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Abstract
Memory plays an important role in the behavioral immune system (BIS; Schaller in The Handbook of Evolutionary Psychol-
ogy (2nd Edition), Vol. 1, (pp. 206-224). New York: Wiley, 2016), a proactive immune system whose ultimate function is 
to make organisms avoid sources of contamination. Indeed, it has been found that objects presented next to sick people are 
remembered better than objects shown next to healthy people—representing a contamination effect in memory. In the present 
studies, we investigated this memory effect in relation to “pseudo-contaminated” sources, that is to say, people exhibiting 
cues ultimately evoking the threat of contamination but objectively posing no such threat in terms of disease transmission. 
Common objects were shown next to photographs of people having three kinds of morphological deviations—obesity (study 
1), scars and burns (study 2), strange eyes (study 3)—or no morphological deviation. Contrary to our expectations, we found 
that “pseudo-contaminated objects” were not remembered better than “non-contaminated objects,” whereas discomfort ratings 
of the idea of touching the same objects were clearly higher with morphologically deviant people. Memory mechanisms do 
not seem to be mobilized by “pseudo-contamination” sources which are not directly related to infection risk.
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Introduction

The selective pressures imposed by pathogens have likely 
had a profound influence on human behavior (Schaller, 2011, 
2016; Schaller & Murray, 2011). Pathogens have caused 
major diseases in the past and have been responsible for the 
greatest number of deaths in humans, more than all other 
causes put together (e.g., natural disasters, wars, accidents, 
violence) (Inhorn & Brown, 1990). Diseases are still present 
and potentially lethal (Troisi, 2020) and remain a major con-
cern for our survival (Lesaffre, 2008; Moore, 2020).

The Behavioral Immune System

We are equipped with a biological immune system which 
helps fight off disease (Richtel, 2019; Sompayrac, 2016). 
Although relatively effective in combating diseases, this anti-
parasitic defense system is metabolically costly (Lochmiller 
& Deerenberg, 2000; Schaller & Duncan, 2007) and may 
incur additional costs (e.g., fevers can be deadly, and diar-
rhea can lead to dehydration). The biological immune system 
involves mechanisms that are activated predominantly after 
infection (Allen & Wynn, 2011). The behavioral immune sys-
tem (BIS: Murray & Schaller, 2016; Schaller & Park, 2011; 
Shakhar, 2019; Thiebaut et al., 2021a) equips us with a sec-
ond sophisticated set of mechanisms acting as the first line of 
defense. The ultimate function of the BIS is to inhibit contact 
with pathogens and to avoid infections. This system incurs 
costs as well as, for instance, withdrawal from social inter-
actions (Dezecache et al., 2020). The activation of proactive 
processes depends on pathogens being detected in the imme-
diate environment before they penetrate our natural barriers 
(Ackerman et al., 2018; Schaller, 2016). Thus, this system is 
particularly attuned to perceptual cues indicating the pres-
ence of contamination. Once a cue is detected, several types 
of response are generally triggered: emotional (e.g., disgust), 
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cognitive (e.g., attention), and behavioral (e.g., avoidance) 
responses (Murray & Schaller, 2016; Schaller & Park, 2011). 
The biological and behavioral systems are complementary 
and interact in a complex and coordinated way to ensure our 
health (Díaz et al., 2020; Troisi, 2020).

Disgust is a central emotion in disease avoidance (Curtis 
& de Barra, 2018) and a core emotion of the BIS (Oaten 
et al., 2009; Schaller, 2014). The function of (pathogen) 
disgust is to activate and coordinate a set of mechanisms 
in order to avoid disease in cases where cues of disease are 
present in the immediate environment. Additionally, disgust 
should also make it possible to avoid things or situations 
posing a risk of disease in the future by activating memory 
mechanisms. The emotion of disgust can be easily triggered. 
For instance, Curtis et al. (2004) found that showing partici-
pants a photograph depicting a person with fever, who was 
spotty-faced, and sweaty, evoked disgust, whereas this was 
not the case for the same photograph shown without these 
symptoms. It has also been claimed that the functions of dis-
gust are not limited to pathogens but extend to other domains 
such as the sexual or moral domain (e.g., Al-Shawaf et al., 
2016; Chapman et al., 2009; Tybur et al., 2009).

Cues identified by the BIS as posing a potential risk of con-
tamination often lead to avoidance behaviors, even when these 
cues do not represent real infection risks. Certain researchers 
assume that the BIS was not shaped by natural selection to 
reliably detect cues of contamination (Kurzban & Leary, 2001; 
Schaller, 2011; Schaller & Duncan, 2007). Indeed, the presence 
of pathogens does not always trigger the BIS, for instance in the 
case of a cooked hamburger infected by Escherichia coli bac-
teria. Instead, the BIS is sensitive to the probable presence of 
infectious cues in the environment and there are individual dif-
ferences in the ability to detect pathogens and/or to avoid them 
(van Leeuwen & Jaeger, 2022). This, in turn, leads to individual 
differences in vulnerability to diseases (Duncan et al., 2009; 
Makhanova et al., 2022; Tybur et al., 2009). Framed within 
error management theory (Haselton & Buss, 2000), this sys-
tem attempts to minimize “fatal errors.” The BIS is therefore 
prone to false-positive errors; that is to say, it can be readily 
activated by superficial signals of illness or by signs that are 
similar to those of illness, such as facial port-wine stains (Ryan 
et al., 2012). Thus, the BIS may “overgeneralize,” a behavior 
which is adaptive from an evolutionary point of view since it 
is more conducive to survival to issue an alarm in response to 
signals that do not have harmful consequences than the reverse. 
A smoke detector analogy (Nesse, 2005) is generally used to 
characterize the functioning of the BIS. In order to ensure 
safety, it is better to make smoke detectors that react to the 
smoke from a slice of bread in the toaster than detectors that 
react reluctantly even to major fires, enabling them to take hold 
and spread. However, false-positive errors such as perceiving 
a healthy person to be ill may cause a lost friendship or mat-
ing opportunities. People have to make trade-offs between the 

need for social contacts and the motivation to avoid disease 
(e.g., Sacco et al., 2014). Indeed, several studies have shown 
that people who deviate from “normality” on certain physical 
(or psychological) traits are identified by the BIS as posing a 
risk of contamination. Among the people who are categorized 
as posing a threat of contamination are obese (Crandall, 1994; 
Hebl & Mannix, 2003; Park et al., 2007) or disfigured individu-
als (Crandall & Moriarty, 1995; Shanmugarajah et al., 2012), 
elderly people (Duncan & Schaller, 2009), or individuals with 
facial port-wine stains (Ryan et al., 2012). In the Ryan et al. 
(2012) study, participants had to manipulate objects previously 
seen in a video depicting a healthy actor or an actor having 
facial cues representing birthmarks or indicating the presence 
of influenza. The findings indicated that the levels of behavio-
ral avoidance and disgust were similar in the “influenza” and 
“birthmark” conditions but were higher in those two conditions 
than in the healthy (control) condition. Even though the partici-
pants in the experiment were explicitly aware that birthmarks 
are not contagious, they nevertheless treated them as disease-
threatening, perhaps because of their superficial resemblance 
to cues of disease. People suffering from mental illness are also 
perceived as vectors of disease (Lund & Boggero, 2014). A 
recent study investigated the ability to perceive morphological 
deviation in faces and objects and compared this with levels of 
disgust sensitivity (Nussinson et al., 2018). It is worth stress-
ing that disgust sensitivity is often taken as an index of BIS 
activation (e.g., Ryan et al., 2012). In Nussinson et al.’s (2018) 
first study, participants were asked to complete a questionnaire 
measuring their sensitivity to disgust. Next, they used a 9-point 
Likert scale to rate the regularity of photographs of faces, some 
of which were disfigured, while others were normal. Partici-
pants with a high level of disgust exhibited greater sensitivity to 
morphological deviance. In another study, participants primed 
with a slide show of pictures depicting pathogen threats scored 
higher on a task requiring them to differentiate between perfect 
and clearly imperfect geometrical shapes (e.g., circle, square, 
oval, rectangle) than participants primed with a slide show con-
sisting of pictures of accidents (i.e., a negative condition not 
linked to pathogens). These findings suggest that a pathogenic 
threat or a personal sensitivity to pathogens increases sensitiv-
ity to morphological deviance, regardless of the nature of the 
stimuli (faces versus geometrical shapes).

The activation of the BIS brings about extremely negative 
social outcomes as these people are often stigmatized and 
ostracized. In effect, obese people report more discrimination 
in employment (Härkönen et al., 2011; Roe & Eickwort, 1976), 
even if their weight would not interfere with their ability to do 
their job. They are also victims of prejudices and are associated 
with a range of negative characteristics such as being sexu-
ally unattractive (Chen & Brown, 2005) and lacking in will-
power, consequently being themselves responsible for being 
overweight (Cahnman, 1968; Vartanian, 2010). As predicted 
by the BIS, when individuals are more vulnerable to diseases 
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(Park et al., 2007), they tend to avoid obese individuals more 
than they do individuals with a normal BMI. Similarly, it has 
been found that compared to normal-weighted people, obese 
people are rated as more disgusting on the dimensions of 
pathogen, sexual, and moral disgust (Lieberman et al., 2012). 
Also, individuals attempt to maintain a greater social distance 
(as measured on a scale used as an index of willingness to 
approach or avoid the person) from obese than from non-obese 
people (Vartanian et al., 2016). Disfigured people also face 
negative social outcomes. They are perceived as less trustwor-
thy, less popular, less competent, and hardworking (Jamrozik 
et al., 2019) and they encounter discrimination in the labor 
market (Stone & Wright, 2013). Individuals who have a facial 
disfigurement are also kept at a greater physical distance, i.e., 
avoided, compared to non-disfigured individuals (Houston & 
Bull, 1994; Rumsey et al., 1982).

Memory and the BIS

A large number of studies on the BIS have investigated avoid-
ance behaviors (Duncan & Schaller, 2009; Schaller & Park, 
2011; Shanmugarajah et al., 2012), and only a small number 
of them have focused on the cognitive aspects of the BIS, 
such as perceptual (Axelsson et al., 2018a, b; Sundelin et al., 
2015), or attentional processes (Ackerman et al., 2009). As 
far as memory is concerned, studies that have focused on the 
relationship between memory and contamination are even 
more scarce (Bonin et al., 2019; Fernandes et al., 2017, 2021; 
Gretz & Huff, 2019; Nairne, 2015).

According to the adaptive memory view, memory was 
not crafted to learn all types of items equally well (Nairne, 
2010, 2015, 2016; Nairne & Pandeirada, 2008) but has been 
shaped to retain fitness-relevant stimuli better than non-
fitness-relevant stimuli (Bonin & Bugaiska, 2014; Nairne 
et al., 2007, 2008). In favor of this view, it has been shown 
that information about dangerous animals is retained bet-
ter than information about non-dangerous animals (Barrett 
& Broesch, 2012; Prokop & Fančovičová, 2017). Toxic 
mushrooms are recognized better than edible mushrooms 
(Fančovičová et al., 2020). Of direct relevance to the current 
issue is the fact that contaminated things are remembered 
better than non-contaminated things (Bonin et al., 2019; 
Fernandes et al., 2017, 2021; Gretz & Huff, 2019). More 
precisely, objects accompanied by verbal descriptions refer-
ring to contamination (e.g., person with a constant cough, 
person with a rash on the skin) are remembered better than 
objects accompanied by neutral descriptions (e.g., person 
with brown hair, person with a round face) (Fernandes 
et al., 2017, 2021). Similar findings have been obtained 
with photographs of people displaying signs of contami-
nation (e.g., eczema, conjunctivitis) (versus healthy faces) 
(Bonin et al., 2019; Fernandes et al., 2017, 2021). Finally, 
contamination effects in memory have also been obtained 

using videos depicting actors interacting with objects and 
described as “diseased-contagious” (i.e., having influenza) 
(Gretz & Huff, 2019). These memory findings illustrate 
the “law of contagion” (Frazer, 1959; Mauss, 1972; Rozin 
et al., 1986): Objects are envisioned as being contaminated 
because some kind of transfer of pathogens from objects to 
objects or from people to objects is imagined even when the 
objects are not actually contaminated. For instance, Rozin 
et al. (1986) found that people expressed a strong aversion 
to drinking fruit juice in which a sterilized cockroach had 
been briefly dipped.

As far as contamination effects in memory are con-
cerned, one important issue relates to the role of disgust, 
and more broadly to the proximate mechanisms involved in 
these effects. Certain studies have shown that the emotion 
of disgust enhances memory more than the emotion of fear, 
with the result that disgusting things are remembered better 
than frightening things, both of which are memorized better 
than neutral things (Chapman, 2018; Chapman et al., 2013; 
Charash & McKay, 2002; Croucher et al., 2011; Schienle 
et al., 2021). Based on these findings, it seems reasonable to 
hypothesize that disgust is involved in contamination effects 
in memory (but see also Fernandes et al., 2021).

The Present Study

In a way similar to what has been found with real contami-
nation cues, we expected to find “pseudo-contamination 
effects” in memory. More specifically, we expected that if 
the BIS is hypersensitive to the presence of pathogens, then 
cues visually resembling the presence of pathogens should 
be retained in a way similar to visual cues of real pathogens. 
This hypothesis was based on previous studies showing the 
following: (1) Pseudo-contamination cues activate the BIS 
and its core emotion, disgust (Oaten et al., 2009); (2) Dis-
gust enhances memory. In three studies, we tested whether 
pseudo-contamination effects in memory occur in response 
to the following pseudo-contamination cues: “obesity” 
(study 1), “burns and scars” (study 2). As mentioned above, 
certain studies suggest that obesity and facial disfigurement 
are perceived as disgusting and lead to avoidance behaviors, 
even though they are not contagious (Park et al., 2007; Ryan 
et al., 2012). In a third study (study 3), we tested the hypoth-
esis that an “invented” morphological deviance could serve 
as a signal for pathogen threat (Nussinson et al., 2018), and 
consequently bring about pseudo-contamination effects in 
memory. Thus, in study 3, bizarre-looking faces were used: 
The eyes of normal people were enlarged and made shiny to 
look similar to “alien” eyes (e.g., E.T. the extra-terrestrial, 
Mars Attacks).

The procedure used by Bonin et al. (2019) in their experi-
ment 5a was employed to test pseudo-contamination effects 
in memory. In the three studies, pictures of everyday-life 
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objects were presented next to photographs of female faces. 
We used female faces because we anticipated that our sam-
ple of participants would be predominantly female. The 
use of opposite-sex faces (male faces) may have potentially 
“sexualized” the processing of the faces, and we wanted to 
avoid activating the adaptive aspect of “finding a mate.” In 
the first study, photographs of obese people versus people 
with a normal BMI were used (see Fig. 1 for examples). 
Participants had to evaluate the degree of discomfort they 
felt when they imagined themselves touching the different 
objects shown next to the different individuals. After a few 
minutes had elapsed, they were asked to recall the names 
of the objects by writing them down on a sheet of paper 
(a surprise-free recall test). In study 2, the same procedure 
was used, except that the photographs of obese people were 
replaced by photographs of individuals with facial scars and 
burns (Fig. 1). Finally, in study 3, the photographs of indi-
viduals with enlarged eyes were presented (Fig. 1). Data 
collection for this project started several months before 
French universities shifted to virtual learning in March 2020 
because of the COVID-19 pandemic (a national lockdown 
started in France on the 17th of March 2020).

Study 1: Obesity and Memory

Method

Participants

Fifty adults (M = 19.33 years; SD = 2.15; 42 females) took 
part. All participants were psychology students at the 

University of Bourgogne. They were tested individually in 
a quiet room and received course credits for their participa-
tion. The participants were all native speakers of French and 
none of them reported taking medication that could affect the 
central nervous system. Two participants were excluded: One 
participant was excluded because she took neuroleptics, and 
another participant because she was not a native speaker of 
French. In this and the two subsequent studies, we planned 
to have a sample similar in size to that of Bonin et al.’s 
(2019) experiment 5a (N = 46) in which a within-subject 
design was used to test the recall of objects presented next 
to diseased (versus healthy) people. This experiment gave an 
estimation of the dz effect size of 0.531 (G*Power, Version 
3.1.9.7; Faul et al., 2007), which allowed us to estimate that 
30 participants would be needed to obtain an effect of similar 
size with a power of 0.8 (two-tailed; α = 0.05). However, we 
chose to include more participants because we anticipated 
that pseudo-contamination effects might be somehow lower 
than contamination effects in memory (with 50 participants, 
a dz of 0.4 leads to a power of 0.8). Written informed consent 
was obtained from all participants before the beginning of 
the study. This study was performed in line with the princi-
ples of the Declaration of Helsinki. All the study procedures 
were approved by the Statutory Ethics Committee of the 
University Clermont Auvergne.

Fig. 1   Examples of stimuli used 
in the three studies (a healthy 
faces used in all the experi-
ments; b obese faces used in 
study 1; c faces with scars or 
burns used in study 2; d faces 
with enlarged eyes used in 
study 3)

1  It is worth noting that Fernandes et  al. (2021) reported a similar 
effect-size (.515) in studies that are closely related to the current ones.
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Stimuli

We followed Bonin et al.’s (2019) procedure reported in the 
“Procedure” section of experiments 5a and 5b to design our 
face stimuli. First, we selected a set of 46 female faces from 
the Radboud Facial Database (Langner et al., 2010) and 
the Karolinska Directed Emotional Faces (Lundqvist et al., 
1998). We then used the “Fatify” application to transform 
each photograph of a healthy female face into a correspond-
ing photo depicting an obese female. Gimp software (www.​
gimp.​org) was used to correct filter imperfections (see Fig. 1 
for examples of faces). Thus, 92 pictures of female faces were 
created: Half depicted healthy faces with a normal BMI—
the faces in their normal state as provided by Langner et al. 
(2010) and Lundqvist et al. (1998)—whereas the remaining 
half depicted the corresponding obese versions. Following 
Fernandes et al.’s (2017) and Bonin et al.’s (2019) proce-
dures, we collected norms (using 5-point Likert scales) of 
perceived health, disgust, emotional valence, discomfort, 
and perceived obesity when looking at the faces from an 
independent sample of 46 participants (M = 19.13 years; 
SD = 3.26; 44 females) in response to the 92 pictures. Any 
given participant was presented with each face either in its 
obese or in its normal BMI version, but not with both ver-
sions (a total of 46 faces were rated per participant). Each 
face was presented for a duration of 15 s. We selected the 
30 faces that were the most clearly identified as obese (and 
as normal BMI for the “non-manipulated” versions). t-tests 
(Table 1) revealed that the means obtained for the selected 
faces and for each of the rated variables differed reliably 
between the obese and normal BMI faces.

The same thirty colorized pictures of objects as those 
used in Bonin et al.’s (2019) study 2 (selected from the 
Rossion and Pourtois (2004) database) were used. The 30 
pictures were divided into two lists of 15 pictures matched 
for 13 variables including imageability, concreteness, and 
name agreement (see Table 2 in Bonin et al. (2019), for the 
detailed statistics). The objects of the first list were assigned 
to 15 randomly selected healthy faces and the remaining 

objects were assigned to 15 obese faces that were not derived 
from the healthy selected faces. The same procedure was 
followed for the second list. The participants were randomly 
ascribed to one of the two lists.

Apparatus

The different scripts of the experiment were run on an 
Apple computer running the PsyScope software (Cohen 
et al., 1993) which controlled the randomization of the 
photographs.

Design

A within-subject design was used the type of face (normal 
BMI versus obese) as the independent variable.

Procedure

The participants first provided informed consent and demo-
graphic information was collected (age, gender, use of neu-
roleptics, level of study, native language). The instructions 
were then presented as follows:

In this task, you will see objects that have been touched 
and handled by different individuals, some of whom 
are obese. Throughout this experiment, you will see 
drawings of objects and faces. Next to each object, 
you will see a photograph of the face of the person 
who touched and interacted with it. For each object 
presented, you will be asked to estimate on a 5-point 
scale the extent to which you would feel uncomfort-
able at the idea of holding it in your hands after the 
person had touched and interacted with it. The answer 
1 corresponds to “I would feel very uncomfortable” 
and answer 5 is “It wouldn’t do anything to me.” Be 
careful not to deliberately focus on the extreme values 
and feel free to use all the values on the scale. Respond 
spontaneously and be aware that there are no right or 
wrong answers. 

During the encoding phase, for each object/face pair, the 
participants had to use a 5-point Likert scale to rate the level 
of discomfort they felt at the idea of touching the object previ-
ously interacted with by the person shown in the photograph. 
The pictures were randomly presented in the center of the 
screen and the responses were self-paced. The times taken 
to perform the ratings were collected. A 3-min distraction 
phase then followed, during which the participants had to per-
form the “plus-minus” task from Jersild (1927) and Spector 
and Biederman (1976) and the “X-O” letter comparison task 
(Salthouse et al., 1997). A surprise-free recall test was then 
administered. The participants were given a sheet of paper 

Table 1   Mean ratings (and standard deviations) for each version of 
the face stimuli used in the main experiment, as obtained from the 
pilot study (study 1)

All scales are 5-point Likert scales. Perceived health and valence 
were reversed before computations
*** p < 0.001

Healthy faces Obese faces t-test

Perceived health 3.83 (0.55) 2.77 (0.31) t(58) = −9.24 ***
Disgust 1.56 (0.34) 2.39 (0.36) t(58) = 9.19 ***
Emotional valence 3.48 (0.42) 3.04 (0.39) t(58) = −4.19 ***
Discomfort 1.92 (0.45) 2.65 (0.47) t(58) = 6.13 ***
Perceived obesity 1.13 (0.13) 3.93 (0.33) t(58) = 43.67 ***

http://www.gimp.org
http://www.gimp.org
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and had 5 min to write down the names of all the objects they 
remembered regardless of the faces that had accompanied 
them. The entire experiment lasted about 20 min.

Results and Discussion of Study 1

The levels of perceived discomfort, the times taken to per-
form the ratings, and the proportions of correct recall rates 
were compared between the two conditions (normal BMI 
versus obese) using paired-sample t-tests. Correlational 
analyses between recall rates and perceived discomfort rat-
ings were performed.

Levels of Perceived Discomfort  The rates of discomfort2 
differed significantly between obese (M = 3.66, SD = 0.66) 
and normal BMI stimuli (M = 3.94, SD = 0.63), with the 
result that objects associated with obese faces caused more 
discomfort than objects associated with normal BMI faces, 
t(47) = −3.61, p < 0.001, d =  −0.52.

Reaction Time for Perceived Discomfort  Reaction times 
to rate discomfort did not differ significantly between the 
obese (M = 2910 ms, SD = 779) and the normal stimuli 
(M = 2807 ms, SD = 761), t(47) = 1.52, p = 0.13, d = 0.22.

Free Recall  Objects associated with obese people (M = 0.42, 
SD = 0.15) were not remembered better than objects asso-
ciated with normal BMI people (M = 0.42, SD = 0.12), 
t(47) < 1. The number of extra-list intrusions (M = 0.05, 
SD = 0.07) was low.

Overall, there was a significant negative correlation 
between perceived discomfort and free recall averaged 
across the two face conditions (r =  −0.295, p = 0.04), with 
the result that the more uncomfortable the participants felt 
at the idea of touching and interacting with the objects, 
the better they remembered them. In addition, the correla-
tion between the differences in the recall rates obtained in 
the obese and normal conditions and the same differences 
computed for discomfort ratings was marginally significant 
(r =  −0.24, p = 0.098), suggesting that the more the partici-
pants perceived higher discomfort for obese faces compared 
to normal BMI faces, the more they recalled objects touched 
by obese compared to normal people.

The results of study 1, which used obesity as a cue of 
contamination, were contrary to our expectations in that 
objects associated with obese people were not remembered 
better than objects associated with normal BMI people, even 
though the levels of discomfort differed between the two 
types of stimuli. In line with the view that the BIS, and more 

precisely the emotion of disgust (Lieberman et al., 2012), 
is activated when participants perceive obese people, we 
found that the level of discomfort felt at the idea of touch-
ing objects was higher when the objects had been touched 
by obese individuals than when they had been touched by 
normal individuals. However, the difference in discomfort 
ratings did not translate into recall rates.

Study 2: Scars, Burns, and Memory

Method

Participants

Fifty-one adults (M = 19.5 years; SD = 1.75; 40 females) took 
part. All participants were psychology students at the Univer-
sity of Bourgogne. They were tested individually in a quiet 
room and received course credits for their participation. The 
participants were all native speakers of French and none of 
them was taking medication that could affect the central nerv-
ous system. Five participants were excluded: Four participants 
were excluded because their recall rate was less than two stand-
ard deviations below the mean, and another participant because 
she was Turkish, and thus, not a native speaker of French.

Stimuli

The procedure used to select and create the faces was the 
same as described in study 1. This resulted in the creation 
of a set of 90 pictures of female faces, half depicting healthy 
faces, i.e., the faces in their normal state as provided by 
Langner et al. (2010) and Lundqvist et al. (1998), and the 
other half depicting the corresponding faces with stigmata 
(scars or burns). In the same way as described in study 1, 
we collected norms (using 5-point Likert scales) of per-
ceived health, disgust, emotional valence, discomfort, and 
perceived deformation from an independent sample of 40 
participants (M = 19.97 years; SD = 1.89) in response to the 
90 pictures. We selected the 30 faces that were the most 
clearly identified as “disfigured” (and as healthy for the 
“non-manipulated” versions). As can be seen from Table 2, 
t-tests revealed that the means for each of the rated variables 
differed reliably between the disfigured and healthy faces.

The pictures of objects used in this experiment were the 
same as those in study 1.

Apparatus

The different scripts for the experiment were run on an 
Apple computer running the PsyScope software (Cohen 2  It is important to remember that the 5-point scale used in this study 

(and in the following studies) is different from the scale used in the 
normative studies: Value 1 is now value 5.
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et al., 1993) which controlled the randomization of the 
photographs.

Design

A within-subject design was used with type of face (normal 
versus disfigured) as the independent variable.

Procedure

The procedure used was identical to that of study 1. Written 
informed consent was obtained from all of the participants 
before the beginning of the study. The entire experiment 
lasted about 20 min.

Results and Discussion of Study 2

We performed the same type of analysis as in study 1.

Levels of Perceived Discomfort  The discomfort ratings dif-
fered significantly between the stigmatized stimuli (M = 3.50, 
SD = 0.96) and the normal stimuli (M = 4.05, SD = 1.11), 
with the objects associated with stigmatized faces causing 
more discomfort, t(45) = −3.26, p = 0.002, d = −0.48.

Reaction Time for Perceived Discomfort  The time taken to 
rate discomfort differed significantly between the disfigured 
stimuli (M = 2908 ms, SD = 1009) and the normal stimuli 
(M = 2524 ms, SD = 821), t(45) = 4.18, p < 0.001, d = 0.62.

Free Recall  Objects paired with disfigured faces were not 
recalled significantly better (M = 0.33, SD = 0.14) than 
objects paired with normal faces (M = 0.36, SD = 0.14), 
t(45) = −1.23, p = 0.22, d = −0.18. Neither the correla-
tion between perceived discomfort and free recall aver-
aged across the two face conditions (r = 0.08, p = 0.57), nor 
the correlation between difference scores was significant 
(r = 0.06, p = 0.69).

In study 2, we again failed to find a pseudo-contamina-
tion effect in memory, this time using scars and burns as 
cues of “contamination.” Objects that were associated with 

disfigured people were not remembered better than when the 
same objects were associated with healthy people. However, 
the level of discomfort was higher in response to faces with 
scars and burns than to normal/healthy faces. This finding 
suggests that the BIS is activated when disfigured people 
are perceived but that this expression of “avoidance” does 
not lead to differences in memorization for the two types of 
stimuli.

Study 3: Strangeness and Memory

Method

Participants

Fifty adults (M = 20.42 years; SD = 0.95; 46 females) took 
part. As in the previous studies, they were all psychology 
students at the University of Bourgogne. Contrary to the 
previous studies, the participants were tested collectively in 
a teaching context. The participants were all native speak-
ers of French and none of them were taking medication that 
could affect the central nervous system. Two participants 
were excluded because their recall rate was less than two 
standard deviations below the mean.

Stimuli

The procedure used to select the faces was the same as that 
described in study 1. For each face, we used Gimp software 
(www.​gimp.​org) and the “FaceApp” application (https://​
www.​facea​pp.​com/) to modify the eyes of photographs of 
healthy females. More specifically, we widened the eyes and 
made them shine.

A set of 90 pictures of female faces was used: Half 
depicted healthy faces, namely the faces in their normal state 
as provided in Langner et al. (2010) and Lundqvist et al. 
(1998), whereas the remaining half depicted the correspond-
ing “strange” faces. We collected norms (using 5-point Lik-
ert scales) of perceived health, disgust, emotional valence, 
discomfort, and perceived strangeness from an independent 
sample of 40 participants (M = 19.56 years; SD = 3.04) in 

Table 2   Mean ratings (and 
standard deviations) for each 
version of the face stimuli 
used in the main experiment, 
obtained from the pilot study 
(study 2)

All scales are 5-point Likert scales. Perceived health and valence were reversed before computations
*** p < 0.001

Healthy faces Stigmatized faces t-test

Perceived health 3.94 (0.45) 2.79 (0.48) t(58) = −9.52 ***
Disgust 1.5 (0.27) 2.85 (0.56) t(58) = 12.01 ***
Emotional valence 3.36 (0.47) 2.86 (0.34) t(58) = −4.79 ***
Discomfort 1.64 (0.36) 2.92 (0.45) t(58) = 12.18 ***
Perceived deformation 1.25 (0.22) 4.06 (0.47) t(58) = 29.34 ***

http://www.gimp.org
https://www.faceapp.com/
https://www.faceapp.com/
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response to the 90 pictures. Any given participant saw each 
face in either its stigmatized or its healthy version, but not 
both (a total of 45 faces rated per participant). We selected 
the 30 faces that were the most clearly identified as strange 
(and as normal for the “non-manipulated” versions). A series 
of t-tests (Table 3) revealed that the means obtained for the 
selected faces and for each of the rated variables differed 
reliably between the strange and healthy faces.

The objects used were the same as those used in studies 
1 and 2.

Apparatus

The different scripts of the experiment were run on an 
Apple computer running the PsyScope software (Cohen 
et al., 1993) which controlled the randomization of the 
photographs.

Design

A within-subject design was used with type of face (normal 
versus strange) as the independent variable.

Procedure

In contrast to the previous studies, study 3 was performed 
during collective sessions and, contrary to the previous stud-
ies, the participants were not provided with a personal com-
puter to provide their ratings. Thus, reaction times for mak-
ing the ratings were not collected. The procedure was strictly 
the same as that described in the Procedure section of Bonin 
et al.’s (2019) experiment 5a. The photographs of faces and 
the pictures of objects were projected on a large white screen 
for 6 s (the presentation of the face-object pairs was rand-
omized by the computer program) and the participants had 
to rate (using pen and paper) their level of discomfort at the 
idea of touching the objects associated with the different 

faces. The procedure was otherwise strictly identical to that 
of the two previous studies. Written informed consent was 
obtained from all participants before the beginning of the 
study. The duration of the experiment was about 20 min.

Results and Discussion of Study 3

As described above, since the data in this study were 
obtained in a collective session using pen and paper, the 
times taken to make the discomfort ratings could not be 
measured. Paired-samples t-tests were run on the levels 
of perceived discomfort and on the proportions of correct 
recall rates in order to compare the results for type of face 
(normal versus strange) taken as the independent variable. 
Correlational analyses between recall rates and perceived 
discomfort ratings were performed.

Levels of Perceived Discomfort  The discomfort ratings dif-
fered significantly between the strange stimuli (M = 3.59, 
SD = 0.64) and the normal stimuli (M = 4.01, SD = 0.53), 
revealing that the objects associated with strange faces 
caused more discomfort, t(47) = −5.68, p < 0.001, 
d = −0.82.

Free Recall  The objects associated with strange-looking peo-
ple (M = 0.40, SD = 0.15) were not remembered better than 
those associated with normal people (M = 0.45, SD = 0.20), 
t(47) = −1.77, p = 0.08, d = −0.26. The correlation between 
perceived discomfort and free recall averaged across the 
two face conditions was not significant (r = −0.01, p = 0.93) 
and the correlation between the differences in recall rates 
obtained in the strange and normal conditions with the same 
differences computed for discomfort ratings was also not 
significant (r = 0.13, p = 0.38).

As in the previous studies, objects that were associated 
with strange people were not remembered better than when 
the same objects were associated with normal/healthy peo-
ple. Also, the former stimuli caused more discomfort than 
the latter.

General Discussion

People are disgusted by things or people that are genuine 
sources of contamination (e.g., Curtis et al., 2004) but also by 
things or people that do not objectively threaten their health 
but that exhibit cues evoking contamination, thus suggest-
ing that the BIS processes them as diseases (Crandall, 1994; 
Crandall & Moriarty, 1995; Hebl & Mannix, 2003; Park et al., 
2003, 2007; Shanmugarajah et al., 2012; Ryan et al., 2012). 
Among these are obese people, individuals with burned and 
scarred faces, or people with port-wine stains. The present 
studies were designed on the basis of evidence showing that 

Table 3   Mean ratings (and standard deviations) for each version of 
the face stimuli used in the main experiment, as obtained from the 
pilot study (study 3)

All scales are 5-point Likert scales. Perceived health and valence 
were reversed before computations
*** p < 0.001

Healthy faces Strange faces t-test

Perceived health 3.56 (0.65) 2.94 (0.38) t(58) = −4.49 ***
Disgust 1.77 (0.62) 2.82 (0.55) t(58) = 6.94 ***
Emotional valence 3.18 (0.48) 2.6 (0.34) t(58) = −5.38 ***
Discomfort 1.92 (0.56) 3.21 (0.46) t(58) = 9.78 ***
Perceived strange-

ness
1.9 (0.41) 3.96 (0.25) t(58) = 23.76 ***
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(1) pseudo-contamination cues activate disgust—a core emo-
tion of the BIS—and (2) disgust is able to enhance memory 
(Chapman, 2018; Chapman et al., 2013; Charash & McKay, 
2002; Croucher et al., 2011). We sought to obtain findings 
similar to those already observed for avoidance behaviors 
and identify pseudo-contamination effects in memory. “Obe-
sity” was used as the pseudo-contamination cue in study 1, 
“burns and scars” in study 2, and “enlarged eyes” in study 3. 
However, contrary to our expectations, we found that objects 
shown next to “morphologically deviant people” were not 
remembered better than the same objects shown next to “mor-
phologically normal people,” even though the levels of dis-
comfort in all three studies significantly differed between the 
two types of stimuli, suggesting that avoidance motivation3 
was indeed triggered by the BIS. As far as the correlations 
between perceived discomfort and free recall are concerned, 
they were all non-reliable, except for one correlation in study 
1 with free recall averaged across the two face conditions.

Because our findings on recall are “null results,” we 
decided to use a Bayesian approach to explore further just 
how “null” our results in the three studies were. In effect, 
as claimed by Brydges and Bielak (2020): “Nonsignifi-
cant p values derived from null hypothesis significance 
testing do not distinguish between true null effects or 
cases where the data are insensitive in distinguishing the 
hypotheses.” (p. 58). As far as recall rates are concerned, 
we followed Jeffreys’ (1961) recommendations and found 
that there was strong evidence in favor of H04 in studies 2 
and 3 (BF01 = 12.99 and BF01 = 16.54), whereas in study, 1 
there was moderate support for H0 (BF01 = 6.38). Turning 
to discomfort ratings, with BF01 equal to 75.66, 29.63, and 
40,422.87 in studies 1 to 3 respectively, the evidence in favor 
of higher levels of perceived discomfort for morphologi-
cally deviant stimuli was strong to extremely strong. If we 
assume that discomfort ratings are indicative of BIS activa-
tion, how is it possible to reconcile the finding of strong 
pseudo-contamination effects on discomfort ratings with the 

failure to observe any evidence for these effects on recall 
performance?

A first possibility is that, contrary to our expectations, the 
different components of the BIS (e.g., affective, cognitive, 
behavioral components) respond in different ways to identi-
cal stimuli, and thus that the higher levels of disgust5 and/or 
stronger avoidance induced by some stimuli are not associated 
with their better memorization. These different components 
may not be (systematically) interconnected. One interesting 
study related to this possibility was conducted by Ackerman 
et al. (2009), who explored attention, memory, and physical dis-
figurement. The findings showed that disfigured faces capture 
attention but, at the same time, are not remembered well. Thus, 
a disjunction was obtained between attention and memory for 
the same type of stimulus. Another possibility is that evidence 
for pseudo-contamination effects on avoidance behaviors—
which was taken as the basis for anticipating similar effects in 
memory—is perhaps not as strong as we first thought. Perhaps 
certain morphological deviations such as obesity or disabil-
ity are able to activate the BIS, but only in certain contexts, 
and thus in a more limited way. For example, Lieberman et al. 
(2012) found that while disgust sensitivity was associated with 
more negative evaluations of obese people, this was only true 
for female participants. From a general standpoint, a number of 
studies related to the BIS have shown that this system is acti-
vated differentially in different individuals and that its level of 
activation is also context-dependent (Schaller & Murray, 2011; 
Tybur et al., 2020). For instance, in geographical regions of 
the world where the prevalence of infectious diseases is high, 
people tend to be more collectivist (Fincher et al., 2008), less 
extroverted, and less open to experience (Schaller & Murray, 
2008). Also, compared to a prepandemic period, the BIS tends 
to be more highly activated when there is an acute pandemic 
such as the COVID-19 pandemic, with the result that higher 
levels of germ aversion and less motivation for social touch 
are observed (Thiebaut et al., 2021b). Finally, it could be that 
disgust is a primitive emotional reaction activating motivational 
behaviors such as avoidance, but that it does not necessarily 
activate memory mechanisms if the situation is not sufficiently 
health-threatening. According to Schaller and Duncan (2007): 
“Disgust may motivate an immediate and impulsive avoidant 
response, but that’s it. The emotional experience alone cannot 
compel wariness about future interactions, nor can disgust alone 
precipitate more planful actions (such as coordinated efforts 
at quarantine and social exclusion) that help to eliminate the 
long-term threat posed by possibly parasitized individuals. 

3  As commented by an anonymous reviewer, “discomfort ratings” are 
not by themselves direct measures of avoidance behaviors. We submit 
that discomfort ratings can serve as a reasonable proxy for the moti-
vation to avoid contact with pathogens (see van Leeuwen and Jaeger 
(2022) and van Leeuwen & Petersen (2018) for other examples of the 
use of (dis)comfort ratings with physical contact to index pathogen 
avoidance).
4  For the three studies, the alternative hypotheses were that recall 
would be higher for objects accompanied by morphologically deviant 
individuals than for objects accompanied by normal individuals (and 
that the reverse would be true for discomfort ratings). Computations 
were performed with the jamovi software (the jamovi project (2021). 
jamovi (Version 1.6) [Computer Software] retrieved from https://​
www.​jamovi.​org) and the default prior distribution was used (a two-
tailed Cauchy distribution centered on zero with a scaling factor of 
0.707).

5  We want to stress that the levels of disgust evoked by the stimuli in 
the three studies were not particularly high, as revealed by the three 
pilot studies. However, except in study 1, the ratings of disgust for the 
morphologically deviant versions of the faces were all above the mid-
point of the scales (p = .105 in the pilot study of study 1; p = .0019 in 
the pilot study of study 2 and p = .0034 in the pilot study of study 3).

https://www.jamovi.org
https://www.jamovi.org
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To facilitate these kinds of fitness-relevant behaviors, various 
cognitive processes must be engaged as well.” (p. 296) (but 
see also Lieberman & Patrick, 2014). Our findings (and others 
reported below) are in line with these assumptions; the emotion 
of disgust expressed towards various stimuli does not seem to 
result unavoidably in the activation of memory processes. Thus, 
even though it has been found that disgusting things may boost 
memory more than other negative emotions like fear (Chapman,  
2018; Chapman et  al., 2013; Charash & McKay, 2002; 
Croucher et al., 2011; Schienle et al., 2021), it is not always 
the case that objects presented in close proximity to disgusting 
stimuli are remembered better than the same objects presented 
next to non-disgusting stimuli. Certain findings suggest that 
what is needed is not disgust per se but a health-threatening 
context. In Fernandes et al.’s study (2017), a memory boost was 
found for objects presented next to sick faces compared to the 
objects presented in close proximity to healthy faces. In another 
study, the same objects were presented in proximity to sick 
faces but the individuals in this research were told that the sick 
faces were those of actresses preparing to portray sick people 
in a TV show, whereas the healthy faces were said to be those 
of viewers of this TV show. In the latter situation, the potential 
for contamination was lacking and no memory boost was found 
for the objects presented with the “fake sick faces” in compari-
son to the objects presented with the healthy faces. Similarly, 
in a later study, Fernandes et al. (2021) found that memory 
performance for objects presented in hands covered with a 
chocolate and peanut butter spread were remembered better 
than objects presented in clean hands, but only when the “dirty 
hands” were described to participants as being due to diarrhea 
and not when they were described to other participants as being 
chocolate spread. In addition, Gretz and Huff (2019) found that 
a noncontagious disease like cancer did not produce a memory 
advantage for items touched by an actor with cancer compared 
to items touched by a healthy actor, whereas the same situation 
involving a contagious disease such as influenza produced a 
contamination effect in memory. These results suggest that the 
BIS need not react hypersensitively (Schaller & Duncan, 2007), 
or, and more probably, that hypersensitive reactions of the BIS 
undergo cognitive processing which results in better retention 
of events with real (rather than probable) parasite threat.

It is important to acknowledge that our research has some 
limitations that may restrict its generalizability. First of all, 
the participants in our studies were mostly female. We know 
from several studies that women have consistently higher 
levels of disgust (e.g., Prokop & Jančovičová, 2013, see 
Al-Shawaf et al., 2018 for a review) as well as higher lev-
els of germ aversion and perceived infectibility than men 
(e.g., Díaz et al., 2020; Duncan et al., 2009; Makhanova 
& Shepherd, 2020). Given the large sex asymmetry in our 
samples, the pattern of results reported in our three stud-
ies on levels of discomfort could have been mostly driven 

by females. Future studies could therefore include samples 
with a more balanced sex ratio. Second, we considered obe-
sity, scars and burns, and enlarged eyes as morphological 
deviations, but perhaps these deviations are not threaten-
ing enough to cause memory processes to be activated. 
Future studies should consider non-human animals and 
other morphological deviations which do not objectively 
threaten our health but are more similar to an actual disease, 
such as “acne.” Interestingly, one study has found greater 
levels of avoidance of people with facially visible conta-
gious (e.g., influenza, conjunctivitis) and non-contagious 
(e.g., acne, eczema) signs of disease than of contagious 
people with no visible signs (e.g., glandular fever, intesti-
nal worms) (Kouznetsova et al., 2012). Third, even though 
we did not obtain reliable effects on memory performance 
using free recall tasks, it is possible that these effects might 
be observable if other retention measures were used (e.g., 
recognition, paired associate learning, or source memory) 
and future studies should attempt to clarify this matter. 
Fourth, it cannot be excluded that the use of self-report 
scales to evaluate discomfort might have led participants to 
exaggerate their responses. Thus, the current work should 
be complemented by the examination of real behaviors in 
day-to-day situations. Finally, studies conducted in different 
cultures are required to make it possible to generalize the 
present findings.

To conclude, objects jointly presented with people 
having an infectious disease are remembered better than 
objects presented together with healthy people. However, 
when we turn to people having morphological deviations 
such as obesity and scars and burns on the face or strange 
eyes, there is no such memory boost for objects shown next 
to photographs of these individuals as compared to “nor-
mal” individuals. At the same time, pseudo-contaminated 
individual-object pairs cause more discomfort than their 
normal counterparts. We therefore suggest that the BIS does 
not seem to activate memory mechanisms in response to 
certain pseudo-contamination sources which do not involve 
a risk of infection.
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