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Simple Summary: In a current society marked by closer relationships between humans and their pet
companions, most cat owners interact with their feline partners on a daily basis. This study addresses
whether, in an extraspecific interaction with humans, cats are sensitive to the communication channel
used by their interlocutor. By examining three types of interactions—vocal, visual and bimodal
(visual and vocal)—we found the modality of communication had a significant effect on the latency in
time taken for cats to approach a human experimenter. Cats interacted significantly faster in response
to visual and bimodal communication compared to vocal communication. In addition, cats displayed
significantly more tail wagging when the experimenter engaged in no communication (control
condition) compared to visual and bimodal communication. Taken together, our results suggest
that cats display a marked preference for both visual and bimodal cues addressed by non-familiar
humans compared to vocal cues only. Our findings offer further evidence for the emergence of
human-compatible socio-cognitive skills in cats that favour their adaptation to a human-driven niche.

Abstract: Across all species, communication implies that an emitter sends signals to a receiver,
through one or more channels. Cats can integrate visual and auditory signals sent by humans and
modulate their behaviour according to the valence of the emotion perceived. However, the specific
patterns and channels governing cat-to-human communication are poorly understood. This study
addresses whether, in an extraspecific interaction, cats are sensitive to the communication channel
used by their human interlocutor. We examined three types of interactions—vocal, visual, and
bimodal—by coding video clips of 12 cats living in cat cafés. In a fourth (control) condition, the
human interlocutor refrained from emitting any communication signal. We found that the modality of
communication had a significant effect on the latency in the time taken for cats to approach the human
experimenter. Cats interacted significantly faster to visual and bimodal communication compared to
the “no communication” pattern, as well as to vocal communication. In addition, communication
modality had a significant effect on tail-wagging behaviour. Cats displayed significantly more tail
wagging when the experimenter engaged in no communication (control condition) compared to
visual and bimodal communication modes, indicating that they were less comfortable in this control
condition. Cats also displayed more tail wagging in response to vocal communication compared to
the bimodal communication. Overall, our data suggest that cats display a marked preference for both
visual and bimodal cues addressed by non-familiar humans compared to vocal cues only. Results
arising from the present study may serve as a basis for practical recommendations to navigate the
codes of human—cat interactions.

Keywords: companion cats; Felis catus; social cognition; human-—cat interaction; interspecific
communication; multimodal communication

1. Introduction

Most cat owners interact with their feline companions on a daily basis, talking, cud-
dling, and taking care of them. For many cats and dogs living in human environments,
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humans act as central partners, and companion animals often spend more time with hu-
mans than conspecifics [1,2]. Understanding the way our closest non-human companions
perceive and react to their human environment is a contemporary topic which has drawn
research attention in the past decade [1,3-20].

As species involved in daily interactions with humans, dogs and cats have devel-
oped “human specialized” socio-cognitive skills. These abilities have been widely in-
vestigated in dogs, showing their remarkable capacity to communicate and form rela-
tionships with humans and providing evidence for a high level of attentiveness toward
humans [4-6,12,21,22]. By monitoring human faces, dogs obtain a flow of social infor-
mation, including communicative cues and emotional and attentive states. Looking at
human faces also gives them the ability to differentiate between humans, recognize famil-
iar individuals, or even generate an internal representation of their owner’s face [23-29].
Regarding vocal communication, dogs are more attentive when humans talk to them using
dog-directed speech, a register resembling “baby talk” [30-32]. Moreover, multimodal
signalling in human—dog communication has been increasingly studied in recent years,
with an interesting focus on contrasting command paradigms in which the vocal cues
indicate an intent that mismatches visual cues [5,17,18].

Recent studies have shown that cats also have excellent socio-cognitive abilities [27].
Throughout their domestication process, cats have developed sensitivity to human commu-
nicative signals, along with human-compatible social skills that enable them to communi-
cate with us. These skills are likely to be enhanced by life experiences. For example, cats
can read human pointing gestures to locate hidden food [2] and follow the human gaze
for referential information [14]. Cats also exhibit referential looking toward their owner in
the presence of a potentially frightening object [33]. Additionally, they display the ability
to distinguish human emotional expressions [10] and human attentional states [13,20].
Relying upon vocal cues, cats can discriminate their owner from a stranger [8,34] and
recognize when speech is specifically addressed to them rather than addressed to human
adults [8]. Cats can predict their owner’s face upon hearing their voice and mentally map
their owner’s location relying on vocal cues, suggesting cross-modal mental representation
of at least one human [19,35]. Using a cross-modal paradigm, Quaranta et al. [16] reported
that, just like dogs [3] and horses [36], cats can integrate visual and auditory signals to
recognize humans’ emotions, and even appear to modulate their behaviour according to
the valence of the emotion perceived.

Across all species, communication implies emitters and receivers. During a dyadic
interaction, an emitter sends signals to a receiver, who decodes these signals and is able
to react accordingly, sometimes turning into an emitter as well, sending so-called feed-
back [37]. Signals can be sent through various channels, including vocal, visual, tactile,
and chemical ones. Interactions in which only one channel is involved are commonly
referred to as unimodal interactions. The use of several channels is referred to as multi-
modal communication [38]; the use of two is known as or bimodal communication [39].
Although cat-to-cat communication has received some scientific attention, the study of
cat-to-human communication is still in its early stages [40]. An example of behaviour
described in cats’ intraspecific interactions is the tail-up display, an essential visual cue
for cats. This behaviour, in which the tail is held up vertically without piloerection, has
been shown to represent a friendly signal during a cat-to-cat approach [41,42]. Interestingly,
it has been reported that cats transfer this intraspecific communicative behaviour when
addressing communications to humans [40,43,44]. However, in previous studies investi-
gating human-cat vocal communication, no tail-up displays were observed in response to
human unimodal vocal signals, suggesting that unimodal vocal communication addressed
by humans did not trigger visual communicative feedback in cats [8].

In this context, the first aim of the present study was to explore cats’ sensitivity to human
cues, considering this issue through the perspective of communication modality. Knowing
that cats have developed specific vocalizations for interacting with humans [40,45,46], we
hypothesized that they would be keener to approach a human engaging in vocal commu-
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nication compared to visual communication. Secondly, this study aimed at investigating
whether, in an extraspecific interaction initiated by a human, cats adapt their communication
channel to those used by their human interlocutor: in other words, whether they use the same
signal modality. Based on previous observations, we hypothesized that, in the frame of their
feedback to a human, cats would favour visual communicative signals in response to visual
communication, and vocal communicative signals in response to vocal communication. We
tested our hypotheses using three types of interactions: vocal, visual, or bimodal (visual and
vocal). We also set up a control condition in which the human interlocutor refrained from
emitting any communication signal.

2. Materials and Methods
2.1. Subjects

The study cohort included eighteen domestic cats (8 females and 10 males), aged 3
to 9 years (mean 5.4 £ 0.3). All were neutered cats, living in two separate cat cafés (9 cats
in Bordeaux and 9 cats in Toulouse, France). These cats had been living in the cafés for at
least three years and were therefore accustomed to interacting with unfamiliar humans.
Two exclusion criteria were applied: cats exhibiting too many stress-related behaviours
throughout habituation or test phases (e.g., head scan, escape attempt, hiding, distress
vocalization [47]), and cats who never came to the experimenter (see procedure section),
were excluded from the analysis. The final participants were twelve cats (6 females and
6 males) aged 3 to 7 years (mean 5.1 & 0.3).

2.2. Apparatus

Experiments were conducted in two cat cafés, which were the everyday environment
of the cat participants. Experiments were conducted in the morning, before opening the
café to the public, to ensure a quiet environment. Two experimenters were present in a
room separated from the rest of the café. Experimenter 1 was sitting at the end of the
room and engaged in communication according to each testing condition (see procedure
section). Experimenter 2 was recording videos and sat still throughout the experiments.
For each test, the cat entered the room with their owner, who then stood still and was
asked not to communicate with the cat. There was one owner for the cats in Bordeaux,
one owner for the cats in Toulouse. The cats’ owners were also the cafés’” managers.
Experiments were recorded with two video cameras (GoPro Hero CHDHB-501-RW; GoPro,
Inc. San Mateo, CA, USA, News-TRONICS HD 1080P; News-TRONICS; France). Camera 1
was placed behind experimenter 1 and enabled wide-angle recording of the whole room.
Camera 2 was held by experimenter 2 and focused on the cat at all times. See Figure 1 for
experimental apparatus.

|2

® M
& Camera 1
| J

o~

71\
Camera 2 35m

[ ) v

3

Figure 1. Experimental setup.
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2.3. Procedure
2.3.1. Habituation Phase

In order for the cats to become familiar with the setup and both experimenters, a
habituation phase was set up prior to the four test phases. The cat entered the room
with the owner and was gently restrained for about 10 s in order to visualize the setup.
Experimenter 1 was sitting at a distance of 3.5 m and was holding a treat, in order to favour
a positive association. Once released, the cat could explore the room freely. Experimenter 1
also left her hand within the cat’s reach so that they could smell it or rub against it if they
wished to. The habituation phase lasted until the cat came within a distance of 10 cm from
experimenter 1 and for a maximum duration of 5 min. If the cat came to experimenter 1,
they were verbally complimented and rewarded with a treat. If the cat did not approach
experimenter 1 within 5 min, experimenter 1 gently escorted them to the door, gave them a
treat and complimented them to encourage positive reinforcement, and opened the door to
let them out of the room.

2.3.2. Testing Conditions

All cats went through four testing conditions. The order of the testing conditions was
randomized beforehand so it would be counterbalanced across cats. In all four testing
conditions, the cat entered the room with the owner and was gently restrained for about 10 s
in order to visualize the setup. Experimenter 1 sat at a distance of about 3.5 m and engaged
in visual, vocal, or bimodal communication. As a control test, we also set a modality in
which the experimenter engaged in no communication. Throughout testing conditions,
experimenter 1 hid treats in her pocket, but did not offer the treat unless the cat came
within a distance of 10 cm. If the cat came to the experimenter, they were rewarded with a
treat. If the cat did not approach experimenter 1 within 75 s, they were allowed out of the
room and received a treat at the door. The testing conditions were:

(a) No communication engaged (control situation): experimenter 1 did not look at or
speak to the subject. She sat still and did not offer her hand.

(b) Visual communication: experimenter 1 silently offered her hand to the cat and
alternated gaze directed at the cat with gaze directed at the floor. As has recently been
suggested, narrowing the eyes may function as a form of positive communication between
cats and humans [1]; therefore experimenter 1 engaged in slow blink sequences.

(c) Vocal communication: experimenter 1 alternated calling the cat by their name and
making cat-specific calling noises (a sort of “pff pff” sound, widely used by French humans
for calling cats), but did not offer any visual interaction, for example, she did not offer her
hand and she looked upwards to avoid eye contact.

(d) Bimodal (visual and vocal) communication: experimenter 1 offered her hand to the
cat and cycled between directing her gaze at the cat, slow blinks, and directing her gaze at
the ground, while also calling the cat by their name and making cat-specific calling noises.

2.4. Behavioural Analysis

For each testing condition, clips of the recorded videos of the cats’ responses were
made using VideoPad Video Editor 7.21. A total of 48 video clips were generated, that
is, one video for each testing condition for the twelve cats that went through the whole
study. Videos were observed and coded using BORIS v. 7.7.3. (Behavioral Observation
Research Interactive Software [48]). The ethogram was designed according to previous
research [49] and a total of 11 behaviours were considered (see Table 1). As detailed in
Table 1, the ethogram included both visual and vocal communicative signals, as well
as behaviours indicative of the cats’” emotional state or sensitivity to the signals sent by
the experimenter. All events in the ethogram were coded as “state events”, allowing
exportation of the total duration for each behaviour expressed by cats under the different
testing conditions. The latency of approach was assessed as the time elapsed between
the owner releasing the cat and the point in time when the cat came within 10 cm of the
experimenter. If a cat never came to the experimenter or expressed a desire to leave the
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room before the end of the test, they were assigned the maximum latency of 75 s. As not
all cats” behaviours were coded for the same duration (because, for example, cats who
came in contact with experimenter 1 very quickly had their behaviours coded for a very
short time), the duration of behaviours was adjusted to observation duration as follows:
adjusted behaviour = (behaviour duration/observation duration) x 75 (i.e., maximum
latency). This adjustment allowed comparison behaviours expressed by cats under the
different testing conditions.

Table 1. Ethogram of considered behaviours for quantification with BORIS software.

Behaviour Description Information

Cat is producing sounds originating
from the throat and mouth
Blinking Cat blinking (eyes narrowing) Visual signal, emotional state
Cat is avoiding eye contact by
looking elsewhere
Sniffing Cat is smelling the ground or any object ~ Visual signal, emotional state
Cat is quickly licking breastplate, flank

Vocalizing Vocal signal, emotional state

Looking away Visual signal, emotional state

Grooming > Emotional state
or genitals
Locomotion Catis moving amuer the room (more Exploratory behaviour
than one-step displacements)

Ear(s) moving Ear movement in any direction Sensitivity to signal
Experimenter Cat is looking towards experimenter 1 Sensitivity to signal

Owner Cat is looking towards owner Emotional state

. . Tail is slowl ing f ide to side, .
Tail wagging ai’ 18 SIOWTy MOVIng ot siae to side Emotional state

in a continuous lateral movement
Tail up Tail is held in an upright position Visual signal, emotional state

2.5. Statistical Analysis

Statistical analysis was performed using jamovi® 2.2 Computer Software [50]. The
Friedman rank sum test was used to compare cats’ responses to the different testing
conditions. For post-hoc comparison, responses were compared pairwise and p-values
were calculated using Conover’s test (post-hoc Friedman-Conover test [51]). The p-values
were adjusted using the Bonferroni method to account for multiple comparisons. Post-hoc
comparisons were performed using the R package pmcmr under jamovi Rj Editor [52,53].
Two-tailed tests were used throughout; the significance level was set at alpha = 0.05.

3. Result
3.1. Latency of Approach

Cats’ reactions to the four types of signals i.e., vocal only, visual only, bimodal (visual +
vocal) and no communication (control) were recorded. The modality of communication was
observed to have a significant effect on the latency of approach (Friedman x2(3,11) = 10.77,
p = 0.013, Figure 2). Post-hoc analysis revealed that cats came significantly faster in
response to visual (29 + 6.9 s) and bimodal (32 £ 7.0 s) communication, compared to “no
communication” (57.5 £ 7.6 s, p = 0.029 and 0.001, respectively) and vocal (51.8 & 7.3 s,
p = 0.045 and 0.001, respectively) modes. Among the 12 cats who approached experimenter
1 at least once throughout the trials, 6 approached in the control condition, 7 in the vocal
condition, 10 in the visual condition and 9 in the bimodal condition. A detailed summary
can be found in supplemental Table S1.
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Figure 2. Latency in time taken for cats to approach the experimenter according to each testing
condition. Median, lower and upper quartiles of the data are given; error bars represent the 10th and
90th percentiles; n = 12. The letters in brackets (a,b) indicate significant differences: visual (c) and
bimodal (d) are different from “no communication” (a) and from vocal (b), (p < 0.05).

3.2. Other Behavioural Responses

The cats’ behavioural responses to a human partner engaging in communication with
them were analysed. Again, four modalities were examined, namely, vocal, visual, bimodal,
and no communication. Tail wagging was the only behaviour significantly affected by the
modality of the signal (Friedman x2(3,11) = 8.812, p = 0.032, Figure 3). Post-hoc analysis
revealed that the cats displayed significantly more tail wagging when the experimenter
engaged in no communication (13.98 £ 5.21 s) compared to visual (8.6 == 5.03 s, p = 0.042)
and bimodal (0.39 4= 0.28 s, p < 0.001) communication. Cats also displayed significantly
more tail wagging in vocal (11.61 & 5.51 s) compared to bimodal communication conditions
(p =0.002).
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Figure 3. Behaviour duration according to each testing condition for cats displaying tail wagging.
Behaviour durations were adjusted to observation durations. Median, lower and upper quartiles of
the data are given; error bars represent the 10th and 90th percentiles; dots represent outliers; n = 12.
The letters in brackets indicate significant differences: visual and bimodal are different from (a) “no
communication”, bimodal is different from (b) vocal, (p < 0.05).

Several other of the cats’ behaviours involving vocal and visual communication were
analysed: vocalizing, blinking, looking away, sniffing, grooming, locomotion, ear moving,
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looking at the experimenter, looking at the owner and tail up. The modality of communi-
cation used by the experimenter was found to have no significant effect on any of these
behaviours (Table 2).

Table 2. Repeated measure ANOVAs (Friedman rank-sum test) for all behavioural responses. Figures
in bold highlight significant results.

2

Behaviour X df p
Vocalizing 0.931 3 0.818
Blinking 6 3 0.112
Looking away 4.02 3 0.260
Sniffing 191 3 0.591
Grooming 5.00 3 0.172
Locomotion 4.16 3 0.245
Ear moving 4.79 3 0.188
Experimenter 5.12 3 0.163
Owner 4.23 3 0.237
Tail wagging 8.81 3 0.032
Tail up 1.05 3 0.788
Latency for approaching 10.8 3 0.013

There were no significant differences between the two groups (Bordeaux and Toulouse)
with regard to both latency (Mann-Whitney, U = 8, p = 0.2) and tail wagging (Mann—
Whitney U =14.5, p = 0.79).

4. Discussion

The first aim of the present study was to investigate cats’ sensitivity to vocal and
visual signals sent by their human interlocutors. We hypothesized that cats would be more
sensitive to vocal compared to visual signals, such that they would be keener to approach a
person engaging in vocal rather than visual communication. Additionally, we investigated
cats’ communicative responses to a human engaging in dyadic interactions under different
modalities, in the frame of the production of feedback. Based on previous observations, we
hypothesized that cats would adapt their communication channel according to those used
by the human experimenter. For example, we expected more vocalizations in response to
vocal communication conditions compared to visual communication condition. Similarly,
we expected more tail-up behaviour in response to visual communication compared to
vocal communication.

The first outcome variable was the latency of approach — the time taken for cats to
approach the human experimenter. Latency of approach can be used as an indicator of
how rewarding an object or an action is to an animal [54]. A short latency of approach is
thought to reflect higher attraction [55]. We observed that cats came significantly faster
when the human engaged in visual or bimodal communication, compared to vocal or no
communication. This suggests that cats are more sensitive to visual and bimodal commu-
nication initiated by an unfamiliar human interlocutor than when the same interlocutor
engages in vocal communication or no communication at all. Our findings are in agreement
with studies by Mertens and Turner [56], who reported that the latency for cats to initiate
contact was higher in situations where the human was neither initiating contact nor paying
attention to the cat. Furthermore, our data suggest that visual communication was more
attractive than vocal communication, counter to our predictions. One hypothesis to explain
this finding might by the incongruence of the signal. In the vocal-only experiment, the
experimenter called the cats without looking at them. Not being accustomed to this config-
uration, the cats might have hesitated to approach the experimenter. This is consistent with
Quaranta et al.’s findings [10] that cats were more responsive to congruent than incongruent
emotional communicative signals (i.e., visual and vocal), regardless of whether they were
intra- or extra-specific. As distinct species with their own specific evolutionary history, cats
and dogs cannot be compared at all levels [57]. Nevertheless, these findings connect with
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studies exploring contrasting command paradigms in dogs [5,9,17,18]. In a recent review,
Scandurra et al. [18] reported that humans’ gestures seem to be more reliable cues than
words for dogs. They pointed out that word-trained dogs appear to rely more on words,
whereas untrained dogs rely more on gestures. Also, visual signals trigger faster responses
than auditory signals, which resembles our findings in cats.

The second group of outcome variables was the behavioural responses of the cats.
Our ethogram included both vocal and visual communicative signals (e.g., vocalizations,
blinking, tail-up display) and behaviours indicative of the cats” emotional state (e.g., tail
wagging, grooming). The only behaviour significantly affected by the signal modality was
the tail wagging. Cats displayed more tail wagging when the human experimenter did
not engage communication with them, compared to the same human offering visual or
bimodal communication. We also observed more tail wagging behaviour in response to
vocal compared to bimodal communication. Lateral tail movements tend to occur when
cats are facing a frustrating situation [58], therefore our data suggest that being in a room
with an unfamiliar human ignoring them might be uncomfortable for cats, if not frustrating.
These findings also suggest that within the framework of human—cat communication,
reliance on vocal cues only might be more frustrating for cats than the use of bimodal
communication. The other behavioural responses examined were vocalizing, blinking,
looking away, sniffing, grooming, locomotion, ear moving, looking at the experimenter,
looking at the owner, and tail up. There were no significant differences according to the
different modalities of communication engaged in by the experimenter. However, we
cannot exclude the possibility that the absence of statistically significant differences may be
due to the limited sample size of our cat cohort.

Taken together, our results indicate that cats display a preference for visual and bi-
modal cues addressed by humans. These findings underline the outstanding adaptation
of domestic cats to the human environment. Even though most species use several senses
to communicate, they often specialize in one or two privileged senses. As signals must
ultimately be detectable by the receiver, it is advantageous to convey the message using
the mode of sense most highly developed in the receiver [42]. In case of extraspecific
interactions, this implies identifying the favoured senses of the other species. In the context
of human-—cat interactions, cats, as receivers, appear to rely more upon visual cues when
they need to evaluate a human’s intention to engage communication. However, it has
been established that cats, as emitters, have specifically developed vocal communication
modes for interacting with humans [40,45,46]. Moreover, when it comes to intraspecific
interactions, cats tend to favour chemical and visual communication over vocal cues [42].
Consequently, vocal communication addressed to humans, carried by an ostensive meow-
ing cue, is probably the best channel for cats to attract humans’ attention. Our findings
thus bring further evidence for the emergence of human-compatible socio-cognitive skills
in cats that favour their adaptation to a human-driven niche. Overall, cats’ adaptation to
the human social environment employs a combination of ontogenetic and evolutionary
processes that provide the basis for complex forms of interspecific communication.

Even though previous research has tended to report similar results amongst cats
living in ordinary households and in cat-cafés [13,35], it is important consider the potential
uniqueness of this experimental environment. There were two main advantages in testing
cats in such conditions. First, our cat participants were accustomed to interacting and
were comfortable with unfamiliar humans, which encouraged relaxed interaction with the
experimenter. Furthermore, we were able to test all cats in a similar environment, thus
reducing potential bias due to variability in test conditions that would have been caused by
testing cats in many different households. Therefore, our results bring new insights to the
general understanding of human—cat communication. Nevertheless, when investigating
human—cat communication, the impact of familiarity with the human experimenter needs
to be taken into account. It has been reported that cats respond differently to familiar and
unfamiliar humans [8,10,19,20,34,59]. In the present study, with communication elicited by
an unfamiliar human, cats seemed minimally receptive to vocal communication compared
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to visual and bimodal communication. We postulate that in a human—cat dyad driven by
ontogenetic mechanisms cats might put more emphasis on vocal cues, whereas visual cues
might come to dominate when it comes to communication with an unfamiliar human. This
is similar to findings in trained dogs, with reports that visual signals are less dependent
upon familiarity with the signal giver, whereas vocal signals are less effective when given
by an unfamiliar person [15,16]. In a context of growing evidence for a specific attachment
bond between companion cats and their owners [60-64], our results underline, once again,
the special relationship that develops between a cat and their human, illustrated, inter alia,
by the use of a particular communication into human-cat dyads. Further research may
consider replicating such experiments in the frame of owner—cat interactions, jumping into
this particular extraspecific relationship.

5. Conclusions

A better understanding of cats’ socio-cognitive abilities and human-cat communica-
tion is essential for improving the quality of human-cat relationships, as well as promoting
cat welfare. Results arising from the present study may serve as a basis for practical
recommendations to navigate the codes of human—cat interactions. People should be en-
couraged to use appropriate visual communicative cues when engaging interactions with
cats, especially with unknown individuals.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ani13091528/s1, Table S1: Detail of cats approaching experimenter
according to the testing conditions.
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