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Abstract
From evolutionary reasoning, we derived a novel hypothesis that ingroup derogation is an

evolved response of behavioral immune system which follows the smoke detector principle

and the functional flexibility principle. This hypothesis was tested and supported across

three experiments. In Experiment 1, participants’ group membership was manipulated by

using a minimal group paradigm. The results indicated that mere social categorization

alone— a heuristic cue that implies the differentiation between "us" and "them"— was suffi-

cient to elicit ingroup derogation among Chinese participants, and, such an intergroup bias

was positively associated with the perceived vulnerability to diseases, which was also more

consistently associated with ingroup attitudes. Experiment 2 extended and partially replicat-

ed Experiment 1 by showing that when there were cues of diseases in the immediate physi-

cal environment, Chinese participants exaggerated their attitudes of ingroup derogation.

The results also showed that this effect was mainly driven by outgroup attraction. Experi-

ment 3 changed the method of disease manipulation, and found that Chinese participants

responded more strongly to disease cues originating from ingroup members and that they

endorsed more ingroup derogation attitudes even when the ingroup and outgroup members

were both displaying cues of diseases. Taken together, these results reveal the previously

unexplored effects of infectious diseases on ingroup derogation attitudes, and suggest an

interesting linkage between the evolved behavioral immune system and the

ingroup derogation.

Introduction
For a very long time, parasitic organisms (e.g. bacteria, viruses, parasites) have posed great
threats to the reproductive fitness of many species. Consequently, the organisms have evolved
two different immune systems to defend against these pathogens [1, 2]. The physiological im-
mune system detects and mobilizes physiological responses to eliminate the pathogens entering
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the body. The behavioral immune system functions as the first level of defense against patho-
gens. It detects the presence of pathogens in the environment and facilitates the avoidance of
those pathogens before they enter the body, thus keeping the organism from actually mounting
to a costly immune response. Researchers have observed this behavioral immune response
across many animal species [3–5]. In recent years, the behavioral immune system has received
much attention in the study of human behavior [1, 2]. A burgeoning body of literature has doc-
umented the effects of perceived threat of pathogens on human personality [6, 7], emotion [8],
attention [9], perception [10], memory [10], sexual behavior [7, 11, 12], social influence [13–
19], and so on.

The behavioral immune system is also involved in the evolution of a ubiquitous tendency of
ingroup favoritism (also known as ingroup bias) [10, 13, 20–34]. Since the organism mainly
evolves resistance to local parasitic organisms, rather than to those evolving in nearby regions
[31–33], outgroup members often carry novel pathogens infectious to ingroup members.
Under conditions of high pathogen prevalence, a psychological mechanism facilitating the as-
sociation with ingroup members and avoidance of outgroup members should be favored by
natural selection [31–36].

However, a similar but completely opposite phenomenon of ingroup favoritism has also
been reported in the study of intergroup bias, a phenomenon called ingroup derogation [37–
48]. Results showed that, when participants were from the inferior social groups [37–39], or
from East Asian cultures [40–44], or when the targets were deviant ingroup members [45–48],
participants showed a preference to and affinity for outgroup members instead of ingroup
members. This strange anti-us behavioral tendency was particularly prevalent in East Asian
cultures [40–44, 49–54]. For example, researchers have even found that Mainland Chinese rate
the faces and names of outgroup members as more beautiful and better than their ingroup
counterparts [44].

Currently, researchers cannot well explain ingroup derogation in terms of proximate cause
[43, 44], nor can they explain it within the evolutionary framework: Natural selection should
have favored the individuals who preferred their ingroups, and the individuals who preferred
outgroups would be selected against by natural selection [31–36]. Therefore, from an evolu-
tionary perspective, preference for outgroup members is not considered as adaptations but be
considered as maladapations, which makes it very difficult to explain the prevalence and persis-
tence of ingroup derogation.

One important assumption underlying the evolutionary theory of ingroup favoritism is
that the pathogen threat posed by outgroup members should be much greater than the patho-
gen threat posed by ingroup members, otherwise it would be more adaptive to avoid ingroup
members rather than avoiding outgroup members. However, this assumption may be prob-
lematic, considering sometimes the pathogen threat incurred by ingroup interactions actually
could be greater than the pathogen threat posed by outgroup members: Interactions between
ingroup members are much more frequent than interactions between an individual and the
outgroup members [36], which creates more chance of spreading an infectious disease via an
ingroup member; if there are outbreaks of some recent emerging dangerous epidemics to
which ingroup members are still not immune, or the pathogen load within the local habitat of
ingroup members become much higher than the pathogen load within the local habitat of
outgroup members, it would be much more easier to catch an infectious disease via an in-
group member than via an outgroup member. Under such circumstances, it would be more
adaptive to derogate, to dislike, to feel disgusting toward, and to avoid ingroup members than
to bond with them. A favoritism toward outgroup members would help our ancestors to
abandon their original groups and to associate with other groups in order to find more favor-
able habitats. If such situations did occur recurrently in the long stretch of evolutionary
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history of human species, then our ancestors probably would have evolved psychological
mechanisms to facilitate a behavioral response of favoring outgroup members over ingroup
members under particular ecological conditions.

Some empirical evidence has implied that this hypothesis could be supported. For example,
China has been found to have higher pathogen prevalence than Europe by both historical and
contemporary measures of pathogen prevalence [13], and China also happens to be the area
where participants endorse ingroup derogation attitudes [43, 44]. Contrary to previous find-
ings on the positive relationship between behavioral immune system and social conservatism
(for meta-analysis, see [18]), recent studies have also shown that there were no associations or
inconsistent associations between local pathogen prevalence and ingroup favoritism [19, 55,
56]. Studies have also showed that the relationship between parasite stress and strength of fam-
ily ties is better to be described by a quadratic function (i.e., the strength of family ties drops
when the parasite stress give rises to a certain level) than by a simple linear model [57], and
that, in some areas (e.g., Africa), the correlations between parasite stress and ingroup assorta-
tiveness were reported to be negative rather than positive [31]. Some researchers have even
proposed that, in face of extremely high parasite stress, ingroup investment may not be optimal
and should be reduced because extreme parasite stress yields extrinsic mortality [58]. Regretful-
ly, these empirical and theoretical evidence can only support our hypothesis indirectly. More
direct empirical evidence is needed for a solid conclusion.

The Current Study
The behavioral immune system follows the smoke detector principle and the functional flexi-
bility principle [1, 2, 36]. The smoke detector principle indicates the behavioral immune system
is prone to make false-positive errors. It responds to heuristic cues which imply the presence of
diseases. The functional flexibility principle dictates that, under circumstances in which indi-
viduals are easy to be infected or merely perceive themselves to be vulnerable to pathogen in-
fection, the activation of behavioral immune system is stronger. According to our hypothesis,
ingroup derogation is an evolved response of the behavioral immune system. Such a mecha-
nism should also follow the smoke detector principle and the functional flexibility principle.
Then, ingroup derogation should not only exist in actual social groups [37–48]. Mere social
categorization alone—a heuristic cue that implies the differentiation between "us" and "them"
[59, 60]—should be sufficient to produce this bias (i.e., smoke detector principle), which should
be particularly stronger when the individuals feel vulnerable to diseases, when there are cues of
diseases in the immediate physical environment, or when there are people who display disease
cues in the immediate social environment (i.e., functional flexibility principle). Furthermore,
such a mechanism should respond more consistently to ingroup members and respond more
strongly to the disease threat incurred by ingroup members because it was designed to deal
with a special ecological condition in which the greater disease threat was brought by the
ingroups instead of the outgroups. In the present study, we tested our hypothesis by three ex-
periments. We mainly focused on the ingroup derogation among mainland Chinese.

The minimal group paradigm categorizes people into artificially distinct groups on the basis
of arbitrary criteria, such as whether they have a "red" personality type or a "green" personality
type based on a bogus personality test [59], which provides group-categorization heuristics to
one's actual social group membership [60]. In Experiment 1, by using the minimal group para-
digm, we tested whether Chinese participants would show ingroup derogation when the cues
denoting one's group were only artificial labels heuristically associated with one's actual social
group membership. We further examined whether such an intergroup bias was positively asso-
ciated with individual differences in perceived vulnerability to diseases in Experiment 1.
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Considering that ingroup derogation is assumed to be an adaptation to a special situation in
which ingroup members pose more threat of diseases than outgroup members, we predicted
that when facing both ingroup and outgroup members, the behavioral immune system would
mainly function to avoid ingroup members for Chinese participants. Thus, in Experiment 1,
we also expected to find a stronger negative association between perceived vulnerability to dis-
eases and ingroup attitudes than outgroup attitudes.

In Experiment 2, we extended and partially replicated Experiment 1 by using experimental
methods to test whether the presence of external disease cues in the immediate physical envi-
ronment would lead Chinese participants to exaggerate ingroup derogation attitudes.

According to our hypothesis, ingroup derogation is a special adaptation designed to manage
the disease threat incurred by social interactions (especially to ingroup members). Such a
mechanism should not only respond to cues of diseases from the immediate physical environ-
ment. It should also be more activated when there are people who display disease cues in the
immediate social environment. We predicted that, when facing the ingroup and outgroup
members who may or may not have infectious diseases, for the Chinese participants, the main
function of behavioral immune system would be to avoid the ingroup members displaying the
cues of diseases. We expected the effects of disease cues to be stronger for ingroup members
than for outgroup members and that the degree of ingroup derogation attitudes to be exagger-
ated even when ingroup and outgroup members are both displaying cues of diseases. These
possibilities were tested in Experiment 3.

In all experiments, we used the degree of acceptance (i.e., acceptance of a specific group
member as a partner to work with) as the measure of participants' preference for a specific
group membership (see [26] for a similar measure of intergroup bias). Previous studies of
ingroup favoritism have shown that participants incline to affiliate to and cooperate with their
ingroup members rather than with outgroup members [25, 26, 31–33, 35, 36, 61–63].

Experiment 1
In Experiment 1, we tested whether Chinese participants would show ingroup derogation
when being provided with heuristic cues of one's actual social group membership and whether
such an intergroup bias was positively associated with individual differences in perceived vul-
nerability to diseases. We also examined the relationships between perceived vulnerability to
diseases and ingroup/outgroup attitudes.

Ethics Statement
The experimental procedures were approved by the IRB of the Institute of Psychology, Hunan
Normal University. All participants and the caretakers of the participants aged under 18 years
provided written informed consent before taking part in the experiment and were debriefed
after the experiment. The individual in this manuscript has given written informed consent (as
outlined in PLOS consent form) to publish these case details.

Participants and Design
Sixty Chinese undergraduate or postgraduate students (30 males and 30 females), aged 17–30
years (mean age: 23.2 years, SD = 2.73), participated in this experiment for monetary compen-
sation. A 2 (personality type: red, green) × 2 (category label: ingroup, outgroup) mixed-model
experimental design was used, with personality type being the between-subjects factor and cat-
egory label being the within-subjects factor.
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Materials and Procedure
A bogus personality test was used to create the artificial groups. Forty questions from the Eye-
senck Personality Questionnaire (EPQ) [64] were presented to participants one at a time on a
computer screen. Each question remained on the screen until a response was made. Partici-
pants were instructed to press a button to indicate whether or not they fit the presented de-
scription. After they completed the test, the computer ostensibly analyzed their responses, and
informed them that they were either a "red" or a "green" personality type.

The individual differences in perceived vulnerability to diseases were measured by The Per-
ceived Vulnerability to Disease scale (PVD) [65], a 15-item measure used in several previous
studies [10, 12, 14, 20, 26, 27, 66] to assess the perceived personal susceptibility to the transmis-
sion of diseases. The scale included two subscales that respectively measure perceived infect-
ability (α = 0.55) and germ wariness (α = 0.68). We also used PVD as a single scale (α = 0.76).
Higher scores on these measures indicate greater perceived vulnerability to diseases.

Eighty gray-scale facial images of Chinese college-age males and females with neutral facial
expressions were chosen as the stimuli [67–69]. These images had already been employed in
our previous study [44]. They consisted of two image sets matched on the degree of beauty [44]
and they were completely novel to all participants. Twenty college students who did not partici-
pate in the formal experiments rated the degree of acceptance for these two sets. The partici-
pants had to indicate "to what extent would you want to work together with the person shown
on the screen in the next experiment" on an 8-point scale (1 = "definitely not" to 8 = "definitely
like to"). A pairwise t-test showed that there was no difference for the degree of acceptance be-
tween the first set (M = 4.29, SD = 0.18) and the second set (M = 4.38, SD = 0.26), t(19) = -1.76,
p> 0.05. As for the thirty participants assigned to red personality type, fifteen of them were ex-
posed to a stimuli sequence in which the first facial image set was labeled with red personality
type and the second image set was labeled with green personality type. The other fifteen were
exposed to a stimuli sequence in which the second facial image set was labeled with red person-
ality type, whereas the first image set was labeled with the green personality type. The same
procedure was employed for the thirty participants assigned to green personality type. Thus
each image set has equal probability of being labeled as ingroup or outgroup members. Each
face was presented at the center of the screen, with a background color that was identical to its
personality type (red and green were the background colors for red and green personality
types, respectively). The label of personality type was placed at the top of the background in
order to label the face (as shown in Fig. 1).

After providing informed consent, participants were instructed that they would take a com-
puterized personality test at first. They were told that the red personality type was not necessar-
ily better than the green personality type or vice versa, and they were informed that the
experiment was designed to investigate psychological differences between these two different
personality types. Given no further description of the personality types, they were then given a
green or red identity tag to wear, and told it was to identify their particular personality type
(see [59] for a similar procedure). Participants were then instructed that they would view faces
on the computer screen, and that the background color and the label displayed on the top of
the screen would denote whether that person had a red personality type or a green personality
type. They were instructed that their task was to rate "to what extent would you want to work
together with the person shown on the screen in the next experiment" on an 8-point scale
(1 = "definitely not" to 8 = "definitely like to") for these faces. The faces were presented one at a
time and each face remained on the screen until the response was made. Faces were randomly
presented for each participant. After completing this face appraisal task, participants were in-
structed to complete the PVD scale.
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Results
The rating scores of the face appraisal task were subjected to a 2 (personality type: red, green) × 2
(category label: ingroup, outgroup) mixed-model analysis of variance (ANOVA). The main effect
of category label was significant [F(1, 58) = 4.44, p< 0.05, ηp

2 = 0.07] (see Fig. 2), indicating that
participants were more inclined to affiliate with outgroup members than with ingroup members.
However, the main effect of personality type [F(1, 58) = 0.32, p> 0.05, ηp

2 = 0.006] and the inter-
action between category label and personality type [F(1, 58) = 0.01, p> 0.05, ηp

2<. 001] were
not significant. Therefore, participants showed ingroup derogation when the cues denoting one's
group were only heuristically associated with one's actual social group membership.

Fig 1. Example of stimuli in Experiment 1. The facial stimuli that was labeled as red personality type is shown in A, while the facial stimuli that was labeled
as green personality type is shown in B. The facial stimuli was presented at the center of screen. The label of red personality type (A) or green personality
type (B) was inscribed at the top of screen.

doi:10.1371/journal.pone.0122794.g001
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The rating scores of outgroup members in the face appraisal task were then subtracted by
that scores of ingroup members to create a composite score of ingroup derogation. A positive
score reflects ingroup derogation, whereas a negative score reflects ingroup favoritism. To as-
sess the relationship between ingroup derogation (M = 0.34, SD = 1.25) and perceived vulnera-
bility to diseases, correlational analyses were carried out. The Pearson product-moment
correlations between ingroup derogation and the PVD measures (see Fig. 3A) were as follows:
(a) perceived infectability: r = 0.33, p< 0.01; (b) germ wariness: r = 0.39, p< 0.01; (c) PVD:
r = 0.39, p< 0.01. These results indicated that there was positive association between the per-
ceived vulnerability to diseases and the degree of ingroup derogation.

Further analyses revealed that such positive correlation was mainly driven by a negative cor-
relation between ingroup attitudes and perceived vulnerability to diseases (see Fig. 3B). Rating
scores of ingroup members and PVD measures were negatively correlated: (a) perceived infect-
ability: r = -0.33, p< 0.05; (b) germ wariness: r = -0.42, p< 0.01; (c) PVD: r = -0.4, p< 0.01.
No significant correlations were found between rating scores of outgroup members and PVD
measures: (a) perceived infectability: r = 0.02, p> 0.05; (b) germ wariness: r = -0.003, p> 0.05;
(c) PVD: r = 0.01, p> 0.05. These results were consistent with the prediction that the perceived
vulnerability to diseases would be more strongly correlated with ingroup attitudes than with
outgroup attitudes.

Experiment 2
In Experiment 2, we tested whether the presence of external disease cues in the immediate
physical environment would lead Chinese participants to exaggerate their attitudes of ingroup
derogation by setting up different experimental environments. Similar experimental proce-
dures have been employed in the study of evolution of ingroup favoritism: Participants were

Fig 2. Degree of acceptance of faces labeled as ingroupmembers and outgroup members in Experiment 1. Error bars represent standard errors.

doi:10.1371/journal.pone.0122794.g002
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instructed to clean the keyboard and their hands to provide them a cue of protection against in-
fectious diseases [20]. We adopt this logic and applied it to our experiment. To provide the par-
ticipants with external disease cues, participants in the disease condition had to finish this
experiment by using a very dirty keyboard (with dust, mud, glue, and some paintings on its sur-
face), while the participants assigned to the control condition had to finish the experiment by
using a normal keyboard.

Fig 3. Correlations between the PVDmeasures and the scores of ingroup derogation and ingroup
attitudes.

doi:10.1371/journal.pone.0122794.g003
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To test whether the environmental setting of the disease condition could effectively provide
a cue of disease, we conducted a pilot study (n = 40) in which participants in the disease condi-
tion and the control condition were respectively instructed to type on the dirty keyboard and
the normal keyboard for 10 minutes (approximately the length of time that the formal experi-
ment would take) and then they were instructed to rate the "possibility of getting a disease by
using this keyboard" on a 9-point scale (1 = "very easy", 9 = "very hard"). An independent t test
showed significantly lower ratings in the disease condition (M = 4.20, SD = 1.15) than in the
control condition (M = 7.00, SD = 1.17), t(38) = -7.63, p< 0.01. Thus, the pilot study provided
the evidence that the manipulation of environmental setting was effective.

Ethics Statement
The experimental procedures were approved by the IRB of the Institute of Psychology, Hunan
Normal University. All participants provided written informed consent before taking part in
the experiment and were debriefed after the experiment.

Participants and Design
Eighty Chinese undergraduate or postgraduate students (40 males and 40 females) aged 19–26
years (mean age: 22.39 years, SD = 2.04) were paid to participate in this experiment. A 2 (per-
sonality type: red, green) × 2 (category label: ingroup, outgroup) × 2 (environmental setting:
disease condition, control condition) mixed-model experimental design was used, with person-
ality type and environmental setting being the between-subjects factors while category label
being the within-subjects factor.

Materials and Procedure
The bogus personality test which was used to create artificial groups and the facial stimuli that
were employed by this experiment were identical to those of Experiment 1.

The procedure of Experiment 2 was also identical to the procedure of Experiment 1, except
that the participants assigned to the disease condition had to finish this experiment by using a
very dirty keyboard, while the participants assigned to the control condition had to finish the
experiment by using a normal keyboard. Participants in Experiment 2 did not have to finish
the PVD scale.

Results
Rating scores for ingroup and outgroup members were subjected to a 2 (personality type: red,
green) × 2 (category label: ingroup, outgroup) × 2 (environmental setting: disease condition, con-
trol condition) mixed-model ANOVA. The results showed that the main effect of category label
[F(1, 76) = 78.33, p< 0.01, ηp

2 = 0.51], the main effect of environmental setting [F(1, 76) = 36.39,
p< 0.01, ηp

2 = 0.32], and the interaction between these two variables [F(1, 76) = 7.31, p< 0.01,
ηp

2 = 0.09] were all significant. Consistent with Experiment 1, participants preferred the outgroup
members over the ingroup members under all environmental settings (disease condition:
F(1, 38) = 55.46, p< 0.01, ηp

2 = 0.59; control condition: F(1, 38) = 23.71, p< 0.01, ηp
2 = 0.38; see

Fig. 4). However, the main effect of personality type [F(1, 76) = 0.29, p> 0.05, ηp
2 = 0.004], the

interaction between personality type and category label [F(1, 76) = 2.81, p> 0.05, ηp
2 = 0.04], and

the interactions of all these three independent variables [F(1, 76) = 1.23, p> 0.05, ηp
2 = 0.02],

were not significant.
To further illustrate the interaction between category label and environmental setting, rating

scores of outgroup members in the face appraisal task were subtracted by that scores of ingroup

Behavioral Immune System and Ingroup Derogation

PLOS ONE | DOI:10.1371/journal.pone.0122794 March 27, 2015 9 / 18



members to create a composite score of ingroup derogation, and we subjected this score to a 2
(personality type: red, green) × 2 (environmental setting: disease condition, control condition)
ANOVA. The results showed that the main effect of personality type [F(1, 76) = 2.81, p> 0.05,
ηp

2 = 0.04] was not significant, but the main effect of environmental setting [F(1, 76) = 7.31,
p< 0.01, ηp

2 = 0.09] was significant, with participants showing more ingroup derogation atti-
tudes in the disease condition (M = 0.79, SD = 0.69) than in the control condition (M = 0.42,
SD = 0.54). The interaction between personality type and environmental setting [F(1, 76) = 1.23,
p> 0.05, ηp

2 = 0.02] was not significant. Therefore, the results of Experiment 2 indicated that
the attitudes of ingroup derogation were exaggerated when there were cues of diseases in the im-
mediate physical environment.

Additional analysis revealed the source of this "dirty keyboard" effect. Participants were
more positive toward the outgroup members in the disease condition than in the control condi-
tion [F(1, 77) = 41.78, p< 0.01, ηp

2 = 0.35] (see Fig. 4), but the attitudes toward ingroup mem-
bers were not affected by this manipulation [F(1, 77) = 3.71, p> 0.05, ηp

2 = 0.05].

Experiment 3
In Experiment 3, we tested whether the Chinese participants would exaggerate their attitudes
of ingroup derogation when the cues of diseases were from the immediate social environment
(directly from the people) instead of the immediate physical environment. Specifically, we ex-
amined whether Chinese participants exaggerated their ingroup derogation attitudes even
when both the ingroup and outgroup members were displaying the cues of diseases and wheth-
er the effects of disease cues were stronger for ingroup members. Considering that Experiment
1 and Experiment 2 showed that the assignment of personality type was irrelevant to the re-
sults, in Experiment 3, all participants were assigned as red personality type.

Fig 4. Degree of acceptance of faces labeled as ingroupmembers and outgroupmembers in
Experiment 2. Error bars represent standard errors.

doi:10.1371/journal.pone.0122794.g004
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Ethics Statement
The experimental procedures were approved by the IRB of the Institute of Psychology, Hunan
Normal University. All participants provided written informed consent before taking part in
the experiment and were debriefed after the experiment.

Participants and Design
Thirty paid volunteers, all Chinese undergraduate or postgraduate students (15 males and 15
females), aged 19–27 years (mean age: 22.6 years, SD = 2.18), participated in this experiment. A
2 (category label: ingroup, outgroup) × 2 (health condition: control, disease) within-subjects
design was used.

Materials and Procedure
The bogus personality test and the facial stimuli employed by Experiment 3 were identical to
those of Experiment 1, except that in Experiment 3 half of the facial stimuli of ingroup and out-
group members were randomly labeled with a pentacle to indicate that these people were in-
fected with diseases and all participants were informed that they had a red personality.

The procedure was also identical to the procedure of Experiment 1 except that participants
in Experiment 3 did not have to complete the PVD scale and before the face appraisal task they
were informed that people labeled with a pentacle were infected with diseases.

Results
Rating scores for ingroup and outgroup members were subjected to a 2 (category label: ingroup,
outgroup) × 2 (health condition: control, disease) repeated-measures ANOVA. The results
showed that the main effect of category label [F(1, 29) = 13.99, p< 0.01, ηp

2 = 0.33] was signifi-
cant. The main effect of health condition [F(1, 29) = 1.77, p> 0.05, ηp

2 = 0.06] was not signifi-
cant. However, the interaction between category label and health condition [F(1, 29) = 9.59,
p< 0.01, ηp

2 = 0.25] was significant. Simple effects analysis showed that the effect of disease cues
[F(1, 29) = 6.31, p< 0.05, ηp

2 = 0.18] was significant for ingroup members but non-significant
for outgroup members [F(1, 29) = 0.000, p> 0.05, ηp

2 = 0.000]. The participants were more likely
to reject an ingroupmember when it was infected with diseases, but no such effects were observed
for outgroup members (see Fig. 5), which is consistent with our prediction. Simple effects analysis
also showed that, participants consistently derogated ingroup members under all health condi-
tions [control: F(1, 29) = 9.64, p< 0.01, ηp

2 = 0.25; disease: F(1, 29) = 16.17, p< 0.01, ηp
2 = 0.36]

(see Fig. 5).
To further illustrate the interaction between category label and health condition, rating

scores of outgroup members in the face appraisal task were subtracted by that scores of ingroup
members to separately create a composite score of ingroup derogation for each health condition.
A pairwise t-test showed that, as predicted, participants exaggerated their ingroup derogation
attitudes even when ingroup and outgroup members were both infected (control:M = 0.73,
SD = 1.29; disease:M = 1.19, SD = 1.63), t(29) = 3.1, p< 0.01.

Discussion
Ingroup derogation is a strange anti-us tendency mainly reported among actual social groups
[37–48]. To our knowledge, this is the first study investigating ingroup derogation toward nor-
mal ingroup members in artificially constructed groups. With three experiments, the present
study investigated the phenomenon of ingroup derogation by using the minimal group para-
digm. The groups created by minimal group paradigm were only artificial groups which had
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no real differences between each other. The group labels given to the group members were only
heuristic cues and could only function to imply one's actual social group membership. There
were no differences in group status and no group members were labeled as deviants. However,
participants in the three experiments still consistently derogated their ingroup members. They
were more likely to choose an outgroup member rather than an ingroup member to be their
partner to work with.

The three experiments extended our previous study [44] by demonstrating that the main-
land Chinese not only viewed the faces of outgroup members as more beautiful [44], but they
were also more inclined to cooperate with outgroup members. These results were also consis-
tent with previous studies [40–44, 49, 50–54]: For example, Chinese participants were reported
to make outgroup-favoring and ingroup-disfavoring attributions [49], and they associated
more negative attributes with their ingroup members than with their outgroup members [43].
In addition, these results showed that the mechanism of ingroup derogation responds to heu-
ristic cues that only imply one's actual group membership, indicating this mechanism follows
the smoke detector principle [1, 2, 36]. Therefore, these results support our hypothesis that in-
group derogation is related to the response of behavioral immune system.

Although relating the phenomenon of ingroup derogation to the threat management mech-
anism [70], the results as mentioned above can not specify which kind of threat the mechanism
of ingroup derogation responds to. Studies have shown that ingroup favoritism can be trig-
gered by internal and external cues of diseases. When individuals felt vulnerable to infectious
diseases (internal cues), and when there were cues of diseases in the immediate physical envi-
ronment (external cues) or from the immediate social environment (external cues), ingroup fa-
voritism was reported to be exaggerated [10, 13, 20, 21, 25–34]. According to our hypothesis, if
the mechanism of ingroup derogation was indeed a similar but complete opposite mechanism

Fig 5. Degree of acceptance of faces labeled as ingroupmembers and outgroup members in Experiment 3. Error bars represent standard errors.

doi:10.1371/journal.pone.0122794.g005
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of ingroup favoritism—a special manifestation of the behavioral immune system that function
to deal with a special situation in which ingroup members pose more threat of diseases than
outgroup members—then the mechanism of ingroup derogation should follow the same func-
tional flexibility principle and respond to the same cues of diseases as found in studies of in-
group favoritism, which means that the mechanism of ingroup derogation becomes more
activated when individuals internally feel more vulnerable to diseases or become more vulnera-
ble to diseases due to external causes.

Across three experiments, we have found the results that are consistent with the predictions
we mentioned above. In Experiment 1, we measured individual differences in perceived vulner-
ability to diseases by using PVD scale [65]. The results showed that there were positive associa-
tions between the measures of perceived vulnerability to diseases and the degree of ingroup
derogation. In Experiment 2, we manipulated the environment settings by instructing the par-
ticipants to finish the experiment on a very dirty keyboard which was demonstrated to be an ef-
fective cue of diseases in a pilot study. The results showed that, compared with those in the
control condition, participants in the disease condition exaggerated their attitudes of ingroup
derogation. In Experiment 3, we tested the effects of disease cues when these cues externally
originated from the immediate social environment rather than from the immediate physical
environment. The results indicated that, the Chinese participants exaggerated their ingroup
derogation attitudes even when ingroup and outgroup members were both displaying cues of
diseases. Therefore, these results demonstrate that the activation of ingroup derogation mecha-
nism is related to disease cues with internal or external origins. They also suggest that the
mechanism of ingroup derogation is a threat management mechanism responding to the threat
of diseases and it follows the functional flexibility principle.

According to our hypothesis, ingroup derogation is a special adaptation to a particular situa-
tion in which ingroup members pose more threat of diseases than outgroup members. To sup-
port such a hypothesis, the mechanism of ingroup derogation should not only follow the
smoke detector and functional flexibility principles, but also should respond more consistently
to ingroup members and respond more strongly to the disease threat incurred by ingroup
members. In two of the three experiments, the results were consistent with this prediction. In
Experiment 1, we found that PVD measures were negatively correlated with ingroup attitudes,
but they were not associated with outgroup attitudes. In Experiment 3, we found that Chinese
participants responded more strongly only when the ingroup members were infected (effects
of disease cues were only significant for ingroup members). Furthermore, in Experiment 3, the
attitudes of ingroup derogation were exaggerated even when both ingroup and outgroup mem-
bers were displaying disease cues, which could happen only when the ingroup members posed
more disease threat than outgroup members. These results suggest the mechanism of ingroup
derogation is specialized to deal with the greater threat of diseases incurred by ingroup mem-
bers. However, could this mechanism be so specialized that it disregards explicit disease-rele-
vant information mediated by outgroup members as shown in Experiment 3? While the result
of Experiment 1 suggests that the answer might be "yes" (i.e., we found the PVD scores were
not correlated with outgroup attitudes), to a large extent, current results still leave the question
unanswered. The methodology of the current study has limited the generalizability of our find-
ings. In current study, participants had to face both the ingroup and outgroup members, mak-
ing the differentiation between "us" and "them" being salient. Since interacting with ingroup
members may bring greater costs and the cognitive resources of the individual are also limited,
such a differentiation might lead the behavioral immune system to become so selectively re-
sponsive that it almost exclusively responds to ingroup members in order to achieve greatest ef-
ficiency for disease avoidance. One previous study has also found that participants show
heightened attention to heuristic disease cues [9]. If the participants were facing the ingroup or
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outgroup members separately, the response pattern of behavioral immune system might
be different.

Is ingroup derogation a result of ingroup avoidance or outgroup attraction? While the re-
sults of Experiment 1 and Experiment 3 suggest it is mainly driven by ingroup avoidance, the
results of Experiment 2 suggest that, for ingroup derogation, the source of the disease threat
matters. That is, the mechanism increased outgroup attraction but not ingroup avoidance
when the disease cues were from the immediate physical environment. This response pattern
was different from what was found in Experiment 1 and Experiment 3 in which the disease
cues originated from people (internally or externally). However, this result is still compatible
with our hypothesis: A disease threat from the physical environment means the physical envi-
ronment itself is not safe; an attraction toward outsiders when facing an unsafe physical envi-
ronment may help the individual to leave the local habitat in order to avoid the infection from
the physical environment, and most importantly, it helps the individual to avoid dangerous
multiple infection from ingroup members by leaving the local habitat, since physiological im-
mune system will be compromised after the disease infection [9]; when the disease cues origi-
nated from the people (both internally and externally), the mechanism should respond to the
person posing the disease threat, and in Experiment 1 and Experiment 3, these persons were
mainly perceived to be the ingroup members. Similar effects can also be observed in the study
of ingroup favoritism. For example, researchers found that when using Disgust Scale as a prime
of disease, which contains many cues of disease threat from the physical environment rather
than from a specific group member, the U.S. participants only increased their ingroup attrac-
tion but not the outgroup avoidance [26]. Therefore, the results of Experiment 2 suggest in-
group derogation can also be driven by outgroup attraction. Of course, more rigorous tests and
experiments are needed before clear conclusions can be drawn about the root of ingroup dero-
gation and the effects of source of disease threats.

In summary, the current results support our hypothesis. These results suggest that the
mechanism of ingroup derogation is related to the evolved response of behavioral immune sys-
tem, and it is specialized to deal with a special ecological condition in which greater threat of
diseases is incurred by ingroup members. Although the current evidence from the three experi-
ments is consistent with our predictions, it is still necessary to be cautious and consider the evi-
dence as preliminary. Direct tests of such an evolutionary hypothesis concerning human social
lives are quite difficult, since it is impossible for researchers to have a time machine or to ob-
serve any clear fossil records about social interactions. However, more direct tests (e.g., direct
manipulation of relative pathogen load between social groups, which seems to be difficult ei-
ther; or to conduct behavioral genetic research) and cross culture studies have to be employed
to come up with a more clear view of the function of ingroup derogation mechanism.

The hypothesis we proposed in present study can explain not only the phenomenon of in-
group derogation found among mainland Chinese participants, but also the ingroup deroga-
tion found against deviant ingroup members (black sheep effect) [45–48]. Numerous studies
on behavioral immune system have shown that this system is designed to facilitate the avoid-
ance of the individuals who seem to be deviant from the "normal" (e.g. obesity, physical disabil-
ities, elders) [16, 17, 21–23], which is a manifestation of the smoke detector principle. The
same logic can be applied to deviant ingroup members: Deviant from social norms is a heuristic
cue of diseases, interaction with these individuals could be dangerous, thus derogation and
avoidance toward such individuals would offer some evolutionary advantages [14, 15, 26, 66].
Researchers should explore the relationship between the threat of diseases and the black sheep
effect in the future.

It should be noted that current results cannot explain the ingroup derogation found in mi-
nority groups with an inferior social status [37–39]: An inferior minority group identity cannot
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be related to diseases, and the group status of the two artificial groups created by the current
study was also equal. Such an intergroup bias found in the minority groups is more possibly
related to the resource competition or the threat of physical violence [35, 36] than to the threat
of diseases. That is, with an inferior social status, resources distributed to a specific group be-
come quite limited, thus exacerbating ingroup resource competition. Such a situation might
lead the interactions with ingroup members to become more costly and dangerous than those
with outgroup members. Under such circumstances, it would be more adaptive to affiliate with
outgroup members than with ingroup members. This possibility demands investigation in
the future.

It also needs to be noted that, while the current results suggest a potential causal link be-
tween pathogen threat and ingroup derogation, the exact mechanism that accounts for that
link has not been identified. A variety of different mechanisms are plausible. For example, in-
group derogation may be shaped by differential genetic selection, or by the differential develop-
mental expression of common genes. The most plausible mechanism, however, may be that
ingroup derogation is caused by the differential activation of functional flexible neurocognitive
mechanisms: The selection pressure of pathogen threat has shaped the psychological mecha-
nisms of intergroup attitudes as a whole, leading individuals to harbor ingroup favoritism
when it is safer to stay with ingroup members but to endorse ingroup derogation attitudes
while it is not. Careful elucidation of these underlying mechanisms may help us to explain the
phenomenon that we observe ingroup derogation in some cultures (e.g. China) but finding the
reverse effect (ingroup favoritism) in other contexts (e.g., different cultures may have different
ecological conditions, which cause differential activation of a same neurocognitive mecha-
nism). This is an important direction for future research.

In the current study, participants showed ingroup derogation attitudes only in the domain
of cooperation. If the mechanism of ingroup derogation is indeed evolutionarily rooted, its ac-
tivation would result in other functionally related changes, such as enhanced attention, percep-
tion, and memories to threat-specific targets [70, 71]. To ensure the phenomenon has its root
in human evolution, studies are also needed to investigate the other cognitive domains as
mentioned above.
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