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Abstract
Experiments are the foundation of empirical science, and experimental
paradigms that are broadly applicable across settings and species are particularly useful for comparative research. Originally developed to address
questions related to perception and cognition of pre-verbal human
infants, the looking time experimental paradigm has been increasingly
used to study animal behavior and cognition, particularly in non-human
primates. Looking time experiments are based on the assumption that animals direct eye gaze toward objects or scenes based on their degree of
interest, and use looking behavior to infer perceptual or cognitive characteristics of subjects. This paradigm can be used in a variety of contexts and
is not based on species-typical behaviors, allowing for intra- and interspecific comparisons. Here, we describe the history of use of looking time
measures, provide an overview of the problems and controversies related
to this method, and offer recommendations on how to implement looking
time tasks, focusing on the preparation of stimuli, experimental procedures, and data analysis. Our overview focuses on non-human primates,
where most work has been carried out, but the issues discussed should be
applicable to a wide range of species. We conclude that despite pertinent
criticism, looking time tasks are practical when executed and interpreted
properly. The further implementation of these methods in studies of animal behavior and cognition is likely to be fruitful.

Introduction
While much scientific insight can be gained from correlational studies, experiments allow for increased
control of potentially confounding variables and provide greater confidence in causal relationships. One
experimental paradigm that has increasingly been
used in the animal cognition and behavior literature
is the looking time paradigm. Originally developed for
research involving pre-verbal human infants (Berlyne
1958; Fantz 1958), looking time tasks involve the presentation of visual stimuli and the measurement of
subjects’ corresponding eye gaze toward each stimulus. Interpretations of the subjects’ perceptive or cognitive abilities are then made based on the patterns of
eye gaze observed (Spelke 1985). As such looking
time tasks can be conducted in any species in which
the direction of eye gaze can be measured and can be
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implemented in various settings, this allows for intraand interspecific comparison in behavior, perception,
and cognitive abilities. Despite the increased use of
this paradigm in studies of non-human animal (hereafter ‘animal’) cognition and communication, to our
knowledge, there has been no systematic review of
the methodologies, assumptions, and the analytical
issues that pertain to its use on animals. Here, we discuss the history and philosophy of the looking time
experimental paradigm, provide examples of its
implementation, and assess the utility of these methods for studying perception and cognition. We
emphasize non-human primates (hereafter, ‘primates’) due to research biases toward this group, but
our discussions are pertinent to a wide range of taxa
and we hope that this review will inspire further
research in non-primate groups. We propose guidelines on how to conduct looking time experiments,
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particularly in free-ranging settings. Note that multiple terms have been used in the literature to describe
research of the sort we discuss here; these terms
include (but are not limited to) looking time, eye
gaze, visual fixation, orientation, attention, preferential looking, and (particularly in non-human
research) visual paired comparison. Throughout this
review, we use the term ‘looking time’ to denote the
duration of eye gaze toward a particular target,
although it could potentially be replaced by some of
these other terms.
The History and Implementation of Looking Time
Paradigms
The birth of looking time paradigms is generally
traced to Robert Fantz’s research on perception in
human infants in the late 1950s and early 1960s (e.g.,
Fantz 1958, 1961, 1963, 1964; Fantz & Ordy 1959;
Fantz et al. 1962). While some previous studies had
used measurements of looking behavior to assess the
perceptual abilities of human infants (e.g., Valentine
1914; Staples 1932; Berlyne 1958), it was Fantz’s
work that ushered in an era of looking time research
in the field of developmental psychology. Since its
conception, the looking time experimental paradigm
has spawned a wide variety of research into the perceptual and cognitive abilities of humans and other
animals, and the development of multiple offshoots of
Fantz’s original procedure have allowed for further
elaboration of the paradigm.
Looking Time Methods

All looking time tasks stem from a common assumption, namely that subjects look longer at objects or
scenes that are, for one reason or another, more interesting to them. The characteristics driving increased
interest may vary, including, for example, attractiveness, novelty, familiarity, and violation-of-expectations. In the absence of corroborating data, increased
looking time should generally be interpreted simply
as discrimination between stimuli, not necessarily as
an overall preference per se. Therefore, we use the
phrase ‘visual bias’ here to refer to the visual stimuli
that received more attention in looking time tasks and
avoid the commonly used expression ‘preference’.
Multiple experimental methods have been developed to assess the presentation of visual stimuli; these
include (1) visual bias tasks, (2) habituation tasks, and
(3) violation-of-expectation tasks. Visual bias tasks,
often referred to as ‘visual preference tasks’ in the literature, are those originally developed by Fantz and
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are theoretically the most straightforward. In these
tasks, multiple visual stimuli are presented either
simultaneously or sequentially, and subject visual
biases are assessed based on the looking time elicited
by each stimulus. For example, in his initial study,
Fantz (1958) simultaneously presented infants with
various patterns and found that they looked longer at
(i.e., they displayed a visual bias for) more complex
patterns compared to simpler ones.
In visual habituation tasks, subjects are repeatedly
presented with a stimulus until they consistently
show a reduced response (i.e., they have habituated
to its presentation; Jeffrey & Cohen 1971; Colombo &
Mitchell 2009). In the commonly used habituation–
dishabituation task, after a specified habituation criterion has been achieved subjects are then presented
with a new stimulus and their reaction is recorded,
with an increase in looking time (‘dishabituation’)
compared to the habituated response indicating a
detection of the difference between stimuli. Other
methods are also used, including the analysis of differences in habituation time across subjects and stimuli.
Habituation tasks can be very useful, for example in
studies attempting to identify a threshold of discrimination between stimuli; however, they are used less
frequently than other looking time tasks because the
habituation process can be experimentally time consuming.
Finally, in violation-of-expectation tasks, subjects
are presented with visual scenes that either do or do
not conform to the subjects’ hypothesized expectations about the physical or social world. A difference
in looking time between trials, usually with longer
looking time toward stimuli that violate hypothesized
expectations, is interpreted as recognition of this violation. These variations on the looking time paradigm
have been used to study the perception and cognition
of human infants as well as other animals.
Looking behavior has been measured in a variety of
ways. Early experiments in human infants relied on
experimenters’ observations of looking behavior during the trial (e.g., using a timer to calculate looking
duration, Fantz 1963). Later research primarily
involved video recording of trials followed by subsequent coding of videos to determine looking behavior
(e.g., Bogartz et al. 1997; Waitt et al. 2003; Dubuc
et al. 2009; Hughes et al. 2014), improving the precision of measurements and also allowing for assessments of inter-rater reliability. More recently, eye
tracking technology has been used to assess looking
behavior in both humans (reviewed by Gredeback
et al. 2009; Mele & Federici 2012) and other animals
(see below). Eye tracking technology is advantageous
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH
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because it allows for automated coding and under
ideal conditions can provide very detailed information
about the precise direction of eye gaze.
Eye tracking is generally accomplished in one of
two ways: using head-mounted hardware or via
external hardware. Both techniques rely on optical
eye tracking, or video oculography, in which light
reflected from the eyeball is measured to determine
the direction of eye gaze. There are multiple methods
of accomplishing this (reviewed by Hansen & Ji
2010), but most current eye trackers make use of corneal reflections of infrared light projected by the eye
detector. Head-mounted systems are advantageous in
that they can track eye gaze patterns in moving subjects, but they also require that hardware be physically attached to subjects, which is not always
feasible. Head-mounted eye tracking systems have
been developed for a variety of species, including
chickens (Schwartz et al. 2013), peahens (Yorzinski
et al. 2013), starlings (Tyrrell et al. 2014), rats (Wallace et al. 2013), dogs (Williams et al. 2011), and
chimpanzees (Kano & Tomonaga 2013). Externally
mounted devices allow eye gaze to be tracked without
handling subjects, but require that subjects remain
relatively stationary throughout trials and generally
involve a calibration session to set subject specific eye
parameters before each trial. This approach has been
used especially in dogs (e.g., Williams et al. 2011;
Somppi et al. 2012; T
egl
as et al. 2012) and primates
(e.g., Dahl et al. 2007, 2009, 2010, 2013; Kano & Tomonaga 2009, 2010; Hirata et al. 2010; Kano et al.
2011; Leonard et al. 2012; Myowa-Yamakoshi et al.
2012; Paukner et al. 2013; M
eary et al. 2014). Due to
methodological and technological constraints, eye
tracking can be difficult to implement in non-humans
and, to our knowledge, has thus far only been used in
controlled captive conditions. Nonetheless, studies
using eye tracking methods have yielded a number of
new insights, and advances in technology make the
wider use of this approach more feasible.
Human Infant Research

Looking time methods have been used for over 50 yrs
to study perception and cognition in pre-verbal
human infants. Early research concentrated on documenting the visual perceptual abilities of infants, such
as those related to color, form, and pattern. These initial studies primarily used visual bias tasks to determine whether infants could differentiate between
stimuli (e.g., colors, for a review see Teller & Bornstein 1987), or exhibit a visual bias toward some stimuli over others (e.g., patterns of greater complexity,
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

Fantz 1958). Focus gradually shifted from these
perception-oriented tasks toward the study of infant
cognitive abilities. Numerous studies have used looking time tasks to assess human infants’ responses to
objects (e.g., object permanence, unity, and individuation) and faces, and to assess their capacity for
understanding categories, numeration, and causality
(for reviews of infant cognition research, see Spelke
1985; Cohen & Cashon 2003). Violation-of-expectation tasks are particularly common in this type of
research, with most studies comparing looking time in
trials in which potential expectations (e.g., about
physical principles) are violated compared with those
in which they are not. While the use of looking time
in this context has not been without critique, it is
nonetheless used extensively throughout the human
infant literature and has been central to efforts aimed
at understanding human infant perceptive and cognitive abilities.
Primate Research

Looking time-based research in animals has followed
a similar trajectory to that involving human infants,
with initial research focusing primarily on documenting perceptual abilities and more recent research generally focusing on cognitive processes. The first
research using looking time measures in non-humans
focused on perceptual abilities of captive primates,
with particular emphasis on their reactions to photographs. These experiments showed that, in a variety
of primate species, na€ıve individuals can recognize
objects in photographs, particularly when they are
biologically relevant items such as food or conspecifics
(reviewed by Bovet & Vauclair 2000). Primates do
respond to the information content of images (Humphrey 1972), but a general lack of behavioral response
to photographs compared to the actual stimuli they
depict suggests that they do not equate photographs
with the objects or individuals they represent. For
instance, primate subjects show a lack of reaching
behavior toward photographs of food objects (Bovet &
Vauclair 1998) and only rarely respond to photographs of conspecifics behaviorally (Humphrey 1972;
Demaria & Thierry 1988; Waitt et al. 2003). However,
when behavioral responses do occur, they are generally contextually appropriate (Waitt et al. 2003, pers.
obs.).
Following the gradual shift toward a focus on cognition, looking time experiments on captive primates
have been used to study how primates understand
objects and social situations. For example, primates
can classify objects (Kyes et al. 1992; Bovet & Vauclair
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1998), match objects across sensory modalities (Davenport et al. 1975; Malone et al. 1980; Tolan et al.
1981), enumerate objects (Uller et al. 2001), and process images and videos of objects (Kano & Tomonaga
2009, 2011; Kano et al. 2011). They can also recognize themselves in videos (Anderson et al. 2009), differentiate between species (Fujita 1987; Demaria &
Thierry 1988; Dufour et al. 2006; M
eary et al. 2014),
recognize individuals (Rosenfeld & Van Hoesen 1979;
Dasser 1987, 1988; Kyes & Candland 1987; Bovet &
Deputte 2009; Hanazuka et al. 2013), link visual
attention to actions (Santos & Hauser 1999), recognize familiar goal-directed behavior (Rochat et al.
2008; Myowa-Yamakoshi et al. 2012), and understand features of tools (Santos et al. 2003). Recent
studies have also shown that attention to images can
be influenced by emotional state (Bethell et al. 2012)
and by the ovulatory phase of female subjects (Lacreuse et al. 2007). A variety of primate species have
demonstrated a novelty bias for objects (Pascalis &
Bachevalier 1998) and conspecific faces (Pascalis &
Bachevalier 1998; Gothard et al. 2004, 2009), but
some also show a bias for (familiar) conspecific compared to (novel) heterospecific faces (Fujita 1987;
Demaria & Thierry 1988; but see M
eary et al. 2014).
Research employing looking time methods has also
been used to assess how primates process images of
faces (reviewed by Parr 2011). Such studies may have
diverse but related aims, such as identifying face
regions that attract the most eye gaze (e.g., Hirata
et al. 2010; Leonard et al. 2012), assessing inversion
effects (Dahl et al. 2010, 2011; Hirata et al. 2010) and
facial configurations (Paukner et al. 2013), comparing
face processing across species (Dahl et al. 2007, 2009;
Neiworth et al. 2007; Hattori et al. 2010; Kano & Tomonaga 2010), and tracking the ontogeny of face processing (Myowa-Yamakoshi & Tomonaga 2001;
Myowa-Yamakoshi et al. 2005; Dahl et al. 2011,
2013). Primates also discriminate corresponding
visual and auditory stimuli from mismatched/disconnected ones (Ghazanfar & Logothetis 2003; Evans
et al. 2005; Bovet & Deputte 2009; Silwa et al. 2011).
Looking time experiments have been used to assess
the perception of visual signals in captive primates,
including investigations of the salient features of eyes
in lesser mouse lemurs (Coss 1978), sexual dichromatism in Eulemur species (Cooper & Hosey 2003), and
sexual skin coloration in male and female rhesus
macaques (Waitt et al. 2003, 2006; Gerald et al.
2007) and male Japanese macaques (Pfl€
uger et al.
2014). Finally, looking time methods have been used
in clinical neuroscience research to study the effects
of factors such as brain lesions (Bachevalier et al.
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1993; Nemanic et al. 2004; Pascalis et al. 2009;
Zeamer et al. 2010, 2014; Zeamer & Bachevalier
2013) and alcoholism (Golub et al. 2014).
Armed with the knowledge acquired via studies of
human infants and captive primates, primatologists
have more recently begun to use looking time tasks to
study primates in the field. Unlike some techniques
used to study captive primates that require complicated testing procedures and/or extensive training,
looking time tasks can be used in both captive and
free-ranging populations with no training required.
This permits experiments to be conducted under more
naturalistic conditions, while still allowing direct comparisons with populations held in captive conditions
(Hauser & Carey 1998). The use of such methods in
free-ranging primate populations has been initiated in
the rhesus macaque (Macaca mulatta) population on
Cayo Santiago (Fig. 1), a small island off the East coast
of Puerto Rico (for details on the population, see Rawlins & Kessler 1986). The majority of studies using
looking time tasks at this site have focused on aspects
of primate cognition such as numerical representations (Hauser et al. 1996), object visual representations (Munakata et al. 2001; Shutts et al. 2009),
object individuation (Uller et al. 1997; Cheries et al.
2006), object rotation (Hughes & Santos 2012), an
understanding of solidity (Santos & Hauser 2002), and
the representation of knowledge states (but not
beliefs; Marticorena et al. 2011). More recently,
research has moved more into the domains of social
behavior and communication. Studies in these areas
include investigations of sexual signaling (Higham
et al. 2011; Hughes et al. 2014; Dubuc et al. in
review), attentional biases to threat (Mandalaywala
et al. 2014), and paternal kin recognition (Pfefferle
et al. 2014). Such methods have also been applied to
other free-ranging macaque populations. For exam-

Fig. 1: A rhesus macaque participating in a looking time task on Cayo
Santiago.
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ple, Schell et al. (2011) used looking time methods to
study how the recognition of other group members
develops in free-ranging Barbary macaques at Rocamadour visitor park in France.
Non-Primate Animal Research

Looking time tasks can be conducted in any species in
which the direction of eye gaze can be measured;
while most looking time research has been conducted
in primates, this approach has recently also been
applied to other animal taxa. The cognitive and social
behavior of domestic dogs (Canis familiaris) has seen
increased research focus recently, and looking time
studies have shown that dogs understand numerosity
(West & Young 2002), understand physical properties
of occluded objects (Pattison et al. 2010), exhibit sex
differences in object permanence (M€
uller et al. 2011),
recognize the content of 2D images (Somppi et al.
2012), recognize conspecific and human faces (Racca
et al. 2010), direct preferential attention toward
their owner (Mongillo et al. 2010), recognize the
correspondence between their owner’s face and voice
(Adachi et al. 2007), differentially respond to communicative behaviors (T
egl
as et al. 2012), discriminate
between human facial expressions (Nagasawa et al.
2011), look longer at familiar conspecific and human
faces (Somppi et al. 2014), and preferentially attend
to eyes in conspecific and human faces (although to a
lesser degree in inverted faces; Somppi et al. 2014).
The looking time paradigm has also been used in
other groups. For instance, it has been used to show
that dolphins can recognize conspecific and human
faces (bottlenose dolphins, Tursiops truncatus: Thieltges
et al. 2011), and exhibit visual laterality with respect
to object familiarity (captive bottlenose dolphins,
T. truncatus: Blois-Heulin et al. 2012; wild striped dolphins, Stenella coeruleoalba: Siniscalchi et al. 2012). It
has also been used to show that birds can express
social preferences (rooks, Corvus frugilegus: Bird &
Emery 2008), look longer at biological relevant stimuli than basic stimuli (European starlings, Sturnus vulgaris: Tyrrell et al. 2014), and selectively attend to
certain components of visual signals (peahens, Pavo
cristatus: Yorzinski et al. 2013). The recent application
of eye tracking methods in a number of species
(chickens: Schwartz et al. 2013; peahens: Yorzinski
et al. 2013; starlings: Tyrrell et al. 2014; rats: Wallace
et al. 2013) is encouraging and provides a promising
avenue for future research.
Based on the successful implementation of the
looking time paradigm in these taxonomically diverse
groups, there is good reason to believe that this work
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH
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could be further expanded and applied to other taxa
and to naturalistic and even wild animal populations.
Problems and Controversies
While the looking time paradigm has been widely
used, it remains a controversial methodology. This is
especially true in human infant research, which is
perhaps surprising given the method’s central position
in this field. Most critiques of looking time tasks are
centered around (1) the interpretation of increased
looking time, (2) the differences between results
based on looking time and those based on other
behavioral indicators, and (3) the inclusion of proper
controls.
Looking time tasks use measures of eye gaze as the
response variable; however, it is not always clear precisely what an observed change in looking time actually means. Visual biases are not always consistent
and are subject to change based on characteristics of
the stimuli in question. For example, it is commonly
assumed that subjects will look longer at novel compared to familiar stimuli. Although visual biases for
novel stimuli are common in both human infants and
primates (e.g., Fantz 1964; Quinn & Eimas 1996; Pascalis & Bachevalier 1998; Gothard et al. 2004, 2009),
in some circumstances, subjects have also exhibited
biases for familiar stimuli (e.g., Fujita 1987; Demaria
& Thierry 1988; Roder et al. 2000; Shinskey & Munakata 2005), and it is not always clear a priori
whether a visual bias for novelty or familiarity may be
predicted in a given task. Preferences for familiar or
novel stimuli can also be influenced by factors such as
the degree of familiarity (Richmond et al. 2007) or
the type of stimuli (Park et al. 2010). Given that
increased looking time can be driven by multiple factors that are sometimes unpredictable, the safest interpretation of a difference in looking time between
trials is that the subjects can discriminate between
stimuli. When a research question requires the demonstration of an actual preference, it may be necessary
to conduct additional experiments or corroborate
looking time measures by comparison with other
behavioral indicators.
A second critique of the looking time paradigm is
that there are occasional discrepancies between
results based on looking time and those based on
other behavioral indicators. In human infants, different conclusions have been reached depending on
whether tasks have been based on looking time or on
other measures, such as reaching tasks, searching
tasks, or verbal responses (e.g., Hofstadter & Reznick
1996; Ahmed & Ruffman 1998; Shinskey & Munakata
629
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2005; Charles & Rivera 2009). The same problems
have been reported for human children (e.g., Garnham & Ruffman 2001; Hood et al. 2003; Langer et al.
2003) and primates (Santos & Hauser 2002; Santos
et al. 2006). This shows that it is not always clear
whether and how a visual bias translates to a behavioral response. These discrepancies cast doubt on the
use of looking time as the sole method for understanding a subjects’ cognitive state and demonstrate
the need for other corroborative measures (Kagan
2008).
Finally, many critiques of looking time studies focus
on a frequent lack of experimental controls. Some
classic looking time studies have failed to replicate
when attempted by other researchers (see replications
in Bogartz et al. 1997; Rivera et al. 1999; Wakely
et al. 2000), suggesting that uncontrolled confounding variables may have been responsible for the
results of the original study. Accordingly, the conclusions of some studies have been revised following the
addition of appropriate controls. These include controls for the physical properties of displays (e.g., Haith
1998; Thelen et al. 2001), relative familiarity vs. novelty of stimuli (e.g., Rivera et al. 1999), and sequences
of stimuli presentation (e.g., Bogartz et al. 1997).
These results highlight the importance of careful
experimental design and execution.
Many of the criticisms of looking time research
have arisen because of poorly controlled experiments
or overinterpretations of results. Therefore, despite
these criticisms, the looking time experimental paradigm is still a valid methodology that can yield interesting results when implemented and interpreted
properly. To produce valid results, experiments
should be designed to control as many factors as possible, and differences in looking time should be interpreted conservatively as the ability to distinguish
between stimuli rather than as overall preferences (at
least in the absence of other corroborating data).
Given the issues raised here, it is apparent that much
care should be taken to design the methods and stimuli used in a looking time task carefully. In the following section, we discuss a number of relevant
methodological considerations.
Methodological Considerations
Stimuli Selection and Preparation

The presentation of visual stimuli is critical to the looking time paradigm. Types of visual stimuli include, but
are not limited to, photographs, videos, models, and
live-action performances. In most experiments, pairs
630
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or classes of stimuli are designed to differ in one feature
of interest, thus allowing resulting differences in looking time (or lack thereof) to be interpreted as a
response to differences in this feature. As in all experimental methodologies, it is therefore important in
looking time based tasks to standardize all aspects of
the visual scene aside from the feature of interest as
much as possible. In presenting faces of conspecifics,
for example, the direction of eye gaze and head orientation of the stimulus face may influence subject looking behavior (Sato & Nakamura 2001; Leonard et al.
2012). In primates, a direct gaze could be interpreted
as a threat by the subject tested, and images of faces
gazing directly at the camera should be avoided in
stimuli (e.g., Waitt et al. 2003). Similarly, when different individuals are represented, they should be
matched as closely as possible for any social, morphological, or physiological characteristics that are not
under study but may vary systematically with the variable of interest. Where possible, stimuli should be
approximately life-sized and should include a standardized yet naturalistic background (Fleishman & Endler 2000). Images can either be presented naturally
(e.g., Higham et al. 2011), as composites (e.g., Waitt
et al. 2003, 2006; Gerald et al. 2007), or after having
been otherwise digitally manipulated (e.g., Cooper &
Hosey 2003), but different images should all contain
similar degrees of manipulation. Multiple stimuli
should be used wherever possible as the stimuli are
actually the unit of analysis (i.e., considering the reactions of multiple subjects to a single stimulus independently would constitute pseudoreplication). As several
subjects should ideally be tested with each stimulus,
the number of subjects available may set an upper
limit on the number of stimuli used.
When preparing stimuli, it is essential to consider
the sensory systems of the intended receiver(s).
Human vision differs to various degrees from that
of other animals (Jacobs 1981, 1993; Waitt & Buchanan-Smith 2006; Erichsen & Woodhouse 2012), such
that stimuli differences that are perceptible to
humans may not be apparent to other animal species, and vice versa. For example, the orange pelage
colors of many New World primates appear conspicuous to humans, but would be cryptic against a green
foliage background to dichromatic conspecifics
(Sumner & Mollon 2003). Characteristics of animal
visual systems that are highly variable between and
even within taxa include color and luminance perception, motion detection, depth perception, and
visual acuity.
Color perception varies across species and is influenced primarily by the types of photoreceptors in the
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH
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eye, their peak spectral sensitivities (i.e., the wavelengths at which they are maximally stimulated), and
the relative proportions of these receptors. If color
(the relative absorption and reflectance of different
wavelengths of light) and/or luminance (the relative
lightness to darkness of that function) need to be produced accurately in stimuli, then a number of factors
involving both stimuli creation and display need to be
considered. Where possible, it is best to create stimuli
based on models of animal vision that use species-specific sensory information to estimate the way a species
sees colors (Endler & Mielke 2005; Stoddard & Prum
2008), which is likely to lead to more biologically
meaningful results (Stevens et al. 2009; Higham et al.
2010). Depending on the question under study, differences in signal content should be either detectable or
indiscriminable to receivers, with one possible way of
quantifying this based on units of ‘just noticeable differences’, which specify differences in color or luminance in units of a species’ perception (Stern &
Johnson 2010).
It is important to measure the colors of stimuli such
as photographs and models to confirm that they conform to expectations. Printers often produce differing
results both between and within machines across time
(Stevens & Cuthill 2005). Techniques can be used that
produce images that are indiscriminable from the original stimuli, such as an iterative printing process that
involves sequential printing, testing, and refinement
(e.g., Higham et al. 2011). An alternative is to undertake a printer calibration (e.g., using hardware and
software combinations such as the ColorMunki©
suite; Dubuc et al. in review), although it remains
necessary to test the final results before stimuli are
used. Similarly, most electronic devices are tuned to
human vision, which may not be appropriate for
other species (Cuthill et al. 2000; Fleishman & Endler
2000), and electronic displays must therefore be calibrated based on the target species’ visual system (Emmel & Hersch 2000). Even when variation in color
between stimuli is not part of the experimental
design, it may be beneficial to verify that the colors
exhibited resemble the original stimuli to minimize
confounds.
Many species also exhibit differences in motion
detection, which is of principal concern when using
video as a stimulus. Video consists of many images
shown in quick succession; when the frame rate is
above a certain threshold, known as the critical
flicker–fusion frequency, the presentation of still
images is perceived as fluid motion by the visual system. However, the critical flicker–fusion frequency
differs across species, and if the frame rate of the video
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH
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is lower than the critical flicker–fusion frequency of
the target species, then the video will be seen to
flicker rather than display fluid motion (D’Eath
1998). This is obviously problematic when attempting
to portray a moving image. Care must therefore be
taken to ensure that video images are perceived as
expected in the target species, and in some cases, tuning of video parameters such as frame rate may be
necessary.
Considering depth perception is also important.
When conveying a three-dimensional scene in two
dimensions, such as via a photograph or video, there
is an inherent loss of depth information. Some depth
cues are more likely to be preserved than others,
which may lead to differential loss of depth information across species (D’Eath 1998; Zeil 2000). The loss
of depth cues can prevent the proper representation
of texture and can create spatial aliasing and other
image artifacts (Fleishman & Endler 2000). Further,
the angle and distance from which a stimulus is
viewed may alter the extent to which information
about depth is available (D’Eath 1998). Oliveira et al.
(2000) suggest following two rules that can help mitigate the effects of attempting to convey depth in
video: (1) animals in the video should be life size and
(2) textured backgrounds should be avoided. While
this may work in some circumstances, ultimately
there is no way to convey depth in two dimensions
properly; if accurate portrayal of depth information is
needed, either because it is a focus of the study or
because it is necessary for object recognition, it may
be better to use three-dimensional displays such as
models or live-action presentations.
Finally, it is essential to consider visual acuity. Both
the distance to the stimulus and the resolution of the
stimulus should be altered such that the target species
can perceive the requisite level of detail, with the
stimulus appearing neither blurry nor pixelated. A
good rule of thumb is to ensure that the angular separation of the pixels in the stimulus is always considerably smaller than the minimum separable angle of the
target species’ visual system (Fleishman & Endler
2000). Similarly, in some circumstances, characteristics of the visual system or the display may cause subjects to perceive colors differently. In many types of
stimuli (e.g., photographs, videos), all colors are represented using red, green, and blue pixels; adjacent
pixels are blended by the visual system, so different
colors can be simulated by adjusting the intensity of
pixels of these three colors. Species with high-visual
acuity or those that are very close to a display may
actually perceive these pixels individually without
blending, so that they would perceive a series of col631
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ored dots rather than seeing the image as intended
(D’Eath 1998; Fleishman & Endler 2000).
For those species in which the visual system has not
been well-characterized, pilot studies may be needed
to verify that stimuli are perceived as predicted with
respect to color, motion, depth, and resolution. In
many cases, looking time experiments themselves can
be used to do this. Different target species may also
present additional issues, such as polarized light detection (Fleishman & Endler 2000), which is why it is
important to consider every relevant aspect of the target species’ visual system when creating stimuli. For
more information, interested readers can consult publications assessing methods related to the use of photographs (Stevens et al. 2007; Bergman & Beehner
2008), video (D’Eath 1998; Fleishman et al. 1998;
Fleishman & Endler 2000; Oliveira et al. 2000), computer-manipulated stimuli (Baldauf et al. 2008), and
computer animations (Woo & Rieucau 2011).
Experimental Procedures
Experiments begin with the selection of subjects. In
naturalistic settings, subjects are often chosen opportunistically; however, to create relatively comparable
situations across trials, it is advisable to use inclusion criteria that set behavioral standards and minimize distractions. Where possible, individually
identifying subjects can prevent re-testing and allow
for individual characteristics (e.g., demographic or
reproductive characteristics) to be included in the
analysis.
Stimuli are often presented via an apparatus that
allows for their systematic presentation across trials.
For example, photographs may be placed in frames
covered by an occluder which can be lifted to reveal
the stimuli at the appropriate time during the trial
(e.g., Higham et al. 2011). Looking time experiments
can use either sequential or simultaneous presentation of stimuli. In the former, each stimulus is presented singly, and looking times toward different
stimuli are compared indirectly (e.g., Hughes et al.
2014). In the latter, stimuli are presented in groups
(often pairs), so subjects can only look at one stimulus
at a time (e.g., Higham et al. 2011). There are advantages and disadvantages to each of these approaches.
The sequential approach makes it easier to assess gaze
direction because gazes close to the camera are easier
to recognize; however, variation in looking time
between stimuli is hard to compare because the level
of habituation to the task and circumstances surrounding stimuli presentation are not identical. While
simultaneous presentation of stimuli facilitates the
632

S. Winters, C. Dubuc & J. P. Higham

comparison of looking time, precisely determining
gaze direction can be challenging, especially in natural settings where other objects or events in the surroundings can attract the attention of subjects. In
laboratory settings, this issue may be circumvented by
the use of multiple video cameras and controlled surroundings. In field settings where a single camera is
used, adequate spacing between stimuli is necessary
to distinguish gazes directed toward each stimulus. At
the same time, however, it becomes more difficult to
recognize gazes aimed toward stimuli positioned further from the camera. In primates, we have found
that an apparatus in which stimuli are separated by
around one meter works well. Ultimately, the best
presentation method will depend on the research
question and the stimuli being presented. As in all
experiments, order of presentation of stimuli should
be randomized and counterbalanced. This is particularly important in looking time studies with simultaneous stimuli presentation because multiple species
have been shown to exhibit a left gaze bias (Guo et al.
2009).
During stimuli presentation, experimental procedures and conditions should be as consistent as possible. For example, in field conditions, the apparatus
should be placed similarly across trials such that the
subject is within a specified distance, is equidistant
from any simultaneously presented stimuli, is able to
view each stimulus without turning their head more
than a specified amount, and can view all stimuli
under similar lighting conditions. In many cases, it is
necessary to orient the subject to the locations of stimuli before they are displayed so that the direction of a
gaze toward all stimuli can be identified on video, and
this should also be done in a standardized fashion to
reduce bias. In laboratory experiments in which light
levels are changed during testing, subjects should be
allowed to adapt fully to light levels in the test arena
before testing begins (including those of a display
monitor). For trials of captive individuals involving
electronic presentation of stimuli, Fleishman & Endler
(2000) recommend that subjects be presented with a
display depicting the visual background against which
stimuli will be viewed for 30 min before testing.
When presenting naturalistic stimuli, brightness and
contrast of the stimuli should match natural values
(Fleishman & Endler 2000). Presenters should be
blind to the condition of the trial, and decisions
regarding the success or failure of each trial based on
specified inclusion criteria should also be made blind
to trial condition.
Many trials are videotaped so that they can
be reviewed in greater detail at a later date, and to
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH
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facilitate coding of looking behavior; filming should
therefore be performed in a way that facilitates later
coding or other analysis. For example, the pupils must
be visible in the video to determine the precise direction of eye gaze. While there may have been evolutionary selection on non-human primate eyes to
decrease the ability of conspecifics to detect gaze (Kobayashi & Kohshima 1997), the direction of eye gaze
is nonetheless usually readily identifiable with a relatively tight shot (e.g., including the head and shoulders) in good lighting (pers. obs.). If stimuli locations
were determined at the beginning of the trial, it is
important that the camera remains stationary
throughout the trial to preserve this positional information. In trials in which the direction or zoom of the
camera changes, it may be beneficial to re-orient the
subject to the location of stimuli at the end of the trial,
as this can help to determine the location of stimuli
in the new video configuration. Videos should
be recorded in a format compatible with coding software, as video conversion usually involves a loss of
resolution.
Coding and Analysis
Differences in looking time between stimuli are usually stable and consistent, but also tend to be very
small (often less than a second), making accurate coding of looking behavior essential. Most modern looking time studies measure eye gaze using either eye
tracking technology or by manual coding of videos.
Eye trackers sample eye gaze at a given interval (often
60 Hz) to identify visual fixation points, which are
small regions (usually within 2–5 degrees of central
vision) of the visual field that are the focus of sustained eye gaze for a minimum amount of time (usually 80–100 ms; Hansen & Ji 2010). The location and
duration of each fixation point is then recorded to
document the looking behavior of the subject. Eye
tracking can be difficult to implement and, to our
knowledge, has never been used in naturalistic conditions. Therefore, many studies rely on manual coding
in which videos of each trial are usually coded frame
by frame by a human observer. The first and last
frames of the trial are identified based on standardized
criteria, and each intermediate frame is coded based
on the direction of eye gaze exhibited by the subject.
Video coders should remain blind to the condition of
each trial video, and intercoder reliability should
always be assessed. Reliability scores should be based
on initial similarities between coders, rather than
scores obtained after extensive training aimed at
increasing the similarity of measurements.
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

There are multiple analytical approaches that can
be taken when analyzing looking time data. Many
researchers (e.g., Waitt et al. 2003, 2006; Gerald et al.
2007) have assessed pooled looking times for each
stimulus using traditional parametric statistical tests;
however, when using this method, it is particularly
important to assure that overall differences are not
driven by a few strong preferences. Alternatively,
comparisons can be made based on the number of
individuals looking longest at each stimulus; however,
in this case, very slight differences exhibited by many
individuals may yield significant results. To avoid this,
it may be appropriate to consider that a subject exhibited a visual bias only when the difference in looking
time between stimuli is greater than a chosen threshold. Such differences can be established objectively by
either testing the same image twice or using images
depicting neutral stimuli lacking salience to the subject. The majority of studies using a looking time paradigm focus on relative looking duration as the
primary outcome variable. However, there are many
other variables that could also be examined, such as
the direction of first gaze, latency to first gaze or to
disengage, and the order of gaze directions (Bethell
et al. 2012). Ultimately, the best way to analyze data
will differ based on the goals of each individual study,
and for some research questions, a combined
approach may be most appropriate to confirm the patterns obtained.
Future Directions
When performed using careful methodology, analysis,
and interpretation, studies based on the looking time
experimental paradigm can be useful when addressing many different types of questions within the field
of animal behavior, especially those related to perception and cognition. The recent expansion of these
methods into field settings is an exciting development
that seems likely to yield many new and interesting
insights. Introducing looking time methods to new
field sites and new species, including animal taxa
other than primates, seems a logical next step. While
each site and species will provide unique challenges,
the general methods used to implement looking time
tasks are likely to be adaptable to studying many species, particularly those that are well habituated and
semiterrestrial. For non-habituated species, looking
time tasks could still be used if movement patterns of
individuals can be predicted or altered (e.g., by
attracting subjects to study areas with food). A key
benefit of the looking time experimental paradigm is
that it allows for comparisons across both species and
633

Looking Time Experimental Paradigm

contexts. Thus far few studies have capitalized on this
advantage, however, and the expansion of looking
time research into new contexts and new species
should facilitate these comparisons.
One area of research in which looking time tasks
are particularly relevant, but in which they are currently under-utilized, is the study of animal visual signals. Experiments using looking time methods could
be used to address a wide variety of hypotheses,
including those related to species and individual recognition, sexual selection, and crypsis. Some animal
taxa may have developed color patterns that aid in
the identification of conspecifics and thus help to
maintain species boundaries (e.g., cichlids, Seehausen
& van Alphen 1998; darters, Williams & Mendelson
2011; flycatchers, Saetre et al. 1997; guenons, Allen
et al. 2014). Experiments could evaluate whether
individuals discriminate between the visual signals
displayed by conspecifics compared to those of closely
related sympatric species. Similarly, they could help
to identify the visual cues used to identify individual
conspecifics. Second, many animal visual signals are
also likely influenced by intraspecific sexual selection
and could function in both intrasexual competition
and intersexual mate choice (Andersson 1994). Many
such signals have been identified in animal taxa based
on behavioral correlations (Higham & Winters in
press; Setchell in press), but very few have been subjected to experimental analysis. A notable exception is
the research on visual signals conducted in rhesus
macaques, and the successful implementation of looking time measures in this species highlights the value
of this paradigm. Field experiments could help to illuminate the function of such signals in other species.
Looking time methods could be useful in disentangling the effect of intra- and intersexual selection on
the evolution of sexually selected traits in general, a
task that is difficult to accomplish solely using behavioral observations (e.g., due to pronounced sexual
coercion by males in many mammal species; CluttonBrock & McAuliffe 2009). Experimental methodologies could also be used to determine whether the mate
choice preferences of non-human primate females
change across their menstrual cycle, as in humans
(e.g., Penton-Voak & Perrett 2000). Finally, experiments could be used to assess the role of crypsis in
animal coloration. Stimuli representing a given species could be presented to predators to determine the
extent to which their colors and/or patterns reduce
the likelihood of detection. This could be particularly
useful when studying crypsis in taxa in which other
types of experimental methods, such as those that
expose subjects to predators, are not feasible.
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Looking time tasks could also be used to address a
number of additional questions in animal cognition.
Numerous cognitive abilities have been studied, particularly in primates, but the developmental trajectory
of these traits is not yet understood; looking time tasks
could be used to better understand animal ontogeny.
Both cross-sectional and longitudinal research using
looking time tasks could help to understand the development of a wide range of cognitive abilities across
taxa. For example, Mandalaywala et al. (2014) have
recently documented the development of attentional
bias toward threatening stimuli in rhesus macaques
between 3 and 9 months of age, a phenomenon until
then only reported for adults (Bethell et al. 2012);
similar studies could be carried out assessing other
cognitive capacities. Of particular interest could be
potential changes in perception and motivation associated with the onset of sexual maturity. For instance,
Dubuc et al. (in review) have recently shown that, as
opposed to adults, juveniles do not show a visual bias
toward dark red male faces, suggesting that such a
bias is expressed only upon sexual maturity.
Looking time tasks should also be applied more
broadly to non-primate taxa to better document cognitive abilities in other groups, which could be followed by questions related to ontogeny. For
example, in the realm of social cognition, looking
time tasks could also be used to assess the way animals view conspecifics. Research on ingroup–outgroup bias, the role of social relationships (e.g.,
kinship, dominance, affiliation) in animal societies,
and the types of information that animals know
about conspecifics could all be assessed using looking
time methods. The implementation of this methodology across a wider range of taxa would help to facilitate comparative analyses that could identify broader
evolutionary trends.
Multimodal communication in animals has recently
received increased research focus (Partan & Marler
1999; Higham & Hebets 2013). Looking time tasks can
be used to represent visual stimuli which are paired
with corresponding stimuli from other modalities.
Previous research has investigated the integration of
audio playback and looking time tasks in this way
(e.g., Ghazanfar & Logothetis 2003; Evans et al. 2005;
Bovet & Deputte 2009; Silwa et al. 2011), with most
results indicating that animals are sensitive to correspondences between auditory and visual stimuli and
give stronger responses to corresponding stimuli. It
would be interesting to assess the extent to which this
pattern may be true for other combinations of modalities, such as the integration of visual and olfactory
stimuli. Further research in this area will help shed
Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH
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light on the ways in which animals integrate information from multiple signaling modalities.
A particularly interesting recent development has
been the use of robotic animals in the study of animal
behavior (Patricelli et al. 2002; Taylor et al. 2008; Karuse et al. 2011; Klein et al. 2012; Mitri et al. 2013).
These robotic animals could be used as stimuli in looking time experiments, and have advantages over other
classes of stimuli in that their appearance can be controlled and manipulated independently from their
behavior, they are three dimensional, and they can
move and ‘behave’ in a standardized fashion. To our
knowledge, robotic stimuli have not yet been used in
looking time tasks; however, they represent an
intriguing possibility.
Conclusion
The looking time experimental paradigm was originally developed to research the perceptual and cognitive abilities of human infants, but has since been
applied to a variety of animal species. Looking time
tasks can be implemented across species and contexts,
which makes this paradigm particularly useful in facilitating research on inter- and intraspecific variation.
Such tasks can be used to study a variety of questions
in animal behavior and cognition. While the looking
time experimental paradigm has not been without
criticism, it can nonetheless be a powerful methodology when executed and interpreted properly. The use
of playback experiments to assess auditory signals in
animals has been indispensable in understanding the
information content of vocalizations, and the playback methodology has yielded a wide variety of
insights into animal behavior and cognition (e.g., in
primates, Cheney & Seyfarth 2007). The study of
visual signals, which has thus far lagged behind that
of auditory signals in many species, would benefit
from the broader implementation of a similarly successful experimental methodology. The use of looking
time tasks has begun to fill this void, and the application of these tasks to new questions and new species
is likely to be successful. Like with any experimental
methodology, looking tasks must be implemented
with careful consideration of a number of factors;
however, the expanded use of this paradigm is likely
to be both feasible and fruitful.
Acknowledgements
We thank Kelly Hughes, Dana Pfefferle, and Laurie
Santos for initial training in the use of looking time
experimental procedures.

Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

Literature Cited
Adachi, I., Kuwahata, H. & Fujita, K. 2007: Dogs recall
their owner’s face upon hearing the owner’s voice.
Anim. Cogn. 10, 17—21.
Ahmed, A. & Ruffman, T. 1998: Why do infants make A
not B errors in a search task, yet show memory for the
location of hidden objects in a non-search task? Dev.
Psychol. 34, 441—453.
Allen, W. L., Stevens, M. & Higham, J. P. 2014: Character
displacement of Cercopithecini primate visual signals.
Nat. Commun. 5, 4266.
Anderson, J. R., Kuroshima, H., Paukner, A. & Fujita, K.
2009: Capuchin monkeys (Cebus apella) respond to
video images of themselves. Anim. Cogn. 12, 55—62.
Andersson, M. 1994: Sexual Selection. Princeton Univ.
Press, Princeton, NJ.
Bachevalier, J., Brickson, M. & Hagger, C. 1993: Limbicdependent recognition memory in monkeys develops
early in infancy. NeuroReport 4, 77—80.
Baldauf, S. A., Kullmann, H. & Bakker, T. C. M. 2008:
Technical restrictions of computer-manipulated visual
stimuli and display units for studying animal behaviour.
Ethology 114, 737—751.
Bergman, T. J. & Beehner, J. C. 2008: A simple method for
measuring colour in wild animals: validation and use on
chest patch colour in geladas (Theropithecus gelada). Biol.
J. Linn. Soc. 94, 231—240.
Berlyne, D. E. 1958: The influence of the albedo and complexity of stimuli on visual fixation in the human infant.
Br. J. Psychol. 49, 315—318.
Bethell, E. J., Holmes, A., MacLarnon, A. & Semple, S.
2012: Evidence that emotion mediates social attention
in rhesus macaques. PLoS One 7, e44387.
Bird, C. D. & Emery, N. J. 2008: Using video playback to
investigate the social preferences of rooks, Corvus frugilegus. Anim. Behav. 76, 679—687.
Blois-Heulin, C., Crevel, M., B€
oye, M. & Lemasson, A.
2012: Visual laterality in dolphins: importance of the
familiarity of stimuli. BMC Neurosci. 13, 9.
Bogartz, R. S., Shinskey, J. L. & Speaker, C. J. 1997: Interpreting infant looking: the event set x event set design.
Dev. Psychol. 33, 408—422.
Bovet, D. & Deputte, B. L. 2009: Matching vocalizations
to faces of familiar conspecifics in grey-cheeked mangabeys (Lophocebus albigena). Folia Primatol. 80, 220—
232.
Bovet, D. & Vauclair, J. 1998: Functional categorization of
objects and their pictures in baboons (Papio anubis).
Learn. Motiv. 29, 309—322.
Bovet, D. & Vauclair, J. 2000: Picture recognition in animals and humans. Behav. Brain Res. 109, 143—165.
Charles, E. P. & Rivera, S. M. 2009: Object permanence
and method of disappearance: looking measures further
contradict reaching measures. Dev. Sci. 12, 991—1006.

635

Looking Time Experimental Paradigm

Cheney, D. L. & Seyfarth, R. M. 2007: Baboon Metaphysics: the Evolution of a Social Mind. Univ. of Chicago
Press, Chicago.
Cheries, E. W., Newman, G. E., Santos, L. R. & Scholl, B. J.
2006: Units of visual individuation in rhesus macaques:
objects or unbound features? Perception 35, 1057—
1071.
Clutton-Brock, T. H. & McAuliffe, K. 2009: Female mate
choice in mammals. Q. Rev. Biol. 84, 3—27.
Cohen, L. B. & Cashon, C. H. 2003: Infant perception and
cognition. In: Handbook of Psychology Volume 6:
Developmental Psychology (Lerner, R. M., Easterbrooks, M. A., Mistry, J. & Weiner, I. B., eds). John Wiley and Sons, Hoboken, NJ, pp. 65—89.
Colombo, J. & Mitchell, D. W. 2009: Infant visual habituation. Neurobiol. Learn. Mem. 92, 225—234.
Cooper, V. J. & Hosey, G. R. 2003: Sexual dichromatism
and female preference in Eulemur fulvus subspecies. Int.
J. Primatol. 24, 1177—1188.
Coss, R. C. 1978: Perceptual determinants of gaze aversion
by the lesser mouse lemur (Microcebus murinus), the role
of two facing eyes. Behaviour 64, 248—270.
Cuthill, I. C., Hart, N. S., Partridge, J. C., Bennett, A. T. D.,
Hunt, S. & Church, S. C. 2000: Acta Ethol. 3, 29—37.
Dahl, C. D., Logothetis, N. K. & Hoffman, K. L. 2007: Individuation and holistic processing of faces in rhesus
macaques. Proc. R. Soc. B 274, 2069—2076.
Dahl, C. D., Wallraven, C., B€
ulthoff, H. H. & Logothetis, N.
K. 2009: Humans and macaques employ similar faceprocessing strategies. Curr. Biol. 19, 509—513.
Dahl, C. D., Logothetis, N. K., B€
ulthoff, H. H. & Wallraven,
C. 2010: The Thatcher illusion in humans and monkeys.
Proc. R. Soc. B 277, 2973—2981.
Dahl, C. D., Logothetis, N. K., B€
ulthoff, H. H. & Wallraven,
C. 2011: Second-order relational manipulations affect
both humans and monkeys. PLoS One 6, e25793.
Dahl, C. D., Rasch, M. J., Tomonaga, M. & Adachi, I. 2013:
Developmental processes in face perception. Sci. Rep. 3,
1044.
Dasser, V. 1987: Slides of group members as representations of the real animals (Macaca fascicularis). Ethology
76, 65—73.
Dasser, V. 1988: A social concept in Java monkeys. Anim.
Behav. 36, 225—230.
Davenport, R. K., Rogers, C. M. & Russel, I. S. 1975: Crossmodal perception in apes: altered visual cues and delay.
Neuropsychologia 13, 229—235.
D’Eath, R. B. 1998: Can video images imitate real stimuli
in animal behaviour experiments? Biol. Rev. 73, 267—
292.
Demaria, C. & Thierry, B. 1988: Responses to animal stimulus photographs in stumptailed macaques (Macaca arctoides). Primates 29, 237—244.
Dubuc, C., Allen, W. L., Cascio, J., Lee, D. S., Maestripieri,
D., Petersdorf, M., Winters, S. & Higham, J. P. In review:

636

S. Winters, C. Dubuc & J. P. Higham

Inter- and intra-sexual selection effects on rhesus
macaque male colour ornamentation.
Dubuc, C., Brent, L. J. N., Accamando, A. K., Gerald,
M. S., MacLarnon, A., Semple, S., Heistermann, M.
& Engelhardt, A. 2009: Sexual skin color contains
information about the timing of the fertile phase in
free-ranging Macaca mulatta. Int. J. Primatol. 30, 777
—789.
Dufour, V., Pascalis, O. & Petit, O. 2006: Face processing
limitation to own species in primates: a comparative
study in brown capuchins, Tonkean macaques and
humans. Behav. Process. 73, 107—113.
Emmel, P. & Hersch, R. D. 2000: Colour calibration for colour reproduction. Proc. IEEE Int. Symposium Circuits
Syst, Geneva, Switzerland, pp. V105—V108.
Endler, J. A. & Mielke, P. W. 2005: Comparing entire colour patterns as birds see them. Biol. J. Linn. Soc. 86,
405—431.
Erichsen, J. T. & Woodhouse, J. M. 2012: Human and animal vision. In: Machine Vision Handbook (Batchelor, B.
G., ed). Springer, London, pp. 89—115.
Evans, T. A., Howell, S. & Westergaard, G. C. 2005:
Auditory-visual cross-modal perception of communicative stimuli in Tufted capuchin monkeys (Cebus
apella). J. Exp. Psychol. Anim. Behav. Process. 31,
399—406.
Fantz, R. L. 1958: Pattern vision in young infants. Psychol.
Rec. 8, 43—47.
Fantz, R. L. 1961: The origin of form perception. Sci. Am.
204, 66—72.
Fantz, R. L. 1963: Pattern vision in newborn infants. Science 140, 296—297.
Fantz, R. L. 1964: Visual experience in infants: decreased
attention to familiar patterns relative to novel ones. Science 146, 668—670.
Fantz, R. L. & Ordy, R. M. 1959: A visual acuity test for
infants under six months of age. Psychol. Rec. 9, 159—
164.
Fantz, R. L., Ordy, R. M. & Udelf, M. S. 1962: Maturation
of pattern vision in infants during the first six months.
J. Comp. Physiol. Psychol. 55, 907—917.
Fleishman, L. J. & Endler, J. A. 2000: Some comments on
visual perception and the use of video playback in animal behavior studies. Acta Ethol. 3, 15—27.
Fleishman, L. J., McClintock, W. J., D’Eath, R. B., Brainards, D. H. & Endler, J. A. 1998: Colour perception and
the use of video playback experiments in animal behaviour. Anim. Behav. 56, 1035—1040.
Fujita, K. 1987: Species recognition by five macaque monkeys. Primates 28, 353—366.
Garnham, W. A. & Ruffman, T. 2001: Doesn’t see, doesn’t
know: is anticipatory looking really related to understanding of belief? Dev. Psychol. 4, 94—100.
Gerald, M. S., Waitt, C., Little, A. C. & Kraiselburd, E.
2007: Females pay attention to female secondary sexual

Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

S. Winters, C. Dubuc & J. P. Higham

color: an experimental study in Macaca mulatta. Int. J.
Primatol. 28, 1—7.
Ghazanfar, A. A. & Logothetis, N. K. 2003: Facial
expressions linked to monkey calls. Nature 423, 937
—938.
Golub, M. S., Hogrefe, C. E. & VandeVoort, C. A. 2014:
Binge drinking prior to pregnancy detection in a nonhuman primate: behavioral evaluation of offspring. Alcohol. Clin. Exp. Res. 38, 551—556.
Gothard, K. M., Erikson, C. A. & Amral, D. G. 2004:
How do rhesus monkeys (Macaca mulatta) scan faces in
a visual paired comparison task? Anim. Cogn. 7, 25—
36.
Gothard, K. M., Brooks, K. N. & Peterson, M. A. 2009:
Multiple perceptual strategies used by macaque monkeys for face recognition. Anim. Cogn. 12, 155—167.
Gredeback, G., Johnson, S. & von Hofsten, C. 2009: Eye
tracking in infancy research. Dev. Neuropsychol. 35, 1
—19.
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.
Haith, M. M. 1998: Who put the cog in infant cognition? Is
rich interpretation too costly? Infant Behav. Dev. 21,
167—179.
Hanazuka, Y., Shimahara, N., Tokuda, Y. & Midorikawa,
A. 2013: Orangutans (Pongo pygmaeus) remember old
acquaintances. PLoS One 8, e82073.
Hansen, D. W. & Ji, Q. 2010: In the eye of the beholder: a
survey of models for eyes and gaze. IEEE Trans. Pattern
Anal. Mach. Intell. 32, 478—500.
Hattori, Y., Kano, F. & Tomonaga, M. 2010: Differential
sensitivity to conspecific and allospecific cues in chimpanzees and humans: a comparative eye-tracking study.
Biol. Lett. 6, 610—613.
Hauser, M. & Carey, S. 1998: Building a cognitive creature
from a set of primitives: evolutionary and developmental insights. In: The Evolution of Mind (Cummins, D. D.
& Allen, C., eds). Oxford Univ. Press, Oxford, pp. 51—
106.
Hauser, M. D., MacNeilage, P. & Ware, M. 1996: Numerical representations in primates. Proc. Natl Acad. Sci.
USA 93, 1514—1517.
Higham, J. P. & Hebets, E. A. 2013: An introduction to
multimodal communication. Behav. Ecol. Sociobiol. 67,
1381—1388.
Higham, J. P. & Winters, S. In press: Color and mate choice
in non-human animals. In: Handbook of Color Psychology (Elliott, A. J. & Fairchild, M. D., eds). Cambridge
Univ. Press, Cambridge.
Higham, J. P., Brent, L. J. N., Dubuc, C., Accamando, A.
K., Engelhardt, A., Gerald, M. S., Heistermann, M. &
Stevens, M. 2010: Color signal information content and
the eye of the beholder: a case study in the rhesus macaque. Behav. Ecol. 21, 739—746.

Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

Looking Time Experimental Paradigm

Higham, J. P., Hughes, K. D., Brent, L. J. N., Dubuc, C.,
Engelhardt, A., Heistermann, M., Maestriperi, D., Santos, L. R. & Stevens, M. 2011: Familiarity affects the
assessment of female facial signals of fertility by freeranging male rhesus macaques. Proc. R. Soc. B 278,
3452—3458.
Hirata, S., Fuwa, K., Sugama, K., Kusunoki, K. & Fujita, S.
2010: Facial perception of conspecifics: chimpanzees
(Pan troglodytes) preferentially attend to proper
orientation and open eyes. Anim. Cogn. 13, 679—688.
Hofstadter, M. C. & Reznick, J. S. 1996: Response modality
affects human infant delayed-response performance.
Child Dev. 67, 646—658.
Hood, B., Cole-Davies, V. & Dias, M. 2003: Looking and
search measures of object knowledge in preschool children. Dev. Psychol. 39, 61—70.
Hughes, K. D. & Santos, L. R. 2012: Rotational displacement skills in rhesus macaques (Macaca mulatta). J.
Comp. Psychol. 126, 421—432.
Hughes, K. D., Higham, J. P., Williams, W. L., Elliot, A. J.
& Hayden, B. Y. 2014: Extraneous color affects female
macaques’ gaze preference for photographs of male conspecifics. Evol. Hum. Behav. 36, 25—31.
Humphrey, N. K. 1972: ‘Interest’ and ‘pleasure’: two
determinants of a monkey’s visual preferences. Perception 1, 395—416.
Jacobs, G. H. 1981: Comparative Color Vision. Academic
Press, New York.
Jacobs, G. H. 1993: The distribution and nature of colour
vision among the mammals. Biol. Rev. 68, 413—471.
Jeffrey, W. E. & Cohen, L. B. 1971: Habituation in the
human infant. In: Advances in Child Development and
Behavior, Vol. 6 (Reese, H. W., ed). Academic Press,
New York, pp. 63—97.
Kagan, J. 2008: In defense of qualitative changes in development. Child Dev. 79, 1606—1624.
Kano, F. & Tomonaga, M. 2009: How chimpanzees look at
pictures: a comparative eye-tracking study. Proc. R. Soc.
B 276, 1949—1955.
Kano, F. & Tomonaga, M. 2010: Face scanning in chimpanzees and humans: continuity and discontinuity.
Anim. Behav. 79, 227—235.
Kano, F. & Tomonaga, M. 2011: Species differences in the
timing of gaze movement between chimpanzees and
humans. Anim. Cogn. 14, 879—892.
Kano, F. & Tomonaga, M. 2013: Head-mounted eye tracking of a chimpanzee under naturalistic conditions. PLoS
One 8, e59785.
Kano, F., Hirata, S., Call, J. & Tomonaga, M. 2011: The
visual strategy specific to humans among hominids: a
study using the gap-overlap paradigm. Vision. Res. 51,
2348—2355.
Karuse, J., Winfield, A. F. T. & Deneubourg, J. 2011: Interactive robots in experimental biology. Trends Ecol. Evol.
26, 369—375.

637

Looking Time Experimental Paradigm

Klein, B. A., Stein, J. & Taylor, R. C. 2012: Robots in the
service of animal behavior. Commun. Integr. Biol. 5,
466—472.
Kobayashi, H. & Kohshima, S. 1997: Unique morphology
of the human eye. Nature 387, 767—768.
Kyes, R. C. & Candland, D. K. 1987: Baboon (Papio hamadryas) visual preferences for regions of the face. J.
Comp. Psychol. 101, 345—348.
Kyes, R. C., Mayer, K. E. & Bunnell, B. N. 1992: Perception of stimuli presented as photographic slides in cynomolgus macaques (Macaca fascicularis). Primates 33, 407
—412.
Lacreuse, A., Martin-Malivel, J., Lange, H. S. & Herndon,
J. G. 2007: Effects of the menstrual cycle on looking
preferences for faces in female rhesus monkeys. Anim.
Cogn. 10, 105—115.
Langer, J., Gillette, P. & Arriaga, R. I. 2003: Toddlers’ cognition of adding and subtracting objects in action and in
perception. Cogn. Dev. 18, 233—246.
Leonard, T. K., Blumenthal, G., Gothard, K. M. & Hoffman, K. L. 2012: How macaques view familiarity and
gaze in conspecific faces. Behav. Neurosci. 126, 781—
791.
Malone, D. R., Tolan, J. C. & Rogers, C. M. 1980: Crossmodal matching of objects and photographs in the monkey. Neuropsychologia 18, 693—697.
Mandalaywala, T. M., Parker, K. J. & Maestripieri, D.
2014: Early experience affects the strength of vigilance
for threat in rhesus monkey infants. Psychol. Sci. 25,
1893—1902.
Marticorena, D. C. W., Ruiz, A. M., Mukerji, C., Goddu, A.
& Santos, L. R. 2011: Monkeys represent others’ knowledge but not their beliefs. Dev. Sci. 14, 1406—1416.
Meary, D., Li, Z., Li, W., Guo, K. & Pascalis, O. 2014: Seeing two faces together: preference formation in humans
and rhesus macaques. Anim. Cogn. 17, 1107—1119.
Mele, M. L. & Federici, S. 2012: Gaze and eye-tracking
solutions for psychological research. Cogn. Process. 13,
S261—S265.
Mitri, S., Wischmann, S., Floreano, D. & Keller, L. 2013:
Using robots to understand social behaviour. Biol. Rev.
88, 31—39.
Mongillo, P., Bono, G., Regolin, L. & Marinelli, L. 2010:
Selective attention to humans in companion dogs, Canis
familiaris. Anim. Behav. 80, 1057—1063.
M€
uller, C. A., Mayer, C., D€
orrenberg, S., Huber, L. &
Range, F. 2011: Female but not male dogs respond to a
size constancy violation. Biol. Lett., 7, 689—691.
Munakata, Y., Santos, L. R., Spelke, E. S., Hauser, M. D. &
O’Reilly, R. C. 2001: Visual representation in the wild:
how rhesus monkeys parse objects. J. Cogn. Neurosci.
13, 44—58.
Myowa-Yamakoshi, M. & Tomonaga, M. 2001: Development of face recognition in an infant gibbon (Hylobates
agilis). Infant Behav. Dev. 24, 215—227.

638

S. Winters, C. Dubuc & J. P. Higham

Myowa-Yamakoshi, M., Yamaguchi, M. K., Tomonaga,
M., Tanaka, M. & Matsuzawa, T. 2005: Development of
face recognition in infant chimpanzees (Pan troglodytes).
Cogn. Dev. 20, 49—63.
Myowa-Yamakoshi, M., Scola, C. & Hirata, S. 2012:
Humans and chimpanzees attend differently to goaldirected actions. Nat. Commun. 3, 693.
Nagasawa, M., Murai, K., Mogi, K. & Kikusui, T. 2011:
Dogs can discriminate human smiling faces from blank
expressions. Anim. Cogn. 14, 525—533.
Neiworth, J. J., Hassett, J. M. & Sylvester, C. J. 2007: Face
processing in humans and new world monkeys: the
influence of experimental and ecological factors. Anim.
Cogn. 10, 125—134.
Nemanic, S., Alvarado, M. C. & Bachevalier, J. 2004: The
hippocampal/parahippocampal regions and recognition
memory: insights from visual paired comparison versus
object-delayed nonmatching in monkeys. J. Neurosci.
24, 2013—2026.
Oliveira, R. F., Rosenthal, G. G., Schlupp, I., McGregor,
P. K., Cuthill, I. C., Endler, J. A., Fleishman, L. J.,
Zeil, J., Barata, E., Burford, F., Goncalves, D., Haley,
M., Jakobsson, S., Jennions, M. D., K€
orner, E., Lindstr€
om, L., Peake, T., Pilastro, A., Pope, D. S., Roberts, S. G. B., Rowe, C., Smith, J. & Waas, J. R.
2000: Considerations on the use of video playbacks
as visual stimuli: the Lisbon workshop consensus.
Acta Ethol. 3, 61—65.
Park, J., Shimojo, E. & Shimojo, S. 2010: Roles of familiarity and novelty in visual preference judgements are segregated across object categories. Proc. Natl Acad. Sci.
USA 107, 14552—14555.
Parr, L. A. 2011: The evolution of face processing in primates. Philos. Trans. R. Soc. Lond. B Biol. Sci. 366, 1764
—1777.
Partan, S. & Marler, P. 1999: Communication goes multimodal. Science 283, 1272—1273.
Pascalis, O. & Bachevalier, J. 1998: Face recognition in primates: a cross-species study. Behav. Process. 43, 87—
96.
Pascalis, O., Hunkin, N. M., Bachevalier, J. & Mayes, A. R.
2009: Change in background context disrupts performance on visual paired comparison following hippocampal damage. Neuropsychologia 47, 2107—2113.
Patricelli, G. L., Uy, J. A. C., Walsh, G. & Borgia, G. 2002:
Sexual selection: male displays adjusted to female’s
response. Nature 415, 279—280.
Pattison, K. F., Miller, H. C., Rayburn-Reeves, R. & Zentall,
T. 2010: The case of the disappearing bone: dogs’ understanding of the physical properties of objects. Behav.
Process. 85, 278—282.
Paukner, A., Bower, S., Simpson, E. A. & Suomi, S. J.
2013: Sensitivity to first-order relations of facial elements in infant rhesus macaques. Infant Child Dev. 22,
320—330.

Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

S. Winters, C. Dubuc & J. P. Higham

Penton-Voak, I. S. & Perrett, D. I. 2000: Female preference
for male faces changes cyclically: further evidence. Evol.
Hum. Behav. 21, 39—48.
Pfefferle, D., Kazem, A. J. N., Brockhausen, R. R., RuizLambides, A. V. & Widdig, A. 2014: Monkeys spontaneously discriminate their unfamiliar paternal relatives
under natural conditions using facial cues. Curr. Biol.
24, 1—5.
Pfl€
uger, L. S., Valuch, C., Gutleb, D. R., Ansorge, U. &
Wallner, B. 2014: Colour and contrast of female faces:
attraction of its attention and its dependence on male
hormone status in Macaca fuscata. Anim. Behav. 94, 61
—71.
Quinn, P. C. & Eimas, P. D. 1996: Perceptual cues that permit categorical differentiation of animal species by
infants. J. Exp. Child Psychol. 63, 189—211.
Racca, A., Amadei, E., Ligout, S., Guo, K., Meints, K. &
Mills, D. 2010: Discrimination of human and dog faces
and inversion responses in domestic dogs (Canis familiaris). Anim. Cogn. 13, 525—533.
Rawlins, R. G. & Kessler, M. J. (eds). 1986: The Cayo Santiago Macaques: History, Behavior and Biology. State
Univ. of New York Press, Albany, NY.
Richmond, J., Colombo, M. & Hayne, H. 2007: Interpreting visual preferences in the visual-paired comparison
task. J. Exp. Psychol. Learn. Mem. Cogn. 33, 823—831.
Rivera, S. M., Wakeley, A. & Langer, J. 1999: The drawbridge phenomenon: representational reasoning or perceptual preference? Dev. Psychol. 35, 427—435.
Rochat, M. J., Serra, E., Fadiga, L. & Gallese, V. 2008: The
evolution of social cognition: goal familiarity shapes
monkeys’ action understanding. Curr. Biol. 18, 227—
232.
Roder, B. J., Bushnell, E. W. & Sasseville, A. M. 2000:
Infants’ preferences for familiarity and novelty during
the course of visual processing. Infancy 1, 491—507.
Rosenfeld, S. A. & Van Hoesen, G. W. 1979: Face recognition in the rhesus monkey. Neuropsychologia 17, 503—
509.
Saetre, G., Kral, M. & Bures, S. 1997: Differential species
recognition abilities of males and females in a flycatcher
hybrid zone. J. Avian Biol. 28, 259—263.
Santos, L. R. & Hauser, M. D. 1999: How monkeys see the
eyes: cotton-top tamarins’ reaction to changes in visual
attention and action. Anim. Cogn. 2, 131—139.
Santos, L. R. & Hauser, M. D. 2002: A non-human primate’s understanding of solidity: dissociations between
seeing and acting. Dev. Sci. 5, F1—F7.
Santos, L. R., Miller, C. T. & Hauser, M. D. 2003: Representing tools: how two non-human primate species distinguish between the functionally relevant and
irrelevant features of a tool. Anim. Cogn. 6, 269—281.
Santos, L. R., Nissen, A. G. & Ferrugia, J. A. 2006: Rhesus
monkeys, Macaca mulatta, know what others can and
cannot hear. Anim. Behav. 71, 1175—1181.

Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

Looking Time Experimental Paradigm

Sato, M. & Nakamura, K. 2001: Detection of direct gaze in
rhesus monkeys (Macaca mulatta). J. Comp. Psychol.
115, 115—121.
Schell, A., Rieck, K., Schell, K., Hammerschmidt, K. & Fischer, J. 2011: Adult but not juvenile Barbary macaques
spontaneously recognize group members from pictures.
Anim. Cogn. 14, 503—509.
Schwartz, J. S., Sridharan, D. & Knudsen, E. I. 2013: Magnetic tracking of eye position in freely behaving chickens. Front. Syst. Neurosci. 7, 91.
Seehausen, O. & van Alphen, J. J. M. 1998: The effect of
male coloration on female mate choice in closely related
Lake Victoria cichlids (Haplochromis nyererei complex).
Behav. Ecol. Sociobiol. 42, 1—8.
Setchell, J. M. In press: Color in competition contexts in
non-human animals. In: Handbook of Color Psychology
(Elliott, A. J. & Fairchild, M. D., eds). Cambridge Univ.
Press, Cambridge.
Shinskey, J. L. & Munakata, Y. 2005: Familiarity breeds
searching: infants reverse their novelty preferences
when reaching for hidden objects. Psychol. Sci. 16, 596
—600.
Shutts, K., Condry, K. F., Santos, L. R. & Spelke, E. S.
2009: Core knowledge and its limits: the domain of
food. Cognition 112, 120—140.
Silwa, J., Duhamel, J., Pascalis, O. & Wirth, S. 2011: Spontaneous voice-face identity matching by rhesus monkeys for familiar conspecifics and humans. Proc. Natl
Acad. Sci. USA 108, 1735—1740.
Siniscalchi, M., Dimatteo, S., Pepe, A. M., Sasso, R. & Quaranta, A. 2012: Visual lateralization in wild striped dolphins (Stenella coeruleoalba) in response to stimuli with
different degrees of familiarity. PLoS One 7, e30001.
Somppi, S., T€
ornqvist, H., H€anninen, L., Karuse, C. & Vainio, O. 2012: Dogs do look at images: eye tracking in
canine cognition research. Anim. Cogn. 15, 163—174.
Somppi, S., T€
ornqvist, H., H€anninen, L., Krause, C. M. &
Vainio, O. 2014: How dogs scan familiar and inverted
faces: an eye movement study. Anim. Cogn. 17, 793—
803.
Spelke, E. S. 1985: Preferential-looking methods as tools
for the study of cognition in infancy. In: Measurement
of Audition and Vision in the First Year of Postnatal Life:
a Methodological Overview (Gottlieb, G. & Krasnegor,
N. A., eds). Ablex Publishing Co, Norwood, NJ, pp. 323
—363.
Staples, R. 1932: The responses of infants to color. J. Exp.
Psychol. 15, 119—141.
Stern, M. K. & Johnson, J. H. 2010: Just noticeable difference. In: The Corsini Encyclopedia of Psychology (Weiner, I. B. & Craighead, W. E., eds). John Wiley & Sons,
Hoboken, NJ, pp. 886—887.
Stevens, M. & Cuthill, I. C. 2005: The unsuitability of
html-based colour charts for estimating colours – a comment on Berggren and Meril€a (2004). Front. Zool. 2, 14.

639

Looking Time Experimental Paradigm

Stevens, M., Parraga, C. A., Cuthill, I. C., Partridge, J. C. &
Troscianko, T. S. 2007: Using digital photography to
study animal coloration. Biol. J. Linn. Soc. 90, 211—
237.
Stevens, M., Stoddard, M. C. & Higham, J. P. 2009: Studying primate color: towards visual system-dependent
methods. Int. J. Primatol. 30, 893—917.
Stoddard, M. C. & Prum, R. O. 2008: Evolution of avian
plumage color in a tetrahedral color space: a phylogenetic analysis of new world buntings. Am. Nat. 171, 755
—776.
Sumner, P. & Mollon, J. D. 2003: Colors of primate pelage
and skin: objective assessment of conspicuousness. Am.
J. Primatol. 59, 67—91.
Taylor, R. C., Klein, B. A., Stein, J. & Ryan, M. J. 2008:
Faux frogs: multimodal signaling and the value of robotics in animal behaviour. Anim. Behav. 76, 1089—1097.
 & Topal, J.
Teglas, E., Gergely, A., Kupan, K., Miki
osi, A.
2012: Dogs’ gaze following is tuned to human communicative signals. Curr. Biol. 22, 209—212.
Teller, D. Y. & Bornstein, M. H. 1987: Infant color
vision and color perception. In: Handbook of Infant
Perception from Sensation to Perception (Salapetek,
P. & Cohen, L., eds). Academic Press, Orlando, FL,
pp. 185—236.
Thelen, E., Schoner, G., Scheier, C. & Smith, L. B. 2001:
The dynamics of embodiment: a field theory of infant
perseverative reaching. Behav. Brain Sci. 24, 1—86.
Thieltges, H., Lemasson, A., Kuczaj, S., B€
oye, M. & BloisHeulin, C. 2011: Visual laterality in dolphins when
looking at (un)familiar humans. Anim. Cogn. 14, 303—
308.
Tolan, J. C., Rogers, C. M. & Malone, D. R. 1981: Crossmodal matching in monkeys: altered visual cues and
delay. Neuropsychologia 19, 289—300.
Tyrrell, L. P., Butler, S. R., Yorzinski, J. L. & Fernandez-Juricic, E. 2014: A novel system for bi-ocular eye-tracking
in vertebrates with laterally placed eyes. Methods Ecol.
Evol. 5, 1070—1077.
Uller, C., Carey, S., Hauser, M. & Xu, F. 1997: Is language
needed for constructing sortal concepts? A study with
nonhuman primates. In: Proceedings of the 21st Annual
Boston University Conference on Language Development (Hughes, E., Hughes, M. & Greenhill, A., eds). Cascadilla Press, Somerville, MA, pp. 665—677.
Uller, C., Hauser, M. & Carey, S. 2001: Spontaneous representation of number in cotton-top tamarins (Saguinus
oedipus). J. Comp. Psychol. 115, 248—257.
Valentine, C. W. 1914: The colour perception and colour
preferences of an infant during its fourth and eighth
months. Br. J. Psychol. 6, 363—386.

640

S. Winters, C. Dubuc & J. P. Higham

Waitt, C. & Buchanan-Smith, H. M. 2006: Perceptual considerations in the use of colored photographic and video
stimuli to study nonhuman primate behavior. Am. J.
Primatol. 68, 1054—1067.
Waitt, C., Little, A. C., Wolfensohn, S., Honess, P., Brown,
A. P., Buchanan-Smith, H. M. & Perrett, D. I. 2003: Evidence from rhesus macaques suggests that male coloration plays a role in female primate mate choice. Proc. R.
Soc. B 270, S144—S146.
Waitt, C., Gerald, M. S., Little, A. C. & Kraiselburd, E.
2006: Selective attention toward female secondary sexual color in male rhesus macaques. Am. J. Primatol. 68,
738—744.
Wakely, A., Rivera, S. & Langer, J. 2000: Can young
infants add and subtract? Child Dev. 71, 1525—1534.
Wallace, D. J., Greenberg, D. S., Sawinski, J., Rulla, S.,
Notaro, G. & Kerr, J. N. D. 2013: Rats maintain an overhead binocular field at the expense of constant fusion.
Nature 498, 65—69.
West, R. E. & Young, R. J. 2002: Do domestic dogs show
any evidence of being able to count? Anim. Cogn. 5,
183—186.
Williams, T. H. & Mendelson, T. C. 2011: Female preference for male coloration may explain behavioural isolation in sympatric darters. Anim. Behav. 82, 683—689.
Williams, F. J., Mills, D. S. & Guo, K. 2011: Development
of a head-mounted eye-tracking system for dogs. J.
Neurosci. Methods 194, 259—265.
Woo, K. L. & Rieucau, G. 2011: From dummies to animations: a review of computer-animated stimuli used in
animal behavior studies. Behav. Ecol. Sociobiol. 65,
1671—1685.
Yorzinski, J. L., Patricelli, G. L., Babcock, J. S., Pearson, J.
M. & Platt, M. L. 2013: Through their eyes: selective
attention in peahens during courtship. J. Exp. Biol. 216,
3035—3046.
Zeamer, A. & Bachevalier, J. 2013: Long-term effects of
neonatal hippocampal lesions on novelty preference in
monkeys. Hippocampus 23, 745—750.
Zeamer, A., Heuer, E. & Bachevalier, J. 2010:
Developmental trajectory of object recognition
memory in infant rhesus macaques with and without neonatal hippocampal lesions. J. Neurosci. 30,
9157—9165.
Zeamer, A., Richardson, R. L., Weiss, A. R. & Bachevalier,
J. 2014: The development of object recognition memory
in rhesus macaques with neonatal lesions of the perirhinal cortex. Dev. Cogn. Neurosci. 11, 31—41.
Zeil, J. 2000: Depth cues, behavioural context, and natural
illumination: some potential limitations of video playback techniques. Acta Ethol. 3, 39—48.

Ethology 121 (2015) 625–640 © 2015 Blackwell Verlag GmbH

