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1 Introduction

In the last few decades, the nature of the human—animal interaction has been the
subject of numerous scientific studies. The recognition of human emotions by animals, as an
important aspect of human-animal interaction, has recently gained a high amount of attention.
As the main (and most controllable) mean of human communication, facial expressions of
emotions have been an especially interesting subject of research. In order to consider the
recognition of human emotions from facial expressions, it is important to address the question
in which way the animals understand human emotions. Furthermore, it is of high relevance to
know whether such an understanding is influenced by genetic predispositions of a species, the
domestication process, ontogenetic factors or a combination of all of them, and if so, by

which extent do they each contribute.

1.1 Emotions and facial expressions of emotions
Neurobiologists and psychologists have conceptualized that an emotion is a concerted,
generally adaptive, phasic change in multiple physiological systems (including both somatic

and neural components) in response to the value of a stimulus (Damasio 1995, Scherer 2000).

There is a distinction between the emotional reaction (the physiological emotional
response) and the feeling of the emotion (presumed in some theories to rely on a central
representation of this physiological emotional response) (Damasio 1999). An emotional
response typically involves concerted changes in a very large number of somatic parameters,

including endocrine, visceral, autonomic, and musculoskeletal changes.

In humans, facial expression is one of the most important emotional responses.
Humans are highly efficient in communicating emotional states through the stereotypic
posturing of facial elements, and the large repertoire of expressions is enabled by elaborated
facial musculature. The emotional expressions which are being seen can directly influence the
viewer's emotional state, and the appearance of the eyes is used as a particularly salient

emotional cue.

1.2 Face recognition
To be able to recognize an emotion shown by a facial expression, the viewer has to

have the ability of face recognition as a prerequisite.



The process of face recognition has been an object of interest in various scientific
disciplines ever since Darwin's “The Expression of the Emotions in Man and Animals”
(Darwin 1872). Cognitive psychologists have been interested in this phenomenon since there
is evidence that faces are somehow perceived differently than other patterned objects and may
represent a “special” class of stimuli. Cognitive neuroscientists are tackled by evidence that
this ability employs discrete neural circuits and represents a specialized brain function.
Finally, evolutionary psychologists research the topic because face recognition appears to be a
special ability selected through evolutionary pressures and conserved across species (Nelson

2001).

Prior to defining the process of face recognition, it is important to note that there is a
distinct separation between the processes of perception and recognition, which was first made
on the basis of clinical findings (Lissauer 1890). Perception refers to processes occurring
relatively early in time subsequent to the onset of stimulus, which rely on early sensory
cortices and achieve processing of the features of the visual image and their configuration. In
this sense, it enables performance on tasks that require judgments to be made solely about the
visual, geometric properties of stimuli. Recognition, on the other hand, requires additional
knowledge that could not be obtained solely from an inspection of the visual features of the
stimulus. It requires knowing something about the world, and having a memory. While in its
simplest form recognition could operate on the basis of only perceptual information, full-
fledged recognition of emotions from facial expressions requires additional knowledge about
the link between the expression and many stimuli with which that expression has been

associated.

A human face is providing the viewer with configural information necessary for
further processing and recognition. There are many types of information a face might convey,
including gender, age, identity, emotion, or other socially relevant details. There is evidence
to suggest that recognition of most of these classes of attributes can be dissociated (depending
on how finely one decides to carve up the categories). The information which the faces
provide us with can be separated into two orders of facial configuration. The first-order
configuration refers to basic arrangement of a face (eyes are above the nose, the nose is above
the mouth etc.) and it is important for discriminating faces from other visual objects. The
second-order configuration refers to relative spatial arrangement of facial features with regard
to one another, and it is recruited especially when viewing the face right side up (Searcy and

Bartlett 1996, Yin 1969, Young et al. 1987). Since it's unique in every face (Diamond and
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Carey 1986), there is a general agreement that second-order configural cues provide the
information needed to discriminate between individuals. In primate social cognition, face
recognition is one of the most important social skills, enabling the formation of long-lasting
inter-group relationships (Maurer et al. 2002, Farah et al. 1998). Among humans, it is
supported by a variety of neural and cognitive specializations, suggesting that it plays an
important role in shaping human societies. Humans are able to recognize and remember many
different individuals over a lifetime, often with only mere exposure. For this, they
predominantly use holistic processing of a face, meaning it is the second order configuration,

and not only the specific features (eg. eyes, nose, mouth) that matter.

As a face-perception related review (Leopold and Rhodes 2010) points out, other non-
human primates are also very skillful in face recognition. Chimpanzees are able to recognize
both conspecifics and human face identities, and thereby use second-order configuration
processing. They also possess a broad repertoire of facial mobility, making expressions
especially with lips and eyes, and can interpret other conspecifics' expressions, as well as

human expressions, when seen either live or on photographic images.

On the other hand, while monkeys do seem to be able to recognize conspecifics' and in
some cases humans' face identity, they seem to use a different strategy to do so. For example,
rhesus monkeys process faces as a unique category of visual stimuli using a combination of
configural- and holistic processing strategies, but have not evolved a mechanism for
representing individual identity as robust as the one in chimpanzees and humans. However, it
is certain that all primates have an innate attraction to face-like configurations, and strong

preferences for scanning the eyes (Parr 2011).

1.2.1 Recognizing emotion from facial expression

The recognition of emotion from facial expression has been the focus of a large
number of psychological studies over the past several decades. Findings from a wide array of
neurobiological experiments (lesions, EEG, MEG, PET and fMRI) have provided ample
evidence that recognizing facial emotions draws on multiple strategies subserved by a wide
array of brain structures. Moreover, a study in 2001 (Calder et al. 2001) found that expression
and identity information from faces exhibit different statistical regularities from one another,
such that principal components for reconstructing emotional expressions were mostly
different from the components for reconstructing identity. The dissociation might take place

by processing in subsystems that are distinct already at the level of perception (Bruce and



Young 1986), and computational modeling of face perception provides some evidence to
support this scheme. There is some evidence that feature-based processing (i.e. based on
geometric properties of facial expressions) could be sufficient, in principle, to classify facial
expressions into basic emotion categories (Cottrell ef al. 2001) (coming from computer
models that demonstrate such an ability). However, other studies in human subjects indicate
that perception of facial emotion requires at least some configural processing of the relations
between multiple facial features (Calder et al. 2000). The step for processing expressions
might be different from processing other facial information because it already requires some
recognition. Evidence to support this view comes from the finding that many of the
neurological dissociations reported in fact rely on tasks at the level of recognition (that is, the
dissociations concern category-specific agnosias rather than impairments in basic perceptual
ability). Overall, processing of facial expressions draws in part on relatively specialized routes
already at the level of early perception and in part on higher level conceptual knowledge. It is
also possible that choice between feature-based processing and configuration-based
processing depends on emotion type (for example, for a happy emotion seeing the mouth
shaped into a smile suffices, while for precise recognition of negative emotions, more features

might be required).

Facial expressions of emotion are grouped into discrete categories, and although there
is even evidence for categorical perception of such facial expressions, it is also clear that
expressions are typically members of multiple emotion categories, that the boundaries
between categories are vague at the level of recognition (Russell and Bullock 1986), and that
the categorization of an emotional facial expression depends to some extent on the contextual

relation to other expressions with which it may be compared (Russell and Fehr 1987).

Furthermore, some cross-cultural studies in humans have argued that the category of
emotion expressed by the face is in fact in the eye (and in the cultural background) of the
beholder (Russell 1994). However, the whole answer seems to be that categories can be

shaped both by perception and by recognition, depending on the circumstances.

In his review, Adolphs (2002) described two previously mentioned hypotheses on
mechanisms of recognizing emotion from faces: a) recognition being purely a part of
perception (where the ability to discriminate, categorize and identify emotions is based solely
on geometric visual properties of the stimulus (Ullman 1995) and b) recognition via the

generation of associated knowledge (meaning that knowledge about the emotion isn't present



in the structure of the stimulus but in the past experiences, and separate neural representations
need to come together to be processed as components of knowledge about the same concept
(Edelman 1987)). Following these, Adolph’s review also adds a third hypothesis of c)
recognition via the generation of a simulation (which attempts to generate conceptual
knowledge using an inverse mapping that seeks to trigger those states normally antecedent to
producing the facial expression). In other words, the third hypothesis assumes that once the
observer generates the state s/he's presumed to share with the other person, reproduction of
the state could trigger conceptual knowledge. So far, neurological experiments with monkeys
(Gallese et al. 1996, Gallese and Goldman 1998, Rizzolatti 1996) and humans (Strafella and
Paus 2000, Iacoboni et al. 1999, Dimberg 1982) have supported the mechanism of recognition
via the generation of a simulation. The importance of the third hypothesis is connecting the
process of face recognition to the process of emotional contagion, a highly important
phenomenon necessary as a predecessor for empathy. If we can demonstrate the ability of
facial recognition of emotions, we might be on the way to prove animals indeed can
understand human emotions and furthermore might have a way of “empathizing” with those

emotions.

1.2.2 Left-side gaze bias theory

When dealing with face expressions, humans significantly prefer viewing the left side
of the stimulus (right side of the observed person's face). This phenomenon has by now been
confirmed by many neurological, psychological (for example Somppi et al. 2014) human as
well as animal eye-tracking (Racca et al. 2010) studies. Left gaze bias has therefore been
defined as the higher probability of first gaze and a higher proportion of viewing time directed

at the left hemiface (from the viewer's perspective), when actively exploring face images.

Although for a long time it was argued that human visuospatial attention bias is
anyways to the left visual field (Niemeier 2007), and in some cultures a long practiced left-to-
right directional scanning bias (most notably, reading) may contribute to this gaze asymmetry
(Heath et al. 2005), the likely cause of left side bias is the right hemisphere's general
advantage in face processing (Burt and Perrett 1997).

To address the question of the origin of left-side bias, a comparative study was done in
humans, rhesus monkeys and dogs, where the subjects were presented a normal face image,
inverted face image and non-face image (Guo et a/l. 2008). In humans, only adults showed a

left-gaze bias for normal face images, while infants seemed to have the same bias for all



stimuli. This led the authors to conclude that the aforementioned bias is an acquired behavior.
The bias was not only limited to humans, as laboratory-raised monkeys showed a left-gaze
bias towards normal faces of conspecifics and humans, and pet dogs only towards normal
human faces, but not monkey or dog faces, nor towards object images. Since all dogs in the
study were well socialized to both people and other dogs, the authors argued that the bias
towards human faces alone can not be explained simply in terms of lack of exposure to

conspecifics, but that it may have a more fundamental phylogenetic origin.

Though the topic of fixation angles might seem very complex to explore, in the recent
research on visual fixations in face recognition in humans, it has been stated that two first
fixations are actually sufficient to recognize a face. The first fixation (representing the gaze
bias) usually lands to the left of the center of nose, while the second on is the center of the

nose (preferred landing position) (Hsiao and Cottrell 2008).

1.2.3 Development of emotion recognition in humans
When talking of emotion recognition, an important question comes up: is the
mechanism innate or learned through experience? Moreover, could a mechanism similar to

the one found in humans be applied in primates in general, as well as in other mammals?

Starting with humans, according to a common sense theory, facial expressions signal
specific emotions to people of all ages. The ,,basic emotion theory claims that six (plus one
or two) basic emotions (happiness, surprise, anger, disgust, fear, sadness) are universally
recognized by all human beings, regardless of their cultural background. However, in his
review, Russell (1994) criticized methods used in cross-cultural research (response-format,
within-subject design, posed facial expressions etc.), leading to conclusion that although
facial expressions and emotion labels are probably associated, the association may vary across
cultures. Moreover, it seems that facial expression of a “happy” emotion is the most
universally recognized one, while negative emotions are harder to recognize, especially

among isolated non-western cultures.

In order to eliminate the effects of culture and the experience gained through social
learning, research has in the meantime turned to children, with focus on the question of
whether facial expressions are indeed signals which are easily and innately recognized
(Widen 2013), or the knowledge comes with the experience. For preverbal children, knowing
the meaning of facial signals would have adaptive value (Denham 1998), however, many

findings are inconsistent with the aforementioned assumption.
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Therefore the second hypothesis arose, suggesting that emotion categories are acquired
gradually and change over the course of development. Children seem to lack an innate system
of universal categories linked to faces, and interpreted facial expressions more easily in terms
of valence (positive or negative), level of arousal etc. (Carroll and Russell 1996, Widen and
Russell 2008). Infants younger than 10 months respond emotionally and behaviorally to the
valence of facial expressions, but do not interpreted faces in terms of discrete negative
emotions (Caron ef al. 1985). Infants and toddlers beyond 10 months of age can use valence
of facial expressions to guide their own behavior in ambivalent situations, but this finding still
does not indicate that they recognize or discriminate specific emotions from facial expressions
(Klinnert et al. 1986). Research investigating whether emotion categories (based on the visual
spatial parameters of facial expressions) develop in similar fashion to those that also recruit
lexical knowledge of emotion terms concluded that the ability to recognize and label different
facial expressions continues to develop well into school years and overall performance
improves at each age level. Once again, the ,,happy* expression was the fastest to be learned,
while negative emotion recognition developed over more years, showing that emotion-

recognition abilities do not emerge as a coherent package (Vicari ef al. 2000).

These findings suggest that, though it seems as emotion recognition should be
something innate and universal, the ability enhances through experience and relating a certain
facial expression with given context. If among their own species the ability to recognize
human facial expressions of emotions is learned, it is possible that such a skill could be
obtainable even to other animals, if they are given enough exposition to human facial

expressions and the contexts when they appear.

1.2.4 Emotion recognition in non-human primates and other mammals

In her review on universals and individuality in facial behavior, Gaspar (2006) states
that, when talking of non-human primates, some facial expressions are shared across a broad
range of species, while some others are distinctly species-specific and highly stereotyped.
Furthermore, as well as with humans, in non-human primates some facial expressions are
inborn, while others are learned socially (eg. rhesus monkeys show inborn recognition of

facial expression of fear (Sackett 1966).

Primates in general are endowed with a broad range of facial expressions, owing to an

elaborate facial musculature when compared to other mammals. The matching-to-sample



experiments so far done on chimpanzees, rhesus macaques and Japanese monkeys show that
they all have the ability to recognize and differentiate between different facial expressions of

conspecifics (Parr 2003, Parr and Heintz 2009, Kanazawa 1996).

As stated in a review by Tate et al. (Tate et al. 2006), despite the fact that their facial
musculature is less elaborate, experiments with other mammals show that sheep (da Costa et
al. 2004, Tate et al. 2006), cattle (Sandem et al. 2006) and dogs (Fox 1970, Lorenz 1963) are
able to produce and recognize some facial expressions, especially the expression of fear (and,

in the case of dogs, aggression).

When it comes to recognizing human emotions, research with primates shows that
chimpanzees can learn to categorize human facial expressions through experience (Parr 2003,
Parr et al. 1998). On the other hand, an experiment with Japanese macaques (Kanazawa 1996)
shows their ability to recognize the ,,happy* face as well as their inability to differentiate
between ,,anger/disgust™ and ,,sad* facial expression. It is probably owing to the fact that the
difference between the last two mentioned expressions lies in the upper parts of the face,
which japanese macaques do not use and therefore also do not perceive as important. When
related to the previously mentioned hypothesis of recognition via simulation generation
mechanism, the macaque study sets the important question whether animals are able to
recognize a human emotion even when the configuration of the expression is not typical for

their own breed.

1.3 Perception of human faces in dogs

1.3.1 Human-oriented visual attention in dogs

In recent years great attention has been dedicated to dogs' cognitive abilities. This
species, which was once considered ethologically “uninteresting”, has recently become
subject of scientific inquiry in the field of comparative cognition (Miklosi et al. 2004, Mikldsi
2007). From the studies of canine social cognition, it emerges that dogs' success as domestic
animals and their capacity to become ,,man's best friend* are rooted in a wide range of social
skills and competencies that allow them to engage in complex communicative, relational and

cooperative interactions with humans (Miklési and Topal 2013).

Overall studies suggest that dogs tend to be better at adjusting their behavior to the

owner's demands than other companion animals (Lago et al. 1983). This includes their high



ability to coordinate behavior (standing, moving and sitting in synchrony with the owners).
Dogs are known as being keen observers of human movements and gestures and in order to be
able to understand and make use of human movement and gestures, have to selectively
allocate perceptual and cognitive resources to the detection and processing of particular social

aspects of the environment - this process is called orienting of attention.

Numerous studies using object-choice tasks employing human-given cues have
demonstrated that dogs are experts in following human gestures to find hidden food (Miklosi
and Soproni 2006, Reid 2009). Moreover, recent research has shown that dogs' high level of
attentiveness towards humans is unique even in the canine family. In a publication by Miklosi
and al., an investigation was done to compare interspecific communicative abilities of dogs
and wolves which were socialized to humans at comparable levels. It revealed that, though
socialized wolves were able to locate hidden food indicated by touching and pointing cues by
a familiar human, their performance remained inferior to that of equally socialized dogs

(Miklési et al. 2003).

If we want to understand how humans and dogs have managed to achieve such a high
level of attention towards humans, we should look beyond the event of domestication, to see
why it would be necessary for dogs or wolves to develop a new set of social skills which
would enable them to predict and manipulate other agents' behaviors (Schultz and Dunbar
2007). It is obvious that individuals benefit from creating, discovering and taking advantage
of others' solutions to ecological challenges. Evolution of such skills has been related to
hunting patterns of a species. As we know, the gray wolf is a cooperative hunter, and in order
to make a successful hunter, the species had to develop these forms of social behavior. In
order to effectively predict other co-hunters' moves, a wolf had to be able to integrate
different sensory information automatically through time, which is relevant to understand the

basis of social cognition in wolves and their descendants, dogs.

Besides the research done to compare wolf skills with dog skills, the research
comparing differently socialized dogs shows there are differences when it comes to their
attentiveness towards humans. The Bar Harbor studies (Scott and Fuller 1998) have
established four developmental stages in a young dog's life, one of which has been named the
“socialization period” and lasts from approximately 2.5 to 9-13 weeks of age. It seems that the
socialization period is of critical importance (or at least a ,,sensitive* period) for the

development of the dog's attention towards humans (Scott 1962). The nature of the whole



experience is what determines a young animal's future social partners and defines the species

to which it effectively belongs and gives attention to.

1.3.2 Human face perception in dogs

When dealing with the question of dogs’ perception and recognition of the human
emotion expressions, the starting point is determining whether dogs are at all able to
discriminate face as a special feature among other objects. The question of discrimination,
based on visual cues alone, has been approached by a study (Racca ef al. 2010), where dogs
were presented with a human face, a dog face and an inanimate object. The results were
positive, extending the group of animals capable of differentiating individual faces based on
visual cues alone (ie. beyond humans, some non-human primates, sheep and heifers) to
domestic dogs. The same study also dealt with the question of face inversion effect in dogs.
The face inversion effect (FIE) is one of the most studied phenomena in face perception
research because it has been considered as evidence of specialized brain mechanisms. An
inversion response happens when a facial image is inverted, and global processing is
disturbed so that faces are harder to recognize as the stimulus has to be processed element by
element, like non-face objects (Scott 1962, Tanaka and Farah 1993). Racca et al.’s study
suggested that dogs exhibit a non-specific inversion response (towards images of dog and
human faces and objects). This would on its own lead to the conclusion that the dogs employ
a similar cognitive strategy in processing of dog faces, human faces and common objects;
however, a previous study contradicts these findings, as dogs seem to present a different gaze-
bias strategy while viewing human faces compared to dog faces and objects (Guo et al. 2009)
(for further details see subchapter 1.2.2). Another study on human face discrimination by dogs
(Huber ef al. 2013) examined the dog's ability to discriminate the faces of two familiar
persons by active choice (approach and touch). The authors found that at least some dogs can
discriminate pictures of familiar humans, even if only shown the inner parts of the face, thus
providing strong evidence that dogs can discriminate people on basis of visual information

from their faces.

Following the confirmation that dogs can distinguish human face as a specific stimuli,
the proceeding studies approached questions of dogs’ ability to distinguish different facial
expressions and the mechanisms (i.e. order of facial recognition) which they might use for it.

When presented a two-choice discrimination task with sets of photographs of the owner’s
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smiling and blank face, the dogs selected the owner’s smiling face significantly more often
than expected by chance (Nagasawa ef al. 2011). The results were the same for sets of
photographs featuring the same expressions made by strangers, but the dogs were more likely
to successfully discriminate the two facial expressions if the owner and the stranger were of
same sex. This suggests that dogs can learn to discriminate human smiling faces from blank
faces by looking at photographs, but the previous experience plays an important role for the

success of learning.

Recognizing smiling from blank faces confirms the ability to discriminate faces
according to one single feature (mouth). However, it does not speak of the mechanism
generally used for such discrimination. Therefore in 2014 another study (Pitteri et al. 2014)
examined whether dogs perceive face as a whole or elaborate it through its parts (mouth, eyes
etc.). The study concluded that, although the reliance on part-perception may be increased by
specific experience, human face discrimination by dogs relies mainly on configural

elaboration.

With the technique of eye-tracking being introduced into the field of animal studies, it
became possible to further examine the dogs’ patterns of visual processing, especially when it
comes to two-dimensional images as stimuli. An eye-tracking study (Somppi ef al. 2012)
presented dogs with digital color images of human faces, dog faces, toys, and alphabetic
characters, and found that dogs focused their attention on the informative regions of the
images without any task-specific pre-training; their gazing behavior depended on the image

category, supporting the assumption that they do look at and visually explore 2D images.

A following study by the same research group showed that, when presented images of
familiar and unfamiliar upward and inverted human and dog faces, the dogs preferred
conspecific faces and showed great interest in the eye area (Somppi et al. 2014). Also,
familiar faces and eyes gathered more fixations than strangers, leading to a conclusion that

dogs are also likely to recognize conspecific and human faces when presented photos.

The past studies give us an important foundation for testing. They confirm that dogs
are indeed capable of visual exploration and differentiating of human faces in whole as well
as based on distinct parts. To do so, the visual stimuli can also be a 2D image, making the

testing setup easier.
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Furthermore, the previous studies still leave some open questions to answer. For
instance, a little amount of attention has so far been given to the patterns of viewing the
stimuli according to familiarity of the presented face. A behavioral study made on topic of
dogs’ selective attention towards humans (Mongillo et al. 2010) has shown that their visual
attention changes according to familiarity (preferential attention is given to the owner
compared to unfamiliar person). Therefore current study deals not only with recognition of

emotions, but also with the impact of familiarity on viewing patterns.

1.4 Research on visual attention - eye-tracking

Although not the only, the eyes are an especially important source of indication of
attentional and intentional states. Vision is the primary mode by which members of many
gregarious species detect social cues, as well as mediating their goal directed interactions with
the environment. Furthermore, when in the role of an observer, many animals use the overt
eye movements of others as a proxy for their intentions and as cues towards the location of

significant objects (Shepherd 2010).

For scientific observers, it is important to exploit the importance of the eye movement
to improve our understanding of mechanisms of social perception - the main question to

address this is where do species look for relevant information?

Nowadays technology is allowing us to study how salient environmental cues (e.g.
facial expressions) are being used in many different modalities. One of the rising new
technologies, the eye-tracking system, allows researchers to access participants' overt visual
attention (Duchowski 2007). In previous years, research conducted using this system, has
already revealed a great deal about cognitive processes underlying human behavior (Dalton et
al. 2005, Felmingham et al. 2011, Gredebick et al. 2009, Holzman et al. 1974, Yarbus et al.
1967). Though the use of eye-tracking technology is still preliminary (due to a number of
unresolved issues, owing to the fact that it's a technology developed for humans and is only
now being expanded for usage with animals), it is already being applied in non-human

primates and, recently, in dogs.

The first eye-trackers were built as early as the late 1800s and were technically very

difficult to make and also not very comfortable for the participants. These machines had little
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in common with today's eye-tracking devices, which rely on infrared reflection and are

completely non-invasive.

1.4.1 Measuring the movements of the eye

Ciliary body (4) Sclera (2)
8 Choroid (5)

Retina (6)

Iris (3)

Fovea (9)

Pupil (7)———— | Optic disc

L (blind spot)

/ lood vessels
Cornea (1) / Ny

Lens (8)
Optic nerve
Suspensory

ligament

Figure 1 - The anatomical structure of the human eye
The eye is built of three layers — the outer, fibrous tunic
and two inner tunics: vascular tunic and nervous tunic.
Fibrous tunic consists out of cornea (1) and sclera (2), and
is a collagen tissue serving to protect the inner
components of the eye and maintain its shape. Vascular
tunic is the middle vascularized layer which includes the
iris (3), ciliary body (4), and choroid (5), with the main
purpose of supplying blood to retinal cells. Nervous tunic
is the inner sensory layer which includes the retina (6).
The retina contains photosensitive rod and cone cells,
which transduce the incoming light into electrical signals
sent through the optic nerve to the visual cortex for
further processing. In the process of vision, the light
enters the eye through the pupil (7), the image is then
turned upside down in the lens (8) and projected onto the
retina at the back of the eyeball. There is a spot on retina
called the fovea (9), which is an area extremely abundant
with cones compared to the rest of retina.

In order to understand the basic
principle of eye-tracking, it is important to
shortly describe the structure of the human
eye (see Fig. 1), which it was primarily

developed for.

The eye movements happen for a
simple reason — visual acuity is only in the
small area of fovea, which is an area
spanning less than 2° of the visual field.
Information gathered from foveal nerves is
prioritized in processing due to the cortical
magnification factor, and as a result about
25% of visual cortex processes the central
2.5° of the visual scene. Therefore to see any

picture in detail the eye has to move.

For video-based measurement of the
eye movement, there are two important
elements: the pupil and cornea (covers the

outside of the eye and reflects the light);

when tracking the eyes of the participants, having a corneal reflection and a pupillary

reflection is a desirable combination. The record is made in infrared, to avoid all natural light

reflections and typically illuminate the eye with one (or more) light source. The resulting

reflections are called "glint" or "1st Purkinje reflection" (P1) and pupillary reflection (P3) (see

P4
P3

P2
Pl

Fig .2)
Figure 2 — The scheme of reflections used for eye-tracking
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Dominating method for estimating the point of gaze (where someone looks at the
stimulus) from an image of the eye is based on pupil and corneal reflection tracking; while it
is possible to use pupil-only tracking, corneal reflection offers an additional reference point in
the eye image needed to compensate for smaller head movements. The pupil either appears
dark in the eye image (mostly, also the method used in this study), or bright, as with some
systems (rare). The overall goal of image analysis is to robustly detect the pupil and corneal

reflection in order to calculate their geometric centers, which are used in further calculations.

The most reported event in the eye-tracking data does not actually relate to a
movement, but to a state where the eye remains still over a period of time - this state is called

a fixation and last from tens of milliseconds to several seconds.

When the researcher is specifically interested in gathering data about certain defined
regions within the visual stimulus, an area of interest (AOI) is created. AOIs help in
answering questions such as did the participant look where expected and what were the

properties of his gaze.

1.5 Somatic component of recognition reaction - the heart rate

Most of the previously mentioned studies deal with patterns of dog’s gaze and the
ability to recognize features of presented photographic images. However, our research had an
additional component — emotion recognition. Since we were wondering not only if dogs do
recognize emotions, but whether this process somehow also affects their emotional
state/excitability, the additional measure of heart rate (BPM, beats per minute) as a response
of the autonomous nervous system was taken. The emotions I chose belonged to the set of so-

called “basic emotions” (Ekman 1992).

In their review on studying emotions in animals, Adolphs and Anderson point out that,
“ever since William James, the somatic component of emotional reactions has received
particular attention in emotion theories (e.g., Craig, 2008; Damasio, 2003). These somatic
components involve autonomic reactions such as changes in heart rate, blood pressure,
breathing, and sweaty palms, as well as changes in the state of internal organs such as the gut.
Emotion state is considered pleiotropic, meaning that it has multiple, parallel effects: it

influences many different aspects of behavior and also has internal somatic effects, as well as
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effects on cognition. For example, responses caused by a fear-like central state not only
include defensive behaviors, such as freezing or flight, but also endocrine changes such as
increases in stress hormone levels; changes in autonomic function such as increased heart rate

and blood pressure” (Anderson and Adolphs 2014).

Many studies so far have shown that heart rate (expressed in number of heart beats in a
minute, beats-per-minute, BPM) is a reliable pointer of a stressed (higher HR) or relaxed
(lower HR) state in the animal. The mechanism is well known: the autonomous nervous
system influences the heart rate, having impact on depolarization of pacemaker cells to the
threshold level, conduction velocity and the length of the refractory period. The
neurotransmitters norepinephrine and acetylcholine influence the heart rate — while the first
mentioned increases the rate of contractions in the heart by shortening the inter-beat intervals,
the second one does the opposite. The predomination of either one or the other (also meaning
predomination of either sympathetic or parasympathetic nervous system) determines the

change in heart rate.

A study on shelter dogs combined measures of heart rate with measures of behavior
and saliva cortisol and found a significant relationship, showing that human interaction has an
effect upon the behavior, as well as on physiological indicators of animal’s state (Bergamasco

et al. 2010).

Typically, for measuring the heart rate, electrocardiogram (ECG) is used. However,
recent studies have shown that using a simple Polar© human heart rate monitor can be
sufficiently efficient, and at the same time affects the animal’s natural behavior less, thus

making the data more authentic (Jonckheer-Sheehy et al. 2012).

1.6 Research Predictions and Hypothesis

The question addressed in this thesis is: are the patterns of looking and the amount of
given attention to visual stimuli influenced by the familiarity of the presented face and its
emotional salience. While the main objective is assessing the pattern of dog's visual attention
directed towards humans of different emotions and familiarity, in order to gain more precise
insight into their level of excitement in relation to emotions on the screen, heart rate

measurements have been used as supporting method.
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It would be expected that, according to the type of emotion (or at least the general
salience of emotion), there will be a difference in pattern of looking and the amount of given
attention (duration of looking, areas being looked at the most). More precisely, we expect the
participants' looking to have a longer duration when it comes to positive, rather than negative
emotions (since negative emotions are assumed to present a threat or simply unpleasant
experience for the participant). We also assume them to dedicate higher amount of attention to

the most expressive parts of the face — the eyes and mouth.

Furthermore, we assume that familiarity of the person in the picture can make a
difference to the results. Since a familiar person has a higher importance in dogs' lives (the
same person who has been training them, rewarding them with food and giving affection), we
assume the dogs will spend more time fixating on this face, than on the face of the unfamiliar

person.

Also, changes in heart rate are expected to correlate with differences gained with eye-
tracking data. We expect the heart rate to be higher when presenting the animal with visual
stimuli, than in baseline states without the stimuli. Among those with stimuli, we expect that
positive emotions and / or familiar faces will result in a lower heart rate, while negative

emotions and/or unfamiliar faces will result in a higher heart rate.
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2 Methods and materials

The study was conducted at the Clever Dog Lab NGO, which is a part of the Messerli
Research Institute, Veterinary University of Vienna. Procedure was approved by the Ethical

Committee for the use of animals at the Veterinary University of Vienna (09/08/97/2012).

2.1 Subjects

Sixteen dogs, all beagles, were trained for the testing (nine neutered males belonging
to group 1, three intact males and four intact females belonging to group 2). The dogs
belonged to the Clinical Unit of Internal Medicine for Small Animals (IM, group 1) and
Clinical Unit of Obstetrics, Gynaecology and Andrology (GA, group 2) of the University of
Veterinary Medicine, Vienna, and were purpose-bred at the same university. The IM beagles
lived in a group of nine dogs, while GA dogs lived in a group of seven dogs (four females and

three males).

The dogs were born at the GA, and were at the age of two months, if males, moved to
IM (with the exception of males kept intact, who stayed at the GA department with intact
females). They were housed in groups, meaning they had unlimited contact with other
beagles, but no contact with dogs of any other breeds (which they did however see through
the fence). The housing for both groups consisted of an indoor area where they were fed and
could move into in case of bad weather, and outdoor area which enabled them more physical
activity. There were short periods of contact with animal keepers (twice a day during feeding
and cleaning the) and occasional contact with students (both the IM and GA dogs were used
in a practical course on handling patient dogs in veterinary praxis, while GA dogs were
additionally taken for walks by the volunteer students approximately 3-5 times a week).
However, none of the dogs were socialized in a classical way, meaning they all kept living

with their conspecifics, and not with humans, even after the age of 12 weeks.

During the training, eight (all four female together with four male) dogs had to be
excluded from the testing for various reasons. Three females were excluded for reasons of

entering their periods of oestrus, which significantly slowed down their training processes.
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Two dogs were adopted into a family and left the campus of veterinary medicine. With three

dogs there were motivational problems, and they could not be trained further.

Table 1 - List of all the dogs used in experiment; Mean(age) =2.48 Y

Subject's name | Department Sex Age (Years)
Manni Internal Medicine Department | & (neutered) 4.3
Fernando Internal Medicine Department | & (neutered) 4.3
Stevie Internal Medicine Department | & (neutered) 3.2
Billy Internal Medicine Department | & (neutered) 3.2
Hektor Internal Medicine Department | & (neutered) 1.2
Ramires Internal Medicine Department | & (neutered) 1.2
Seppi Gynaecology Department & (intact) 1.2
Hansi Gynaecology Department & (intact) 1.2

None of the dogs had previously participated in any eye-tracking studies.

2.2 Experimental setup

The experiment was conducted in the eye-tracking testing room of the Clever Dog
Lab, Messerli Research Institute, University of Veterinary Medicine in Vienna. The room was
divided by a wall-sized projecting screen into the testing part and the eye tracker system

operating part (see Fig. 3).

A chin rest apparatus was positioned in the middle of the testing part of the room and
directed towards the screen. Placed in front of the chin rest, the eye-tracking camera recorded
eye movements of the dog resting on the chin rest. There were also two video cameras (JVC
Everio G- GZ MG 750, Yokohama, Japan), one recording the dog's facial expression and
body posture, and the other one recording the dog from the back together with projections

shown on the screen.
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Figure 3. Testing room plan with Experimenters' and Subject's positions
Eye-tracking camera (1), dog positioned inside the chin rest (2), LCD projector and projecting screen (3),
Experimenter E1 (4), Experimenter E2 (5), camera recording the back view of the dog (6), camera recording the front
view of the dog (7).
2.2.1 Eye-tracking system

Dogs' attentiveness to visual stimuli was measured with the Head Supported version of
the eye-tracking device Eyelink 1000 (SR Research Ltd). The device consists of a Core
System and a desktop mount camera. The Core System consists of a custom designed high-

speed camera connected to a dedicated host computer, which runs on a real-time operating
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system, where the host software provides eye sample access with low inter-sample variability,
accessed via a set of programming interfaces for multiple operating systems and programming
languages. The desktop mount camera is placed just below the display that the participant is
looking at. The EyeLink 1000 camera and the infrared illuminator are near the stimulus
display. The eye-tracking principle is based on pupil with corneal reflection (CR). The
infrared illuminator on the desktop mount camera focuses the light on the participant's eye,
and the camera is recording the position of the reflection inside the pupil and on the cornea.
The host computer's Eyelink 1000 software uses these reflections to calculate the visual angle
of the gaze. The link between the position of the eye and the position of the gazing point on

the screen is established by calibration.

The device is operated by Experiment Builder (SR Research Ltd., Mississauga,
Canada), a graphically based experiment delivery software package, and Data Viewer (SR

Research Ltd., Mississauga, Canada) for extracting measures for further analysis.

2.2.2 Heart rate measuring device

Dog's heart rate was measured with the Polar® RS800CX device (Polar Electro
GmbH, Oy, Finland). The system consists of a belt with sensor and transmitter which was
placed around the dog's chest (with the electrode area touching the ventral part of the body,
where heart beats could be recorded), a watch put on the Experimenter E1's hand, where the
heart rate was shown and was being recorded during the testing period, an infrared USB stick
and a computer software. In order to increase conductivity between skin and electrodes,
ultrasound transmission gel (Geilo GmbH, Ahaus, Germany) was applied on the dog's

(previously sprinkled with water pump) skin, as well as on a wet belt.

From the heart rate it is also possible to calculate the heart rate variability (HRV). This
measure, simply described as a difference among distances between two heart beats, has
previously been found useful to indicate an overall positive, relaxed state (high HRV) or
overall negative, stressed state (low HRV) (Malik et al. 1996). While the heart rate itself is a
measure depending more on physical activity, the HRV is a measure which provides us with
more subtle differences, according to mental states of the animals. However, the sensitivity of
HRYV has so far proven to create many difficulties in analysis (Miiller 2014). Since the Polar
Belt itself is prone to minor mistakes when recording, before dealing with the data analysis,

all the data needed to be filtered and the errors deleted (Marchant-Forde ef al. 2004,
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Jonckheer-Sheehy et al. 2012). Unfortunately, it is nearly impossible to be certain of whether
an outlier in the data is a mistake or an actual variation in the heart beat. While the slight
corrections, whether indeed necessary or not, do not affect the heart rate analysis, they make a
great difference (possibly leading to false results) when calculating the HRV. Therefore HRV

was not calculated or used for further analysis in the experiment.

To be able to connect changes in heart rate with the actual events during the testing
causing them, video materials were obtained by recording the dogs with two cameras, which
were both placed in corners of the room, one around 2.0 m in front of the dog and the other

one approximately 3.0 m behind the dog (see Fig. 3).

2.3 Stimuli

The dogs were shown images of two distinct human faces showing emotions of

different salience.

For this purpose, photographic images of people's faces (dimensions: 800x800 pixels)
were made, using a camera (Canon EOS 6D). All the pictures were taken within the same
studio-like setup and with the same background color (neutral white). In order to test whether
familiarity had any effect on the viewing pattern, one person was familiar (the experimenter
E1) and the other one was unfamiliar (randomly chosen dog owner, same person and set of

images for all dogs).

Both the familiar and unfamiliar person were required to make four facial expressions:
happy, neutral (which were further grouped together as positive), sad and angry (which were

further grouped together as negative) (see Fig. 17).

To control if the dog's heart rate responds differently to different emotions, stimuli
were arranged in blocks of 4 pictures of the same emotion type (either positive or negative),
whereas 2 pictures were of a familiar and 2 of an unfamiliar person. After every block a well-
known symbol (A or l) from the training was shown to the dog (after which the dog was
rewarded and released for a couple of minutes from the apparatus), in order to keep the

subject interested and motivated for further work.
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Each block consisted of 4 trials, and was either ,,positive* (2 x familiar, 2 x

unfamiliar) or ,,negative* (2 x familiar, 2 x unfamiliar). A positive block of trials contained

photos of happy and neutral face expressions, while a negative block of trials contained

photos of angry and sad face expressions. The order of trials within blocks was randomized.

A trial started with an attention trigger (visual and sound attention attraction), lasting

for 2s. The attention trigger was an animated graphics interchange format (.gif) file, placed in

the center of the screen, and was paired with a high-pitched, attention-attracting sound. There

were altogether four triggers with different look, movement pattern and following sound, to

avoid the habituation effect. If the dog looked at the screen, the stimulus was shown for the

next 5s.
Session
POS CTRL NEC
A | | A
fam. fam. unfam. unfam.
happy neutral happy neutral
AT AT AT AT AT
2s 5s 2s 5s 2s 5s 2s 5s 2s 5s
Block
fam. fam. unfam. unfam.
sad angry angry sad
AT AT AT AT AT
2s 5s 2s Ss 2s 5s 2s 5s 2s Ss
fam. fam. fam fam.
sad sad sad sad
| AT | AT AT AT | AT
2s 5s 2s 5s 2s 5s 2s 5s 2s 5s
Trial

Figure 4. Session, block and trial scheme; AT = attention trigger

("Positive" block)

("Negative" block)

(Control block)

All the stimuli were displayed on a screen stretched within a frame, with the

projected dimensions of 110 x 80 cm. The distance between the screen and the dog when

standing inside the chin rest was 200 cm.
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Each session consisted of 4 experimental and 2 control blocks of trials (which means
4x4 + 2x4 = 24 trials per session). The control blocks were randomly inserted between
experimental blocks for each session. The control blocks contained 4 identical photos of
positive / negative emotions. They were added as a control for heart rate, to see whether there

was a difference in bpm between showing pictures of familiar and unfamiliar people.

2.4 Procedure

2.4.1 Training procedure

Before starting the testing, dogs had to be trained. The IMD dogs were usually brought
in groups of 3 dogs per training session in morning hours, while the GD dogs were brought in
groups of 2 dogs in afternoon hours. Each dog was trained on average twice a week.
Although the first training sessions started in March (2013), some significant changes had to
be made in order to increase the efficiency of training. Therefore the final training started in

August (2013) and lasted for 2 months.

During the training, the dogs were first accustomed to the testing room and clicker-
assisted behavior shaping. Following this, the dogs were trained to enter the chin rest
apparatus and rest their heads on the chin rest. Once they had started showing behavioral
signs of feeling comfortable inside the apparatus (having relaxed body positions, holding their
ears up, wagging their tails), we started projecting images on the screen in front of the chin
rest. The last stimulus on the screen was always a symbol (A, l) with a role of visual signal
of release command. Once the dogs were able to spend 30s at the chin rest and stay focused
on projections on the screen, they were considered to have had reached the criterion for

entering the testing phase.

2.4.2 Testing procedure

Testing lasted 2.5 weeks, and each dog was tested twice a week. There were altogether
5 sessions for each dog, from which we chose the 3 most technically successful ones for
further statistical analyses. During the testing, there were always 2 people present in the room,

one with the dog (E1) and second one behind the screen (E2).
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E1's function was to give a release command to the dog resting on the chin rest after
the end of a block (and reward him), and direct the dog back into the chin rest before starting
a new block. Also, in case the dog got out of chin rest before the end of a block, E1 would
motivate him to get back and finish the block. In order to maintain the dog's focus maximally
on the screen and not on the experimenter, E1 was always standing behind the dog. E2's
function was to navigate the procedure through the Eye tracker software (including the
calibration period) and to ensure that the dog's eye was always visible to the eye-tracking

camera (and, in case it wasn't, to warn the E2 to change dog's position in the chin rest).

The (neutered) dogs from IM (group 1) were always brought in pairs. This was done
for practical reason, but also because these dogs seemed significantly more comfortable when
they were not alone in the room during the experiment. While one of the dogs went through
the testing session, the other one was commanded to lie down; after a couple of minutes, the

dog would usually fall asleep. After finishing the session, the dogs switched places.
The (intact) dogs from GA (group 2) were always brought alone.

Before starting the testing session, the subject entered the testing room and was then
motivated for work by using simple commands such as “sit”, “lay down”, “give paw” etc., for
which he was rewarded with food. After this, water and gel were administered on the subject's
chest where the heart-rate-measuring belt was to be placed. After fixing the belt on the dog,
the dog was asked to stand inside the chin rest apparatus for 30 seconds and walk for 30
seconds, in order to obtain baseline measurements of heart rate. The dog was then
commanded back on his place in the chin rest and calibration began with the eye-tracking

device.

To navigate the stimuli and eye-movement recording through the testing procedure,
using the Experiment Builder software, a half-automatic testing procedure was programmed.
This means every session started with calibration, during which, when the dog looked at the
desired point, the experimenter would move calibration to the next one. At the end of
procedure, the program showed the success of calibration and according to the Experimenter's

assessment the calibration was accepted or restarted.

Following a successful calibration, the experimental session started. Normally, the dog
would look at an attention trigger and when the camera captured his gaze on the screen, the

stimulus was automatically shown for 5 seconds. After that, the program would proceed to the
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next trial. The session always consisted of the same, predetermined amount of stimuli (30
pictures and 30 attention triggers) divided in a total of 6 blocks. After the last block finished,

the program automatically stopped, with the results being saved.

For the calibration, a 3-point-calibration system was used to attract the dog's attention
to three black dots (diameter approximately 2cm) on the screen. For this, E1 made crinkling
sounds with a small bag of treats in front of the spot on the screen. Since the dogs ability to
focus on screen varied through the sessions, in some cases further attention attraction was
needed. In those occasions, the experimenter would position her own face in front of the spot
and make the eye contact with the dog in chin rest. After the calibration, the dog was ready
for the picture-viewing session. Although in calibration more points mean higher data
precision, I opted for a 3-point instead of 5- or 9-point calibration due to the fact that our
subjects did not have an attention span long enough to go through a longer calibration
procedure, and that a longer calibration could affect the dog in the following session in a

negative, de-motivating way.

After each block, as well as after finishing the whole session, the dogs were given the
release command (they could move away from the chin rest). At the end of testing, the dogs
were, after positive interaction with the experimenter (petting, playing etc.), returned to their

enclosure at the campus of the Veterinary University.

2.5 Statistical Analysis

2.5.1 Defining Area of Interest (AOI)
Areas of interest (AOI) define regions in the stimulus that the researcher is specifically
interested in gathering data about. The main questions asked are: did the participant look

where expected, and what were the properties of their eye movements in the area looked at.

I was interested in two main eye movement events defined within the Area of Interest: dwells

and AOI hits.

A dwell, often known as “gaze”, is defined as one visit in the AOI, from entry to exit.
It has its own duration, starting point, ending point, dispersion etc. In many ways it is similar

to a fixation, but has a larger entity both in space and time.

25



A hit is the most primitive AOI event, which simply states that for a raw sample or
fixation, its coordinate value is inside the AOI. Sometimes for an event to be considered a hit,
a certain area has to be looked upon during a minimum amount of time, which tends to reflect

the minimum time it takes to cognitively process the given visual information.

For the analysis, each picture was divided into 4 different AOI: Forehead, Eyes,
Mouth and (the entire) Face. The areas had different dimensions (in order to frame the face
features precisely), but the dimensions for each unique face feature were always the same.
Also, there was the fifth defined area, which was everything outside of the face, and was used

for testing the gaze bias (see Fig. 16)

2.5.2 Data processing and analysis

Out of five sessions made with each dog, due to great variety in quality of data gained
throughout the session, three were post-hoc chosen for further analysis. In each session, we
counted the number of “error” trials, and left out the 2 sessions with the highest number of
those trials. Our criterion for an “error” was trial having a duration longer than 25000 ms
(suspiciously long trial) or shorter than 2500 ms (suspiciously short trial). Since we had video
materials showing front view of the subjects during the sessions, we listed possible

explanations of trials having suspicious lengths (see Table 2).

Table 2 - ,,error* trial criteria and reasons for exclusion

Trial duration

(ms) Possible explanation

the subject was staring at one spot close to the edge of the screen
> 25000 the subject's eyes were closed

the subject got out of the chinrest while the trial was running

<2500 the eye tracker jumped to the next trial too fast ( a repeating technical error)

This left us with 715 trials for 8 dogs (meaning 30 trials per session per dog and one
session as an exception with 25 trials). Within the remaining sessions, trials marked as ,,error*
were excluded from further analyses. Statistical analysis was performed using the R 3.1.2

statistical software (Foundation for Statistical Computing, Vienna, Austria).
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The analysis was made with the data extracted from the EyeLink® Data Viewer (SR
Research Ltd., Mississauga, Canada). From the various reports which the mentioned program
offers, we used the Trial report, Interest Area report and Fixation report (see Tab. 3). From the
Trial report data, we chose the measures of maximum fixation duration and fixation count.
From Interest Area report we used dwell time percentage. Dwell time percentage is the
percentage of trial time spent on the current interest area. Since the variations in the number
were too high between the dogs, in order to be able to analyze it, we turned the dwell time
percentage into a binary measure of dwell probability. If the percentage was higher than 0, it
was turned into a 1, marking the event happening. If it was a 0, it meant the dog did not look
at that region of interest at all during the trial. I analyzed dwell probability for each of four
defined regions of interest (Eyes, Mouth, Forehead and Face) separately, and also made a

comparison between them.

From the Fixation report, we used the measures of the between-fixations angle and
average fixation duration. Only the angles between first and previous-to-first fixation in each
trial were used for the analysis (see chapter 1.2.3). To test the existence of gaze bias, I
compared the between-fixations angles according to familiarity and emotion type (both as
independent effectors and in combination); furthermore, I compared angles when the first
fixation was within the face area to angles when the first fixation was outside of the face area,
as well as angles when trials were showing face to angles when trials were showing symbols

(A ,H; see chapter 2.3).

Average fixation duration was calculated as a sum of all fixation durations within the
face area in one trial divided by the number of fixations in face area per one trial. The

fixations out of the face area were excluded from calculation.

Table 3 - The variables chosen for the eye-tracking data analysis

Report Variables extracted Variables used Description
Type
FIXATION_ COUNT Fixation count Total number of fixations in the
b=
% trial
—
= FIXATION DURATION MAX  Maximum fixation = Duration of the longest fixation in
—
= duration the trial
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= IA DWELL TIME % Dwell probability Binary measure of the dwell
g g g (1=yes, 0=no) within all regions
= - of interest in the trial
NEXT FIX ANGLE Between-fixations : Angle between the horizontal
angle plane and the line connecting the
g previous and current fixation
gé) CURRENT FIX DURATION Average Fixation Sum of all fixation durations
§ Duration within the face area divided by
K total number of fixations within
the face area in the trial

The effects on the aforementioned independent variables were investigated using the
Linear Mixed Models (LMM). Specifically, for fixation count, maximal fixation duration and
average fixation duration analysis, I used Linear Mixed-effects Model fit by Restricted
Maximum Likelihood (REML) (R package “nlme” (Pinheiro ef al. 2014)); I defined
maximum fixation duration and fixation count as independent variables, emotion type
(positive and negative) and familiarity as dependent variables and the dog's identity and
session as random effects. For dwell probability analysis, I used a Generalized Linear Mixed
Model fit by Penalized Quasi-Likelihood (PQL) (R package “MASS”, Venables and Ripley
2002); I defined dwell probability as independent variable, emotion type (positive and
negative) and familiarity as dependent variables and the dog's identity and session as random
effects. For fixation angle analysis, which had characteristics of circular data (expressed in
degrees), I used Watson's Two-Sample Test of Homogeneity and Watson's Test for Circular
Uniformity (R package “circular”, Agostinelli and Lund 2013), with fixation angle as
independent variable, and emotion type and familiarity as dependent variables. The circular

data was visualised in Oriana 4 circular statistics software (Kovach Computing Services).

Prior to the heart rate analysis, I coded video materials to connect the heart rate to the
events during and surrounding the session. During coding, I marked baseline events (dog
standing inside the chin rest for 30 s — standing baseline; dog moving around the chin rest for
30 s — walking baseline) before and after the session. Furthermore, I marked the events within
the session (trials). The effects on heart rate were investigated using Linear Mixed-effects

Model fit by Restricted Maximum Likelihood (REML). Heart rate (BPM) was always defined
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as the dependent variable, with dog identity and session as random effects and event type

(baselines and within-the-session events) as independent variables.

To gain insight into the dog's general state before and after a session, I first compared
heart rate data only within baseline measurements. For the heart rate analysis, I defined
baseline order and baseline activity as predictors. Next, I compared the standing baselines to
within-session heart rate data. For this I set baseline and within-trial data (emotion type of
pictures shown) as predictors. Finally, I compared the within-session heart rate data only,

where emotion type and familiarity were defined as predictors.
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3 Results

3.1 Eye-tracking data results

When analyzing effects on fixation count, neither emotion type( f=0.10, SE=0.59,
t(311)=0.17, p=0.86), familiarity (p=-0.15, SE=0.59, t(311)=-0.26, p=0.80) or the interaction
of those two factors (f=0.04, SE=0.84, t(311)=0.05, p=0.96) were shown to be significant.
However, mean values showed a bias towards positive familiar pictures (M=7.482 + 0.43),
while negative unfamiliar pictures had the lowest mean value (M=7.172 + 0.45) (see Fig. 5).
Regarding maximum fixation duration, there was a slight positive trend towards negative
familiar pictures (M = 2310 + 121.47) and a negative trend towards positive unfamiliar
pictures (M = 2155 + 139.91) (see Fig. 6), but the effects of emotion type (f=-115.29,
SE=160.49, t(311)=-0.72, p=0.47), familiarity (B=-83.59, SE=159.23, (311)=-0.53, p=0.60)
and their interaction (B=71.71, SE=228.49, t(311)=0.31, p=0.75) were statistically not
significant. Data values of the average fixation duration were trending similarly to the value
of maximum fixation duration, with negative familiar pictures having the highest mean value
(M =1181.83 + 118.75) and positive unfamiliar pictures having the lowest mean value (M =
881 + 66.04) (see Fig. 7); however, there were still no significant effects of familiarity (B=-
19.93, SE=141.03, t(251)=-0.14, p=0.89), emotion type (f=-146.32, SE=137.17, t(251)=-1.07,
p=0.29 ) or their interaction (B=-128.46, SE=202.66, t(251)=-0.63, p=0.53) (see tables 4, 5
and 6, Supplements)

Regarding the analysis of dwell probability in separate areas of interest, emotion type

and familiarity did have significant effects on data (see Fig. 8).

Considering the eyes region, the interaction of familiarity and emotion type had no
significant effect on dwell probability (f = 0.27, SE =0.43, t (357) = 0.63, p = 0.53).
However, a main effect of emotion type on dwell probability was found (B =-0.71, SE =
0.30, t (357) =-2.35, p = 0.02). The positive emotion type had negative effect on dwell
probability. When analyzed in a model without the emotion type - familiarity interaction,
emotion type had even higher significance (f =-0.57, S.E.=0.21,t(359)=-2.67,p =
0.0075), whereas familiarity as a single effect did not significantly affect the dwell probability
(B=-0.42, SE=0.30,t (357) =-1.41, p = 0.16). To conclude, the subjects were more likely to
look at the eyes for negative than for positive stimuli, while familiarity on its own had no

significant effect (see Table 7 and 8, Supplements).
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Figure 5 - Fixation Count across four conditions
Boxplots display means (marked with a cross), medians (the middle line within the box), inter-quartile ranges and
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Figure 6 - Maximum Fixation Duration across four conditions
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ranges with blue dots as outliers
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Considering the mouth region, in the model with familiarity and emotion type in
interaction, a significant effect of familiarity on dwell probability was found (B = - 0.88, S.E.
=0.31,t(357)=-2.88, p=0.0042). The unfamiliar face was significantly less likely to be
looked at. Emotion type (f =- 0.30, SE =0.29, t (357) = - 1.04, p = 0.30) and interaction
between emotion type and familiarity (p = 0.56, SE =0.43, t (357) = 1.30, p = 0.19) did not
affect the dwell probability significantly. When analyzed without the familiarity — emotion
type interaction factor, familiarity remained a significant effect (B =- 0.60, SE =0.214, t
(357)=-2.81,p=0.0052). We could conclude that the subjects were more likely to look at

mouth for familiar compared to unfamiliar stimuli (see Table 9 and 10, Supplements).

Considering the forehead region, the interaction of the emotion type and familiarity
had a near to significant effect on dwell probability (B =- 0.91, SE =0.48,t (357)=- 191, p
=0.06). The subjects were less likely to look at the negative than the positive stimulus, but
only for unfamiliar faces (see Table 11, Supplements). Familiarity on its own (f =- 0.31, SE
=0.32,t(357)=-0.97, p=0.33) and emotion type on its own (f = 0.06, SE=0.31,t(357) =
0.19, p = 0.85) had no significant effects on dwell probability.
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Considering the face region, emotion type and familiarity in interaction did not have a
significant effects on dwell probability (see Table 12, Supplements) (f = 1.08, SE = 0.64, t
(357)=1.69, p = 0.09), therefore emotion type and familiarity were subsequently analyzed
without the interaction factor. In following analysis, only the main effect of familiarity on
dwell probability was found significant (f = - 0.84, S.E. = 0.30, t (358) = - 2.78, p = 0.0058).
The subjects were less likely to look at unfamiliar face. Emotion type on its own had no
significant effect on dwell probability (B =- 0.39, SE =0.29, t (358) =-1.32, p=0.19) in face
area. (Table 13, Supplements).
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Figure 8 — Probability of looking according to conditions in four regions of
interest

In comparison of dwell probability between different areas of interest, face was
excluded, since it includes all three aforementioned regions and therefore logically has the
highest dwell probability. There was significant difference between forehead and eye region
(B=-0.89,S.E.=0.16,t (743) =- 5.53, p <0.001). Though both regions were roughly the
same size, the subjects were more likely to look at eye region than at forehead region.
Furthermore, there was a near to significant difference when comparing the eye and mouth
region (B =-0.24, SE =0.15, t (743) =- 1.65, p = 0.10), as the subjects were less likely to

look at the mouth region compared to the eye region. The comparison of forehead and mouth
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region revealed that the subjects were significantly more likely to look at the mouth region (

=-0.89,SE =0.16,t(743) =-5.53, p <0.001) (see Fig. 9; see Table 14, Supplements).
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Figure 9 — Total dwell probability across three different regions of interest

3.1.1 Gaze bias analysis

When comparing between-fixations angles of familiar (M = 256.337° & 138.934°) and
unfamiliar (M = 212.341° + 56.005°) faces, there was no significant difference (N = 245, test
statistic = 0.03, critical value = 0.15, for a = 0.1) (see Fig. 10). Furthermore, when comparing
between-fixations angles of positive (M = 16.751° &+ 154.328°) and negative emotion types
(M =218.76° + 33.975°), there was also no significant difference (N = 245, test statistic =
0.12, critical value = 0.15, for o = 0.1) (see Fig. 11; Table 16, Supplements).

Between-fixations angles (°) Between-fixations angles (°)
Familiar face i Unfamiliar face s

180 s 0 180
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Figure 10 — Between-fixation angles for familiar and unfamiliar face; blue central dots represent raw data, while

black arrows represent the mean value
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Figure 11 - Between-fixation angles for positive and negative emotion type; blue central dots represent raw data,

while black arrows represent the mean value

However, results of Watson's Test for Circular Uniformity for fixation angles of face area
(M=301.743° £ 99.563°) showed a significant bias (N = 245, test statistic = 1.15, critical
value = 0.19, for a = 0.05). The same test for the area around the face (M = 164.664° +
65.881°) showed no significant bias (N = 245, test statistic = 0.14, critical value = 0.15, for a
=0.1). Interestingly, the angle values for the face area did not have a tendency to the left side

of visual area, but to the right side (see Fig. 12).
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Figure 12 - Fixation angles within and outside of face region; blue central dots represent raw data, while black arrow

represents the mean value
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3.2 Heart rate data results

When comparing data only within baseline measurements, with baseline order and
baseline activity as effectors, heart rate was significantly more likely to be higher for walking
than standing (B = 24.15, S.E. = 1.02, t(5703) =23.61, p <0.0001), while both second
baselines (standing and walking) had significantly lower heart rates than first baselines (f = -
6.33, S.E. = 1.14, t(5703)=23.605, p < 0.0001). The interaction of the effectors wasn't
significant (3=-0.214, SE = 1.48, 1(5703) = -0.144, p=0.89) (See Fig. 13; Table 18,
Supplements).
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Figure 13 - Heart rate (BPM) across different baseline conditions
Boxplots display means (marked with a cross), medians (the middle line within the box), inter-quartile ranges and

ranges with blue dots as outliers

When comparing the standing baselines to within-session conditions, both the first baseline
(before the eye-tracking session) and the second baseline (after the eye-tracking session)
differed from all 4 emotions, with first one being significantly higher (= 3.51, S.E.=0.92, t
(12218) =3.804, p = 0.0001) and second one significantly lower ( B =-2.49, S.E.=0.97,t
(12218) =-2.568, p = 0.01) (See Fig.14; Table 19, Supplements).
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Figure 14 - Heart rate (BPM) across different standing conditions (baselines and emotions)

Boxplots display means (marked with a cross), medians (the middle line within the box), inter-quartile ranges and

ranges with blue dots as outliers

When analyzing the differences between within-session conditions, in the interaction
model, all effectors were highly significant (see Fig. 15), with the interaction of emotion type
and familiarity having the highest significant effect on heart rate (B =-4.31, S.E. =1.13,t
(9871) =-3.828, p = 0.0001). For familiar faces, the heart rate was higher for positive (M =
99.61 £ 0.60) than for negative stimuli (M = 97.66 + 0.64), while for unfamiliar faces a
reversed pattern occurred (Mynpos= 97.69 £ 0.53; Mynneg = 99.84 £ 0.61). (Table 20,
Supplements). Once the interaction was removed from the model, only familiarity had a
significant effect (B = 1.31, SE = 0.55, t (9872) = 2.39, p = 0.02), with the heart rate being

higher for the unfamiliar face. Emotion type as a single factor had no significant effect on

heart rate (B = 2.827, S.E. = 0.799, t (9871) = 3.536, p = 0.26).
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Figure 15 - Heart rate (BPM) across within-session conditions
Boxplots display means (marked with a cross), medians (the middle line within the box), inter-quartile ranges and

ranges with blue dots as outliers
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4 Discussion

4.1 General results discussion

The analysis of Trial Report and part of Fixation Report data (fixation count,
maximum fixation duration and average fixation duration) showed that neither familiarity nor
emotion type, with or without the interaction factor, played a significant role in affecting the
variables. The means of duration-related values (maximum fixation duration and average
fixation duration) for interaction of familiarity and emotion type seemed to indicate a general
bias in duration towards negative familiar faces, and against positive unfamiliar faces.
Looking only at mean values of emotion types, the duration appears to be longer in cases of
negative emotions; looking at mean values of different familiarity, familiar faces were looked

at longer than the unfamiliar ones.

The mean values of fixation count show a tendency to look at more points within

positive familiar face, while the negative unfamiliar face is defined by the lowest mean value.

When put together, these data are directing us towards the assumption that familiar
faces were in general more interesting than the unfamiliar ones, while the emotions
themselves may not play such an important role. It might be that the subjects were more
comfortable to look at the familiar face because it belonged to the experimenter E1, and
therefore was related to a predictable, positive outcome. The unfamiliar face was a new
experience with no predictable outcome, and was probably either not interesting, or maybe

even frightening to look at.

However, making strong conclusions regarding the aforementioned set of data should

be avoided, since the only issue we can discuss are mean values and possible trends in data.

The results of the analysis of separate regions of interest by dwell probability, on the
other hand, showed significance of familiarity and emotion type, both in cases when
interacting and on their own. Both eyes and mouth were most looked at in case of familiar
faces expressing negative emotions. In case of eyes, the (negative) emotion was a stronger
effector, while in case of mouth, familiar face attracted more dwells into the defined interest
area. The forehead had a highest dwell probability for combination of positive emotion and
familiar face, and the whole face was in general more looked at if familiar, the latter going

along with previously discussed results of general trial data.
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Further comparison among three different areas of interest established a hierarchy in
dwell probability: eyes > mouth > forehead. This agrees with the starting prediction that eyes,
as a universal attention attractor, would be the most looked at part of the face. Furthermore, it
goes along with findings of a recent research on configural processing of faces in dogs (Pitteri
et al. 2014), which confirmed that dogs can discriminate isolated internal features of a human
face, with the eyes being most salient region for human face processing. However, in a recent
publication regarding emotion recognition in dogs (Miiller et al. 2015), there was no
difference in learning to discriminate facial expressions shown in the mouth or the eye region.
The comparison of the mouth and eye area in our experiment has also shown only trends, thus
firm conclusions on possible differences between mouth and eye perception are not possible.
What is certain is only that both are significantly more interesting than the forehead. This
could be explained by the fact that forehead as a sole feature does not have the same attention
attracting property, especially since it is positioned right above the eyes (who draw most of
the attention) and the eyebrows (who were in this experiment also defined as a part of the eye

area of interest).

The analysis of between-fixation angles failed to allow any certain conclusion
regarding the gaze bias. The circular data was too dispersed, and though the mean values
sometimes did fall onto the left side of visual area, it was not an established pattern. The only
significant difference, the one between the first fixations falling within the face area and the
ones falling outside of the face area, showed a bias to the right side in case of face area,

therefore being completely the opposite to our expectations.

When it comes to heart rate data, the results showed that, throughout the entire testing
procedure, the dogs had the highest heart rates during walking occasions before the beginning
of session and after the session (walking baselines). This was somewhat expected, since the
heart rate is directly influenced by physical activity, and can be taken as a general
confirmation that the heart rate measuring device worked well. It seemed that before every
session the dogs were in a state of expectation/excitement, since the heart rates were the
highest during both walking and standing baselines before the session. Heart rates declined
throughout the session, to end up at lowest point at second standing baseline, probably owing
to decrease of interest for the session or / and due to relaxation after the session had been
completed. The positive familiar faces were followed by a higher heart rate than the negative
familiar faces, which could be explained by the fact that a positive emotion on the familiar

face might have served as a strong predictor of positive future event, while a negative emotion
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on the familiar face had (also during the training) no real consequence for the dog. On the
other hand, negative unfamiliar faces were followed by a higher heart rate than the positive
unfamiliar faces, which might be due to those stimuli being generally an unpleasant
experience for the dogs. The separate analysis of emotion type and familiarity showed the
only significant effector to be the familiarity, which agrees with the conclusions of the

fixation count, maximum fixation duration and average fixation duration analysis.

4.2 Methodological limitations
There are a few reasons that might explain why the results of the analysis for the

fixation count, maximum fixation duration and average fixation duration, as well as for the

gaze bias analysis, were not significant.

First of all, the conditions of testing were not always easy to control. From the start on,
the dogs were difficult to train (since they had no training experience whatsoever before this
experiment). Their ability to focus was of a shorter duration than what would be expected
from an average pet dog. They were easily distracted by many factors: the noises coming
from the hall in front of the testing room, the smell of dog food coming from the container in
the room, the noises made by Experimenter 2 behind the projecting screen etc. Additionally,
Experimenter 1, who always had to be in the room with them and make sure they're working
properly, was a slight distraction herself, being the same person they saw on the screen. Some
dogs in some sessions performed better than the others, but in almost every session it
happened that the dog at some point got out of the chin rest apparatus during the trials, and
then had to be commanded to come back. This has certainly influenced the quality of data
gained and the durations measured by the eye-tracking device. Finally, with some dogs it was
difficult to determine how much time they spent actually looking at details of the presented
stimuli, and how much time they spent simply staring at the screen and expecting release

command.

The process of calibration often took more than a minute or two (which would have
been the ideal time) to be completed. For the reasons of maintaining the participants'
attention, it is indeed universally recommended to keep the calibration as short as possible
(Nystrom and Holmqvist 2011). Though we attempted to maximally speed up the procedure,
the previously discussed problem of dogs' attentive abilities combined with the sensitivity of
the eye-tracking system often resulted in a need to repeat the calibration process, significantly

shortening the participant’s attention span.
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The number of our participants was lower than first expected. In the beginning of
training, we had sixteen dogs to work with, but as the training progressed, the number was for
various reasons lowered to eight dogs. A greater number perhaps would have given the data a

better distribution and would have made the effectors more significant.

Also, if we look at the heart rate in general, the numbers did not change drastically
throughout different session conditions, and emotion-wise, it's hard to claim in which way
exactly the emotion salience seen on screen had affected the dogs' own state, or whether it
affected it at all. For this kind of measurement, we would have had to use further calculations
of heart rate variability, as a second step in analysis. The set of measures, on which heart rate
variability relies, would produce more precise results, possibly with a greater distinction
between various emotional states. However, besides the aforementioned problem of
correcting for outliers (see chapter 1.5), another requirement for the heart rate variability
measure would be a longer trial time. To keep the dogs' attention at a high level, our trials had

to be short, which consequentially made them unsuitable.

4.3 On the influence of familiarity and emotions on face recognition
Regarding the familiarity bias in general, it has been confirmed that dogs' interspecific
attention depends on many factors, including the nature of the dog-human relationship
(Mongillo et al. 2010). During the training phase of the current experiment, the dogs
established a very close bond with the E1. The E1 had the role of the main trainer, and also
took them for walks (from the clinical departments to the testing room and back), gave them
food rewards, and before and after each training spent time playing with the dogs and giving
them affection. Therefore we can speculate that familiar, E1’s face had a significantly higher

value for the dogs.

Furthermore, we argue that the specific conditions of these dogs’ upbringing made the
familiarity an even more important factor in their visual attention patterns._ As already stated,
the laboratory beagles used in current study were raised by the dog keepers at the university,
and were in a regular contact only with familiar faces through their whole lives. They did
have occasional contacts with new people, but these are still difficult to compare with the
contacts that pet dogs have with strangers during everyday walks and multiple other social

events their owners expose them to.

If we look further into their past lives, these dogs were socialized in a different way

than the pet dogs are. The usual phase where the dog would start living with humans, and
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direct its attention primarily to humans, and only secondary to other dogs, is missing in their
experience. If the conditions of the socialization were different, perhaps the results would

show the emotional salience having an equally strong effect on looking patterns.

However, despite their different upbringing and being surrounded primarily by
conspecifics, these dogs did show a tendency to look at familiar faces, as well as to look at
features of the face (eyes and mouth) which were in previous research history established as
most salient when talking of emotional expressions. Some parts in their learning experience
were missing, but even through a very limited contact with the caretakers, the dogs were able
to establish a typical hierarchy of facial features (eyes > mouth > forehead) to focus their
attention to. This indicates that the ability to recognize and perceive human facial expressions
is already innate in the species, and has probably been, if not developed, then at least highly
strengthened by the process of domestication. Further socialization in mainly heterospecific
surrounding and experience in learning contexts related to facial expressions may serve to

enhance the recognition ability.

4.2 Perspectives
This experiment provided some insight into the laboratory dogs' visual processing
patterns of human emotions. However, many issues still remained open and should be further

investigated.

The first and most interesting step to be made would be comparing the present results
with the results of the same study conducted with pet dogs. The mentioned project, which is
nearly completed, will provide valuable insights into the differences and similarities of dogs'
visual processing patterns. Furthermore, it might help us to better understand the importance
of early experiences with humans in dogs' lives regarding not only face recognition, but also

the general attention state towards humans.

When continuing the research, the next step to consider is exploring the reversibility in
development of emotion recognition. Knowing whether the dogs' visual attention is
predetermined by early experience and remains the same throughout the life, or it has a
certain plasticity and can change depending on the environmental conditions and demands,
would be useful not only in behavioral studies, but also for applied purposes such as

resocialization of shelter dogs. Therefore, conducting a follow up study with the same
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laboratory beagles, after they have been adopted into families, could provide valuable

answers.

A few technical improvements to be considered in future studies are: a) accelerating
the training process and b) making the testing setup as natural as possible for the dogs. An
exemplary step towards a more relaxed testing situation might be using a different kind of eye
tracking equipment. There have already been successful eye tracking studies conducted with a
head-mounted eye tracking device. In this study, one of the most common problems was the
decline of the dogs' general interest for the stimuli after having to stand still at the same place
for more than half of a minute. Using a head mounted device would enable the dog to move
more freely around the room, which might make the whole testing experience more relaxed as

well as more interactive for the dog.
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5 Conclusions

This thesis has addressed the question of possible influences of emotion and
familiarity of human faces on both the visual attention and the heart rate of laboratory

beagles.

After conducting an eye-tracking experiment with simultaneous heart rate
measurements, we are a step closer to understanding the patterns of human face processing in

dogs.

The hypothesis was that the patterns of looking and the amount of given attention to
visual stimuli are influenced by the familiarity of the presented face and its emotional
salience. Although the data did not provide a clear answer on the effect of emotional salience
of stimuli on the gaze duration measurements, familiarity seems to play an important role; the

subjects spent more time and more attention on pictures of the familiar face.

Regarding the specific areas of face, this experiment confirmed the importance of the
eyes as the universal attention attractor, especially in negative or threatening situations.
Following the eye area findings, the data fit previous findings of dogs' ability to focus on the

mouth.

Our heart rate data did not follow any specific pattern regarding different emotion
types. Opposite to our assumption, the condition before the actual testing was more exciting
for the dog than the actual testing session. However, the differences between the conditions
within the session match our conclusions from the eye-tracking data, confirming the

importance of familiarity as a factor in visual attention given to human faces.

Despite the fact that the laboratory beagles had a different socialization period than the
pet dogs have, they were still able to direct their attention to the most salient parts of human
face. This finding indicates that the preference for face area which we perceive and define as
important for face expression recognition is innate in the species, and is gradually enhanced

through the process of socialization.

45



6 Bibliography

Agostinelli, C., Lund, U. (2013). {R} Package \texttt{circular}: Circular Statistics (version
0.4-7). San Luis Obispo, California, https://r-forge.r-project.org/projects/circular/

Anderson, D.J., Adolphs, R. (2014). A Framework for Studying Emotions across Species.
Cell 157, no. 1, 187-200

Bergamasco, L., Osella, M.C., Savarino, P., Larosa, G., Ozella, L., Manassero, M., Badino,
P., Odore, R., Barbera, R., Re, G. (2010). Heart Rate Variability and Saliva Cortisol
Assessment in Shelter Dog: Human—animal Interaction Effects. Applied Animal Behaviour
Science 125, no. 1, 5668

Bruce, V., Young, A. (1986). Understanding Face Recognition. British Journal of
Psychology 77, no. 3, 305-27

Burt, D.M, Perrett, D.1. (1997). Perceptual Asymmetries in Judgements of Facial
Attractiveness, Age, Gender, Speech and Expression. Neuropsychologia 35, no. 5, 685-93.

Calder, A.J., Young, A.W., Keane, J., Dean, M. (2000). Configural Information in Facial
Expression Perception. Journal of Experimental Psychology, Human Perception and
Performance 26, no. 2, 527-51.

Calder, A.J., Burton, A.M., Miller, P., Young, A.W., Akamatsu, S. (2001). A Principal
Component Analysis of Facial Expressions. Vision Research 41, no. 9, 1179-1208

Caron, R.F., Caron, A.J., Myers, R.S. (1985). Do Infants See Emotional Expressions in Static
Faces. Child Development 56, no. 6, 1552—60

Carroll, J.M, Russell, J.A. (1996). Do Facial Expressions Signal Specific Emotions? Judging
Emotion from the Face in Context. Journal of Personality and Social Psychology 70, no. 2,
205-18.

Cottrell, G.W., Dailey, M.N., Padgett, C., Adolphs, R., Wenger, M.J., Townsend, J.T. (2001).
Is All Face Processing Holistic? Computational, Geometric, and Process Perspectives on
Facial Cognition: Contexts and Challenges. Mahwah. Lawrence Erlbaum Associates
Publishers. 347-95

da Costa, A.P., Leigh, A.E., Man, M.S., Kendrick, K.M. (2004). Face Pictures Reduce
Behavioural, Autonomic, Endocrine and Neural Indices of Stress and Fear in Sheep.
Proceedings of the Royal Society B: Biological Sciences 271, no. 1552, 2077-84

Dalton, K.M., Nacewicz, B.M., Johnstone, T., Schaefer, H.S., Gernsbacher, M.A.,
Goldsmith, H.H., Alexander, A.L., Davidson, R.J. (2005). Gaze Fixation and the Neural
Circuitry of Face Processing in Autism. Nature Neuroscience 8, no. 4, 519-26

46



Damasio, A. R. (1995). Toward a Neurobiology of Emotion and Feeling: Operational
Concepts and Hypotheses. The Neuroscientist 1, 19-25

Damasio, A.R. (1999). The Feeling of What Happens: Body and Emotion in the Making of
Consciousness, vol. xiv

Darwin, C. (1872). The Expression of the Emotions in Man and Animals

Denham, S.A. (1998). Emotional Development in Young Children, vol. xi. The Guilford
Series on Special and Emotional Development. New York. Guilford Press.

Diamond, R., Carey, S. (1986). Why Faces Are and Are Not Special: An Effect of Expertise.
Journal of Experimental Psychology: General 115, no. 2, 107-17

Dimberg, U. (1982). Facial Reactions to Facial Expressions. Psychophysiology 19, no. 6,
64347

Duchowski, A. (2007). Eye-tracking Methodology: Theory and Practice. London, Springer-
Verlag

Edelman, G.M. (1987). Neural Darwinism: The Theory of Neuronal Group Selection, vol.
xxii. New York. Basic Books

Ekman, P. (1992). An Argument for Basic Emotions. Cognition & Emotion 6, no. 3—4, 169—
200

Farah, M.J., Wilson, K.D., Drain, M., Tanaka, J.N. (1998). What Is ‘Special’ about Face
Perception. Psychological Review 105, no. 3, 482-98.

Felmingham, K.L., Rennie, C., Manor, B., Bryant, R.A. (2011). Eye-tracking and
Physiological Reactivity to Threatening Stimuli in Posttraumatic Stress Disorder. Journal of
Anxiety Disorders 25, no. 5, 668—73

Fox, M.W. (1970). A Comparative Study of the Development of Facial Expressions in
Canids; Wolf, Coyote and Foxes. Behaviour 36, no. 1, 49-73

Gallese, V., Fadiga, L., Fogassi, L., Rizzolatti, G. (1996). Action Recognition in the Premotor
Cortex. Brain 119, no. 2, 593-609

Gallese, V., Goldman, A. (1998). Mirror Neurons and the Simulation Theory of Mind-
Reading. Trends in Cognitive Sciences 2, no. 12, 493-501

Gaspar, A. (2006). Universals and Individuality in Facial Behavior—past and Future of an
Evolutionary Perspective. Acta Ethologica 9, no. 1, 1-14

Gredebéck, G., Johnson, S., von Hofsten, C. (2009). Eye-tracking in Infancy Research.
Developmental Neuropsychology 35, no. 1, 1-19

Guo, K., Meints, K., Hall, C., Hall, S., Mills, D. (2009). Left Gaze Bias in Humans, Rhesus
Monkeys and Domestic Dogs. Animal Cognition 12, no 3, 409-18

47



Heath, R.L., Rouhana, A., Abi Ghanem, D. (2005). Asymmetric Bias in Perception of Facial
Affect among Roman and Arabic Script Readers. Laterality 10, no. 1, 51-64

Holzman, P.S., Proctor. L.R., Levy, D.L., Yasillo, N.J., Meltzer, H.Y., Hurt, SSW. (1974).
Eye-Tracking Dysfunctions in Schizophrenic Patients and Their Relatives. Archives of
General Psychiatry 31, no. 2, 143-51

Hsiao, J.H., and Cottrell, G.W. (2008). Two Fixations Suffice in Face Recognition.
Psychological Science 19, no. 10, 998-1006

Huber, L., Racca, A., Scaf, B., Viranyi, Z., & Range, F. (2013). Discrimination of familiar
human faces in dogs (Canis familiaris). Learning and Motivation, 44, no.4, 258-269

lacoboni, M., Woods, R.P., Brass, M., Bekkering, H., Mazziotta, J.C., Rizzolatti, G. (1999).
Cortical Mechanisms of Human Imitation. Science 286, no. 5449, 252628

Jonckheer-Sheehy, V.S.M., Vinke, C.M., Ortolani, A. (2012). Validation of a Polar® Human
Heart Rate Monitor for Measuring Heart Rate and Heart Rate Variability in Adult Dogs under
Stationary Conditions. Journal of Veterinary Behavior: Clinical Applications and Research 7,
no. 4, 205-12

Kanazawa, S. (1996). Recognition of Facial Expressions in a Japanese Monkey (Macaca
Fuscata) and Humans (Homo Sapiens). Primates 37, no. 1, 25-38

Klinnert, M.D., Emde, R.N., Butterfield, P., Campos, J.J. (1986). Social Referencing: The
Infant’s Use of Emotional Signals from a Friendly Adult with Mother Present. Developmental
Psychology 22, no. 4, 427-32

Lago, D., Connell, C.M, Knight, B. (1983). Relationships with Companion Animals among
the Rural Elderly. New Perspectives on Our Lives with Companion Animals, 329—40.

Leopold, D.A., Rhodes, G., (2010). A Comparative View of Face Perception. Journal of
Comparative Psychology 124, no. 3, 233-51

Lissauer, H. (1890). Ein Fall von Seelenblindheit nebst einem Beitrage zur Theorie derselben.
Archiv fiir Psychiatrie und Nervenkrankheiten 21, no.2, 222-270

Lorenz, K. (1963). On Aggression. New York. Harcourt, Brace and World

Malik, M., Bigger, J.T., Camm, A.J., Kleiger, R.E., Malliani, R.E., Malliani, A., Moss, A.J.,
Schwartz, P. J. (1996). Heart Rate Variability Standards of Measurement, Physiological
Interpretation, and Clinical Use. European Heart Journal 17, no. 3, 354-81

Marchant-Forde, R.M., Marlin, D.J., Marchant-Forde, J.N. (2004). Validation of a Cardiac
Monitor for Measuring Heart Rate Variability in Adult Female Pigs: Accuracy, Artefacts and
Editing. Physiology & Behavior 80, no. 4, 44958

48



Maurer, D., Le Grand, R., Mondloch, C.J. (2002). The Many Faces of Configural Processing.
Trends in Cognitive Sciences 6, no. 6, 255-60

Miklési, A. (2007). Dog Behaviour, Evolution, and Cognition. New York. Oxford University
Press

Miklosi, A., Kubinyi, E., Topal, J., Gasci, M., Viranyi, Z., Csanyi, V. (2003). A Simple
Reason for a Big Difference. Current Biology 13, no. 9, 763—66

Miklé6si, A., Soproni, K. (2006). A Comparative Analysis of Animals’ Understanding of the
Human Pointing Gesture. Animal Cognition 9, no. 2, 81-93

Miklési, A., Topal, J. (2013). What Does It Take to Become ‘best Friends’? Evolutionary
Changes in Canine Social Competence. Trends in Cognitive Sciences 17, no. 6, 287-94

Miklési, A., Topal, J., Csanyi, V. (2004). Comparative Social Cognition: What Can Dogs
Teach Us?. Animal Behaviour 67, no. 6, 995-1004

Mongillo, P., Bono, G., Regolin, L., Marinelli, L. (2010). Selective Attention to Humans in
Companion Dogs, Canis Familiaris. Animal Behaviour 80, no. 6, 1057—63

Moscovitch, M., Winocur, G., Behrmann, M. (1997). What Is Special about Face
Recognition? Nineteen Experiments on a Person with Visual Object Agnosia and Dyslexia
but Normal Face Recognition. Journal of Cognitive Neuroscience 9, no. 5, 555-604

Miiller, E. (2014). Heart Rate Variability in Dogs during Exposure to Emotional Human
Facial Expressions. University of Veterinary Medicine Vienna

Nagasawa, M., Murai, K., Mogi, K., Kikusui, T. (2011). Dogs Can Discriminate Human
Smiling Faces from Blank Expressions. Animal Cognition 14, no. 4, 525-33

Nelson, C.A. (2001). The Development and Neural Bases of Face Recognition. Infant and
Child Development 10, no.1-2, 3—18

Niemeier, M., Stojanoski, B., Greco, A.L. (2007). Influences of Time and Spatial Frequency
on the Perceptual Bias: Evidence for Competition between Hemispheres. Neuropsychologia
45, no. 5, 1029-40

Nystrom, M., Holmgqvist, K. (2011). “Eye-tracking: A Comprehensive Guide to Methods and
Measures. London. Oxford University Press. 128—-29

Parr, L.A. (2003). The Discrimination of Faces and Their Emotional Content by Chimpanzees
(Pan Troglodytes). Annals of the New York Academy of Sciences 1000, 5678

Parr, L.A. (2003). The Discrimination of Faces and Their Emotional Content by Chimpanzees
(Pan Troglodytes. Annals of the New York Academy of Science 1000, 56-78

Parr, L.A. (2011). The Evolution of Face Processing in Primates. Philosophical Transactions
of the Royal Society B: Biological Sciences 366, no. 1571, 1764—77

49



Parr, L.A., Heintz, M. (2009). Facial Expression Recognition in Rhesus Monkeys, Macaca
Mulatta. Animal Behaviour 77, no. 6, 1507—-13

Parr, L.A., Hopkins, W.D., de Waal, F.B.M. (1998). The Perception of Facial Expressions By
Chimpanzees, Pan Troglodytes. Evolution of Communication 2, no. 1, 1-23

Pinheiro, J., Bates, D., DebRoy, S., Deepayan, S. (2014). (nlme): Linear and Nonlinear Mixed
Effects Models. http://CRAN.R-project.org/package=nlme

Pitteri, E. Mongillo, P., Carnier, P., Marinelli, L., Huber, L. (2014). Part-Based and
Configural Processing of Owner’s Face in Dogs. PloS One 9, no. 9, €108176

Racca, A., Amadei, E., Ligout, S., Guo, K., Meints, K., Mills, D. (2010). Discrimination of
Human and Dog Faces and Inversion Responses in Domestic Dogs (Canis Familiaris). Animal
Cognition 13, no. 3, 525-33

Reid, P.J. (2009). Adapting to the Human World: Dogs’ Responsiveness to Our Social Cues.
Behavioural Processes, Comparative cognition in context: A tribute to the contributions of
Sara J. Shettleworth, 80, no. 3, 325-33

Rizzolatti, G., Fadiga, L., Gallese, V., Fogassi, L. (1996). Premotor Cortex and the
Recognition of Motor Actions. Cognitive Brain Research, Mental representations of motor
acts 3, no. 2, 13141

Russell, J.A. (1994). Is There Universal Recognition of Emotion from Facial Expression.
Psychological Bulletin 115, no.1, 102-41

Russell, J.A., Bullock, M. (1986). Fuzzy Concepts and the Perception of Emotion in Facial
Expressions. Social Cognition 4, no. 3, 30941

Russell, J.A., Fehr, B. (1987). Relativity in the Perception of Emotion in Facial Expressions.
Journal of Experimental Psychology, General 116, no. 3, 223-37

Sackett, G.P. (1966). Monkeys Reared in Isolation with Pictures as Visual Input: Evidence for
an Innate Releasing Mechanism. Science 154, no. 3755, 1468-73

Sandem, A.L., Janczak, A.M., Salte, R., Braastad, B.O. (2006). The Use of Diazepam as a
Pharmacological Validation of Eye White as an Indicator of Emotional State in Dairy Cows.
Applied Animal Behaviour Science 96, no. 3—4, 177-83

Scherer, K.R. (2000). Psychological Models of Emotion. The Neuropsychology of Emotion,
Series in Affective Science, 137-62

Scott, J.P. (1962). Critical Periods in Behavioral Development. Science 138, no. 3544, 949—
58

Scott, J.P., Fuller, J.L. (1998). Genetics and the Social Behavior of the Dog. Chicago. The
University Of Chicago Press

50



Searcy, J.H, Bartlett, J.C. (1996). Inversion and Processing of Component and Spatial—
relational Information in Faces. Journal of Experimental Psychology: Human Perception and
Performance 22, no.4, 904-915

Shepherd, S.V. (2010). Following Gaze: Gaze-Following Behavior as a Window into Social
Cognition. Frontiers in Integrative Neuroscience 4, 1-13

Shultz, S., Dunbar, R.I.M. (2007).The Evolution of the Social Brain: Anthropoid Primates
Contrast with Other Vertebrates. Proceedings of the Royal Society B: Biological Sciences
274, no. 1624, 2429-36

Somppi, S., Torngvist, H., Hinninen, L., Krause, C., Vainio, O. (2012). Dogs Do Look at
Images: Eye-tracking in Canine Cognition Research. Animal Cognition 15, no. 2, 163-74

Somppi, S., Térnqvist, H., Hinninen, L., Krause, C.M., Vainio, O. (2014). How Dogs Scan
Familiar and Inverted Faces: An Eye Movement Study. Animal Cognition 17, no. 3, 793-803

Strafella, A.P., and Paus, T. (2000). Modulation of Cortical Excitability during Action
Observation: A Transcranial Magnetic Stimulation Study. Neuroreport 11, no. 10, 2289-92.

Tanaka, J.W., Farah, M.J. (1993). Parts and Wholes in Face Recognition. The Quarterly
Journal of Experimental Psychology Section A 46, no. 2, 225-45

Tate, A.J., Fischer, H., Leigh, A.E., Kendrick, K.M. (2006). Behavioural and
Neurophysiological Evidence for Face Identity and Face Emotion Processing in Animals.
Philosophical Transactions of the Royal Society B: Biological Sciences 361, no. 1476, 2155—
72

Téglas, E., Gergely, A., Kupan, K., Miklosi, A, Topal, J. (2012). Dogs’ Gaze Following Is
Tuned to Human Communicative Signals. Current Biology 22, no. 3, 209—-12

Ullman, S. (1995). Sequence Seeking and Counter Streams: A Computational Model for
Bidirectional Information Flow in the Visual Cortex. Cerebral Cortex 5, no. 1, 1-11

Venables, W.N., Ripley, B.D. (2002). Modern Applied Statistics with S, Fourth. New York.
Springer.

Vicari, S., Reilly, J.S., Pasqualetti, P., Vizzotto, A., Caltagirone, C. (2000).Recognition of
Facial Expressions of Emotions in School-Age Children: The Intersection of Perceptual and
Semantic Categories. Acta Paediatrica 89, no. 7, 83645

Widen, S.C. (2013). Children’s Interpretation of Facial Expressions: The Long Path from
Valence-Based to Specific Discrete Categories. Emotion Review 5, no. 1, 72-77

Widen, S.C., Russell, J.A. (2008). Children Acquire Emotion Categories Gradually.
Cognitive Development 23, no. 2, 291-312

Williams, F.J., Mills, D.S., Guo, K. (2011). Development of a Head-Mounted, Eye-Tracking
System for Dogs. Journal of Neuroscience Methods 194, no. 2, 25965

51



Yarbus, A.L., Haigh, B., Rigss, L.A. (1967). Eye Movements and Vision. New York. Plenum
Press

Yin, R.K. (1969). Looking at Upside-down Faces. Journal of Experimental Psychology 81,
no. 1, 141-45

Young, A.W., Hellawell, D., Hay, D.C. (1987). Configurational Information in Face
Perception. Perception 16, no. 6, 747-59

52



7 Supplements

Table 4 - Effects of familiarity and emotion type on Fixation Count

Fixation count

Fam * EmoType F S.E. dF | t-value | p-value
Unfam 0.150 0.586 311 | -0.256 | 0.798
Pos 0.103 0.591 311 | 0.175 0.861
Unfam * Pos 0.042 0.842 311 | 0.051 0.960

Table 5 - Effects of familiarity and emotion type on Maximum Fixation Duration

Maximum Fixation Duration

Fam * EmoType F S.E. dF | t-value | p-value
Unfam -83.595 | 159.227 | 311 | -0.525 0.600
Pos -115.290 | 160.492 | 311 | -0.718 0.473
Unfam * Pos 71.708 | 228.490 | 311 | 0.314 0.754

Table 6 - Effects of familiarity and emotion type on Average Fixation Duration

Average Fixation Duration

Fam * EmoType F S.E. dF | t-value | p-value
Unfam -19.926 | 141.027 | 251 | -0.141 | 0.888
Pos -146.315 | 137.170 | 251 | -1.067 0.287
Unfam * Pos -128.463 | 202.663 | 251 | -0.634 | 0.527

Table 7 - Effects of familiarity and emotion type on dwell likelihood at EYES region of interest

Dwell (binary) - EYES

Fam * EmoType F S.E. dF | t-value | p-value
Unfam -0.418 0.296 357 | -1.411 | 0.159
Pos -0.706 0.300 357 | -2.351 | 0.019
Unfam*Pos 0.269 0.426 357 | 0.630 0.529
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Table 8 - Effect of emotion type on dwell likelihood at EYES region of interest

Dwell (binary) - EYES

Emotype

S.E.

dF

t-value

p-value

Pos

-0.570

0.212

359

-2.687

0.0075

Table 9 - Effects of familiarity and emotion type on dwell likelihood at MOUTH region of interest

Dwell (binary) - MOUTH

Fam * EmoType F S.E. dF | t-value | p-value
Unfam -0.883 0.306 357 | -2.880 | 0.0042
Pos -0.304 0.291 357 | -1.043 | 0.2975
Unfam*Pos 0.559 0.429 357 | 1.301 | 0.1941

Table 10 - Effect of familiarity on dwell likelihood at MOUTH region of interest

Dwell (binary) - MOUTH

Fam

S.E.

dF

t-value

p-value

Unfam

-0.601

0.214

359

-2.814

0.0052

Table 11 - Effects of familiarity and emotion type on dwell likelihood at FOREHEAD region of interest

Dwell (binary) - FOREHEAD

Fam * EmoType F S.E. dF | t-value | p-value
Unfam -0.307 0.317 357 | -0.967 | 0.3341
Pos 0.058 0.308 357 | 0.189 | 0.8504
Unfam*Pos -0.912 0.478 357 | -1.910 | 0.057

Table 12 - Effects of familiarity and emotion type on dwell likelihood at FACE region of interest

Dwell (binary) - FACE

Fam * EmoType F S.E. dF | t-value | p-value
Unfam -1.475 0.507 357 | -2.910 | 0.0038
Pos -1.082 0.522 357 | -2.072 | 0.039

Unfam*Pos 1.082 0.641 357 | 1.687 | 0.0925
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Table 13 - Effects of familiarity and emotion type (independently) on dwell likelihood at FACE region of interest

Dwell (binary) - FACE

Fam + EmoType F S.E. dF | t-value | p-value
Unfam -0.838 0.302 358 | -2.777 | 0.0058
Pos -0.387 0.293 358 | -1.324 | 0.1863

Table 14 - Comparisons of dwell likelihood at different regions of interest

Dwell (binary) - comparisons
ROI F S.E. dF | t-value | p-value
Fore. vs. Eyes -0.894 0.162 743 | -5.529 | <0.001
Fore. vs. Mouth | -0.894 0.162 743 | -5.529 | <0.001
Mouth vs. Eyes -0.245 0.148 743 | -1.654 | 0.0986

Table 15 - Mean and standard error of duration-related eye-tracking data

Maximum Fixation Average Fixation
Fixation Count
Condition Duration Duration
Mean % S.E.
Mean %= S.E. Mean £ S.E.

Familiar Positive 7.482 +0.43 2207 +116.77 1033.9 + 96.59
Familiar Negative 7.337 £0.51 2310+ 121.47 1181.83 + 118.75
Unfamiliar Positive 7.4+0.48 2155+ 139.91 881 + 66.04
Unfamiliar Negative | 7.172 £ 0.45 2232 +£123.87 1177.9 £119.57

Table 16 - Mean and standard error of fixation angles

Fixation angle

Condition

Mean + SE
Familiar 256.337° £ 138.934°
Unfamiliar 212.341° £ 56.005°
Positive 16.751° + 154.328°
Negative 218.76° £ 33.975°

Within the face region

Outside the face region

301.743° £ 99.563°
164.664° + 65.881°

55




Table 17 — Mean and standard error of heart rate (BPM) over different conditions

HR
Condition Mean + S.E.
BL1 (standing) 100.8 +0.84
BL1 (walking) 124.4 £0.75
BL2 (standing) 93.98+0.81
BL2 (walking) 117.7 £0.72
BLS (overall) 97.59 +0.59
BLW (overall) 121.2 £0.52
Familiar Positive 99.61 £ 0.60
Familiar Negative 97.66 £ 0.64
Unfamiliar Positive | 97.69 £ 0.53
Unfamiliar Negative | 99.84 £ 0.61

Table 18 - Comparing baseline order and activity effect within baseline heart rates

Heart rate (BPM)
BL (no) * act F S.E. dF t-value | p-value
BL2 -6.330 1.144 5703 -5.532 | <0.0001
Walk 24.145 1.023 5703 23.605 | <0.0001
BL2 * Walk -0.214 1.483 5703 -0.144 0.8854

Table 19 - Comparing condition effect (standing conditions only) on heart rate

Heart rate (BPM)
Condition F S.E. dF t-value | p-value
BL1 3.508 0.922 12218 3.804 0.0001
BL2 -2.486 0.968 12218 -2.568 | 0.0102
Happy 0.568 0.739 12218 0.768 0.4423
Neutral 0.309 0.775 12218 0.399 0.6898
Sad -0.596 0.8 12218 -0.744 0.4568
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Table 20 - Effects of familiarity and emotion type on heart rate

Heart rate (BPM)
Fam *
F S.E. dF t-value | p-value
EmoType
Pos 2.827 0.799 9871 3.536 4e-04
Unfam 3.644 0.82 9871 4.444 0e+00
Pos * Unfam -4.307 1.125 9871 -3.828 le-04

r

Figure 16 - Example of trial image with marked AOIs and visible fixation points (blue circle size is proportional to
fixation length)
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Figure 17 — Face picture trials presented to dogs, from right to left: happy, neutral, sad and angry emotion ( top:
familiar face, bottom: unfamiliar face)
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Figure 18 - A subject standing in the chinrest apparatus (author: Anjuli Barber)
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