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Abstract
Common facial expressions of emotion have distinctive patterns of facial muscle movements that are culturally similar among 
humans, and perceiving these expressions is associated with stereotypical gaze allocation at local facial regions that are 
characteristic for each expression, such as eyes in angry faces. It is, however, unclear to what extent this ‘universality’ view 
can be extended to process heterospecific facial expressions, and how ‘social learning’ process contributes to heterospecific 
expression perception. In this eye-tracking study, we examined face-viewing gaze allocation of human (including dog owners 
and non-dog owners) and monkey observers while exploring expressive human, chimpanzee, monkey and dog faces (posi-
tive, neutral and negative expressions in human and dog faces; neutral and negative expressions in chimpanzee and monkey 
faces). Human observers showed species- and experience-dependent expression categorization accuracy. Furthermore, both 
human and monkey observers demonstrated different face-viewing gaze distributions which were also species dependent. 
Specifically, humans predominately attended at human eyes but animal mouth when judging facial expressions. Monkeys’ 
gaze distributions in exploring human and monkey faces were qualitatively different from exploring chimpanzee and dog 
faces. Interestingly, the gaze behaviour of both human and monkey observers were further affected by their prior experi-
ence of the viewed species. It seems that facial expression processing is species dependent, and social learning may play a 
significant role in discriminating even rudimentary types of heterospecific expressions.
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Introduction

Because a significant part of emotional expressions are 
achieved through movements of facial muscles, facial 
expressions provide crucial visual cues for humans and a 
range of non-human mammal species to understand other’s 
emotional state and intention. The ability to recognize an 
individual’s expression accurately and quickly plays a cru-
cial role in an animal’s social communication and even sur-
vival (Darwin 1872). Consequently, humans are extremely 
sensitive to each other’s facial expressions. We show inborn 
predisposition to process expressive facial cues, and the 

relevant cognitive and perceptual capacities are quickly 
perfected through increasing practice and exposure over 
time (Bruce and Young 2012). Although the capability of 
categorizing conspecific facial expressions, particularly of 
human viewers, and its underlying cognitive mechanisms are 
well researched, little is known about the processes in per-
ceiving heterospecific facial expressions. Even though it has 
been reported that humans can recognize some facial expres-
sions in monkeys (Marechal et al. 2017) and dogs (Tam and 
Gallagher 2009; Wan et al. 2012), and some basic human 
facial expressions (e.g. happy vs anger) can be discriminated 
by monkeys (Kanazawa 1996), dogs (Müller et al. 2015; 
Albuquerque et al. 2016), horses (Proops et al. 2018), goats 
(Nawroth et al. 2018) and giant pandas (Li et al. 2017), we 
still do not know whether the same cognitive process (e.g. 
face-viewing gaze allocation) is adopted to process conspe-
cific and heterospecific facial expressions in these species.

It has been argued that human perception of basic conspe-
cific facial expressions is a “universality” process (Ekman 
et al. 1969; Ekman 1994), in which we do not have to learn 
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to recognize basic or universal emotions (e.g. happy, sad, 
anger, fear, disgust, surprise) from people of different cul-
tures and we interpret other people’s facial expressions 
according to how we would feel if we looked that way 
(Ekman and Cordaro 2011). As congenitally blind indi-
viduals could produce recognizable facial expressions even 
though they have never seen other people’s expressions to 
imitate (Tröster and Brambring 1992) and newborn infants 
could visually discriminate expressions such as happiness, 
sadness and surprise (Field et al. 1982), we may have inborn 
predisposition to the production and perception of (at least) 
some facial expressions. This “universality” view is further 
supported by stereotypical and heritable nature of com-
mon facial expressions which can be examined through the 
quantification of facial muscle movements and their com-
position into different expression categories via the Facial 
Action Coding System (FACS; Ekman et al. 1975). For 
instance, a typical happy face is correlated with raised inner 
eyebrows, cheek and upper lip, and tightened lower eyelid; 
and an angry expression comprises lowered eyebrows, eyes 
wide open with tightened lower lid, lips exposing teeth 
and stretched lip corners (Ekman et al. 1975; Kohler et al. 
2004). As each of these basic facial expressions has one or 
more action units linked to key internal facial features such 
as eyes, nose and mouth, different local facial features can 
subsequently transmit expression-specific diagnostic infor-
mation for ‘universal’ recognition of common expressions 
in humans (e.g. eyes and mouth contain crucial cues for 
detecting angry and happy expressions, respectively) (Calvo 
and Nummenmaa 2008; Smith et al. 2005). Indeed, recent 
eye-tracking studies have observed that when categorizing 
facial expressions, we tend to look more often at local face 
regions that are most characteristic for each expression cat-
egory (Eisenbarth and Alpers 2011; Guo 2012, 2013; Guo 
and Shaw 2015), suggesting that gaze allocation at the eyes, 
nose and mouth regions could be systematically influenced 
by the viewed facial expressions.

It is plausible that such “universality” process could also 
be involved in perceiving heterospecific facial expressions, 
as the homology in emotional behaviours, in facial muscu-
lature and in neural system sub-serving emotion expression 
and perception across mammals (Darwin 1872; Leopold and 
Rhodes 2010; Schirmer and Adolphs 2017) implies that (at 
least) some basic facial expressions might be recognizable 
or understandable across species. Specifically, humans use 
17 facial muscle pairs to display expressions and we share 
this facial musculature fully with great apes and partially 
with other mammal species (Müri 2016). This commonality 
in facial anatomy plan could lead to subsequent expression 
similarities between species. For instance, humans, non-
human primates and dogs use zygomaticus major to retract 
mouth corners and expose teeth. These zygomaticus activi-
ties together with jaw dropping represent a joyful display 

across these species (Parr et al. 2010; Schirmer et al. 2013). 
Therefore, if different species produce the same or similar 
facial movements in response to the same emotional event, 
then individuals might be able to form an understanding 
of heterospecific emotion through their own facial actions 
without the need of prior experience of interacting with 
heterospecifics. Consequently, human viewers may show 
comparable recognition accuracy and gaze behaviour when 
judging human, chimpanzee and monkey facial expressions.

On the contrary, “social learning” process argued that 
facial expressions might be evolutionary by-products of a 
general-purpose meaning-inference system, and therefore 
are learned species-specific cultural symbols rather than 
innate, prototypic and universal communication signals 
(Barrett 2011). If so, then an associative learning between 
external events and motivational states is likely needed to 
understand heterospecific emotions. Recently, this view has 
motivated a few empirical studies with contradictory find-
ings. For example, in comparison with human expressions, 
we are less accurate in judging non-human, such as dog, 
facial expressions. While some studies found recognition 
accuracy for some expressions (e.g. fearful, playful) were 
improved with prolonged experience with dogs (Tam and 
Gallagher 2009; Wan et al. 2012), others argued that experi-
ence had very limited role in recognizing dog facial expres-
sions, with experts and non-experts making similar catego-
rization errors and biases (Bloom and Friedman 2013).

Recent comparative eye-tracking studies on humans and 
non-human primates have shed light on the relative contri-
bution of “universality” and “social learning” processes in 
attending conspecific and heterospecific social or emotional 
scenes involving faces. For instance, humans and rhesus 
monkeys showed comparable tendency to gaze at ‘high-
interest’ targets (e.g. expressive human or animal faces) in 
dynamic video clips (Berg et al. 2009; Shepherd et al. 2010) 
and static human–human or animal–animal social interac-
tion images (McFarland et al. 2013), and such interspecies 
gaze correlations were driven by biologically relevant social 
or emotional cues rather than low-level image properties, 
such as local image contrast or structure (Shepherd et al. 
2010). Furthermore, when presented with a conspecific or 
heterospecific face alone picture (i.e. without body and back-
ground scene) with neutral facial expression, both humans 
and monkeys tended to show a face-specific directional gaze 
bias towards the left hemiface (Guo et al. 2009) and stereo-
typical gaze allocation at socially informative local facial 
features with a strong preference towards the eyes (Guo et al. 
2006; Dahl et al. 2009; Méary et al. 2014). These similarities 
in social attention behaviour (i.e. strong gaze preference at 
conspecific or heterospecific faces in social scenes, and at 
the eye region) have also been observed between humans 
and chimpanzees (Kano and Tomonaga 2009, 2010) and 
between other closely related primate species, such as rhesus 
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monkeys, bonobos, orangutans, chimpanzees and gorillas 
(Kano et al. 2012, 2015, 2018). It seems that humans and 
some non-human primates are broadly tuned to the same 
local visual cues when processing social and emotional 
scenes, suggesting a close evolutionary connection in the 
organization of their visual system and a ‘universal’ process 
in social cognition.

In spite of the striking similarities in social attention 
between humans and non-human primates, these studies 
have often reported substantial quantitative differences in 
face-viewing gaze allocation that are species specific and 
context dependent (e.g. humans tend to gaze at the human 
eyes more often than the monkey eyes) (Shepherd et al. 
2010; McFarland et al. 2013; Kano et al. 2018), implying 
a possible contribution of “social learning” in face view-
ing. Furthermore, as these earlier studies are not designed 
to compare gaze behaviour in viewing of facial expressions 
of different categories and different species, we do not know 
the extent to which the “universality” and “social learning” 
processes are involved in interspecies emotion perception.

To further explore these contrasting views specifically in 
perceiving conspecific and heterospecific facial expressions, 
in two separate eye-tracking experiments we examined face-
viewing gaze allocation of human (including dog owners 
and non-owners) and monkey participants while exploring 
human, chimpanzee, monkey and dog faces with positive 
(happy/playful/appeasement), relaxed (neutral) and nega-
tive (angry/threatening) expressions. It is plausible that both 
the “universality” and “social leaning” processes could be 
reduced in perceiving heterospecific facial expressions as 
they are less biologically relevant to the viewers. To maxi-
mally promote and also distinguish between these two pro-
cesses, we only presented the very basic high-intensity angry 
and happy conspecific and heterospecific facial expressions, 
as these expressions are likely to be homologous in morpho-
logical features and social functions across the presented 
species (Leopold and Rhodes 2010; Schirmer and Adolphs 
2017), and humans need little learning or experience to rec-
ognize high-intensity human happy and angry expressions 
as suggested by developmental and cross-culture studies 
(Gao and Maurer 2010; Yan et al. 2016). We also explicitly 
requested human viewers to categorize the perceived expres-
sions using a free-labelling task, and tested both dog owners 
and non-owners to further compare the role of prior experi-
ence in differentiating dog facial expressions.

However, although the static images of appeasement and 
silent bared-teeth display in chimpanzee and monkey faces 
have been proposed as the possible primate homologues 
of smiling (van Hooff 1972), recent research has indicated 
that they are ambiguous in social functioning. These facial 
displays could occur in both aggressive and affiliative situ-
ations for the purpose of increasing the likelihood of affili-
ative behaviour, and hence represent different internal or 

emotional state in non-human primates (Waller and Dun-
bar 2005), whereas play face (relaxed open-mouth face) is 
almost exclusively displayed in positive social context (Parr 
et al. 2007). Even though both displays may have similar 
evolutionary function of social bonding and have converged 
into happy expression in humans (Waller and Dunbar 2005), 
the ambiguity in appeasement and silent bared-teeth display 
would lead to difficulty to judge whether humans’ emotion 
categorization of these face images are correct or not. Taking 
this into consideration, our final stimuli set included human 
and dog faces with positive, relaxed and negative expres-
sions; but chimpanzee and monkey faces only with relaxed 
and negative expressions.

Based on our stimuli and experimental design, the “uni-
versality” process would predict that human viewers dem-
onstrate comparable categorization accuracy to the same 
expression displayed by different species, both dog own-
ers and non-owners show similar expression categorization 
accuracy for faces of different species, and both human and 
monkey viewers display similar expression-dependent gaze 
distribution regardless of the viewed face species (e.g. when 
viewing the same expression displayed by different species, 
viewers direct similar amount of fixations at those informa-
tive internal facial features, such as eyes, nose and mouth, 
which transmit diagnostic expressive cues). In contrast, 
the “social learning” process would predict an experience-
dependent expression categorization accuracy in human 
viewers (e.g. humans show higher categorization accuracy 
for human faces than for faces of other species, and dog 
owners show higher categorization accuracy for dog faces 
than non-owners), and a species-dependent face-viewing 
gaze distribution in both human and monkey viewers (e.g. 
different levels of experience may modify amount of atten-
tion directed at the eyes in ‘angry’ human, chimpanzee, 
monkey and dog faces).

Experiment 1: humans viewing 
heterospecific facial expressions

Materials and methods

Fifty-six Caucasian undergraduate participants (20 male, 
36 female), age ranging from 18 to 26 years with a mean 
of 19.88 ± 1.27 (mean ± SD), volunteered to participate in 
this study conducted at the University of Lincoln. This sam-
ple size was determined based on previous research in the 
same field and was comparable to the published reports (e.g. 
Kano and Tomonaga 2010; Guo 2012, 2013; Gavin et al. 
2017). All participants had normal or corrected-to-normal 
visual acuity and did not have frequent contact with chim-
panzees or monkeys. Twenty-eight participants (19 female, 
mean age 19.79 ± 1.45) were dog owners with between 1 
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and 21 years’ experience of dog ownership (mean years of 
experience 10.39 ± 6.05). The other 28 (17 female, mean 
age 19.96 ± 1.07) were non-dog owners (i.e. individuals who 
never had dogs). The Ethical Committee in School of Psy-
chology, University of Lincoln, approved this study. Written 
informed consent was obtained from each participant prior 
to the testing, and all procedures complied with the British 
Psychological Society “Code of Ethics and Conduct”.

Digitized greyscale face images were presented through 
a ViSaGe graphics system (Cambridge Research Systems, 
UK) and displayed on a high-frequency non-interlaced 
gamma-corrected colour monitor (30 cd/m2 background 
luminance, 100 Hz frame rate, Mitsubishi Diamond Pro 
2070SB) with the resolution of 1024 × 768 pixels. At a view-
ing distance of 57 cm, the monitor subtended a visual angle 
of 40 × 30°.

Unfamiliar face images in full frontal view from four spe-
cies were used as stimuli (see examples in Fig. 1): 18 human 
(Caucasian) faces, 12 chimpanzee (Pan troglodytes) faces, 
12 monkey (9 Rhesus macaques and 3 Japanese macaques) 
faces and 18 dog (Canis familiaris) faces. Human faces were 
selected from the “Pictures of Facial Affect” (Ekman et al. 
1975) and Karolinska Directed Emotional Faces CD ROM 
(Lundqvist et al. 1998). Chimpanzee, monkey and dog faces 
were collected from different online sources and own data-
bases (Guo et al. 2009; Racca et al. 2012). The faces of 
each species were divided into either two or three emotional 
categories (6 faces per category, see also the justification in 
“Introduction”) corresponding to the valence of the facial 
expression displayed: positive (happy expression in human 
and dog faces), relaxed neutral (close-mouth relaxed faces 
without obvious facial muscle tension in human, chimpan-
zee, monkey (5 rhesus macaques and 1 Japanese macaque) 

and dog faces), and negative (angry expression in human 
faces; open-mouth threat in chimpanzee and monkey (4 rhe-
sus macaques and 2 Japanese macaques) faces; threatening 
aggressive facial signals in dog faces). The selection of emo-
tional valence for chimpanzee and monkey faces was guided 
by criteria defined in ChimpFACS (Parr et al. 2007) and 
MaqFACS (Parr et al. 2010). The ‘happy’ dog face pictures 
were taken when presenting dogs with food and talking to 
them using ‘doggerel’ (similar to ‘baby speech’ but directed 
to dogs; Mitchell 2001), and the typical ‘happy’ facial reac-
tion was a relaxed face with an open mouth, the tongue out 
and erect ears (Racca et al. 2012). The ‘threatening’ dog 
face pictures were taken and chosen from dogs displaying 
typical aggressive facial signals (e.g. bared teeth, wrinkled 
muzzle, erect and forward pointing ears), including police 
dogs trained to display such behaviour (Racca et al. 2012). 
Furthermore, the emotional valence of non-human faces was 
further confirmed by two specialists in primatology and in 
veterinary behavioural medicine. All images shared simi-
lar spatial facial configurations, were gamma corrected to 
ensure a natural shades appearance as seen by human eyes 
and were displayed once in a random order at the centre of 
the screen with a resolution of 500 × 500 pixels (18 × 18°).

During the experiment, the participants sat in a chair with 
their head restrained by a chin rest and viewed the display 
binocularly. To calibrate eye movement signals, a small red 
fixation point (FP, 0.3° diameter, 15 cd/m2 luminance) was 
displayed randomly at one of nine positions (3 × 3 matrix) 
across the monitor. The distance between adjacent FP posi-
tions was 10°. The participant was instructed to follow the 
FP and maintain fixation for 1 s. After the calibration pro-
cedure, the participant pressed the response box to initiate a 
trial. The trial was started with an FP displayed 10° left or 
right to the screen centre to minimize central fixation bias 
(Tatler 2007). If the participant maintained fixation for 1 s, 
the FP disappeared and a face image was presented at the 
centre of the monitor for 3 s. During the free-viewing pres-
entation, the participant was instructed to “view the face as 
you normally do” and use one word to label the perceived 
facial expression. The experimenter then typed the verbal 
report into the customer-made software. No reinforcement 
was given during this procedure.

Horizontal and vertical eye positions from the self-
reported dominant eye (determined through the Hole-in-
Card test or the Dolman method if necessary) were measured 
using a Video Eyetracker Toolbox (a camera-based system 
tracking pupil centre and corneal reflection) with 250 Hz 
sampling frequency and up to 0.25° accuracy (Cambridge 
Research Systems, UK). The software developed in Matlab 
computed horizontal and vertical eye displacement signals 
as a function of time to determine eye velocity and position. 
Fixations were then extracted from the raw eye-tracking data 
using velocity (less than 0.2° eye displacement at a velocity 

Fig. 1   Example of the used stimuli. From left to right: human faces, 
chimpanzee faces, monkey faces and dog faces displaying positive, 
relaxed/neutral and negative facial expressions
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of less than 20°/s) and duration (greater than 50 ms) criteria 
(Guo et al. 2006).

While determining fixation allocation within key inter-
nal facial features (i.e. eyes, nose, and mouth), a consistent 
criterion was adopted to define boundaries between local 
facial features for different faces (for details and regions of 
interest examples see Fig. 1 in Guo 2012). Specifically, the 
‘eye’ region included the eyes, eyelids and eyebrows; the 
‘nose’ or ‘mouth’ region included the main body of the nose 
or mouth and immediate surrounding area (up to 0.5°). The 
division line between the mouth and nose regions was the 
midline between the upper lip and the bottom of the nose. 
Each fixation was then characterized by its location among 
feature regions and its time of onset relative to the start of 
the trial, and the number of fixations directed at each feature 
was normalized to the total number of fixations sampled in 
that trial.

The participants’ verbal reports of the perceived facial 
expressions were analysed off-line. For the positive facial 
expressions, the correct categorization was accepted for 
labels such as happy, cheerful, thrilled, playful, pleased, 
cheeky, laughing and excited. The accepted labels for the 
relaxed expressions included neutral, dull, blank, bored, 
clam and relaxed. The accepted labels for the negative 
expressions included anger, annoyed, upset, mad, threat-
ening, displeased and violent. The label was considered as 
incorrect if the reported emotional valence was opposite to 
the presented facial expression valence.

Results and discussion

To examine the extent to which human expression catego-
rization performance was affected by dog ownership, the 
viewed face species and facial expressions, we conducted a 
general linear model (GLM) analysis with expression cat-
egorization accuracy as the dependent variable. Only signifi-
cant main and interaction effect was reported.

Regardless of dog ownership, human facial expres-
sion categorization performance varied according to the 
viewed face species and facial expressions [face species: 
F(3,560) = 65.57, p < 0.001, ηp

2 = 0.27; expression type: 
F(2,560) = 88.29, p < 0.001, ηp

2 = 0.25; face species × expres-
sion type: F(4,560) = 41.36, p < 0.001, ηp

2= 0.24; Fig. 2]. 
Specifically, for relaxed (neutral) expressions, humans 
showed the highest categorization performance for human 
faces (HR: 70% ± 5), the lowest performance for dog faces 
(DR: 31% ± 4; Bonferroni correction for multiple compari-
sons, all ps < 0.001) and indistinguishable categorization 
performance for chimpanzee and monkey faces (CR vs MR: 
45% ± 5 vs 45% ± 5, p =0.99). For negative expressions, they 
showed the highest categorization performance for dog and 
human faces (DN vs HN: 91% ± 2 vs 87% ± 2, p =0.16), 
followed by chimpanzee faces (CN: 73% ± 2), and then by 

monkey faces (MN: 25% ± 3; MN vs CN or HN or DN, all 
ps < 0.001).

Furthermore, when labelling human expressions, human 
participants were the most accurate in labelling posi-
tive expressions (99% ± 1), followed by negative expres-
sions (87% ± 2) and then relaxed expressions (70% ± 5; 
all ps < 0.001). When labelling dog expressions, humans 
showed the same accuracy in categorizing positive and 
negative expressions (90% ± 2 vs 91% ± 2, p =0.80), which 
was significantly higher than that for relaxed expressions 
(31% ± 4; all ps < 0.001). Interestingly, humans were more 
accurate in labelling chimpanzee negative than relaxed 
expressions (73% ± 2 vs 45% ± 5, p < 0.001), but were less 
accurate in labelling monkey negative than relaxed expres-
sions (25% ± 3 vs 45% ± 5, p < 0.001).

Although dog ownership did not show significant impact 
on overall expression recognition accuracy [F(1,560) = 2.19, 
p = 0.14, ηp

2 = 0.004], dog owners were more accurate in 
detecting dog negative or positive expressions than non-
owners [negative: 99% ± 1 vs 83% ± 5, t(54) = − 3.46, 
p = 0.001, 95% CIs (− 25.39, − 6.75), Cohen’s d = 0.92; 
positive: 98% ± 1 vs 82% ± 4, t(54) = − 3.86, p < 0.001, 95% 
CIs (− 25.44, − 8.06), Cohen’s d = 0.92]. There was no cor-
relation between the length of dog ownership and owners’ 
categorization performance for dog expressions (two-tailed 
Pearson correlation for each dog expression, all ps> 0.05), 
probably due to their ceiling level of expression categoriza-
tion accuracy.

For those expressions with relatively poor categoriza-
tion accuracy (< 80%), we computed confusion matrices to 
illustrate which expressions were mistaken for others. For 
each displayed expression with incorrect labelling, we cal-
culated the percentage of the trials in which participants 

Fig. 2   Mean expression categorization accuracy from dog owners 
and non-owners when labelling human, chimpanzee, monkey and 
dog facial expressions. HN human negative, HR human relaxed, HP 
human positive, CN chimpanzee negative, CR chimpanzee relaxed, 
MN monkey negative, MR monkey relaxed, DN dog negative, DR 
dog relaxed, DP dog positive. Error bars represent SEM. *p < 0.05, 
**p < 0.01
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wrongly categorized the expression using a particular label 
and reported the commonly confused labels and their per-
centages. As shown in Table 1, when making mistakes, both 
dog owners and non-owners tended to label human or dog 
neutral expression as sad, chimpanzee neutral expression as 
sad or happy, and chimpanzee or monkey negative expres-
sion as happy or surprise. Although less frequently, non-
owners were more likely to mislabel dog positive expression 
as neutral (77%) and negative expression as neutral (26%), 
happy (22%) or fear (22%).

Considering that the constant face presentation duration 
across different face images would attract similar amount of 
fixations or viewing time per trial, and the analysis of fixa-
tion and viewing time would lead to qualitatively identical 
face-viewing gaze distribution in both human (e.g. Guo et al. 
2010; Guo 2012) and monkey viewers (e.g. Guo et al. 2003), 
for eye-movement data analysis we focused on fixation or 
gaze pattern analysis. Furthermore, previous studies have 
demonstrated when exploring either relaxed or expressive 
human faces or non-human animal faces with human-like 
facial configurations, the vast majority of fixations were allo-
cated at three key internal facial features (i.e. eyes, nose, 
and mouth) regardless of task demand (e.g. Guo et al. 2010, 
2012; Gavin et al. 2017). As these three local facial features 
can transmit expression-specific diagnostic information for 
expression recognition (at least) in humans (Smith et al. 
2005), our gaze allocation at them are systematically influ-
enced by the viewed facial expressions (Guo 2012, 2013). 
Taken all together, our analysis of face-viewing gaze behav-
iour was focused on those fixations directed at the eyes, nose 
and mouth regions.

As shown in the face examples in Fig. 3, in agreement 
with previous studies, our analysis revealed that during the 
face exploration, human viewers allocated the vast majority 
of fixations at the eyes, nose and mouth regions in human, 
chimpanzee and monkey faces of different expressions (HN: 
93% ± 1 of overall fixations in an image-viewing trial; HR: 
92% ± 1; HP: 90% ± 1; CN: 95% ± 1; CR: 94% ± 1; MN: 
95% ± 1; MR: 91% ± 1). They, however, allocated lower pro-
portion of fixations at these three key regions in dog faces 
(DN: 67% ± 2; DR: 67% ± 2; DP: 63% ± 1), and looked fre-
quently at dog ears and facial hair instead.

A GLM analysis with proportion of fixations directed 
at each face region as the dependent variable was then 
conducted to quantitatively compare fixation distribution 
across different face image categories. Although dog own-
ership had no direct impact on gaze distribution in judging 
human, chimpanzee, monkey and dog facial expressions 
[F(1,1680) = .74, p = 0.39, ηp

2 = 0.01; Fig. 4a–c], the viewed 
face species and facial expressions significantly modu-
lated the amount of fixations directed at a given local face 
region [face species: F(3,1680) = 48.59, p < 0.001, ηp

2 = 0.08; 
expression type: F(2,1680) = 1.04, p = 0.35, ηp

2 = 0.01; face 
regions: F(2,1680) = 215.67, p < 0.001, ηp

2 = 0.21; face spe-
cies × expression type × face region: F(8,1680) = 18.22, 
p < 0.001, ηp

2= 0.08]. Specifically, when viewing human 
faces, human viewers tended to direct the highest propor-
tion of fixations at the eyes (46–50%), followed by the nose 
(25–30%) and then by the mouth (13–18%) irrespective of 
the viewed expressions (all ps < 0.05; Fig. 4d). For other 
face species, similar pattern of gaze distribution was only 
observed when viewing relaxed chimpanzee and monkey 
faces (fixations at eyes–nose–mouth: 55%–19%–20% in 
chimpanzee faces; 55%–26%–10% in monkey faces); the 

Table 1   Confusion matrices 
of expression categorization: 
percentage of participants 
selecting a given expression 
label in incorrect trials, 
averaged across the stimuli set 
and participants

Displayed expression Labelled expression

Dog owners Non-owners

Human neutral Sad (80%) Sad (79%)
Chimpanzee negative Happy (54%), surprise (14%) Happy (58%), surprise (15%)
Chimpanzee neutral Sad (45%), happy (40%) Sad (51%), happy (30%)
Monkey negative Surprise (62%), happy (24%) Surprise (60%), happy (25%)
Monkey neutral Sad (60%), happy (12%) Sad (58%), happy (15%)
Dog neutral Sad (79%) Sad (84%)

Fig. 3   Example of overall face-viewing fixation distribution on these 
faces. The red dots within each face image indicate the position of 
each fixation sampled during this face-viewing trial across all human 
participants



2051Experimental Brain Research (2019) 237:2045–2059	

1 3

eyes and nose in relaxed dog faces attracted indistinguish-
able proportion of fixations (32% vs 32%, p = 0.93) that was 
higher than those attracted by dog mouth (3%; all ps < 0.05).

The expressive non-human faces, on the other hand, sig-
nificantly reduced fixations at the eyes (from 55 to 25%), 
but increased fixations at the mouth (from 10 to 40%) and 
nose regions (from 19 to 30%), which subsequently led to 
the eyes being less frequently inspected than the mouth or 
nose (all ps < 0.05). It seems that human viewers employed 
qualitatively similar gaze pattern to explore relaxed faces of 
different species, but distinctively different gaze pattern to 
explore expressive human and non-human faces.

Regarding the quantitative gaze allocation at each face 
region, for the eyes in relaxed faces, the highest propor-
tion of fixations was directed at monkey and chimpanzee 
faces (~ 55%), followed by human faces (~ 50%) and then by 
dog faces (~ 32%; all ps < 0.05). For the eyes in expressive 
faces, the attracted proportion of fixations was monotoni-
cally decreased when the viewed face species was changed 
from humans to monkeys, chimpanzees and then to dogs 
(~ 48% → 35% → 25% → 17%; all ps < 0.05). In comparison 
with the nose in faces of different species displaying the 
same expression, chimpanzee nose in relaxed faces (~ 19%) 
and dog nose in negative faces (~ 22%) attracted fewer fixa-
tions (all ps < 0.05). For the mouth region in relaxed faces, 
chimpanzee mouth (~ 20%) and dog mouth (~ 3%) attracted 
the most and the least proportion of fixations respectively 
(all ps < 0.01), whereas monkey and human mouths drew 
similar amount of fixations (10% vs 13%; p = 0.09). For 
the mouth in expressive faces, its gaze allocation was 

monotonically decreased when the viewed face species was 
changed from chimpanzees to monkeys, dogs and then to 
humans (~ 40% → 34% → 28% → 18%; all ps < 0.05, except 
for indistinguishable proportion of fixations at human month 
and dog mouth in happy faces).

Experiment 2: monkeys viewing 
heterospecific facial expressions

Materials and methods

Monkey experiment was conducted at the Beijing Normal 
University. Four male adult rhesus macaques (M. mulatta, 
5–9 kg, 5–9 years old) participated in the study. This sam-
ple size was determined based on previous research in the 
same field and was comparable to the published reports (e.g. 
Guo et al. 2003, 2006; Guo 2007; McFarland et al. 2013; 
Méary et al. 2014). All the monkeys were born in captivity 
and socially housed indoors. They grew up in large social 
groups, were mid-ranked individuals in the hierarchy of 
the colony, and were exposed to human caretakers and to 
their conspecifics on daily basis. The detailed experimental 
setup has been described in McFarland et al. (2013). Briefly, 
before the recording, a head restraint was implanted under 
aseptic conditions (for the purpose of a separate neurophysi-
ological study) and monkeys were trained to fixate a small 
FP on a computer screen for a couple of seconds in exchange 
for juice reward. All experimental procedures were in com-
pliance with the US National Institutes of Health Guide for 

Fig. 4   a–c Mean proportion of fixations directed at the eyes, nose and 
month of dog owners and non-owners when labelling human, chim-
panzee, monkey and dog facial expressions. HN human negative, HR 
human relaxed, HP human positive, CN chimpanzee negative, CR 
chimpanzee relaxed, MN monkey negative, MR monkey relaxed, DN 

dog negative, DR dog relaxed, DP dog positive. d The same face-
viewing fixation allocation data from all human viewers were re-
grouped according to the viewed face species and facial expressions. 
Error bars represent SEM
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the Care and Use of Laboratory Animals, and approved by 
the Institutional Animal Care and Use Committee of Beijing 
Normal University.

The presented face images were identical to those 
described in Experiment 1. During the recording, monkeys 
were seated in a primate chair with their head restrained, 
and viewed the display binocularly. Their horizontal and 
vertical eye positions were measured by EyeLink 1000 (SR 
Research Ltd) with 500 Hz sampling frequency, 0.25–0.5° 
accuracy and 0.01° root-mean-square resolution. During the 
calibration of eye movement signals, a small FP (0.2° diam-
eter, 15 cd/m2 luminance) was displayed randomly at one of 
the five positions across the monitor [centre (0, 0), top (0, 
7.25°), bottom (0, − 7.25°), left (− 10°, 0) and right (10°, 
0)]. The monkey was required to follow the FP and main-
tain fixation for 1 s. After the calibration, a trial was started 
with an FP displayed 10° left or right to the screen centre. If 
the monkey maintained fixation for 1 s, the FP disappeared 
and an image was presented for 5 s. Unlike human view-
ers showing concentrated gaze allocation at the presented 
image, monkey viewers frequently gazed at regions outside 
of the screen during the image presentation. To ensure a 
sufficient image-viewing time for monkey viewers which 
was comparable to human viewers, we adopted longer image 
presentation duration for monkeys (5 s for monkeys vs 3 s for 
humans). During the free-viewing image presentation, mon-
keys passively viewed the images with an average image-
viewing time of 3.5 s per trial. The inter-trial interval was 1 s 
within which monkeys received a juice reward without any 
specific task requirement related to the stimuli. Each monkey 
was tested for two identical sessions (60 images per session) 
separated by at least 48 h. The same eye movement analysis 
protocol was used for both monkey and human participants.

Results and discussion

Although monkey viewers frequently gazed at regions 
outside of the screen during the image presentation, they 
allocated indistinguishable number of fixations at each 
face image regardless of the viewed face species and 
facial expressions (HN: 8.10 ± 0.44; HR: 8.61 ± 0.55; 
HP: 8.53 ± 0.41; CN: 7.99 ± 0.58; CR: 8.93 ± 0.50; MN: 
8.53 ± 0.81; MR: 9.13 ± 0.67; DN: 9.18 ± 0.42; DR: 
8.93 ± 0.70; DP: 8.29 ± 0.48) [face species: F(3,80) = 0.42, 
p = 0.74, ηp

2 = 0.02; expression type: F(2,80) = 0.88, p = 0.42, 
ηp

2 = 0.03; face species × expression type: F(4,80) = 0.53, 
p = .72, ηp

2= 0.03]. In agreement with previous observation 
(Méary et al. 2014), monkeys tended to show more scattered 
face-viewing gaze distribution than humans (see examples 
in Fig. 5), and directed lower proportion of fixations at the 
eyes, nose and mouth in human, chimpanzee and monkey 
faces of different expressions (HN: 38% ± 2 of overall fixa-
tions in an image-viewing trial; HR: 88% ± 5; HP: 32% ± 2; 

CN: 47% ± 3; CR: 73% ± 3; MN: 62% ± 2; MR: 76% ± 3). In 
comparison with primate faces, they also allocated relatively 
fewer fixations at these three key face regions in dog faces 
(DN: 27% ± 1; DR: 44% ± 2; DP: 36% ± 3), and looked more 
frequently at dog ears and facial hair instead.

Similar to human viewers, the viewed face species and 
facial expressions significantly modulated monkey view-
ers’ gaze allocation at internal face regions [face spe-
cies: F(3,240) = 43.02, p < 0.001, ηp

2 = 0.38; expression 
type: F(2,240) = 131.61, p < 0.001, ηp

2 = 0.56; face region: 
F(2,240) = 66.72, p < 0.001, η2

p = 0.39; face species × expres-
sion type × face region: F(8,240) = 7.14, p < 0.001, ηp

2= 0.21; 
Fig. 6a]. Specifically, monkeys demonstrated human-like 
gaze distribution when viewing human faces, and directed 
the highest proportion of fixations at the eyes, followed by 
the nose and then by the mouth (41% → 26% → 20%; all 
ps < 0.05). Such pattern of gaze distribution was consist-
ent across human faces of different expressions, although 
fixations at individual face regions were proportionally 
less in expressive faces than in relaxed faces (all ps < 0.05). 
When viewing chimpanzee and monkey faces, monkeys also 
directed the highest amount of fixations at the eyes (30–44%, 
except for negative chimpanzee faces), but slightly more 
fixations at mouth (16–20%) than nose region (14–18%; 
all ps < 0.05). The dog eyes (3–13%), on the other hand, 
attracted significantly fewer fixations than the dog nose 
(11–22%) and mouth (9–11%), or the eyes in human, chim-
panzee and monkey faces (all ps < 0.05). Furthermore, unlike 
human viewers, monkey viewers allocated indistinguishable 
amount of fixations at chimpanzee mouth (17–18%) or dog 
mouth (9–11%) irrespective of the displayed facial expres-
sions, although the size and shape of the mouth changed sig-
nificantly between expressions in chimpanzee and dog faces.

Fig. 5   Example of overall face-viewing fixation distribution on these 
faces. The red dots within each face image indicate the position of 
each fixation sampled during this face-viewing trial across four mon-
key participants
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It should be noted that in this study the monkey view-
ers were rhesus macaques, but the presented monkey faces 
were from both rhesus and Japanese macaques. To check 
whether these mixed monkey face stimuli would affect our 
findings shown in Fig. 6a, we re-analysed monkeys’ face-
viewing gaze distribution by only using data from viewing 
conspecific rhesus macaque faces (Fig. 6b). The analysis 
revealed identical pattern of species- and expression-modu-
lated gaze allocation changes as those reported above [face 
species: F(3,240) = 41.72, p < 0.001, ηp

2 = 0.37; expression 
type: F(2,240) = 120.71, p < 0.001, ηp

2 = 0.54; face region: 
F(2,240) = 69.54, p < 0.001, ηp

2 = 0.4; face species × expres-
sion type × face region: F(8,240) = 6.79, p < 0.001, 
ηp

2= 0.21], indicating that rhesus macaques showed the same 
gaze behaviour in viewing of rhesus macaque and Japanese 
macaque facial expressions.

By visual inspection of Figs. 4 and 6, it seems that human 
and monkey viewers demonstrated different gaze behaviour 
to view the same facial expression. Even though the sample 
sizes of two participant species (56 humans vs 4 monkeys) 
were different, the direct quantitative comparison of partici-
pant species × face species × expression type × face region 
GLM analysis with the normalized proportion of fixations 
at a given face region as the dependent variable revealed 

clear differences in face-viewing gaze distribution between 
human and monkey viewers [F(1,1920) = 82.23, p < 0.001, 
ηp

2 = 0.04]. To present these findings informatively, for each 
face species and facial expression we subtracted the aver-
aged and normalized monkey gaze allocation at a given face 
region from the averaged and normalized human gaze allo-
cation at the same face region (Fig. 7). A difference larger 
than 0 indicates when viewing this face image, humans on 
average directed higher proportion of fixations at the ana-
lysed face region than monkeys, whereas a difference smaller 
than 0 indicates humans looked less often at this face region.

As shown in Fig. 7, in comparison with monkeys, humans 
tended to direct more fixations at internal facial features 
regardless of the viewed facial expressions and face spe-
cies. Specifically, humans looked more often at the eyes 
(9–32% more) in all faces (all ps < 0.05) except for the eyes 
in aggressive monkey faces (p = 0.46), at the nose (6–16% 
more) in the majority of faces (all ps < 0.05) except for the 
nose in relaxed human (p = 0.24) and chimpanzee faces 
(p = 0.65), and at the mouth (7–21% more) in all expressive 
faces regardless of face species (all ps < 0.05). Monkeys, 
on the other hand, only looked more often (6–8% more) 
at the mouth in relaxed human, monkey and dog faces (all 
ps < 0.05). Interestingly, these differences, especially in gaze 
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allocation at the mouth region, were affected more by the 
viewed facial expressions than by the viewed face species. 
In comparison with monkeys, humans directed similar or 
less amount of fixations at the mouth in relaxed faces, but 
higher proportion of fixations at the mouth in expressive 
faces irrespective of the viewed face species.

Changes of local image saliency in faces 
of different species and expressions

Clearly, the viewed face species and facial expressions sig-
nificantly modulated face-viewing gaze distribution for both 
human and monkey viewers. For instance, in comparison 
with human faces, expressive (especially angry/aggressive) 
non-human faces tended to attract fewer fixations at the 
eyes, but more fixations at the mouth from human view-
ers. As the same facial feature in faces of different species 
and/or different expressions varies in size (e.g. chimpan-
zees usually have larger mouth than humans) and low-level 
image salience, such as feature structure, shape, luminance 
intensity and contrast in local image region (e.g. exposed 
teeth in aggressive chimpanzee faces will enhance local con-
trast in mouth region), it is plausible that these changes of 
facial feature size and local image saliency could (at least 
partly) account for the observed differences in gaze alloca-
tion at a given facial feature. We examined this possibility 
by computing and comparing local facial feature size and 
local image saliency in the eyes, nose and mouth across face 
image categories.

For each of the face images used in this study, we first 
measured the proportion of the area of each facial feature 
(i.e. eyes, nose, and mouth) relative to the whole image. 
Its local image saliency was then computed in Matlab 
using the most widely used computational salience model 
of Itti and Koch (2000), with the authors’ original param-
eters and implementation (obtained from http://ilab.usc.
edu). The model compares local image intensity, colour 

and orientation, combines them into a single salience map 
with a winner-take-all network and inhibition-of-return, and 
then produces a sequence of predicted fixations that scan the 
whole face in order of decreasing salience. We calculated the 
top nine salient regions within each face image because our 
human and monkey viewers on average made 8.5 fixations 
per image in face viewing. The number of predicted fixations 
at the eyes, nose and mouth was then normalized to the total 
number of predicted fixations in that face.

As shown in Fig. 8, the size of local facial features varied 
according to the face species and facial expressions [face 
species: F(3,180) = 48.54, p < 0.001, ηp

2 = 0.50; expres-
sion type: F(2,180) = 0.42, p = 0.66, ηp

2 = 0.01; face region: 
F(2,180) = 71.05, p < 0.001, ηp

2 = 0.49; face species × expres-
sion type × face region: F(8,180) = 3.26, p = 0.002, ηp

2= 0.15]. 
Specifically, the average facial feature size in chimpanzee 
and monkey faces was slightly larger than in human and dog 
faces (all ps < 0.001). Animals also tended to have larger 
mouth than humans (all ps < 0.001), and displaying expres-
sion could further enlarge the mouth in animal faces which 
was proportionally significantly larger than the mouth in 
expressive human faces (all ps < 0.001).

The computed local image saliency of different face 
regions also varied significantly according to the face spe-
cies and facial expressions [face species: F(3,180) = 3.88, 
p = 0.01, ηp

2 = 0.07; expression type: F(2,180) = 14.59, 
p < 0.001, ηp

2 = 0.16; face region: F(2,180) = 40.34, p < 0.001, 
ηp

2 = 0.35; face species × expression type × face region: 
F(8,180) = 6.12, p = 0.002, ηp

2= 0.15]. For instance, the 
local image saliency around the mouth in expressive non-
human faces was significantly higher than those in human 
faces (all ps < 0.001). Furthermore, facial feature size and 
its local image saliency tended to be correlated, in which 
larger facial features were normally associated with higher 
number of predicted fixations (two-tailed Pearson correla-
tion, r = 0.47, p < 0.001).

The comparison between the predicted (Fig. 8) and actual 
fixation distribution (Figs.  4 and 6) revealed significant 

Fig. 7   Mean differences in proportion of fixations directed at local face regions between human and monkey participants in viewing of human, 
chimpanzee, monkey and dog facial expressions

http://ilab.usc.edu
http://ilab.usc.edu
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differences in both human [F(1,1860) = 271.16, p < 0.001, 
ηp

2 = 0.13] and monkey viewers [F(1,420) = 70.35, p < 0.001, 
ηp

2 = 0.16], suggesting the face-viewing gaze allocation in 
human and monkey viewers was not entirely driven by facial 
feature size and local image saliency. For instance, irrespective 
of the viewed face species and facial expressions, the relatively 
small eye region attracted substantially more actual fixations, 
especially from human viewers, than predicted (all ps < 0.001). 
However, the quantitative changes of the proportion of actual 
fixations at the mouth in expressive (especially negative) faces 
across different non-human face species showed similar trend 
as the changes in the mouth size and those predicted by the 
computational visual saliency model (Pearson correlation, 
all ps < 0.05). In comparison with the amount of fixations 
at the human mouth, it seems that the increased fixations at 
the expressive non-human animal mouth could be largely 
accounted for by the changes of mouth size and local image 
salience (e.g. changes in mouth shape, exposed teeth) between 
humans and non-human animals.

General discussion

In this comparative investigation about whether the same 
cognitive process is used to perceive basic heterospecific 
facial expressions in human and monkey viewers, we pre-
sented human, chimpanzee, monkey and dog faces display-
ing positive (happy/playful), relaxed (neutral) and negative 
(angry/threatening) expressions. Human viewers showed 
species- and experience-dependent expression categori-
zation accuracy. Regarding face-viewing gaze behaviour, 
humans and monkeys often demonstrated different gaze 
distribution when exploring the same face images, and the 
viewed face species and facial expressions could further 
modify their gaze allocation at the eyes, nose and mouth 
regions. Interestingly, such modulation of gaze behav-
iour was further affected by their prior experience of the 
viewed species. It seems that facial expression process-
ing is species dependent, and social learning may play a 

Fig. 8   (Top row) The proportional size of the eyes, nose and mouth 
(relative to the whole image) in human, chimpanzee, monkey and dog 
faces displaying different expressions. (Bottom row) The proportion 

of predicted fixations at the eyes, nose, and month in human, chim-
panzee, monkey and dog faces displaying different expressions. Error 
bars represent SEM
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significant role in discriminating even rudimentary types 
of heterospecific expressions.

When free labelling the perceived expressions, human 
viewers showed differential categorization performance 
for the most common types of facial expressions displayed 
by different species. They had the highest categorization 
accuracy for human faces, followed by dog and chimpanzee 
faces, and then by monkey faces (Fig. 2). It seems although 
monkeys are phylogenetically closer to humans than dogs, 
humans are less accurate to discriminate expressive monkey 
faces with which they have encountered less often in com-
parison with dog faces. This experience-modulated facial 
expression categorization extends previously reported own-
race and own-species advantages in face identity recognition 
(Walker and Tanaka 2003; Scott and Fava 2013) and own-
race advantage in facial expression recognition (Elfenbein 
and Ambady 2002, 2003), in which human recognition per-
formance is biased (with increased accuracy and shortened 
response time) towards their own as opposed to another 
race’s or species’ faces. Developmental and computational 
studies have indicated that experience or learning history is 
the crucial factor for building the face feature space repre-
sentation required for our successful discrimination of faces 
most exposed to (Pascalis et al. 2002; Dahl et al. 2014). This 
role of experience in judging heterospecific facial expression 
is further confirmed by the moderately increased recognition 
of dog expressions in dog owners than in non-owners, which 
is also in agreement with recent findings that the prolonged 
experience with dogs can improve the interpretation of facial 
and bodily emotional behaviour in dogs (Wan et al. 2012; 
Kujala et al. 2017).

Interestingly, humans’ expression categorization bias was 
also modulated by experience. When confused with relaxed 
faces of different species, they tended to mislabel familiar 
human and dog relaxed expressions as sad, but less famil-
iar chimpanzee and monkey relaxed expressions as sad and 
happy.

Regarding gaze pattern associated with facial expression 
categorization, the viewed face species (human vs non-
human faces) and expressions (relaxed vs expressive faces) 
had evident modulatory effect on humans’ face-viewing gaze 
allocation. In agreement with previous report that human 
spontaneous gaze behaviour in exploring relaxed conspecific 
and heterospecific faces is constrained by general facial con-
figurations (Guo et al. 2010), human viewers in this study 
demonstrated qualitatively similar pattern of gaze distri-
bution when viewing relaxed faces of different species, in 
which the eyes attracted the highest proportion of fixations, 
followed by the nose and then by the mouth. They, however, 
used distinctively different gaze patterns to explore expres-
sive human and non-human faces. Similar to those in relaxed 
faces, the eye region in expressive human faces was still the 
most frequently attended local facial feature, suggesting its 

crucial role in assessing human facial expressions of emo-
tion (Guo 2012). Unlike those in relaxed faces, the eyes in 
expressive non-human faces received substantial reduction 
in fixations; the mouth region was instead the most fixated 
feature for expression judgement, most likely due to both its 
visual saliency (e.g. significant changes in size and shape; 
Fig. 8) and high mobility in expressing emotions. Indeed, the 
facial morphology research has indicated that non-human 
primates, such as chimpanzees, have finer motor control 
of their lips than humans, and can produce more variable 
expressions in their mouth region (Vick et al. 2007). Con-
sequently, the mouths in chimpanzees, monkeys and dogs 
are likely to be more effective in transmitting emotional 
cues and hence attract more fixations from human viewers. 
Although enlarging mouth size and increasing its image sali-
ency (e.g. due to exposed teeth) are inherent part of emo-
tion expression in non-human animals, future research could 
further untangle the relative contribution of these low-level 
image properties and emotional cues contained in the mouth 
to the increased fixations at the mouth in expressive non-
human faces.

Interestingly, the changes in gaze allocation at local facial 
features within a given species were not strictly according 
to phylogenetic relatedness or prior experience alone. While 
eye viewing was monotonically decreased from human to 
monkey, chimpanzee and then to dog faces (a change related 
more to phylogenetic relatedness), mouth viewing was 
monotonically increased from human to dog, monkey and 
then to chimpanzee faces (a change related more to experi-
ence or exposure). It seems that both phylogenetic distance 
and prior experience play a role in humans’ viewing of het-
erospecific facial expressions.

Like human viewers, monkeys’ face-viewing gaze dis-
tribution was also significantly modulated by the viewed 
face species. They showed human-like gaze allocation when 
exploring human faces (e.g. directing the highest proportion 
of fixations at the eyes, followed by the nose and then by the 
mouth irrespective of facial expressions). Similar prolonged 
eye viewing was also observed on monkey and chimpan-
zee faces, but not on unfamiliar dog faces, suggesting that 
the preference of monkey’s visual system is tuned towards 
primate eyes. Such preference is unlikely due to low-level 
appearance or physical saliency in the eye region, but is 
more likely driven by high-level expectation of the spatial 
location of the eyes in facial configuration (Guo 2007) which 
is familiar to monkey viewers due to their prior experience 
(e.g. human faces) or is similar between phylogenetically 
close species (e.g. monkey and chimpanzee faces). This find-
ing is in agreement with previous observation that humans, 
chimpanzees and rhesus monkeys showed qualitatively 
similar face-scanning pattern when viewing conspecific and 
other primates’ faces with relaxed expressions (Guo et al. 
2003; Kano and Tomonaga 2010; Méary et al. 2014; see 
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also Dahl et al. 2009), indicating the homologous nature of 
face-viewing gaze behaviour in primates which is probably 
driven by the crucial role of eye detection in face reading and 
associated behavioural responses (e.g. towards the approach 
of a potential mate, competitor or predicator) (Emery 2000).

The viewed facial expressions further modulated mon-
keys’ gaze distribution. The eyes in expressive faces (espe-
cially in negative monkey and chimpanzee faces) tended 
to attract fewer fixations in comparison with the eyes in 
relaxed faces, implying an avoidance gaze behaviour in 
monkeys’ viewing of aggressive conspecific and hetero-
specific faces (gaze aversion generally indicates anxiety 
and submissiveness; Deaner et al. 2005). Interestingly, the 
infrequently experienced chimpanzee faces showed less 
modulatory effect on monkeys’ gaze behaviour than the fre-
quently (or daily) experienced human faces (e.g. monkeys 
directed indistinguishable amount of fixations at chimpanzee 
mouth even its size and shape changed significantly between 
expressions). It seems that prior experience also play a role 
in monkeys’ viewing of heterospecific faces.

It should be noted that the presented monkey faces in 
this study were from both rhesus and Japanese macaques. 
Although we do not expect a clear difference in the facial 
display of neutral and angry/threatening expressions between 
two macaca species, future research could systematically 
examine the potential differences in facial muscle move-
ments for displaying a wider range of expressions among 
macaques (e.g. Rhesus macaque vs Japanese macaque vs 
Barbary macaque), possibly via facial action coding system. 
We did not include positive chimpanzee and monkey expres-
sions in our presentation; future research could also examine 
interspecies emotional understanding of those well-defined 
primate facial displays in positive social contact, such as 
play faces in chimpanzees. Furthermore, the face images 
used in this study were in full frontal view with direct gaze. 
It is well established that direct gaze represents a strong 
signal of threat for macaque monkeys (Dunbar 1991), and 
viewers often look at the face briefly to reduce direct gaze 
contact, particularly when encountering faces with angry/
aggressive expression or without clear approaching signals 
(e.g. McFarland et al. 2013). Hence, it is plausible that mon-
key viewers may interpret ‘neutral/relaxed’ frontal-facing 
faces differently in comparison with human viewers, espe-
cially in viewing of conspecific faces. Future research could 
replicate this study by using faces of different species and 
different expressions in mid-profile or profile view.

Nevertheless, the current study represents an important 
step forward in our understanding of how primates read 
and understand heterospecific facial displays of emotion. 
Comparing face-viewing gaze allocation between human 
and monkey viewers revealed both species-general and 
species-specific forms of facial communication. The 

common characteristics is that both species showed the 
persistent and prolonged eye viewing for primate faces 
(i.e. human, chimpanzee and monkey faces) irrespective 
of facial expressions, which enables the constant retrieval 
of subtle emotional and intentional (e.g. gaze direction) 
information conveyed by the eye region in primates.

Furthermore, the significance of face signalling and 
face reading in primates’ social interaction, and very simi-
lar cortical mechanism in face processing would suggest a 
comparable visual sensitivity and recognition performance 
of conspecific and heterospecific facial expressions across 
primates (Leopold and Rhodes 2010). Although humans 
and monkeys may show certain degree of species-invariant 
innate bias or visual preference to basic facial expressions 
of emotion, the more accurate or effective cognitive pro-
cess and fine interpretation of heterospecific expressions 
are likely subject to social or experiential learning pro-
cess, as in this study we observed an experience-depend-
ent expression categorization accuracy in humans, and a 
species-dependent gaze distribution in both human and 
monkey viewers. It is possible that (1) emotion expres-
sion is species specific, even for the rudimentary positive 
and negative affects (such as those used in this study); (2) 
across the species, the function of facial muscles of non-
conspecifics may not match their equivalent function in 
conspecific face. Therefore, our findings would challenge 
the view of applying human-equivalent ‘universality’ in 
the process of facial expressions in interspecies emotion 
perception.

Indeed, it has been proposed that the lifelong social 
learning is crucial to shape our emotion perception and 
emotional responses, such as cognitive representations 
of emotional triggers, experiences and associated coping 
responses (Ekman and Cordaro 2011). However, as the 
basic emotional expressions and responses are evolution-
arily shaped, biologically pre-wired and psychologically 
primitive (Darwin 1872; Schirmer and Adolphs 2017), 
it could be argued that there is existence of an inborn 
‘open appraisal program’ (Ekman and Cordaro 2011) for 
processing these universal emotional expressions (such 
as facial expressions) irrespective of species, and social 
learning will quantitatively increase the efficiency and 
accuracy of expression recognition. In other words, per-
ceiving conspecific and heterospecific facial expressions 
is influenced but not totally constructed by experience. 
Future research could explicitly examine this hypothesis.

Acknowledgements  We thank Hannah Williams and Libby-Rae Ken-
drick for helping with data collection.

Funding  This work was supported by the National Natural Science 
Foundation of China [grant number 91432102]; and the Open Research 
Fund of the State Key Laboratory of Cognitive Neuroscience and 
Learning (China).



2058	 Experimental Brain Research (2019) 237:2045–2059

1 3

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Albuquerque N, Guo K, Wilkinson A, Savalli C, Otta E, Mills D (2016) 
Dogs recognize dog and human emotions. Biol Lett 12:20150883

Barrett LF (2011) Was Darwin wrong about emotional expressions? 
Curr Dir Psychol Sci 20:400–406

Berg DJ, Boehnke SE, Marino RA, Munoz DP, Itti L (2009) Free view-
ing of dynamic stimuli by humans and monkeys. J Vis 9(5):19 
(1–15)

Bloom T, Friedman H (2013) Classifying dogs’ (Canis familiaris) 
facial expressions from photograph. Behav Process 96:1–10

Bruce V, Young A (2012) Face perception. Psychology Press, New 
York

Calvo MG, Nummenmaa L (2008) Detection of emotional faces: sali-
ent physical features guide effective visual search. J Exp Psychol 
Gen 137:471–494

Dahl CD, Wallraven C, Bulthoff HH, Logothetis NK (2009) Humans 
and macaques employ similar face-processing strategies. Curr 
Biol 19:509–513

Dahl CD, Chen CC, Rasch MJ (2014) Own-race and own-species 
advantages in face perception: a computational view. Sci Rep 
4:6654

Darwin C (1872) The expression of the emotions in man and animals. 
John Murray, London

Deaner RO, Khera AV, Platt ML (2005) Monkeys pay per view: adap-
tive valuation of social images by rhesus macaques. Curr Biol 
15:543–548

Dunbar RIM (1991) Functional significance of social grooming in pri-
mates. Folia Primatol 57:121–131

Eisenbarth H, Alpers GW (2011) Happy mouth and sad eyes: scanning 
emotional facial expressions. Emotion 11:860–865

Ekman P (1994) Strong evidence for universals in facail expressions: 
a reply to Russell’s mistake critique. Psychol Bull 115:268–287

Ekman P, Cordaro D (2011) What is meant by calling emotions basic. 
Emot Rev 3:364–370

Ekman P, Friesen WV (1975) Press CP pictures of facial affect. Palo 
Alto, CA

Ekman P, Sorenson ER, Friesen WV (1969) Pan-cultural elements in 
facial displays of emotion. Science 164:86–88

Elfenbein HA, Ambady N (2002) On the universality and cultural 
specificity of emotion recognition: a meta-analysis. Psychol Bull 
128:203–235

Elfenbein HA, Ambady N (2003) When familiarity breeds accuracy: 
cultural exposure and facial emotion recognition. J Pers Soc Psy-
chol 85:276–290

Emery N (2000) The eyes have it: the neuroethology, function and 
evolution of social gaze. Neurosci Biobehav Rev 24:581–604

Field TM, Woodson R, Greenberg R, Cohen D (1982) Discrimina-
tion and imitation of facial expression by neonates. Science 
218:179–181

Gao X, Maurer D (2010) A happy story: developmental changes in 
children’s sensitivity to facial expressions of varying intensities. 
J Exp Child Psychol 10:67–86

Gavin CJ, Houghton S, Guo K (2017) Dog owners show experience-
based viewing behaviour in judging dog face approachability. 
Psychol Res 81:75–82

Guo K (2007) Initial fixation placement in face images is driven by 
top-down guidance. Exp Brain Res 181:673–677

Guo K (2012) Holistic gaze strategy to categorize facial expression 
of varying intensities. PLoS One 7(8):e42585

Guo K (2013) Size-invariant facial expression categorization and 
associated gaze allocation within social interaction space. Per-
ception 42:1027–1042

Guo K, Shaw H (2015) Face in profile view reduces perceived 
facial expression intensity: an eye-tracking study. Acta Psychol 
155:19–28

Guo K, Robertson RG, Mahmoodi S, Tadmor Y, Young MP (2003) 
How do monkeys view faces? A study of eye movements. Exp 
Brain Res 150:363–374

Guo K, Mahmoodi S, Robertson RG, Young MP (2006) Longer 
fixation duration while viewing face images. Exp Brain Res 
171:91–98

Guo K, Meints K, Hall C, Hall S, Mills D (2009) Left gaze bias 
in humans, rhesus monkeys and domestic dogs. Anim Cogn 
12:409–418

Guo K, Tunnicliffe D, Roebuck H (2010) Human spontaneous gaze 
patterns in viewing of faces of different species. Perception 
39:533–542

Guo K, Smith C, Powell K, Nicholls K (2012) Consistent left gaze 
bias in processing different facial cues. Psychol Res 76:263–269

Itti L, Koch C (2000) A saliency-based search mechanism for overt and 
covert shifts of visual attention. Vis Res 40:1489–1506

Kanazawa S (1996) Recognition of facial expressions in a Japanese 
monkey (Macaca fuscata) and humans (Homo sapiens). Primates 
37:25–38

Kano F, Tomonaga M (2009) How chimpanzees look at pictures: 
a comparative eye-tracking study. Proc R Soc B Biol Sci 
276:1949–1955

Kano F, Tomonaga M (2010) Face scanning in chimpanzees and 
humans: continuity and discontinuity. Anim Behav 79:227–235

Kano F, Call J, Tomonaga M (2012) Face and eye scanning in gorillas, 
orangutans, and humans: unique eye-viewing patterns in humans 
among hominids. J Comp Psychol 126:388–398

Kano F, Hirata S, Call J (2015) Social attention in the two species of 
pan: bonobos make more eye contact than chimpanzees. PLoS 
One 10(6):e0129684

Kano F, Shepherd SV, Hirata S, Call J (2018) Primate social attention: 
species differences and effects of individual experience in humans, 
great apes, and macaques. PLoS One 13(2):e0193283

Kohler CG, Turner T, Stolar NM, Bilker WB, Brensinger CM, Gur RE, 
Gur RC (2004) Differences in facial expressions of four universal 
emotions. Psychiatry Res 128:235–244

Kujala MV, Somppi S, Jokela M, Vainio O, Parkkonen L (2017) Human 
empathy, personality and experience affect the emotion ratings of 
dog and human facial expressions. PLoS One 12:e0170730

Leopold DA, Rhodes G (2010) A comparative view of face perception. 
J Comp Psychol 124:233–251

Li Y, Dai Q, Hou R, Zhang Z, Chen P, Xue R, Feng F, Chen C, Liu J, 
Gu X, Zhang Z, Qi D (2017) Giant pandas can discriminate the 
emotions of human facial pictures. Sci Rep 7:8437

Lundqvist D, Flykt A, Öhman A (1998) The Karolinska Directed Emo-
tional Faces (KDEF). Department of Neurosciences, Karolinska 
Hospital, Stockholm

Marechal L, Levy X, Meints K, Majolo B (2017) Experience-based 
human perception of facial expressions in Barbary macaques 
(Macaca sylvanus). PeerJ 5:e3413

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


2059Experimental Brain Research (2019) 237:2045–2059	

1 3

McFarland R, Roebuck H, Yan Y, Majolo B, Li W, Guo K (2013) 
Social interactions through the eyes of macaques and humans. 
PLoS One 8:e56437

Méary D, Li ZH, Li W, Guo K, Pascalis O (2014) Seeing two faces 
together: preference formation in humans and rhesus macaques. 
Anim Cogn 17:1107–1119

Mitchell RW (2001) Americans’ talk to dogs: similarities and differ-
ences with talk to infants. Res Lang Soc Interact 34:183–210

Müller CA, Schmitt K, Barber ALA, Huber L (2015) Dogs can dis-
criminate emotional expressions of human faces. Curr Biol 
25:601–605

Müri RM (2016) Cortical control of facial expression. J Comp Neurol 
524:1578–1585

Nawroth C, Albuquerque N, Savalli C, Single M, McElligott AG (2018) 
Goats prefer positive human emotional facial expressions. R Soc 
Open Sci 5:180491

Parr LA, Waller BM, Vick SJ, Bard KA (2007) Classifying chimpanzee 
facial displays by muscle action. Emotion 7:172–181

Parr LA, Waller BM, Burrows AM, Gothard KM, Vick SJ (2010) 
MaqFACS: a muscle-based facial movement coding system for 
the rhesus macaque. Am J Phys Anthropol 143:625–630

Pascalis O, de Haan M, Nelson CA (2002) Is face processing species-
specific during the first year of life? Science 296:1321–1323

Proops L, Grounds K, Smoth AV, McComb K (2018) Animals remem-
ber previous facial expressions that specific humans have exhib-
ited. Curr Biol 28:1428–1432

Racca A, Guo K, Meints K, Mills DS (2012) Reading faces: differential 
lateral gaze bias in processing canine and human facial expres-
sions in dogs and 4-year-old children. PLoS One 7(4):e36076

Schirmer A, Adolphs R (2017) Emotion perception from face, voice, 
and touch: comparisons and convergence. Trends Cogn Sci 
21:216–228

Schirmer A, Seow CS, Penney TB (2013) Humans process dog and 
human facial affect in similar ways. PLoS One 8:e74591

Scott LS, Fava E (2013) The own-species face bias: a review of devel-
opmental and comparative data. Vis Cogn 21:1364–1391

Shepherd SV, Steckenfinger SA, Hasson U, Ghazanfar AA (2010) 
Human-monkey gaze correlations reveal convergent and divergent 
patterns of movie viewing. Curr Biol 20:649–656

Smith ML, Cottrell GW, Gosselin F, Schyns PG (2005) Transmitting 
and decoding facial expressions. Psychol Sci 16:184–189

Tam G, Gallagher A (2009) Description of the behaviour of domestic 
dog (Canis familiaris) by experienced and inexperienced people. 
Appl Anim Behav Sci 129:159–169

Tatler BW (2007) The central fixation bias in scene viewing: selecting 
an optimal viewing position independently of motor biases and 
image feature distributions. J Vis 7(14):1–17

Tröster H, Brambring M (1992) Early social-emotional development 
in blind infants. Child Care Health Dev 18:207–227

van Hooff JARAM (1972) A comparative approach to the phylogeny of 
laughter and smiling. In: Hinde RA (ed) Non-verbal communica-
tion. Cambridge Univ. Press, Cambridge

Vick SJ, Waller BM, Parr LA, Pasqualini MCS, Bard KA (2007) A 
cross species comparison of facial morphology and movement in 
humans and chimpanzees using the facial action coding system 
(FACS). J Nonverbal Behav 31:1–20

Walker PM, Tanaka JW (2003) An encoding advantage for own-race 
versus other-race faces. Perception 32:1117–1125

Waller BM, Dunbar RIM (2005) Differential behavioural effects of 
silent bared teeth display and relaxed open mouth display in 
Chimpanzees (Pan troglodytes). Ethology 111:129–142

Wan M, Bolger N, Champagne FA (2012) Human perception of fear 
in dogs varies according to experience with dogs. PLoS One 
7(12):e51775

Yan X, Andrews TJ, Young AW (2016) Cultural similarities and dif-
ferences in perceiving and recognizing facial expressions of basic 
emotions. J Exp Psychol Hum Percept Perform 42:423–440

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Viewing heterospecific facial expressions: an eye-tracking study of human and monkey viewers
	Abstract
	Introduction
	Experiment 1: humans viewing heterospecific facial expressions
	Materials and methods
	Results and discussion

	Experiment 2: monkeys viewing heterospecific facial expressions
	Materials and methods
	Results and discussion

	Changes of local image saliency in faces of different species and expressions
	General discussion
	Acknowledgements 
	References




