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ABSTRACT
Certain animals have represented a danger to humans in terms of a predation and
pathogen threat over our evolutionary history. It is therefore adaptive for people to
respond to a potential threat faster than to harmless events. Using simple choice tasks,
the reaction time of children to predators, disease carriers and aposematically coloured
animals were investigated. Children reacted the fastest to predators, followed by
disease carriers and finally aposematically coloured animals. Furthermore, children
manifested the highest accuracy when distinguishing predators from non-predators,
followed by disease carriers and harmless animals, with the most errors occurring when
identifying the aposematically coloured from non-aposematically coloured animals.
Importantly, children more vulnerable to infectious diseases responded to disease
carriers faster than healthier children. These results suggest that children are skilled in
distinguishing potential danger from non-danger and that the behavioural immune
system influences reaction times in visual contact with the pathogen threat.
Keywords: animals, behavioural immune system, predators

INTRODUCTION
Natural selection shaped the human brain which influences psychology and behaviour. The way we think, feel and
respond to external stimuli ultimately influenced the survival and reproductive success of our ancestors in our
evolutionary past (Michalski & Shackelford, 2010). Predators, parasites and other harmful animals, which cause
human mortality and morbidity (Hart & Sussman 2009; Prokop & Fedor, 2013), could be viewed as the selective
forces responsible for perceptual biases in the rapid detection of evolutionary threats (LoBue et al., 2010).
It has been speculated that danger from animals is elicited by certain harmful shapes, such as teeth, claws or
spikes (Prokop & Fančovičová, 2017; Souchet & Aubret, 2016; Štefaniková & Prokop, 2015). Indeed, detection of a
snake among fear-irrelevant distractors (e.g., flowers, mushrooms) on a touchscreen was consistently faster than
vice versa (LoBue & DeLoache, 2008; LoBue & Rakison, 2013; Öhman et al., 2001). Large carnivore predators are
tracked by the eyes for a longer time than non-predatory animals (Penkunas & Coss, 2013; Yorzinski et al., 2014)
and highly conspicuous, while aposematically coloured animals are detected by humans faster than nonaposematic animals (Bohlin et al., 2012).
Inter-individual behavioural differences often have important fitness consequences (Smith and Blumstein, 2008)
and wide-ranging ecological and evolutionary implications (Réale et al., 2010; Sih et al., 2012). Behavioural
responses are calibrated according to the presence of pathogens or predators (Hart, 1988, 2011; Lima & Dill, 1990).
Humans with a low perceived physical condition, for example, display a stronger fear of large predators (Prokop
& Fančovičová, 2010a, 2013a). Those who are more vulnerable to infectious diseases manifest a stronger fear of
dangerous animals (Prokop et al., 2010a,b,c), avoid the obese (Park et al., 2007), physically disabled people (Park et
al., 2003) and immigrants (Faulkner et al., 2004), because these animals/disfigured people possess the risk of
physical injury, disease transmission or death. The ultimate reasons for stronger fear/avoidance can be explained
by Error Management Theory (Johnson et al., 2013) suggesting that under uncertainty (i.e., where the true
probability of outcomes cannot be precisely predicted), it is more efficient to avoid an object/subject which is
potentially dangerous in terms of disease transmission, than to risk (potentially deadly) illness.
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Children are able to identify dangerous animals, particularly predators, from harmless animals
Children who are more vulnerable to diseases reacted faster to disease carriers than healthier children

Both formal and non-formal learning may benefit from an evolutionary approach examining the ultimate
reasons for particular behaviour (Prokop & Kubiatko, 2014; Prokop et al., 2010d, 2016). Animals with a low aesthetic
value (Gunnthorsdottir, 2001; Knight, 2008; Prokop & Fančovičová, 2013b), and/or those looking dangerous
(Prokop & Fančovičová, 2017) reduce, however, human willingness to protect them. This is particularly important
for improving attitudes toward invertebrates, because people’s negative attitudes toward a majority of these
creatures (Borgi & Cirulli, 2015; Kellert, 1993; Schlegel & Rupf, 2010) are influenced by disgust and fear (Davey,
1994; Gerdes et al. 2009; Lorenz et al. 2014; Prokop & Jančovičová, 2013b; Prokop et al. 2010b). Indeed, invertebrates
receive lower conservation support compared with vertebrates (Black et al., 2001; Cardoso et al., 2011) which further
emphasizes the importance of a better understanding of human-animal relationships in order to improve people’s
attitudes toward invertebrates.
Females generally have less positive attitudes toward harmful or disgusting animals than males (Bjerke &
Østdahl, 2003; Jimenez & Lindemann-Matthies 2015; Lindemann-Matthies 2005; Prokop et al., 2009a,b, 2010a,c;
Prokop & Tunnicliffe, 2010). The rationale for these differences could stem from greater vulnerability to physical
harm in females, who are less able to escape and/or defend themselves against predators (Prokop & Fančovičová,
2010a, 2013a; Røskaft et al. 2003; Treves- Naughton Treves 1999). In addition, females appear to be more vulnerable
to infectious diseases (Case & Paxson 2005; Duncan et al., 2009; Prokop & Fančovičová, 2013b, Prokop et al., 2010b)
which can make their worries regarding potential contamination from animals even more significant.
This study investigated children’s perception of animals which pose a possible threat: predators, disease carriers
and aposematically coloured animals. First, it was hypothesized that children identify a predator against a nonpredator faster than disease carriers or aposematically coloured animals (against controls), because of the harmful
shapes associated with the physical threat. Second, it was hypothesized that children who are more vulnerable to
diseases react faster to disease carriers than healthier children, due to a heavier risk of being contaminated. Third,
females are hypothesized to react to harmful animals faster than males due to their greater vulnerability to physical
harm because they are less able to escape and/or defend themselves against predators and females appear to be
more vulnerable to infectious diseases.

MATERIALS AND METHODS
Participants
A convenience sample of urban kindergarten children aged 5 – 6 years (N = 20, 9 males) and primary school
children from two classes (age 8 – 9 years, N = 30, 15 males) participated in this research. Primary school children
were tested in the afternoon after finishing school lessons. All the children were Caucasians, because no children
of another ethnic group attended schools where the research was carried out. Participation in the research was
voluntary.

Reported Vulnerability to Diseases
Children’s parents received a simple question written on A4 paper “How often has your child had an infectious
disease in the past 12 months?” There are other methods for obtaining data on perceived vulnerability to diseases
from participants (e.g. Duncan et al., 2009; Prokop et al., 2010a), but administering these questionnaires to children
of such a young age was clearly impossible. Furthermore, detailed information about children’s infectious diseases
negatively correlated with the frequency of infectious diseases (if 1 = high frequency and 4 = never) and negatively
with the perceived health status of the kindergarten children (if 1 = extremely good and 5 = extremely bad) (Prokop
et al., 2016). This simple measure of children’s health would therefore seem to be a reliable estimate of his or her
actual health.

Procedure
A within-subject design was used throughout this study meaning that each child participated in all three
treatments. The stimulus categories were three predators, three disease carriers and three aposematically coloured
animals listed in Table 1. The 18 colourful photographs were obtained from the Internet via Google. These animals
represent common and typical species for each category. We chose only animals displaying neutral postures to
avoid biases in responses to aggressive looking animals (Masataka et al., 2010; Prokop & Fančovičová, 2017). Each
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Table 1. Correct responses of children who were allowed to decide which of the two animals was a predator, disease carrier or
aposematically coloured. The first of the animal pairs was considered the correct response. Numbers for disease-carriers refer to
the published reason for inclusion.
Treatment
Pair of animals
% correct
Lion (Panthera leo) – Zebra (Equus quagga)
100
Predators
Wolf (Canis lupus) – Doe (Cervus elaphus)
100
Shark (Carcharodon carcharias) – Beluga (Huso huso)
80
Rat (Rattus rattus)1 – Squirrel (Sciurus vulgaris)
78
Disease carriers Cockroach (Blatella germanica)2 – European cockchafer (Melolontha melolontha)
42
Mosquito (Aedes aegypti)3 – Damselfly (Calopteryx splendens)
94
European peacock (Inachis io) – Knot grass (Acronicta rumicis)
8
Aposematically
Salamander (Salamandra salamandra) – Newt (Lissotriton vulgaris)
38
coloured
Skunk (Mephitis mephitis) – Marmot (Marmota marmota)
76
Tollenaere et al. (2010)
Baumholtz et al. (1997)
3
Tabachnick (1991)
1
2

animal filled up the entire display area. The child was seated in front of the experimenter who opened a booklet
with one pair of animals each printed with a colour printer (Sharp MX-2614) on an A4 page. Depending on the
treatment, children was asked to show which of the two animals was a dangerous predator, disease carrier or an
animal with warning (aposematic) colouration. In case of the latter question, we asked children which of the two
animals display danger by its colouration, because children in this age group are unaware of what aposematic
colouration means. The pairs of pictures were presented in random order. Overall, this task seemed to be easy for
children, because 1.) they begin to learn about common animals and plants in kindergarten when they are about 3
years of age and 2.) a preliminary study of a different kindergarten revealed that children had no problems with
understanding our questions. A trained student sitting behind the children, unaware of the research questions,
examined the reaction time with a stopwatch. The reaction time was defined as the time between the instruction
from the experimenter and the touching of the picture by the children’s finger(s). Children were not time limited
in their choices. The experimenter also noted whether the responses were correct or not, but children were not
confronted with the accuracy of their responses.

Compliance with Ethical Standards
Ethical approval: Written parent consent was received before the research was carried out. All the procedures
performed in the studies involving human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Statistical Analyses
The reaction time for three groups of animals (dependent variable) was calculated as the mean time for correct
identification of a predator, disease carrier or aposematically coloured animal in a multivariate analysis of
covariance (MANCOVA). The reaction time for incorrect responses was not included in the analyses. The
categorical predictors were the children’s age (kindergarten vs primary school) and gender. We made no specific
predictions regarding the children’s age, but because older children could be more influenced by knowledge
and/or experiences with animals, we investigated possible differences between these two cohorts. Treatment (three
groups of animals with mean reaction times) was defined as within-subject variable. Reported vulnerability to
diseases (RVD) was defined as the covariate.
Children’s correct/incorrect responses (binomial dependent variable) were examined with the Generalized
Linear Mixed Model (GLMM) where the children’s age (kindergarten vs primary school), gender and treatment
were categorical predictors and RVD was the continuous predictor. The children’s ID was defined as the random
factor in order to take into account the pseudoreplication of the data. Statistical analyses were performed in IBM
SPSS ver. 24.

RESULTS
Reaction Time
It was hypothesized that children identify a predator against a non-predator faster than disease carriers or
aposematically coloured animals (against controls), because of the harmful shapes associated with the physical
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Table 2. Results of on mean detection time for the correct answers when children identified predators, carriers of diseases and
aposematically coloured animals
SS
DF
MS
F
P
Intercept
94.95
1.00
94.95
48.09
< 0.001
RVD
6.79
1.00
6.79
3.44
0.07
Age
31.62
1.00
31.62
16.02
< 0.001
Gender
0.31
1.00
0.31
0.15
0.70
Age × Gender
0.80
1.00
0.80
0.41
0.53
Error
88.86
45.00
1.97
Treatment
22.58
2.00
11.29
14.15
< 0.001
Treatment × RVD
6.24
2.00
3.12
3.91
0.02
Treatment × Age
5.45
2.00
2.72
3.41
0.04
Treatment × Gender
0.32
2.00
0.16
0.20
0.82
Treatment × Age × Gender
4.70
2.00
2.35
2.94
0.06
Error
71.82
90.00
0.80

Figure 1. The relationship between reported vulnerability to diseases and average latency to detect disease carriers among
kindergarten and school children

threat. In line with this hypothesis, children’s reaction time when an animal was correctly identified as a predator,
disease carrier or an animal with aposematic colouration varied between 1.51 and 18.60 sec (M = 5.88, SD = 3.15, N
= 150). MANCOVA revealed that the reaction time was significantly influenced by the children’s age, reported
vulnerability to disease and treatment; gender differences were not statistically significant (Table 1).
According to the second hypothesis, children who are more vulnerable to diseases react faster to disease
carriers than healthier children, due to a heavier risk of being contaminated. An analysis of the Treatment × RVD
interaction revealed that RVD negatively correlated with the reaction time of disease carriers (β = -0.52, P = 0.02,
Figure 1), but not with the reaction time of predators and aposematically coloured animals (β = -0.07 and -0.11, P =
0.8 and 0.4, respectively). This provides support for the second hypothesis. Animals × Age interaction suggest that
the reaction time for correct identification of predators was similar with kindergarten and primary school children,
but the former group of children was faster in identifying disease carriers and animals with aposematic colouration.
Predators were identified most rapidly (M = 3.8 sec, SD = 1.4, N = 50), followed by aposematically coloured
animals (M = 6.6, sec, SD = 3.3, N = 50) and finally by disease carriers (M = 7.2, SD = 3.2 sec, N = 50) (Tukey’s posthoc test, P < 0.001 for all combinations) (Figure 2). Kindergarten children showed a shorter reaction time than
primary school children (Table 1, Figure 2). Additional ANOVA with RVD as a dependent variable and children’s
age and gender as predictors showed no differences in RVD with respect to gender (mean RVD for males vs females,
M = 2.2, SD = 1.22, N = 24 and M = 2.15, SD = 1.1, N = 26, respectively, F1,46 = 0.006, P = 0.94). Younger children
appeared to be more frequently ill (M = 2.6, SD = 1.3, N = 20) than older children (M = 1.9, SD = 0.96, N = 30) (F1,46
= 4.59, P = 0.04) and interaction between the variables was not significant (F1,46 = 0.93, P = 0.34). This suggests that
males and females manifested a similar RVD and therefore the hypothesized gender difference in RVD (Hypothesis
3) did not influence the reaction time.
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Figure 2. Average latency time with respect to children’s age and treatment

Figure 3. Differences in correct responses with respect to treatment

Accuracy of Children’s Responses
Children displayed significant differences in identifying animals (GLMM, entire model: F12,415 = 16.9, P < 0.001).
Treatment was the only variable which influenced the frequency of the correct responses (F12,415 = 68.3, P < 0.001).
A pair-wise comparison of contrasts revealed that predators were identified most correctly, followed by disease
carriers and animals with aposematic colouration (Figure 3). All the differences between these three groups were
statistically significant (all P’s < 0.001). The influence of other variables (age, gender, RVD and interaction terms)
was not statistically significant (all P’s > 0.14).
A detailed analysis of the pairs of animals presented in each treatment demonstrated that lions and wolves were
perfectly recognized as predators. Belugas were, in all probability due to their large size, sometimes misinterpreted
as a predator instead of a shark. Mosquitoes and rats were identified as disease-carriers by a majority of children,
while the harmless European cockchafer was often misclassified as a disease carrier instead of a cockroach.
Considering animals with warning colouration, the colours of the European peacock were not considered a
“warning” in comparison with moths. The body colouration of the harmless newt was, similarly, considered to be
more dangerous than the colouration of a salamander. Only the colouration of a skunk was recognized by most
children as more dangerous compared with a marmot (Table 2).

DISCUSSION
This study investigated children’s reaction time in a series of simple tasks, where predators, disease carriers and
aposematically coloured animals were identified against control, harmless animals. Children’s reaction time, as
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well as their correct identification of animals, differed across treatments and certain associations were found with
children’s RVD. No differences were identified between males and females.
The first hypothesis dealt with the reaction time of children when they were asked to identify animals from
three treatments where it was expected that predators would be identified faster than disease carriers, followed by
aposematically coloured against controls. Although previous research also found certain associations between
perceived vulnerability to diseases and avoidance of potential disease carriers (Faulkner et al., 2004; Park et al.,
2003, 2007), no study had investigated these relationships with a reaction time. In line with the hypothesis,
identification of the predators was accompanied by faster reaction times than identification of the remaining two
groups of animals. This result is in accordance with research indicating that dangerous predators such as snakes
are identified by humans among fear-irrelevant distractors faster than vice versa (LoBue & DeLoache, 2008; LoBue
& Rakison, 2013; Öhman et al., 2001). Furthermore, predators not only increase the visual attention of humans
(Penkunas & Coss, 2013; Yorzinski et al., 2014), but young children seem to understand the harmful influences of
predators on prey (Kubiatko, 2012). Barrett (2005), for example, demonstrated that when 4 – 5-year-old children
were asked to simulate an encounter between a predator and prey using plastic models, a majority of them correctly
reported that “The lion eats the zebra” or “The zebra runs away from the lion”. Finally, children seem to be well
predisposed to learn which animal presents a dangerous threat to humans (Barrett & Broesch, 2012; Štefaniková &
Prokop, 2015). Children in the present study showed significantly lower numbers of errors when identifying
predators compared with disease carriers and aposematically coloured animals providing further support for fast
learning about dangerous animals in early childhood.
According to the second hypothesis, children who are more vulnerable to diseases were expected to react faster
to disease carriers than healthier children. Ultimately, higher vulnerability to diseases increases the risk of being
contaminated, thus specific psychological mechanisms (the behavioural immune system, see Schaller, 2006, 2011)
should be activated to prevent a potential threat (Miller & Maner, 2011; Prokop & Fančovičová, 2013a; Prokop et
al. 2010a,b,c; Schaller et al. 2015). It was found that children who were more susceptible to infectious diseases
reacted faster, but only when they were asked to identify disease carriers against controls. Taken together, people
not only avoid other people who are potential disease carriers (Faulkner et al., 2004; Park et al., 2003, 2007), but also
respond faster to stimuli associated with visual contamination (this study).
Interestingly, two of the three disease carriers we presented to children were invertebrates (cockroach and
mosquito). These animals always receive low preferences from people (Almeida et al., 2014; Arrindell, 2000;
Bennett-Levy & Marteau, 1984; Bjerke & Østdahl, 2003; Driscoll, 1995; Schlegel & Rupf, 2010). These preferences
can be seen amongst kindergarten children (Borgi & Cirulli, 2015) suggesting that the predisposition to have
a negative attitude to invertebrates emerges early in childhood. Cockroaches were, interestingly, frequently
misidentified as disease carriers with the European cockchafer (Table 1) suggesting that at least some invertebrates
are perceived very superficially. Indeed, learners tend to categorize something as being an insect if it is small with
jointed legs and has a “bug shaped” oval body (Allen, 2015; Braund, 1991; Shepardson, 2002). Suitable educational
strategies and interventions, perhaps using arthropod – plant interactions, should therefore be applied in early
childhood in order to increase ecological awareness about invertebrates which are inevitable parts of ecosystems
(Prokop & Tunnicliffe, 2010).
The low number of correct responses in treatment with aposematically coloured animals can be attributed to
the familiarity and aesthetic value of certain insects. The European peacock, for example, was almost never
identified as an animal with warning colouration, albeit experiments on non-human animals supported the
function of their wing colouration (e.g., Vallin et al., 2005). This species is in all probability preferred by people due
to its beautiful colouration (Breuer et al., 2015), similarly as other coloured butterflies (Schlegel & Rupf, 2010) and,
perhaps children with their direct experiences are aware that it is harmless. In contrast, children mistakenly
perceived the Knot grass as the Common clothes moth which is the reason why the Knot grass was perceived as
more dangerous.
Finally, females were hypothesized to react to harmful animals faster than males due to their lower physical
condition and higher vulnerability to diseases. Although lower preferences for harmful animals in females are well
documented (e.g., Almeida et al., 2014; Bjerke & Østdahl, 2003; Borgi & Cirulli, 2015; Prokop & Fančovičová, 2010b,
2013a; Prokop et al., 2010a,b), no differences were found in reaction times or in identification skills between genders.
At first glance, it would seem that the null difference appeared because there were no significant differences in
vulnerability to diseases among these young children. Borgi and Ciruli (2015), however, have demonstrated that
gender differences in attitudes toward animals emerge already amongst kindergarten children which makes this
argument invalid. It is possible that the negative perceptions of certain animals are translated to the reaction times
later in life. Unfortunately, however, reports on gender differences in this field and age groups are scarce. For
instance, LoBue and DeLoache (2008, 2011) studying the reaction time of 3 to 5-year-old children searching for a
snake on a touch-screen monitor did find any gender differences in detection time.
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Limitations
This study has several limitations. First, the reaction time could be investigated with a touch-screen monitor
rather than with a stopwatch. Although this approach would yield in a more precise examination of the reaction
time, relative differences in reaction time between treatments in this study are still valuable. Second, a more
objective assessment of children’s health is required to test whether infectious and parasitic diseases, but not
chronic somatic diseases are associated with children’s reactions on disease carriers. Third, further research
involving more diverse samples of participants is necessary to test whether children’s reaction times are associated
with the behavioural immune system.

CONCLUSIONS
In conclusion, it was found that children at a young age are skilled in identifying potential threat. This can be
caused by rapid learning about possible dangers and/or can be a reaction to certain harmful shapes, such as teeth,
claws or spikes which elicit attention. Importantly, children’s faster reaction times are not limited to snakes, which
represented a danger to our ancestors as far back as 150 million years ago, but has been extended to more recent
threats caused by large terrestrial carnivores and sharks. Potential disease carriers such as insects seem to activate
the behavioural immune system particularly amongst those children who are more vulnerable to diseases. In this
view, evolved psychological predispositions at least partly influence human perception of certain animals.
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