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Abstract

Throughout evolutionary history, pathogens have imposed strong selection pressures on humans. To minimize humans’ exposure
to pathogens, a behavioral immune system that promotes the detection and avoidance of disease-connoting cues has evolved.
Although most pathogens cannot be discerned by our sensory organs, they produce discernable changes in their environment. As
a result, a common denominator of many disease-connoting cues is morphological deviance—figurative disparity from what is
normal, visual dissimilarity to the prototype stored in memory. Drawing on an evolutionary rationale, we examine the hypothesis
that activation of the behavioral immune system renders people more sensitive to morphological deviance and more prone to
perceive dissimilarities between stimuli. In Study | (N = 343), participants who scored higher on disgust sensitivity demonstrated
greater differentiation between normal and disfigured faces, reflecting greater sensitivity to morphological deviance in the bodily
domain. In Study 2 (N = 109), participants who were primed with pathogen threat demonstrated greater differentiation between
perfect and imperfect geometrical shapes, reflecting greater sensitivity to morphological deviance even in stimuli that have nothing
to do with health or disease. In Study 3 (N = 621), participants who scored higher on disgust sensitivity perceived pairs of neutral
pictures as less similar (i.e., more dissimilar) to each other. Literature on the relations to social deviance and implications for social
perception and for social behavior is discussed.
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people who are, or who perceive themselves to be, vulnerable
to disease (Navarrete, Fessler, & Eng, 2007).

Previous research suggests that activation of the behavioral
immune system results in cognitive tuning to disease-connoting
cues. When the behavioral immune system is activated, peo-
ple’s attention to disease-connoting cues is heightened, their
detection is facilitated (Miller & Manner, 2011), and disen-
gagement from them is difficult (Ackerman et al., 2009). The

Introduction

For humans to survive, they need to avoid pathogens. They
need to stay clear of elements that pose a threat of physical
contamination. In addition to the biological immune system,
which protects the body against viruses, parasites, and bacteria,
once these are physically encountered, various findings suggest
the existence of a first protection line—a behavioral immune
system—which helps individuals, from the start, to avoid
pathogens altogether (Schaller, 2006, 2011, 2016; Schaller &

Park, 2011). The behavioral immune system is assumed to
consist of cognitive, affective, and behavioral processes that
facilitate detection and avoidance of potential disease carriers
(Neuberg, Kenrick, & Schaller, 2011; Schaller & Duncan,
2007; Schaller & Park, 2011). The system is assumed to be
activated either temporarily by the presence of pathogen threat
(Faulkner, Schaller, Park, & Duncan, 2004) or chronically in
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cognitive component of the behavioral immune system sets in
motion its affective and behavioral components. Specifically,
once a stimulus is identified as contaminated, people whose
behavioral immune system is activated show an increased ten-
dency to experience disgust, an emotional response whose
basic function is the expelling of contaminated food from
entering an organism’s oral cavity (Fessler, Eng, & Navarrete,
2005; Oaten, Stevenson, & Case, 2009; Rozin, Haidt, &
McCauley, 2008; Tybur, Lieberman, Kurzban, & DeScioli,
2013). They further show increased behavioral avoidance
away from the contaminating stimuli (Miller & Maner, 2011;
Mortensen, Becker, Ackerman, Neuberg, & Kenrick, 2010,
Study 2).

Thus, identifying a stimulus as a source of pathogen threat is
a first and critical step in defending oneself from the risks that it
harbors. In contrast to the biological immune system, which
forms a set of reactive processes that are activated after the
pathogen invades the body, the behavioral immune system
forms a set of preventive processes whose activation necessi-
tates the identification of pathogens in the environment before
they contact the body. How then is a stimulus identified as the
potential carrier of pathogens? Which processing characteris-
tics promote this process? The present research focuses on the
cognitive underpinnings of locating disease-connoting cues
and on their consequences for perception in general.

Detecting Disease-Connoting Cues

Most pathogens cannot be discerned by our sensory organs.
Their detection presents a real challenge to our cognitive sys-
tem. What can, however, be detected are the changes that they
generate in their environment. Rotten meat looks and smells
differently from fresh meat; inflamed skin is characterized by a
rash and swelling that make it look different from healthy
smooth skin; and contaminated lungs produce coughing sounds
that are absent in healthy lungs. Indeed, contamination is con-
sistently coupled in our experience with deviation from what is
normal, dissimilarity from the prototype stored in memory and,
indeed, from the known and the familiar (Schaller, 2016).

The current research focuses on the visual perception of
disease-connoting cues. Many contagious diseases produce
visible conspicuous physical features such as lesions, rashes,
and swellings (Kurzban & Leary, 2001). Indeed, the mere
visual perception of disease symptoms results in activation of
both the biological and the behavioral immune systems (Faul-
kner et al., 2004; Schaller, Miller, Gervais, Yager, & Chen,
2010). The common denominator of most visual symptoms
of pathogens is morphological deviance, figurative disparity
from what is normal, visual dissimilarity to the prototype stored
in memory. Thus, by and large, morphological deviance may
serve as a signal for pathogen threat (for a related argument, see
Ackerman, Tybur, & Mortensen, 2018; Kurzban & Leary,
2001; Miller & Maner, 2012).

We therefore assume that throughout human evolution,
unique adaptive benefits have been associated with increased
sensitivity to everything that is morphologically deviant and

dissimilar when under pathogen threat. We propose that
because the behavioral immune system is designed to help
people avoid pathogens, its activation probably entails
increased sensitivity to everything that is morphologically
deviant and dissimilar, a built-in readiness to perceive morpho-
logical deviance and dissimilarity.

In line with this theorizing, people appear to heuristically
associate benign physical abnormalities (extreme thinness,
obesity, physical disabilities) with contagious disease (Park,
Faulkner, & Schaller, 2003; Park, Schaller, & Crandall,
2007). Indeed, findings suggest that facial disfigurement, even
when it is not associated with any contagious disease (e.g.,
crossed eyes), captures the attention of people whose beha-
vioral immune system is activated and is quickly avoided by
them (Miller & Maner, 2011). Furthermore, people whose
behavioral immune system is either temporarily or chronically
activated overperceive bodily deviations (such as obesity) in
their environment. They show a bias toward categorizing others
as bearing disease-connoting cues (Miller & Maner, 2012). Ina
related manner, they express greater concern about their own
physical appearance and demonstrate stronger behavioral
intentions to conceal or to improve imperfections in their
appearance (Ackerman et al., 2018). Finally, disgust sensitiv-
ity, which is assumed to reflect activation of the behavioral
immune system, correlates with traits that involve attention
to detail and precision, such as conscientiousness and obses-
sive—compulsive tendencies (Tolin, Woods, & Abramovitch,
2006; Tybur & De Vries, 2013). Disgust sensitivity is further
expressed by narrowing of the eyes, which was shown to
improve acuity and discrimination between stimuli (Lee &
Anderson, 2017; Lee, Mirza, Flanagan, & Anderson, 2014).
Indeed, enhanced discrimination, attention to detail, and preci-
sion are prerequisites for the perception of dissimilarity (For-
ster & Dannenberg, 2010).

We begin by examining the hypothesis that activation of the
behavioral immune system involves increased sensitivity to
morphological deviance in the context of disease-connoting
cues. We then turn to examine the possibility that activation
of the behavioral immune system cognitively tunes people to
perceive morphological deviance and differences even among
completely neutral stimuli that have nothing to do with
contamination.

The Present Research

Study 1 examined the hypothesis that activation of the beha-
vioral immune system results in increased sensitivity to mor-
phological deviance in the domain of physical disfigurement.
Specifically, we tested whether participants whose behavioral
immune system is chronically activated, as indicated by their
chronic disgust sensitivity (Curtis, DeBarra, & Aunger, 2011;
Oaten et al., 2009; Schaller, 2016) show greater differentiation
between normal and disfigured faces. To examine whether
people whose behavioral immune system is activated demon-
strate biased processing of morphological deviance in domains
that are not related to health and sickness, Study 2 explored the
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perceived deviance of neutral geometrical shapes. We tested
whether people who are temporarily worried by disease threat
show greater differentiation between perfect and imperfect
geometrical shapes than people who are temporarily worried
by threat posed by other physical dangers. To examine the
hypothesis that activation of the behavioral immune system
tunes our processing toward dissimilarities, in Study 3, we
asked participants to rate the degree to which pairs of pictures
were similar to each other. We expected that participants who
are more sensitive to disgust would perceive pairs of pictures as
less similar to each other than participants who are less sensi-
tive to disgust.

Activation of the behavioral immune system is assumed to
be higher in women (than in men; Curtis, Aunger, & Rabie,
2004; Duncan, Schaller, & Park, 2009; Haidt, McCauley, &
Rozin, 1994; Rozin, Haidt, McCauley, Dunlop, & Ashmore,
1999), and in people who were recently ill (than in people who
were not recently ill; Miller & Maner, 2011). We thus con-
trolled for these variables in all of our studies. Because disgust
sensitivity is associated with degree of religiosity (Berger &
Anaki, 2014; Haidt et al., 1994; Inozu, Ulukut, Ergun, & Alco-
lado, 2014; Olatunji, Tolin, Huppert, & Lohr, 2005), we further
measured and controlled for the participants’ degree of religi-
osity in Studies 1 and 3 (in which activation of the behavioral
immune system was indicated by disgust sensitivity).

Study |

People vary with respect to their predisposition to experience
disgust. It is assumed that a tendency to experience disgust
reflects chronic activation of the behavioral immune system
(Oaten et al., 2009). In line with this theorizing, both factors
of the Perceived Vulnerability to Disease Scale (PVD; Duncan
et al., 2009), Perceived Infectability (e.g., “If an illness is
‘going around,” T will get it”) and Germ Aversion, correlate
positively with the Disgust Scale—Revised (DS-R; Duncan
et al., 2009; Olatunji et al., 2007). Furthermore, various find-
ings suggest that periods characterized by suppression of the
biological immune system (e.g., the first trimester of pregnancy
and the luteal phase of the menstrual cycle) are also character-
ized by increased sensitivity to disgust (Conway et al., 2007;
Fessler et al., 2005; Fessler & Navarrete, 2003; Fleischman,
2014; Fleischman & Fessler, 2011).

In Study 1, we sought to examine the hypothesis that activa-
tion of the behavioral immune system results in increased sen-
sitivity to morphological deviance as it is reflected in physical
disfigurement. Specifically, we tested whether participants
who are chronically prone to experience disgust perceive
greater morphological deviance of disfigured faces when com-
pared to normal faces. We measured participants’ disgust sen-
sitivity and asked them to rate how regular or irregular they
perceived each of a series of faces to be. Some of the faces were
normal, and some were disfigured. We expected a positive
association between participants’ score on the DS-R and the
differentiation of disfigured faces from normal faces.

Method
Participants

G*Power software was employed to determine sample size.
The analysis (one-tailed) suggested that in order to attain a
power of 80% in detecting a small-to-medium effect (|p| =
.15), we should recruit 270 participants. Because the study was
conducted online, we expected “noisy” running conditions and
therefore recruited a larger sample of 346 Israeli students (173
females, M,o. = 26.26, SD = 3.63, age range: 18-35). Three
participants who rated disfigured faces as more regular than
normal faces were excluded from the analysis. Participants
provided written informed consent for their participation in the
study.

Materials and Procedure

The experiment was introduced to participants as a study on
“intuitive information processing.” First, participants com-
pleted the Disgust Scale-Revised (DS-R; Haidt et al., 1994,
modified by Olatunji et al., 2007) which was presented as a
measure pertaining to “information processing in everyday
life.” Next, they rated the regularity of the faces in a task
entitled “intuitive processing of visual information.” Finally,
participants reported about how recently they had had a cold,
about their degree of religiosity, and demographics.

Disgust Scale-Revised (DS-R). The scale consists of 25 items asses-
sing sensitivity to a range of disgust elicitors including core,
animal reminder, and contamination disgust (see Rozin et al.,
1999). Scale items are divided into two sets. In the first 13-item
set, participants are asked to indicate their agreement with given
statements (e.g., “It bothers me to hear someone clear their throat
full of mucus”) on a 5-point Likert-type scale ranging from 0
(strongly disagree) to 4 (strongly agree). In the other 12-item
set, respondents are asked to rate how disgusting they find the
described experiences (e.g., ““You are walking barefoot on con-
crete, and you step on an earthworm™) on the same scale except
for the anchor labeling (0 = not disgusting at all to 4 =
extremely disgusting). We used the Hebrew version of the scale
translated by Berger and Anaki (2014). The scale’s construct and
external validity were confirmed in a heterogeneous Israeli sam-
ple. Like the translators, we omitted 2 items due to religious
considerations. Cronbach’s o in our sample was .89.

Perceived regularity of faces. Participants were presented with 18
pictures of male and female faces borrowed from Ackerman
et al. (2009). Twelve were disfigured (six with strabismus and
six with a port-wine stain) and six were normal. The partici-
pants’ task was to quickly and intuitively indicate how regular
each face is on a scale from 1 (very irregular) to 9 (very reg-
ular). On each trial, a picture of a face was first presented,
complemented after 3 s by the regularity scale, which was
presented underneath it. Both remained on the screen until
participants provided their ratings. The pictures were presented
in a fixed order. Ratings were averaged to form an index of
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normal face ratings (o0 = .86; M = 8.06, SD = 1.02) and dis-
figured face ratings (o0 = .96; M = 4.86, SD = 1.66). Our
primary dependent measure capturing face differentiation com-
prised the unstandardized residuals obtained by regressing dis-
figured faces ratings onto normal faces ratings. For ease of
interpretation, the valence of these residuals was reversed so
that higher numbers indicate greater differentiation between
normal and disfigured faces (i.e., a greater sensitivity to
deviance; see Okimoto & Gromet, 2015).

lliness recency and religiosity. Following Miller and Maner
(2011), participants indicated the last time they had suffered
from a cold by selecting from among the following response
options: 1—today, 2—a couple days ago, 3—a week ago, 4—a
couple weeks ago, 5—a month ago, 6—a few months ago, and
7—a year or more ago. Finally, participants further indicated
how religious they are on a scale from 0—not at all religious to
T—very religious. Except for demographics, no other variables
were measured or manipulated. This is true for all the studies.

The ethics committee of the Department of Education and
Psychology at the Open University of Israel approved the study
(Approval no. 3058).

Results and Discussion

For zero-order correlations among all continuous variables in
the study, see Table 1.

We first regressed participants’ face differentiation scores onto
their disgust sensitivity scores. As expected, the more disgust-
sensitive the participants were, the more they differentiated dis-
figured from normal faces (f =.10,#=1.94,p =.05,95% CI for b
[—0.003, 0.45]). The observed association between disgust sen-
sitivity and face differentiation was thus relatively small. We next
examined a broader model in which disgust sensitivity, partici-
pants’ gender, degree of religiosity, illness recency, and their
respective interactions with disgust were entered as predictors
in a multiple regression. A significant, stronger, main effect of
disgust sensitivity emerged (B = .22, =2.69, p = .01,95% CI for
b [0.13, 0.81]), along with an unexpected effect of gender (f =
—.18,t= —3.13, p = .002, 95% CI for b [—0.83, —0.19]), such
that men tended to differentiate faces (M =0.15,SD = 1.43) more
than women (M = —0.15, SD = 1.38). No other effect was found
(see Table S1 in Supplementary Material).

We reran the above analyses, this time using difference
scores (obtained by subtracting average regularity ratings of
disfigured faces from average regularity ratings of normal
faces) as the dependent variable. The analyses yielded highly
similar results. Disgust sensitivity predicted face differentiation
positively, both when it served as a single predictor in the
model (f = .11, ¢ = 2.02, p < .05, 95% CI for b [0.01, 0.46])
and when gender, religiosity, illness recency, and the two-way
interaction terms with disgust were additionally entered (B =
20,t=2.48, p =.01,95% CI for 5 [0.09, 0.78]). Here again, a
main effect of gender was obtained (B = —.17,1= —2.87,p =
.004,95% CI for b [—0.80, —0.15]) while no other variable was
significant. Thus, the more sensitive the participant was to

Table |. Zero-Order Correlations Between Variables Measured in
Study I.

Measure 2. 3. 4. 5. 6. 7.
1. DS-R 109*% —.064 047 A97% — 113*  —.020
2. Faces —.793* 100 —-.066 —.032 -—.017

differentiation

3. Perceived
regularity of
disfigured
faces

4. Perceived
regularity of
normal faces

5. Religiosity

. Age

7. lliness
recency
(single item)

527+ 028 042 —-.027

—.047 025 —.068

—. 144+ 023

.107*

o

Note. N = 343.
*p < .05. %p < .01.

disgust, the greater her or his differentiation between disfigured
and normal faces in terms of their regularity, suggesting higher
sensitivity to morphological deviance. Since disfigured faces
might be considered disgusting, one could wonder whether
people highly sensitive to disgust only differentiate disgusting
(disfigured faces) from nondisgusting (normal faces) stimuli.
The next studies aim to examine whether activation of the
behavioral immune system increases sensitivity to morpholo-
gical deviance even in completely neutral stimuli that have
nothing to do with illness, health, or disgust.

Study 2

In Study 2, we aimed to examine the hypothesis that activa-
tion of the behavioral immune system results in increased
sensitivity to morphological deviance per se, even when it
manifests itself in neutral domains that are not related to
health or sickness. To temporarily activate the behavioral
immune system, half of our participants were primed with the
notion of pathogen threat, whereas participants in the control
condition were primed with threats posed by other physical
dangers. Participants were presented with a series of perfect
and imperfect geometrical figures and were asked to identify
to what extent they were triangles/circles/squares, and so on
(Okimoto & Gromet, 2015). We hypothesized that partici-
pants in the pathogen threat condition would demonstrate
greater differentiation between perfect and imperfect shapes,
indicating greater sensitivity to deviance.

Method
Participants

Sample size computation (one-tailed) aimed at having 80%
power to detect a medium effect! (d = .5) suggested that 102
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participants were required. One hundred and nine students (67
females, M,g. = 26.11, SD = 3.95, age range: 21-40) partici-
pated. Most were students of Tel Aviv University, and the rest
were students of other academic institutions in the greater Tel
Aviv area. Compensation for participation was 20 NIS. Parti-
cipants were randomly allocated to either one of two priming
conditions. Participants provided written informed consent for
their participation in the study.

Materials and Procedure

The experiment was introduced to participants as a study on
“intuitive information processing.” First, participants were
either primed or not primed with disease threat in a task entitled
“intuitive processing of visual information.” Next, they rated
the regularity of geometrical shapes. Finally, participants
reported on their current mood, how recently they had had a
cold, and their demographics.

Disease salience manipulation. We adopted a manipulation devel-
oped by Faulkner, Schaller, Park, and Duncan (2004), which is
widely used for priming disease threat. Participants viewed
either one of two slide shows; each consists of 10 pictures that
would ostensibly be used in a health education program (dis-
ease condition) or in a safety education program (accidents
condition). The pictures for the disease condition were
designed to remind participants of the various ways in which
diseases are transmitted (e.g., one slide depicts a strand of hair
surrounded by bacteria and is labeled “Hair Bacteria. A micro-
scopic view of a strand of hair and some of the typical bacteria
that surround it.” Captions were translated into Hebrew). The
pictures for the accidents condition were designed to render
physical dangers, unrelated to diseases, especially salient
(e.g., a man walking toward an open pit while reading a news-
paper. The picture is labeled: “Look where you’re going.”).
After looking at each picture, participants were asked to indi-
cate to what extent the picture would be effective if used in
a health education program (in the disease condition) or in a
safety education program (in the accidents condition) on a
10-point Scale. The participants then looked at the pictures
once again. This time they did not rate the pictures but were
asked to describe their overall impression of the slide show.

Perceived regularity of geometrical shapes. In a task borrowed
from Okimoto and Gromet (2015, Study 2), participants
were presented with a series of 45 geometrical shapes. Fifteen
were perfect shapes, 15 were ambiguously imperfect, and
15 were clearly imperfect (see Appendix). With respect to each
shape, participants were asked “Is this a square?” (or depending
on the figure, a circle, square, oval, or rectangle). Participants
indicated their ratings on a scale from 1 = definitely notto 6 =
definitely yes. Ratings were averaged to form an index of per-
fect (o = .61; M = 5.97, SD = .08), ambiguously imperfect
(0 =.96; M =2.27,SD = 1.24), and clearly imperfect (o = .85;
M = 1.55, SD = 0.61) shape ratings.

Mood and illness recency. To control for possible affective dif-
ferences between the two conditions, participants were asked to
indicate their current mood on a scale from 1 = very bad to 11
= very good. They were further asked to indicate the last time
they had suffered from a cold (see Study 1).

For exploratory reasons, we also measured participants’ per-
sonal values with the short Schwartz’s value survey (Roccas,
Sagiv, & Navon, 2017). Initial analyses indicated that partici-
pants’ values did not correlate with the DV (shape differentia-
tion) and did not moderate the effect of the experimental
condition on the DV, and thus were not included in the report.

The ethics committee of the Department of Education and
Psychology at the Open University of Israel approved the study
(Approval no. 2996).

Results and Discussion

We first conducted a 2 (priming condition: accidents vs. dis-
ease) x 3 (shape type: perfect vs. ambiguously imperfect vs.
clearly imperfect shapes) mixed analysis of variance
(ANOVA) in which priming condition served a between-
subject factor, and shape type was a within-subject factor. The
analysis revealed that the sphericity assumption was violated
(Mauchly’s W = .44, ¥*(2) = 68.60, p < .001) with Green-
house-Geisser’s Epsilon smaller than 0.75 (¢ = .64). Following
the recommendation by Field (2013) and by Howell (2002), we
turned to examine the multivariate tests.” The analysis indi-
cated a significant Priming Condition x Shape Type interac-
tion, F(2, 106) = 3.23, p = .04, nzp = .06, suggesting that
regularity ratings of the different types of shapes differed
between the experimental conditions. Delving into the interac-
tion, we examined the effect of priming conditions on the dif-
ferentiation of clearly and ambiguously imperfect shapes
separately using two mixed ANOVAs. In the first, we aimed
to explore the effect of priming condition on the differentiation
of clearly imperfect shapes from perfect shapes. As expected, a
significant Priming Condition x Shape Type interaction
emerged, F(1, 107) = 5.94, p = .02, nzp = .05, such that the
effect of shape type was larger in the disease priming condition,
#(52) = 61.27, p < .0001, mean difference = 4.57, 95% CI
[4.42, 4.72], than in the accidents priming condition, #(55) =
47.61, p <.0001, mean difference = 4.28, 95% CI [4.10, 4.46].
This interaction suggests a greater differentiation of clearly
imperfect shapes in the disease priming condition than in the
accident condition. In the second mixed ANOVA, investigating
the interaction between the priming condition and the differ-
entiation of ambiguously imperfect shapes from prefect shapes,
no interaction emerged, F(1, 107) = 1.55, p = .22, nzp = .01,
suggesting that the differentiation of the ambiguously imper-
fect shapes was not reliably larger in the disease priming con-
dition than in the accidents priming condition (see Figure 1).
To explore whether our disease priming effect persists
above and beyond the effects of demographic variables, we
reconducted the above three mixed ANOV As while controlling
for mood, gender, illness recency, and their interactions with
the experimental condition (i.e., we carried out three analysis of
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Figure |. Regularity ratings as a function of priming condition and
shape type. Error bars represent | standard error (study 2).

covariance). As in the first analyses, a 2 (priming condition:
accidents vs. disease) x 3 (shape type: perfect vs. ambiguously
imperfect vs. clearly imperfect shapes) interaction emerged,
F(2, 100) = 3.20, p < .05, nzp = .06. Furthermore, when
analyzing the differentiation of clearly and ambiguously imper-
fect shapes individually, the expected Priming Condition x
Shape Type interaction was obtained for clearly imperfect
shapes, F(1, 101) = 6.22, p = .01, n?, = .06, but not for the
ambiguously imperfect ones, F(1, 101) = 2.16, p = .14, nzp =
.02, and no additional effects were found.

Thus, when primed with the notion of pathogen threat, par-
ticipants showed greater differentiation between clearly imper-
fect shapes and perfect shapes in terms of their regularity,
suggesting higher sensitivity to morphological deviance even
in completely neutral stimuli. That the effect of activation of
the behavioral immune system was observed only for the
clearly imperfect shapes but not for the ambiguously imperfect
shapes may suggest that perceived deviance is magnified
mainly when there is enough objective deviance or dissimilar-
ity. We next turn to examine whether activation of the beha-
vioral immune system renders the cognitive system more tuned
to dissimilarities.

Study 3

Tolstoy (1875/1998) noted that All happy families are similar
to each other, every unhappy family is miserable in its own way
(p. 1). Similarly, all regular stimuli resemble one another; every
irregular stimulus is deviant in its own way. This suggests that
the tuning of the cognitive system to perceive morphological
deviance goes hand in hand with a tuning to perceive
dissimilarities.

Indeed, underlying the perception of morphological
deviance is the perception of figurative disparity from what
is normal or the perception of the target object as dissimilar
to the prototype stored in one’s memory. Ample evidence sug-
gests that when comparing objects, the cognitive system may
either be tuned to perceive similarities or to perceive dissim-
ilarities and that motivational factors affect this tuning

(Gentner & Markman, 1994, 1997; Mussweiler, 2003). We
propose that in order to allow for a quick, discerning detection
of the morphological deviance characterizing visual disease
symptoms, activation of the behavioral immune system results
in a tuning to perceive dissimilarities. This biases the cognitive
system to quickly locate stimuli that deviate from their proto-
type and, indeed, from most other stimuli of their kind (Johns &
Mewhort, 2002; Mewhort & Johns, 2000; Stewart & Brown,
2005). Such a tuning to the processing of dissimilarities under
activation of the behavioral immune system should affect the
perceived (dis)similarity of neutral visual stimuli, ones that are
not necessarily related to health or sickness.

Study 3a

In Study 3a, we thus tested the hypothesis that when the beha-
vioral immune system is activated, the cognitive system is
biased toward processing dissimilarities, such that people are
prone to perceive neutral stimuli as more dissimilar. To exam-
ine this hypothesis, we measured participants’ disgust sensitiv-
ity. We then presented participants with pairs of pictures and
had them rate the degree to which pictures in a pair were
similar to each other (Nussinson, Seibt, Hifner, & Strack,
2011). The pictures in half the pairs bore some degree of simi-
larity to each other (“related pairs”), whereas the pictures in the
rest of the pairs did not bear such similarity (“unrelated pairs”).
We expected participants’ score on the DS-R to correlate nega-
tively with the perceived similarity of the pairs of pictures.

Method
Participants

G*Power calculation indicated that in order to achieve a power
of 80% in detecting a small-to-medium effect (|p| = .15) in a
one-directional test, we should recruit 270 participants. The
sample consisted of 300 Israeli students recruited by an online
survey platform, Hamidgam (152 females, M,o. = 26.41, SD =
3.30, age range: 19-35). Participants provided written
informed consent for their participation in the study.

Materials and Procedure

The procedure was identical to that of Study 1 except that
instead of rating the regularity of faces, participants rated the
perceived similarity of pairs of pictures.

Disgust Scale-Revised (DS-R). See Study 1. Cronbach’s o was .89.

Perceived similarity of pictures. To assess perceived similarity
between objects, we adopted the task used by Nussinson et
al. (2011). Thirty-six picture pairs depicting landscapes,
objects, people, and animals were presented. The pictures in
half the pairs (related pairs) bore some degree of similarity to
each other (e.g., one picture depicting the profiles of two old
people facing each other and the other depicting two old boots
facing each other; o = .92, M = 5.69, SD = 1.68). The pictures
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Table 2. Zero-Order Correlations Between Variables Measured in Study 3.

Measure Study 2. 3. 4. 5. 6. 7.

I. DS-R a —.116% —.048 3617 —.095 —.124* 129%
b —.053 —.123% 25+ —.001 —. | 55%*

2. Perceived similarity of dissimilar objects a .602%* .048 —.071 .020 .043
b A46™* 1527 —.0l6 —.069

3. Perceived similarity of similar objects a 019 —.087 —.029 .078
b .036 —.042 —.120%

4. Religiosity a —.236%* —.076 012
b 91 —.100

5. Age a .086 .033
b .107

6. lliness recency (single item) a —.614+

7. lliness recency (4 items)

Note. Nscugy 32 = 300, Nsyay 3o = 321. Four-item measure of illness recency was administered in Study 3a only.

*p < .05. Fp < .01.

in the rest of the pairs (unrelated pairs) did not bear such simi-
larity (e.g., one picture depicted two colorful parrots while the
other picture was a childish drawing of a girl; o« = 91, M =
1.88, SD = 1.04). Participants were instructed to quickly and
intuitively indicate how similar the two pictures were. Two
thirds of the participants indicated their ratings on a scale from
1 = not at all similar to 11 = very similar, and one third of the
participants indicated their ratings on a scale from 1 = very
similar to 11 = not at all similar. On each trial, a pair of
pictures was presented for 3 s and then a similarity scale
appeared underneath the pictures. The pair of pictures
remained on the screen until the participants provided their
response. Picture pairs were presented in a fixed order. No
more than three related or unrelated pairs were displayed
successively.

lliness recency and religiosity. We used the same measures used
in Study 1. For exploratory reasons, we also included a second
measure of illness recency (borrowed from Miller & Maner,
2011) in which participants indicated their agreement with four
statements relating to a recent illness (e.g., “Over the past
couple days, I have not been feeling well.”). Responses were
provided on a 1 strongly disagree to 7 strongly agree Likert-
type scale (Cronbach’s oo = .84).

The ethics committee of the Department of Education and
Psychology at the Open University of Israel approved the study
(Approval no. 2995).

Results

Zero-order correlations between variables measured in Study
3a are reported in Table 2.

Moderation regression analyses indicated that scale direc-
tion did not interact with disgust sensitivity in predicting the
perceived similarity of related and unrelated pairs of pictures
(|#s| < 1). We therefore report our analyses across scale direc-
tion. To examine our hypothesis, we regressed perceived simi-
larity ratings onto participants’ disgust sensitivity separately
for related and unrelated picture pairs. As hypothesized, higher

disgust sensitivity predicted lower similarity ratings of unre-
lated picture pairs (B = —.12, t = —2.02, p < .05, 95% CI for b
[—0.34, —0.004]). However, this had no effect on perceived
similarity between related pairs of pictures (B = —.05, ¢t =
—0.83, p = .41, 95% CI for b [—0.39, 0.16]). We further con-
ducted separate multiple regressions, entering disgust sensitiv-
ity, gender, degree of religiosity, illness recency (both the
single- and four-item measures), and the two-way interactions
with disgust as the predictors, and perceived similarity of unre-
lated and related picture pairs as the dependent variables. The
null finding for the related picture pairs remained unchanged
(B=-.02,t=-0.20,p = .85,95% CI for b [—0.51, 0.42]). For
the unrelated pairs, neither of the controlled variables had a
reliable effect, but including them in the regression equation
turned the effect of disgust sensitivity nonsignificant (f =
—.14,t = —1.38, p = .17, 95% CI for b [—0.49, 0.09]). The
disgust sensitivity effect reemerged when the interactions were
not included in the regression (B = —.15, ¢t = —2.18, p = .03,
95% CI for b [—0.43, —0.02]). See Table S2 in Supplementary
Material for full results.

Study 3b

In Study 3b, we sought to increase our confidence in the results
of Study 3a by replicating them in an independent sample
drawn from a different population and with a different set of
pairs of pictures.

Method
Participants

The sample consisted of 321 American and British adults
recruited by an online survey platform, Prolific (247 females,
M,ee = 26.02, SD = 6.07, age range: 18—41). Here again,
participants provided written informed consent for their partic-
ipation in the study.
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Materials and Procedure

The procedure was identical to that of Study 3a with two small
modifications detailed below:

Disgust Scale-Revised (DS-R). See Study 1. Cronbach’s o was .86.

Perceived similarity of pictures. Here again, participants rated the
perceived similarity of pairs of pictures, half of them (related
pairs) bearing some degree of similarity to each other (o« = .89,
M = 6.14, SD = 1.36) while the rest (unrelated pairs) not
bearing such similarity (o« = .92, M = 1.64, SD = 0.85). All
participants indicated their similarity ratings on a scale from
1 = not at all similar to 11 = very similar.

lliness recency and religiosity. To assess illness recency, we used
only the first, single-item measure used in Study 3a (as well as
in Studies 1 and 2). To assess religiosity, we used the same
measure used in Study 3a (and in Study 1).

The ethics committee of the Department of Education and
Psychology at the Open University of Israel approved the study
(Approval no. 2995).

Results

Zero-order correlations between variables measured in Study
3b are reported in Table 2.

Here again, we regressed perceived similarity ratings onto
participants’ disgust sensitivity separately for related and
unrelated picture pairs. As hypothesized, higher disgust sen-
sitivity predicted lower similarity ratings of related picture
pairs (B = —.12, t = —2.22, p = .03, 95% CI for b [-.51,
—.03]). However, it had no effect on perceived similarity
between unrelated pairs of pictures (p = —.05, 1 = —0.95, p
= .34, 95% CI for b [—0.22, 0.08]). We further conducted
separate multiple regressions, entering disgust sensitivity,
gender, degree of religiosity, illness recency, and the two-
way interactions with disgust as the predictors, and perceived
similarity of related and unrelated picture pairs as the depen-
dent variables. Disgust sensitivity had a significant negative
effect on related pairs ratings (B = —.28, t = =2.27, p = .02,
95% CI for b [—1.16, —0.08]) but not on unrelated pairs rat-
ings (B = —.08, t = —0.63, p = .53, 95% CI for b [—0.44,
0.23]). The analyses further yielded several unexpected main
effects and interactions, with religiosity positively predicting
the perceived similarity of unrelated pictures (B = .21, t =
3.60, p <.001, 95% CI for b [.04, .14]), illness recency nega-
tively predicting the perceived similarity of related pairs (B =
—.15,t=-2.57, p = .01,95% CI for b [—.24, —.03]), and the
interaction between disgust sensitivity and religiosity predict-
ing perceived similarity of both related and unrelated picture
pairs (related: B = —.12, t = —2.02, p = .04, 95% CI for b
[—.30, —.004], unrelated: p = —.16, 1 = —2.67, p = .01, 95%
CI for b [—.21, —.03]). Specifically, disgust sensitivity pre-
dicted similarity perceptions among participants relatively
high on religiosity (i.e., 1 SD above the sample’s mean,
related: B = —.36, t = —3.54, p < .001, unrelated: B =

—.21,t=-3.36, p <.001) while not affecting those relatively
low on religiosity (i.e., 1 SD below the mean, related: f =
—.06,t = —0.59, p = .56, unrelated: p = .02, = 0.36,p =
.72). The full regression results and a figure presenting the
interaction graphically are provided in the Supplementary
Materials (see Table S3 and Figure S1).

The negative effect of illness recency on similarity percep-
tion can be easily interpreted in light of research showing that
recently ill humans exhibit hyperactivity of the behavioral
immune system (Miller & Maner, 2011). However, as the main
effects and interactions found did not replicate across the stud-
ies, it is not clear whether they reflect a robust influence on
perceived similarity.

Discussion

That in Study 3a, the expected correlation between perceived
similarity and disgust sensitivity was obtained for the unrelated
pairs, whereas in Study 3b, it was obtained for the related pairs
may reflect differences between the two different sets of sti-
muli used in the two studies. Indeed, the direction of the cor-
relation between disgust sensitivity and perceived similarity
was negative in both studies for both pair types.

Analyzing the data across the two studies, we regressed
perceived similarity onto participants’ disgust sensitivity while
controlling for study (dummy-coded “0” for Study 1 and “1”
for Study 2). As hypothesized, higher disgust sensitivity pre-
dicted lower similarity ratings of both related pictures pairs
(B =-.08,tr=-201, p <.05 95% CI for b [-.37, —.005])
and unrelated pictures pairs (B = —.09, t = —2.21, p = .03,
95% CI for b [—.24, —.01]). Furthermore, when the perceived
similarity of picture pairs in general (across pair type) was
entered as the dependent variable, it was, as hypothesized,
negatively predicted by disgust sensitivity (B = —.10, ¢t =
—2.37, p = .02, 95% CI for b [—.29, —.03]).

Thus, the more sensitive the participants were to disgust, the
more prone they were to perceive picture pairs as dissimilar,
suggesting that activation of the behavioral immune system
renders people more sensitive to dissimilarities even between
neutral stimuli.

General Discussion

In a series of three studies, we examined the hypothesis that
activation of the behavioral immune system renders people
more sensitive to morphological deviance and more prone to
perceive dissimilarities between stimuli. In Study 1, partici-
pants who scored higher on disgust sensitivity demonstrated
greater differentiation between normal and disfigured faces,
reflecting greater sensitivity to morphological deviance in the
physical domain. In Study 2, participants who were primed
with pathogen threat demonstrated greater differentiation
between perfect and clearly imperfect shapes, reflecting
greater sensitivity to morphological deviance even in stimuli
that have nothing to do with health or disease. In Study 3,
participants who scored higher on disgust sensitivity
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perceived pairs of pictures as less similar (i.e., more dissim-
ilar) to each other.

Previous studies focusing on the affective and behavioral
components of the behavioral immune system have shown that
activation of the system results in stronger disgust responses
(Fessler et al., 2005) and in increased avoidance to disease-
connoting cues (Kurzban & Leary, 2001). More recent find-
ings, focusing on the cognitive component of the system,
suggest that its activation results in heightened attention to
disease-connoting cues (Ackerman et al., 2009; Miller & Maner,
2011) and in an increased tendency to perceive them in the
environment (Miller & Maner, 2012). Our findings contribute
to this literature in several ways. First, they suggest that partici-
pants whose behavioral immune system is activated experience
the deviation of disfigured faces as larger than participants
whose behavioral immune system is not activated. Second, they
suggest that activation of the behavioral immune system exacer-
bates the perception of morphological deviance in general, not
only that related to disease symptoms. Finally, our results sug-
gest that activation of the behavioral immune system results in
an increased tendency to perceive dissimilarities even between
neutral stimuli that are not related to health and disease.

Additional Theoretical Perspectives and Underlying
Mechanisms

One question that arises is whether our results reflect the effects
of general threat or, as we suggest, those of specific tuning.
General threat and negative affective states, in general, are
associated with the use of narrower categories (Isen & Daub-
man, 1984; Murray, Sujan, Hirt, & Sujan, 1990). A direct con-
sequence of the use of narrower categories might be the
perception of greater morphological deviance in the environ-
ment. We believe that our results reflect a unique effect of
activation of the behavioral immune system as the effect of
pathogen threat on perceived deviance of neutral stimuli (in
Study 2) was obtained even in comparison to the threat posed
by other physical dangers, and even though the affective state
of the participants who were primed with physical dangers was
slightly more negative. Although our findings cannot rule out
the possibility that at least part of the effect of activation of the
behavioral immune system on tuning to morphological
deviance is driven by the effects of general threat on category
breadth, they do suggest the existence of a specific functional
tuning to morphological deviance under pathogen threat (see
also Neuberg et al., 2011).

Secondly, disgust sensitivity is known to be positively cor-
related with intolerance for ambiguity, defined as “the ten-
dency to perceive ambiguous situations as a source of threat”
(Budner, 1962; Robinson, Xu, & Plaks, 2017; Rozin & Royz-
man, 2001; Terrizzi & Goodman, 2018). A morphologically
deviant stimulus is not completely the same as the prototype
constitutes. Thus, in a sense morphologically deviant stimuli
are ambiguous stimuli, rendering people who are intolerant for
ambiguity effectively sensitive to morphological deviance.
While our results may go hand in hand with a general

intolerance for ambiguity, we do not believe that they are best
framed in these terms. First, whereas Studies 1 and 3 are of
correlational design, and thus cannot exclude the possibility
that related individual differences (such as intolerance for
ambiguity) contribute to our effects, the results of Study 2, in
which we experimentally manipulated pathogen threat suggest
that our effects hold even when individual differences vary
randomly across conditions. Second, whereas the derivation
of the hypothesis of focus on dissimilarity (Study 3) from sen-
sitivity to deviance is relatively straightforward, its derivation
from intolerance for ambiguity is not easy. Indeed, there is no
evidence in the literature for an association between intoler-
ance for ambiguity and the perception of similarity. Finally,
religiosity is known to be positively correlated with intolerance
for ambiguity (Hassan & Khalique, 1981). Thus, if our depen-
dent variables predominantly reflect intolerance for ambiguity,
one might expect religiosity to correlate with our dependent
variables. However, religiosity did not correlate with the dif-
ferentiation of disfigured faces from normal faces (Study 1, see
Table 1), and it either did not correlate or correlated positively
with the similarity ratings of the pairs of pictures (Study 3b, see
Table S3). Still, future research examining the effect of activa-
tion of the behavioral immune system on the perception of
morphological deviance and dissimilarity may want to examine
the contribution of individual differences in intolerance for
ambiguity to this effect.

Finally, disgust sensitivity correlates with obsessive—com-
pulsive tendencies and with traits that involve attention to
detail and precision, such as conscientiousness (Tybur & De
Vries, 2013; Tolin et al., 2006). Attention to detail is assumed
to promote the perception of dissimilarity (Forster & Dannen-
berg, 2010). The question arises as to whether our results
reflect not so much sensitivity to deviance and dissimilarity
but rather individual differences in attention to detail.

Although we cannot exclude the possibility that individual
differences in attention to detail have contributed to our effects,
the results of Study 2 in which we experimentally manipulated
pathogen threat suggest that our effects hold even when indi-
vidual differences in attention to detail vary randomly across
conditions. Yet future research focusing on the effect of activa-
tion of the behavioral immune system on sensitivity to
deviance and dissimilarity would have to control for individual
differences in attention to detail and the need to be precise.

Above, we delineated relatively general cognitive charac-
teristics which may underlie our effects. Alternatively, our
results may reflect more specific cognitive processes dedicated
uniquely toward tuning to deviance and dissimilarity. We ela-
borate on them below.

Future Research

Identifying a stimulus as morphologically deviant from a cate-
gory or dissimilar to it is the end product of a categorization
process. Categorization usually takes place automatically. It is
assumed to involve a first stage in which the stimulus is com-
pared to a category (or to its prototype) in memory. An attempt
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is made to match the features of the stimulus to those of a
potentially matching category. Next, in a second stage, a deci-
sion is made as to whether there is enough overlap between the
features of the stimulus and of the category to allow for its
categorization as a member of the category (Bruner, 1959;
Moskowitz, 2005). Our findings are silent as to which of these
stages are affected by activation of the behavioral immune
system. Could it be that activation of the behavioral immune
system affects the comparison process, such that under patho-
gen threat the cognitive system searches for dissimilarities
rather than for similarities between the stimulus and the cate-
gory (Gentner & Markman, 1994, 1997; Mussweiler, 2003)?
Or does the activation of the behavioral immune system affect
the criterion to decide that there is or there is not enough over-
lap between the stimulus and the category (Miller & Maner,
2012)? Our results only demonstrate the end result: an accen-
tuated experience of deviance and dissimilarity. Future
research will have to examine the processes underlying these
effects.

In this research, we examined the sensitivity of people
whose behavioral immune system is activated to morphologi-
cal deviance. Future research could examine the possibility that
their sensitivity to deviance in other modalities is heightened as
well. Interestingly, previous findings have already shown that
activation of the behavioral immune system is associated with
increased sensitivity to social deviance. For example, a recent
meta-analysis suggests a moderate positive correlation between
a person’s activation level of the behavioral immune system
and social conservativism, defined broadly as any belief system
that encourages strict adherence to social norms and social
exclusivity (such as, Right Wing Authoritarianism, Social
Dominance Orientation, vertical collectivism, religious conser-
vatism, ethnocentrism, and political conservatism; Terrizzi,
Shook, & McDaniel, 2013). People whose behavioral immune
system is activated hold more xenophobic and ethnocentric
attitudes (Navarrete & Fessler, 2006; Navarrete et al., 2007;
Navarrete, Fessler, Fleischman, & Geyer, 2009) and demon-
strate more conformist attitudes (e.g., score higher on items
such as “I actively avoid wearing clothes out-of-style””) and
behavior (e.g., provide more conforming ratings on works of
art; Murray & Schaller, 2012; Wu & Chang, 2012). In addition,
recent findings suggest that political conservatism is associated
with increased sensitivity to morphological deviance and that
this sensitivity partly mediates the link between political con-
servatism and adherence to harsher policies toward deviant
groups (Okimoto & Gromet, 2015). Future research may want
to examine whether sensitivity to morphological deviance at
least partly explains the correlation between activation of the
behavioral immune system and social conservatism (i.e., sen-
sitivity to social deviance; but see Karinen & Chapman, in
press).

A final note deals with our control variables. Our results do
not support the idea that the assumed higher activation of the
behavioral immune system in women (Curtis et al., 2004; Dun-
can et al., 2009; Haidt et al., 1994; Rozin et al., 1999) results in
consistent sex differences in sensitivity to deviance and

dissimilarity above and beyond the effects of disgust sensitivity
or pathogen threat. They further do not suggest that sex mod-
ulates the association between activation of the behavioral
immune system and these variables. Similarly, neither the
assumed higher activation of the behavioral immune system
in the recently ill (Miller & Maner, 2011) nor higher levels
of religiosity were consistently associated with sensitivity to
deviance and dissimilarity. It should, however, be noted that
although we controlled for these variables in our analyses, our
studies were not designed to assess their interactions with our
variables of interest (e.g., the majority of our participants were
women). Future research is needed to shed light on their effects
on sensitivity to deviance and to dissimilarity and on their
interactions with disgust sensitivity and pathogen threat in
affecting the latter.

Implications

That activation of the behavioral immune system is positively
correlated with the perception of dissimilarities may have
broader implications both for social perception and for social
behavior under activation of the behavioral immune system.
First, pathogen threat may make others seem more different
from ourselves. Indeed, recent data from our lab show that
when presented with faces of unknown others, participants who
perceive themselves as vulnerable to disease (Duncan et al.,
2009) and those who score high on disgust sensitivity (Olatunji
et al., 2007) perceive the target persons as less psychologically
similar to themselves. Importantly, ample evidence suggests
that whereas a focus on similarities between a target and stan-
dard (which is the default mode) typically leads to assimilation
in judgments, a focus on dissimilarities typically leads to con-
trast (Mussweiler, 2001, 2003; Mussweiler & Bodenhausen,
2002). The implication might be that when their behavioral
immune system is activated, people may show contrast effects
when judging themselves on various dimensions when com-
pared to others (e.g., judge themselves as not sportive when
primed with the notion of a sportive standard). Finally, the
critical determinant of whether automatic behavior is assimi-
lated toward or contrasted away from the typical behavior of
primed persons is whether the primed persons are perceived as
belonging to the same category as the perceiver or to a different
category (i.e., whether they are perceived as similar or different
from the perceiver; Schubert & Héfner, 2003). If activation of
the behavioral immune system makes others seem more differ-
ent from the self, people whose behavioral immune system is
activated should be more likely to behave in contrast to the
typical behavior of others who are on their mind (e.g., walk
faster when thinking about old people). In sum, they might be
less likely to feel and act “in sync” with whoever is outside
their close social environment. These implications, which are at
the focus of our current research, are in accordance with recent
findings which show that activation of the behavioral immune
system inhibits affiliative behavior (Sawada, Auger, Lydon,
2018) and renders people less extravert (Mortensen et al.,
2010).
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Conclusion

Drawing on an evolutionary rationale, our findings suggest that
activation of the behavioral immune system renders people
more sensitive to morphological deviance and more prone to
perceive dissimilarities between stimuli. They suggest that the
activation of the system changes basic categorization and com-
parison processes even in stimuli that have nothing to do with
disease. Given that these processes serve as the fundaments of a
wide range of higher order processes in social perception and in
social behavior, the implications of the effects that are at the
focus of the current research may be numerous. Future research
should replicate our findings with different stimuli, examine
the contribution of individual differences in attention to detail,
and intolerance for ambiguity to our effects as well as examine
the latter’s higher order implications.

Appendix

Stimuli used in Study 2 (A Modified Version of the Stimuli
Designed by Okimoto and Gromet, 2015)

I. Perfect shapes.

A\

II. Ambiguously imperfect shapes.
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III. Clearly imperfect shapes.

A
A<
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Notes

1. Although in Study 1, only a small effect emerged, we expected a
larger effect in the current study since it was conducted in the lab
(rather than on the Internet) and among a more homogeneous
population.

2. Another way to correct for violation of the sphericity assumption is
by using the Greenhouse-Geisser correction. Taking this method
rendered the 2 x 3 interaction nonsignificant, F(2, 137.33) = 1.69,
p=.20, nzp =.06. Of course, however, the focal planned contrasts
remained unchanged.
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