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Abstract

Technological advances in robotics have already produced robots that are indistinguishable

from human beings. This technology is overcoming the uncanny valley, which refers to the

unpleasant feelings that arise from humanoid robots that are similar in appearance to real

humans to some extent. If humanoid robots with the same appearance are mass-produced

and become commonplace, we may encounter circumstances in which people or human-

like products have faces with the exact same appearance in the future. This leads to the fol-

lowing question: what impressions do clones elicit? To respond to this question, we exam-

ined what impressions images of people with the same face (clone images) induce. In the

six studies we conducted, we consistently reported that clone images elicited higher eeri-

ness than individuals with different faces; we named this new phenomenon the clone deval-

uation effect. We found that the clone devaluation effect reflected the perceived

improbability of facial duplication. Moreover, this phenomenon was related to distinguish-

ableness of each face, the duplication of identity, the background scene in observing clone

faces, and avoidance reactions based on disgust sensitivity. These findings suggest that the

clone devaluation effect is a product of multiple processes related to memory, emotion, and

face recognition systems.

Introduction

Artificial Intelligence (AI) technology and robotics have been improved at a remarkable and

rapid pace. In recent years, the abilities of AI and robots have become equal to or have

exceeded those of human beings. For example, AlphaGo, a computer Go program developed

by Google DeepMind, has defeated human players at the game [1]. Pepper, an AI robot devel-

oped by SoftBank, can read human emotions from facial expressions and vocal tones [2].

Moreover, the abilities as well as the appearance of robots is becoming more human-like.

However, people may feel unpleasant when encountering humanoid robots the appearance of

which is similar to a real human to some extent (i.e., Uncanny valley [3]). Previous research on

the uncanny valley phenomenon revealed that it occurs not only in response to humanoid
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robots [e.g. 4] but also to computer graphic (CG) characters [5] and can prevent people from

comfortably viewing animated works and interacting with androids. Although it was very diffi-

cult to produce robots that look exactly like human beings when Mori proposed the uncanny

valley, today technology has been developed enough to create closely human-like objects like

Geminoid [6, 7] and Saya [8]. Thus, technological advances may be overcoming the uncanny

valley by developing robots that are indistinguishable from human beings.

If it becomes easy to overcome the uncanny valley, what will the future be like? A major

goal in the creation of human-like robots is to introduce robots into human society by making

it easier for people to interact with them. In the future, it may be normal for humanoid robots

that are indistinguishable from humans to be present in society. To spread humanoid robots

quickly and widely, human-like androids must be mass produced. Thus far, Pepper has been

mass-produced and introduced into offices, commercial facilities, convenience stores, and

schools [9]. If the mass production of humanoid robots that look exactly the same as human

beings is realized, humanoid robots that have faces with the exact same appearance may be

present in the same location (Fig 1). This issue is not limited to robots, but could also be caused

by the development of life sciences. When human cloning becomes technologically possible,

we may find ourselves in a situation in which people with the exact same faces exist in society.

In fact, the cloning of macaque monkeys, which is a species close to humans, has been success-

ful [10], although the application of cloning technology to human beings is currently ethically

prohibited. Hence, it would not be surprising to be confronted with situations in which people

or human-like products have faces with the exact same appearance in the future (here, we call

these clone faces); in such a future, what impression will we feel from these clone faces? Given

the impact of the development of technology on human beings like the uncanny valley, pre-

dicting possible phenomena and our psychological responses to them in the future is impor-

tant to create a society in which technologies and human beings can coexist before such new

technologies are introduced into society. Therefore, investigating the psychological reactions

elicited by clone faces would be beneficial for the smooth introduction and presence of such

technologies.

Most previous studies about facial impressions used a single face for stimuli [11, 12], though

some researched have used multiple faces for stimuli and presented them simultaneously.

These studies found that presenting multiple faces influenced facial attractiveness. For exam-

ple, female individuals are evaluated as more attractive in a group than when they are pre-

sented individually [13]. Moreover, observers rated overall group attractiveness higher than

the average attractiveness of group members [14]. These studies used multiple faces of differ-

ent individuals (i.e., a group) and mainly investigated the impressions of individuals in the

group. Therefore, it remains unclear what impressions clone faces elicit.

Previous findings concerning the uncanny valley [3] might be helpful in the consideration

of the impressions elicited by clone faces. As stated above, the uncanny valley is the phenome-

non through which humanoids elicit unpleasant and negative emotions in viewers when their

appearance becomes similar to that of humans to some extent. Interestingly, the uncanny val-

ley can also be found in other strange and ambiguous objects such as computer graphics and

food [5, 15]. Two main mechanisms of the uncanny valley have been proposed: the inconsis-

tency of realism [16] and categorization-based stranger avoidance [17, 18]. MacDorman and

Chattopadhyay [16] found that inconsistency in the realism of facial features (e.g., real eyes

with artificial skin) gave eerier and colder impressions and hence play key roles in the uncanny

valley phenomenon. However, Yamada et al. [18] found that objects that are difficult to catego-

rize elicit eeriness, indicating that categorical difficulty contributes to the uncanny valley.

Although these two theories remain under debate, they provide important suggestions for pre-

dicting impressions regarding clone faces. When we encounter clone faces in daily situations,

PLOS ONE Eeriness induced by clone faces

PLOS ONE | https://doi.org/10.1371/journal.pone.0254396 July 13, 2021 2 / 22

Y.). The funders had no role in study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0254396


we may avoid them due to the stranger phenomenon because they have inconsistent realism

or are difficult to categorize into a well-known class. As a result, negative emotions may arise

when observing clone faces.

Clone faces may elicit positive as well as negative emotions due to processing fluency. An

object the information of which is easily and fluently processed evokes positive reactions (see

[19], for a review). The mere exposure effect [20] is one of the examples of the positive reaction

stemming from processing fluency [21]: repeated exposure to a stimulus increases perceptual

fluency and as a result, liking for the stimuli increases. These findings indicate that clone faces

might also be processed more fluently because when observing clone faces, we repeatedly

Fig 1. An example of clone faces. This is the first author’s face.

https://doi.org/10.1371/journal.pone.0254396.g001
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process only one type of face. However, when observing different faces, we must process each

face individually. Therefore, clone faces might be more easily processed than different faces.

As a result, clone faces would be evaluated more positively than different faces.

Study 1 investigated the impressions clone faces induce. We defined two hypotheses regard-

ing the impression of clone faces: the first assumes that they may be seen as improbable and

potential threats and hence would be negatively evaluated [16–18]. The other hypothesis

asserts that clone faces would be positively evaluated because they are fluently processed [21].

We tested these hypotheses by comparing the perceived eeriness of six individuals with clone

faces to that of a single person and six individuals with different faces with each other. In Stud-

ies 2–5, we further investigated what influences the impression of clone faces from the perspec-

tive of realism by manipulating the number of clone faces, species, identity, and the contextual

scene. Finally, we investigated personality traits involved with the impression of clone faces in

Study 6.

Study 1

Method

Participants. 121 Japanese people were recruited via Yahoo! Crowdsourcing and partici-

pated in the experiment online. The purpose of the study was not revealed to the participants.

The experiment was conducted according to the principles expressed in the Helsinki Declara-

tion. The ethics committees of Kyushu University approved the study protocol (approval num-

ber: 2013–008).

Stimulus and procedure. Three kinds of stimuli were developed: images with six people

with clone faces (clone image), six people with different faces from each other (non-clone

image), and one person (single image). First, we obtained contextual images from Google

searches with a single person (6 images) or six persons (7 images). One of the six-people

images was used for the non-clone image and the others were used for the clone images. Then,

we selected six face images of Japanese, white, and black people from a database and trimmed

the area of the face including the hair around the facial contour. Finally, the trimmed face

images were pasted on bodies in the contextual images. We used Adobe Photoshop CS5 for

photo editing. We created clone and single images using all of the faces, producing 18 clone

and single images. Moreover, we created non-clone images for each race; hence, three non-

clone images existed in total. Note that we not only edited the clone images but also non-clone

images so that the visual noise produced in the editing of the image was almost equivalent

between the clone and non-clone images. All the people in the images were men because edit-

ing and controlling female faces was difficult owing to various features (e.g., hair). These sti-

muli were presented on a computer screen. We can provide images used in this and

subsequent experiments of the present study upon request.

Participants were asked to evaluate the subjective eeriness (1: not at all eerie, 7: very eerie),

emotional valence (1: very unpleasant, 7: very pleasant), and realism (1: not at all real, 7: very

real) of the images on a 7-point Likert-scale. We set easy calculations (e.g., 73–44 =?) as atten-

tion check questions (ACQs) to detect satisfiers [22]. The order of presentation of each image

and ACQ was randomized across the participants.

Data analysis. We excluded participants who gave incorrect answers to one or more

ACQs. We computed the average of the subjective eeriness, emotional valence, and realism

scores for each condition. We conducted one-way analyses of variance (ANOVA) on each

score with the image type as a within-factor and calculated ηp
2s. If the main effect was signifi-

cant, we conducted multiple comparisons using Shaffer’s modified sequentially rejective Bon-

ferroni methods and calculated Cohen’s dz. The alpha level was .05.
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Results and discussion

We excluded 8 participants according to the criteria indicated in Data Analysis and hence we

used the data of 112 participants for the statistical analysis (54 women; mean age 26.75 years).

Fig 2 shows the mean of the eeriness, valence, and realism scores. The results of ANOVA on

the subjective eeriness scores revealed that the main effect of image conditions was significant

(F(2, 222) = 33.76, p< .001, ηp
2 = .23). Multiple comparisons revealed that the eeriness of the

clone condition was significantly higher than the non-clone condition and single condition

(clone vs. non-clone: t(111) = 6.29, p< .001, Cohen’s dz = 0.59; clone vs. single: t(111) = 7.46,

p< .001, Cohen’s dz = 0.70). However, there was no significant difference between the non-

clone and single conditions (t(111) = 0.21, p = .98, Cohen’s dz = 0.002).

The results of ANOVA on the emotional valence scores revealed that the main effect of

image conditions was significant (F(2, 222) = 24.90, p< .001, ηp
2 = .18). Multiple comparisons

revealed that the clone condition was significantly more negative than the non-clone condition

and single condition (clone vs. non-clone: t(111) = 5.48, p< .001, Cohen’s dz = 0.52; clone vs.

single: t(111) = 6.07, p< .001, Cohen’s dz = 0.57). However, there was no significant difference

between the non-clone and single conditions (t(111) = 0.07, p = .95, Cohen’s dz = 0.01).

The results of ANOVA on the realism scores revealed that the main effect of image condi-

tions was significant (F(2, 222) = 54.79, p< .001, ηp
2 = .33). Multiple comparisons revealed

that the realism of the clone condition was significantly lower than the non-clone condition

and single condition (clone vs. non-clone: t(111) = 7.61, p< .001, Cohen’s dz = 0.72; clone vs.

single: t(111) = 9.19, p< .001, Cohen’s dz = 0.87). However, there was no significant difference

between the non-clone and single conditions (t(111) = 0.37, p = .71, Cohen’s dz = 0.04).

Fig 2. The results of the eeriness, valence, and realism evaluation in Study 1. Error bars indicate the standard errors

of the mean. The vertical axes indicate the mean eeriness (A), valence (B), realism scores (C) for images in each

condition. The lower scores indicate more negative and improbable evaluation.

https://doi.org/10.1371/journal.pone.0254396.g002
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These results indicated that the clone images were perceived as eerie, improbable, and nega-

tive compared to the other images. Based on these results, we rejected the possibility that the

clone images would be evaluated positively because of high processing fluency [21]. We identi-

fied a new phenomenon through which clone faces induce negative impressions. We called

this phenomenon the clone devaluation effect. As discussed in the Introduction section, the

clone devaluation effect may occur because clone faces are strange and we try to avoid them to

protect ourselves (stranger avoidance mechanism; [15, 17, 18, 23, 24]).

In regard to realism, the results showed that clone faces were significantly lower than non-

clone faces and single faces, which suggests that participants considered the images of clone faces

as improbable scenery compared to those of non-clone faces and single faces. In addition, the

results of Study 1 suggested that the improbability of clone faces was related to their eeriness

because the tendency of realism scores was consistent with that of eeriness scores across condi-

tions. The improbability of clone faces may reflect their improbability in a highly realistic context

like photographs. Indeed, previous studies on the uncanny valley have found that the inconsis-

tency of realism in objects elicits feelings of eeriness [16]. Thus, it is possible that the clone deval-

uation effect is caused by the difference in reality between the context and clone faces.

Moreover, to investigate whether the clone devaluation effect occurs in not only Japanese

but also other ethnic groups, we conducted a supplementary experiment with white people as

participants using the same method as in Study 1 (see S1 Text for details). The results obtained

were similar to Study 1, which suggests that the clone devaluation effect also emerged among

participants of other ethnicities. Therefore, it is possible that the clone devaluation effect has

robustness across ethnic groups to some extent. However, we note that this evidence should be

judged carefully because the sample size of the supplementary experiment was small (N = 35).

One may argue that the clone devaluation effect stems from visual noise due to image edit-

ing. If the clone devaluation effect occurred for this reason, the subjective eeriness and

unpleasantness of the images would be comparable with that of non-clone images because

these two kinds of the images were edited in the same manner. However, the results of Study 1

revealed that a significant difference was found not only between the clone and single images

but also between the clone and non-clone images. In addition, there was no significant differ-

ence between the non-single and single images. Hence, visual noises due to editing cannot

explain the clone devaluation effect.

Study 1 showed that clone faces induce negative impressions when only six people were in

in the image. Generally, as the number of the clone faces increases, the scenes should be seen

as increasingly strange. Therefore, it is naturally predicted that an increase of the clone faces

would enhance the clone devaluation effect. Study 2 addressed this issue; we manipulated the

number of people by two, three, four, and five people in the clone and non-clone images and

compared the impressions between them.

Study 2

Method

Participants, stimulus, procedure, and data analysis. 179 Japanese people were recruited

via Yahoo! Crowdsourcing and participated in the experiment online. Stimuli were created in

almost the same manner as in Study 1. In Study 2, we only used Japanese faces and did not use

single images. We obtained contextual images with two, three, four, or five persons (12 images

each) from a Google search and pasted Japanese faces used in Study 1 on the bodies of the peo-

ple in the contextual images. The stimuli images consisted of two kinds of clone faces (clone

and non-clone) and four groups of persons (two, three, four, and five people). Half of the con-

textual images were used for the clone condition and the remaining six images were used for
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the non-clone condition; in total, we presented 48 images. The procedure and data analysis

were identical to those used in Study 1 except that the emotional valence item was removed.

This is because we considered the emotional valence item as unnecessary in Study 2, consider-

ing that we could confirm that clone faces are evaluated negatively in Study 1 using the emo-

tional valence item. We performed two-way repeated-measures ANOVAs on the subjective

eeriness and realism scores with clone faces and the number of people as within- factors to test

the influence of the number of people on the clone devaluation effect.

Results and discussion

We excluded 4 participants who gave incorrect answers to one or more ACQs and hence we

used the data of 175 participants for the statistical analysis (92 women; mean age 39.26 years).

Fig 3 shows the mean of the eeriness and realism scores. The results of the ANOVA on the

eeriness scores revealed that the main effect of clone faces, F(1, 174) = 61.12, p< .001, ηp
2 =

.26, the main effect of the number of people, F(3, 522) = 40.54, p< .001, ηp
2 = .19, and the

interaction F(3, 522) = 2.90, p< .05, ηp
2 = .02, were significant. The significant main effect of

clone faces indicates that the clone images were eerier than non-clone images. The simple

main effect of the number of people was significant in the clone images (F(3, 522) = 18.84, p<
.001, ηp

2 = .10). Multiple comparisons revealed that the eeriness of clone images with four and

five people was higher than those with two and three people (four vs. two: t(174) = 5.64, p<
.001, Cohen’s dz = 0.43; four vs. three: t(174) = 4.95, p< .001, Cohen’s dz = 0.37; five vs. two: t
(174) = 4.86, p< .001, Cohen’s dz = 0.37; five vs. three: t(174) = 3.37, p< .001, Cohen’s

dz = 0.25) and the eeriness of clone images with three people was higher than those with two

Fig 3. The results of the eeriness and realism evaluation in Study 2. Error bars indicate the standard errors of the mean.

The vertical axes indicate the mean eeriness (A), the realism scores (B) for images in each condition. The lower scores in

realism indicate more improbable evaluation.

https://doi.org/10.1371/journal.pone.0254396.g003
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people (t(174) = 5.64, p< .001, Cohen’s dz = 0.20). On the other hand, there was no significant

difference in the subjective eeriness of the clone images between four and five people (t(174) =

1.43, p = .16, Cohen’s dz = 0.11). The simple main effect of the number of people was also sig-

nificant in the non-clone images (F(3, 522) = 18.84, p< .001, ηp
2 = .14). Multiple comparisons

showed that the eeriness of non-clone images with four was significantly higher than those

of any other image (four vs. two: t(174) = 8.65, p< .001, Cohen’s dz = 0.65; four vs. three:

t(174) = 4.95, p< .001, Cohen’s dz = 0.35; four vs. five: t(174) = 4.73, p< .001, Cohen’s

dz = 0.27). Moreover, the eeriness of non-clone images with three and five people was signifi-

cantly higher than those with two people (three vs. two: t(174) = 4.73, p< .001, Cohen’s

dz = 0.36; five vs. two: t(174) = 5.27, p< .001, Cohen’s dz = 0.40) while there was no significant

difference in the subjective eeriness of the non-clone images between three and five people

(t(174) = 0.89, p = .37, Cohen’s dz = 0.07).

The results of ANOVA on the realism scores revealed that the main effect of clone

faces, F(1, 174) = 80.04, p< .001, ηp
2 = .32, the main effect of number of people conditions,

F(3, 522) = 38.63, p< .001, ηp
2 = .18, and the interaction, F(3, 522) = 5.35, p< .01, ηp

2 = .03,

were significant. The significant main effect of clone faces indicates that the non-clone images

were more real than the clone images. The simple main effect of the number of people was sig-

nificant in the clone images (F(3, 522) = 26.38, p< .001, ηp
2 = .13). Multiple comparisons

revealed that the realism scores of clone images with four and five people were lower than with

two and three people (four vs. two: t(174) = 6.15, p< .001, Cohen’s dz = 0.46; four vs. three:

t(174) = 4.52, p< .001, Cohen’s dz = 0.34; five vs. two: t(174) = 5.50, p< .001, Cohen’s

dz = 0.42; five vs. three: t(174) = 3.84, p< .001, Cohen’s dz = 0.29). However, there was no sig-

nificant difference between four and five people on the realism of the clone images (t(174) =

0.25, p = .80, Cohen’s dz = 0.02). The simple main effect of the number of people was also sig-

nificant in the non-clone images (F(3, 522) = 14.97, p< .001, ηp
2 = .08). Multiple comparisons

showed that the realism of non-clone images with two was significantly higher than those of

any other image (two vs. three: t(174) = 4.71, p< .001, Cohen’s dz = 0.36; two vs. four: t(174) =

6.24, p< .001, Cohen’s dz = 0.47; two vs. five: t(174) = 4.75, p< .001, Cohen’s dz = 0.36).

There was also a significant difference between three and four people (t(174) = 2.26, p< .05,

Cohen’s dz = 0.17). However, there was no significant difference between three and five peo-

ple, t(174) = 0.37, p = .71, Cohen’s dz = 0.03, and four and five people, t(174) = 1.52, p = .13,

Cohen’s dz = 0.11, on the realism of the non-clone images.

The results of Study 2 indicated that the clone images were eerier and more improbable

than non-clone images in all of the conditions with different numbers of people. Thus, we rep-

licated the results of Study 1. In addition, these results suggest that even two clone faces are

enough to cause the clone devaluation effect.

In the clone images condition, the subjective eeriness was higher as the number of people

with the clone faces increased, although there was no difference in the subjective eeriness

between four and five people. This tendency was also found in the realism of people with the

clone faces. These results suggest that the clone devaluation effect is saturated at four people.

Moreover, in the clone images, the subjective eeriness and improbability increased as the num-

ber of people increased, whereas this tendency was not found in the non-clone images. Briefly,

the subjective eeriness and realism covaried in the clone image, indicating that reality is impor-

tant for the clone devaluation effect.

Studies 1 and 2 manipulated the duplication of faces and the number of clone faces, given

that participants recognized the duplication of faces. We consistently showed that clone faces

increased in improbability as well as eeriness. In the real world, people can adequately distin-

guish human faces and clone faces do not generally exist. Namely, the clone faces deviate from

the regular state of the external world and most people have never encountered them; this
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improbability might be a key to the clone devaluation effect. Then, would the clone devalua-

tion effect be induced by clone faces when they are originally indistinguishable? In this case,

the clone faces should be natural in a sense. If the clone devaluation effect was caused by the

improbability of the clone faces, the clone devaluation effect would not occur in the indistin-

guishable clone faces. A previous study showed that, even in dog experts (i.e. dog breeder and

trainer), the recognition accuracy of dog faces was lower than that of human faces [25]. In

other words, it is too difficult for humans to distinguish the faces of other species. Therefore,

we would clarify the influence of distinguishableness of faces on the clone evaluation effect by

using dog faces. If the improbability of the clone faces was key to the clone devaluation effect,

the clone devaluation effect did not occur in dog faces; therefore, we predicted that the eeriness

of the images with the dogs’ clone faces would be equivalent to those with different dogs’ faces.

Study 3

Method

Participants, stimulus, and procedure. 200 Japanese people were recruited via Yahoo!

Crowdsourcing and participated in the experiment online. We obtained two images in which

five dogs existed from a Google search. One was used for the clone image and the other was

used for the non-clone image. Each image consisted of the same breeds of dogs (Shiba Inu and

Siberian husky). We edited only the clone image to duplicate an individual’s face; we trimmed

one of the faces and imposed it over the other bodies.

The procedure was identical to that of Study 2. To confirm whether the subjective eeriness

and realism scores differed between the clone and non-clone images, we conducted two-tails

paired t-tests and reported Cohen’s dz. Moreover, it was highly possible that the scores were

equivalent between the clone and non-clone images. To address this issue, we conducted

equivalence tests (lower equivalence bounds = -0.5, upper equivalence bounds = 0.5, α = .05)

when the t-tests found no significant differences. For the equivalence tests, we used the TOS-

TER package in R [26].

Results and discussion

We excluded one participant who gave incorrect answers to one or more ACQs and hence we

used the data of 199 participants for the statistical analysis (64 women; mean age 43.83 years).

Fig 4 shows the mean of the eeriness and realism scores. The results of the t-tests for the sub-

jective eeriness scores showed that there was no significant difference between the clone and

non-clone images (t(198) = 1.45, p< .15; Cohen’s dz = 0.10). Therefore, we conducted the

equivalence tests and found that the eeriness of clone and non-clone images were significantly

equivalent (t(198) = 5.61, p< 0.001). However, the results of the t-tests for the subjective real-

ism scores showed that the clone image was significantly more improbable than the non-clone

image (t(198) = 4.79, p< .001, Cohen’s dz = 0.34).

We have difficulties in distinguishing the individual faces of other species [25]. Considering

this, the participants could not notice the differences in dog faces across individuals in the

clone images because they innately could not distinguish dogs by their faces. As a result, the

clone devaluation effect did not occur. These results suggest that facial discriminability is a key

role in the clone devaluation effect.

However, there was a significant difference in realism between the clone and non-clone

images. According to a previous study [25], the participants were less likely to notice the clone

faces of dogs and thus, these results seem to be slightly odd. Perhaps the results were caused

not by the clone faces but by other factors. For example, in Study 3, the head directions of all

five dogs in the clone images were identical because of the editing of the image and the
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participants might consider this as strange. Importantly, subjective improbability stemming

from recognizing the clone faces, not the other factors, led to the clone devaluation effect.

The results of Study 3 suggested that the clone faces were not always necessary to elicit the

clone devaluation effect. Here, it was assumed that there were two possibilities. One is that the

same facial features that clone faces have might induce the clone devaluation effect. The other

possibility is that the duplication of identity between people with clone faces was important for

the clone devaluation effect. To confirm this point, we used famous actresses and comedians

of twin and non-twin Japanese people because twins share the almost same facial features with

each other but do not have the same identity (i.e., the people in the images should be judged as

different from each other). On the other hand, when non-twin people each have the same

facial features, it should be perceived that their identity is duplicated (i.e., the people in the

images should be judged as identical). If the duplication of the identity was important for the

clone devaluation effect, the subjective eeriness of the duplicated twins’ faces would be lower

than that of the duplicated non-twins’ faces. If the same facial features were important for the

clone devaluation effect, the subjective eeriness would be equivalent between the twins’ faces

and the duplicated non-twins’ faces.

Study 4a

Method

Participants, stimulus, and procedure. 219 Japanese people were recruited via Yahoo!

Crowdsourcing and participated in the experiment online. We obtained images in which two

Fig 4. The results of the eeriness and realism evaluation in Study 3. Error bars indicate the standard errors of the mean. The

vertical axes indicate the mean eeriness (A), the realism scores (B) for images in each condition. The lower scores in realism

indicate more improbable evaluation.

https://doi.org/10.1371/journal.pone.0254396.g004
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persons existed from Google search results. The image of Takuya and Kazuya in “The Touch,”

who are a famous twin brother comic duo, and Kana Mikura and Mana Mikura, who are

famous twin sister actors in Japan, were used for twin clone images. For the twin clone images,

we imposed Takuya’s face and Mana’s face on Kazuya’s body and Kana’s body, respectively.

We duplicated the faces of Fuminori Ujihara of “Rozan,” Yuki Iwai of “Haraichi,” Akira Ishida

of “Non-Style,” who are members of each comic duo, and Haruka Ayase, who is a famous

actress to create the non-twin clone images. For the non-twin images, we imposed their face

on the body of the other person in each image.

Participants evaluated the subjective eeriness of the images and reported whether they

knew the person in the images after evaluation. In addition to the ACQs, we excluded the data

of the participants who did not know any of the persons in the images. To confirm whether

the subjective eeriness differed between twin clone and non-twin clone images, we conducted

two-tails paired t-tests and reported Cohen’s dz. Moreover, we conducted equivalence tests

(lower equivalence bounds = -0.5, upper equivalence bounds = 0.5, α = .05) when the t-tests

found no significant differences.

Results and discussion

We excluded 120 participants according to the above criteria. Hence, we used the data of 99

participants for the statistical analysis (57 women; mean age 39.22 years). Fig 5A shows the

mean of the eeriness score in the data of the participants who knew all the people in the

images. The results of the paired t-tests showed that the eeriness of the twin clone condition

was significantly lower than the non-twins clone condition (t(98) = 8.60, p< .001, Cohen’s

Fig 5. The results of the eeriness and realism evaluation in Study 4a. Error bars indicate the standard errors of the

mean. Both of the vertical axes indicate the mean eeriness for images in each condition. The left graph was created

from the data of the participants who knew all the people in the images (A). The right graph was created from the data

of the participants who did not know any of the people in the images (B).

https://doi.org/10.1371/journal.pone.0254396.g005
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dz = 0.86). Thus, even when the faces were duplicated, the participants judged their identities

as different and their subjective eeriness decreased. Moreover, we post-hoc analyzed the data

of the ten participants who did not know any person in the images. Fig 5B shows the mean of

the eeriness score in the data of the participants who did not know any of the people in the

images. The analysis showed that the difference between the twins clone condition and the

non-twins clone condition were not significant (t(9) = 0.67, p = .52, Cohen’s dz = 0.21). Briefly,

when the participants did not know the two persons in the twins-clone images as twins, they

should be judged as having the same identity and hence the clone devaluation effect survived.

Taken together, these results suggest that duplicated identities, rather than duplicated facial

features, play key roles in the clone devaluation effect.

In Study 4a, we used widely known persons as stimuli and we found different responses

between those who knew the certain persons as twins and those who did not; in those who did

not know the certain persons as twins, the subjective eeriness of the twin clone image was high

and was not significantly different from that of the non-twin clone image. Based on this, a new

prediction was raised: when the participants were instructed that clone faces were multiplets,

the subjective eeriness of the clone images would decrease. Thus, in Study 4b, we investigated

whether the clone devaluation effect would be weakened by instruction and used the stimuli

(i.e., not celebrities) from Study 2.

Study 4b

Method

Participants, stimulus, and procedure. We recruited participants via Yahoo! Crowd-

sourcing. Although we planned to recruit about 250 participants in each group, the sample size

of the instruction group became too large because we overscheduled the recruitment. As a

result, 692 people were assigned to the instruction group and 201 people were assigned to the

non-instruction group; 893 Japanese people participated in total. The stimuli were identical to

Study 2 that the participants in the instruction group were told that the clone faces in the

images were multiplet from twin to quintuplet. To examine whether the effect of the instruc-

tion was found, we performed two-way mixed ANOVAs on the subjective eeriness and realism

scores with the image type (clone vs. non-clone) as a within-participant factor and the group

(instruction vs. non-instruction) as a between-participant factor.

Results and discussion

We excluded 12 participants who gave incorrect answers to one or more ACQs and hence we

used the data of 881 participants for the statistical analysis (437 women; mean age 39.78 years);

630 people (346 women, mean age 38.21 years) in the instruction group and 251 people (91

women, mean age 43.70 years) in the non-instruction group. Fig 6 shows the mean of the eeri-

ness and realism scores in the instruction and non-instruction groups. The results of the

ANOVA on the subjective eeriness score showed the significant main effects of group, F(1,

879) = 10.70, p< .01, ηp
2 = .012, and image type, F(1, 879) = 303.53, p< .001, ηp

2 = .26. The

interaction between the group and image type was also significant (F(1, 879) = 6.71, p< .01,

ηp
2 = .008). Post-hoc tests revealed that the simple main effect of the group was significant in

the clone images, F(1, 879) = 20.45, p< .001, ηp
2 = .02, indicating that the subjective eeriness

of the clone images was lower in the instruction condition than in the non-instruction condi-

tion. On the other hand, the simple main effect of the group was not significant in the non-

clone images (F(1, 879) = 2.21, p = .14, ηp
2 = .002). In addition, the main effect of the image

type was significant in both of the groups (instruction group: F(1, 629) = 182.76, p< .001, ηp
2
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= .23; non-instruction: F(1, 250) = 162.27, p< .001, ηp
2 = .39), indicating that the subjective

eeriness of the clone images was consistently significantly higher than non-clone condition.

The results of the ANOVA on the subjective realism score showed the significant main

effects of group, F(1, 879) = 30.55, p< .001, ηp
2 = .037, and image type, F(1, 879) = 369.42, p<

.001, ηp
2 = .30. The interaction between group and image type was also significant (F(1, 879) =

55.50, p< .001, ηp
2 = .06). Post-hoc tests revealed that the simple main effect of the group was

significant in the clone images (F(1, 879) = 98.23, p< .001, ηp
2 = .10), indicating that the sub-

jective realism of the clone images was lower in the instruction condition than in the non-

instruction condition. However, the simple main effect of the group was not significant in the

non-clone images (F(1, 879) = 0.31, p = .58, ηp
2 = .0004). In addition, the main effect of the

image type was significant in both of the groups (instruction group: F(1, 629) = 121.57, p<
.001, ηp

2 = .16; non-instruction: F(1, 250) = 248.68, p< .001, ηp
2 = .50), indicating that the sub-

jective realism of clone condition was consistently significantly lower than non-clone condi-

tion in both the instruction condition and the non-instruction condition.

The clone devaluation effect in the instruction group was weaker than in the non-instruc-

tion group. In addition, we consistently indicated the correspondence of the tendency of the

eeriness with that of realism, as described above. The results of Study 4b suggest that the can-

cellation of same the identities attenuated the clone devaluation effect, supporting the idea that

the same identities, rather than that of facial features, drives the clone devaluation effect.

Through Studies 1 to 4, we used photographic images as stimuli with clone faces existed in

a highly realistic context of daily scenes. In other words, when the scene in which clone faces

Fig 6. The results of the eeriness and realism evaluation in Study 4b. Error bars indicate the standard errors of the mean.

The vertical axes indicate the mean eeriness (A), with realism scores (B) for images in each condition. The lower scores in

realism indicate more improbable evaluation.

https://doi.org/10.1371/journal.pone.0254396.g006
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were present was close to the real world, people evaluated clone faces as improbable and eerie.

This suggests that a highly realistic context increases the improbability of clone faces and in

turn, the clone devaluation effect occurred. In line with the suggestion, even the clone faces

would be less eerie if there are improbable objects (i.e., clone faces) in a low realistic context.

Therefore, in Study 5, we used clone faces drawn in anime and cartoon as stimuli to investigate

the influence of scene context to observe clone faces on the clone devaluation effect. The

improbability of clone faces may have been decreased by anime and cartoon image; hence we

predicted that clone faces drawn in anime and cartoons would be less eerie and improbable

than that of those in photographic images.

Study 5

Method

Participants, stimulus, and procedure. 208 Japanese people were recruited via Yahoo!

Crowdsourcing and participated in the experiment online. We obtained Japanese animation

and cartoon images (cartoon clone condition) in which three, four, or six characters existed,

from a Google search. The anime characters had appeared in popular Japanese anime (i.e.,

“Touch”, “Osomatsu-kun”, and “Osomatsu-san”)1. The gender of all the characters was man.

The characters in each image were indistinguishable. We selected picture images of photo-

graphic clone conditions in which three, four, or six characters existed, from stimuli used in

Studies 1 and 2 so that the number of persons in the pictures corresponded with that of charac-

ters in the cartoon clone images. The procedure and data analysis were identical to those used

in Study 2. To confirm whether the subjective eeriness and realism scores differed between the

photographic clone and cartoon clone images, we conducted two-tails paired t-tests and

reported Cohen’s dz. Moreover, we conducted equivalence tests (lower equivalence bounds =

-0.5, upper equivalence bounds = 0.5, α = .05) when the t-tests found no significant

differences.

Results and discussion

We excluded 2 participants who gave incorrect answers to one or more ACQs and hence we

used the data of 206 participants for the statistical analysis (65 women; mean age 43.57 years).

Fig 7 shows the mean of the eeriness and realism scores in the cartoon and photographic con-

ditions. The results of the paired t-test on the subjective eeriness score showed that the photo-

graphic clone condition was higher than the cartoon clone condition (t(205) = 25.95, p< .001,

Cohen’s dz = 1.81). The results of the paired t test on the subjective realism score showed that

the cartoon clone condition was lower than the photographic clone condition (t(205) = 17.68,

p< .001, Cohen’s dz = 1.23). These results suggest that the probability of clone faces in an

improbable context was higher than in realistic contexts and, as a result, the eeriness of clone

faces drawn in cartoons decreased.

We have focused on the factors that modulate the clone devaluation effect in Studies 1 to 5.

In this way, we consistently showed that the realism of clone faces corresponded to their eeri-

ness. How does the improbability of clone faces affect their eeriness? One plausible explanation

is that we tend to avoid improbable objects (i.e., clone faces) as strange, and eeriness occurs as

one of the avoidance reactions. One previous study proposed that the uncanny valley is related

to “stranger avoidance,” which is a tendency for people to avoid strangers who could poten-

tially harm them [17, 18, 23]. This similar stranger avoidance system may apply to the clone

devaluation effect; we may judge clone faces as improbable and stranger, and in turn, this may

trigger an avoidance reaction. As a result, eeriness may be elicited. If this hypothesis is true, the

eeriness of the clone faces would be related to the disgust reaction (i.e., one of the avoidance
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reactions to threat) as the similar fashion of the uncanny valley. A previous study on uncanny

valley suggested that the feeling of the eeriness of stranger objects (i.e., humanoid) is related to

disgust reaction on death [4]. Additionally, based on our hypothesis, the evaluation of realism

may trigger disgust reactions. Therefore, the eeriness of clone face stemming from improbabil-

ity would be related to disgust reaction.

Individual differences in disgust responses are called “disgust sensitivity.” The disgust sensi-

tivity reflects the intensity of the disgust experience in exposure to the disgust elicitor and how

negatively individuals evaluate the experience of disgust [27]. Here, we investigated the rela-

tionship between disgust sensitivity and the clone devaluation effect in Study 6. We predicted

that the higher someone’s disgust sensitivity, the stronger the eeriness they would feel in the

clone faces if the clone devaluation effect was related to disgust.

Moreover, we investigated what kinds of disgust sensitivity were related to the clone devalu-

ation effect. There are mainly three types of disgust sensitivity depending on kinds of disgust

elicitor: core disgust, animal-reminder disgust, and contamination disgust. Core disgust refers

to the disgust response to primitive disgust elicitors such as food, animals, and excreta. Ani-

mal-reminder disgust refers to disgust response to disgust elicitors, such as death, physical

damage, and sexual behavior, which remind humans of their animal traits. Contamination dis-

gust refers to a disgust response to pollution, such as sanitary conditions and infections. Here,

we could conduct an exploratory investigation on which disgust sensitivities to these disgust

elicitors are related to the clone devaluation effect. This could indirectly reveal why the clone

faces are eerie.

Fig 7. The results of the eeriness and realism evaluation in Study 5. Error bars indicate the standard errors of the

mean. The vertical axes indicate the mean eeriness (A), with realism scores (B) for images in each condition. The lower

scores in realism indicate more improbable evaluation.

https://doi.org/10.1371/journal.pone.0254396.g007
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Study 6

Method

Participants, stimulus, and procedure. 315 Japanese people were recruited via Yahoo!

Crowdsourcing and participated in the experiment online. The stimuli were identical to those

used in Study 2. The participants evaluated the subjective eeriness and realism of the images.

After the evaluation, the participants were asked to answer the Japanese version of the Disgust

Scale-Revised (DS-R-J: [28]) on a five-point Likert scale. The DS-R-J consists of 18 items used

to measure disgust sensitivity based on the Disgust Scale-Revised developed by Haidt, McCau-

ley, and Rozin [29]. This scale has a three-factor structure; core disgust, animal-reminder dis-

gust, and physical and mental contamination disgust. To confirm which factors influence the

clone devaluation effect, we conducted a multiple regression analysis (stepwise method) with

the three factors as predictors of the eeriness of clone faces. In addition, in order to confirm

how disgust sensitivity influences the clone devaluation effect, we conducted a mediation anal-

ysis with the realism of clone faces as a mediator.

Results and discussion

We excluded 7 participants who gave incorrect answers to one or more ACQs and hence we

used the data of 308 participants for the statistical analysis (127 women; mean age 41.83 years).

Firstly, to confirm whether the clone devaluation effect occurred, a paired t test between clone

images and non-clone images on the eeriness scores was performed, which revealed that the

eeriness of clone images is significantly higher than that of non-clone images (t(307) = 13.13,

p< .001, Cohen’s dz = 0.75). Following this, the realism of clone images is significantly lower

than that of non-clone images (t(205) = 14.72, p< .001, Cohen’s dz = 0.84). Therefore, we

could replicate the clone devaluation effect.

A multiple regression analysis (stepwise method) was performed with the three factors of

the DS-R-J as predictors of the eeriness of clone faces. This regression showed that only ani-

mal-reminder disgust remained in the model (adjusted R2 = .03, p< .001) and a higher level of

animal-reminder disgust sensitivity significantly predicted a higher eeriness of clone faces (β =

.19, p< .001). In addition, we conducted a mediation analysis to test whether the realism of

clone faces mediated the impact of the sensitivity to animal-reminder disgust on the eeriness

of clone faces (Fig 8). We found significant links between all variables in the predicted direc-

tions. The sensitivity to animal-reminder disgust was positively associated with the eeriness of

clone faces without the mediator (β = .19, SE = .08, p< .001). Additionally, the realism of

clone faces was evaluated lower as the level of animal-reminder disgust sensitivity is higher

Fig 8. The results of the mediation analysis in Study 6. AR refers to animal-reminder disgust sensitivity. The

numerical values around the arrows indicate standardized partial regression coefficients. An indirect effect is

significant. �p< .05, �p< .01.

https://doi.org/10.1371/journal.pone.0254396.g008
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(β = -.28, SE = .08, p< .001). The realism of clone faces had a significant impact on the eeriness

of clone faces (β = -.25, SE = .04, p< .001). When the mediator was included in the regression,

the impact of the sensitivity to animal-reminder disgust on the eeriness of clone faces was sig-

nificantly reduced, but its impact reminded significant, which indicated that the indirect effect

was significant and the eeriness of clone faces have a partial mediation effect (β = .12, SE = .09,

p< .05; Sobel test: z = 3.33, p< .001).

Again, we have replicated the clone devaluation effect. We also found that only the animal-

reminder disgust sensitivity in the three-factor structure of the DS-R-J positively predicted the

evaluation on the eeriness of the clone faces. This indicates that the higher animal-reminder

disgust sensitivity an individual has, the stronger the clone devaluation effect. Moreover, the

influence of animal-reminder disgust sensitivity on the eeriness of the clone faces was medi-

ated by the realism of the clone faces. Therefore, individuals who are sensitive to animal-

reminder disgust tend to feel that the clone faces are eerie, which is due to the improbability of

clone faces.

General discussion

Our six studies investigated the impressions formed by clone faces and factors to influence the

impression of clone faces. The participants evaluated six individuals with clone faces as eerier

and more improbable than those with different faces and a person with a single face (Study 1).

We called this negatively emotional response to clone faces the clone devaluation effect. This

effect was stronger as the number of clone faces increased from two to four persons (Study 2).

Moreover, this effect did not occur when each clone face was indistinguishable like animal

faces (Study 3). It was also shown that the duplication of identity rather than facial features has

an important role in this effect and clone faces with the duplication of identity were eerier

(Studies 4a & 4b). The clone devaluation effect became weaker when clone faces existed in the

lower reality of the context (Study 5). Furthermore, the eeriness of clone faces stemming from

improbability would be positively predicted by disgust, in particular animal-reminder disgust

(Study 6). Taken together, these results suggest that clone faces induce eeriness and that the

clone devaluation effect is related to the realism and disgust reaction. We discuss the details of

an assumed mechanism below.

Our findings provide evidence for the internal mechanisms of the clone devaluation effect.

The results of Study 6 imply a relationship among realism, the eeriness of clone faces, and ani-

mal-reminder disgust sensitivity. The domain of animal-reminder disgust sensitivity includes

the lack of the ideal appearance in a human body such as death or a damaged exterior form

[30]. In addition to this idea, a previous study indicated that animal-reminder disgust is also

involved in the eeriness of humanlike objects such as androids [31], the appearance of which is

often improbable and strange. Objects with clone faces, even though they have an absolute

appearance in human bodies, might be judged as strange because the clone faces are improba-

ble. As a result, the eeriness is elicited in order to avoid any harm from such improbable and

strange objects (i.e., clone faces). Taken together, the improbability of the clone faces is

assumed to trigger a defensive reaction stemming from animal-reminder disgust, which in

turn plays key roles in emotional reactions (i.e., eeriness).

Considering that improbability and strangeness are the keys to the phenomenon of the

clone devaluation effect, a lack of humanity is another of the important parts of the effect.

What is involved in the lack of humanity? The results of Studies 4a and 4b indicate that it is

likely that this lack of humanity stems from duplication of identity, not facial features. Faces

are important information for identifying individuals because human beings have a one-to-

one correspondence between face and identity in principle. However, clone faces violate this
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principle, which may make us misjudge that the identity of people with clone faces should be

the same. Thus, the duplication of identity is contrary to the principle of human beings and

thus could be considered as a lack of humanity. In most of the present studies except for 4a

and 4b, the clone devaluation occurred without the manipulation of identity; observers

deduced duplication of identity from clone faces and, as a result, eeriness was elicited. How-

ever, we showed that the eeriness of the clone faces was low when clone faces were judged as

multiplets; they have the same facial features. In this case, the participants were able to assign

clone faces to different identities and thus eeriness was not evoked. Considering this, faces are

the most critical cue of personal identity when there is no other special cue (e.g., details of sib-

lings). This idea is consistent with the findings of previous studies [32, 33]. Taken together, the

lack of humanity in the clone devaluation effect may stem from the duplication of identities

inferred by clone faces.

Considering the findings of our six studies, it was possible to some extent to speculate on a

mechanism of the clone devaluation effect (Fig 9). Initially, when one observes clone faces,

they are analyzed based on facial features. In this case, because they have identical facial fea-

tures, they are judged as the same faces. This point is supported by Study 3, which showed that

the clone devaluation effect did not occur when clone faces could not be analyzed and distin-

guished. Several models of aesthetic and facial processing argued that visual features were ana-

lyzed and abstracted from objects in the first stage [34–36]. Therefore, it is appropriate to

assume that facial features are analyzed as the first stage of the facial processing system. After

the judgment of clone faces, their information is processed in the memory system. In this

stage, the realism of encountered clone faces is evaluated based on prior knowledge and

Fig 9. The mechanism of the clone devaluation effect proposed in the present study.

https://doi.org/10.1371/journal.pone.0254396.g009
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experience. The results of studies 4a and 4b reflected this processing because the eeriness of

famous or little-known multiplets’ faces was diminished even if they have clone faces. This

stage is related to the reality of the background scene in which the clone faces exist, which sup-

ported the results of study 5’s that the eeriness and improbability of the photographic clone

faces was higher than the cartoon clone faces. Although the present study only used the car-

toon scene as less realistic scene than the photographic scene, we can investigate the influence

of the background scene in further detail if the virtual reality space in which 3D avatars with

clone faces existed was used as a more realistic scene. Finally, the improbability of clone faces

induces avoidance reaction to strangers, which stems from disgust. Through this processing,

unpleasant emotions (i.e., eeriness) toward clone faces are finally evoked.

The emergence of objects with clone faces is not a mere fantasy; they can be expected to

appear in the near future. For example, when humanoid technology has further developed, the

appearance of humanoids will be the same as that of humans, and the mass production of such

humanoids will be possible. Further, the uncanny valley may disappear in humanoids. The

present study indicates that clone faces elicit eeriness. This suggests an irony: even if this new

technology can bridge the uncanny valley, a new eerie phenomenon (i.e., the clone devaluation

effect) would appear alongside new technologies like human cloning techniques or robotic

development. The results of a previous study that investigated public attitudes towards human

cloning in the United Kingdom found that people have relatively negative responses to repro-

ductive cloning technology [37]. However, unlike this survey, the present study created an

experimental situation in which new technologies such as cloning human were realized and

found that people tended to evaluate clone faces negatively. Therefore, our findings shed light

on the negative aspects of the development of new technology and we urge the reconsideration

of the rapid introduction of such technologies into society from the perspective of psychologi-

cal responses instead of bioethics.

The present study has some limitations, which suggest the need for further research on the

clone devaluation effect. First, we used dog faces in Study 3 to investigate the influence of dis-

tinguishableness of faces on the clone devaluation effect. However, there is another effect that

enables human beings to easily distinguish faces that belong to their own racial group, which is

known as the other-race effect [e.g., 38]. To explore the influence of distinguishableness in

detail, this effect may be helpful. If other-race faces are used as clone faces, the clone devalua-

tion effect would be weaker than own-race faces or not occur. Second, we should also set up an

experimental scene to simulate real-life situations in the near future. In most of our studies, we

presented clone faces of humans mainly because we assumed a future where technology over-

comes the uncanny valley. However, it is possible that robots with features less similar to

human faces, which have not fallen into the uncanny valley, will become popular before more

human-like robots will be available on the market. As the results of Study 3 imply, the clone

devaluation effect is unlikely to occur in non-human clone faces. Considering this, we specu-

lated that if robots with features less similar to human faces are clearly perceived as robots, not

humans, the clone devaluation effect would not occur in clone faces of such robots. Third, it is

possible that the observation time of the clone faces varied depending on the participants,

which may have affected the results of the present study since we did not control the exposure

time of clone faces. Observing clone faces for a long time may lead to habituation, resulting in

reduced clone devaluation effects. Therefore, to reveal a temporal aspect of the clone devalua-

tion effect (e.g., minimum time for the clone devaluation effect to occur) future studies should

manipulate the exposure time of clone faces.

In conclusion, the present study has identified the clone devaluation effect, which asserts

that clone faces elicit eeriness. The improbability and lack of humanity of the clone faces were

related to this effect. Moreover, the duplication of identity, not facial features, had key roles in
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the clone devaluation effect. Furthermore, the clone devaluation effect stemmed from disgust

and avoidance reactions (particularly, animal-reminder disgust). The present study suggests it

is possible that the introduction of new technology in robotics or the cloning of human beings

into society may cause unpleasant psychological reactions in the future.
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