and from three other participants who reported that they may have seen face-like stimuli in the subliminal presentations. The final 13 participants (6 females) had a mean age of 28.

fMRI Parameters
To cover the frontal lobe and the majority of the temporal and parietal lobes, eighteen parallel coronal slices (slice thickness: 6mm, skip = 2 mm) were prescribed perpendicular to the AC-PC line, with the ninth slice centered on the amygdala.  Functional images were acquired using a single shot gradient echoplanar pulse sequence (TE = 60ms, TR = 2000ms, in-plane resolution = 3.125 x 3.125 mm, matrix size = 64 x 64, and FOV = 20 x 20 cm). 

Behavioral Measures


The Implicit Association Test and all self-report questions were administered on a laptop computer after scanning. For the IAT18, participants in one block of trials pressed one computer key for Black faces and for words with good meaning (e.g. fabulous, terrific), and another key for White faces and for words with bad meaning (e.g., horrible, revolting). In another block of trials, participants classified the Black faces and bad words with one key and the White faces and good words with another. Implicit attitude was defined as the average difference in response latency between these two conditions, such that higher scores reflected more difficulty pairing Black with good than Black with Bad. Faces used for the Implicit Association Test and the brain imaging part of the study were identical. The Modern Racism Scale26, Motivation to Respond without Prejudice Scale27, and feeling thermometers and semantic differentials28 were presented in random order on the computer. Both the IAT and the explicit measures were scored according to established protocols.
Procedure

During fMRI, participants pressed one of two buttons with their right hand to indicate whether a visual stimulus appeared to the left or right of a fixation cross. From the participants’ point of view, stimuli were abstract pictures, white squares, or emotionally neutral human faces. Six trial types were constructed to present subliminal Black faces, supraliminal Black faces, subliminal White faces, supraliminal White faces, and subliminal and supraliminal white squares used as filler trials.  Subliminal stimuli were presented for 30ms, supraliminal stimuli for 400 ms (see Figure 1). All stimuli were preceded and followed by an abstract picture, which masked the subliminal images. The second abstract picture was presented for 400ms for subliminal sequences and 30ms for supraliminal sequences. Thus, on subliminal face and white square trials, participants saw and judged right/left for an abstract picture. A white cross appeared for 1425ms between trials. To ensure that faces were always separated by 12 seconds, five white squares followed each face presentation, randomly presented subliminally or supraliminally. Four runs of data were collected.  Each run contained 6 presentations of each critical trial type (subliminal-Black, subliminal-White, supraliminal-Black, and supraliminal-White) presented in random order. The same Black and White faces (N = 8 each) were presented in both subliminal and supraliminal conditions.

Preprocessing

Data were corrected for slice acquisition time and motion using SPM9929, then coregistered to in-plane anatomical images and transformed to conform to the SPM99 standard T1 MNI brain interpolated to 3x6x3 mm. Functional data were smoothed using a 9mm FWHM (full-width-half-maximum) kernel, and a high pass filter removed effects of scanner drift.

Analyses Notes

For each subject, statistical t-maps were generated using SPM99 from the average fMRI BOLD signal for black compared with white faces for both the supraliminal and subliminal conditions. To characterize the neural response for each type of face presentation, the brain response to the 24 Black faces and to the 24 White faces was regressed onto a canonical hemodynamic response to estimate amplitudes of effect. To generate group statistical contrast maps, a random effects analysis was run using individual subject contrast t-maps as input. For whole brain analyses, significant areas of activity were defined as those in which at least 10 contiguous voxels each of which differed in activity to Black and White faces at a significance level greater than p < .005 (t > 3.05) in the subliminal or supraliminal condition. Regions of activation for time courses were identified as those voxels that differed in either the subliminal or supraliminal contrasts of Black and White faces. Time lines for neural activity were defined functionally using the SPM ROI Toolbox30. Time lines were adjusted for residual effects of other conditions as well as by the default SPM99 high and low pass filters. 
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Table 1: Significant areas of BOLD contrast, Black > White
Contrast 1: Black > White subliminal

Size
Area
BA
R/L
T
x
y
z

11
Amygdala
n/a
R
4.26
18
-6
-12

12
Superior Temporal
38
L
5.42
-33
6
-42

32
Middle Frontal Gyrus
8
L
4.79
-21
30
39

27
Entorhinal Cortex
36
R
4.88
30
-6
-33

27
Supplementary Motor 
6
L
4.56
-3
0
66


Supplementary Motor
6
L
4.05
-48
-6
54










Contrast 2: Black > White supraliminal

Size
Area
BA
R/L
T
x
y
Z

77
Anterior Cingulate
32
L
5.82
-6
36
24


Anterior Cingulate
32
L
4.52
-9
18
33


Anterior Cingulate
32
R
4.34
3
18
33

13
Ventrolateral PFC
47
R
4.04
57
30
-12

37
Dorsolateral PFC
9
R
4.88
27
48
24


Dorsolateral PFC
9
R
4.85
33
48
36

15
Superior Frontal
10
R
5.22
24
60
27

20
Supplementary Motor
6
LR
4.12
0
0
72










Tables show local maxima > 8.00mm apart per cluster

