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Abstract The emotional Stroop task is an experimental
paradigm developed to study the relationship between
emotion and cognition. Human participants required to
identify the color of words typically respond more slowly
to negative than to neutral words (emotional Stroop effect).
Here we investigated whether chimpanzees (Pan troglodytes) would show a comparable effect. Using a touch
screen, eight chimpanzees were trained to choose between
two simultaneously presented stimuli based on color (two
identical images with differently colored frames). In
Experiment 1, the images within the color frames were
shapes that were either of the same color as the surrounding
frame or of the alternative color. Subjects made fewer
errors and responded faster when shapes were of the same
color as the frame surrounding them than when they were
not, evidencing that embedded images affected target
selection. Experiment 2, a modified version of the emotional Stroop task, presented subjects with four different
categories of novel images: three categories of pictures of
humans (veterinarian, caretaker, and stranger), and control
stimuli showing a white square. Because visits by the
veterinarian that include anaesthetization can be stressful
for subjects, we expected impaired performance in trials
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presenting images of the veterinarian. For the first session,
we found correct responses to be indeed slower in trials of
this category. This effect was more pronounced for subjects
whose last anaesthetization experience was more recent,
indicating that emotional valence caused the slowdown.
We propose our modified emotional Stroop task as a simple
method to explore which emotional stimuli affect cognitive
performance in nonhuman primates.
Keywords Chimpanzee  Emotional Stroop  Great apes 
Attentional bias  Cognitive bias

Introduction
The study of attentional prioritization of stimuli of strong
emotional valence has a long history in human cognitive
science (e.g., MacLeod et al. 1986; Mathews and MacLeod
1985). Numerous experimental paradigms have been
developed to study how emotionally relevant stimuli are
prioritized by visual attention (for reviews, see Bar-Haim
et al. 2007; Mogg and Bradley 2003; Yiend 2010; Yiend
et al. 2013). Some of these paradigms require the human
participant to make a manual response (such as pressing a
button) to categorize a stimulus or stimulus feature, or to
indicate the location of a stimulus. Additionally, the participant is presented with secondary stimuli or stimulus
features which appear concurrently with or precede the task
and which are irrelevant to it. Differences in responding
(error rates and response latencies) as a function of the
emotional valence of such secondary task features are
typically interpreted as reflecting differential attentional
prioritization of these features. In many cases, such effects
of emotional valence are moderated by individual differences between participants, e.g., attentional prioritization
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of threatening stimuli might be restricted to, or of higher
magnitude in, high or clinically anxious participants (BarHaim et al. 2007).
A classic example of such a paradigm is the emotional
Stroop task (Mathews and MacLeod 1985; for reviews see
Bar-Haim et al. 2007; Phaf and Kan 2007; Williams et al.
1996; Yiend 2010). In the emotional Stroop task, human
participants are typically required to name the colors of
words that differ in emotional valence. Meta-analyses
suggest moderate within-subject effects (i.e., longer latencies to respond to threatening or otherwise negative stimuli) in clinically anxious participants (Bar-Haim et al.
2007; Phaf and Kan 2007). Moderate effects could also be
found for control participants, at least when stimuli of the
same emotional valence were presented in blocks (BarHaim et al. 2007; McKenna and Sharma 2004). A small
number of studies used modified versions of the emotional
Stroop task that used pictures (e.g., of human faces with
different emotional expressions) instead of words as stimulus material, producing mixed results (Constantine et al.
2001; Kindt and Brosschot 1997; Lavy and van den Hout
1993; Mauer and Borkenau 2007; Shibasaki et al. 2014).
While the obvious adaptive value of attentional sensitivity (Lang et al. 2000; Öhman and Mineka 2001) has
inspired many studies that focus on stimuli that are deemed
to be biologically relevant, such as ‘‘several types of vermin, facial expressions, but also blood and mutilations’’
(Phaf and Kan 2007), it has also been suggested that stimuli
which do not fall into this category of biologically prepared
stimuli may acquire similar properties of enhanced attentional prioritization through learning (e.g., Öhman and
Mineka 2001; Yiend 2010). In accordance with this, effects
of attentional prioritization have been found for stimuli
whose negative connotation is acquired rather than biologically prepared, such as taboo words (Mackay et al.
2004; Siegrist 1995) or pictures of weapons (e.g., Fox et al.
2007). Moreover, stimuli that human participants have
come to associate with negative outcomes as a result of
aversive conditioning have been found to be attentionally
prioritized in dot-probe and visual search paradigms
(Koster et al. 2004; Schmidt et al. 2014). Finally, studies in
the field of clinical psychology suggest that participants
diagnosed with certain psychological disorders, such as
posttraumatic stress disorder (Buckley et al. 2000), or
substance abuse (Field and Cox 2008; Robbins and Ehrman
2004) show consistent attentional prioritization of ontogenetically relevant stimuli associated with those disorders.
Paul et al. (2005) put forward the idea that methods such
as the visual dot-probe task or the emotional Stroop task
that were originally developed to study cognitive biases in
humans may be modified to study the link between emotion
and cognition in nonhuman animals. In recent years, this
idea has been put to the test in a few studies with
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nonhuman primates. Studies with rhesus macaques (Macaca mulatta) using the visual dot-probe paradigm have
revealed in this species an attentional bias for aggressive
facial expressions of conspecifics (King et al. 2012;
Lacreuse et al. 2013), but no attentional bias for neutral
faces of newborn (rather than adult) conspecifics (Koda
et al. 2013). Shibasaki and Kawai (2009) demonstrated an
attentional prioritization of pictures of snakes over pictures
of flowers in Japanese macaques (Macaca fuscata) in a
study using the visual search paradigm. In another study
using the visual search paradigm, Marzouki et al. (2014)
found that baboons (Papio papio) located a T-shaped target
among L-shaped distractors more slowly in trials that followed the spontaneous expression of negatively, rather
than neutrally or positively, valenced behaviors by the
subjects. Finally, several studies using the cognitive judgment bias paradigm have investigated the effects of emotions on decision making in rhesus macaques (Macaca
mulatta; Bethell et al. 2012), tufted capuchins (Cebus
apella; Pomerantz et al. 2012), and chimpanzees (Pan
troglodytes; Bateson and Nettle 2015), as well as many
nonprimate species (for a review see Bethell 2015). However, to our knowledge, no experiment has yet applied the
emotional Stroop task or variations thereof to study the
relationship between emotion and cognition in nonhuman
primates.
The aim of this study was twofold: First, we intended to
develop a novel, simple experimental paradigm suitable for
chimpanzees and other nonhuman primates by building on
a modified pictorial version of the emotional Stroop task
introduced by Mauer and Borkenau (2007). Our second
aim was to investigate whether the emotional valence of
pictures presented concurrently with this color discrimination task would indeed affect the performance of the
subjects. We chose pictures as stimuli, because experimental studies with chimpanzees have shown that chimpanzees are affected by the emotional valence of pictorial
or video content (see Bovet and Vauclair 2000, for a
review of picture recognition in nonhuman animals).
Chimpanzees have been shown to exhibit accelerated heart
rates in response to viewing photographs of an aggressive
conspecific (Boysen and Berntson 1989), changes in
peripheral skin temperature when viewing video scenes of
negative emotional valence (Parr 2001), enhanced recognition of pictures of aggressive (rather than neutral) conspecific interactions (Kano et al. 2008), and differential
event-related brain potentials in response to viewing
affective (rather than neutral) pictures (Hirata et al. 2013).
The chimpanzee subjects in this study were presented
with a simple discrimination task in which the subjects
needed to select one of two stimuli presented simultaneously on a touch screen. For each trial, two identical pictures that only differed in the color of a frame surrounding
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them served as stimuli. Each subject was trained to always
select the same color on every trial. The first experiment
was designed to establish that, in spite of being trained to
respond solely based on stimulus frame color, subjects’
performance would nonetheless be affected by the pictorial
content embedded in those color frames. Therefore,
nonsocial abstract stimuli (geometric shapes) with color
features relevant to the discrimination task were used to
examine whether these features would impair or improve
performance in predicted directions. In the second experiment, we presented subjects with stimuli that differed in
their (presumed) ontogenetically acquired emotional
valence (pictures of human beings that had different relationships with the chimpanzee subjects) to investigate
whether these would also affect performance in predicted
directions. Finally, we collected trait ratings from animal
caretakers to explore whether individual differences in
personality might moderate the effects of emotional
valence.

custom-made setup. Outside the testing cage, the experimenter set up a computer that was connected to two monitors
as well as two audio speakers which provided auditory
feedback to the subjects’ performance and which were
located in front of the testing cage. Subjects operated a
transparent optical touch screen (Nexio NIB-190B infrared
touch screen, 19 In. in diameter) embedded into a robust
metal panel that was part of the cage mesh. Behind this seethrough touch screen, one monitor (ViewSonic VG930 m,
19 In., resolution of 1280 9 1024 pixels, frequency of
60 Hz) was mounted to display the experimental stimuli to
the subjects. The touch screen was connected to the experimenter’s computer via USB cable and was calibrated using
the iNexio Touch Driver software so that spatial positions
touched on the touch screen would correspond to the same
spatial positions on the monitor mounted behind it. A second
monitor enabled the experimenter to follow the experiment’s
progress. All experimental procedures including stimulus
presentation and response collection were carried out using
E-Prime 2.8.90 running under Windows 7.

Training procedure

Stimuli

Method

All stimuli covered an area of 350 9 350 pixels (ca.
10.31 cm 9 10.31 cm) and consisted of an image that was
300 9 300 pixels in size (ca. 8.83 cm 9 8.83 cm) which
was surrounded by a frame with a width of 25 pixels (ca.
0.74 cm) that was either blue (RGB 0,0,255) or yellow
(RGB 255,255,0). The images within this color frame
consisted of photographs (in training conditions and in
Experiment 2) or geometric shapes (in Experiment 1) that
were presented in front of a white background. All stimuli
were prepared using Adobe Photoshop CS2 and CS6.
For the color discrimination training, 50 images of
random human artifacts presented on a white background
were used. For the color discrimination transfer test (see
below), 50 new images of human artifacts were used.
Pictures of human artifacts used for the training and
transfer test stimuli included pictures of clothes and
accessories, cutlery and tableware, furniture, household
appliances, musical instruments, sports equipment, technical and electronic equipment, tools, toys, and vehicles.
The pictures used in these training conditions were
assembled using Google Images search.

Subjects
All subjects participating in this study were from the same
chimpanzee group housed at Wolfgang Köhler Primate
Research Center (WKPRC) in Leipzig, Germany, which
included 6 male and 12 female chimpanzees (age ranging
from 3 to 37 years) at the beginning of this study. All of the
subjects participating in this study had been successfully
trained to use the touch screen setup before color discrimination training began. Four male and seven female chimpanzees participated in the training phase of this study. One
adult female was excluded over the course of training
because exploration of the experimental setup by her
dependent offspring made individual testing impossible.
This resulted in a final sample of four male and six female
chimpanzees (mean age in years M = 20.80, SD = 13.72)
who completed the training phase of the study. All great apes
at Leipzig Zoo are housed in groups with regular access to
large indoor and outdoor enclosures. Subjects also have
access to sleeping and observation rooms in which noninvasive experimental studies are conducted. Subjects receive
a regular diet of fruit, vegetables, and animal food, and they
are never deprived of food or water.
Apparatus
All tests were conducted in the chimpanzee observation
rooms at WKPRC. For the experimental tasks, we used a

General procedure
All stimuli were presented on a black (RGB 0,0,0) background. Every trial was initiated by the subject by touching
a white start key located in the center of the screen. This
was followed by a 500-ms delay upon which the target
(e.g., an image with a yellow frame) and the distractor
(e.g., the same image with a blue frame) appeared in
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Fig. 1 a Trial procedure for
color discrimination training A,
transfer test, and Experiments 1
and 2. The figure depicts a
control trial from Experiment 1.
b Example stimuli from
Experiment 1. c Example
stimuli from Experiment 2

locations of equal horizontal distance to the start key (distance between center of screen and center of stimulus 320
pixels (ca. 9.42 cm), see Fig. 1a). If the subject selected the
target, the stimuli disappeared, a high-pitched chime was
played, and the subject was rewarded by the experimenter
with a piece of food. After an intertrial interval of 1500 ms,
the start key for the next trial was presented. If the subject
selected the distractor, a low-pitched tone was played, the
subject was not rewarded, and the intertrial interval was
extended by an additional 3000-ms time out, resulting in a
4500-ms intertrial interval before the next start key
appeared.1 This trial procedure was the same for the color
discrimination training A (see below), the color discrimination transfer test, and the experimental conditions.
For correct choices, subjects were rewarded with pieces
of apple. In some sessions, two of the subjects were

rewarded with half a grape or a banana pellet on every fifth
correct trial to ensure continuous participation. Occasionally, sessions were terminated prematurely because (a) the
subject stayed inactive for more than 5 min, or (b) the
subject showed clear signs of aggression (e.g., hitting the
screen). These sessions were then continued on the next
testing day. The same rules for premature termination also
applied to the experimental phases of this study (both the
refresher test sessions as well as the experimental sessions).
Target frame color (i.e., whether the blue or the yellow
frame stimuli constituted the target) was counterbalanced
across subjects with blue being the target frame color for
five of the original eleven subjects. In the final sample of
eight (Experiment 1) or seven (Experiment 2) subjects,
blue was the target frame color for three subjects.
Color discrimination training A

1

It should be noted that for the color discrimination training A, the
onsets of the trial initiation display, the 500-ms waiting display, the
stimuli, and the feedback interval were each accompanied by
additional program-execution-related average delays of approximately 1–16 ms. For the color discrimination training B, the onsets
of the trial initiation display and of the 500-ms waiting display, the
first onset of the stimuli, and the feedback interval onset were each
accompanied by additional program-execution-related average delays
of approximately 7–16 ms.

123

During training, subjects completed 100 trials on each
testing day. In each trial, the subject was presented with a
target (one of the 50 images surrounded by, e.g., a blue
color frame) and a distractor (the same image surrounded
by a yellow color frame). Each target–distractor combination was presented twice in each session, once with the
target on the right side of the screen and once with the
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target on the left side. The resulting 100 trials were completed by the subject in a randomized order, with the sole
restriction that target stimuli were not presented on the
same side of the screen in more than two consecutive trials.
Once the subject’s performance exceeded 80 correct trials
in each of two consecutive sessions, the subject proceeded
to the color discrimination transfer test. If the subject failed
to reach this criterion within 40 sessions, it proceeded to
the color discrimination training B instead.

repetitions of the same trial until they selected the target.
Target and distractor positions were randomly determined
before trial onset but remained the same for each trial repetition. Each of the 50 target–distractor pairs was presented in
two trials per session, resulting in 100 trials in total per
session. Once the subject’s performance exceeded 80 trials
with correct first choice on each of two consecutive sessions,
the subject returned to color discrimination training A (see
Table 1). If the subject failed to reach this criterion within 40
sessions, it was dropped from the study.

Color discrimination training B
Color discrimination transfer test
Four subjects failed to reach criterion within 40 sessions of
color discrimination training A. These subjects received
additional training with a modified trial procedure that was
designed to reduce side and perseveration biases and to
maximize learning from feedback. The stimuli were the
same that were used in color discrimination training A. The
modified trial procedure was as follows. Subjects initiated
each trial by pressing a white start key located in the center of
the screen. This was followed by a 500-ms delay upon which
target and distractor appeared in two out of eight possible
locations (using every location except the central location in
a virtual 3 9 3 grid on the screen). If the subject selected the
distractor, the target disappeared and the distractor remained
on screen for an additional 500 ms. This was accompanied
by a low-pitched tone indicating no reward. After an additional 1000 ms of blank screen, the presentation of both
stimuli was repeated with target and distractor appearing in
the same locations as before. If the subject selected the target,
the distractor disappeared and the target remained on screen
for an additional 500 ms. This was accompanied by a highpitched chime, and the subject was rewarded by the experimenter with a piece of food. After an intertrial interval of
500 ms, the start key for the next trial was presented (see also
footnote 1). There was no restriction to the number of repetitions the subject had to complete, i.e., subjects received
Table 1 Number of sessions
required to reach criterion in
each training condition

Subject

Sex

Kofi

Male

Riet

Female

Lobo

Male

Age

To rule out the unlikely possibility that subjects had learnt
to respond correctly separately for each individual stimulus
pair over the course of training rather than acquiring a
generalized rule based on stimulus frame color, a transfer
test was presented to subjects upon reaching criterion in
color discrimination training A. Trial procedure and performance criterion in this transfer test were identical to
color discrimination training A, except for the fact that 50
completely new images were used as stimuli embedded in
the color frames.
Results and discussion
Table 1 illustrates how many sessions each subject completed before reaching criterion (more than 80 % correct
responses in two consecutive sessions) for each training
condition. As can be seen, four subjects did not reach
criterion within forty sessions of color discrimination
training A and thus received additional training sessions of
color discrimination training B until reaching criterion
(fourth column). Two of these four subjects reached criterion in training B and subsequently reached criterion after
additional sessions of training A (fifth column). All eight
subjects who eventually reached criterion in training A

Categorization
Training A

Categorization
Training B

Additional categorization
Training A

Transfer test
2

7

7

–

–

35

14

–

–

2

9

17

–

–

2

Lome

Male

11

19

–

–

2

Tai

Female

10

28

–

–

2

Fraukje

Female

37

40

–

–

2

Sandra

Female

19

(40)

5

3

3

Kara

Female

7

(40)

13

8

6

Robert
Corrie

Male
Female

37
36

(40)
(40)

(40)
(40)

–
–

–
–

Numbers in parentheses indicate that criterion was not reached within reported number of sessions
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proceeded to the color discrimination transfer test. As can
be seen in the last column, all eight subjects reached this
criterion considerably faster than in training phase A,
evidencing the acquisition of a generalized rule based on
stimulus frame color. By successfully reaching criterion in
the transfer test, all of these subjects qualified for the
experimental studies.

Experiment 1: Color interference task
As described in the introduction, the aim of Experiment 1
was to determine whether subjects’ performance in the task
(selecting the correct stimulus based only on the color of its
frame) would be affected by the task-irrelevant pictorial
content embedded in those color frames. In order to create
an experimental situation that would maximize the probability of giving rise to such effects of embedded content on
task performance, we presented subjects with novel target
and distractor stimuli in which the embedded content
consisted of geometric shapes (see Fig. 1b) that were
identical in shape but differed in their color (blue or yellow). In congruent trials, the geometric shapes were of the
same color as the frames surrounding them, and in incongruent trials, these geometric shapes were of the alternative
color (e.g., such that a yellow shape would be embedded in
the blue color frame). We predicted that subjects would
show lower accuracy in incongruent trials as opposed to
congruent trials. We also predicted that within correct trials, subjects would exhibit longer latencies in incongruent
trials than in congruent trials. Such an interference effect of
embedded picture content on task performance, if it existed, could be regarded as evidence that subjects are indeed
affected by content that is objectively irrelevant to making
a correct selection. The apparatus and the trial procedure
were identical to the training phase.
Method
Subjects
All eight subjects who had successfully completed color
discrimination training participated in Experiment 1. This
resulted in a sample of 3 males and 5 females (mean age of
all subjects in years at the beginning of this experiment:
M = 17.75, SD = 12.30). It should be noted that before
participating in Experiment 1, these eight subjects participated in an additional experiment utilizing this paradigm
comprising 4–7 sessions in total that could not be considered for this study due to technical difficulties during data
collection for several subjects. However, all of the stimuli
used in Experiments 1 and 2 were previously unfamiliar to
the subjects, except where noted.
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Stimuli
For the color interference task, stimuli contained images of
four different geometric shapes (square, circle, flower, and
star) that were either blue or yellow and presented on a
white background, with a frame surrounding this image
which was either of the same color (congruent condition)
or of different color (incongruent condition). Additionally,
five black-and-white photographs of everyday objects
(book, mug, pencil sharpener, plate, and watering can)
presented on a white background were used as control
stimuli (see Fig. 1b, for example, stimuli used in the color
interference task). These control stimuli, with which the
subjects were already familiar from a previous experiment,
were selected to ensure minimal interference with color
discrimination performance.
Design
One to four days before the experiment, subjects were
required to pass a refresher test that consisted of one session of the color discrimination transfer test. If subjects’
performance exceeded 70 % on this refresher test (a criterion which all subjects met on first attempt), they began
participating in the experiment on the next testing day. This
more relaxed criterion was chosen to avoid overtraining
and thus ceiling effects in subjects’ accuracy across conditions. The experiment consisted of two sessions, each
presenting subjects with a total of 120 trials that included
80 test trials (congruent and incongruent trials) and 40
control trials. Each test trial presented one of four different
geometric shapes in the center of both target and distractor
color frame. The shapes were either of the same color as
the color frames surrounding them (congruent trials) or of
the alternative color (incongruent trials). Targets could
either appear on the left or the right side of the screen.
These parameters combined to 4 (shape) 9 2 (congruence)
9 2 (target side) = 16 unique test trial configurations.
Each of these 16 unique test trial configurations was presented 5 times over the course of a session, yielding 80 test
trials (40 congruent and 40 incongruent trials). Each control trial presented one of five different black-and-white
photographs, which were familiar to the subjects, in the
center of both target and distractor color frame. Again,
targets could either appear on the left or the right side of
the screen, yielding 5 (photo) 9 2 (target side) = 10
unique control trial configurations, of which each was
presented four times per session, resulting in a total of 40
control trials. In both experimental sessions, all test and
control trials were presented in random order with the sole
restriction that target stimuli would not be presented on the
same side of the screen for more than two consecutive
trials. For one subject, Session 1 and Session 2 each had to
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be split into two parts (conducted on different testing days)
because the subject stayed inactive for more than 5 min
during the course of the session.
Data analysis
In order to compare subjects’ performance across conditions, the mean accuracy (percentage of correct trials
across both sessions) was calculated for each subject for
each condition. We performed a one-way repeated-measures ANOVA with condition (levels: control, congruent,
incongruent) as factor and mean accuracy as dependent
variable. As mean accuracy represents a proportion, the
data were arcsine-transformed to approximate normality
before further analysis (Cohen and Cohen 1983).
In order to compare subjects’ response latencies across
sessions, the median response time for correct trials was
calculated, again for each subject for each condition across
sessions. These individual response latency scores were
then subjected to a one-way repeated-measures ANOVA
with category (levels: control, congruent, incongruent) as
factor and latency medians as dependent variable. Degrees
of freedom were Greenhouse–Geisser-corrected for all
analyses. All statistical tests were two-tailed.
Inspection of video recordings of all sessions revealed
that in a small number of trials problems with response
recording occurred, i.e., at least one touch to either stimulus was not immediately followed by appropriate program
feedback. Such problems occurred in 24 of 1908 trials (the
12 remaining trials could not be evaluated because a subject was blocking the view), which corresponds to 1.26 %
of trials. Further inspection suggested that these instances
could almost entirely be attributed to the manner in which
the infrared touch screen was operated by subjects in these
trials (e.g., during the nonregistered touch, one of the
subject’s fingers was touching the background area,
thereby blocking the touch screen program temporarily
from recording further input). All 24 trials were excluded
from analysis. Including these trials in data analysis did not
affect results substantially.
Results
Accuracy
Figure 2a depicts mean accuracy scores for the different conditions. There was a significant effect of condition on accuracy,
F(1.93, 13.54) = 19.44, p \ .001. Pairwise comparisons
revealed that chimpanzees performed significantly worse in
incongruent trials than they did in congruent trials,
t(7) = -6.34, p \ .001, or in control trials, t(7) = -4.33,
p = .003, whereas there was no significant difference between
congruent and control trials, t(7) = -1.23, p = .258.

Fig. 2 a Accuracy in different conditions in Experiment 1. Error
bars represent SEM. b Latency in different conditions in Experiment
1. Error bars represent SEM

Latency
Figure 2b depicts mean latency scores for the different
conditions. There was a significant effect of condition,
F(1.38, 9.65) = 6.90, p = .020. Paired samples t tests
revealed that chimpanzees responded significantly faster in
congruent trials than in incongruent trials, t(7) = -2.95,
p = .022, or control trials, t(7) = -4.13, p = .004, but
there was no significant difference between response
latencies in incongruent versus control trials, t(7) = 1.06,
p = .326.
Discussion
Subjects made more errors in incongruent trials than in
congruent or control trials. Considering correct trials only,
subjects were faster to complete congruent trials than
incongruent or control trials. These findings are in
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accordance with our hypothesis that in spite of being
trained to ignore pictorial content and respond based on
frame color only, subjects’ performance was indeed
affected by the pictorial content embedded in the color
frames. The results of the first experiment may thus be
regarded as a ‘‘proof of concept,’’ evidencing that under
certain conditions frame content may affect the accuracy
and speed of frame color discrimination. The second
experiment was designed to investigate whether this effect
could also be detected for stimuli that differed primarily in
terms of their (presumed) emotional relevance to subjects—that is whether subjects would exhibit an effect
resembling the emotional Stroop effect.

Experiment 2: Modified emotional Stroop task
In Experiment 2, we presented subjects with color photographs of human beings embedded in the color frames and
with control stimuli in which the color frame contained only
a white square. The color photographs belonged to three
categories based on the relationships that the depicted
humans had with the chimpanzee subjects (veterinarian,
caretakers, and unfamiliar humans). While it is in the interest
of all the staff at Leipzig Zoo to maintain and further animal
welfare and well-being, stressful encounters as part of
medical procedures cannot always be avoided. In particular,
visits by the zoo veterinarian that include anaesthetization
are stressful to most chimpanzee subjects. We thus expected
the emotional valence associated with photographs depicting
the veterinarian to be negative for all subjects who had had at
least one anaesthetization experience before Experiment 2
was conducted. Based on the human literature on attention to
emotional stimuli, we expected interference effects (impaired performance in the color discrimination task) to be
most pronounced for these (presumably negative) stimuli;
that is, we predicted lower accuracy as well as longer
latencies in correct trials for stimuli depicting the veterinarian than for any other stimulus category (caretaker,
unfamiliar humans, control). For the caretakers and unfamiliar humans, it is more difficult to hypothesize which
emotional reaction a particular picture might evoke in a
particular subject. We thus had no hypotheses with regard to
differences in accuracy or latency between these stimulus
categories. Because the number of unique stimuli used in this
experiment was quite small (four stimuli per category), we
also examined whether interference effects for negative
stimuli may be subject to habituation, that is whether they
would decrease over sessions.
Because we assume the negative valence of photographs
of the veterinarian to be ontogenetically acquired, individual experience with anaesthetization has to be taken into
account. The time since the last anaesthetization
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experience differed considerably for the subjects participating in this experiment, with one subject having never
had an anaesthetization. Consequently, we expected the
interference effects for stimuli from the veterinarian category to be stronger for those subjects whose experience
with the anaesthetization procedure was more recent, and
we expected weaker effects for the subject who had not had
any anaesthetization experience yet (but who had also been
visited by the veterinarian before).
In humans, interference effects of negative stimuli in the
emotional Stroop task are often moderated by individual differences in personality (e.g., Bar-Haim et al. 2007; Mauer and
Borkenau 2007). Therefore, we also computed anxiety and
aggression scores which were derived from trait ratings provided by human raters who were familiar with the chimpanzees, to investigate whether interference effects associated
with negative stimuli might be more pronounced in chimpanzees that were described as more anxious or, alternatively,
more aggressive by human raters. The apparatus and the trial
procedure were identical to the training phase.
Method
Subjects
Seven subjects participated in Experiment 2. One female
chimpanzee that had previously participated in Experiment
1 could not participate in Experiment 2 because she avoided operating the touch screen in multiple attempts of
conducting the refresher test. This exclusion yielded a
sample of 3 males and 4 females for Experiment 2 (mean
age of all subjects in years at the beginning of this experiment: M = 17.29, SD = 13.21).
Stimuli
Three different stimulus categories including pictures of
humans were used, each comprising four different images
(see Fig. 1c; Table 2 for details). The category ‘‘stranger’’
included two photographs of each of two different humans
unfamiliar to the subjects, one image of each stranger
showing the face only, and the other showing the actor
from the waist up, holding an object (in this case a backpack) in front of them. The category ‘‘caretaker’’ included
photographs of two different caretakers whom the subjects
see and interact with regularly. Both caretakers had known
each subject participating in the study for at least 8 years.
The category included one image of each caretaker showing the face only and one image of each caretaker showing
the actor from the waist up, holding an object (in this case a
food bucket without visible food) in front of them. The
category ‘‘vet’’ included four pictures of the zoo veterinarian, two images of the veterinarian showing the face
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Table 2 Stimuli used in Experiment 2
Category

Description

Control

White square

Veterinarian

Veterinarian (face)

Veterinarian

Veterinarian (face, wearing face mask, and hairnet
cap)

Veterinarian

Veterinarian (from the waist up, holding blow pipe)

Veterinarian

Veterinarian (from the waist up, holding blow pipe,
wearing face mask, and hairnet cap)

Caretaker

Caretaker 1 (face)

Caretaker

Caretaker 2 (face)

Caretaker

Caretaker 1 (from the waist up, wearing zoo work
gear, holding food bucket)

Caretaker

Caretaker 2 (from the waist up, wearing zoo work
gear, holding food bucket)

Stranger
Stranger

Stranger 1 (face)
Stranger 2 (face)

Stranger

Stranger 1 (from the waist up, holding backpack)

Stranger

Stranger 2 (from the waist up, holding backpack)

only (one with and one without work gear typically worn
when encountering the subjects) and two images of the
veterinarian showing the actor from the waist up (again,
one with and one without work gear), holding a blowpipe,
typically used to anaesthetize animal subjects, in front of
his face, aiming at the viewer. All human actors were male.
One additional stimulus containing only a blank white
square embedded in the color frame was used as a control
stimulus. To maximize recognizability and ecological
validity, we presented subjects with color, rather than
black-and-white images. Photoshop CS6 was used to match
stimuli as best as possible for their luminosity parameters
across stimulus categories (stranger, caretaker, vet) and
image types (face image, upper body image). For a list of
all stimuli used in Experiment 2, see Table 2.
Design
One to four days before the experiment, subjects were
required to pass a refresher test that consisted of one session of the color discrimination transfer test (see Experiment 1). The performance of all subjects exceeded 70 % in
this refresher test, and they began participating in the
experiment on the next testing day.
The experiment consisted of three sessions. Within each
session, we presented subjects successively with small test
blocks that included four stimuli from the same category,
followed by one control trial. We arranged stimuli in this
order because studies with humans have shown emotional
Stroop effects to be most pronounced when stimuli of the
same valence category are presented in blocks (Bar-Haim
et al. 2007; McKenna and Sharma 2004). Hence, in this

study, stimuli from the same valence category were also
presented in blocks. However, frequent repetitions of the
same stimuli often result in habituation in studies using the
emotional Stroop task (e.g., Ben-Haim et al. 2014; Witthöft
et al. 2008). Because in this study we used only four unique
stimuli of each category, we attempted to minimize possible
within-block habituation effects by reducing the number of
trials within blocks to four. Finally, each block of stimuli
from the same category was followed by one control trial,
thus separating blocks of stimuli from different categories.
Control trials were interspersed in this manner to minimize
carryover effects (stimulus valence affecting performance in
subsequent trials) that have been reported to occur in emotional Stroop tasks (Algom et al. 2004; Frings et al. 2010;
McKenna and Sharma 2004; Waters et al. 2003).
In each of the three sessions, subjects completed a total of
125 trials, including 29 control trials, 32 stranger trials, 32
caretaker trials, and 32 vet trials. Whether the target would
appear on the left or on the right side was randomly determined for each trial. Each session began with a warm-up
block of five control trials which was followed by 24 test
blocks, with each test block consisting of five trials in total:
The first four trials presented the subject with all four unique
stimuli from the same category (stranger, caretaker, or vet),
while the fifth trial was a control trial. Within the four test
trials of each test block, the order of stimuli presented was
counterbalanced such that across the three sessions, every
subject was presented with all possible orders of the four
stimuli from that category exactly once. The 24 test blocks of
each session were further organized in segments, with each
segment consisting of three test blocks (one from each category in counterbalanced order). Thus, each session (excluding the five warm-up trials at the beginning) consisted of
a succession of eight segments. Consequently, subjects were
presented with eight test blocks of each category per session.
For two subjects, Session 1 had to be split into two parts
(conducted on different testing days) because the subjects
exhibited clear signs of aggression during the first testing
session (see ‘‘Results’’ section).
Personality trait ratings
In order to obtain personality measures, four raters filled out
a German version of the Hominoid Personality Questionnaire (HPQ; King and Figueredo 1997; Weiss et al. 2009) for
all 17 chimpanzees (6 males and 11 females, mean age
M = 22.06, SD = 12.92) that were at the time of data collection part of the same housing group as the eight subjects
who participated in the experimental studies. Two of the four
raters were animal caretakers, and two raters were research
assistants who frequently carry out behavioral observations
on all subjects from that group. Each rater had at least
1.5 years of experience with each subject. The current
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version of the HPQ consists of 54 items (e.g., anxious,
friendly, intelligent) that are complemented by behavioral
descriptions (e.g., ‘‘ANXIOUS: Subject often seems distressed, troubled, or is in a state of uncertainty’’). The rater
indicates on a Likert scale that ranges from 1 (‘‘Displays
either total absence or negligible amounts of the trait.’’) to 7
(‘‘Displays extremely large amounts of the trait.’’) to which
extent he or she finds the trait to be characteristic of the
subject in question. Trait ratings were provided by all four
raters for all 17 subjects for all 54 items. Only a subset of
items was considered for further analysis in the context of
this study because of the item’s obvious relevance (face
validity) to the personality domain of anxiety (anxious,
cautious, excitable, fearful, timid) or aggression (aggressive,
bullying, irritable; and reverse coded: affectionate, friendly,
gentle, helpful, sympathetic).
Data analyses
In order to compare subjects’ performance across conditions, the mean accuracy (percentage of correct trials) was
calculated for each subject for each condition in each
session. We performed a two-way repeated-measures
ANOVA with session and condition (levels: control,
stranger, caretaker, vet) as factors and mean accuracy as
dependent variable. Again, accuracy data were arcsinetransformed to approximate normality.
In order to compare subjects’ response latencies, the
median response time for correct trials was calculated for
each subject for each condition in each session.2 These
individual response latency scores were then subjected to a
two-way repeated-measures ANOVA with session and

condition (levels: control, stranger, caretaker, vet) as factors and the individual latency medians as dependent
variable. In order to examine whether interference effects
would decrease across sessions (as a result of habituation),
we also analyzed the data for a possible interaction
between condition and session. Degrees of freedom were
Greenhouse–Geisser-corrected for all analyses.
To quantify individual differences in task interference
elicited by the presence of negative stimuli, we computed
individual interference scores, as is frequently done in
emotional Stroop paradigms. Because at the group level
subjects showed habituation to the veterinarian stimuli over
the course of the three sessions (see results section and
Fig. 3b), we restricted the analysis of individual differences to Session 1. Interference scores were computed as
the differences between response time in (correct) trials of
the veterinarian condition and each of the other conditions,
yielding three interference scores for each subject. These
interference scores quantify for each subject to what extent
the veterinarian stimuli (as opposed to other stimuli)
interfere with and thus slow down the subject’s performance. Pearson correlation coefficients were computed to
investigate the relationship between these interference
scores and time passed since the last anaesthetization, as
well as between interference scores and personality scores.
All statistical tests were two-tailed.
As discussed for Experiment 1, problems with response
recording occurred in a small number of trials (51 of 2624
evaluated trials, i.e., 1.94 %). Again, all of these trials were
excluded from analysis. Including these trials in data
analysis did not affect results substantially.
Results

2

Following the suggestion of an anonymous reviewer, we also
explored latencies in incorrect trials. Across sessions and categories,
while response latencies in our sample of seven subjects tended to be
slower in incorrect trials (mean of latency medians: M = 862.00 ms)
than in correct trials (M = 768.07 ms), this effect was not statistically
significant, t(6) = 1.55, p = .173. We further investigated specifically for trials presenting the veterinarian, whether response latencies
from subjects with anaesthetization experience were slower in
incorrect than in correct trials: Considering data from all three
sessions, we did not find a significant difference between latencies in
correct vs. incorrect vet trials, t(5) = 1.43, p = .211. Considering
Session 1 alone, in spite of a sizable mean difference in response
latency between incorrect vet trials (M = 1320.08 ms) and correct vet
trials (M = 908.75 ms), this effect was not statistically significant,
t(5) = 1.98, p = .105. We would like to add a note of caution with
regard to these results, however. For several subjects, the rate of
incorrect responses was very low. In particular, when considering vet
trials alone, this means that some of the latency scores that had to be
used in these analyses were based on as little as two to four data
points (three subjects in Session 1). Such small numbers imply low
measurement reliability, even when medians are used as measures of
central tendency. For the same reason, latency comparisons between
different categories that were restricted to incorrect trials were not
carried out because several subjects made no errors in one or more of
the non-veterinarian categories in one or more of the three sessions.
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Accuracy
Figure 3a shows performance in the different conditions
across sessions for those six subjects who had had experienced anaesthetization. The Session x Condition ANOVA
revealed a significant main effect of condition, F(1.90,
9.51) = 11.30, p = .003, as well as a significant main
effect of session, F(1.87, 9.37) = 7.45, p = .012, but no
significant interaction, F(2.73, 13.66) = 1.86, p = .187.
Pairwise comparisons of accuracy (across all three sessions) between the vet condition and the other conditions
(t tests for paired samples) revealed that chimpanzees
performed worse in veterinarian than in control trials,
t(5) = -5.51, p = .003, whereas no significant difference
was found between vet trials and stranger trials,
t(5) = -.68, p = .524, or between vet trials and caretaker
trials, t(5) = -1.96, p = .107.
Following a suggestion by an anonymous reviewer, we
investigated whether the presence versus absence of the
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measures ANOVA with session and condition (levels: vet
with work gear, vet without work gear) as factors and
arcsine-transformed mean accuracy as dependent variable.
These analyses did not reveal a significant effect of gear
presence, F(1.00, 5.00) = .48, p = .518, or session,
F(1.64, 8.18) = 1.42, p = .288, nor a significant interaction of the two factors, F(1.42, 7.12) = .60, p = .519. An
analysis restricted to Session 1 (t test for paired samples)
did not reveal a difference in accuracy between trials with
work gear present versus absent that reached conventional
levels of statistical significance, t(5) = 2.16, p = .083.

(a)

Latency

(b)

(c)
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Fig. 3 a Accuracy in different conditions across sessions in Experiment 2. b Latency in different conditions across sessions in
Experiment 2. c Interference scores (response latency differences
between vet condition and other conditions in Session 1 of
Experiment 2) as a function of time since the last anaesthetization

gear that the veterinarian typically wears when anaesthetizing subjects (see ‘‘Stimuli’’ section) had an effect on
the subjects’ performance. To this end, we conducted a
number of analyses that were restricted to data from veterinarian trials. Similar to the main analyses of an effect of
condition described above, we analyzed whether there was
an effect on accuracy by conducting a two-way repeated-

Figure 3b shows latency in correct trials in the different
conditions across sessions for all 6 subjects who had had
experienced anaesthetization in the past. The Session 9 Condition ANOVA revealed a significant main
effect of condition, F(1.48, 7.38) = 15.08, p = .003. The
main effect of session was marginally significant,
F(1.87,9.36) = 3.40, p = .080, as was the interaction
between the two factors, F(2.16, 10.80) = 3.65, p = .059.
Because the presence of an interaction makes it difficult to
interpret main effects (Underwood 1997), we further
investigated this interaction by analyzing the data for
all three sessions separately. One-way ANOVAs
revealed significant effects of condition in Session 1,
F(1.32,6.60) = 11.02, p = .011, Session 2, F(1.36,6.81) =
6.38, p = .034, and Session 3, F(1.24,6.20) = 7.06,
p = .033. Pairwise comparisons (paired samples t tests)
revealed that in Session 1 chimpanzees responded more
slowly in trials presenting vet stimuli than in all other
conditions (control: t(5) = 3.59, p = .016, caretaker:
t(5) = 2.67, p = .044, stranger: t(5) = 3.65, p = .015). In
Session 2, responses in trials presenting vet stimuli were
significantly slower only in comparison with control
stimuli, t(5) = 5.89, p = .002, but not caretaker, t(5) =
1.75, p = .140, or stranger stimuli, t(5) = 1.06, p = .337.
In Session 3, responses in trials presenting vet stimuli were
significantly slower both in comparison with control
stimuli, t(5) = 2.78, p = .039, and stranger stimuli, t(5) =
3.09, p = .027, but not in comparison with caretaker
stimuli, t(5) = 1.74, p = .142.
As described in the previous section, we also explored
whether the presence versus absence of work gear in the
veterinarian trials had an effect on response latency in
correct trials. We conducted an ANOVA with session and
conditions as factors and median response latencies
as dependent variable. Neither the effect of session (F(1.04,
5.20) = 3.78, p = .107), nor condition (F(1.00, 5.00) =
3.70, p = .112), nor the interaction (F(1.04, 5.18) = .96,
p = .375) reached conventional levels of statistical significance. Considering data from Session 1 alone, in spite
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of a sizable difference in response latency between the two
conditions (mean latency when gear was present:
M = 1320.67 ms,
when
gear
was
absent:
M = 1024.75 ms), the effect was not statistically significant, t(5) = 1.27, p = .259.
Performance and anaesthetization experience
Except for one male chimpanzee, all subjects had had at
least one anaesthetization experience when the study was
conducted. The time since the last anaesthetization ranged
from 184 to 2676 days (ca. 6–88 months, M = 40.15,
SD = 30.05). Figure 3c shows interference scores (differences in response latency between vet stimuli and each of
the other stimulus categories) as a function of time since
the last anaesthetization. Among the six subjects who had
had anaesthetization experience, time passed since the last
anaesthetization correlated strongly with interference
scores from the first session. These correlations were significant for interference scores based on control stimuli,
r(4) = -.92, p = .009, and for interference scores based
on stranger stimuli, r(4) = -.88, p = .020, whereas the
correlation between time since anaesthetization and interference scores based on caretaker stimuli was marginally
significant, r(4) = -.81, p = .051. In addition to the statistical evidence, it should be noted that two subjects whose
latest anaesthetization had been fairly recent in comparison
with other subjects (6 and 35 months) exhibited noticeable
emotional reactions in the presence of vet stimuli during
their first session, including backing away from the touch
screen, vocalizations, ignoring food rewards in spite of
continued participation (one subject), hitting and/or kicking
the touch screen, and even breaking it (one subject). As
mentioned above, these sessions were terminated prematurely and continued on the next testing day (without any
further emotional reactions of this magnitude). Finally, the
subject that did not have any prior anaesthetization experience did not exhibit response latencies that were substantially slower in the veterinarian condition than in the
other two conditions that included pictures of humans
(interference score based on control stimuli: 69.5 ms;
based on stranger stimuli: 13.5 ms; based on caretaker
stimuli: -9 ms).
Performance and personality
Interrater reliability was determined for each item by calculating ICC (3, 4) for all of the 13 relevant items from the
Hominoid Personality Questionnaire. Only items with
reliability values higher than .5 were considered for further
analysis, which led to the exclusion of the items ‘‘excitable’’ and ‘‘affectionate.’’ Interrater reliabilities for the
remaining 11 items ranged from .53 to .74, with an average
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of .65. Mean ratings (across raters) for these 11 items were
subjected to further analysis. Cronbach’s a was determined
both for the scale comprising the remaining four items
indicating anxiety (anxious, cautious, fearful, timid) and
for the scale comprising the remaining seven items indicating aggression (aggressive, bullying, irritable; and
reverse coded: friendly, gentle, helpful, sympathetic),
revealing excellent internal consistency for the anxiety
scale (a = .95) and for the aggression scale (a = .91).
Consequently, anxiety scores (the mean of the four anxiety
items) and aggression scores (the mean of the seven
aggression items) were computed for every subject who
participated in Experiment 2. Among the six subjects who
had had anaesthetization experience, interference scores for
the first session (latency difference between vet stimuli and
other stimuli) did not correlate significantly with anxiety
scores (interference scores based on control stimuli:
r(4) = -.02, p = .973; caretaker stimuli: r(4) = -.11,
p = .843; stranger stimuli: r(4) = .12, p = .816), nor did
they correlate significantly with the aggression scores (control
stimuli: r(4) = .22, p = .674; caretaker stimuli: r(4) = .41,
p = .416; stranger stimuli: r(4) = .42, p = .402).
Discussion
The purpose of Experiment 2 was to test the hypothesis that
stimuli of negative emotional valence (pictures of the zoo
veterinarian) would interfere with the performance of
chimpanzee subjects in a color discrimination task (resulting in lower accuracy and slower responding). Our
prediction with regard to response latency was confirmed
by the data: Breaking down the interaction between session
and condition revealed that in the first session (when subjects saw all stimuli for the first time), response latencies
on correct trials were slower in trials presenting vet stimuli
than for any other stimulus class. Slowdown effects of this
magnitude for all other stimulus classes were not observed
in subsequent sessions. This difference between the first
session and later sessions appears likely to be a result of
habituation—at the beginning of Session 2, each subject
had already seen every stimulus (including the four veterinarian stimuli) eight times. Additionally, for Session 1,
we found the slowing of responses in trials presenting the
veterinarian stimuli (in comparison with other stimulus
categories) to be more pronounced in subjects for whom
less time had passed since the last anaesthetization procedure. Thus, it appears plausible that increased task interference was indeed a result of negative emotional valence
associated with these stimuli.
With regard to accuracy, while there was a main effect
of condition across sessions, pairwise comparisons
revealed a significant difference only between trials presenting veterinarian stimuli and control trials, but not

Anim Cogn

between veterinarian stimuli and the other two human
picture categories. These weaker effects of stimulus
valence on accuracy mirror results in emotional Stroop
tasks with human participants. In humans, accuracy is
typically at ceiling in all valence conditions, and interference effects are manifested only in response time differences between conditions. Our chimpanzee subjects had
had extensive training with the task, resulting in good to
very good average performance across the different conditions. Additionally, while the negative stimuli used in
this study affected our subjects’ latency to respond (at least
in the first session), their threat potential may simply not
have been strong enough to also impair performance
accuracy.
We did not observe a significant relationship between
interference effects in Session 1 and personality measures,
as they are frequently reported in studies with human
participants. While many different explanations are conceivable to explain the absence of an effect, it has to be
acknowledged that a sample size of only six subjects
implies low statistical power to detect moderator effects of
personality variables, if they exist. For future studies that
examine to what extent personality moderates the relationship between emotion and cognition in nonhuman
primates, larger sample sizes would certainly be desirable.
In order to allow for cross-study comparisons, we made our
results with regard to personality variables available in
spite of this methodological caveat.

General discussion
Overall, in Session 1 of our modified emotional Stroop
task, chimpanzee subjects who had had experience with an
anaesthetization procedure responded more slowly in trials
presenting them with stimuli depicting the veterinarian
than in trials presenting them with other stimuli, and this
slowdown effect was more pronounced for subjects whose
anaesthetization experience was more recent. As this suggests that stimuli of negative valence impaired performance in a color discrimination task, this effect from
Experiment 2 is comparable to the emotional Stroop effect
frequently reported in human participants (e.g., Pratto and
John 1991).
Based on our results alone, it is unclear to what extent
the chimpanzees recognized the humans (including the
veterinarian) depicted in the photographs. It could be
argued, for example, that surface perceptual features
unique to the veterinarian stimuli (such as color, contrast,
and contour) made them more threatening or interesting to
look at, and that this, rather than their emotional valence,
slowed down responses in veterinarian trials. This would
not, however, explain the fact that interference effects were

more pronounced for subjects whose last anaesthetization
experience was more recent. Secondly, it could be argued
that even if it is to be assumed that the chimpanzees did
recognize some details in the veterinarian stimuli which
then triggered negative associations as a result of the
chimpanzees’ past experiences, based on our results alone
it remains unclear whether it was the identity of the veterinarian or other details such as the blowpipe or the veterinarian’s work gear that bore the strongest negative
associations and thus were mostly responsible for the
slowing of responses. Finally, we acknowledge that our
study is not informative with regard to whether such details
were recognized as representations of their real life counterparts, or whether they were confused with them (see
Fagot et al. 2000). While our study was not designed to
investigate these different possibilities, they have no
bearing on the main findings of Experiment 2 that the
veterinarian stimuli slowed down responding more than
any other category of humans, and that the extent of this
slowdown varied systematically with the time passed since
the last anaesthetization experience.
While our results show that presenting our chimpanzee
subjects with pictures of the veterinarian slowed down their
responding, it remains an open question which stages of
executing the task are primarily disrupted by the presence
of these stimuli. Identifying which one of the two stimuli is
the target may be interrupted, e.g., if the veterinarian
stimuli bind attentional resources more strongly than other
stimulus categories. It is also conceivable that action execution (touching the selected stimulus) is affected by the
presence of veterinarian stimuli, as negative stimuli are
usually avoided rather than approached. In this case, the
slowing of responses would reflect a reluctance to touch an
aversive stimulus that has already been identified as the
target, rather than a binding of attentional resources that
disrupts target identification. This possibility could be ruled
out in future studies if the stimuli are not present during the
time of action execution (e.g., by presenting the picture
stimuli embedded in the color frames only for a brief
period before either stimulus is touched). Ambiguity with
regard to which cognitive processes are involved in the
slowdown has also been the subject of extensive debates
over the interpretation of emotional Stroop effects in the
human literature (e.g., Algom et al. 2004; de Ruiter and
Brosschot 1994; MacLeod et al. 1986; Yiend et al. 2013).
In conclusion, we propose our modified version of the
emotional Stroop task as an easily implemented method to
study the relationship between emotion and cognition in
nonhuman primates, and possibly other species. However,
considering the limitations with regard to the interpretability of interference effects, we agree with Yiend
et al. (2013) that the paradigm may not be the best method
to study how emotional stimuli disrupt cognitive task
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execution. If the strong effect that emotional valence had
on task performance in this study can be replicated in
future studies, we recommend the task instead as a method
to study which stimuli (or stimulus categories) interfere
with cognitive performance by virtue of their emotional
valence. It may also offer a possibility to study how individuals differ with regard to how much their performance
is affected. In this sense, the task may be suitable as a
diagnostic tool to measure anxiety with regard to particular
stimuli at the group or individual level, e.g., to investigate
relationships between individuals from the same group.
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Fagot J, Martin-Malivel J, Dépy D (2000) What is the evidence for an
equivalence between objects and pictures in birds and nonhuman
primates. In: Fagot J (ed) Picture perception in animals.
Psychology Press, New York, pp 295–320
Field M, Cox WM (2008) Attentional bias in addictive behaviors: a
review of its development, causes, and consequences. Drug
Alcohol Depen 97:1–20. doi:10.1016/j.drugalcdep.2008.03.030
Fox E, Griggs L, Mouchlianitis E (2007) The detection of fearrelevant stimuli: Are guns noticed as quickly as snakes? Emotion
7:691–696. doi:10.1037/1528-3542.7.4.691
Frings C, Englert J, Wentura D, Bermeitinger C (2010) Decomposing
the emotional Stroop effect. Q J Exp Psychol 63:42–49. doi:10.
1080/17470210903156594
Hirata S et al (2013) Brain response to affective pictures in the
chimpanzee. Sci Rep. doi:10.1038/srep01342
Kano F, Tanaka M, Tomonaga M (2008) Enhanced recognition of
emotional stimuli in the chimpanzee (Pan troglodytes). Anim
Cogn 11:517–524. doi:10.1007/s10071-008-0142-7
Kindt M, Brosschot JF (1997) Phobia-related cognitive bias for
pictorial and linguistic stimuli. J Abnorm Psychol 106:644–648.
doi:10.1037/0021-843X.106.4.644
King JE, Figueredo AJ (1997) The five-factor model plus dominance
in chimpanzee personality. J Res Pers 31:257–271. doi:10.1006/
jrpe.1997.2179
King HM, Kurdziel LB, Meyer JS, Lacreuse A (2012) Effects of
testosterone on attention and memory for emotional stimuli in
male rhesus monkeys. Psychoneuroendocrino 37:396–409.
doi:10.1016/j.psyneuen.2011.07.010
Koda H, Sato A, Kato A (2013) Is attentional prioritisation of infant
faces unique in humans?: comparative demonstrations by
modified dot-probe task in monkeys. Behav Process 98:31–36.
doi:10.1016/j.beproc.2013.04.013
Koster EH, Crombez G, Van Damme S, Verschuere B, De Houwer J
(2004) Does imminent threat capture and hold attention?
Emotion 4:312–317. doi:10.1037/1528-3542.4.3.312
Lacreuse A, Schatz K, Strazzullo S, King HM, Ready R (2013)
Attentional biases and memory for emotional stimuli in men and
male rhesus monkeys. Anim Cogn 16:861–871. doi:10.1007/
s10071-013-0618-y
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