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Abstract. We tested the hypothesis that human reaction to snakes is very specific when compared to other reptiles. 
Using the eye-tracker, we measured free-gazing pattern of 61 respondents while presenting snake and other reptile 
images categorized as fear-eliciting, disgusting, beautiful, and neutral. We divided the respondents according to their 
SNAQ and DS-R scores into high/low fear and high/low disgust groups. We found that while the time watching 
the stimuli was equal, there were more fixations on the non-snakes due to more continuous watching of the snake 
stimuli. With fear-eliciting stimuli, most of the attention was directed toward the animal’s head, but people focused 
on both the head and tail when watching the disgusting stimuli. The high-fear respondents’ fixation number was 
overall lower. We conclude that the respondents’ gaze pattern differs when watching snakes and this also applies 
for other fear-eliciting reptiles. We offer various explanations for these findings, supporting the hypothesis of 
snakes representing a specific group of fear-eliciting animals.
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Introduction

Animals can attract human attention more than inanimate objects (New et al. 2007, Yang et al. 
2012). Humans and other hominids have evolved specific attention criteria, which enabled them 
to distinguish animals from other objects and to react preferentially to animal stimuli (Öhman 
2007). Specific predator recognition bears an evolutionary advantage, as it allows a fast beha-
vioural response. Threat detection of fear-relevant stimuli is associated with activation of the fear 
module (Seligman 1971, Ohman & Mineka 2001, 2003). These traits may be fixed genetically in 
some animals including primates (Smith 1975, Weiss et al. 2015) and may also be enhanced by 
learning (Mineka et al. 1980, Cook et al. 1985, Cook & Mineka 1989), although both processes 
may be involved at the same time. A snake is an example of such dangerous stimulus representing 
a serious threat during primate evolution (Isbell 2006, Landová et al. 2018). Attentional bias to 
snakes associated with emotional activation and control involves specific circuits in the brain of 
humans and other primates most likely due to a long co-evolutionary history of snakes and human 
ancestors (Isbell 2006, Öhman et al. 2012, Van Le et al. 2013). In theory, this helps process the 
snake stimuli better and results in a quick and appropriate solution of the approach/avoidance 
task when confronted with a snake (but see Wheeler et al. 2011, Coelho et al. 2019, Zsido 2019).

The specificity of snake stimuli is a well-studied phenomenon (e.g., Mcnally 1987, Öhman et 
al. 2001, DeLoache & LoBue 2009, Penkunas & Coss 2013, Grassini et al. 2016, Fančovičová 
et al. 2020). Taken together, the studies show how the specific fear response increases chances 
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of early visual detection and appropriate avoidance. First, snakes are detected faster than neutral 
stimuli in visual search tasks (Fox et al. 2007, Lobue & Deloache 2011). The privileged attentional 
processing of snakes is especially noticeable when the stimulus is presented in peripheral vision or 
for a very short time (less than 300 ms) or appear unexpectedly (reviewed by Öhman 2009, Öhman 
et al. 2012, Schaefer et al. 2014, Soares et al. 2014). Second, snakes elicit a measurable psycho-
physiological response in humans (Öhman & Soares 1994, Dimberg et al. 1998, Flykt & Caldara 
2006, Courtney et al. 2009, 2010, Flykt et al. 2017). Schaefer et al. (2014), for example, found that 
videos of snakes, especially those in an attacking posture, elicit a higher skin conductance fear 
response than fish. Deweese et al. (2014) demonstrated intense hypervigilance to snake pictures 
using electrophysiological measurements of steady-state visual evoked potentials (ssVEPs). Van 
Strien (2014a) recorded event-related potentials and they found that snake pictures captured more 
early attention than spiders or birds (Van Strien 2014a) and even crocodiles or turtles (Van Strien 
et al. 2014b). Third, startle reactions to snakes described by many herpetologists may present an 
evolutionary advantage for avoiding snakebites (Penkunas & Coss 2013, but see Coelho et al. 
2019) and appear in other primates as well (Ramakrishnan et al. 2005, Zamma 2011).

The emotional saliency of reptiles, and especially snakes, was also studied in the past with 
fear and disgust being the most often associated emotions (e.g., Janovcová et al. 2019, Rádlová 
et al. 2019). Both fear and disgust are considered basic emotions (Ekman et al. 1969, Ekman 
& Friesen 1978, Ekman 1992, Steiner et al. 2001), with a universal distinctive facial expression 
and physiological response in humans and non-human primates (Steiner et al. 2001, Burrows 
2008). From biological perspective, the two emotions are similar as their purpose is to induce 
an adaptive reaction to life-threatening stimuli, increasing the chances of survival (reviewed in 
Rádlová et al. 2020). However, fear allows quick decision-making in danger (such as a predation 
attempt), while disgust may help avoid disease-transmitting agents (e.g., some parasites or poi-
sonous food; Curtis 2011, Curtis et al. 2011). Nonetheless, some species of reptiles are preferred 
on the basis of aesthetic criteria and are considered beautiful (Frynta et al. 2009, 2011, Marešová 
et al. 2009, Landová et al. 2012, 2018, Janovcová 2015). Beauty and positive affect may attract 
attention to animals in general (i.e., including the ones that are neither fear- nor disgust-relevant) 
in attentional visual detection tasks (Tipples et al. 2002, Lipp et al. 2004).

However, humans do not perceive reptiles as a homologous group either and the most distin-
ctive and separate category are snakes. Janovcová et al. (2019) showed that there was a negative 
correlation between perceived beauty and disgust in reptiles, i.e., the least beautiful species were 
the same as the most disgusting ones. Additionally, the correlation between fear and disgust was 
negative in all reptiles; the most fear-eliciting species at the same time evoked only little disgust. 
In snakes but not in other non-snake reptiles (see also Landová et al. 2018), a positive correlation 
between fear and beauty of snakes was revealed, i.e., the most feared species also tended to be 
perceived as beautiful (Janovcová et al. 2019). However, there are many animals with a similar 
body shape as snakes (e.g., legless lizards) and there are also many snake species that do not 
resemble the general representation of snakes, e.g., fossorial snakes resembling worms (Rádlová 
et al. 2019). The question remains how specific snakes really are within the scope of other reptiles 
and whether a specific feature for identifying a specific animal as a snake can be determined.

Visual attention is frequently tested using various experimental settings, either using an eye-
tracking device (e.g., LoBue et al. 2014, Haberkamp et al. 2018) or measuring the reaction time, 
which is usually done by pressing a button (Waters & Lipp 2008) or touching a  touchscreen 
(e.g., LoBue & Matthews 2014, Zsido et al. 2019). However, visual attention is affected by many 
stimulus traits that are usually not the focus of the experiment, e.g., low-level visual features 
(Le Meur et al. 2006, Judd et al. 2009) such as colour (Frey et al. 2008, 2011), shape (Turatto 
& Galfano 2000), complexity (Pilelienė & Grigaliūnaitė 2016), or pattern and luminance contrast 
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(Einhäuser & König 2003). Whenever there are more than one stimulus presented at once, other 
factors influencing visual attention need to be considered, including (but not limited to) eccen-
tricity (Bindemann 2010), lateralization (Kovic et al. 2009, Hairol & Waugh 2010), or visual 
similarity/dissimilarity (Arun 2012) with other presented objects. Even the given task or context 
within which the stimuli are presented may influence the overt attention. For example, Flowe et 
al. (2013) found that guns did not attract more attention than other unexpected objects and argue 
that the reason why guns were found as preferentially attended in other studies may be simply 
because they were unexpected within the given context (see also Loftus & Mackworth 1978). 
Thus, it is very important to heed a large number of factors that may influence the results when 
designing an experiment measuring visual attention.

In our eye-tracking experiment, we chose to measure a simple spontaneous visual reaction 
(during a  free-viewing task) to individually presented reptile (snake/non-snake) stimuli. This 
simple method is exempt from a majority of the pitfalls mentioned above, excluding the low-
level visual features (which were controlled for in our study) and provides relatively consistent 
results regardless of the given task (Kovic et al. 2009. The dwell time has been already found to 
be correlated with human preference towards depicted faces (Glaholt et al. 2009) and, in our study, 
it can reveal whether the respondents dodge their gaze away from the aesthetically unpreferred 
(i.e., rated as the least beautiful or “ugly”), feared, or disgusting animals. It should be noted that 
for the purpose of this study, we follow Janovcová et al (2019) and use reptiles in the traditional 
sense. More precisely, we use the term “reptiles” as a paraphyletic group of Reptilia excluding 
birds and extinct species since birds represent a separate category in research of human relation-
ship to animals (Berlin 2014). 

We hypothesize that snakes represent a separate category and are perceived differently from 
other reptiles; therefore, our first aim is to test whether eye movement patterns differ between 
snakes and non-snake reptiles. The second goal focuses on characteristics of the emotionally 
salient stimuli and its aim is to determine whether there are differences in eye movement patterns 
in response to snakes or other reptiles eliciting different emotions. The third goal is focused on 
variability among respondents and whether there are differences in reactions between respondents 
with different levels of snake fear and general disgust propensity.

Material and Methods

Respondents
Snake fear seems to be a crucial variable affecting a range of the measured psychophysiological parameters (Klorman 
et al. 1974, Dimberg et al. 1998, Lueken et al. 2011). Additionally, specific snake morphotypes evoke not only fear, but 
also disgust (Rádlová et al. 2019). Propensity of the respondents to animal fear or disgust might influence results of the 
experiment, hence it is necessary to examine the interindividual differences in snake fear (and disgust propensity) in more 
detail. Each respondent (n=61, 9 men, 52 women) completed the Snake Questionnaire (SNAQ: Klorman et al. 1974, Czech 
translation: Polák et al. 2016) and Disgust Scale-Revised (DS-R: Haidt et al. 1994, modified by Olatunji et al. 2007, Czech 
translation: Polák et al. 2019). Those who scored 8 or higher (the 75th percentile in the screening study Polák et al. 2016) 
on the SNAQ were classified as “high-fear” respondents (n=25). Similarly, those scoring 52 or above (the 75th percentile 
in Polák et al. 2019) on the DS-R were classified as “high-disgust” respondents (n=23). The rest of the participants were 
classified as “low-fear” (n=36) and/or “low-disgust” (n=38) respondents, respectively. Fourteen respondents qualified as 
both high-fear and high-disgust (for an overview, see Table 1). Mean age was 27.36, age range was 18–63 years.

The sample size was based on previous studies (e.g., Wang et al. 2012, Rosa et al. 2014, 2015) and a  statistical 
a priori power analysis computed in G*Power 3 (Faul et al. 2007). This analysis was conducted to test the difference 
in eye movement patterns in response to eight categories of stimuli (fear-eliciting, disgust-eliciting, beautiful, neutral, 
with and without legs, snakes and non-snakes) using a repeated measures within factor ANOVA (6 repeats, correlation 
between repeated measures = 0.5), a medium effect size (f=0.25) and an alpha of 0.05. The result showed a total sample 
of 32 participants. Because we wanted to have comparable samples of high/low fear and high/low disgust participants, 
we doubled the number of participants, resulting in the final n=61.
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Stimuli
We used 24 standardized photographs of reptiles as the stimuli (see Table 2). We chose three snakes and three non-sna-
kes from four categories: animals perceived as (1) fear-eliciting, (2) disgust-eliciting, (3) neutral, and (4) beautiful. The 
stimuli were chosen from the sets used in Janovcová et al. (2019). In this study, we asked 70 respondents to pick five 
stimuli they would be afraid of, then five stimuli they find disgusting, and finally five stimuli they find beautiful. Fear- 
and disgust-eliciting stimuli for this experiment were chosen from the top 10% of stimuli most often picked as eliciting 
the respective emotion, however we excluded stimuli that also elicited the other emotion (i.e., those that had been picked 
more than five times also for the other emotion). Beautiful stimuli were those that had not been among 10% of the most 
often picked as fear- and disgust-eliciting. From these, we chose 10% of the most often picked as beautiful and selected 
three snakes and three non-snakes for this experiment. Neutral stimuli were those that had never been picked for either of 
the three emotions. In all cases, we aimed to choose those species that also well represented the taxonomical variability 
within the category specified by the above-mentioned criteria. The rating of each stimulus on a Likert scale according to 
beauty, disgust, and fear as assessed in Janovcová et al. (2019) is shown in Table 2.

Low-level visual features
To ensure that the results we sought were not affected by low-level features, we performed the following pre-analysis: 
the picture stimuli were analysed using Barvocuc, a picture analysis software (Rádlová et al. 2016), which extracted 
information about colour, lightness, and pattern properties of the stimuli (for a detailed description of the processed 
variables, see Lišková et al. 2015). Then, we performed general linear model analyses, which included opacity (the total 
number of pixels minus the pixels covering the background, i.e., “robustness” or “silhouette” of the animal), mean and 
StD lightness (L), mean and StD saturation (S), pattern, and the proportion of white, black, grey, brown, yellow, green, 
blue, and pink colours as explanatory variables.

An analysis of the total dwell time resulted in a  reduced model that was not significant, i.e., no low-level visual 
features affected the resulting total dwell time on the picture stimuli. Analysis of the total fixation count resulted in 

Table 1. Overview of the number of respondents in each category. The respondents who scored at the 75th percentile 
(score 8) or higher on the SNAQ were classified as “high-fear” respondents (n=25), those scoring at the 75th percentile 
(score 52 or above) on the DS-R were classified as “high-disgust” respondents (n=23). The rest of the participants were 
classified as “low-fear” (n=36) and/or “low-disgust” (n=38) respondents, respectively

	 high fear	 low fear	 total

high disgust	 14	 9	 23
low disgust	 11	 27	 38
total	 25	 36	 61

Fig. 1. The interest areas (IAs) on a spotted grass snake (Psammophylax rhombeatus; original picture is in Public Domain). 
The IAs are delineated by orange circles, fixations of a participant are marked as blue circles (their diameter is proportional 
to the duration of fixation). In snakes, the IA labelled as “front legs” was situated approximately in one third of the body 
length, the IA labelled as “hind legs” was situated in two thirds of the body length.
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a reduced model (r2 adj.=44.42%, p=0.016, df=1, residuals = 16) that included mean L, mean S, white, grey, green, and 
pink, but only the effect of grey (F=12.670, p=0.003) and green (F=5.514, p=0.0321) were significant. Tukey post-hoc 
test showed that the pre-defined groups do not differ among each other in distribution of the grey nor green colour with 
two exceptions: non-snake reptiles in our picture set are greyer than snakes, p=0.027; and animals with legs are more 
green than legless animals (p=0.015). This pre-analysis shows that the categories of the stimuli used in our study differ 
from each other only marginally. 

Eyetracking experiment
The stimuli were presented in 300 DPI resolution on a 19-inch monitor (full HD resolution, refresh rate 60 Hz), which 
was situated 70 cm from the respondent. The location of the respondent’s head was fixed using a chinrest. The stimuli 
were presented to each respondent one by one in a random order. Eye movements were recorded with the EyeLink1000 
eye-tracking device, the experimental setup was designed using the SR-Research Experiment Builder. At the beginning 
of each presentation, the respondent answered four questions: age, gender, whether he/she was right- or left-handed and 
his/her country of origin. The device was calibrated for each respondent, using the manufacturer’s procedure, and the 
calibration was subsequently validated. The maximal allowed error was 1° of the visual angle and average allowed error 
was 0.5°. If the error during validation was higher than allowed, the device was adjusted, and calibration and validation 
were repeated. Once the validation was completed, the stimuli were presented for 5 seconds each (trial) in a randomized 
order. A drift check was performed before each stimulus. The respondents were instructed to watch the stimuli as they 
appeared on the screen, without any specific task. Using the DataViewer (SR-Research), we extracted the total number 
of fixations during the trial (fixation count), the total time the respondent was watching the area of the stimulus (dwell 
time). We also recorded the fixation count and dwell time for five interest areas (IAs) – head, tail, front legs, hind legs, 
and the centre of the body. In case of snakes/legless reptiles, “front/hind legs” were measured as the first third/last third 
of the body. All the IAs were circular, had the same area size, and did not overlap in any of the stimuli (see Fig. 1).

Table 2. Overview of the stimuli used in the experiment. The species were selected based on the emotion they elicited in 
respondents in a previous study (beauty, disgust, fear, neutral; Likert scores are from Janovcová et al. 2019) and whether 
they have legs or not

species	 subfamily	 snake / 	 legs?	 category	 Likert	 Likert	 Likert
		  non-snake			   fear	 disgust	 beauty

Uracentron azureum	 Tropidurinae	 non-snake	 yes	 beauty	 1.92	 1.63	 6.21
Chelonia mydas	 Cheloniinae	 non-snake	 yes	 beauty	 1.32	 1.15	 6.44
Anolis punctatus	 Dactyloinae	 non-snake	 yes	 beauty	 1.76	 1.70	 6.03
Epicrates crassus	 Boinae	 snake	 no	 beauty	 4.67	 3.45	 4.78
Psammophylax rhombeatus	 Psammophiinae	 snake	 no	 beauty	 4.09	 3.43	 4.6
Blythia reticulata	 Colubridae	 snake	 no	 beauty	 4.65	 3.68	 4.43
Anelytropsis papillosus	 Dibamidae	 non-snake	 no	 disgust	 3.93	 5.16	 2.05
Bipes biporus	 Bipedinae	 non-snake	 no	 disgust	 3.53	 5.43	 1.98
Rhineura floridana	 Rhineurinae	 non-snake	 no	 disgust	 3.73	 5.44	 1.78
Xenotyphlops mocquardi	 Xenotyphlopinae	 snake	 no	 disgust	 3.51	 5.17	 2.21
Austrotyphlops pinguis	 Typhlopinae	 snake	 no	 disgust	 3.91	 4.79	 2.47
Helminthophis frontalis	 Anomalepinae	 snake	 no	 disgust	 4.25	 4.77	 2.71
Macrochelys temminckii	 Chelydrinae	 non-snake	 yes	 fear	 3.36	 3.30	 4.21
Varanus komodoensis	 Varaninae	 non-snake	 yes	 fear	 3.77	 2.13	 5.16
Crocodylus moreletii	 Crocodylinae	 non-snake	 yes	 fear	 5.10	 2.28	 5.16
Protobothrops jerdonii	 Crotalinae	 snake	 no	 fear	 5.48	 3.52	 5.74
Azemiops feae	 Azemiopinae	 snake	 no	 fear	 4.95	 3.51	 5.34
Pseudocerastes persicus	 Viperinae	 snake	 no	 fear	 5.54	 3.65	 4.38
Anniella geronimensis	 Anniellidae	 non-snake	 no	 neutral	 3.90	 4.28	 3.15
Tetradactylus ellenbergeri	 Gerrhosaurinae	 non-snake	 no	 neutral	 3.91	 3.69	 3.83
Pletholax gracilis	 Pygopodinae	 non-snake	 no	 neutral	 4.28	 3.83	 3.96
Prosymna stuhlmannii	 Prosymninae	 snake	 no	 neutral	 4.20	 3.98	 3.17
Macrocalamus lateralis	 Calamariinae	 snake	 no	 neutral	 4.35	 3.93	 3.14
Buhoma vauerocegae	 Pseudaspidinae	 snake	 no	 neutral	 4.66	 3.80	 3.48
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Statistical analysis
We employed a generalized estimating equations model for Poisson distribution (geeglm command in R, package geepack) 
for the total fixation count with the stimulus order in the presentation (trial order), presence or absence of visible legs, 
whether the reptile was a snake or not, whether the respondent was high- or low-fear and high- or low-disgust, and the 

Table 3. Geeglm models for individual interest areas; upper values = X2, lower values = p. Trial = trial order; legs = 
presence/absence of legs; type = snake / non-snake; HF/LF = high- / low-fear respondents; HD/LD = high- / low-disgust 
respondents; stimulus = beautiful / fear-eliciting / disgust-eliciting / neutral. Results significant at p=0.05 are marked in bold

	 head	 tail	 front legs	 hind legs	 middle

trial	 0.27	 1.30	 1.40	 8.30	 6.00
	 0.605	 0.250	 0.236	 0.004	 0.018
legs	 18.10	 102.70	 11.10	 166.00	 352.00 
	 0.001	 0.001	 0.001	 0.001	 0.001
type	 18.45	 98.40	 80.80	 3.60	 43.00
	 0.001	 0.001	 0.001	 0.058	 0.001
HF / LF	 4.41	 2.20	 0.30	 2.70	 2.00
	 0.036	 0.140	 0.596	 0.097	 0.121
HD / LD	 1.06	 0	 0	 0.20	 0
	 0.304	 0.980	 0.901	 0.642	 0.838
stimulus	 28.27	 287.20	 186.70	 77.40	 70.00
	 0.001	 0.001	 0.001	 0.001	 0.001

Fig. 2. Boxplot of total fixation counts for high-fear and low-fear respondents. Quartiles, medians, and outliers are indi-
cated. High-fear respondents had less fixations to the stimuli (see geeglm model for overall fixation count). A possible 
explanation is that high-fear respondents want to keep an eye contact with the fearsome animals to avoid possible 
unexpected movement or a risk of bite.
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type of stimulus (neutral, fear-evoking, disgust-evoking, beautiful) as fixed factors and the participant’s ID as a random 
factor. We also used the same fixed and random factors for a geeglm model explaining the fixation count for the individual 
IAs (head, front legs, hind legs, middle of the body, tail) and for a generalized least square (GLS) model (as implemented 
in the package nlme in R, command gls) for the total dwell time on the stimulus (not transformed) and the proportion of 
fixation count concentrated on the head IA (arcsin transformed), computed as the number of fixations on the head divided 
by the total number of fixations for the whole trial. The non-significant fixed factors were removed from the full GLS 
models, and the reduced and full models were compared with ANOVA to ensure that the reduced model equals the full 
one. After Bonferroni correction, the alpha level was set to 0.00625.

Results

The gls analysis of the trial dwell time resulted in a model that contained only two variables – order 
of the stimulus in the presentation (trial order; F=20.288, p<0.001) and disgust propensity of the 
respondent (F=4.625, p=0.032). The stimuli presented later had shorter dwell time.

The geeglm model for the overall fixation count yielded three significant variables – the rep-
tilian type (snake/non-snake, df=1, X2=19.36, p<0.001), respondent’s fear (high/low fear, df=1, 
X2=6.98, p=0.008), and the stimulus type (neutral/fear evoking/disgust evoking/ beautiful, df=3, 
X2=31.24, p<0.001). The participants had more fixations when looking at non-snake stimuli 
(estimate = 0.032, p<0.001) and high-fear respondents had less fixations than the low-fear ones 
(estimate = –0.094, p=0.008; Fig. 2). Compared to the neutral stimuli, beautiful stimuli did not 
differ significantly in the number of fixations (estimate = 0.007, p=0.570), but disgust-evoking 
stimuli had significantly more fixations (estimate = 0.024, p=0.028) and fear-evoking stimuli had 
significantly less fixations (estimate = –0.033, p=0.002).

In the models for individual IAs, the stimulus type and presence/absence of legs was signifi-
cant for all the IAS, while the respondent’s disgust propensity were not significant for any of the 

Fig. 3. Boxplot of fixation counts on the “tail” interest area for different stimuli categories. Quartiles, medians, and outliers 
are indicated. Fear-eliciting stimuli attract most of the attention on the head; therefore, the participants paid little attention 
to the tail area. In disgust-eliciting stimuli, attention is divided between the head and the tail area.
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IAs. The fear level of the respondent was significant only for the head interest area. The reptilian 
type (snake/non-snake) was significant for all IAs except the “hind legs” IA. The trial order was 
significant only for the middle of the body and the “hind legs” IA. For an overview of the results, 
see Table 3.

Respondents had more fixations in the head and tail IAs (Fig. 3) and less fixations in the 
front legs, hind legs, and middle IAs, when watching the legless animals, compared to animals 
with legs. When watching snakes, they had more fixations on the head and middle area and less 
fixations on the tail and front legs area than when watching non-snakes (Fig. 4). High- and low-
fear respondents differed only in their fixation count on the head interest area, where low-fear 

Table 4. Coefficients of the geeglm models. For the overview of the variables, see Table 2. Reference levels for the factors, 
to which the other levels are compared, are as follows: legs = legs present; type = snake; HF/LF = high fear respondents; 
stimulus = neutral. Disgust propensity of the respondent was excluded, as it was not significant for any of the models. 
Results significant at p=0.05 are marked in bold (lower values)

	 level of factor	 head	 tail	 front legs	 hind legs	 middle

trial		  –0.001	 0.005	 0.004	 0.014	 –0.011
	  	 0.643	 0.157	 0.318	 0.003	 0.002
legs	 legs absent	 0.101	 0.731	 –0.506	 –1.196	 –1.055
		  0.001	 0.001	 0.001	 0.001	 0.001
type	 non-snake	 –0.055	 0.303	 0.293	 –0.046	 –0.265
		  0.010	 0.001	 0.001	 0.591	 0.001
HF / LF	 low fear	 0.109	 0.126	 0.050	 0.133	 0.127
		  0.019	 0.133	 0.591	 0.138	 0.129
stimulus	 disgust-eliciting	 0.091	 0.826	 –0.805	 –0.41	 0.116
		  0.001	 0.001	 0.001	 0.001	 0.177
	 beautiful	 0.082	 0.119	 –0.856	 –0.43	 0.064
		  0.002	 0.140	 0.001	 0.001	 0.403
	 fear-eliciting	 0.125	 –0.164	 –1.018	 –0.769	 0.486
		  0.001	 0.041	 0.001	 0.001	 0.001

Fig. 4. Heat map of fixations on a fear-eliciting black-headed Burmese viper (Azemiops feae; photo by Tom Charlton, 
used with a permission). The red colour indicates the area with most fixations. In fear-eliciting snakes, most fixations are 
concentrated on the head area, while the tail area receives almost no fixations.
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respondents had more fixations. In disgusting stimuli, respondents had more fixations on the head 
and tail areas and fewer fixations on the front legs and hind legs IAs than in neutral stimuli (see 
Fig. 5 for illustration of fixation pattern in disgust-evoking stimuli). Beautiful stimuli resulted in 
more fixations on the head area and less fixations on the front legs and hind legs interest areas 
compared to neutral stimuli. When watching the fear-eliciting stimuli, respondents had more 
fixations on the head and middle interest areas and less fixations on the tail, front legs and hind 
legs interest areas. For the coefficients and their p values, see Table 4.

The model analysing proportion of fixations concentrated on the head area yielded similar 
results (Table 5). In concordance with previous analyses, it showed a significant effect of presence/
absence of legs (F=23.032, p<0.001), reptilian type (F=35.722, p<0.001), and the stimulus type 
(F=8.541, p<0.001). We did not find a significant effect of either fear or disgust of the respondent 
(p>0.05). More specifically, the legless animals had a larger proportion of fixations on the head 
area (t-value = 2.883, p=0.004). Non-snakes had less fixations on the head than snakes (t-value 
= –3.388, p=0.001). All emotionally salient stimuli had more fixations on the head area than 
neutral animals (disgust-eliciting: t-value = 2.597, p=0.001; beautiful: t-value = 3.047, p=0.002, 
fear-eliciting: t-value = 4.996, p<0.001).

Fig. 5. Heat map of fixations on a disgust eliciting non-snake reptile, the Florida worm lizard (Rhineura floridana; photo 
by Jacob Scott, used with permission). The red colour indicates the area with most fixations. In disgusting stimuli, the 
fixations are mostly distributed between the head and tail area.

Table 5. Gls model of proportion of fixation on the head area (arcsin transformed). Trial = trial order; legs = presence 
/ absence of legs; type = snake / non-snake; HF/LF = high- / low-fear respondents; HD/LD = high- / low-disgust respon-
dents; stimulus = beautiful / fear-eliciting / disgust-eliciting / neutral. Significant results are marked in bold

	 DF	 F	 p

(intercept)	 1	 6000.205	 <0.001
trial	 1	 2.466	 0.117
legs	 1	 23.032	 <0.001
type	 1	 35.722	 <0.001
fear	 1	 0.083	 0.773
disgust	 1	 0.012	 0.914
stimulus	 3	 8.541	 <0.001
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Discussion

Snakes seem to represent very special threatening stimuli that primarily attract attention in situations 
where a number of objects compete for visual attention (Soares et al. 2009, LoBue & DeLoache 
2011, Van Strien et al. 2014). But do the snakes also attract a specific pattern of visual saccades 
when being watched alone during a spontaneous visual task? And if so, does this pattern differ 
among fear-eliciting, disgust-eliciting, and beautiful snakes? 

We found multiple factors that influenced the number of fixations, but not the dwell time, 
when respondents watched reptile images: snakes, leglessness, and emotion affected the continual 
attention devoted to some parts of the reptile body. The snakes represent a very specific group 
differing from other legless reptiles by fixation pattern concentrated to the head and middle body. 
The emotion of the stimulus also played a role, as human respondents fixated more often on head 
when watching emotionally-salient animals compared to the neutral ones. We discuss possible 
explanations of these findings further in the text.

The specificity of snakes among reptiles
In this study, we explored the hypothesis that humans perceive snakes as a distinct category within 
reptiles, which selectively attract visual attention. Previously, Janovcová et al. (2019) has analy-
sed self-reported fear and disgust and shown that snakes elicit specific emotional and aesthetical 
preferences and are subjectively evaluated differently than other reptiles. Moreover, the same 
pattern expanded onto other species resembling snakes, like the worm lizards (Amphisbaenia) 
and legless lizards. Here we took a rather different approach and focused on spontaneous visual 
attention patterns to snake and non-snake reptiles or visual preferences of specific features of 
these stimuli (head, legs, other parts of the body). 

An interesting result of this study is that the respondents had overall fewer fixations to the 
snake stimuli, while the dwell time was no different from the non-snake stimuli. This observation 
can be interpreted in several ways. For example, Pertzov et al. (2009) concluded that a higher 
number of fixations within an object leads to the accumulation of information about that object 
and thus to better memory performance. Moreover, Jacob & Hochstein (2010) showed a  link 
between a higher number of fixations and object identification (also see Loftus 1981, reviewed 
in Duchowski 2007). It is thus possible that snakes, receiving fewer fixations, are identified more 
quickly than other non-snake reptiles. This would be in agreement with other works that found 
a faster identification of snakes when compared to non-snake reptiles, e.g., Kawai & Qiu (2020). 
To further explore the gazing pattern, we performed analyses of particular features present on 
the reptile body. 

However, to better understand the results, it is useful to review the general pattern of gaze as 
measured by the eye tracking method used in the study. During free picture viewing, focus is 
affected either using “bottom–up” processes, i.e., by physically salient visual features (features 
that are distinct from background/stand out in terms of lightness, saturation, colour, structure, com-
plexity, etc.; Yantis 2005, Harel et al. 2007, Dupont et al. 2014), or using “top–down processes”, 
i.e., affected by the goal of exploration (the given task; Humphrey & Underwood 2009, Villani 
et al. 2015, Dupont et al. 2016). In our study, the respondents were not given any specific task. 
However, as already discussed, snakes represent evolutionarily threat-relevant stimuli that have 
been reported to be visually detected faster than similar objects. When watching snake stimuli, 
it is thus reasonable to assume that unconscious processes may lead to preferential attention to 
informationally salient key features that might help the viewer with identification of the animal 
and quick assessment of the actual threat (Prokop et al. 2018), e.g., leglessness (Lobue & Deloache 
2011) or protruding snake scales (Van Strien & Isbell 2017). In other words, it is possible that 
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even without any specific given task, the respondent’s attention may be unconsciously led by the 
“top-down” processes towards specific life-threatening animal features.

The legless reptiles possess a long and usually visually homogenous body that contains low 
physical salience of visual features. Only the tips of the animal – the head and the tail – provi-
de enough salience to catch attention, and it is thus reasonable to expect that these body parts 
will receive the highest number of fixations (the “visual salience” hypothesis). However, if the 
“top–down processes” played role, other features such as missing legs should be searched for by 
the viewer. Thus, we hypothesized that in legless lizards and snakes, the number of fixations on 
missing legs will be comparable to the number of fixations to the corresponding interest areas of 
the animals with legs present (the “evolutionary salience” hypothesis).

Our results regarding the animal leglessness showed no support for the “evolutionary sali-
ence” hypothesis. Instead, the respondents fixated significantly more on the head and tail areas 
of the legless animals, which fully supported the “visual salience” hypothesis. However, when 
analyzing the stimuli divided into taxonomically defined snakes and non-snakes, the data showed 
very interesting results: the respondents fixated more on the head and middle body areas of the 
animals, while the tail was fixated less. These results cannot be explained by the “visual salience” 
hypothesis alone and rather suggest that snakes are somewhat special – they differ categorically 
from other legless reptiles included within the non-snake group and attract specific attention 
processed “top-down”.

It was indeed described that human respondents heed particular snake features when assessing 
the level of self-perceived fear from a given snake morphotype, and these features were mainly 
located on the head: a larger, protruding head with a thin neck (as compared to thick necks and 
indistinguishable heads of some mainly disgusting, fossorial snakes, which are also present in 
legless lizards; Ptáčková et al. 2017) and protruding scales (which are located on the whole 
snake including the head; Rádlová et al. 2019). Snakes also have fused and transparent eyelids, 
which makes their eyes very different from other legless lizards (Walls 1940). Moreover, some 
snakes possess even more specific features, such as the viperids and similar snakes, which are 
cross-culturally perceived as the most fear-evoking snakes (Landová et al. 2018). Many of these 
species possess distinctive scale pattern above their eyes and narrow pupils (Dullemeijer 1968). 
In comparison, the blind fossorial snakes (with small, featureless heads and little eyes) from the 
family Typhlopoidea elicit mainly disgust (Rádlová et al. 2019, 2020) and present virtually no 
danger to humans (Uetz & Hošek 2020). It is thus possible that human respondents first quickly 
assess whether the species is a snake or not and then their attention lasts longer shifting around 
the snake head and body to effectively assess the actual dangerousness of the species, because 
the head and body region of snakes contains all the necessary information. Our results are consi-
stent with this theory. In any case, it would be interesting to further test this hypothesis, e.g., by 
using a manipulative experiment (i.e., one that would use artificially modified and standardized 
pictures of reptiles).

Fear, disgust, and beauty
We detected a lower number of fixations when the participants were watching fear-eliciting stimuli 
compared to neutral stimuli eliciting no specific emotion which we already discussed above. The 
results also showed that all the emotionally relevant stimulus categories (disgust-eliciting, fear-
eliciting, beautiful) had more fixations on the head and less on the front and hind legs compared 
with the neutral ones (for typical pattern, see Figs. 3–5). These results suggest that the animal’s head 
is a crucial part of the body for our attention, which might determine the elicited emotion (Kano 
et al. 2008, Kovic et al. 2009). Additionally, in disgust-eliciting stimuli, the and the respondents 
also fixated more often on the tail area, which might be caused by the worm-like body shape of 
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the disgust-eliciting reptiles, where it is not obvious at the first glance which part of the body is 
the head and which is the tail. Thus, the respondents probably needed more fixations to identify 
the head of the animal and/or assess the dangerousness of the animal. Interestingly, non-snake 
reptiles had more fixations on the tail area than snakes.
Comparison with previous studies
A substantial amount of research is devoted to snakes and their ability to attach preferential 
attention among other stimuli. The results usually vary, and some authors argue that there is 
a preferential reaction to animal stimuli in general when searched for among other non-animate 
stimuli such as flowers and mushrooms (Lipp et al. 2004, but see LoBue 2010) and that snakes are 
no more special than other predatory or attractive animals (Tipples et al. 2002). In our previous 
study, we studied some aspects of the attentional, behavioural and emotional response to snake 
and invertebrate stimuli like scorpion, spider and crab stimuli used as task irrelevant distractors 
in the centre of the screen (Landová et al. in prep.). We found that participants with normative 
fear of spiders were distracted most by snakes and scorpions, but those with high fear of spiders 
were distracted more by spiders and similar crabs.

Snake specificity was confirmed with regards to their distractor properties or when detection 
took place under challenging set ups (Flykt 2006, Soares et al. 2014, Gomez et al. 2018, reviewed 
in Kawai 2019). However, when put together (see Rádlová et al. 2018, for a more detailed review 
on this), it seems that the effect is rather continuous than binary, i.e., human respondents process 
predatory animals such as snakes and lions faster than reptiles (Yorzinski et al. 2014) since they 
belong to the most fear-evoking animals (Staňková et al 2021), reptiles faster than birds (Van 
Strien & Isbell 2017), and birds faster than other, non-animate objects. These results also conclude 
that visual attention is very sensitive to the context in which the stimuli are presented, although 
it may affect threatening stimuli less than neutral ones (Zsido et al. 2019).

Because of this, the results of the present study may not be fully comparable to the results from 
similar field. We employed different experimental methods. In this case, we explored the gazing 
pattern to single objects, i.e., we removed the effect of context and focused on the base attention 
devoted to each animal and/or their particular bodily parts. Due to these differences, we are able to 
present novel insight into the complex knowledge of snake fear and related attentional processes.

Although using a different approach, our results are in agreement with previous literature. Our 
analyses showed that snakes receive a very specific gazing pattern that differs from other legless 
reptiles, suggesting they may be perceived as a separate category. Additionally, we found similar 
pattern for fear-relevant reptiles, which included non-snakes such as the crocodile or Komodo 
dragon.

Limitations of the study
Because the stimuli set was primarily balanced according to the emotions elicited by the stimuli 
and taxonomy (snake / non-snake), we could not balance it properly for the presence or absence of 
the legs. Therefore, the analysis of the effect of the presence of legs is not the focus of the study. 
Rather, we tried to eliminate the effect during the statistical analysis; however, this is possible 
only to a certain extent. For the same reason (i.e., the study was performed on naturally occurring 
stimuli without specific computer manipulations), we were unable to properly balance the colours. 
Therefore, non-snakes were greyer and animals with legs were greener. This fact made it more 
difficult to provide clear interpretation of the data, however, as the results are in agreement with 
widely accepted view of snakes as special and threatening stimuli, we believe that our interpretation 
is valid. Moreover, during the selection of the respondents, the primary criterion was the level of 
fear and disgust. Because women are generally more prone to disgust and snake fear, we were 
unable to achieve a sample balanced by gender.
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