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1. Summary

One of the most prevalent current psychobiological notions about
human behaviour and emotion suggests that prioritization of
threatening stimuli processing induces deleterious effects on
task performance. In order to confirm its relevancy, 108 adults
and 25 children were required to name the colour of images
of snakes and flowers, using the pictorial emotional Stroop
paradigm. When reaction time to answer the colour of each
stimulus was measured, its value was found to decrease when
snake images were presented when compared with when flower
images were presented. Thus, contrary to the expectation from
previous emotional Stroop paradigm research, emotions evoked
by viewing images of snakes as a biologically relevant threatening
stimulus were found to be likely to exert a facilitating rather than
interfering effect on making judgements of their colour.

2. Introduction

There have been increasing reports about influences exerted by
emotion upon behaviour. In particular, the manner by which
processing emotional visual stimuli produces these effects is
of great interest. Concerning these issues, one of the notions
prevalent among psychologists is that due to limited attentional
capacity, prioritization of emotional stimuli processing induces
deleterious effects on task performance [1,2]. Perhaps the
most typical experimental testing of this notion has been
performed using the emotional Stroop paradigm developed by
psychopathologists [3-5]. In this paradigm, phobic participants
are asked to make judgements of the colour of presented textual
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Figure 1. Examples of the stimuli used in the experiment. (a) Image of snake in red and (b) image of flower in blue.

words that vary in personal, emotional significance. Delays in judgements of colour, or Stroop
interference, has been said to occur when the naming of the word captures the participant’s attention
despite the participant’s attempt to attend to its colour [6]. As a consequence, participants are likely to
exhibit delayed colour-naming for words related to their current concerns, and these concerns are most
often threat-related. Moreover, more anxious participants are likely to be slower at that colour-naming.
This is considered to be related to the fact that reacting defensively in fearful situations is crucial to the
survival of all animal species, including humans [7].

Indeed, most non-human primates are known to have evolved an innate predisposition to quickly
associate fear with some specific threatening stimuli. This is typically the case for their response to
venomous snakes [8]. In humans, too, snake-phobia is regarded as a phenomenon that is widespread
throughout the world [9]. An even stronger version of such an argument was published recently [10]. In
a comprehensive analysis of the origin of the human visual system, the author discussed the possibility
that some of its basic properties evolved precisely because they facilitated the detection of snakes.
Evidence supporting that notion included a series of investigations that showed that human adults have
an attentional bias for the detection of fear-relevant stimuli such as snakes compared to neutral stimuli,
such as flowers and mushrooms [8]. More recent studies have documented that preschool children,
8- to 14-month-old infants, and even non-human primates also detect snakes more quickly than flowers
[11-15]. The existence of neurons that respond selectively to snake images has been reported in macaque
monkeys [16].

Considering these findings, one may be led to reason from a psychopathological perspective that
humans would need to spend more time to make judgements about the colour of images of snakes than
they would need to make judgements about the colour of images of neutral stimuli such as flowers.
However, given the recent findings that snake recognition can even occur in humans prior to awareness
[9,11,13-15], the possibility of the opposite prediction arises; evolved dangerous stimuli should be more
rapidly and less cognitively responded to. According to this hypothesis, one can predict that viewing
images of snakes would accelerate making judgements of their colour. Darwin [17] has already claimed
the possibility, stating that ‘fear often acts at first as a powerful stimulant’, and that ‘a man or animal
driven through terror of desperation, is endowed with wonderful strength’. Indeed, suggestive empirical
evidence for this hypothesis has been presented by the findings of a previous study concerning snake fear
that were obtained with the textual emotional Stroop paradigm [18]. In the study, the participants with
such biologically adaptive fear were tested on words related to snakes (e.g. cobra), to a general threat (e.g.
fail), or to a neutral household theme (e.g. spoon). They were tested in the presence of a boa constrictor
(and were told to see how close they could get to the snake). Under these conditions, the study did not
find, within the colour-naming latency data, the predicted emotional Stroop interference in patients with
anxiety disorders. These findings were confirmed by others later [19]. Based on these results, the present
study was designed to determine which of the two predictions fit the data we would collect, using the
pictorial emotional Stroop paradigm [20-22].

In the experiment, reaction time (RT) was measured when participants named the colour of either an
image of snakes or one of flowers, both of which varied in colour (either red, green or blue; figure 1).
We decided to use this paradigm, because pictorial stimuli would be more effective or more ecologically
valid than text for assessing influences exerted by viewing biologically relevant threatening stimuli. As
reported below, the results indicate the fact that emotion (possibly fear) evoked by the images of snakes
exerts a facilitating effect upon making judgements of their colour.
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Figure 2. RTs of the participants. (a) Adult and (b) child participants across the six variations of the stimuli.

3. Material and methods

In this study, 108 undergraduates (mean age (s.d.) =20.71 years (1.02)) from several universities in Aichi
prefecture, Japan, were tested as the adult participants, and 25 schoolchildren between 7 and 13 years of
age from several elementary schools located in the same region were tested as the participant group of
children (mean age (s.d.) =10.12 years (1.56)). They were all right-handed and naive as to the purpose of
this study and had normal or corrected-to-normal vision.

As the stimuli, 20 photographs of snakes and 20 photographs of flowers were prepared. They were
the same as those used in our previous snake detection studies [13-15]. Each of the 40 pictures appeared
three times—once in red, once in green and once in blue—for a total of 120 experimental trials. These
three colours were chosen because they have been extensively used as stimuli in previous psychological
research regarding colour perception [23-25]. Moreover, they have been used extensively as standard
stimuli in previous studies concerning Stroop effects [3,6,26,27]. To create colour-filtered images, we
first removed all colour content from the photographs, generating black and white images. Subsequent
colour balance manipulation along three different dimensions transformed the shadows, midtones
and highlights of each greyscale image, thereby preserving luminosity (figure 1). Each stimulus was
presented against a black background.

The experiment was conducted in several sound-attenuated rooms that were familiar to all of the
participants, because they had already been tested there during our previous studies [15,25]. A 22-inch
monitor connected with a personal computer was placed on a table. An adapted single-trial version of
the pictorial emotional Stroop task [20] was used in the present experiment. Participants were told by an
experimenter, who had not been notified about the purpose of this study, that they would see a series of
colour-filtered pictures and should indicate the colour of each image as quickly as possible via key-press,
while ignoring the content of each picture. During the experiment, they were required to put each of the
index, middle and third finger of the right hand each onto one of three different keys on the external
numeric keypad, and were instructed to press the index finger to indicate that the picture was red, to
press the middle finger to indicate that the picture was green and to press the third finger for a blue
image. The relationship between keypad and colour was counterbalanced across the participants.

Both practice and experimental trials consisted of three events: (i) a white fixation cross, which
appeared at the centre of the screen for 1 s, (ii) the stimulus (picture), and (iii) a blank black screen
(duration 0.8s). Each stimulus remained on the screen until the participant pressed one of the three
keys, and its duration was recorded as RT in each trial. The 15 practice and 120 experimental trials were
randomized in advance. For the practice trials, one random sequence was generated.

We only analysed data from images matched to the correct colours. Mean error rates were 4.24% for
the adult participants and 2.78% for the child participants.

4, Results

Figure 2a,b presents mean RTs of the adult and child participants to the six different stimuli. When
the collected data were analysed by a 2 (adult/child, participant) x 2 (snake/flower, image) x 3
(red/green/blue, colour) ANOVA (analysis of variance), all of the three main effects were statistically
significant (F1131 =35.74, p <0.001, nf, =0.214 for participant, F1,131 =52.90, p <0.001, nf; =0.289 for
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image, F» 26p =12.23,p < 0.001, 17}2) = 0.086 for colour). The interaction between participant and image was
also significant (F,131 =8.05, p < 0.005, 77}2, =0.059). However, the interaction between participant and
colour was not significant (F3,62 = 0.26, p = 0.772, n%, = 0.002). The interaction between image and colour
was not significant (Fp,262 = 1.35, p = 0.260, nf, =0.009) either. The interaction among participant, image
and colour was not significant (F2 267 = 1.13, p = 0.323, n% =0.009). Subsequent analyses of simple main
effects (Bonferroni correction), which were performed because of the significant interactions between
participant and image, revealed that the RT to snake images was shorter than the RT to flower images
both in adults (p < 0.001) and in children (p < 0.05) although the difference was more robust in the adults
than in the children. The RT to red images was shorter than that to green images (p < 0.001) or to blue
images (p < 0.001), whereas the RT to green images was not significantly different from the RT to blue
images (p > 0.10).

5. Discussion

Results of this study apparently present evidence against the prediction that viewing images of snakes
interferes with making judgements of their colour. The data are consistent with the findings of the
previous study [18,19] obtained using the textual Stroop paradigm and were found to fit the opposite
prediction. The RT required to name the colour of an image of snakes was decreased when compared
with when naming the colour of an image of flowers. In addition, the RT to name the colour of red images
was shorter when compared with that for naming the colour of green or blue images. These findings
about the relationship between RT and the colour of the stimuli were predictable because accumulating
evidence has indicated that a stimulus presented in red draws attention more readily than the same
stimulus presented in other colours, such as green or blue [28]. Nevertheless, in this study, viewing snake
images, which can capture attention more readily than flower images, has facilitated naming the colour
of those images. As a result, the participants had the most rapid responses to images of red snakes.

Apparently, the observed phenomenon could not be explained by ‘emotional Stroop interference” [3],
but rather can be referred to as ‘emotional Stroop facilitation’, and is consistent with the recent argument
that emotion facilitates perception [29]. While that argument was based upon the results of a study in
which a prior exposure to an image of a fearful face enhanced subsequent visual processing, the present
findings indicate that this is the case for concurrent processing of the target as a threatening stimulus and
making a judgement of its colour.

To the best of our knowledge, this study is the first attempt to systematically test a pictorial emotional
Stroop paradigm, using snake images, except for one preliminary study [20]. The purpose of the
preliminary study was to develop the experimental protocol. Since the number of the participants
included in the study was limited, it is difficult to compare the present findings to that study.
Nevertheless, they appear to be in accordance with the results of a previous study [6] that reported the
acceleration of colour-naming in healthy students on exposure to an anxiety-producing film. Moreover,
subsidiary data collected from healthy participants involved in a psychopathological study as a control
group present evidence that strongly supports our findings [26]. The study showed that latency to
colour-naming was longer for threatening words than for non-threatening words in patients with anxiety
disorders, but that the latency was longer for non-threatening words than for threatening words in
healthy adults. The authors of the study did not provide any explanation for the results. Taken together
with these findings, however, the results of this study indicate that as far as healthy adults and children
are concerned, they are more adept at avoidance when being exposed to evolved dangerous stimuli,
by responding less cognitively. This is also in line with the notion stated by Darwin that emotions are
adaptive insofar as they prompt actions beneficial to the organism [30]. Darwin [17] also noted fear such
as that’...soon induces utter, helpless prostration, as if in consequence of, or in association with, the most
violent and prolonged attempts to escape from the danger’. The biological structures that support these
responses also usually communicate with those that provide the ability to inhibit and control reactions
involving the cognitive processing of numerous attributes of a target as a threatening stimulus.

Finally, it should be noted that the emotional Stroop facilitation observed here was more robust in the
adult participants than in the child participants. It is well known that children are often less fearful of
snakes than adults [9,10]. Although that could partly explain the overall longer RTs in the children, the
possible roles of factors such as experience, maturation and socialization that may have been operative
are yet unknown. Further investigation into this issue is required in the near future.

990011 ‘DS uado 205y BioBuiysigndiaaposieforsoss



Ethics statement. This investigation was conducted according to the principles expressed in the Declaration of Helsinki.
All experimental protocols were consistent with the Guide for Experimentation with Humans and were approved by
the Institutional Ethics Committee of the Primate Research Institute, Kyoto University (no. 2011-150). The authors
obtained written informed consent from all the adult participants and the parents of all child participants involved in
the study.
Data accessibility. Raw data: Dryad doi:10.5016/dryad.j22k0.
Acknowledgements. We are grateful to Satoko Yamada for her assistance in conducting experimentation and Elizabeth
Nakajima for making comments on an earlier version of this manuscript. M.S. and T.I. collected and analysed data.
N.M. conceived of the study, designed the study and drafted the manuscript. All authors gave final approval for
publication.
Funding statement. This research was supported by a grant-in-aid (JSPS no. 25285201) as well as by the Grants for
Excellent Graduate Schools programme from the Ministry of Education, Science, Sports and Culture, Japanese
Government.
Competing interests. We have no competing interests.

References

Ohman A, Lundquist D, Esteves F. 2001 The face in
the crowd revisted: a threat advantage with
schematic stimuli. J. Per. Soc. Psychol. 80, 381-396.
(doi:10.1037/0022-3514.80.3.381)

Ishai A, Pessoa L, Bikle PC, Ungerleider 1G. 2004
Repetition suppression of faces is modulated by
emotion. Proc. Natl Acad. Sci. USA 101, 9827-9832.
(d0i:10.1073/pnas.0403559101)

MacLeod CM. 1991 Half a century of research on the
Stroop effect: an integrative review. Psychol. Bull.
109, 163-203. (doi:10.1037/0033-2909.109.2.163)
Cohen JD, Dunbar K, McClelland JL. 1990 On the
control of automatic processes: a parallel
distributed account of the Stroop effect. Psycol. Rev.
97, 332-361. (d0i:10.1037/0033-295X.97.3.332)
Williams JMD, Mathews A, MacLeod C. 1996 The
emotional Stroop task and psychopathology.
Psychol. Bull. 120, 3-24.
(d0i:10.1037/0033-2909.120.1.3)

Riemann BC, McNally RJ. 1995 Cognitive processing
of personally relevant information. Cogn. Emotion 9,
325-340. (doi:10.1080/02699939508408970)
Seligman MEP. 1971 Phobias and preparedness.
Behav. Therapy 2, 307-320.
(doi10.1016/50005-7894(71)80064-3)

Ohman A, Mineka S. 2001 Fears, phobias, and
preparedness: toward an evolved module of fear
and fear learning. Psychol. Rev. 108, 483—522.
(d0i:10.1037/0033-295X.108.3.483)

Isbell LA. 2006 Snakes as agents of evolutionary
change in primate brains. J. Hum. Evol. 51,1-35.
(d0i:10.1016/j.jhevol.2005.12.012)

. Isbell LA. 2009 The fruit, the tree, and the serpent:

why we see so well. Harvard, MA: Harvard University
Press.

. LoBue V, DeLoache JS. 2008 Detecting the snake in

the grass—attention to fear-relevant stimuli by
adults and young children. Psychol. Sci. 19,
284-289. (doi:10.1111/j.1467-9280.2008.02081.x)

20.

. Shibasaki M, Kawai N. 2009 Rapid detection of

snakes by Japanese monkeys (Macaca fuscata): an
evolutionarily predisposed visual system. J. Comp.
Psychol. 123, 131-135. (doi:10.1037/a0015095)

. Masataka N, Hayakawa S, Kawai N. 2010 Human

young children as well as adults demonstrate
‘superior’ rapid snake detection when typical
striking posture is displayed by the snake. PLoS ONE
5, 15222. (doi:10.1371/journal.pone.0015122)

. Hayakawa S, Kawai N, Masataka N. 2011 The

influence of color on snake detection in visual
search in human children. Sci. Rep. 1, 80.
(doi:10.1038/5rep00080)

. Masataka N, Shibasaki M. 2012 Premenstrual

enhancement of snake detection in visual search in
healthy women. Sci. Rep. 2, 307.
(doi:10.1038/srep00307)

. Le QV, Isbell LA, Matsumoto J, Nguyen M, Hori E,

Maior RS, Tomaz Cvran AH, Ono T, Nishijo H. 2013
Pulvinar neurons reveal neurobiological evidence of
past selection for rapid detection of snakes. Proc.
Nat! Acad. Sci. USA 110,19 000-19 005.
(doi:10.1073/pnas.1312648110)

. Darwin CR.1872 The expression of emotions in man

and animals. London, UK: John Murray.

. Mathews A, Sebastian S. 1993 Suppression of

emotional Stroop effects by fear-arousal. Cogn.
Emotion 7, 517-530. (doi:10.1080/
02699939308409203)

. Amir N, McNally RJ, Riemann BC, Burns J, Lorenz M,

Mullen JT. 1996 The suppression of the emotional
Stroop effect by increased anxiety in patients with
social phobia. Behav. Res. Therapy 34, 945-948.
(doi:10.1016/50005-7967(96)00054-X)
Constantine R, McNally RJ, Hornig CD. 2001 Snake
fear and the pictorial emotional Stroop paradigm.
Cogn. Therapy Res. 25, 757-764.
(doi:10.1023/A:1012923507617)

2.

2.

2.

24,

25.

26.

27.

2.

29.

30.

Ashwin C, Wheelwright S, Baron-Cohen S. 2006
Attentional bias to faces in Asperger syndrome:

a pictorial emotion Stroop study. Psychol. Med. 36,
835-843. (d0i:10.1017/50033291706007203)

Benoit K, McNally RJ, Rapee RM, Gamble AL,
Wiseman AL. 2007 Processing of emotional faces in
children and adolescents with anxiety disorders.
Behav. Change 24,183-194.
(doi:10.1375/bech.24.4.183)

Ali MR. 1972 Pattern of EEG recovery under photic
stimulation by light of different colors. Clin.
Neuropsychol. 33, 332-335.

Jacobs KW, Hustmeyr Jr FE. 1974 Effects of four
psychological primary colors on GSR, heart rate and
respiration rate. Percept. Mot. Skills 38, 763—766.
(doi:10.2466/pms.1974.38.3.763)

Shibasaki M, Masataka N. 2014 The color red distorts
time perception for men, but not for women. Sci.
Rep. 4,5899. (doi:10.1038/srep05899)

Martin M, Williams RM, Clark DM. 1991 Does anxiety
lead to selective processing of threat-related
information? Behav. Res. Therapy 29, 147-160.
(doi:10.1016/0005-7967(91)90043-3)

Bruce G, Jones BT. 2004 A pictorial Stroop paradigm
reveals an alcohol attentional bias in heavier
compared to lighter social drinkers. J. Psychopharm.
18, 527-533. (doi:10.1177/0269881104047280)

Elliot A, Aarts H. 2011 Perception of the color red
enhances the force and velocity of motor output.
Emotion 1, 445-449. (doi:10.1037/20022599)
Phelps EA, Ling S, Carrasco M. 2006 Emotion
facilitates perception and potentiates the
perceptual benefits of attention. Psychol. Sci. 17,
292-299. (doi:10.1111/j.1467-9280.2006.01701.x)
Fanselow MS. 1994 Neural organization of the
defensive behavior system responsible for fear.
Psychonom. Bull. Rev. 1, 429-438.
(doi:10.3758/BF03210947)

9900L:1 ‘DS uado 05y 1o Buiysgndiaaposieforsoss


http://dx.doi.org/doi:10.5016/dryad.j22k0
http://dx.doi.org/doi:10.1037/0022-3514.80.3.381
http://dx.doi.org/doi:10.1073/pnas.0403559101
http://dx.doi.org/doi:10.1037/0033-2909.109.2.163
http://dx.doi.org/doi:10.1037/0033-295X.97.3.332
http://dx.doi.org/doi:10.1037/0033-2909.120.1.3
http://dx.doi.org/doi:10.1080/02699939508408970
http://dx.doi.org/doi:10.1016/S0005-7894(71)80064-3
http://dx.doi.org/doi:10.1037/0033-295X.108.3.483
http://dx.doi.org/doi:10.1016/j.jhevol.2005.12.012
http://dx.doi.org/doi:10.1111/j.1467-9280.2008.02081.x
http://dx.doi.org/doi:10.1037/a0015095
http://dx.doi.org/doi:10.1371/journal.pone.0015122
http://dx.doi.org/doi:10.1038/srep00080
http://dx.doi.org/doi:10.1038/srep00307
http://dx.doi.org/doi:10.1073/pnas.1312648110
http://dx.doi.org/doi:10.1080/02699939308409203
http://dx.doi.org/doi:10.1080/02699939308409203
http://dx.doi.org/doi:10.1016/S0005-7967(96)00054-X
http://dx.doi.org/doi:10.1023/A:1012923507617
http://dx.doi.org/doi:10.1017/S0033291706007203
http://dx.doi.org/doi:10.1375/bech.24.4.183
http://dx.doi.org/doi:10.2466/pms.1974.38.3.763
http://dx.doi.org/doi:10.1038/srep05899
http://dx.doi.org/doi:10.1016/0005-7967(91)90043-3
http://dx.doi.org/doi:10.1177/0269881104047280
http://dx.doi.org/doi:10.1037/a0022599
http://dx.doi.org/doi:10.1111/j.1467-9280.2006.01701.x
http://dx.doi.org/doi:10.3758/BF03210947

	Summary
	Introduction
	Material and methods
	Results
	Discussion
	References

