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ABSTRACT.  35 

The emotional Stroop task is an experimental paradigm developed to study the relationship 36 

between emotion and cognition. Human participants required to identify the color of words 37 

typically respond more slowly to negative than to neutral words (emotional Stroop effect). Here 38 

we investigated whether chimpanzees (Pan troglodytes) would show a comparable effect. Using 39 

a touch screen, eight chimpanzees were trained to choose between two simultaneously presented 40 

stimuli based on color (two identical images with differently colored frames). In Experiment 1, 41 

the images within the color frames were shapes that were either of the same color as the 42 

surrounding frame, or of the alternative color. Subjects made fewer errors and responded faster 43 

when shapes were of the same color as the frame surrounding them than when they were not, 44 

evidencing that embedded images affected target selection. Experiment 2, a modified version of 45 

the emotional Stroop task, presented subjects with four different categories of novel images: 46 

three categories of pictures of humans (veterinarian, caretaker, stranger), and control stimuli 47 

showing a white square. Because visits by the veterinarian that include anaesthetization can be 48 

stressful for subjects, we expected impaired performance in trials presenting images of the 49 

veterinarian. For the first session, we found correct responses to be indeed slower in trials of this 50 

category. This effect was more pronounced for subjects whose last anaesthetization experience 51 

was more recent, indicating that emotional valence caused the slowdown. We propose our 52 

modified emotional Stroop task as a simple method to explore which emotional stimuli affect 53 

cognitive performance in nonhuman primates. 54 

Keywords: chimpanzee, emotional Stroop, great apes, attentional bias, cognitive bias  55 

56 



 

Introduction 57 

The study of attentional prioritization of stimuli of strong emotional valence has a long 58 

history in human cognitive science (e.g. MacLeod, Mathews, & Tata, 1986; Mathews & 59 

MacLeod, 1985). Numerous experimental paradigms have been developed to study how 60 

emotionally relevant stimuli are prioritized by visual attention (for reviews see Bar-Haim, Lamy, 61 

Pergamin, Bakermans-Kranenburg, van Ijzendoorn, 2007; Mogg & Bradley, 2003; Yiend, 2010; 62 

Yiend, Barnicot, & Koster, 2013). Some of these paradigms require the human participant to 63 

make a manual response (such as pressing a button) to categorize a stimulus or stimulus feature, 64 

or to indicate the location of a stimulus. Additionally, the participant is presented with secondary 65 

stimuli or stimulus features which appear concurrently with or precede the task and which are 66 

irrelevant to it. Differences in responding (error rates and response latencies) as a function of the 67 

emotional valence of such secondary task features are typically interpreted as reflecting 68 

differential attentional prioritization of these features. In many cases, such effects of emotional 69 

valence are moderated by individual differences between participants, e.g. attentional 70 

prioritization of threatening stimuli might be restricted to, or of higher magnitude in, high or 71 

clinically anxious participants (Bar-Haim et al., 2007). 72 

 A classic example of such a paradigm is the emotional Stroop task (Mathews & 73 

MacLeod, 1985; for reviews see Bar-Haim et al., 2007; Phaf & Kan, 2007; Williams, Mathews, 74 

& MacLeod, 1996; Yiend, 2010). In the emotional Stroop task, human participants are typically 75 

required to name the colors of words that differ in emotional valence. Meta-analyses suggest 76 

moderate within-subject effects (i.e. longer latencies to respond to threatening or otherwise 77 

negative stimuli) in clinically anxious participants (Bar-Haim et al., 2007, Phaf & Kan, 2007). 78 



 

Moderate effects could also be found for control participants, at least when stimuli of the same 79 

emotional valence were presented in blocks (Bar-Haim et al., 2007; McKenna & Sharma, 2004). 80 

A small number of studies used modified versions of the emotional Stroop task that used pictures 81 

(e.g. of human faces with different emotional expressions) instead of words as stimulus material, 82 

producing mixed results (Constantine, McNally, & Hornig, 2001; Kindt & Brosschot, 1997; 83 

Lavy & van den Hout, 1993; Mauer & Borkenau, 2007; Shibasaki, Isomura, & Masataka, 2014). 84 

 While the obvious adaptive value of attentional sensitivity (Lang, Davis, & Öhman, 2000; 85 

Öhman & Mineka, 2001) has inspired many studies that focus on stimuli that are deemed to be 86 

biologically relevant, such as “several types of vermin, facial expressions, but also blood and 87 

mutilations” (Phaf & Kan, 2007), it has also been suggested that stimuli which do not fall into 88 

this category of biologically prepared stimuli may acquire similar properties of enhanced 89 

attentional prioritization through learning (e.g. Öhman & Mineka, 2001; Yiend, 2010). In 90 

accordance with this, effects of attentional prioritization have been found for stimuli whose 91 

negative connotation is acquired rather than biologically prepared, such as taboo words (Mackay, 92 

Shafto, Taylor, Marian, Abrams, & Dyer, 2004; Siegrist, 1995) or pictures of weapons (e.g. Fox, 93 

Griggs, & Mouchlianitis, 2007). Moreover, stimuli that human participants have come to 94 

associate with negative outcomes as a result of aversive conditioning have been found to be 95 

attentionally prioritized in dot probe and visual search paradigms (Koster, Crombez, Van 96 

Damme, Verschuere, & De Houwer, 2004; Schmidt, Belopolsky, & Theeuwes, 2014). Finally, 97 

studies in the field of clinical psychology suggest that participants diagnosed with certain 98 

psychological disorders, such as posttraumatic stress disorder (Buckley, Blanchard, & Neill, 99 

2000), or substance abuse (Field & Cox, 2008; Robbins & Ehrman, 2004) show consistent 100 

attentional prioritization of ontogenetically relevant stimuli associated with those disorders. 101 



 

 Paul, Harding, and Mendl (2005) put forward the idea that methods such as the visual 102 

dot-probe task or the emotional Stroop task that were originally developed to study cognitive 103 

biases in humans may be modified to study the link between emotion and cognition in nonhuman 104 

animals. In recent years, this idea has been put to the test in a few studies with nonhuman 105 

primates. Studies with rhesus macaques (Macaca mulatta) using the visual dot-probe paradigm 106 

have revealed in this species an attentional bias for aggressive facial expressions of conspecifics 107 

(King, Kurdziel, Meier, Lacreuse, 2012; Lacreuse, Schatz, Strazullo, King, & Ready, 2013), but 108 

no attentional bias for neutral faces of newborn (rather than adult) conspecifics (Koda, Sato, & 109 

Kato, 2013). Shibasaki and Kawai (2009) demonstrated an attentional prioritization of pictures of 110 

snakes over pictures of flowers in Japanese macaques (Macaca fuscata) in a study using the 111 

visual search paradigm. In another study using the visual search paradigm, Marzouki, Gullstrand, 112 

Goujon, and Fagot (2014) found that baboons (Papio papio) located a T-shaped target among L-113 

shaped distractors more slowly in trials that followed the spontaneous expression of negatively, 114 

rather than neutrally or positively, valenced behaviors by the subjects. Finally, several studies 115 

using the cognitive judgment bias paradigm have investigated the effects of emotions on decision 116 

making in rhesus macaques (Macaca mulatta; Bethell, Holmes, MacLarnon, & Semple, 2012), 117 

tufted capuchins (Cebus apella; Pomerantz, Terkel, Suomi, & Paukner, 2012) and chimpanzees 118 

(Pan troglodytes; Bateson & Nettle, 2015), as well as many nonprimate species (for a review see 119 

Bethell, 2015). However, to our knowledge no experiment has yet applied the emotional Stroop 120 

task or variations thereof to study the relationship between emotion and cognition in nonhuman 121 

primates. 122 

 The aim of this study was twofold: first, we intended to develop a novel, simple 123 

experimental paradigm suitable for chimpanzees and other nonhuman primates by building on a 124 



 

modified pictorial version of the emotional Stroop task introduced by Mauer and Borkenau 125 

(2007). Our second aim was to investigate whether the emotional valence of pictures presented 126 

concurrently with this color discrimination task would indeed affect the performance of the 127 

subjects. We chose pictures as stimuli, because experimental studies with chimpanzees have 128 

shown that chimpanzees are affected by the emotional valence of pictorial or video content (see 129 

Bovet & Vauclair, 2000, for a review of picture recognition in nonhuman animals). Chimpanzees 130 

have been shown to exhibit accelerated heart rates in response to viewing photographs of an 131 

aggressive conspecific (Boysen & Berntson, 1989), changes in peripheral skin temperature when 132 

viewing video scenes of negative emotional valence (Parr, 2001), enhanced recognition of 133 

pictures of aggressive (rather than neutral) conspecific interactions (Kano, Tanaka, & Tomonaga, 134 

2008), and differential event-related brain potentials in response to viewing affective (rather than 135 

neutral) pictures (Hirata et al., 2013). 136 

 The chimpanzee subjects in this study were presented with a simple discrimination task in 137 

which the subjects needed to select one of two stimuli presented simultaneously on a touch 138 

screen. For each trial, two identical pictures that only differed in the color of a frame surrounding 139 

them served as stimuli. Each subject was trained to always select the same color on every trial. 140 

The first experiment was designed to establish that, in spite of being trained to respond solely 141 

based on stimulus frame color, subjects’ performance would nonetheless be affected by the 142 

pictorial content embedded in those color frames. Therefore, non-social abstract stimuli 143 

(geometric shapes) with color features relevant to the discrimination task were used to examine 144 

whether these features would impair or improve performance in predicted directions. In the 145 

second experiment we presented subjects with stimuli that differed in their (presumed) 146 

ontogenetically acquired emotional valence (pictures of human beings that had different 147 



 

relationships with the chimpanzee subjects) to investigate whether these would also affect 148 

performance in predicted directions. Finally, we collected trait ratings from animal caretakers to 149 

explore whether individual differences in personality might moderate the effects of emotional 150 

valence.151 



 

Training Procedure 152 

Method 153 

Subjects 154 

All subjects participating in this study were from the same chimpanzee group housed at 155 

Wolfgang Köhler Primate Research Center (WKPRC) in Leipzig, Germany, which included 6 156 

male and 12 female chimpanzees (age ranging from 3 to 37 years) at the beginning of this study. 157 

All of the subjects participating in this study had been successfully trained to use the touch 158 

screen setup before color discrimination training began. Four male and seven female 159 

chimpanzees participated in the training phase of this study. One adult female was excluded over 160 

the course of training because exploration of the experimental setup by her dependent offspring 161 

made individual testing impossible. This resulted in a final sample of four male and six female 162 

chimpanzees (mean age in years M =20.80, SD = 13.72) who completed the training phase of the 163 

study. All great apes at Leipzig zoo are housed in groups with regular access to large indoor and 164 

outdoor enclosures. Subjects also have access to sleeping and observation rooms in which non-165 

invasive experimental studies are conducted. Subjects receive a regular diet of fruit, vegetables 166 

and animal food and they are never deprived of food or water.  167 

 168 

Apparatus 169 

All tests were conducted in the chimpanzee observation rooms at WKPRC. For the 170 

experimental tasks we used a custom-made setup. Outside the testing cage, the experimenter set 171 

up a computer that was connected to two monitors as well as two audio speakers which provided 172 

auditory feedback to the subjects’ performance and which were located in front of the testing 173 

cage. Subjects operated a transparent optical touch screen (Nexio NIB-190B infrared 174 



 

touchscreen, 19 inches in diameter) embedded into a robust metal panel that was part of the cage 175 

mesh. Behind this see-through touch screen, one monitor (ViewSonic VG930m, 19 inches, 176 

resolution of 1280 x 1024 pixels, frequency of 60 Hz) was mounted to display the experimental 177 

stimuli to the subjects. The touch screen was connected to the experimenter’s computer via USB 178 

cable and was calibrated using the iNexio Touch Driver software so that spatial positions 179 

touched on the touch screen would correspond to the same spatial positions on the monitor 180 

mounted behind it. A second monitor enabled the experimenter to follow the experiment’s 181 

progress. All experimental procedures including stimulus presentation and response collection 182 

were carried out using E-Prime 2.0.8.90 running under Windows 7. 183 

 184 

Stimuli 185 

All stimuli covered an area of 350 × 350 pixels (ca. 10.31 cm x 10.31 cm) and consisted 186 

of an image that was 300 × 300 pixels in size (ca. 8.83 cm x 8.83 cm) which was surrounded by a 187 

frame with a width of 25 pixels (ca. 0.74 cm) that was either blue (RGB 0,0,255) or yellow 188 

(RGB 255,255,0). The images within this color frame consisted of photographs (in training 189 

conditions and in Experiment 2) or geometric shapes (in Experiment 1) that were presented in 190 

front of a white background. All stimuli were prepared using Adobe Photoshop CS2 and CS6. 191 

For the color discrimination training, 50 images of random human artifacts presented on a 192 

white background were used. For the color discrimination transfer test (see below), 50 new 193 

images of human artifacts were used. Pictures of human artifacts used for the training and 194 

transfer test stimuli included pictures of clothes and accessories, cutlery and tableware, furniture, 195 

household appliances, musical instruments, sports equipment, technical and electronic 196 



 

equipment, tools, toys, and vehicles. The pictures used in these training conditions were 197 

assembled using Google Images search.  198 

 199 

General Procedure 200 

All stimuli were presented on a black (RGB 0,0,0) background. Every trial was initiated 201 

by the subject by touching a white start key located in the center of the screen. This was followed 202 

by a 500 ms delay upon which the target (e.g. an image with a yellow frame) and the distractor 203 

(e.g. the same image with a blue frame) appeared in locations of equal horizontal distance to the 204 

start key (distance between center of screen and center of stimulus 320 pixels (ca. 9.42 cm), see 205 

Fig. 1a). If the subject selected the target, the stimuli disappeared, a high-pitched chime was 206 

played and the subject was rewarded by the experimenter with a piece of food. After an intertrial 207 

interval of 1500 ms the start key for the next trial was presented. If the subject selected the 208 

distractor, a low-pitched tone was played, the subject was not rewarded and the intertrial interval 209 

was extended by an additional 3000 ms time out, resulting in a 4500 ms intertrial interval before 210 

the next start key appeared.
1
 This trial procedure was the same for the color discrimination 211 

training A (see below), the color discrimination transfer test, and the experimental conditions. 212 

For correct choices, subjects were rewarded with pieces of apple. In some sessions, two 213 

of the subjects were rewarded with half a grape or a banana pellet on every fifth correct trial to 214 

ensure continuous participation. Occasionally sessions were terminated prematurely because (a) 215 

the subject stayed inactive for more than five minutes, or (b) the subject showed clear signs of 216 

aggression (e.g. hitting the screen). These sessions were then continued on the next testing day. 217 

The same rules for premature termination also applied to the experimental phases of this study 218 

(both the refresher test sessions as well as the experimental sessions).  219 



 

Target frame color (i.e. whether the blue or the yellow frame stimuli constituted the 220 

target) was counterbalanced across subjects with blue being the target frame color for five of the 221 

original eleven subjects. In the final sample of eight (Experiment 1) or seven (Experiment 2) 222 

subjects, blue was the target frame color for three subjects. 223 

 224 

Color Discrimination Training A 225 

During training, subjects completed 100 trials on each testing day. In each trial the 226 

subject was presented with a target (one of the 50 images surrounded by e.g. a blue color frame) 227 

and a distractor (the same image surrounded by a yellow color frame). Each target-distractor-228 

combination was presented twice in each session, once with the target on the right side of the 229 

screen and once with the target on the left side. The resulting 100 trials were completed by the 230 

subject in a randomized order, with the sole restriction that target stimuli were not presented on 231 

the same side of the screen in more than two consecutive trials. Once the subject’s performance 232 

exceeded 80 correct trials in each of two consecutive sessions, the subject proceeded to the color 233 

discrimination transfer test. If the subject failed to reach this criterion within 40 sessions, it 234 

proceeded to the color discrimination training B instead. 235 

 236 

Color Discrimination Training B  237 

Four subjects failed to reach criterion within 40 sessions of color discrimination training 238 

A. These subjects received additional training with a modified trial procedure that was designed 239 

to reduce side and perseveration biases and to maximize learning from feedback. The stimuli 240 

were the same that were used in color discrimination training A. The modified trial procedure 241 

was as follows. Subjects initiated each trial by pressing a white start key located in the center of 242 



 

the screen. This was followed by a 500 ms delay upon which target and distractor appeared in 243 

two out of eight possible locations (using every location except the central location in a virtual 3 244 

x 3 grid on the screen). If the subject selected the distractor, the target disappeared and the 245 

distractor remained on screen for an additional 500 ms. This was accompanied by a low-pitched 246 

tone indicating no reward. After an additional 1000 ms of blank screen, the presentation of both 247 

stimuli was repeated with target and distractor appearing in the same locations as before.  If the 248 

subject selected the target, the distractor disappeared and the target remained on screen for an 249 

additional 500 ms. This was accompanied by a high-pitched chime and the subject was rewarded 250 

by the experimenter with a piece of food. After an intertrial interval of 500 ms the start key for 251 

the next trial was presented.
1
 There was no restriction to the number of repetitions the subject 252 

had to complete, i.e. subjects received repetitions of the same trial until they selected the target. 253 

Target and distractor positions were randomly determined before trial onset but remained the 254 

same for each trial repetition. Each of the 50 target-distractor pairs was presented in two trials 255 

per session, resulting in 100 trials in total per session. Once the subject’s performance exceeded 256 

80 trials with correct first choice on each of two consecutive sessions, the subject returned to 257 

color discrimination training A (see Table 1). If the subject failed to reach this criterion within 40 258 

sessions, it was dropped from the study. 259 

 260 

Color Discrimination Transfer Test 261 

To rule out the unlikely possibility that subjects had learnt to respond correctly separately 262 

for each individual stimulus pair over the course of training rather than acquiring a generalized 263 

rule based on stimulus frame color, a transfer test was presented to subjects upon reaching 264 

criterion in color discrimination training A. Trial procedure and performance criterion in this 265 



 

transfer test were identical to color discrimination training A, except for the fact that 50 266 

completely new images were used as stimuli embedded in the color frames. 267 

 268 

- insert Figures 1a, 1b, and 1c around here - 269 

 270 

Results and Discussion 271 

Table 1 illustrates how many sessions each subject completed before reaching criterion 272 

(more than 80% correct responses in two consecutive sessions) for each training condition. As 273 

can be seen, four subjects did not reach criterion within forty sessions of color discrimination 274 

training A and thus received additional training sessions of color discrimination training B until 275 

reaching criterion (fourth column). Two of these four subjects reached criterion in training B and 276 

subsequently reached criterion after additional sessions of training A (fifth column). All eight 277 

subjects who eventually reached criterion in training A proceeded to the color discrimination 278 

transfer test. As can be seen in the last column, all eight subjects reached this criterion 279 

considerably faster than in training phase A, evidencing the acquisition of a generalized rule 280 

based on stimulus frame color. By successfully reaching criterion in the transfer test, all of these 281 

subjects qualified for the experimental studies.  282 

 283 

- insert Table 1 around here - 284 

 285 

Experiment 1 – Color interference task 286 

As described in the introduction, the aim of Experiment 1 was to determine whether 287 

subjects’ performance in the task (selecting the correct stimulus based only on the color of its 288 



 

frame) would be affected by the task-irrelevant pictorial content embedded in those color frames. 289 

In order to create an experimental situation that would maximize the probability of giving rise to 290 

such effects of embedded content on task performance, we presented subjects with novel target 291 

and distractor stimuli in which the embedded content consisted of geometrical shapes (see Fig. 292 

1b) that were identical in shape but differed in their color (blue or yellow). In congruent trials, 293 

the geometric shapes were of the same color as the frames surrounding them, in incongruent 294 

trials these geometric shapes were of the alternative color (e.g. such that a yellow shape would be 295 

embedded in the blue color frame. We predicted that subjects would show lower accuracy in 296 

incongruent trials as opposed to congruent trials. We also predicted that within correct trials, 297 

subjects would exhibit longer latencies in incongruent trials than in congruent trials. Such an 298 

interference effect of embedded picture content on task performance, if it existed, could be 299 

regarded as evidence that subjects are indeed affected by content that is objectively irrelevant to 300 

making a correct selection. The apparatus and the trial procedure were identical to the training 301 

phase. 302 

 303 

Method 304 

 305 

Subjects 306 

All eight subjects who had successfully completed color discrimination training 307 

participated in Experiment 1. This resulted in a sample of 3 males and 5 females (mean age of all 308 

subjects in years at the beginning of this experiment: M = 17.75, SD = 12.30). It should be noted 309 

that before participating in Experiment 1 these eight subjects participated in an additional 310 

experiment utilizing this paradigm comprising four to seven sessions in total that could not be 311 



 

considered for this study due to technical difficulties during data collection for several subjects. 312 

However, all of the stimuli used in Experiments 1 and 2 were previously unfamiliar to the 313 

subjects, except where noted. 314 

 315 

Stimuli 316 

For the color interference task, stimuli contained images of four different geometrical 317 

shapes (square, circle, flower, star) that were either blue or yellow and presented on a white 318 

background, with a frame surrounding this image which was either of the same color (congruent 319 

condition) or of different color (incongruent condition). Additionally, five black-and-white 320 

photographs of everyday objects (book, mug, pencil sharpener, plate, watering can) presented on 321 

a white background were used as control stimuli (see Fig. 1b for example stimuli used in the 322 

color interference task). These control stimuli, with which the subjects were already familiar 323 

from a previous experiment, were selected to ensure minimal interference with color 324 

discrimination performance. 325 

 326 

Design 327 

One to four days before the experiment, subjects were required to pass a refresher test 328 

that consisted of one session of the color discrimination transfer test. If subjects’ performance 329 

exceeded 70 % on this refresher test (a criterion which all subjects met on first attempt), they 330 

began participating in the experiment on the next testing day. This more relaxed criterion was 331 

chosen to avoid overtraining and thus ceiling effects in subjects’ accuracy across conditions. The 332 

experiment consisted of two sessions, each presenting subjects with a total of 120 trials that 333 

included 80 test trials (congruent and incongruent trials) and 40 control trials. Each test trial 334 



 

presented one of four different geometrical shapes in the center of both target and distractor color 335 

frame. The shapes were either of the same color as the color frames surrounding them (congruent 336 

trials) or of the alternative color (incongruent trials). Targets could either appear on the left or the 337 

right side of the screen. These parameters combined to 4 (shape) x 2 (congruence) x 2 (target 338 

side) = 16 unique test trial configurations. Each of these 16 unique test trial configurations was 339 

presented 5 times over the course of a session, yielding 80 test trials (40 congruent and 40 340 

incongruent trials). Each control trial presented one of five different black and white 341 

photographs, which were familiar to the subjects, in the center of both target and distractor color 342 

frame. Again, targets could either appear on the left or the right side of the screen, yielding 5 343 

(photo) x 2 (target side) = 10 unique control trial configurations, of which each was presented 344 

four times per session, resulting in a total of 40 control trials. In both experimental sessions all 345 

test and control trials were presented in random order with the sole restriction that target stimuli 346 

would not be presented on the same side of the screen for more than two consecutive trials. For 347 

one subject Session 1 and Session 2 each had to be split into two parts (conducted on different 348 

testing days) because the subject stayed inactive for more than five minutes during the course of 349 

the session. 350 

 351 

Data analysis 352 

In order to compare subjects’ performance across conditions, the mean accuracy 353 

(percentage of correct trials across both sessions) was calculated for each subject for each 354 

condition. We performed a one-way repeated measures ANOVA with condition (levels: control, 355 

congruent, incongruent) as factor and mean accuracy as dependent variable. As mean accuracy 356 



 

represents a proportion, the data was arcsine-transformed to approximate normality before 357 

further analysis (Cohen & Cohen, 1983). 358 

In order to compare subjects’ response latencies across sessions the median response time 359 

for correct trials was calculated, again for each subject for each condition across sessions. These 360 

individual response latency scores were then subjected to a one-way repeated measures ANOVA 361 

with category (levels: control, congruent, incongruent) as factor, and latency medians as 362 

dependent variable. Degrees of freedom were Greenhouse-Geisser-corrected for all analyses. All 363 

statistical tests were two-tailed. 364 

Inspection of video recordings of all sessions revealed that in a small number of trials 365 

problems with response recording occurred, i.e. at least one touch to either stimulus was not 366 

immediately followed by appropriate program feedback. Such problems occurred in 24 of 1908 367 

trials (the 12 remaining trials could not be evaluated because a subject was blocking the view), 368 

which corresponds to 1.26 % of trials. Further inspection suggested that these instances could 369 

almost entirely be attributed to the manner in which the infrared touchscreen was operated by 370 

subjects in these trials (e.g. during the non-registered touch, one of the subject’s fingers was 371 

touching the background area, thereby blocking the touch screen program temporarily from 372 

recording further input). All 24 trials were excluded from analysis. Including these trials in data 373 

analysis did not affect results substantially. 374 

 375 

Results 376 

Accuracy 377 

Figure 2a depicts mean accuracy scores for the different conditions. There was a 378 

significant effect of condition on accuracy, F(1.93, 13.54) = 19.44, p < .001. Pairwise 379 



 

comparisons revealed that chimpanzees performed significantly worse in incongruent trials than 380 

they did in congruent trials, t(7) = -6.34, p < .001, or in control trials, t(7) = -4.33, p = .003, 381 

whereas there was no significant difference between congruent and control trials, t(7) = -1.23, p 382 

= .258. 383 

 384 

Latency 385 

Figure 2b depicts mean latency scores for the different conditions. There was a significant 386 

effect of condition, F(1.38, 9.65) = 6.90, p = .020. Paired samples t-tests revealed that 387 

chimpanzees responded significantly faster in congruent trials than in incongruent trials, t(7) = -388 

2.95, p = .022, or control trials, t(7) = -4.13, p = .004, but there was no significant difference 389 

between response latencies in incongruent vs. control trials, t(7) = 1.06, p = .326.  390 

 391 

- insert Figures 2a and 2b around here - 392 

 393 

Discussion 394 

Subjects made more errors in incongruent trials than in congruent or control trials. Considering 395 

correct trials only, subjects were faster to complete congruent trials than incongruent or control 396 

trials. These findings are in accordance with our hypothesis that in spite of being trained to 397 

ignore pictorial content and respond based on frame color only, subjects’ performance was 398 

indeed affected by the pictorial content embedded in the color frames. The results of the first 399 

experiment may thus be regarded as a “proof of concept”, evidencing that under certain 400 

conditions frame content may affect the accuracy and speed of frame color discrimination. The 401 

second experiment was designed to investigate whether this effect could also be detected for 402 



 

stimuli that differed primarily in terms of their (presumed) emotional relevance to subjects – that 403 

is whether subjects would exhibit an effect resembling the emotional Stroop effect. 404 

 405 

Experiment 2 – Modified emotional Stroop task 406 

In Experiment 2, we presented subjects with color photographs of human beings 407 

embedded in the color frames, and with control stimuli in which the color frame contained only a 408 

white square. The color photographs belonged to three categories based on the relationships that 409 

the depicted humans had with the chimpanzee subjects (veterinarian, caretakers, unfamiliar 410 

humans). While it is in the interest of all the staff at Leipzig Zoo to maintain and further animal 411 

welfare and well-being, stressful encounters as part of medical procedures cannot always be 412 

avoided. In particular, visits by the zoo veterinarian that include anaesthetization are stressful to 413 

most chimpanzee subjects. We thus expected the emotional valence associated with photographs 414 

depicting the veterinarian to be negative for all subjects who had had at least one 415 

anaesthetization experience before Experiment 2 was conducted. Based on the human literature 416 

on attention to emotional stimuli, we expected interference effects (impaired performance in the 417 

color discrimination task) to be most pronounced for these (presumably negative) stimuli, that is, 418 

we predicted lower accuracy as well as longer latencies in correct trials for stimuli depicting the 419 

veterinarian than for any other stimulus category (caretaker, unfamiliar humans, control). For the 420 

caretakers and unfamiliar humans, it is more difficult to hypothesize which emotional reaction a 421 

particular picture might evoke in a particular subject. We thus had no hypotheses with regard to 422 

differences in accuracy or latency between these stimulus categories. Because the number of 423 

unique stimuli used in this experiment was quite small (four stimuli per category), we also 424 



 

examined whether interference effects for negative stimuli may be subject to habituation, that is 425 

whether they would decrease over sessions.  426 

Because we assume the negative valence of photographs of the veterinarian to be 427 

ontogenetically acquired, individual experience with anaesthetization has to be taken into 428 

account. The time since the last anaesthetization experience differed considerably for the 429 

subjects participating in this experiment, with one subject having never had an anaesthetization. 430 

Consequently, we expected the interference effects for stimuli from the veterinarian category to 431 

be stronger for those subjects whose experience with the anaesthetization procedure was more 432 

recent, and we expected weaker effects for the subject who had not had any anaesthetization 433 

experience yet (but who had also been visited by the veterinarian before). 434 

In humans, interference effects of negative stimuli in the emotional Stroop task are often 435 

moderated by individual differences in personality (e.g. Bar-Haim et al., 2007; Mauer & 436 

Borkenau, 2007). Therefore, we also computed anxiety and aggression scores which were 437 

derived from trait ratings provided by human raters who were familiar with the chimpanzees, to 438 

investigate whether interference effects associated with negative stimuli might be more 439 

pronounced in chimpanzees that were described as more anxious or, alternatively, more 440 

aggressive by human raters. The apparatus and the trial procedure were identical to the training 441 

phase. 442 

 443 

Method 444 

Subjects 445 

Seven subjects participated in Experiment 2. One female chimpanzee that had previously 446 

participated in Experiment 1 could not participate in Experiment 2 because she avoided 447 



 

operating the touch screen in multiple attempts of conducting the refresher test. This exclusion 448 

yielded a sample of 3 males and 4 females for Experiment 2 (mean age of all subjects in years at 449 

the beginning of this experiment: M = 17.29, SD = 13.21). 450 

 451 

Stimuli 452 

Three different stimulus categories including pictures of humans were used, each 453 

comprising four different images (see Figure 1c and Table 2 for details). The category “stranger” 454 

included two photographs of each of two different humans unfamiliar to the subjects, one image 455 

of each stranger showing the face only, and the other showing the actor from the waist up, 456 

holding an object (in this case a backpack) in front of them.  The category “caretaker” included 457 

photographs of two different caretakers whom the subjects see and interact with regularly. Both 458 

caretakers had known each subject participating in the study for at least eight years. The category 459 

included one image of each caretaker showing the face only and one image of each caretaker 460 

showing the actor from the waist up, holding an object (in this case a food bucket without visible 461 

food) in front of them. The category “vet” included four pictures of the zoo veterinarian, two 462 

images of the veterinarian showing the face only (one with and one without work gear typically 463 

worn when encountering the subjects) and two images of the veterinarian showing the actor from 464 

the waist up (again, one with and one without work gear), holding a blowpipe, typically used to 465 

anaesthetize animal subjects, in front of his face, aiming at the viewer. All human actors were 466 

male. One additional stimulus containing only a blank white square embedded in the color frame 467 

was used as a control stimulus. To maximize recognizability and ecological validity, we 468 

presented subjects with color, rather than black and white images. Photoshop CS6 was used to 469 

match stimuli as best as possible for their luminosity parameters across stimulus categories 470 



 

(stranger, caretaker, vet) and image types (face image, upper body image). For a list of all stimuli 471 

used in Experiment 2, see Table 2. 472 

 473 

- insert Table 2 around here - 474 

 475 

Design 476 

One to four days before the experiment, subjects were required to pass a refresher test 477 

that consisted of one session of the color discrimination transfer test (see Experiment 1). The 478 

performance of all subjects exceeded 70 % in this refresher test and they began participating in 479 

the experiment on the next testing day.  480 

The experiment consisted of three sessions. Within each session, we presented subjects 481 

successively with small test blocks that included four stimuli from the same category, followed 482 

by one control trial. We arranged stimuli in this order because studies with humans have shown 483 

emotional Stroop effects to be most pronounced when stimuli of the same valence category are 484 

presented in blocks (Bar-Haim et al., 2007; McKenna & Sharma, 2004). Hence, in this study 485 

stimuli from the same valence category were also presented in blocks. However, frequent 486 

repetitions of the same stimuli often result in habituation in studies using the emotional Stroop 487 

task (e.g. Ben-Haim, Mama, Icht, & Algom, 2014; Witthöft, Rist, & Bailer, 2008). Because in 488 

this study we used only four unique stimuli of each category, we attempted to minimize possible 489 

within-block habituation effects by reducing the number of trials within blocks to four. Finally, 490 

each block of stimuli from the same category was followed by one control trial, thus separating 491 

blocks of stimuli from different categories. Control trials were interspersed in this manner to 492 

minimize carry-over effects (stimulus valence affecting performance in subsequent trials) that 493 



 

have been reported to occur in emotional Stroop tasks (Algom, Chajut, & Lev, 2004; Frings, 494 

Englert, Wentura, & Bermeitinger, 2010; McKenna & Sharma, 2004; Waters, Sayette, & Wertz, 495 

2003).  496 

In each of the three sessions, subjects completed a total of 125 trials, including 29 control 497 

trials, 32 stranger trials, 32 caretaker trials, and 32 vet trials. Whether the target would appear on 498 

the left or on the right side was randomly determined for each trial. Each session began with a 499 

warm-up block of five control trials which was followed by 24 test blocks, with each test block 500 

consisting of five trials in total: the first four trials presented the subject with all four unique 501 

stimuli from the same category (stranger, caretaker, or vet), while the fifth trial was a control 502 

trial. Within the four test trials of each test block, the order of stimuli presented was 503 

counterbalanced such that across the three sessions, every subject was presented with all possible 504 

orders of the four stimuli from that category exactly once. The 24 test blocks of each session 505 

were further organized in segments, with each segment consisting of three test blocks (one from 506 

each category in counterbalanced order). Thus, each session (excluding the five warm-up trials at 507 

the beginning) consisted of a succession of eight segments. Consequently, subjects were 508 

presented with eight test blocks of each category per session. For two subjects Session 1 had to 509 

be split into two parts (conducted on different testing days) because the subjects exhibited clear 510 

signs of aggression during the first testing session (see Results section). 511 

 512 

Personality trait ratings 513 

In order to obtain personality measures, four raters filled out a German version of the 514 

Hominoid Personality Questionnaire (HPQ; King & Figueredo, 1997; Weiss et al., 2009) for all 515 

17 chimpanzees (6 males and 11 females, mean age M = 22.06, SD = 12.92) that were at the time 516 



 

of data collection part of the same housing group as the eight subjects who participated in the 517 

experimental studies. Two of the four raters were animal caretakers and two raters were research 518 

assistants who frequently carry out behavioral observations on all subjects from that group. Each 519 

rater had at least 1.5 years of experience with each subject. The current version of the HPQ 520 

consists of 54 items (e.g. anxious, friendly, intelligent) that are complemented by behavioral 521 

descriptions (e.g. “ANXIOUS: Subject often seems distressed, troubled, or is in a state of 522 

uncertainty”). The rater indicates on a Likert scale that ranges from 1 (“Displays either total 523 

absence or negligible amounts of the trait.”) to 7 (“Displays extremely large amounts of the 524 

trait.”) to which extent he or she finds the trait to be characteristic of the subject in question. 525 

Trait ratings were provided by all four raters for all 17 subjects for all 54 items. Only a subset of 526 

items was considered for further analysis in the context of this study because of the item’s 527 

obvious relevance (face validity) to the personality domain of anxiety (anxious, cautious, 528 

excitable, fearful, timid) or aggression (aggressive, bullying,  irritable; and reverse coded: 529 

affectionate, friendly, gentle, helpful, sympathetic).  530 

 531 

Data analyses 532 

In order to compare subjects’ performance across conditions, the mean accuracy 533 

(percentage of correct trials) was calculated for each subject for each condition in each session. 534 

We performed a two-way repeated measures ANOVA with session and condition (levels: 535 

control, stranger, caretaker, vet) as factors and mean accuracy as dependent variable. Again, 536 

accuracy data was arcsine-transformed to approximate normality. 537 

In order to compare subjects’ response latencies, the median response time for correct 538 

trials was calculated for each subject for each condition in each session.
2
 These individual 539 



 

response latency scores were then subjected to a two-way repeated measures ANOVA with 540 

session and condition (levels: control, stranger, caretaker, vet) as factors, and the individual 541 

latency medians as dependent variable. In order to examine whether interference effects would 542 

decrease across sessions (as a result of habituation) we also analyzed the data for a possible 543 

interaction between condition and session. Degrees of freedom were Greenhouse-Geisser-544 

corrected for all analyses. 545 

To quantify individual differences in task interference elicited by the presence of negative 546 

stimuli, we computed individual interference scores, as is frequently done in emotional Stroop 547 

paradigms. Because at the group level subjects showed habituation to the veterinarian stimuli 548 

over the course of the three sessions (see results section and Fig. 3b), we restricted the analysis 549 

of individual differences to Session 1. Interference scores were computed as the differences 550 

between response time in (correct) trials of the veterinarian condition and each of the other 551 

conditions, yielding three interference scores for each subject. These interference scores quantify 552 

for each subject to what extent the veterinarian stimuli (as opposed to other stimuli) interfere 553 

with and thus slow down the subject’s performance. Pearson correlation coefficients were 554 

computed to investigate the relationship between these interference scores and time passed since 555 

the last anaesthetization, as well as between interference scores and personality scores. All 556 

statistical tests were two-tailed. 557 

 As discussed for Experiment 1, problems with response recording occurred in a 558 

small number of trials (51 of 2624 evaluated trials, i.e. 1.94 %). Again, all of these trials were 559 

excluded from analysis. Including these trials in data analysis did not affect results substantially.  560 

 561 

Results 562 



 

 563 

Accuracy 564 

Figure 3a shows performance in the different conditions across sessions for those six 565 

subjects who had had experienced anaesthetization. The Session x Condition ANOVA revealed a 566 

significant main effect of condition, F(1.90, 9.51) = 11.30, p = .003, as well as a significant main 567 

effect of session, F(1.87,9.37) = 7.45, p = .012, but no significant interaction, F(2.73, 13.66) = 568 

1.86, p = .187. Pairwise comparisons of accuracy (across all three sessions) between the vet 569 

condition and the other conditions (t-tests for paired samples) revealed that chimpanzees 570 

performed worse in veterinarian than in control trials, t(5) = -5.51, p = .003, whereas no 571 

significant difference was found between vet trials and stranger trials, t(5) = -.68, p = .524, or 572 

between vet trials and caretaker trials, t(5) = -1.96, p = .107. 573 

Following a suggestion by an anonymous reviewer we investigated whether the presence 574 

vs. absence of the gear that the veterinarian typically wears when anaesthetizing subjects (see 575 

Stimuli section) had an effect on the subjects’ performance. To this end, we conducted a number 576 

of analyses that were restricted to data from veterinarian trials. Similar to the main analyses of an 577 

effect of condition described above, we analyzed whether there was an effect on accuracy by 578 

conducting a two-way repeated measures ANOVA with session and condition (levels: vet with 579 

work gear, vet without work gear) as factors and arcsine-transformed mean accuracy as 580 

dependent variable. This analyses did not reveal a significant effect of gear presence, F(1.00, 581 

5.00) = .48, p = .518, or session, F(1.64, 8.18) = 1.42, p = .288, nor a significant interaction of 582 

the two factors, F(1.42, 7.12) = .60, p = .519. An analysis restricted to Session 1 (t-test for paired 583 

samples) did not reveal a difference in accuracy between trials with work gear present vs. absent 584 

that reached conventional levels of statistical significance, t(5) = 2.16, p = .083. 585 



 

 586 

Latency 587 

Figure 3b shows latency in correct trials in the different conditions across sessions for all 588 

6 subjects who had had experienced anaesthetization in the past. The Session x Condition 589 

ANOVA revealed a significant main effect of condition, F(1.48, 7.38) = 15.08, p = .003. The 590 

main effect of session was marginally significant, F(1.87,9.36) = 3.40, p = .080, as was the 591 

interaction between the two factors, F(2.16, 10.80) = 3.65, p = .059. Because the presence of an 592 

interaction makes it difficult to interpret main effects (Underwood, 1997), we further 593 

investigated this interaction by analyzing the data for all three sessions separately. One-way 594 

ANOVAs revealed significant effects of condition in Session 1, F(1.32,6.60) = 11.02, p = .011, 595 

Session 2, F(1.36,6.81) = 6.38, p = .034, and Session 3, F(1.24,6.20) = 7.06, p = .033. Pairwise 596 

comparisons (paired samples t-tests) revealed that in Session 1 chimpanzees responded more 597 

slowly in trials presenting vet stimuli than in all other conditions (control: t(5) = 3.59, p = .016, 598 

caretaker: t(5) = 2.67, p = .044, stranger: t(5) = 3.65, p = .015). In Session 2, responses in trials 599 

presenting vet stimuli were significantly slower only in comparison to control stimuli, t(5) = 600 

5.89, p = .002, but not caretaker, t(5) = 1.75, p = .140, or stranger stimuli, t(5) = 1.06, p = .337. 601 

In Session 3, responses in trials presenting vet stimuli were significantly slower both in 602 

comparison to control stimuli, t(5) = 2.78, p = .039, and stranger stimuli, t(5) = 3.09, p = .027, 603 

but not in comparison to caretaker stimuli, t(5) = 1.74, p = .142. 604 

As described in the Accuracy section, we also explored whether the presence vs. absence 605 

of work gear in the veterinarian trials had an effect on response latency in correct trials. We 606 

conducted an ANOVA with session and conditions as factors and median response latencies as 607 

dependent variable. Neither the effect of session (F(1.04, 5.20) = 3.78, p = .107), nor condition 608 



 

(F(1.00, 5.00) = 3.70, p = .112), nor the interaction (F(1.04, 5.18) = .96, p = .375) reached 609 

conventional levels of statistical significance. Considering data from Session 1 alone, in spite of 610 

a sizable difference in response latency between the two conditions (mean latency when gear was 611 

present: M = 1320.67 ms, when gear was absent: M = 1024.75 ms), the effect was not 612 

statistically significant, t(5) = 1.27, p = .259. 613 

 614 

- insert Figures 3a and 3b around here - 615 

 616 

Performance and anaesthetization experience 617 

Except for one male chimpanzee, all subjects had had at least one anaesthetization 618 

experience when the study was conducted. The time since the last anaesthetization ranged from 619 

184 to 2676 days (ca. 6 to 88 months, M = 40.15, SD = 30.05). Figure 3c shows interference 620 

scores (differences in response latency between vet stimuli and each of the other stimulus 621 

categories) as a function of time since the last anaesthetization. Among the six subjects who had 622 

had anaesthetization experience, time passed since the last anaesthetization correlated strongly 623 

with interference scores from the first session. These correlations were significant for 624 

interference scores based on control stimuli, r(4) = -.92, p = .009, and for interference scores 625 

based on stranger stimuli, r(4) = -.88, p = .020, whereas the correlation between time since 626 

anaesthetization and interference scores based on caretaker stimuli was marginally significant, 627 

r(4) = -.81, p = .051. In addition to the statistical evidence, it should be noted that two subjects 628 

whose latest anaesthetization had been fairly recent in comparison to other subjects (6 months 629 

and 35 months) exhibited noticeable emotional reactions in the presence of vet stimuli during 630 

their first session, including backing away from the touch screen, vocalizations, ignoring food 631 



 

rewards in spite of continued participation (one subject), hitting and/or kicking the touch screen, 632 

and even breaking it (one subject). As mentioned above, these sessions were terminated 633 

prematurely and continued on the next testing day (without any further emotional reactions of 634 

this magnitude). Finally, the subject that did not have any prior anaesthetization experience did 635 

not exhibit response latencies that were substantially slower in the veterinarian condition than in 636 

the other two conditions that included pictures of humans (interference score based on control 637 

stimuli: 69.5 ms; based on stranger stimuli: 13.5 ms; based on caretaker stimuli: -9 ms). 638 

 639 

- insert Figure 3c around here - 640 

 641 

Performance and personality 642 

Interrater reliability was determined for each item by calculating ICC(3, 4) for all of the 643 

13 relevant items from the Hominoid Personality Questionnaire. Only items with reliability 644 

values higher than .5 were considered for further analysis, which led to the exclusion of the items 645 

“excitable” and “affectionate”. Interrater reliabilities for the remaining 11 items ranged from .53 646 

to .74, with an average of .65. Mean ratings (across raters) for these 11 items were subjected to 647 

further analysis. Cronbach’s α was determined both for the scale comprising the remaining four 648 

items indicating anxiety (anxious, cautious, fearful, timid), as well as for the scale comprising the 649 

remaining seven items indicating aggression (aggressive, bullying, irritable; and reverse coded: 650 

friendly, gentle, helpful, sympathetic), revealing excellent internal consistency for the anxiety 651 

scale (α = .95) and for the aggression scale (α = .91). Consequently, anxiety scores (the mean of 652 

the four anxiety items) and aggression scores (the mean of the seven aggression items) were 653 

computed for every subject who participated in Experiment 2. Among the six subjects who had 654 



 

had anaesthetization experience, interference scores for the first session (latency difference 655 

between vet stimuli and other stimuli) did not correlate significantly with anxiety scores 656 

(interference scores based on control stimuli: r(4) = -.02, p = .973; caretaker stimuli: r(4) = -.11, 657 

p = .843; stranger stimuli: r(4) = .12, p = .816), nor did they correlate significantly with the 658 

aggression scores (control stimuli: r(4) = .22, p = .674; caretaker stimuli: r(4) = .41, p = .416; 659 

stranger stimuli: r(4) = .42, p = .402). 660 

 661 

Discussion 662 

The purpose of Experiment 2 was to test the hypothesis that stimuli of negative emotional 663 

valence (pictures of the zoo veterinarian) would interfere with the performance of chimpanzee 664 

subjects in a color discrimination task (resulting in lower accuracy and slower responding). Our 665 

prediction with regard to response latency was confirmed by the data: breaking down the 666 

interaction between session and condition revealed that in the first session (when subjects saw all 667 

stimuli for the first time), response latencies on correct trials were slower in trials presenting vet 668 

stimuli than for any other stimulus class. Slow-down effects of this magnitude for all other 669 

stimulus classes were not observed in subsequent sessions. This difference between the first 670 

session and later sessions appears likely to be a result of habituation – at the beginning of 671 

Session 2 each subject had already seen every stimulus (including the four veterinarian stimuli) 672 

eight times.  Additionally, for Session 1, we found the slowing of responses in trials presenting 673 

the veterinarian stimuli (in comparison to other stimulus categories) to be more pronounced in 674 

subjects for whom less time had passed since the last anaesthetization procedure. Thus, it appears 675 

plausible that increased task interference was indeed a result of negative emotional valence 676 

associated with these stimuli.  677 



 

With regard to accuracy, while there was a main effect of condition across sessions, 678 

pairwise comparisons revealed a significant difference only between trials presenting 679 

veterinarian stimuli and control trials, but not between veterinarian stimuli and the other two 680 

human picture categories. These weaker effects of stimulus valence on accuracy mirror results in 681 

emotional Stroop tasks with human participants. In humans accuracy is typically at ceiling in all 682 

valence conditions and interference effects are manifested only in response time differences 683 

between conditions. Our chimpanzee subjects had had extensive training with the task, resulting 684 

in good to very good average performance across the different conditions. Additionally, while 685 

the negative stimuli used in this study affected our subjects’ latency to respond (at least in the 686 

first session), their threat potential may simply not have been strong enough to also impair 687 

performance accuracy. 688 

We did not observe a significant relationship between interference effects in Session 1 689 

and personality measures, as they are frequently reported in studies with human participants. 690 

While many different explanations are conceivable to explain the absence of an effect, it has to 691 

be acknowledged that a sample size of only six subjects implies low statistical power to detect 692 

moderator effects of personality variables, if they exist. For future studies that examine to what 693 

extent personality moderates the relationship between emotion and cognition in nonhuman 694 

primates, larger sample sizes would certainly be desirable. In order to allow for cross-study 695 

comparisons, we made our results with regard to personality variables available in spite of this 696 

methodological caveat. 697 

 698 

General Discussion 699 

 700 



 

Overall, in Session 1 of our modified emotional Stroop task, chimpanzee subjects who had had 701 

experience with an anaesthetization procedure responded more slowly in trials presenting them 702 

with stimuli depicting the veterinarian than in trials presenting them with other stimuli, and this 703 

slow-down effect was more pronounced for subjects whose anaesthetization experience was 704 

more recent. As this suggests that stimuli of negative valence impaired performance in a color 705 

discrimination task, this effect from Experiment 2 is comparable to the emotional Stroop effect 706 

frequently reported in human participants (e.g., Pratto & John, 1991). 707 

Based on our results alone, it is unclear to what extent the chimpanzees recognized the 708 

humans (including the veterinarian) depicted in the photographs. It could be argued, for example, 709 

that surface perceptual features unique to the veterinarian stimuli (such as color, contrast, 710 

contour, etc.) made them more threatening or interesting to look at, and that this, rather than their 711 

emotional valence, slowed down responses in veterinarian trials. This would not, however, 712 

explain the fact that interference effects were more pronounced for subjects whose last 713 

anaesthetization experience was more recent. Secondly, it could be argued that even if it is to be 714 

assumed that the chimpanzees did recognize some details in the veterinarian stimuli which then 715 

triggered negative associations as a result of the chimpanzees’ past experiences, based on our 716 

results alone it remains unclear whether it was the identity of the veterinarian or other details 717 

such as the blowpipe or the veterinarian’s work gear that bore the strongest negative associations 718 

and thus were mostly responsible for the slowing of responses. Finally, we acknowledge that our 719 

study is not informative with regard to whether such details were recognized as representations 720 

of their real life counterparts, or whether they were confused with them (see Fagot, Martin-721 

Malivel, & Depy, 1999). While our study was not designed to investigate these different 722 

possibilities, they have no bearing on the main findings of Experiment 2 that the veterinarian 723 



 

stimuli slowed down responding more than any other category of humans, and that the extent of 724 

this slowdown varied systematically with the time passed since the last anaesthetization 725 

experience. 726 

While our results show that presenting our chimpanzee subjects with pictures of the 727 

veterinarian slowed down their responding, it remains an open question which stages of 728 

executing the task are primarily disrupted by the presence of these stimuli. Identifying which one 729 

of the two stimuli is the target may be interrupted, e.g. if the veterinarian stimuli bind attentional 730 

resources more strongly than other stimulus categories. It is also conceivable that action 731 

execution (touching the selected stimulus) is affected by the presence of veterinarian stimuli, as 732 

negative stimuli are usually avoided rather than approached. In this case, the slowing of 733 

responses would reflect a reluctance to touch an aversive stimulus that has already been 734 

identified as the target, rather than a binding of attentional resources that disrupts target 735 

identification. This possibility could be ruled out in future studies if the stimuli are not present 736 

during the time of action execution (e.g. by presenting the picture stimuli embedded in the color 737 

frames only for a brief period before either stimulus is touched). Ambiguity with regard to which 738 

cognitive processes are involved in the slowdown has also been the subject of extensive debates 739 

over the interpretation of emotional Stroop effects in the human literature (e.g. Algom et al., 740 

2004; de Ruiter & Brosschot, 1994; MacLeod et al., 1986; Yiend et al., 2013).  741 

In conclusion, we propose our modified version of the emotional Stroop task as an easily 742 

implemented method to study the relationship between emotion and cognition in nonhuman 743 

primates, and possibly other species. However, considering the limitations with regard to the 744 

interpretability of interference effects, we agree with Yiend et al. (2013) that the paradigm may 745 

not be the best method to study how emotional stimuli disrupt cognitive task execution. If the 746 



 

strong effect that emotional valence had on task performance in this study can be replicated in 747 

future studies, we recommend the task instead as a method to study which stimuli (or stimulus 748 

categories) interfere with cognitive performance by virtue of their emotional valence. It may also 749 

offer a possibility to study how individuals differ with regard to how much their performance is 750 

affected. In this sense, the task may be suitable as a diagnostic tool to measure anxiety with 751 

regard to particular stimuli at the group or individual level, e.g. to investigate relationships 752 

between individuals from the same group.  753 
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Table 1.  

 

Numbers in parentheses indicate that criterion was not reached within reported number of 

sessions. 

  881 

Subject Sex Age 
Categorization 

Training A 

Categorization 

Training B 

Additional 

Categorization 

Training A 

Transfer 

Test 

Kofi male 7 7 - - 2 

Riet female 35 14 - - 2 

Lobo male 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 male 37 (40) (40) - - 

Corrie female 36 (40) (40) - - 



 

Table 2.  
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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 hair net 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 1 (face) 

stranger  stranger 2 (face) 

stranger  stranger 1 (from the waist up, holding backpack) 

stranger  stranger 2 (from the waist up, holding backpack) 



 

Fig 1a. 883 
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Table captions and figure legends 899 

Table 1 Number of sessions required to reach criterion in each training condition 900 

Table 2 Stimuli used in Experiment 2  901 

Figure 1a Trial procedure for color discrimination training A, transfer test, and Experiments 1 902 

and 2. The figure depicts a control trial from Experiment 1. 903 

Figure 1b Example stimuli from Experiment 1. 904 

Figure 1c Example stimuli from Experiment 2. 905 

Figure 2a Accuracy in different conditions in Experiment 1. Error bars represent SEM. 906 

Figure 2b Latency in different conditions in Experiment 1. Error bars represent SEM. 907 

Figure 3a Accuracy in different conditions across sessions in Experiment 2. 908 

Figure 3b Latency in different conditions across sessions in Experiment 2. 909 

Figure 3c Interference scores (response latency differences between vet condition and other 910 

conditions in Session 1 of Experiment 2) as a function of time since the last anaesthetization 911 



 

Footnotes 912 

1 It should be noted that for the color discrimination training A, the onsets of the trial initiation 913 

display, the 500ms waiting display, the stimuli, and the feedback interval were each 914 

accompanied by additional program-execution-related average delays of approximately 1 to 16 915 

ms. For the color discrimination training B, the onsets of the trial initiation display and of the 916 

500ms waiting display, the first onset of the stimuli, and the feedback interval onset were each 917 

accompanied by additional program execution related average delays of approximately 7 to 16 918 

ms. 919 

2 Following the suggestion of an anonymous reviewer, we also explored latencies in incorrect 920 

trials. Across sessions and categories, while response latencies in our sample of seven subjects 921 

tended to be slower in incorrect trials (mean of latency medians: M = 862.00 ms) than in correct 922 

trials (M = 768.07 ms), this effect was not statistically significant, t(6) = 1.55, p = .173. We 923 

further investigated specifically for trials presenting the veterinarian, whether response latencies 924 

from subjects with anaesthetization experience were slower in incorrect than in correct trials: 925 

considering data from all three sessions, we did not find a significant difference between 926 

latencies in correct vs. incorrect vet trials, t(5) = 1.43, p = .211. Considering Session 1 alone, in 927 

spite of a sizable mean difference in response latency between incorrect vet trials (M = 1320.08 928 

ms) and correct vet trials (M = 908.75 ms), this effect was not statistically significant, t(5) = 929 

1.98, p = .105. We would like to add a note of caution with regard to these results, however. For 930 

several subjects the rate of incorrect responses was very low. In particular, when considering vet 931 

trials alone, this means that some of the latency scores that had to be used in these analyses were 932 

based on as little as two to four data points (three subjects in Session 1). Such small numbers 933 

imply low measurement reliability, even when medians are used as measures of central tendency. 934 



 

For the same reason, latency comparisons between different categories that were restricted to 935 

incorrect trials were not carried out because several subjects made no errors in one or more of the 936 

non-veterinarian categories in one or more of the three sessions. 937 


