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Abstract When novel and familiar faces are viewed si-
multaneously, humans and monkeys show a preference
for looking at the novel face. The facial features attended
to in familiar and novel faces, were determined by analyz-
ing the visual exploration patterns, or scanpaths, of four
monkeys performing a visual paired comparison task. In
this task, the viewer was first familiarized with an image
and then it was presented simultaneously with a novel and
the familiar image. A looking preference for the novel im-
age indicated that the viewer recognized the familiar im-
age and hence differentiates between the familiar and the
novel images. Scanpaths and relative looking preference
were compared for four types of images: (1) familiar and
novel objects, (2) familiar and novel monkey faces with
neutral expressions, (3) familiar and novel inverted mon-
key faces, and (4) faces from the same monkey with dif-
ferent facial expressions. Looking time was significantly
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longer for the novel face, whether it was neutral, express-
ing an emotion, or inverted. Monkeys did not show a pref-
erence, or an aversion, for looking at aggressive or affilia-
tive facial expressions. The analysis of scanpaths indi-
cated that the eyes were the most explored facial feature
in all faces. When faces expressed emotions such as a fear
grimace, then monkeys scanned features of the face, which
contributed to the uniqueness of the expression. Inverted
facial images were scanned similarly to upright images.
Precise measurement of eye movements during the visual
paired comparison task, allowed a novel and more quanti-
tative assessment of the perceptual processes involved the
spontaneous visual exploration of faces and facial expres-
sions. These studies indicate that non-human primates carry
out the visual analysis of complex images such as faces in
a characteristic and quantifiable manner.

Keywords Face recognition - Facial expression -
Inversion effect - Non-human primates - Eye movements

Introduction

Recognizing an individual’s face or a stereotypical facial
expression is effortless, rapid and robust. We tested profi-
ciency of non-human primates in facial recognition in the
laboratory using the visual paired comparison task. This
task takes advantage of the incidental nature of visual learn-
ing and exploits the subject’s spontaneous attraction to nov-
elty (Gunderson and Swartz 1985; Gunderson et al. 1988,
1989; Pascalis et al. 1998; Pascalis and Bachevalier 1999;
Buffalo et al. 1999; Zola et al. 2000). In this task, a pair of
identical images — the familiarization pair — is presented
first. After a short delay, a second pair of images — the test
pair — is then displayed. One of the images in the test pair
had been seen in the familiarization pair and the other im-
age is novel. Preference for the images can be measured as
the time spent viewing the novel image compared with the
time spent viewing the familiar image. Recognition of the
familiar image is indicated by longer looking at the novel
image (Fagan 1972). Little work has been done, however, to
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determine precisely what the subject is attending to during
the evaluations of the novel and familiar stimuli. Likewise,
little is known about the perceptual processes involved in
discriminating between different facial expressions of the
same individual. The present study sought to fill these gaps
by analyzing the visual search patters (scanpaths) in mon-
keys performing a visual paired comparison task using
faces and facial expressions as visual stimuli.

Monkeys, like humans, rapidly recognize the faces of
individuals they encounter (Altman 1967; De Waal 1989;
Cheney and Seifarth 1990). Inverting the image of a face
has been reported to slow down face recognition in humans
and chimpanzees (Diamond and Carey 1986; Bartlett and
Searcy 1993; Parr et al. 1998). This effect was interpreted
as suggesting the existence of a specialized neural system
used for face processing (Diamond and Carey 1986;
Tanaka and Farah 1991; Farah et al. 1995; Kanwisher
2000, but for an alternate interpretation see Tarr and Gau-
thier 2000). Studies investigating how inverted images af-
fect face recognition in rhesus monkeys have shown con-
flicting results (Rosenfeld and van Hoesen 1979; Bruce
1982; Swartz 1983; Dittrich 1990, Keating and Keating
1993; Tomonaga et al. 1993; Phelps and Roberts 1994;
Wright and Roberts 1996; Vermeire and Hamilton 1998;
Parr et al. 1999). One objective of the current study was to
contribute to the resolution of the controversy over the
presence or absence of inversion effect in rhesus monkeys.

Rhesus monkeys communicate their emotions and in-
tentions using a series of characteristic facial expressions
(van Hoff 1967; Chevalier-Skolnikoff 1973; Redican
1975). Rapid differentiation and evaluation of the inten-
sity of agonistic and affiliative facial expressions is a sur-
vival imperative in many primate societies. Scanpath
analyses reveal the order and the extent to which different
parts of the face and head are explored during spontaneous
exploration of images of facial expressions. Humans ex-
plore most extensively the eyes in a face image (Yarbus
1967). We have attempted to determine whether it is the
eyes or some other facial feature that commands the at-
tention of a monkey when it is presented with the oppor-
tunity to scan familiar and novel images of other monkeys.

This study combines the visual paired comparison task
with scanpath analysis to answer four related questions
concerning face processing in rhesus monkeys:

1. What is the magnitude of novelty preference for faces
compared to non-face stimuli?

2. Which facial features are attended to while comparing
novel and familiar faces?

3. Do rhesus monkeys show an inversion effect?

4. Do rhesus monkeys scan facial expressions differently
compared to neutral faces of the same individual?

Methods

Test subjects

Four male rhesus monkeys (Macaca mulatta, 5-14 years old)
served as viewer monkeys. All four monkeys were naive to behav-

ioral testing and were unfamiliar with the monkeys used as face
stimuli. The monkeys were born and raised in the outdoor enclo-
sures of the California Regional Primate Research Center. All ex-
perimental procedures were performed in compliance with the
guidelines of the National Institutes of Health regarding the use of
primates in research and were approved by the UC Davis Animal
Use and Care Advisory Committee. Each monkey was fitted with
a head fixation device attached surgically to the skull under Isoflu-
rane anesthesia. To monitor eye movements, scleral search coils
were implanted surgically following standard procedures (Robin-
son 1963). The subjects were trained under a mild fluid restriction
regime (not less than 38 ml/kg average daily water intake).

Capturing monkey facial expressions on videotape

One of the main components of this project was to develop a li-
brary of different facial expressions to use as stimuli for examining
monkey social behavior in controlled environments. We attempted
to capture on film the behavioral displays or “expressions” that are
part of the normal monkey vocabulary of social interaction. By ex-
amining conspecific behavioral responses to these expressions, it
is possible to infer the meaning of these displays in the context of
social interactions. Typical agonistic facial expressions observed
in rhesus monkeys include: stare, round-mouth stare, open-mouth
stare or open-mouth threat, and bared-teeth stare (Hinde and Row-
ell 1962; van Hoff 1967). Higher-ranking individuals within a so-
cial group are more likely to display these types of facial expres-
sions than lower-ranking individuals. Lower-ranking animals show
submissive behaviors or retreat when confronted with agonistic ex-
pressions from higher-ranking individuals. An agonistic facial ex-
pression may be followed with an aggressive act if the threatened
animal does not respond submissively or does not retreat. Facial
displays are interpreted in the context of specific social situations,
for example, a yawn might become a covert form of threat, espe-
cially when a large, dominant male reveals his large canines and
strong jaws.

Affiliative or appeasing facial expressions include fear grimace,
lipsmack, teeth chatter, and bared-teeth grin (Hinde and Rowell
1962; van Hoff 1967 ). A fear grimace is an appeasing facial ex-
pression that indicates subordination and is displayed in response
to a threat or the approach of a dominant individual. The most af-
filiative facial expression is the lipsmack, typically observed dur-
ing a friendly approach, before grooming, or as a begging gesture
toward other monkeys or caretakers. A relaxed face or neutral fa-
cial expression is generally seen during resting, grooming or play-
ful activities (Hinde and Rowel 1962; Chevalier-Skolnikoff 1973;
Redican 1975).

Fifty-three adult rhesus monkeys (23 females and 30 males)
served as models or stimulus monkeys for the test images. On each
day of filming a single stimulus monkey was transported into the
filming room and placed in a large cage with a transparent front
wall. The filming room was 256.5 cm wide and 406.4 cm long. The
cage was 81.3cm wide and 91.4 cm high and deep. It sat 20.3 cm
off the floor. Each of the sides had bars, except the front that was
a sheet of 0.64 cm Plexiglas. Except for the cage and a dark curtain
placed 1.5-2m from the front of the cage the room was empty
from the perspective of the monkey. The curtain (a piece of brown
felt draped over a horizontal rod (measured 119.4cm high and
165.1 cm wide)) prevented the monkey from seeing the video cam-
era and the taping crew. The camera lens protruded through a
slit in the curtain. The camera was positioned on a tripod about
91.4 cm off the ground so that it was approximately at the level of
the monkey’s head. The taping crew consisted of two to four peo-
ple, who were initially hidden behind the curtain.

During the first 5-10 min in the cage, the monkey was unaware
of the presence of others in the room, and spontaneously explored
the unfamiliar environment of the laboratory. From the footage
recorded during these initial periods neutral facial expressions
were extracted. A crewmember then attempted to induce agonistic
and affiliative facial expressions from the monkey while the mon-
key looked at the camera. To do this, the crewmember protruded



his or her head through the slit in the curtain just below or above
the camera lens. The monkey usually responded to the sudden ap-
pearance of a human face with either an appeasing or a threatening
facial expression. To increase the intensity of the monkey’s re-
sponse, the crewmember often mimicked appeasing or threatening
monkey facial expressions. If the monkey did not respond to these
gestures, a crewmember waved stuffed animals, rubber snakes,
etc., in front of the monkey and this often induced fearful facial ex-
pressions. Showing the monkeys preferred foods and treats often
elicited appeasing gestures, such as lipsmacks. Some monkeys rec-
iprocated human imitations of lipsmacks. It was often necessary to
have two crewmembers interact with the monkey. One crewmem-
ber would only exhibit those types of behavior observed in high-
ranking individuals and a second crewmember would offer treats
and show only affiliative behaviors towards the monkey (like those
observed in low-ranking individuals). When both moved in front
of the curtain and interacted with the monkey, the monkey often
displayed threatening expressions towards the threatener and affil-
iative expressions toward the other crewmember.

Extracting still images from the videotape

The video footage was recorded with a digital camera (Canon,
GL1) on Sony mini premium digital cassettes set to maximum res-
olution. The camera had a 100x digital zoom lens with optical im-
age stabilization. A digital video editing system using Final Cut
Pro software was used to view the footage frame by frame and to
extract frames that contained the best examples of monkey facial
expressions. The goal was to obtain at least one neutral face, at
least two antagonistic, and two affiliative facial expressions from
each stimulus monkey (criteria for categorizing facial expressions
are shown in Table 1).

Images were selected only if the monkey’s face was not ob-
structed, and the facial expression unambiguously fit into one of
the five expression types. Frames containing facial expressions of
interest were saved as static image files in tag image file format
(TIFF) format, and were further processed in an image-editing pro-
gram (Adobe Photoshop 6.0). The original static image had di-
mensions of 720x480 pixels and a resolution of 72 pixels/inch.
The image was cropped so that each image contained a monkey
face of similar size in its center. The monkey faces took up ap-
proximately 75% of the image. Scratches or spots on the Plexiglas
wall of the holding cage, as well as small irregularities in color or
luminance, were edited out. The final images were saved as 300x
300 pixel Windows bitmap files (BMP). From 60h of videotape,
over 5,000 static images were extracted. In some of these images,
the monkey is looking into the camera straight at the viewer. The
final images were catalogued according to monkey, facial expres-
sion, and gaze direction. On average, 90 images were obtained from
each monkey. The entire library contains 1,285 images of threat,
359 images of yawn, 2,452 neutral faces, 183 images of fear gri-
mace and 517 images of lipsmacks. Examples of multiple facial ex-
pressions obtained from the same monkey are shown in Fig. 1.

Table 1 Criteria for classification of facial expressions
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Training

During training and recording, the monkey was seated in a primate
chair in front of a 17-inch computer monitor (Multisync LCD 1525
V) placed 57 cm from the monkey’s eyes. At this distance, 1 cm on
the monitor corresponds to 1° of visual angle. The chair and the
monitor were enclosed in a sound-attenuated booth (Acoustic Sys-
tems, Austin, Tex.). Initially, each monkey was trained to orient to,
and maintain gaze (fixate) at, small white rectangles that sub-
tended 1° of visual angle in the center of the computer monitor.
Monkeys were rewarded for correct responses with a drop of fruit
juice paired with a click from the juice delivery system. Errors
were followed by 2-s time-out period, in which the screen re-
mained blank. When fixation training was complete, each monkey
was then trained to maintain its gaze within the boundaries of a
rectangular landscape image that subtended 24x12° of visual an-
gle. Performance criterion was met when monkeys fixated for at
least 200 ms on the fixation points and maintained gaze within the
boundary of the landscape image for 3 s on 90% of the trials. Each
monkey learned the task within 4 weeks of daily training.

Behavioral task

After initial shaping of looking behavior, the monkeys were trained
to look at images in a visual paired comparison task. This task con-
sists of the sequential presentation of two pairs of images with a
delay imposed between them. The image pairs were two images
located horizontally adjacent to each other. The junction of the im-
age pairs was centered on the monitor. Each image was 12x12° of
visual angle so that when they were displayed side-by-side the pair
subtended 24x12°. The first pair of images was identical (the fa-
miliarization pair). After a randomly selected delay ranging be-
tween 1 and 1.5, a second pair of images was presented (the test
pair). One image in the test pair was the same as in the familiar-
ization pair, whereas the other image was novel. Each trial was
performed twice, once with the novel image on the right and once
with the novel image on the left. Balancing the position of the each
novel image on the left and on the right, eliminated the probability
of spurious results due to a possible looking bias. A set of stimuli
comprised either 20 object trials or 16 face trials. The sequence of
trials within a set was randomized. For each monkey, all five ex-
periments were carried out in one or two data collection sessions.

‘When the monkeys first saw the face stimuli, especially the ag-
gressive and appeasing facial expressions, they responded to the
images with lipsmacks, barks and vigorous ear movements. The
head restraint and the task demands limited their motor responses.
Behavioral responses to the test stimuli habituated within the first
100 presentation of face images.

Detailed task protocol

A schematic of the task is shown in Fig. 2. During an experimental
session, a white fixation spot (0.25° of visual angle) appeared in

Expression Eyes Mouth Ears Example
Fear grimace Eye contact, Lips retracted, bared teeth, jaws closed, Pulled back Fig. 8B third image
brows raised horizontal mid-facial folds from left
Lipsmack Eye contact, Lips puckered or slightly parted, Pulled back Fig. 8A, third image
brows raised tongue slightly protruded from left
Neutral Indifferent Closed, relaxed Relaxed Fig. 8, all the
leftmost images
Yawn Indifferent Widely open, lips retracted, bared teeth Pulled back Fig. 8D, fourth
image from left
Threat Eye contact Open, lips cover the upper teeth Pulled back Fig. 8C, fourth
or forward image from left
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A Frame selection from raw movie footage

Neutral Yawn

B Cropping and final editing

Neutral

Yawn

Fig. 1A, B This figure shows the process of converting the video-
tapes of monkey behavior to still images of different facial expres-
sions. A The development of a yawn shown frame-by-frame. The
monkey starts with a neutral expression and then gradually opens
his mouth to yawn. Two frames are selected as representative fa-
cial expressions and labeled neutral and yawn(highlighted in
black). B Images selected as representative for a particular stereo-
typical facial display were cropped (white rectangles) into 300x
300 pixel images and checked for distracting flaws. The cropped
images show the monkey’s face centered and occupying approxi-
mately 75% of the total image

the center of the screen. The monkey was required to fixate the
spot within 1 s of its appearance on the monitor and maintain fixa-
tion for at least 250 ms (fixation). If these criteria were not met, a
time-out period of 2 s was imposed. If fixation occurred, the famil-
iarization pair was displayed for 1.5 s (familiarization). While the
familiarization pair was displayed on the monitor, the monkey was
free to explore the two images without shifting its gaze outside
their boundary. If the monkey’s gaze moved outside the boundary
of the image pair, the screen went blank for 2 s, signaling failure

on the trial. If, however, the animal maintained its gaze within the
image boundary for 1.5 s, the image disappeared and a drop of fruit
juice was delivered into its mouth as a reinforcer.

After a delay of 1s, plus a random delay of up to 500 ms (de-
lay), the fixation spot reappeared (re-fixation). If the monkey did
not fixate on the spot within 1s, the trial was aborted, and a 2-s
time-out period was imposed. If, however, fixation occurred within
the required period, the second pair of images — the test pair — was
displayed for 1.5 s (test). Again, the monkey was required to main-
tain its gaze within the boundary of the image pair for the duration
of the display. At the completion of the trial, the monkey received
two drops of juice reward. The juice reward was paired with an au-
ditory stimulus providing the animals with an indication of the cor-
rect response. After an inter-trial interval of 2 s, the next trial began
with the display of the fixation spot. Error trials were repeated later
in the experimental session.

Measurement of eye movements

Eye movements were tracked with a resolution of 0.25° of visual
angle and sampled and digitized at 500 Hz using an eye tracker
(DNI, Newark, Del.) and the CORTEX data acquisition program
(kindly provided by Dr. Robert Desimone, The Laboratory of Neu-
ropsychology, NIMH). Scanpaths are defined as digitized eye
movements calibrated in degrees of visual angle and superimposed
on stimulus images. For each experiment, novelty preference was
quantified as the amount of time (number of points or samples)
spent looking at either the novel or the familiar image. A point was
a sample of eye position in Cartesian coordinates, wherever the
eye was pointed within the boundaries of the image. Novelty pref-
erence was expressed as percent time spent looking at either the
novel or familiar images relative to the total looking time. In order
to quantify the viewing time of facial features, an experimenter,
blind to the monkey’s scanpaths, drew rectangles around the facial
features with a mouse on a computer screen (the rectangles are
shown in Figs. 4, 6, and 7). These rectangles represent regions of
interest and included a facial feature (e.g., the ear) with the mar-
gins slightly exceeding the feature to ensure that a fixation on the
margin of that feature (e.g., looking at the tip of ear) will be
counted as looking at that feature. Because different monkeys have
differently sized facial features, these regions of interest also var-
ied in size with the individual. Most importantly, all the regions of
interest were drawn by the same experimenter before the scanpath
was overlaid on the image. When the scanpath was overlaid on the
stimulus face, the looking time was quantified using Matlab (Math
Works, Inc., Mass.) routines. These routines added all the points
that fell within the boundaries of the regions of interest. Although
we do not process visual information during saccades, adding the
samples recorded during saccades to the samples recorded during
fixations does not introduce significant fluctuations in the data be-
cause fixations last two orders of magnitude longer than saccades.
Looking time within and outside the regions of interest added up to
100%. Statistical analysis of looking time was performed using
one-way and two-way repeated measures ANOVA.

Stimulus sets

For each of the four experimental questions, different stimulus sets
were presented to the animal. The stimulus set for experiment 1
consisted of images of 20 junk objects (i.e., 10 familiar and 10 novel
objects). Ten objects were assigned for the familiarization pairs
(two identical images) and the other 10 objects for the novel half
of the test pairs. Each of the 10 novel objects was presented twice,
with 10 novel object on the right and on the left of the test pair,
thus the object session consisted of scanpath on 40 image pairs.
The stimulus set for experiment 2, comprised 16 images of neutral
monkey faces, of which 8 images were assigned to the familiariza-
tion pairs and another 8 images to be the novel face in the test pair.
Again, each image pair was presented twice, with the novel face on
the left and on the right, thus the monkey performed a total of



Fig.2 Schematic of the visual
paired comparison task. The
five partially overlapping pan-
els represent the appearance of
the display monitor during
each phase of the task. The ar-
row indicates time. The first
fixation spot (upper left panel,
fixation) was displayed for 1.5s
or until the monkey looked at
the spot for 250 ms. The sec-
ond panel shows an example of
a familiarization pair (familiar-
ization pair), consisting of two
juxtaposed identical images.
The familiarization pair was
displayed for 1.5 s. The third
panel shows a blank screen
(delay) of 1-1.5s. The fourth
panel shows the presentation of
the second fixation spot (re-fix-
ation). The lower right panel
shows the corresponding test
pair image (test pair). The im-
age on the left has been seen in
the familiarization pair, the im-
age on the right is novel.
Novel and familiar images
were randomly counterbal-
anced for spatial location

Time

36 trials (counterbalanced design). The same 16 images were used
in experiment 3 but the images were inverted. The stimulus set for
experiment 4 consisted of upright neutral images and images of
four different facial expressions taken from the same eight mon-
keys (two monkeys with each expression). In the images used for
the familiarization pairs all monkeys displayed a neutral expres-
sion. For the eight test pairs, the monkeys displayed lipsmack, fear
grimace, open-mouth threat, and yawn expressions.

Results

Data were analyzed for 1.5 s of image viewing time. In this
interval, the monkeys made 5.6+£0.75 (meantSD) sac-
cades. All data presented here were recorded from correct
and completed trials.

Experiment 1: effects of experience
on the looking patterns elicited by objects

The first experiment sought to establish a baseline value
of novelty preference by recording the monkeys’ looking
patterns when shown pairs of object images. We hypothe-
sized that all monkeys would look longer at the novel ob-
jects. As expected, each one of the four monkeys showed a
clear novelty preference because they explored the novel
side of the test pairs longer than the familiar side. On av-
erage, the monkeys spent 76% of the time looking at the

Fixation

29

Familiarization
Pair (1.5 sec)

Delay
(1-1.5 sec)

Re-fixation

Test pair
(1.5 sec)

novel object and 24% viewing the familiar object (Fig. 3).
The amount of time looking at the novel object was sig-
nificantly different from chance [#(3)=4.8, P<0.01].

Experiment 2: looking patterns
elicited by novel and familiar neutral monkey faces

The goal of the second experiment was to test the hypoth-
esis that monkeys spend more time looking at novel faces

Object Viewing
100 1 *
> n ® Monkey A
£ 75 -
-§ ¢ Monkey B
= 901 A Monkey C
[ J
S 25 ~ = Monkey D
o
0 -
Novel Familiar
Experience

Fig.3 Preference for novel objects. Percent looking time (meant
SEM) on familiar and novel objects. All four monkeys explored
the novel object for a longer period of time (the symbols indicate
time spent viewing by individual monkeys, asterisk represents
P<0.01)



Fig.4A,B Examples of scanpaths recorded from monkeys per-
forming the visual paired comparison task on conspecific faces
with neutral facial expressions. The red lines correspond to the tra-
jectory of the eyes over the image. The blue rectangles represent
boundaries centered on the ears, the mouth and the eyes and used
to quantify looking time on these features. The scanpath (eye
trace) always starts in the center of an image pair, indicated here
by the arrow. The fixations are numbered in order — see text for
full discussion. The majority of fixations are located within the
rectangles enclosing the eyes. A During the familiarization pair,
the monkey looks slightly longer at the face on the right. B On the
test pair, all the fixations occur on the novel face presented on the
left

than at familiar faces. We also determined which facial fea-
tures are attended to when monkeys scan familiar compared
to novel faces. For example, the top panel of Fig. 4A shows
the looking pattern (in red) on the two faces of the famil-
iarization pair. The blue rectangles are the regions of in-
terest used to quantify the viewing time of a particular fa-
cial feature (eyes, mouth and ears). The viewer monkey is
looking at the center of the screen when the image pair ap-
pears on the screen (this initial fixation is indicated by the
black arrow). Then, it makes an eye movement, to the
eyes of the monkey shown on the left panel (1). His gaze
rests there for approximately 200 ms, and then he makes a
saccade to near the ear of the monkey in the right panel
(2), and for the rest of the trial looks almost exclusively at
or near the eyes of that face (3—-6). The eye movements, or
scanpath, overlaid on the test pair of faces is shown in the
lower panel (Fig.4B). The first three saccades (1-3) were
directed towards the eyes of the novel monkey face. The next
saccade was directed towards the nose (4), then the cheek
or side of the face, which falls in the category “other” (5),
and finally the ear (6). Note that in this example the
viewer monkey looked exclusively at the novel face.
These observations were quantified by calculating the
number of time points in which the monkey spent viewing
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Fig.5A-C Novelty and feature preference for neutral monkey
faces. A Mean looking time on the novel and familiar face in the
test pair. The symbols indicate viewing preference from each mon-
key. Monkeys explored the novel face for significantly longer pe-
riods of time. B The distribution of looking time by facial features
was expressed as percent time when the gaze was inside the
boundaries of the regions of interest drawn around the eyes, the
ears, the mouth and the regions of the face not enclosed by rectan-
gles (other). Monkeys explored the eyes significantly longer than
any other regions of the face. The eyes in the novel face were ex-
plored longer than the eyes of the familiar face. On familiar faces,
no difference was found between time spent exploring the eyes and
the regions of the image not enclosed by rectangles. C The target
of first saccade was the eye area of the stimulus monkey for three
of the four monkeys

either the novel or familiar faces (familiarization effect)
and the number of time points spent viewing different fa-
cial features defined by the boundaries of the regions of



interest (shown as blue rectangles in Fig. 4). The relation-
ship between experience level (two levels: novel and fa-
miliar) and facial features (four levels: eyes, ears, mouth,
and other) was examined with a 2-way repeated measures
ANOVA. There was a significant interaction between ex-
perience level and facial features [F(3,24)=3.6, P<0.05].
There were two significant main effects: (1) monkeys looked
significantly longer at the novel face [F(1,24)=13.8,
P<0.005, Fig. 5A] and (2) they differentially explored the
facial features [F'(3,24)=19.7, P<0.001, Fig. 5B]. Post hoc
analyses revealed that this interaction is explained by
preferential viewing of eyes in the novel face (Fig. 5B).

We quantified the targets of the first saccades on all the
novel neutral faces (Fig. 5C) and it appears that in the ma-
jority of cases the target of the first saccade on the novel
face was to the eye area of the face. There was a signifi-
cant main effect of facial feature [F(1,12)=7.8, P<0.005]
despite the observation that only three of the four viewer
monkeys directed their first saccade towards the eye of
the stimulus faces.

Experiment 3: face recognition and looking patterns
elicited by novel and familiar inverted faces

This experiment sought to determine whether monkeys
recognize inverted faces and whether inverted faces elicit
looking patterns similar to those exhibited for upright faces.

il | i~ —
]

b b |

Fig.6A,B Example of scanpaths recorded from Monkey A per-
forming the visual paired comparison task with inverted neutral
faces. A During presentation of the familiarization pair, the mon-
key scans both faces and looks at the eyes and nose of the inverted
monkey face. B When the test pair was presented, the viewer mon-
key exclusively scanned the novel face and fixated primarily on
the eyes
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We hypothesized that rhesus monkeys show no inversion
effect and therefore, they look longer at the novel faces
even if presented upside-down (Fig. 6).

In the example shown in Fig. 6, the scanpath (in red)
on the familiarization pair (top panel), indicates the initial
fixation (1) the viewer monkey looked at the area of the
mouth, specifically the nose, of the left inverted face (2).
Following along this scanpath, the third and fourth (3 and 4)
fixations targeted the eyes. The fifth fixation (5) occurs
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Fig. 7A-C Novelty and feature preference for inverted faces. A The
mean looking time on familiar and novel inverted faces, expressed
as percent of total looking time on the test pair. B The mean
(£SEM) looking time on ears, eyes, mouth and other regions of the
face expressed as percent of the total looking time on the familiar
and novel face. C The target of the first saccade during test pair
presentation
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Fig.8A-D Examples of scanpaths recorded from monkeys per- gressive or affiliative facial expression. The four facial expressions
forming the visual paired comparison task with novel facial ex- are fear grimace (A), lipsmack (B), open-mouth threat (C) and
pressions. Each row represents a trial. In the familiarization pair  yawn (D). Note that the viewer monkey fixated at the canines where
the stimulus monkey appears with a neutral face. In the test pair, visible (B and D)

the same stimulus monkey is shown with a neutral face and an ag-



on the boundary between the two images. The next sac-
cade (6) targets the eyes followed by a saccade to the nose
(7). The last fixation during the 1,500 ms scanning time
targeted the eye (8). Note the relative symmetry of the
scanpath in the two identical faces, and that on both sides
the eyes were the most extensively explored feature. On
the test pair (shown in Fig. 5B) the first saccade targets the
eyes of the novel face (2). After a short fixation on the
boundary between the two images (3) the viewer monkeys
fixates at the nose (4). There were three more fixations on
the eye area (5, 7, and 8) interrupted by a saccade target-
ing the chin area, which in this particular case was classi-
fied as other because the fixation occurred outside the
boundary of the rectangle enclosing the mouth. In this test
pair, as in many other test pairs, the familiar images were
not explored.

The relationship between experience level (two levels:
familiarity and novelty) and facial feature (four levels:
eyes, ears, mouth, and other) was examined with 2-way
repeated measures ANOVA. While there was no interac-
tion between these two factors, there were two significant
main effects. All four monkeys spent more time scanning
the novel inverted faces relative to the familiar inverted
faces [F(1, 24)=11.3, P<0.003] (Fig. 7A). As in the case
of upright faces, there was a significant difference in
viewing time of different facial features [F'(3,12)=20.41,
P<0.0001]. Pairwise comparisons revealed that when scan-
ning the inverted monkey faces, the monkeys looked longer
at the eyes than the mouth (P<0.05) and they looked less
at the mouth than either the eyes or the ears (Fig. 7B).

As in the case of upright faces, on inverted faces the
first saccade was also directed to the eyes of the face stim-
uli, preferentially to the eyes of the novel monkey face
[F(1,12)=7.8, P<0.005; Fig.7C]. We also compared the
amount of time looking at the eyes in the neutral condition
(from experiment 2) to the amount of time looking at the
eyes in the inverted condition. There was no significant
difference [#(3)=1.36, P>0.05].

Experiment 4: face recognition on image pairs
where the novelty is a new facial expression

The fourth experiment was devised to test the hypothesis
that monkeys show a significant preference for novel fa-

Fig.9 A The percent of time
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cial expressions of the same individual (Fig. 8). To test this
hypothesis we compared looking preference for two pairs
of images depicting the same individual. In the first pair
of images (familiarization pair) a stimulus monkey with a
neutral expression was presented on both sides. The sec-
ond pair (test pair) consisted of the same neutral face
paired with a stereotypical facial expression (fear grimace,
lipsmack, open mouth threat, and yawn) produced by the
same stimulus monkey. The typical scanpaths (shown in
Fig. 8) recorded in this experiment showed that the viewer
monkeys explore almost exclusively the eyes of the neu-
tral faces, but attend to other facial features in all four fa-
cial expressions. For example, in facial expressions where
the mouth is open, exposing the canines (Fig. 8B-D) at least
one saccade targets the mouth or specifically the canines
(Fig. 8D).

The relationship between facial expression and facial fea-
ture was examined with 2-way repeated measures ANOVA.
There was a significant interaction between these two fac-
tors [F(9,48) = 20, P<0.001]. The interaction is explained
by a preferential viewing of certain facial expressions. There
was a significant main effect of experience [F(3,48)=
3.05, P<0.01], indicating that the monkeys looked longer
at the novel facial expression than at the familiar neutral
face. There was no main effect of facial expression
[F(3,48)=0.72, P>0.05]. As in the case of neutral faces,
the viewer monkeys looked first at certain facial features
[F(3,24)=10.83, P<0.01]. As shown in Fig. 9, when mon-
keys explored the two aggressive facial expressions (threat
or yawn) where the mouth figures prominently in the ex-
pression, time was distributed about equally between the
eyes and the mouth. Fear grimaces induced the longest
looking to the mouth, while lipsmacks induced the longest
looking time to the eyes.

Discussion

Three main findings resulted from these experiments. First,
monkeys explored images of novel faces significantly
longer regardless of their orientation (upright or inverted)
and facial expression. The magnitude of novelty prefer-
ence for faces and objects was similar and on average was
about three times longer looking at novel than at familiar

looking at novel half of the 100% *
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images. Second, the eyes were the most extensively ex-
plored facial feature in faces with neutral expression. Third,
the time spent looking at the eyes, mouth, and ears varied
across facial expressions.

The values of novelty preference reported here were
comparable or larger than reported by earlier studies (Gun-
derson and Swartz 1985; Gunderson et al. 1988, 1989;
Bachevalier et al. 1993; Pascalis and Bachevalier 1999;
Buffalo et al. 1999; Zola et al. 2000). This might be the
case, because in our version of the task, the monkeys were
required to attend to the stimulus images and maintain
their gaze within the boundary of the image in order to ob-
tain reward. In all previous studies, novelty preference
was based on spontaneous visual scanning, where the sub-
jects were allowed to look away from the stimulus images.
The variability in our data was further reduced by high
spatial resolution and high-frequency sampling of eye po-
sition, compared to scoring videotapes of the viewer mon-
key’s face and eyes. The larger novelty preference re-
ported here may also be accounted for by two additional
factors related to task parameters: shorter presentation time
and shorter delays between the presentation of the famil-
iarization and the test pairs. Bachevalier et al. (1993) sug-
gested that shorter presentation times might capture more
accurately the initial peak of novelty preference. Indeed,
in our pilot experiments, when monkeys were allowed to
view the image pairs for 3 s or longer novelty preference
was more pronounced in the first 2 s of free viewing (data
not shown).

One controversial issue of face recognition is the so-
called inversion effect. In short, humans and chimpanzees
discriminate upright faces more rapidly than inverted faces
(Yin 1969; Diamond and Carey 1986; Farah 1995; Farah et
al. 1998; Parr et al. 1998). Some studies have found inver-
sion effects in macaque monkeys (Overman and Doty 1982;
Swartz 1983; Keating and Keating 1993; Vermeire and
Hamilton 1998) while others have not (Rosenfeld and van
Hoesen 1979; Bruce 1982; Dittrich 1990; Tomonaga et al.
1993; Parr et al. 1999). The inversion effect has led to the
proposition that faces belong to a special category of stim-
uli that are processed in dedicated neural systems (Diamond
and Carey 1986; Tanaka and Farah 1991; Farah et al. 1995;
Kanwisher 2000). It is suggested that inverted faces are
handled by other neural systems involved in object recogni-
tion. The delay in facial discrimination, therefore, may come
from the competition of brain systems employed in perceiv-
ing inverted faces (Is it a face or an object?).

The monkeys tested in this study did not show impair-
ment in discriminating between inverted familiar and novel
faces, suggesting that rhesus monkeys process objects and
faces similarly. Given that monkeys appear to discrimi-
nate between familiar and novel inverted faces, it was of
interest to determine whether they use the same scanpath
for viewing inverted versus upright faces. The observa-
tions that the distribution of looking time on facial fea-
tures was similar for upright and inverted faces and that
the targets of the first saccade on both upright and inverted
faces were the eyes, further strengthen the hypothesis that
rhesus monkeys process upright and inverted faces simi-

larly. Task parameters and the choice of face and non-face
images appear to influence the outcome of tests for the in-
version effect. Parr and colleagues found that rhesus mon-
keys performed a sequential match-to-sample task signif-
icantly better on upright than on inverted images of auto-
mobiles, rhesus monkey and capuchin faces, but not hu-
man faces or abstract images (Parr et al. 1999). They also
found that only humans and chimpanzees, show an inver-
sion effect for stimuli that require expertise for discrimi-
nation. The absence of an inversion effect in our study can
be accounted for by the different perceptual and cognitive
demands of the visual paired comparison task compared
to the matching-to-sample task used by Parr and col-
leagues. On the other hand, the absence of the inversion
effect might reflect the monkeys’ familiarity with viewing
inverted faces. Although rhesus monkeys are not arboreal,
they often adopt positions in which the face is held up-
side-down. For example, lipsmacking with the head up-
side-down between the hind legs is a common display of
submission in rhesus monkeys. These data suggest that
monkeys process faces and objects using the same neural
pathways. If this is the case, face-selective neurons should
be intermixed with neurons selective for objects in the
higher visual areas of the rhesus temporal lobe.

The second main finding of this study was that the eyes
were the most extensively explored feature in all faces
and the eyes were also the targets of the first saccade on
the novel face. This suggests that monkeys, like humans,
rely heavily on the appearance of the eyes to match the face
being viewed with stored memories of previously seen
faces. The analysis of scanpaths in humans and in some
primate species indicates that all primates tend to spend
more time looking at the eyes than at any other facial fea-
ture, and rely heavily on the eyes to discriminate between
the faces of individuals (Luria et al. 1964; Macworth and
Morandi 1967; Yarbus 1967; Walker-Smith et al. 1977;
Keating and Keating 1982; Kyes and Candland 1987;
Rizzo et al. 1987; Nahm et al. 1998). In both upright and
inverted neutral faces, the second most explored facial
features fell into the other category. Targets in the other
category included the forehead, neck, upper torso, etc.,
but also areas of the image outside the contour of the mon-
key, for example, the boundary between images. Recall
that subjects were required to fixate on a small icon in the
center of the monitor before the stimuli were displayed;
hence the first 200-300 ms corresponding to the reaction
time before the first saccade was initiated always fell in
the other category. Furthermore, the outline of the face and
the high-contrast boundary between the two juxtaposed
images was often explored, which further increased the
amount of time the subjects spent looking at areas other
than the rectangles delineating the eyes, ears, and mouth
(note saccades targeting the boundary between images in
Fig.6). The third most explored facial feature was the
mouth. The same relative importance of facial features was
observed by Dittrich (1990) using behavioral measures in
freely moving monkeys. Dittrich concluded that for long-
tail macaques the main source of information was the out-
line of the face, followed by the eyes and the mouth.



Our novel approach of measuring the eye movements
used to scan faces allowed us to determine not only the fa-
cial feature preference across the board but also to explore
the possibility that the same facial feature is explored dif-
ferently when it is contributing to a stereotypical expres-
sion. While looking at faces with neutral expressions, facial
feature preference was biased in favor of the eyes whereas
in emotional facial expressions the distribution of looking
time to the eyes, mouth and ears varied with each expres-
sion. Our results indicate that images of facial expressions
elicit exploration patterns that involve not only the eyes
but also those facial features that are the most characteris-
tic for a particular expression. For example, monkeys ex-
plored the eyes and the mouth to the same extent on threat-
ening facial expressions (threat and yawn). On yawning
faces the saccade to the mouth area was directed precisely
to the canines at about 50% of scanpaths (an example is
shown in Fig.8D), while on faces with an open-mouth
threat expression, the saccades were directed to the mouth
and to the ears. The looking patterns on the two appeasing
facial expressions (fear grimace and lipsmack) were dif-
ferent. Monkeys explored predominantly the mouth area
on fear grimaces (Fig.8B). In contrast, images of lips-
macking faces were viewed more like faces with neutral
expression, where the eyes were the most extensively ex-
plored feature. The conclusion that different facial displays
elicit different scanning patterns is in accordance with
similar observations on social recognition in monkeys.
For example, Dittrich (1994) reported that monkeys use
different features of the same stimulus (different body
parts or facial features) to differentiate between images of
monkeys of different species.

Although we used scanpaths to determine if a face was
preferred and if facial perception or recognition is related
to a particular pattern of visual exploration, eye move-
ments are not necessary for face recognition. Monkeys
trained to fixate on a small icon during the presentation of
images have been shown to perform visual recognition
tasks accurately (Chelazzi et al. 1993). Eye movements in-
volved in scanning an image likely indicates spontaneous
shifts of attention toward the most interesting or informa-
tive details (Yarbus 1967, Walker-Smith et al. 1977, Daff-
ner et al. 1999). If this is the case, our results indicate that,
the eyes are certainly the most interesting and informative
facial feature to monkeys when they attempt to identify
and discriminate between conspecifics with neutral ex-
pressions. Differential exploration of features in emotional
facial expressions may be a useful indicator of the relative
importance of various facial features in displays used by
monkeys for social communication.
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