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abstract

Four Japanese monkeys (Macaca fuscata) and 17 humans

performed an odd-item visual search task of a variety of photos of
human facial expressions. The target was either a real smiling
face or a real sad face of a particular female. The distracters were
the following artificial images produced by a computerized
image-processing system: 1) a neutral face made by averaging the
two targets, 2) faces with smiling or sad eyebrows on the neutral
face, 3) faces with smiling or sad eyes on the neutral face, 4)
faces with a smiling or sad cheek on the neutral face, 5) faces
with a smiling or sad mouth on the neutral face. The search
reaction time of both species was the longest when they had to
find the smiling target among the distracters having the smiling
cheeks. This suggested that the cheek region was the most
important cue to recognize smiling faces for both monkey and
humans. In searching for the sad target, however, while the
reaction time of humans was the longest when the distracters had
sad eyebrows or sad cheeks, that of monkeys was so when the
distracters had sad cheeks. Namely, the most important cue in
recognizing sad faces was the eyebrows and the cheek for humans,
but for monkeys it was the cheek regions. These results indicate
that the monkeys recognize human slmil-e faces in the same
manner as humans do, but they do not use eyebrows as a cue to

recognize human sad faces.

Key Words: facial expression, Japanese macaque, odd-item

visual search, image-processing system, eyebrows.
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Introduction

The face is undoubtedly one of the most important media
for social communication in primate species, including humans.
A face yields sources of various information, such as age, sex,
identity, social rank, emotional state and so on. In particular,
emotional communication strongly depends on the ability to
recognize facial expressions. Without facial expressions we can
hardly maintain social relationships among social members.

Facial expressions are produced by various movement of
facial parts. For example, human sad faces are produced by
downward movement of the corners of the mouth and upward
movement of the inner portions of the eyebrows. Ekman and
Friesen (1975) proposed the concept of “action units” as sets of
fundamental movement of the facial parts that constitute human
facial expressions. They suggested that the action units may be
common to all the cultures. This naturally implies a genetic
background in human recognition of facial expressions.

Given such a genetic background, one way to understand
characteristics of human recognition of facial expressions ought
to be to know how nonhuman primates recognize them. Actually,
however, though several researchers have studied how monkeys
recognize faces themselves, very few have studied how they
recognize facial expressions.

In face recognition psychologists have shown “inversion

effects” in monkeys (Rosenfeld & van Hoesen, 1979; Keating &
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Keating, 1993; Phelps & Roberts, 1994 ;Tomonaga, 1994; but
negative effect: Bruce, 1982). Keating and Keating (1982,1993)
and Kyes and Candland (1987) showed that the eyes provide the
most salient cue when monkeys recognize human faces.

Neurophysiologists have shown neural correlates of
monkey facial recognition ( Perrett et al., 1982, 1990; Yamane et
al., 1988; Hasselmo et al., 1989 ). For example, Hasselmo et. al
(1989) showed that same neurons in the temporal cortex
responded differentially to facial expressions of monkeys and
identity of monkey faces. Yamane et al. (1988) showed the major
configuration of facial parts which activate the neurons in the
inferotemporal cortex.

Although these previous data revealed some aspects of
monkey face recognition, they lacked the data on monkeys’
recognition of facial expressions comparable with those of
humans’. How do monkeys see their faces when they recognize
facial expressions ? Which facial parts are important in face
recognition ? Are there any differences between monkeys and
humans in the way how they recognize the facial expressions ?

In order to answer these questions, I conducted an
experiment on the recognition of facial expressions by a Japanese
monkey (Kanazawa, 1996). The experiment showed that while the
monkey recognized human smile faces just like humans, he did
not discriminate sad faceé from angry faces. This result
suggested one aspect in recognizing human facial expressions
that was different between the two species. In the experiment that

follows, 1 analyzed which physical features are important in
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monkey recognition of human facial expressions. | used photos of

artificially modified faces made by an image-processing system.

Method
Subjects

Subjects were four Japanese monkeys (Macaca fuscata)

and seventeen human adults (Homo sapiens). The monkey

subjects were one 7-year-old male (subject Q), one 6-year-old
female (subject H), and two 8-year-old female (subjects J and T)
in the beginning of the experiment. All monkey subjects were
born in the laboratory and reared by humans with either Japanese
monkeys or rhesus monkeys as cage mates. They received
minimum food deprivation to maintain their performance, and
their body weights never dropped below 95 % of their free-
feeding weights. They had experience of operant lever pressing
reinforced by presentation of pictures of monkeys. The care and
use of the subjects adhered to the “Guide for the Care and Use of
Laboratory Primates” (1986) of the Primate Research Institute,
Kyoto University. All the human subjects were 18-year-old
female undergraduate students.
Apparatus

Monkey subjects were tested in an experimental chamber,
70cm X 70cm X 70cm in size. A 14-inch CRT monitor (27c¢m
wide and 20cm high) (KV-14MDI1, SONY, Tokyo, Japan) was
mounted on one wall of the chamber. A touch sensor
(HYPERTOUCH, Nissha-Inter-Systems, Kyoto, Japan) covered

the monitor to detect responses onto the monitor. A response
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lever was located below the monitor. A feeder (S-100, Tosoku,
Tokyo, JAPAN) placed on the ceiling of the chamber could
deliver pieces of food into the food cup, located at the floor of the
chamber. An electronic chime provided a signal for
reinforcement. There was a houselight at the top of the chamber.
A personal computer (PC-286VS, EPSON, Tokyo, Japan)
presented pictures of faces on the monitor and controlled the
whole equipment.

Another personal computer (PC-386GS, EPSON, Tokyo,
Japan) was used for the experiment with humans, and the
responses were recorded on the keyboard.

timuli

| prepared 11 photos of human facial expressions. Two of
them were those of smiling and sad faces, acted by an adult
female (top two in Figure 1). These will be referred to as the

natural-smile face and the natural-sad face, respectively. The

third one was a neutral face, made by averaging the two natural
faces above using an image-processing system (Yamaguchi et al.,

1995) (the photo at the center of Figure 1). This will be called the

averaged face. The remaining 8 photos were neutral faces with

one of the facial parts replaced by those of the natural-smile face

or the natural-sad face (bottom 8 photos on both sides in Figure

1). Four facial parts were chosen: eyebrows, eyes, cheek, and
mouth. These artificial images were made by the same image-

processing system. They will be called, the eyebrows-smile face,

the eyes-smile face, the cheek-smile face, the mouth-smile face,

the eyebrows-sad face, the eves-sad face, the cheek-sad face and
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the mouth-sad face, respectively.

Procedure
Monkeys. The task was an odd-item search task (Blough,

1989). Trial proceeded as follows. The lever was illuminated
after intertrial intervals of 3 sec. The monkey was required to
press the lever down to start up the trial. If the monkey held the
lever down, four stimuli simultaneously appeared at the four
quadrants on the monitor after a random interval between 1 and 3
sec.

There were one target stimulus and three homogeneous
distracter stimuli on the display. The target stimuli were either

the natural-smile face or the natural-sad face throughout the

experiment. The distracters varied from stage to stage.

A single touch onto the target stimulus was reinforced by a
piece of sweet potato. Touches onto the distracters followed by a
3-sec. timeout during which the house light was turned off. If the
monkey released the lever before touching one of the stimuli, the
trial was canceled and the timeout was given immediately.

In training sessions, the distracters were either monkey
faces, chimpanzee faces, or human faces. For two monkeys

(subject H and T) the target was the natural-smile face and for

the other two monkeys (subject J and Q) it was the natural-sad
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face. Test sessions started when the performance of a training
session were above 90 % correct in accuracy.
In the test sessions, the two monkeys who had searched for

the natural-smile face during training (subject H and T) had to

search for the natural-smile face once again. The distracters were

four kinds of partly smile faces (i.e., eyebrows-smile face, eyes-

smile face, etc.) and the averaged face. For the two monkeys who

had searched for the natural-sad face during training (subject J

and Q) searched for the natural-sad face. The distracters were

four kinds of partly sad faces (i.e., eyebrows-sad face, etc.) and

the averaged face. Sessions consisted of 200 trials during which

each of the five distracters appeared randomly at the same
frequency. Four sessions were run, during which each distracter
was tested 160 times.

After the first test sessions above, each subject were

trained again with the other natural faces as a target. Namely,

subjects H and T now searched for the ratural-sad face, and

subjects J and Q searched the natural-smile face. Another test

series started when the performance of the training session were
above 90 % correct. This second test series were conducted in
exactly the same way as the first sessions. With this procedure,
we expect that the subjects reaction time will be longer when they

have to choose the natural-smile (or sad) face from the

distracters sharing important facial parts with the target.
Humans. Human subjects performed the same search task
with the keyboard. The trial number appeared in the center of the

monitor. When the subject pressed the space bar, stimuli
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appeared on the monitor. The stimuli were four faces consisting
of one target stimulus and three distracter stimuli. Subjects were
verbally instructed to press one of four keys which corresponded
to the location of the stimuli on the monitor. Seven human

subjects searched for the natural-smile face from the partly smile

face and the averaged face and the other 10 subjects searched for

the natural-sad face from the partly sad faces and the averaged

m face. Each subjects received one test session consisting of 200

trials, during which each distracters was tested 40 times.

Results
The numbers of training and test sessions for each subject
are summarized in table 1. AIll the monkeys performed
consistently at the accuracy above 90% correct during the test

sessions.

I analyzed the reaction time of correct responses. First, |
picked up the median reaction time for each of the five distracters
for each session. Then these medians for each distracter were
averaged for the 4 test sessions. This was done for the two test

series separately.

_____________________________________________________________________
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By this analysis, I obtained 10 representative reaction time
for each monkey subject. In order to examine the effect of the
facial parts in smile and sad face recognition, | subtracted the
reaction time for the averaged face from those for each of the
other distracters. In this analysis, positive values mean that the
monkey’s response was delayed when particular facial parts were
common between the target and the distracters. Figure 2
schematically shows how to calculate this increase in the reaction

time for the cheek-smile face.

The results of this analysis are shown in Figure 3. The
horizontal axis is the facial parts and the vertical axis is the
increase in the reaction time. Solid lines represent the average
across subjects, and dotted lines represent the values for each

subject.

Figure 3a is the result when monkeys searched for the

natural-smile face from the 4 kinds of partly smile faces. One-

way ANOVA revealed that the effect of facial parts was
statistically significant (F(3, 9) = 7.15, p <.01). The subject was
treated as a randomized block. A post-hoc multiple comparison
showed that the value for the smile cheek was higher than the
other parts (LSD = .08, 5 % level). Namely, monkeys needed

more time to find the natural-smile face when the distracter had

the smiling cheek than when it had the other facial parts of the

same expressions.



How Japanese monkevs see smile and sad faces 10

Figure 3b is the result when the monkeys searched for the

natural-sad face from the 4 kinds of partly sad faces. As in the

case of natural-smile face, the increase in the reaction time

tended to be longer when the cheek was sad. The same one-way
ANOVA suggested that this tendency was almost significant (F(3,
9)= 3.41, p = .06). However, there appears to be considerable
individual differences among monkeys. This tendency was clear
only for two of four monkeys (subjects J and H). For the other
two subjects, the reaction time little changed whatever the

distracters were.

Humans

Throughout the experiment, the performances of all the
human subjects were consistently above 95 %. The analysis as
was done for the monkeys conducted for the human subjects.
Figure 4a is the results when the target stimulus is the natural-
smile face. The same one-way ANOVA revealed that the effect of
facial parts was statistically significant (F(3, 18) = 12.90, p
< .01). A post-hoc multiple comparison suggested that the value
for the cheek was higher than the others (LSD = 0.1, 5 % level).
Just like monkeys, human subjects also needed more time to find

the natural-smile face among distracters having the smiling

cheek than among those having the other parts of the same

expression.



How Japanese monkeys see smile and sad faces 11

Figure 4b shows the result of the natural-sad face. The

same one-way ANOVA revealed that the effect of facial parts was
statistically significant (F(3, 27) = 3.17, p < .05). A post-hoc
multiple comparison showed that the values for the cheek and
eyebrows were higher than those for the other two parts
(LSD=0.11, 5% level). Human subjects needed more time to find

the natural-sad face when distracters had either sad eyebrows or

sad cheeks than they had the other sad parts.

Discussion

In recognizing a smile face, both monkey and human
subjects needed more time to find the target when it shared the
smiling cheek with the distracters. This result suggests that for
both monkeys and humans the cheeks are most important facial
element in recognition of the smile face.

In recognizing a sad face, human subjects needed more
time to find the target when it shared either sad eyebrows or sad
cheeks with the distracters. On the other hand, eyebrows had no
effect to increase the reaction time of the monkeys. Instead, at
least for the two of the subjects, the cheek regions did increase
their reaction time. This means that human subjects both the
eyebrows and the cheeks are important facial elements when they
recognize a sad face.

Figure 5 is to compare the results of monkey subjects with
those of human subjects in smile face search and sad face search.
As is clear from Figure 5a, in smile face recognition the reaction

time of both monkeys and humans commonly increased when the
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distracters was the cheek-smile face. On the contrary, figure 5b

shows that sad face recognition is different between the two
species. In particular, there is a marked difference in the effect of
eyebrows. The effect of cheek may be somewhat weaker in
monkeys than in humans, but this difference was much smaller
than what we see in the effect of eyebrows. Clearly, the largest
difference between monkeys and humans lies in the effect of

eyebrows in sad face search.

This difference may be understandable if we note that
monkeys have no distinct eyebrows. It is probable that monkeys
may lack a perceptual module (Fodor, 1983) to detect the
orientation of eyebrows which gives us significant information
about the emotional states of performer. Conversely, monkeys
share the same movement of the cheek region with humans. For
example, when monkeys exhibit the “bared-teeth-display”, the
cheek region of the face is moved by the facial musculature called
“zigomatics major’ (van Hooff, 1967). This musculature is
homologous to that humans use to make a smile face. Monkeys
and humans may have the same perceptual module to detect the
movement of the cheek region.

What is puzzling in the results of the present experiment
was a failure to find any effect of eyes which were suggested to
be the most important parts in facial recognition (Keating &
Keating, 1982, 1993; Kyes & Candland, 1987). However,
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recognizing expressions from a face actually needs more than
recognizing the face itself; it needs detection of movements of
various facial parts. In this sense, recognizing expressions from a
face may well be a separate process in facial recognition from
recognizing the face itself (Bruce, 1988). In the former, the most
important information for monkeys may come from movement of
the cheek region rather than the eyes which they surely let move
when they express the bared-teeth-display noted above.

Another important question is how they acquire the way to
recognize facial expressions. Naturally there are two
possibilities: being genetically determined or being learned. The
present experiment cannot answer this question. The subject used
in this study had been hand-reared and had had much opportunity
to learn human facial expressions. While such experience does
account for the similarity we found between humans and monkeys
in the recognition of smiling faces, however, it does not explain
the failure of monkeys to detect the difference in the eyebrows.

In the literature, at least some social recognition has been
suggested to be innate. For example, Sackett (1966) showed that
isolated-reared monkeys spontaneously came to be scared of the
aggressive faces. Fujita (1990; 1993) showed that in rhesus
monkeys the visual preference for the subjects’ own species was
not altered by the social experience with different species,
though in Japanese monkeys it was.

Given such variability in the factors determining social
recognition in monkeys, we cannot presume if the monkeys’

recognition of facial expressions examined here has its genetic
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background or not. We have to test monkeys reared in their

natural group in the future.
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Table 1

The number of training and test sessions for each subject.

subject H subject T subject J subject Q

training 1 11 7 14 18
test] 4 4 4 4
training 2 11 6 9 12

test? 4 4 4 4
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Figure captions
Figure 1. How to make the experimental stimuli. The top left

black oval represents the natural-smile face and the top right

white oval represents the natural-sad face. The gray oval at the

center represents the averaged face. The left four faces, which

are arranged in a line, are partly smile faces having only one

part of the four parts of the natural-smile faces on the averaged

face. The right four faces are partly sad faces having only one

part of the four parts of the natural-sad faces on the averaged
ace.

Figure 2. An example of data analysis. See text.

Figure 3. The increase in the reaction time for the monkeys to
find the target when the target shared each facial part on the
horizontal axis with the distracters. a) when the subjects
searched for the human smile face. b) when the subjects
searched for human sad face. Dotted lines represent the
individual subjects, and solid lines represent the average.

Figure 4. The increase in the reaction time for human subjects to
find the target. Others are the same as in Figure 3.

Figure 5. Comparison of the increase in the reaction time between

monkeys and humans. Top: the target was the natural-smile

face, bottom: the target was the natural-sad face. Open squares

are humans and filled diamonds are monkeys.
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