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Abstract: Facial identity discrimination is crucial for success in the social world. Yet, how this task is accomplished 

remains incompletely understood. Face perception involves identifying members of same or different of social categories 

(such as gender and race). We know that differences in facial morphology are critical for discriminating individual faces. 

What is unclear, however, is whether the same mechanisms are used to discriminate identities when they are members of 

the same versus different social categories. To address this question, this study examined and compared perceptual 

performance on within- and between-category facial identity discrimination tasks and evaluated the relationship between 

the perceptual performances and physical features of face images used for discrimination. Face images from each of five 

pairs of individuals (two Asian females, two Caucasian females, two African males, one African male and one Caucasian 

male, or one Caucasian female and one Caucasian male) were morphed to create images along a continuum of facial 

dissimilarity. Using the original and created images, with psychophysical methods we measured perceptual thresholds for 

facial identity discrimination in a group of human observers (n=24). For each pair of original face images, the differences 

in six physical facial features (end-lip raise, mid-top-lip raise, mid-top-lip, mid-low-lip, eye-opening, mid-eyebrow raise 

and luminance) were also measured. Perceptual thresholds were the lowest (best performance) for the across-race 

condition, the second lowest for the across-gender condition and the highest for the three same-race and same-gender 

conditions. Two physical facial features, mid-top-lip raise and luminance, each accounted for a significant portion of 

perceptual performance (35% and 40%, respectively). These results indicate that between-category facial identity 

discrimination is more precise than within-category discrimination. Precise discrimination of facial identity is associated 

with selective physical facial features.  
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INTRODUCTION 

 Discriminating the identity of faces plays a crucial role in 
social life. This cognitive ability is in principle limited by the 
physical differences of faces being discriminated, for 
example, the varying distances between two individual’s 
eyes. A prominent model of face perception holds that 
information from a face is coded relative to a hypothetical 
average face at the center of a mental face-space [1, 2]. 
According to this model, perceptual discrimination of two 
faces is constrained by the distance between the faces in 
face-space, that is, by the dissimilarity in their physical 
appearance. Individuals who belong to different social 
categories (such as race and gender) usually have distinct 
physical facial features [3, 4]. It is thus reasonable to assume 
that facial identity discrimination is easier for between-
category conditions than for within-category ones. These 
assumptions have rarely been tested empirically however, 
and we have little exact knowledge about the differential 
perceptual capacities for within- and between-category facial 
identity discrimination. Although it has been shown that eye 
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height and mouth height provide important cues for facial 
identity discrimination [5, 6], our overall knowledge about 
specific facial features that support facial identity 
discrimination is limited.  

 In this study, we evaluated two specific questions: 1) if 
perceptual discrimination of facial identities is affected by 
the social categories that those identities are associated with, 
and 2) if differences in facial identity discrimination of same 
vs. different social categories can be accounted for by 
physical feature differences between the faces being 
discriminated.  

 To compare perceptual performances within same 
category with those among different categories, we used 
three sets of conditions: 1) across-gender (Caucasian female 
vs. Caucasian male), 2) across-race (African male vs. 
Caucasian male), and 3) same-race and same gender (Asian 
females, Caucasian females or African males). To determine 
the precision of face identity discrimination, we 
systematically manipulated facial dissimilarity levels under 
each condition through morphing between sets of two 
original facial images and then measured corresponding 
perceptual thresholds in a group of human observers.  

 To compare perceptual performance with the change in 
physical features drawn from face images being 
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discriminated, we measured six physical differences between 
the facial images used for each condition (end-lip raise, mid-
top-lip raise, mid-top-lip, mid-low-lip, eye-opening, mid-
eyebrow raise and luminance) [7]. Correlations between 
perceptual performances of human observers and change in 
physical features in face images were then computed.  

 Our working hypothesis was that facial identity 
discrimination is more precise for the between-category 
conditions than for the within-category conditions. 
Perceptual performance is correlated with change in physical 
features between the face images being discriminated; the 
greater the facial feature differences, the more precise facial 
identity discrimination. 

METHODS  

Stimuli 

 Visual stimuli were images of ten face models taken from 
the NimStim Face Stimulus Set (http://www. macbrain.org) 
[8]. All face images used here had neutral expressions. The 
face images were cropped to exclude hair, clothing and other 
visual cues, using Adobe Photoshop (CS6, version 13). The 
processed images contained only a face, and were resized to 
fit a rectangular area of 265 x 355 pixels (subtending 13 x 17 
degrees of visual angle). They were paired according to two 
categories - race and gender. The selected face pairs were 1) 
Caucasian females: Model #2 and #6. 2) African males: 
Model #39 and #43, 3) Asian females: Model #15 and #16. 
4) Across-race: Model #26 (Caucasian male) and #42 
(African male), and 5) Across-gender: Model #8 (Caucasian 
female) and #34 (Caucasian male) (Fig. 1).  

 Additional face images were created by morphing 
(FantaMorphPro 5.0, 2012) between two original images (A 
and B) for each pair of face model. There were five created 
levels of facial difference for each pair: 5% (in which 5% of 
Face A and 95% of Face B were combined to form a created 
face image), 12%, 24%, 48%, and 75% (Fig. 1). In 
combination with the two original face images of each pair: 
0% (un-morphed Face B) and 100% (un-morphed Face A), 
seven levels of facial difference were used for this study. 
Stimulus presentation, as well as the recording of subjects’ 
responses, were programmed within Psychtoolbox 3 [9].  

Design and Procedure 

 Stimuli were presented using a method of constant 
stimuli. Each trial included two presentations: First, a single 
face was displayed for 600 msec. Second, a pair of faces was 
presented for 1200 msec. There was a 1000 msec interval 
between two presentations. Participants’ task was to indicate 
which of the two faces in the second presentation (left or 
right) was the same as the face in the first presentation  
(Fig. 2). They performed this two-alternative forced choice 
(AFC) task by pressing the left-arrow key to indicate if the 
left face in the second presentation matched the face in the 
first presentation, and the right-arrow key to indicate if the 
right face in the second presentation matched the face in the 
first presentation.  

 We used a design of 5 face model pairs by 7 facial 
difference levels by 2 locations (left or right) by 8 repeats for 
the second presentation. The trials were first blocked by the 
five face model pairs. Within each block, the trials of 
different facial difference levels and locations were 

 

Fig. (1). Illustration of original and morphed face stimuli. 

Samples of original (un-morphed) and created face images used in this study. The top panels listed five pairs of original images. The bottom 

panel included the created images for one pair of original images (Across race, Face A and Face B). The created images were produced 

through morphing between the two original images, and contained various percentages of Face A (0, 5, 12, 25, 50, 75, 88, 95, or 100%) and 

Face B (100, 95, 88, 75, 50, 25, 12, 5, or 0%). 
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counterbalanced. Note that the trials for 0% facial difference 
level included only one location (two identical images). Each 
participant performed 570 trials in total.  

 The main performance measure was the percent of 
correct responses, or accuracy, under each condition. 
Reaction time (RT) for each condition was also recorded. In 
addition, perceptual threshold of facial identity 
discrimination, defined as the minimum facial difference 
level to yield 80% accuracy, was derived as a separate 
performance measure for each subject [10, 11].  

 Two additional cognitive measurements, verbal IQ (not 
using face-related information) and theory of mind (using 
face-related information), were obtained to compare with 
facial identity discrimination. For each subject, verbal IQ 
was measured using the verbal component of the WAIS-R 
[12]. Theory of mind was measured using the Eyes Test [13]. 

Subjects  

 Twenty-four human observers (8 females) participated in 
the study. Participants were between 18 to 65 years old 
(mean age = 36.91, SD= 11.92). Racially, three participants 
identified as African American, two as Asian American, 
sixteen as Caucasian, and three participants declined to 
respond. Ethnically three participants identified as Hispanic 
or Latino. All participants were screened for exclusion of 
neurological or psychiatric conditions or recent history of 
substance abuse (past 6 months). Participants had normal or 
corrected to normal vision, as indexed using the Rosenbaum 
vision screening chart. The subjects were recruited from the 
local community and gave written informed consent prior to 
participation. The research protocol was approved by the 
Institutional Review Board of McLean Hospital. 

RESULTS 

 A two-way ANOVA (5 face model pairs x 7 facial 
difference levels) for accuracy showed significant main 

effects of face model pair (df=4, F=5.84, p<0.001), and 
facial difference level (df=6, F=292.09, p<0.001) (Fig. 3 top 
panel). The interaction between face model and facial 
difference was not significant (df=24,F=1.02, p=0.44). This 
indicates that perceptual performances differed for these face 
model pairs, and were improved with the increase of facial 
difference levels. A pairwise analysis comparing the 
relationship of perceptual thresholds between every face 
model pair yielded a significant difference only between the 
across-race and the rest of face model pairs (df=1, F=18.85, 
p<0.001), indicating performance was significantly better for 
the across-race face model pair. 

 A two-way ANOVA (5 face model pairs x 7 facial 
difference levels) for RT showed significant main effects of 
face model (df=4, F=3.78, p=0.005) and facial difference 
(df=6, F=11.26, p<0.001), but no interaction (df=24, F=0.1, 
p=1.0). This again indicates that reaction times differed for 
these face model pairs, and decreased with the increase of 
facial difference levels. The only significant pairwise 
comparison for face model was between the across-race and 
the within-category model pairs (df=1, F=5.82, p=0.016), 
indicating that reaction time was significantly shorter for the 
across-race than for the within category face model pairs.  

 One-way ANOVA (5 face model pairs) of perceptual 
threshold showed a trend towards a significant main effect 
(df=1, F=2.00, p=0.11). However, when comparing the 
within-race and within-gender pairs with the across-race face 
model pairs, a significant difference was found (df=1, 
F=8.234, p=0.005) (Fig. 3 bottom panel). While also low, 
perceptual thresholds for the across-gender condition were 
not significantly different when compared with within-
category conditions (df=1, F=1.349, p=0.249). 

 Among the five face model pairs tested, the across-race 
pair yielded the largest percent changes in four out of the 
seven facial features measured. Detailed percent changes of 

 

Fig. (2). Illustration of the facial identity discrimination paradigm. 

Schematic illustration of study procedure. In the first presentation of a trial, an original face image was shown. In the second presentation, 

two face images, one original and one created, were shown side by side. Subjects’ task was to indicate which of the two images in the second 

presentation, left or right, was the same as the one in the first presentation.  
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all facial features for all 5 face model pairs are listed in 
Table 1.  

 The correlations between perceptual thresholds of facial 
identity discrimination and facial feature changes are listed 
in Table 2. Substantial inverse correlations were found 

between perceptual thresholds and mid-top-lip change, and 
between perceptual thresholds and luminance change. That 
is, the greater the changes in these two facial features, the 
lower the threshold (i.e. the better the perceptual 
performance) (Fig. 4). Here the perceptual thresholds were 
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Fig. (3). Summary of performance on facial identity discrimination.  

Perceptual accuracy and threshold of face identity discrimination. In the top panel (A.), x axis represents the dissimilarity level of facial 

images used for perceptual discrimination (in logarithmic scale). Y axis represents the percents of correct trials, or the accuracy, during the 

performance of the task. Error bars indicate 1 standard error. In the bottom panel (B.), x axis represents the category to which two original 

face images are belong (e.g., across race). Y axis represents the perceptual threshold during the performance of the task, which was defined 

as the minimum dissimilarity level of facial images under which the 80% correct of performance level was reached, and was derived from 

the best fitting psychometric function (Weibull) to observed accuracy data for each subject  In both panels, error bars indicates 1 standard 

error. 

Table 1. Facial feature changes between the two un-morphed images of each face model pair. 

Facial feature Caucasian Female Across Race Across Gender Asian Female African Male 

end-lip raise (line1) 2.46 3.32 4.29 2.18 4.39 

mid-top-lip raise (line 4) 6.45 3.64 4.39 7.10 7.29 

mid-top-lip (line 6) 22.17 56.89 31.61 1.11 37.43 

mid-low-lip (line 7) 7.47 25.93 13.27 14.19 16.71 

eye-opening (line 8) 5.29 39.35 11.72 19.64 13.59 

mid-eyebrow raise (line 12) 14.33 4.51 2.33 8.16 1.61 

Luminance 5.52 16.97 1.16 1.45 2.07 
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averaged across all subjects tested. Thus correlation values 
were derived between 5 average thresholds and 5 feature 
changes from each face pair. To see whether these averaged-
threshold base correlations were significantly different 
across these 5 pairs of faces, individual perceptual thresholds 
(n=24 for each of 5 pairs) were used. The individual 
threshold based correlations were indeed significantly 
different from each other. The set of Pearson correlations 
between line 6 and lines 1 and 4 were significantly different 
(p≤0.001). The correlation between line 6 and line 12 also 
approaches significant difference (p=0.087). This analysis of 
individual thresholds indicates that mid-top-lip (line 6) is 
preferentially related to perceptual performance.  

 To compare with non face variables, perceptual 
thresholds for five pairs of face images were averaged for 
each subject. None of the correlations were significant 
between the averaged perceptual thresholds for facial 
identity discrimination and Verbal IQ (n=22, ps<.05) or Eye 
Tests scores (a social cognitive index) (n=19, ps>.05)  
(Table 3). The perceptual performances were also not 
significantly correlated with verbal IQ scores (a general 
intelligence index) (Table 3).  

DISCUSSION 

 This study shows that perceptual discrimination of facial 

identities is more sensitive for the across race category than 

same race and gender categories. This study also shows that 

the sensitivity of facial identity discrimination is associated 

with two physical facial features (luminance and mid-top-

lip). These results suggest that perceptual discrimination of 

facial identity is linked to selected facial features. 

Perceptual Discrimination of Facial Identity 

 It has been assumed, but rarely assessed, that perceptual 

discrimination of face identity depends upon physical 

differences between the faces being discriminated. Using 

psychophysical methods, this study showed that to reliably 

discriminate the identities of two individuals (i.e. at 80% 

accuracy level), about 30 to 40 percent (Fig. 2) of overall 

physical difference between face images is required. The 

greater this physical difference between two individual face 

images, the more precise facial identity discrimination will 

be. This result has two implications. First, it confirms that 

facial identity discrimination can be understood under the 

face space model, in which the distance between two faces in 

the mental face space is a key factor to discriminating the 

faces. In general, the farther apart the two faces are in the 

mental face space, the more easily they can be differentiated 

from each other. Specifically, performance levels of 

perceptual discrimination are proportional to the difference 

in selected, not overall, facial features (such as mid-top-lip). 
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Fig. (4). Relationship between perceptual performance and change in the two physical facial features. 

Relationship between perceptual thresholds and changes in physical facial feature (Panel A: mid-top-lip and Panel B: luminance).  Perceptual 

thresholds were averaged across subjects. Changes in the two physical facial features were measured between the two original (un-morphed) 

face images in each face model pair. 

Table 2. Correlation coefficients between perceptual threshold and change in physical facial feature. 

Facial feature Pearson’s R 

end-lip raise (line1) 0.020 

mid-top-lip raise (line 4) 0.241 

mid-top-lip (line 6) -0.345 

mid-low-lip (line 7) -0.265 

eye-opening (line 8) -0.280 

mid-eyebrow raise (line 12) -0.050 

luminance -0.395 
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Second, the use of only 30 to 40 % of facial differences 

suggests that our face processing system has a redundant 

capacity for distinguishing different facial identities at 

perceptual levels. More often than not, face images 

encountered in the social world may be degraded, which 

presents a challenge for perceptual processing of facial 

images [14]. Redundant capacity of facial identity 

discrimination would allow sufficient perceptual processing 

of degraded facial signals for this socially important 

function.  

Discrimination of Face Identity in the Context of Social 
Category 

 Greater physical differences of certain facial features 

belonging to different social categories presumably make it 

easy to distinguish identities associated with those faces. 

This study supports this presumption. The highest and the 

second highest performance levels were achieved for the 

across-race and the across-gender face model pairs, with 

lower performance levels for the three same-race and same-

gender face model pairs. It has been suggested that facial 

judgment of social categories is optimal through category-

specific facial features [15]. Our result of the more precise 

perceptual discrimination for the across-race category than 

for the within-category conditions suggests that the 

categorization of race, formulated at social construct levels, 

has its root at perceptual processing levels, as far as facial 

identity is concerned. Recently, it has been shown that 

fusiform face area (FFA), a cortical region responsible for 

perceptual processing of facial information [16-18], also 

subserves the neural processing of face-based race and 

gender information [19-21]. The results of these 

neuroimaging studies and the present study are all consistent 

with the notion that perceptual and social category 

information from faces is at least partially processed jointly 

in the brain.  

Physical Facial Features for Facial Identity 
Discrimination  

 As expected, the differences in selected facial features 
between the two face images of each face model pair were 
larger for the between than for the within-category 
conditions. Perceptual discrimination, also as expected, was 

more precise for the between than for the within-category 
conditions. For example, the highest perceptual performance 
levels were achieved for the across-race face model pair 
which also corresponds to the largest facial feature 
difference (mid-top-lip, eye-opening and luminance)  
(Table 1). This link between the two sets of variables 
suggests that physical features of face images play a crucial 
role in facial identity discrimination. Note that it was not any 
particular feature that can singularly account for perceptual 
performance. For example, there was a substantial change in 
mid-top-lip for the African male face model pair (37.43%, 
the second largest among the five face model pairs)  
(Table 1), yet the corresponding perceptual performance was 
not as precise (Fig. 2). This suggests that it is a combination 
of selected facial features that collectively play a crucial role 
in perceptual discrimination of facial identity.  

 Using a psychophysical approach, this study produces 
supporting evidence for the two general assumptions on 
facial identity discrimination -1) better perceptual 
performance under the across-race than the within-category 
conditions and 2) association of physical facial features and 
perceptual performance. Two caveats of this study however 
need to be noted. First, the results here were obtained with a 
set of face images that is modest in size for a systematic 
comparison of between-category and within-category 
perceptual discrimination. Gender and race of observers may 
affect the performance levels when face stimuli possess 
different genders and races [22-24]. In future studies, a larger 
set of face images may afford to disassociate this factor from 
perceptual discrimination. Second, the luminance and 
contrast were not systematically equalized across the face 
images used here. While a physical facial feature, luminance 
values are not directly related to facial structure per se. It is 
unclear how perceptual performances for the between- and 
within-category facial identity discrimination are affected 
when this general visual variable is removed. It is unlikely 
however, that luminance played a major role in perceptual  
performance here. While both the highest perceptual 
performance results and the greatest luminance difference 
occurred under the across-race condition, the next two 
highest performance results (across-gender and black male 
pairs respectively) did not occur to the next two greatest 
luminance differences in face images (Table 1). Application 
of a larger set of contrast and luminance-equalized face 
images in future studies would be crucial for further 

Table 3. Pearson’s R for correlation between perceptual thresholds and Verbal IQ and Eyes Test scores. 

Face Model Pair Verbal IQ v. Threshold Eyes Test v. Threshold 

White Female 0.012 0.402 

Asian Female -0.236 0.128 

Acr Race -0.072 -0.025 

Black Male -0.208 -0.132 

Acr Gender 0.063 0.093 

Average -0.322 -0.063 
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characterizing the perceptual capacities of discriminating 
faces of the same and different categories and the physical 
constraints of such capacities. 
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