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Simple Summary: Anthropomorphism should have appeared to better understand other animal
species (or the world in general). However, anthropomorphism may have different consequences:
beneficial or not, especially for animals, and we need to pay attention about how we deal with it.
Still, few studies are focusing on the factors affecting anthropomorphism and we need more
quantitative studies to know which factors influence how strong humans attribute mental states and
cognitive abilities to other animals. In this study, we asked participants to answer an online
questionnaire about videos: an individual (a sparrow, an elephant and a macaque) displayed
behaviours towards an inanimate conspecific who suddenly got back to conscious at the end of the
footage. A fourth video showed a dog-robot kicked by an engineer to demonstrate its stability. Men
and older participants attribute less mental states to animals. Similarly, people working with
animals or having at least one pet at home demonstrated less anthropomorphism. Conversely, we
found that animal protection association members demonstrated strong automatic
anthropomorphism and were farer from biological reality than non-members. Understanding how
one can play with these factors can conduct to better relationships with animals as encourage
human-robot interactions.

Abstract: In this study, we asked participants to answer an online questionnaire about videos
showing animal epimeletic behaviours: an individual (a sparrow, an elephant and a macaque)
displayed behaviours towards an inanimate conspecific who suddenly got back to conscious at the
end of the footage. A fourth video showed a dog-robot kicked by an engineer to demonstrate its
stability. After each video, questions were asked to score the degree of anthropomorphism of
participants, from mentophobia (no attribution whatever the species) to full anthropomorphism and
to measure how close participants are to biological reality (actual scientific knowledge). A first
important result is that there is a negative correlation (about 61%) between the anthropomorphism
score (AS) and the biological reality one (BRS) showing a wrong statement. The heterogeneity of
responses proved that all levels of anthropomorphism are covered from mentaphobia to full
anthropomorphism. However, the scores participants attributed to animals differ according to the
species shown in the video and to human characteristics. Understanding how one can play with
these factors can conduct to better relationships with animals as encourage human-robot
interactions. Finally, such reflective anthropomorphism can lead to an increase of human empathy
and sociality, finally increasing our humanity.

Keywords: Empathy, comparative thanatology, cognitive biases, animal ethics, mentaphobia,
primates, elephants, birds, robot
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1. Introduction

Despite harmful anthropic consequences on biodiversity, humans seem to show biophilia [1,2],
an innate affinity for other living organisms and more importantly be interested in non-human
animals [3]. This can be observed from the youngest age, when human babies are more attracted by
animals than inanimate or animate objects [4] and when the first words they pronounced count many
animals calls [5]. Biophilia is possible in any individual but is expressed in some people and cultures
more than others [6]. During their evolutionary history, humans have also tended to attribute their
own traits, emotions, or intentions to non-human entities. This trend is well known - Darwin (1872)
already noted that people tend to qualify non-humans as human-like beings - and designed as
anthropomorphism. The term anthropomorphism is first used in 1753, originally in reference to the
heresy of applying a human form to the Christian God (Oxford English Dictionary, 1989). Whether
we appreciate it or not, are aware of it or not, as humans we do anthropomorphise animals but also
objects or other natural phenomena [9]. Anthropomorphism may have different consequences
[10,11]: beneficial or not, especially for animals, and we need to pay attention about how we deal
with it.

As far as human and animal relationships exist, the Animal (here, englobes non-human animals)
has been conceptualized following three different and major ways: the humanized animal, the “Beast-
Machine” and the animal as a sensitive being [12]. The humanized animal has been the most
widespread conception in the history of civilizations consisting in considering the animal as a “little
man’ or a modified one [13]. Following such conception, animals have even been deified as in Ancient
Egypt or dragged in front of a tribunal court as in Europe of Middle Age (e.g. domestic cats, Serpell,
2000). Much later, during the 17t century, it was good form to consider non-human animals as
insensitive objects or machines following Descartes and Malebranche’s postulate (Descartes, 1637).
The use of ‘it’ for an animal is a good example of objectification [16-18]. But such mechanistic
conception of the animal was questioned at the following century with, for example, Adam Smith
who stated in his Theory of Moral Sentiments (1759) that “animals are not only the causes of pleasure
and pain, but are also capable of feeling those sensations, they are still far from being complete and
perfect objects, either of gratitude or resentment [...]”. Thanks to ethnographic records, however, it
should be borne in mind that culture and religious background influence attitudes and interactions
of humans toward other species [19]. For instance, monotheistic religions such as Judaism,
Christianity and Islam which forward anthropocentric views tend to argue that animals are
‘secondary creations’ designed to serve human interests while vegetarian cultures such as Hinduism
revere cows [20]. Today, it is clear thanks to the researches in animal behaviour and cognition that
animals are sentient (i.e., capacity to feel, perceive or experience subjectively) and capable of high
cognitive capacities at least, in birds and mammals [21-23] since these capacities are still questioned
in reptiles and fishes [24-27]. Now we do know that comparing human behavioural traits to animals
ones, particularly non-human primates, conducts to a better understanding of the evolution and the
development of these traits in humans (Cheney and Seyfarth, 2008; de Waal, 2016; Matsuzawa, 2001;
Tomasello and Call, 1997). But it is important to recall that one century ago, append the terms
‘emotion’, ‘intelligence’ or ‘strategy’ to animals was considered as a scientific sin and an expression
of weakness. In this line, Donald Griffin created the term mentaphobia to define the high reluctance to
refer to animal consciousness [32] when describing animal behaviour, as we could not compare the
incomparable [33]. This reluctance is also defined as anthropodenial (de Waal, 1999).

The 20t century saw several ways of thinking before arriving to an explicit anthropomorphism,
in comparison to the automatic one [35,36]. Indeed, three levels of anthropomorphism may be defined
based on Donald Norman’s theory of emotional design: visceral one, behavioural one, and reflective
one [37]. The visceral level is based on the first impression humans have on the physical attributes of
animals. The behavioural level defines perception relating to animal behaviour and lastly the
reflective level is based on how humans relate to the animal. Hans the Clever horse is a good
illustration of changing hypotheses, from visceral/behavioural ones to reflective one, about the
cognitive processes underlying the behaviours of this animal who was known to be capable to resolve
mathematical problems [38]: in reality this horse was not good mathematician but simply reacted to
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the emotions and facial expressions of the persons surrounding and watching him. According to
Morgan’s cannon (1894), “in no case may we interpret an action as the outcome of the exercise of a
higher psychical faculty, if it can be interpreted as the outcome of the exercise of one which stands
lower in the psychological scale” (reviewed in Ghiselin, 1983; Sober, 1998). Edward Thorndike (1898)
said that anecdotes [43] should be verified by behavioural experimentations and these experiments
should show simple cognitive mechanisms in non-human animals. These philosophical and scientific
theories of Beast-Machine, or mechanomorphism [44,45] were however jeopardized with many studies
showing that animals have complex emotions and cognitive capacities and may develop advanced
and flexible social strategies [31,32,46,47]. However, complex collective behaviours may also come
from simple rules even if for a long time, scientists thought that a strong leadership and intelligence
should underlie such a complexity in ants nest building or birds flocks [48-50].

In the light of the recent discoveries about cognitive complexity in animals (at least in primates
but see in dolphins [51-53] or in parrots [47,54,55]), anthropomorphism gave a better scientific
hypothesis than the Morgan’s cannon as this anthropomorphism was according to de Waal (2016)
and Griffin (2013) more parsimonious than thinking animals as unanimated objects or machines.
However, anthropomorphism might also be an obstacle to the good understanding of animal
behaviour and may conduct to wrong hypotheses and false results in science, as well in a
fundamental way (Are animals thinking?) as in an applied way (Are animals feeling?). Indeed, as
Homo sapiens, we cannot think in another way than humans and we are devoted to make judgment
errors about animal sentience (de Waal, 2016). More generally we may have suboptimal decisions
due to well-known cognitive biases [56-59]. In an evolutionary point of view, anthropomorphism or
‘morphism’ if we care about other species (e.g. crotalomorphism for snakes, mamalomorphism for
mammals, macacomorphism for macaques, etc. ; Keeley, 2004; Rivas and Burghardt, 2002) should have
appeared to better understand other animal species (prey, predator, competitor, informer, etc.), and
in this way increase individual survival. This is still relevant for some ethnic groups, which are
primarily hunter-gatherers and animistic peoples (e.g. pygmy peoples or uncontacted tribes residing
in the Amazon rainforest). Furthermore, many trackers and behavioural ecologists tend to break
down distances between them and their model species to improve their capture success for instance.
That is without getting into all the rewilding processes observed in present-day societies [62]. Based
on this hypothesis, anthropomorphism should not be arbitrary since the attribution of mental states
to others is rooted in common and ancient brain substrates [63]. According to the specialists of cave
art, “animals [...] were integral to the evolution of the human brain to the extent that the encoding of
animal forms seems to have become a dedicated domain of the visual cortex” [64] which appears as
a logical evolution since seeing and recognizing animals (as species but also as individuals) was an
essential condition to survive.

However, one might recognize that some individuals are more triggered to make
anthropomorphism towards animals as some express more biophilia [6]. This variance, from
mentaphobia to constant anthropomorphism, is affected by different factors. Culture is a first factor
affecting the way humans anthropomorphize. Following Descola (2015, 2013)’s postulates, the way
we see or consider Nature (and animals as a part of it) is a social product which can follow four
different modes of lectures or ontologies such as animism (in Amazonia for example), totemism (in
Aboriginal Australia for example), analogism (in India for example) and naturalism (in western
cultures only). The way people empathize is linked to the way they anthropomorphize [67,68]. A
good example is diets: compared to omnivores, vegetarians show a higher brain response of
empathy-related areas when observing scenes of animals suffering [69]. Scientific knowledge is
another factor affecting the probability to decrease errors when anthropomorphizing. A good
example of this is tourists visiting Atlas Mountains in Morocco or Algeria and facing Barbary
macaques (Macaca sylvanus). As non-experts, they read and understand the “bared-teeth” facial
mimic of these monkeys as smiles whilst they are real threats and may provoke real conflicts with
animals. However, such judgment error may easily decrease with experience but also with
educational panels providing correct information [70]. Considering pets, dogs behaviours are also
well and correctly interpreted when persons have experience to be with them [71,72]. However, dog


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

4 of 22

owners may bring false mental attributions to their pets more than professionals [73,74]. Regarding
cats, their complex social behaviours are frequently misunderstood by owners, jeopardizing their
species-specific needs while impacting their welfare [75]. Still, few studies are focusing on the factors
affecting anthropomorphism and we need more quantitative studies to know which factors influence
how strong humans attribute mental states and cognitive abilities to other animals.

In this study, we asked participants to answer an online questionnaire about videos showing
animal behaviours. The first three videos showed an individual (a sparrow, an elephant and a
macaque) displaying behaviours towards an inanimate conspecific who suddenly got back conscious
at the end of the footage (see images in figure 1). These behaviours are interpreted as epimeletic,
meaning relating to altruistic behaviour towards an injured animal, mostly described in dolphins
[76-82]. A fourth video showed a dog-robot kicked by an engineer to demonstrate its stability. After
each video, questions were asked to score the degree of anthropomorphism of participants, from
mentophobia (no attribution whatever the species) to full anthropomorphism and to measure how
close participants are to biological reality (actual scientific knowledge). We analysed the distributions
of these two scores (anthropomorphism score and biological reality score) globally and per species
and we then compared them to several socio-demographic variables participants gave us through
the questionnaire.

Figure 1. Drawings of the different epimeletic behaviours of (a.) a sparrow, (b.) a rhesus macaque, (c.)
an elephant towards an unconscious congener. (d.) An engineer kicking a dog-robot. Credit to Cédric
Sueur.

2. Materials and Methods

2.1. Participants
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2,160 participants answered all questions of our questionnaire. Age distribution is given in the
figure 2 as well as academic levels distribution. 72.5% of participants were women and 26.8% were
men (0.7% did not defined their gender). 42.5% of participants had a job in link with animals. 76.8%
had at least one pet at home and 26.5% were members of an association of animal protection.
Unbalance in ratio (gender and diploma) is offset with sample size and was considered in statistical
analyses.

a. Age distribution b. Academic level

= [ess then 20yo = Brevet
= 20 (o 35y0 = Baccalaureate
Bachelor degree
3610 30yo Master degree
51 to 65yo0 = PhD

= more than 65yo = Without diploma

Figure 2. Age and academic levels distribution of the 2,160 participants to the study. JSC is junior
school certificate (GSCE or Brevet).

2.2. Research ethics

All data were anonymous, and participants were given sequential numerical identities according to
the moment they answered the questionnaire. Participants had the possibility to be informed about
the study and its results by contacting us with email address given in the questionnaire. We
followed the ethical guidelines of our institution (CNRS-IPHC, Strasbourg, France).

2.3. Design of the questionnaire

We build an easy-to-fill questionnaire on Google Forms that we then sent out on two social Medias
(Facebook, Twitter) and on mailing lists, asking people to widely disseminate our survey through
their networks.

The questionnaire was in French and sent to French citizens. It was composed of questions about
socio-demographic variables of participants, the intentionality and awareness of animals displaying
specific behaviours on the videos, their feelings when watching the dog-robot kicked by the
engineer.

We proposed four videos (3 concerning animals and one concerning a dog-robot) followed by
questions.

The first three videos concerned (a) a sparrow (Passer domesticus; video available here
https://youtu.be/wphd1HjT6mg), (b) a rhesus macaque (Macaca mulatta; video available here
https://youtu.be/ hiv[jO2btA) and (c) an elephant (Elephas maximus; video available here
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https://youtu.be/ mKf[uEJk8E) (Figure 1). The order of videos was randomised in order that the
answer given for a species did not influence the answers given for the two others. One video

(elephant) contained speaker’s voice but a preliminary study showed that participants feelings were
not answered by it.

The same three questions were asked for each animal species. These questions are:

(Q1) Do you think that this individual had the intention to save its inanimate conspecific by acting
like this? Possible answers: “Yes”, “No”, “Maybe”.

(Q2) Do you think that this individual was aware about the risk of imminent death of its
conspecific? Possible answers: “Yes”, “No”, “Maybe”.

(Q3) Do you think that individuals of this species are aware of what death is? Possible answers:
IIYeSI/, IINOII/ IIMaybeI/‘

After these three videos, a fourth video was proposed to participants. This video does not show
epimeletic behaviour but is prone to anthropomorphism. This video (available here:
https://youtu.be/4NzcB6TMzjw) showed a four-legs robot, looking like a dog. At two moments on
the video, an engineer kicks the dog-robot to demonstrate its stability (at 24” and 30”) but see also
other videos of Boston Dynamics [83,84]. After watching the video, the participants had to answer

two questions:

(Q4) What do you feel when the man kicks the robot and that the latter is destabilized?
Possible answers (non-exclusive): “Surprise”, “Amusement”, “Anger”, “Sadness”, “Nothing”.

(Q5) Do you think your feeling is justified? Possible answers: “Yes”, “No”, “Maybe”.

The socio-demographic questions asked to participants concerned:

a7 Z7i i A

(1) Their age: possible answers “less than 20yo”, “20 to 35y0”, “36 to 50yo”, “51 to 65y0”, “older
than 65y0”,

i oo

(2) Their gender: “woman”, “man”, “non-defined”,

(3) Their academic levels: possible answers “without diploma”, “brevet (GCSEs)”, “baccalaureate
(A levels)”, “Bachelor degree”, “Master degree”, “PhD”,

(4) Whether their profession was linked to animals; possible answers “Yes”, “No”,

(5) Whether they possessed at least one pet at home; possible answers “Yes”, “No”,
(6) Whether they belonged to an Animal Protection Association: possible “Yes”, “No”.
2.5. Data analysing

In a first step of our analyses, we tried to identify which factors may underlie the level of
anthropomorphism of participants. We calculated an Anthropomorphism Score (AS). In this way,
we attributed scores to the different questions (from Q1 to Q4). For Q1 to Q3 (given for each
species), we gave the following scores: 0 if the participant answered “No”; 0.5 if the participant
answered “Maybe”, 1 if s/he answered “Yes”. For Q4, we gave the score 0 when the participant
answered “Nothing”, 0.5 for “Surprise” and “Amusement” (secondary emotions), 1 for “Anger”
and “Sadness” which are part of the primary emotions. Answers for Q4 were not exclusive but we
took the highest score only (we did not make the sum). We then have 3 questions for each of the
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three species and one question for the robot, giving a total of 10 points. Consequently, we got an AS
score going from 0 for participants demonstrating mentaphobia to 10 for persons demonstrating
full anthropomorphism (i.e., giving the same mental states to animals compared to humans).

In a second step, we tried to identify which factors underlie how close humans are to biological
reality when looking at animal behaviours in the three videos. We calculated a Biological Reality
Score (BRS). We defined here biological reality as what we know currently from literature and
scientific observations of animal mental states (consciousness, intentionality). To define a
benchmark, we asked international experts (N=14, named in the acknowledgments) in primatology
and animal behaviour to answer the same questions we asked to participants (from Q1 to Q3) and
we compared the answers of the two communities. Even if we cannot be sure at 100% that what
experts answered is the biological reality, meaning the true and right mental states of animals, they
were quite on the same line, given a high probability to be correct [85,86]. They answered “No” for
all questions in birds, answering “No” in majority for the monkey (50% of “No” for Q1, 86% of
“No” for Q2, and 76% “No” for Q3) and being much prone to give intentions for the elephant (0%
of “No” for Q1, 0% of “No” for Q2, and 50% “No” for Q3). In this way, we considered as the
correct answer:

- “No” for the three questions with the bird,
- “Maybe” for Q1, “No” for Q2 and Q3 with the monkey,
- “Yes” for Q1 and Q2 but “Maybe” for Q3 with the elephant.

We gave the score 1 when a participant gave the same answer than the experts, 0.5 when it was
unsure, 0 when the participant gave a different answer than the experts. The BSR score ranges from
0 (far from the expert opinions) to 10 (similar as experts) with 10 defined as participants
demonstrating biological reality.

We used Chi-square test to compare different absolute frequencies and Kolmogorov-Smirnov test
as well as a Spearman rank correlation test to compare the distributions of the two scores (AS and
BRS). We used GLM to test the influence of the six socio-demographic variables (age, gender,
academic level, profession, pet ownership and animal right membership) and the order of questions
on both scores with quasi-Poisson law. The significance level was set at 0.05. Statistical analyses
were performed with the statistical software R 3.5.0.

3. Results

Distribution and comparisons of scores

The distribution of Anthropomorphism Score (AS) and of Biological Reality Score (BRS) are
given in the figure 3. The two distributions are different (W=1311700, p<0.0001) but correlated
(p<0.0001, r=-0.61). The mean AS is 6.6+2.3 (min=0; max=10; median = 7) whilst the mean BRS is 5.1+1.4
(min=2; max=9; median = 5). The AS average score is 6.6/10, above a random mean (5/10, Wilcoxon
paired rank test, V= 1730700, P<0.0001) with almost no one making mentaphobia (16 upon 2161, i.e.
0.7%) whilst the strongest frequencies are among the highest scores (10 and close to 10). However,
the distribution of the BRS score is not different from a random one (Wilcoxon paired rank test, V=
923280, P=0.08).
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Figure 3. Frequency distribution (histograms) for the anthropomorphism score (AS_TOTAL, y) and
the biological reality score (BRS_TOTAL, x). The red dot line indicates the regression line between the
two distributions with the confidence interval in blue. According to this regression line and the
middle score (i.e, 5) for AS and BRS, we divided the figure in different parts indicating
anthropomorphism: from mentaphobia to automatic anthropomorphism to reflective
anthropomorphism.

Concerning the animals’ videos, the distribution of AS and of BRS for each species are given in
the figures 4a. and 4b. The scores are not distributed in the same way according to the species, as well
for AS (chi?=756, df=2, p<0.0001; p-value for all post-hoc tests < 0.05) as for BRS (chi>=1582, df=2,
p<0.0001; p-value for all post-hoc tests < 0.05). Concerning the anthropomorphism score, the lowest
mean but the highest variance is attributed to the sparrow (1.62+0.93), followed by the monkey
(2.05+0.75) and the elephant (2.39+1.57). The lowest biological reality score but still with the highest
variance is attributed to the sparrow (1.17+1.00), followed by the macaque (1.30+0.51) and then the
elephant (2.18+0.37).
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Figure 4. Distribution for each animal species of (a.) anthropomorphizing scores and (b.) Biological
reality score as percentage of answers.

Concerning the dog-robot, on the 2,160 participants, 645 (29.8%) answered that they feel nothing
when it was kicked, 1,233 (57.1%) answered that they have only one feeling, 256 (11.8%) answered
that they have two feelings, 26 (1.3%) answered that they have the three proposed feelings. Among
the different feelings’ participants indicated, the most important one is sadness (36.1%), followed by
surprise (34.8%), and anger (22.7%). Participants answered amusement in only 6.3%. 1,242 (57.5%)
participants answered that their feeling is justified, 397 (18.4%) answered “Maybe” and 521 (24.1%)
answered that their feeling is not justified. However, this distribution is different between
participants who answered that they felt nothing compared to the ones who answered that they felt
something (whatever the emotion was, fig. 5; chi?>=321, df=5, p<0.0001).
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Figure 5. Relative frequency of answers Yes/No/Maybe to the question “Do you think that this feeling
is justified?” for participants who answered feeling nothing or an emotion (sadness, surprise, angry)
when the robot was kicked by an engineer

Socio-demographic factors affecting scores

The factors used in the model and their statistical effect are indicated in the table 1 for the
anthropomorphism score and in the table 2 for the biological reality score. Effect size is indicated by
the t value. Usually, an absolute t value higher than 1.9 indicates a significant effect (p<0.05). The
highest the absolute t value, the strongest the effect. Age influences negatively anthropomorphism
score. Older participants are, lower their anthropomorphism score are. However, the effect is not
found on the biological reality score. Gender influenced both scores, with men who
anthropomorphised less and who were closer to biological reality than women. Concerning the
academic levels of the participants, only the participants holding a PhD appear different to
participants with no diploma. PhDs demonstrate less anthropomorphism and get higher biological
reality scores.

Table 1. Statistical values for the GLzM with the anthropomorphizing score as response variable.
For Age, indicated factors are compared with Age [less than 20yo]. For Gender, man is compared to
woman. For academic level, factors are compared to [Without diploma]. For the remaining questions
[Yes] is compared to [No]. For the Estimate and the t value, a positive value indicates a positive
influence of the factor; a negative value indicates a negative influence. Significance: * < 0.05, **< 0.01,

#%<0.001.
Factors Estimate Std. t Pr(>1tl) Sign
Error value

(Intercept) 2.136 0.076 28.143 <0.0001 ok

Age [20 to 35yo] - 0.040 -1.147 0.252
0.046

Age [36 to 50yo] - 0.042 -2.19 0.029 *
0.091
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Age [51 to 65yo0] - 0.043 -2.213 0.027 *
0.095

Age [older than 65yo] - 0.052 -2.255 0.024 *
0.118

Gender [Man] - 0.017 -3.708 0.0002 ok
0.064

Academic Level [Brevet] 0.072 0.072 1.006 0.315

Academic Level [Baccalaureate] - 0.065 -0.377 0.706
0.025

Academic Level [Bachelor degree] - 0.064 -0.236 0.814
0.015

Academic Level [Master degree] - 0.064 -0.755 0.450
0.048

Academic Level [PhD] - 0.066 -2.551 0.011 *
0.168

Profession in link with animals [Yes] - 0.016 - <0.0001 o
0.162 10.113

Having at least one pet at home [Yes] - 0.018 -2.05 0.041 *
0.037

Animal Protection Association membership 0.075 0.017 4.507 <0.0001 o

[Yes]
Order of questions (monkey first, sparrow - 0.015 -5.973 <0.0001 ok
last) 0.089

Table 2. Statistical values for the GLM with the biological reality score as response variable. For
Age, indicated factors are compared with Age [less than 20yo]. For Gender, man is compared to
woman. For academic level, factors are compared to [Without diploma]. For the remaining questions
[Yes] is compared to [No]. For the Estimate and the t value, a positive value indicates a positive
influence of the factor; a negative value indicates a negative influence. Significance: * < 0.05, **< 0.01,

**%<0.001.
Factors Estimate Std. t Pr(>1tl) ¢
Error value
(Intercept) 1431 0.064 22.29 <0.0001 .
Age [20 to 35yo0] 0.001 0.033 0.04 0.968
Age [36 to 50yo0] 0.034 0.035 0.981 0.327
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Age [51 to 65yo0] 0.042 0.036 1.184 0.236

Age [older than 65yo] 0.073 0.043 1.707 0.088

Gender [Man] 0.036 0.013 2.694 0.007 *

Academic Level [Brevet] 0.001 0.061 0.014 0.989

Academic Level [Baccalaureate] 0.077 0.055 1.397 0.163

Academic Level [Bachelor degree] 0.057 0.054 1.052 0.293

Academic Level [Master degree] 0.082 0.054 1.507 0.132

Academic Level [PhD] 0.116 0.055 2.112 0.035 *

Profession in link with animals [Yes] 0.135 0.012 10.972 <0.0001 *

Having at least one pet at home [Yes] 0.029 0.014 1.981 0.048 *

Animal Protection Association membership -0.049 0.013 -3.677 0.0002 *
[Yes]

Order of questions (monkey first, sparrow 0.047 0.012 4.012 <0.0001 *
last)

Participants having a profession in link with animals got a lower anthropomorphism score and
a higher biological reality one. We obtained the same double effect with the possession of a pet at
home. However, an opposite effect is observed with members of an animal protection association:
they anthropomorphism more and got a lower score of biological reality.

Finally, the order of questions also has an impact on both scores: when questions about the
monkey were shown first and the ones about the birds last, participants got a lower score of
anthropomorphism and a higher score of biological reality than the contrary. When looking at each
species, the anthropomorphism score is higher, whatever the species, when video of the sparrow is
shown first, but the higher difference between the two conditions is observed for the monkey
(sparrow video shown first: sparrow = 1.69+0.89, elephant = 2.46+0.71, macaque = 2.26+0.81; monkey
video shown first: macaque = 1.88+0.87, elephant = 2.33+0.77, sparrow = 1.59+1.01).

4. Discussion

This study aimed at understanding the process of anthropomorphism through videos of animals in
difficulty and a kicked robot. A first important result is that, according to the events we showed
(epimeletic behaviours in animals and kick of a robot), there is a negative correlation (about 61%)
between the anthropomorphism score (AS) and the biological reality one (BRS). Moreover, the
heterogeneity of AS for a same BRS is large (see Figure 3). A positive correlation between AS and
BRS would show a right statement from participants (they answer correctly using more a reflective
anthropomorphism) but a negative correlation shows in fact a wrong statement: they answer
incorrectly using mostly automatic anthropomorphism, but see the figure 3 for the different
mechanisms proposed. Indeed, the heterogeneity (i.e., the rest of the variance meaning 39%) and
the distribution of the AS scores proved that all levels of anthropomorphisms are covered from
mentaphobia (not giving attributes to animals even if they have) to full anthropomorphism through
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automatic one (giving systematically attributes to animals despite a lack of personal knowledge).
Our results allowed us to identify other types of anthropomorphism: naive anthropomorphism (i.e.,
for making anthropomorphism despite a lack of personal knowledge but not giving it
systematically), uncertain anthropomorphism (i.e., for making anthropomorphism despite some
personal knowledge but not giving it systematically) and cautious anthropomorphism (i.e., for
making anthropomorphism but less than could be done according to the scientific knowledge). This
heterogeneity in the way humans attribute mental states to animals depends on several factors such
as the animal species considered, the behaviours displayed by the animals but also the factors
depending more on human experience (personal but also scientific knowledge) and personality
(i.e., mainly here the degree of empathy of people (Connor et al., 2018; Furnham et al., 2003; Taylor
and Signal, 2005).

Different cognitive processes (i.e., agency detection, social cognition, motor matching
mechanisms, empathy for pain, mental representations, inductive and causal reasoning) are implied
in anthropomorphism (see Urquiza-Haas and Kotrschal, 2015 for a review). These mechanisms
mostly help to better face the world, including animate entities as animals (e.g. finding resources by
observing other animal species, interpreting interspecific and intraspecific threatening, avoiding
predation). The posterior superior temporal sulcus [88] and the mirror neurons [89] are used to treat
social information within the same species (Homo sapiens in our case) but also to react to other ones
[90] as well as robots movements or facial expressions [91,92]. So humans inevitably and
unconsciously anthropomorphise, as our score confirms it. The negative correlation with the BRS
shows that the anthropomorphism showed by participants is quite systematic. However, the scores
they attributed to animals were different according to the species shown in the video. The lowest
AS is attributed to the sparrow but with the highest variance (meaning that we observed the most
of different answers). On the other side, participants attributed more mental states and cognitive
processes to the macaque and the elephant, with less difference in the responses. Urquiza-Haas and
Kotrschal (2015) argued that when the phylogenetic distance with the species humans observed
increases, we make less anthropomorphism or this one is more reflective than automatic (i.e.,
visceral). This reflective attribution of intentions is mirrored in the heterogeneity (variance) of the
answers (as for the sparrow). Similarity in decisions and responses show accuracy [93]. According
to this, a low variance, meaning a high level of agreement, should indicate a causal reasoning whilst
an automatic or implicit anthropomorphism should be used when heterogeneity in the attribution
of mental states is observed. In addition with phylogenetic distance, sharing morphological and
behavioural traits may also conduct in stronger anthropomorphic thinking. This is why for
instance, the highest difference between AS and BRS is observed with the macaques since the
monkey seems to do some massage to its partner in order to reanimate him. However, any of the 13
experts we questioned were convinced by the intention of the monkey to reanimate his conspecific
and the mental representation behind this behaviour. From now, no systematic study proved that
sparrows or rhesus macaques are aware of death, whilst some elements conducted researchers to
think that it is probably the case in elephants [94-96]. So, to summarise, there is more an automatic
anthropomorphism with the sparrow, conducting to a higher variance, whilst the
anthropomorphism is more reflective with the macaques and the elephant. Concerning the robot, as
it shared common morphological and behavioural traits with dogs (four legs and same way to
move), participants reacted more in an automatic way. This is confirmed with the high number of
sadness and surprise answers we obtained. However, what is more striking is that people were not
sure about the rightness of their feeling: 45.9% only when people feel an emotion versus 84.8% of
certainty for participants saying that they feel nothing. So participants reacted, felt emotions but
then, doubted about its accuracy (Is it right to feel this emotion?). Gazzola et al. (2007) already
showed this automatic process of humans with robots. The way humans reacted here does not
depend only on the animal species but also on their movements and actions as explained above
[98,99].
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So when the anthropomorphism becomes more automatic, more heterogeneity is observed
about the attribution of mental states. But where does this variance come from? As quickly
suggested in the introduction, many factors that we focused on in this study may intervene in the
way we perceive animals’ minds. First, in link with cognitive biases and automatic reactions
discussed above, the order of questions, meaning the animals and the actions participants watched
first, have an influence on their AS: when the video of the bird is shown first, the global score and
the score for each species are higher. The highest difference between the two order conditions is
observed with the rhesus macaques: the AS got almost +0.5 point when participants watched this
video last. They are influenced by the two first videos and increased the score. This bias is well
known is psychology, comparable to Anchoring bias, and is found in humans [59] as in other
species [57]. This bias may lead to suboptimal decisions [100] because individuals are influenced by
previous actions in their actual decision.

Age is another factor affecting AS (but not BRS) with older participants attributing less mental
states to animals. This is not due however to their experience and knowledge (as the BRS does not
increase with age). This result might be explained by a difference of the perception of animals (and
robots) through media as televisions or books according to the different generations. Animals or
inanimate objects (robots but also trains or cars) are more and more anthropomorphised in cartoons
or comics and the language or the images used to describe animals or objects has an effect on
children's tendency to attribute human-like traits to the latter [101,102]. Nevertheless, studies
showed different results about the impact - negative or positive according to studies - of this
everyday anthropomorphism on animals conservation and welfare [10,103]. For instance,
anthropomorphic selection (i.e., the selection by humans of morphological traits — eyes, nose, ears,
etc. - making the animals more humans) is one of the more severe welfare problems currently found
in pets, particularly dogs [104]. Alternatively, using a humanizing language to emphasize the human
qualities of dogs increase beneficent action for them, so could be used to improve animal welfare
(Butterfield et al. 2012).

Gender also affects attribution of mental states with women demonstrating more
anthropomorphism. This difference between men and women is well known for cognitive
processes as decision-making [105], risk-taking [106], sociality [107] and empathy [108,109](Vitulli
2006). Oxytocin, an hormone produced in link with offspring recognition, sociality and empathy,
has directly been linked to attitudes towards animals [87]. Indeed, gender is one of the strongest
predictor of caring about animals with women being more protective towards animals in different
situations [67,110-113]. This general effect of gender might be due to the evolutionary history of
animal females to protect their offspring [114,115] and the link between social cognition and
morphism [9].

Interestingly, the academic level has not such a great impact on the attribution of mental states:
only the PhD participants got lower AS and higher BRS than persons with no diploma. This may
confirms the impact of social media we described in a previous paragraph: animals are now highly
present in medias, with specific magazines as in National Geographic or in BBC World [116-118],
and people may have a global knowledge about animals. Only people holding a PhD and being
experts on animal behaviour or other similar domains are more careful about their interpretations.
Similarly, people working with animals or having at least one pet at home demonstrate less
anthropomorphism and appeared closer to reality in their mental states attributions than people
who do not. This might mean that being almost every day with animals leads persons to be more
careful in their interpretations when observing them (Apostol et al. 2013). With highest experience
and jobs for which they are emotionally implied, humans may show less empathy towards animals.
Indeed, people working on animal physiology as vets take emotional distances with animals
[112,120] as surgeons could do with humans.
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It is interesting to find in our study that people having at least one pet at home demonstrate less
anthropomorphism as this one is usually consider as a member of the family [121]. More
interestingly, Albert and Bulcroft (1987) showed that a person changing her status to single,
divorced or remarried people makes more anthropomorphism then after, projecting some human
qualities to their pet such as this one will never abandon them (Blouin, 2012; Seps, 2010). This trait-
based behaviour can be related to sociality motivation (i.e., the need to feel socially connected with
others, (Paul et al. 2014). Moreover, some pet owners even celebrate the birthday of their animals
[125]. So, the result we found presently is quite in contradiction with the literature. We may explain
this contradiction by the fact that animals showed in the current videos are not pets but wild
animals. Participants does not attribute the same mental states or demonstrate the same empathy to
these two categories of animals, pets and wildlife. The more striking example is owners possessing
a cat and its impact on biodiversity (McDonald et al. 2015; Tschanz et al. 2011;Coleman et al., 1997;
Nemes, 2018). Whilst they care about the welfare of their cat and of cats in general, they are less
implied in the care of animals suffering under the claws of their cat (Loyd et al. 2017) and the loss of
biodiversity [128,129]. This is a moral schizophrenia [130,131] for which the care of biodiversity and
other animals could never overpass the owners’ compassion for the cats [132]. The relationships
owners linked with their pets increases oxytocin level, which has a direct link on empathy and
anthropomorphism but this latter is selective and more attributed to their own pets [87,133,134].

Conversely, we found that animal protection association members demonstrated strong
anthropomorphism and were farer from biological reality than non-members. Members of such
associations should show, as vegetarians, higher anthropomorphism and higher empathy.
Anthropomorphism and empathy are different but highly linked as empathy is one of the cognitive
processes explaining anthropomorphism [9]. The empathy-related areas of vegetarians brain are
more activated than the ones of omnivores [69,135]. As these persons are usually more empathic
(towards humans, but see for instance Monaghan, 2013; Nagtzaam, 2017) and having a higher
perspective taking (i.e., adopting the perspective of someone else), they are systematically more
empathic towards animals and then more prone to become a member of an animal protection
association or vegetarians [119].

This study determined several factors influencing how much humans anthropomorphise:
those depending on the animal species or behaviour and those depending more on human
characteristics. Understanding how one can play with these factors can conduct to better
relationships with animals as encourage human-robot interaction [138,139]. Last but not least, such
anthropomorphism can lead to an increase of human empathy and sociality, finally increasing our
humanity (universal virtue as defined in Peterson and Seligman, 2004). Playing with these variables
may also solve biodiversity conservation problems as proposed for charismatic animals or not ones,
vertebrates or invertebrates [10,11,141-144].

Author Contributions: Conceptualization, C.S. and M.PS; methodology, C.S., M.A.FE.W. and M.P.; software,
formal analysis, C.S. and M.A.F.W_; investigation, C.S.,, M.A.F.W. and M.P.;; writing —original draft preparation,
C.S..; writing—review and editing, C.S., M.A.F.W. and M.P.; visualization; All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external fundingttps://search.crossref.org/funding, any errors may affect
your future funding.

Acknowledgments: We thank the participants who accept to answer the study questionnaire. We also thank the
scientists who accepted to give their expertise about the presence or absence of intentionality and beliefs in the
behaviours shown by animals in the videos (Yves Handrich, Sofia Bernstein, Julia Ostner, Carol Berman, Claudia
Fichtel, Peter Kappeler, Andrew Whiten, Bonaventura Majolo, Marina Butoskaya, Erica van de Waal, Fany
Brotcorne, Lauren Brent, Julia Fischer and Oliver Schuelke).

Conflicts of Interest: The authors declare no conflict of interest.


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

16 of 22

References

1. Wilson, E. 0.(1984) Biophilia. Cambridge (MA): Harvard University Press 1992, 1, 79.

2. Wilson, E.O. Biophilia and the conservation ethic. In Evolutionary perspectives on environmental problems;
Routledge, 2017; pp. 263-272.

3. Simaika, J.P.; Samways, M.]. Biophilia as a universal ethic for conserving biodiversity. Conservation
Biology 2010, 24, 903-906.

4. DeLoache, ].S.; Pickard, M.B.; LoBue, V. How very young children think about animals. 2011.

5. Caselli, M.C.; Bates, E.; Casadio, P.; Fenson, ].; Fenson, L.; Sanderl, L.; Weir, J. A cross-linguistic study of
early lexical development. Cognitive Development 1995, 10, 159-199, doi:10.1016/0885-2014(95)90008-X.

6. Nabhan, G.P.; St Antoine, S.; Kellert, S.; Wilson, E. The loss of floral and faunal story: The extinction of
experience. The biophilia hypothesis 1993, 229-250.

7. Darwin, C.; Prodger, P. The expression of the emotions in man and animals; Oxford University Press, USA,
1998; ISBN 0-19-515806-7.

8. Dictionary, O.E. Oxford english dictionary. Simpson, JA & Weiner, ESC 1989.

9. Urquiza-Haas, E.G.; Kotrschal, K. The mind behind anthropomorphic thinking: attribution of mental

states to other species. Animal Behaviour 2015, 109, 167-176.

10. Courchamp, F; Jaric, L.; Albert, C.; Meinard, Y.; Ripple, W.J.; Chapron, G. The paradoxical extinction of
the most charismatic animals. PLOS Biology 2018, 16, €2003997, d0i:10.1371/journal.pbio.2003997.

11. Martin-Lépez, B.; Montes, C.; Benayas, J. The non-economic motives behind the willingness to pay for
biodiversity conservation. Biological Conservation 2007, 139, 67-82, d0i:10.1016/j.biocon.2007.06.005.

12. Chapouthier, G. Au bon vouloir de 'homme, I’animal. 1991.

13. Chapouthier, C.C.G. La question animale: Entre science, littérature et philosophie; Presses universitaires de
Rennes, 2016; ISBN 2-7535-4727-0.

14. Serpell, ].A. Domestication and history of the cat. The domestic cat: The biology of its behaviour 2000, 2, 180-
192.

15. Descartes, R.; Grober, G. Discours de la méthode: 1637; Heitz, 1905;

16. Arluke, A.B. Sacrificial symbolism in animal experimentation: Object or pet? Anthrozods 1988, 2, 98-117.

17. Morris, K.L.; Goldenberg, J.L. Women, objects, and animals: Differentiating between sex-and beauty-
based objectification. Revue internationale de psychologie sociale 2015, 28, 15-38.

18. Rémy, C. Une mise a mort industrielle <humaine»? L’abattoir ou I'impossible objectivation des animaux.
Politix. Revue des sciences sociales du politique 2003, 16, 51-73.

19. Passariello, P. Me and my totem: cross-cultural attitudes towards animals. Attitudes to animals: Views in
animal welfare 1999, 12-25.

20. Turner, D.C.; Waiblinger, E.; Fehlbaum, B. 8 Cultural differences in human-—cat relations. editors: Turner
DC; Bateson P..) The domestic cat: The biology of its behaviour 2014, 101-112.

21. Clark, A. A theory of sentience; Clarendon Press, 2000; ISBN 0-19-823851-7.

22. Duncan, L]. The changing concept of animal sentience. Applied Animal Behaviour Science 2006, 100, 11-19.

23. Guillaume, A.; Gagnon, A.-C. Sentience : un mot a connaitre et employer sans modération!; 2017;

24. Brown, C. Fish intelligence, sentience and ethics. Animal cognition 2015, 18, 1-17.

25. Chandroo, K.P.; Duncan, 1.].; Moccia, R.D. Can fish suffer?: perspectives on sentience, pain, fear and
stress. Applied Animal Behaviour Science 2004, 86, 225-250.

26. Jones, R.C. Science, sentience, and animal welfare. Biology & Philosophy 2013, 28, 1-30.

27. Proctor, H. Animal sentience: where are we and where are we heading? Animals 2012, 2, 628-639.


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

17 of 22

28. Cheney, D.L.; Seyfarth, R.M. Baboon Metaphysics: The Evolution of a Social Mind; University of Chicago
Press, 2008; ISBN 978-0-226-10244-3.

29. De Waal, F. Are we smart enough to know how smart animals are?; WW Norton & Company, 2016; ISBN 0-
393-24619-1.

30. Primate Origins of Human Cognition and Behavior; Matsuzawa, T., Ed.; Springer Japan, 2001; ISBN 978-4-
431-70290-0.

31. Tomasello, M.; Call, J. Primate cognition; Oxford University Press US, 1997; ISBN 978-0-19-510624-4.

32. Griffin, D.R. Animal minds: Beyond cognition to consciousness; University of Chicago Press, 2013; ISBN 0-
226-22712-X.

33. Joulian, F. Comparer I'incomparable : des vertus et des limites de la comparaison hommes/primates. In
Faire des sciences sociales. Comparer; Remaud, O., Schaub, ]J.-F., Thireau, I., Eds.; Cas de figure; Editions de
I'Ecole des hautes études en sciences sociales: Paris, 2015; pp- 97-125 ISBN 978-2-7132-2589-5.

34. Waal, F. Anthropomorphism and anthropodenial: consistency in our thinking about humans and other
animals. Philosophical Topics 1999, 27, 255-280.

35. Kumar, J.A.; Muniandy, B.; Yahaya, W.A.J.W. Emotional design in multimedia learning: How emotional
intelligence moderates learning outcomes. International Journal of Modern Education and Computer Science
2016, 8, 54.

36. Sims, V.K.; Chin, M.G.; Sushil, D.].; Barber, D.J.; Ballion, T.; Clark, B.R.; Garfield, K.A.; Dolezal, M.].;
Shumaker, R.; Finkelstein, N. Anthropomorphism of robotic forms: A response to affordances?; SAGE
Publications Sage CA: Los Angeles, CA, 2005; Vol. 49, pp. 602-605.

37. Norman, D.A. Why we love (or hate) everyday things; Perseus Books Group, 2004; ISBN 0-465-05136-7.

38. Pfungst, O. Clever Hans:(the horse of Mr. Von Osten.) a contribution to experimental animal and human
psychology; Holt, Rinehart and Winston, 1911;

39. Morgan, C. Contemporary science series. An introduction to comparative psychology. 1894.

40. Ghiselin, M.T. Lloyd Morgan’s canon in evolutionary context. Behavioral and Brain Sciences 1983, 6, 362—
363.

41. Sober, E. Morgan’s canon. 1998.

42. Thorndike, E.L. Animal intelligence: An experimental study of the associative processes in animals. The
Psychological Review: Monograph Supplements 1898, 2, i.

43. Mitchell, RW.; Thompson, N.S.; Miles, H.L. Anthropomorphism, anecdotes, and animals; SUNY Press, 1997;
ISBN 0-7914-3125-8.

44. Karlsson, F. Critical anthropomorphism and animal ethics. Journal of Agricultural and Environmental Ethics
2012, 25, 707-720.

45. Spada, E.C. Amorphism, mechanomorphism, and anthropomorphism. 1997.

46. Byrne, RW.; Whiten, A. Machiavellian intelligence: social expertise and the evolution of intellect in monkeys,
apes, and humans; Clarendon Press, 1988; ISBN 978-0-19-852175-4.

47. Pepperberg, I.M. Intelligence and rationality in parrots. 2006.

48. Camazine, S.; Deneubourg, J.-L.; Franks, N.R.; Sneyd, J.; Theraula, G.; Bonabeau, E. Self-organization in
biological systems; Princeton University Press, 2003; ISBN 978-0-691-11624-2.

49, Couzin, I.D.; Krause, J. Self-Organization and Collective Behavior in Vertebrates. In; Academic Press,
2003; Vol. Volume 32, pp. 1-75 ISBN 0065-3454.

50. Todd, P.M.; Gigerenzer, G. Précis of Simple Heuristics That Make Us Smart. Behavioral and Brain Sciences
2000, 23, 727-741, doi:null.


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

18 of 22

51. Connor, R.C. Dolphin social intelligence: complex alliance relationships in bottlenose dolphins and a
consideration of selective environments for extreme brain size evolution in mammals. Philosophical
Transactions of the Royal Society B: Biological Sciences 2007, 362, 587-602, d0i:10.1098/rstb.2006.1997.

52. Connor, R.C.; Heithaus, M.R.; Barre, L.M. Complex social structure, alliance stability and mating access
in a bottlenose dolphin ‘super-alliance.” Proceedings of the Royal Society of London B: Biological Sciences 2001,
268, 263-267, doi:10.1098/rspb.2000.1357.

53. King, S.L.; Allen, SJ.; Kriitzen, M.; Connor, R.C. Vocal behaviour of allied male dolphins during
cooperative mate guarding. Animal cognition 2019, 22, 991-1000.

54, Krasheninnikova, A.; Berardi, R.; Lind, M.-A.; O'Neill, L.; von Bayern, A.M. Primate cognition test
battery in parrots. Behaviour 2019, 156, 721-761.

55. Nelson, E. What Frege asked Alex the parrot: inferentialism, number concepts, and animal cognition.
Philosophical Psychology 2019, 1-22.

56. Martino, B.D.; Kumaran, D.; Seymour, B.; Dolan, R.J. Frames, Biases, and Rational Decision-Making in
the Human Brain. Science 2006, 313, 684-687, doi:10.1126/science.1128356.

57. Pelé, M.; Sueur, C. Decision-making theories: linking the disparate research areas of individual and

collective cognition. Anim Cogn 2013, 16, 543-556, d0i:10.1007/s10071-013-0631-1.

58. Pronin, E. Perception and misperception of bias in human judgment. Trends in cognitive sciences 2007, 11,
37-43.
59. Strack, F.; Mussweiler, T. Explaining the enigmatic anchoring effect: Mechanisms of selective

accessibility. Journal of personality and social psychology 1997, 73, 437.

60. Keeley, B.L. Anthropomorphism, primatomorphism, mammalomorphism: understanding cross-species
comparisons. Biology and Philosophy 2004, 19, 521-540.

61. Rivas, J.; Burghardt, G.M. Crotalomorphism: A metaphor for understanding anthropomorphism by
omission. The cognitive animal: Empirical and theoretical perspectives on animal cognition 2002, 9-18.

62. Morizot, B. Sur la piste animale; Editions Actes Sud, 2018; ISBN 2-330-10115-5.

63. Caporael, L.R,; Heyes, CM. Why anthropomorphize? Folk psychology and other stories.
Anthropomorphism, anecdotes, and animals 1997, 59-73.

64. Hodgson, D. The visual dynamics of Upper Palaeolithic cave art. Cambridge Archaeological Journal 2008,
18, 341-353.

65. Descola, P. Par-del nature et culture; Editions Gallimard, 2015; ISBN 2-07-262185-2.

66. Descola, P. Beyond nature and culture; University of Chicago Press, 2013; ISBN 0-226-14500-X.

67. Furnham, A.; McManus, C.; Scott, D. Personality, empathy and attitudes to animal welfare. Anthrozods
2003, 16, 135-146.

68. Taylor, N.; Signal, T. Empathy and attitudes to animals. Anthrozods, 18 (1), 18-27. 2005.

69. Filippi, M.; Riccitelli, G.; Falini, A.; Di Salle, F.; Vuilleumier, P.; Comi, G.; Rocca, M.A. The brain
functional networks associated to human and animal suffering differ among omnivores, vegetarians and
vegans. PloS one 2010, 5, e10847.

70. Maréchal, L.; Levy, X.; Meints, K.; Majolo, B. Experience-based human perception of facial expressions
in Barbary macaques (Macaca sylvanus). Peer] 2017, 5, €3413.

71. Bloom, T.; Friedman, H. Classifying dogs’ (Canis familiaris) facial expressions from photographs.

Behavioural Processes 2013, 96, 1-10, d0i:10.1016/j.beproc.2013.02.010.


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

19 of 22

72. Diesel, G.; Brodbelt, D.; Pfeiffer, D.U. Reliability of assessment of dogs’ behavioural responses by staff
working at a welfare charity in the UK. Applied Animal Behaviour Science 2008, 115, 171-181,
doi:10.1016/j.applanim.2008.05.005.

73. Schmidjell, T.; Range, F.; Huber, L.; Viranyi, Z. Do owners have a Clever Hans effect on dogs? Results of
a pointing study. Frontiers in psychology 2012, 3, 558.

74. Tami, G.; Gallagher, A. Description of the behaviour of domestic dog (Canis familiaris) by experienced
and inexperienced people. Applied  Animal  Behaviour  Science 2009, 120, 159-169,
doi:10.1016/j.applanim.2009.06.009.

75. Trevorrow, N. The implications of social living in cats. Companion Animal 2019, 24, 257-261.

76. Bearzi, G.; Reggente, M.A. Epimeletic behavior. In Encyclopedia of marine mammals; Elsevier, 2018; pp.
337-338.

77. Cheng, Z,; Pine, M.K.; Huang, S.-L.; Wang, D.; Wu, H.; Wang, K. A case of epimeletic behavior and
associated acoustic records of Indo-Pacific humpback dolphins (Sousa chinensis). Journal of Mammalogy
2018, 99, 1112-1119.

78. Cockcroft, V.; Sauer, W. Observed and inferred epimeletic (nurturant) behaviour in bottlenose dolphins.
Aquatic Mammals 1990, 16, 31-32.

79. Cremer, M.].; Hardt, F.A.S,; Junior, AJ.T. Evidence of epimeletic behavior involving a Pontoporia
blainvillei calf (Cetacea, Pontoporiidae). Biotemas 2006, 19, 83-86, doi:10.5007/%x.

80. Kasuya, T.; Miyazaki, N. An observation of epimeletic behavior of Lagenorhyncus obliquidens. 1976.

81. Lodi, L. Epimeletic behavior of free-ranging rough-toothed dolphins, Steno bredanensis, from Brazil.
Marine Mammal Science 1992, 8, 284-287.

82. Lopez, B.D.; Lopez, A.; Methion, S.; Covelo, P. Infanticide attacks and associated epimeletic behaviour
in free-ranging common bottlenose dolphins (Tursiops truncatus). Journal of the Marine Biological
Association of the United Kingdom 2018, 98, 1159-1167.

83. Bloss, R. Robot walks on all four legs and carries a heavy load. Industrial Robot 2012, 39,
doi:10.1108/ir.2012.04939%eaa.005.

84. Hutter, M.; Gehring, C.; Jud, D.; Lauber, A.; Bellicoso, C.D.; Tsounis, V.; Hwangbo, ].; Bodie, K,;
Fankhauser, P.; Bloesch, M.; et al. ANYmal - a highly mobile and dynamic quadrupedal robot. In
Proceedings of the 2016 IEEE/RS] International Conference on Intelligent Robots and Systems (IROS);
2016; pp. 38—44.

85. Kurvers, R.H.; Herzog, S.M.; Hertwig, R.; Krause, J.; Carney, P.A ; Bogart, A.; Argenziano, G.; Zalaudek,
I.; Wolf, M. Boosting medical diagnostics by pooling independent judgments. Proceedings of the National
Academy of Sciences 2016, 113, 8777-8782.

86. Moussaid, M. Fouloscopie: Ce que la foule dit de nous; HumenSciences, 2019; ISBN 2-37931-014-9.

87. Connor, M.; Lawrence, A.; Brown, S. Associations between oxytocin receptor gene polymorphisms,
empathy towards animals and implicit associations towards animals. Animals 2018, 8, 140.

88. Wheatley, T.; Milleville, S.C.; Martin, A. Understanding animate agents: distinct roles for the social
network and mirror system. Psychological science 2007, 18, 469-474.

89. Di Pellegrino, G.; Fadiga, L.; Fogassi, L.; Gallese, V.; Rizzolatti, G. Understanding motor events: a
neurophysiological study. Experimental brain research 1992, 91, 176-180.

90. Kaiser, M.D.; Shiffrar, M.; Pelphrey, K.A. Socially tuned: brain responses differentiating human and

animal motion. Social neuroscience 2012, 7, 301-310.


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

20 of 22

91. Gobbini, M.L; Gentili, C.; Ricciardi, E.; Bellucci, C.; Salvini, P.; Laschi, C.; Guazzelli, M.; Pietrini, P.
Distinct neural systems involved in agency and animacy detection. Journal of cognitive neuroscience 2011,
23,1911-1920.

92. Shultz, S.; Lee, S.M.; Pelphrey, K.; McCarthy, G. The posterior superior temporal sulcus is sensitive to
the outcome of human and non-human goal-directed actions. Social cognitive and affective neuroscience
2010, 6, 602-611.

93. Kurvers, R.H.; Herzog, S.M.; Hertwig, R.; Krause, ].; Moussaid, M.; Argenziano, G.; Zalaudek, I.; Carney,
P.A.; Wolf, M. How to detect high-performing individuals and groups: decision similarity predicts
accuracy. Science Advances 2019, 5, eaaw9011.

94. Anderson, ].R. Comparative thanatology. Current Biology 2016, 26, R553-R556.

95. Bercovitch, F.B. A comparative perspective on the evolution of mammalian reactions to dead
conspecifics. Primates 2019, doi:10.1007/s10329-019-00722-3.

96. Gongalves, A.; Carvalho, S. Death among primates: a critical review of non-human primate interactions
towards their dead and dying. Biological Reviews 2019, 0, doi:10.1111/brv.12512.

97. Gazzola, V.; Rizzolatti, G.; Wicker, B.; Keysers, C. The anthropomorphic brain: the mirror neuron system
responds to human and robotic actions. Neuroimage 2007, 35, 1674-1684.

98. Buccino, G.; Lui, F.; Canessa, N.; Patteri, I.; Lagravinese, G.; Benuzzi, F.; Porro, C.A.; Rizzolatti, G. Neural
circuits involved in the recognition of actions performed by nonconspecifics: An fMRI study. Journal of
cognitive neuroscience 2004, 16, 114-126.

99. Kupferberg, A.; Huber, M.; Helfer, B.; Lenz, C.; Knoll, A.; Glasauer, S. Moving just like you: motor
interference depends on similar motility of agent and observer. PloS one 2012, 7, e39637.

100.  Sueur, C.; Pelé, M. Risk should be objectively defined: reply to Zentall and Smith. Animal cognition 2015,
1-3.

101. Ganea, P.A.; Canfield, C.F.; Simons-Ghafari, K.; Chou, T. Do cavies talk? The effect of anthropomorphic
picture books on children’s knowledge about animals. Front. Psychol. 2014, 5,
doi:10.3389/fpsyg.2014.00283.

102.  Li, H,; Eisen, S; Lillard, A.S. Anthropomorphic media exposure and preschoolers’ anthropomorphic
thinking in China. Journal of Children and Media 2019, 13, 149-162, doi:10.1080/17482798.2019.1570960.

103. Geerdts, M.S.; Van de Walle, G.A.; LoBue, V. Learning About Real Animals From Anthropomorphic
Media. Imagination, Cognition and Personality 2016, 36, 526, doi:10.1177/0276236615611798.

104.  Serpell, ]. Anthropomorphism and Anthropomorphic Selection —Beyond the “Cute Response.” Society
&amp; Animals 2003, 11, 83-100, doi:10.1163/156853003321618864.

105. Pelé, M.; Bellut, C.; Debergue, E.; Gauvin, C.; Jeanneret, A.; Leclere, T.; Nicolas, L.; Pontier, F.; Zausa, D.;
Sueur, C. Cultural influence of social information use in pedestrian road-crossing behaviours. Open
Science 2017, 4, 160739, d0i:10.1098/rs0s.160739.

106. Powell, M.; Ansic, D. Gender differences in risk behaviour in financial decision-making: An
experimental analysis. Journal of Economic Psychology 1997, 18, 605-628, doi:10.1016/50167-4870(97)00026-
3.

107. Sosa, S. The Influence of Gender, Age, Matriline and Hierarchical Rank on Individual Social Position,
Role and Interactional Patterns in Macaca sylvanus at ‘La Forét des Singes’: A Multilevel Social Network
Approach. Frontiers in psychology 2016, 7.

108.  Baron-Cohen, S. The extreme male brain theory of autism. Trends in Cognitive Sciences 2002, 6, 248-254,
doi:10.1016/51364-6613(02)01904-6.


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

21 of 22

109.  Baron-Cohen, S.; Wheelwright, S. The Empathy Quotient: An Investigation of Adults with Asperger
Syndrome or High Functioning Autism, and Normal Sex Differences. | Autism Dev Disord 2004, 34, 163—
175, d0i:10.1023/B:JADD.0000022607.19833.00.

110.  Kellert, S.R.; Berry, ]J.K. Attitudes, Knowledge, and Behaviors toward Wildlife as Affected by Gender.
Wildlife Society Bulletin (1973-2006) 1987, 15, 363-371.

111.  Knight, S.; Vrij, A.; Cherryman, J.; Nunkoosing, K. Attitudes towards animal use and belief in animal
mind. Anthrozods 2004, 17, 43-62, d0i:10.2752/089279304786991945.

112. Phillips, C.; Izmirli, S.; Aldavood, J.; Alonso, M.; Choe, B.; Hanlon, A.; Handziska, A.; Illmann, G.;
Keeling, L.; Kennedy, M.; et al. An International Comparison of Female and Male Students” Attitudes to
the Use of Animals. Animals 2011, 1, 7-26, d0i:10.3390/ani1010007.

113. Swami, V.; Furnham, A.; Christopher, A.N. Free the animals? Investigating attitudes toward animal
testing in Britain and the United States. Scandinavian Journal of Psychology 2008, 49, 269-276,
doi:10.1111/j.1467-9450.2008.00636.x.

114.  Orians, G.H. On the evolution of mating systems in birds and mammals. The American Naturalist 1969,
103, 589-603.

115. Royle, N.J.; Smiseth, P.T.; Kolliker, M. The evolution of parental care; Oxford University Press, 2012; ISBN
0-19-969257-2.

116. Armstrong, S.J.; Botzler, R.G. The animal ethics reader; Taylor & Francis, 2016; ISBN 1-317-42197-3.

117.  Goatly, A. The representation of nature on the BBC World Service. TEXT-THE HAGUE THEN
AMSTERDAM THEN BERLIN- 2001, 22, 1-28.

118. Loyd, K.A.T.; Hernandez, S.M.; Carroll, ].P.; Abernathy, K.J.; Marshall, G.J. Quantifying free-roaming
domestic cat predation using animal-borne video cameras. Biological Conservation 2013, 160, 183-189.

119.  Apostol, L.; Rebega, O.L.; Miclea, M. Psychological and socio-demographic predictors of attitudes
toward animals. Procedia-Social and Behavioral Sciences 2013, 78, 521-525.

120. Paul, ES.; Podberscek, A.L. Veterinary education and students’ attitudes towards animal welfare.
Veterinary Record 2000, 146, 269-272, doi:10.1136/vr.146.10.269.

121. Albert, A.; Bulcroft, K. Pets, Families, and the Life Course. Journal of Marriage and Family 1988, 50, 543
552, d0i:10.2307/352019.

122. Albert, A.; Bulcroft, K. Pets and Urban Life. Anthrozoos 1987, 1, 9-25, d0i:10.2752/089279388787058740.

123.  Blouin, D.D. Understanding Relations between People and their Pets. Sociology Compass 2012, 6, 856-869,
doi:10.1111/j.1751-9020.2012.00494 ..

124.  Seps, C.D. Animal law evolution: Treating pets as persons in tort and custody disputes. U. Ill. L. Rev.
2010, 1339.

125.  Epstein, L.A. Resolving Confusion in Pet Owner Tort Cases: Recognizing Pets’” Anthropomorphic
Qualities under a Property Classification. S. Ill. U. L.]. 2001, 26, 31.

126. Coleman, J.S.; Temple, S.A.; Craven, S.R. Cats and wildlife: a conservation dilemma; University of Wisconsin-
-Extension, 1997;

127. Nemes, C. APOCALYPSE MEOW. Science 2018.

128.  Blancher, P. Estimated number of birds killed by house cats (Felis catus) in Canada. Avian Conservation
and Ecology 2013, 8.

129. Loss, S.R.; Will, T.; Marra, P.P. The impact of free-ranging domestic cats on wildlife of the United States.
Nat Commun 2013, 4, 1396, d0i:10.1038/ncomms2380.


https://doi.org/10.20944/preprints202008.0711.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 August 2020 d0i:10.20944/preprints202008.0711.v1

22 of 22

130.  Bisgould, L. Power and irony: One tortured cat and many twisted angles to our moral schizophrenia
about animals. Animal Subjects: An Ethical Reader in a Posthuman World 2008, 8, 259.

131.  Stocker, M. The schizophrenia of modern ethical theories. The Journal of philosophy 1977, 73, 453—466.

132. Dauphiné, N.; Cooper, R.J. Pick one: outdoor cats or conservation. The Wildlife Professional 2011, 5, 50-56.

133. Miller, S.C.; Kennedy, C.C.; DeVoe, D.C.; Hickey, M.; Nelson, T.; Kogan, L. An Examination of Changes
in Oxytocin Levels in Men and Women Before and After Interaction With a Bonded Dog. Anthrozods
2009, 22, 31-42, doi:10.2752/175303708X390455.

134. Nagasawa, M.; Kikusui, T.; Onaka, T.; Ohta, M. Dog’s gaze at its owner increases owner’s urinary
oxytocin  during  social  interaction. Hormones and  Behavior 2009, 55, 434-441,
doi:10.1016/j.yhbeh.2008.12.002.

135. Filippi, M.; Riccitelli, G.; Meani, A.; Falini, A.; Comi, G.; Rocca, M.A. The “vegetarian brain”: chatting
with monkeys and pigs? Brain Struct Funct 2013, 218, 1211-1227, doi:10.1007/s00429-012-0455-9.

136.  Monaghan, R. Not quite terrorism: Animal rights extremism in the United Kingdom. Studies in Conflict
& Terrorism 2013, 36, 933-951.

137.  Nagtzaam, G. From Environmental Action to Ecoterrorism?: Towards a Process Theory of Environmental and
Animal Rights Oriented Political Violence; Edward Elgar Publishing, 2017; ISBN 1-78536-735-8.

138. Vallverdd, J.; Trovato, G. Emotional affordances for human-robot interaction. Adaptive Behavior 2016, 24,
320-334, doi:10.1177/1059712316668238.

139. Veloso, M.M.; Rybski, P.E.; Lenser, S.; Chernova, S.; Vail, D. CMRoboBits: Creating an intelligent AIBO
robot. Al magazine 2006, 27, 67-67.

140. Peterson, C.; Seligman, M.E. Character strengths and virtues: A handbook and classification; Oxford
University Press, 2004; Vol. 1; ISBN 0-19-516701-5.

141. Cardinale, B.J.; Duffy, ].E.; Gonzalez, A.; Hooper, D.U.; Perrings, C.; Venail, P.; Narwani, A.; Mace, G.M,;
Tilman, D.; Wardle, D.A. Biodiversity loss and its impact on humanity. Nature 2012, 486, 59.

142.  Jacobs, M.H. Why Do We Like or Dislike Animals? Human Dimensions of Wildlife 2009, 14, 1-11,
doi:10.1080/10871200802545765.

143. Jacobs, M.H.; Vaske, J.J.; Teel, T.L.; Manfredo, M.]. Human dimensions of wildlife. Environmental
psychology: An introduction 2018, 85-94.

144. Sumner, S.; Law, G.; Cini, A. Why we love bees and hate wasps. Ecological Entomology 2018, 43, 836845,
doi:10.1111/een.12676.


https://doi.org/10.20944/preprints202008.0711.v1

