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Abstract

1.

How people experience nature influences their attitudes and actions towards it.
Having had a negative encounter with an animal may facilitate avoidance and
freezing responses which may encourage negative feelings towards it and the
environment in which it is found. Animals associated with fear, such as snakes, are
often the victims of hunting and killing, possibly in part due to an overperception

of their inherent danger.

. Past research has shown that fear affects approach-avoidance response at both

the preparatory and executive stages of movement. However, the way one reacts
to different threats may also depend on its proximity and how fearful one is of

that specific threat.

. We employed a mouse-tracking paradigm where participants (N=40) categorized

pictures of threatening and non-threatening animals (snakes and butterflies
respectively). The picture could appear at the middle, top or bottom of the
screen. Participants initiated the movement from the centre of the screen and
the category labels appeared on the top of the screen. Participants therefore had
to either move towards the picture on the top or move away from the picture
(presented centrally or at the bottom). Participants were split into fearful and

non-fearful groups based on self-report snake fear.

. Non-fearful participants were generally slower when a threat was present. But, in

the fearful group, we found longer movement initiation times for central threats
and shorter initiation times for off-centre threats (compared to neutral targets).
Fearful participants were also slower to initiate movement when moving away
from the threat, but faster when moving towards it (compared to neutral targets).
The slower start and execution may be due to the lack of active planning and/or

may imply the presence of a passive temporary freezing response.

. Strong negative emotions towards nature and animals serve as crucial factors

both in animal phobias and anti-animal behaviours (i.e. the purposeful decimation
of certain species). Understanding the action dynamics of approach-avoid

behaviours in response to threatening animals may help to inform both
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1 | INTRODUCTION

People's experiences with nature influence their relationship with it
and actions towards it. Pleasant experiences can lead to increased
environmental responsibility and connection to nature (Berenguer
etal.,2005; Engemannetal.,2019; Rosa et al.,2019). In contrast, peo-
ple can also experience strong negative emotions, such as fear and
disgust, towards nature—termed biophobia, which are crucial factors
in the aetiology and maintenance of specific phobias, such as ophid-
iophobia, the fear of snakes (Ahs et al., 2011; LeDoux & Daw, 2018;
Matchett & Davey, 1991; Polék et al., 2020). Prevalence of animal
phobia is the most prevalent form of specific phobia (Wardenaar
et al.,, 2017), with a cross-national average lifetime prevalence of
3.8% (range: 1.4%-8.1%, though this is likely an underestimation;
Zimmerman et al., 2010). Negative emotions towards animals (and
in a more generic sense biophobia) may reduce conservationist at-
titudes and pro-environmental behaviour. Indeed, conservation ef-
forts and substantial financial support primarily go to species that
are perceived as visually attractive (Frynta et al., 2010; Landova,
Bakhshaliyeva, et al., 2018; Maresova & Frynta, 2008), while ani-
mals associated with negative emotions (e.g. fear, disgust) are often
the victims of systematic hunting and killing (Yorek, 2009; Zsido
et al., 2022). According to the International Union for Conservation
of Nature and Natural Resources Red List of Threatened Species,
12% of the assessed snake species are threatened and their popu-
lations declining. Several studies from various countries across the
globe (e.g. Brazil, Turkey, Slovakia, and the United States) found that
the majority of young adults do not like snakes (Alves et al., 2012;
Prokop et al., 2009; Yorek, 2009). People are generally okay with
the idea that snakes should be killed and their skins used to make
shoes, wallets and belts. The perception of other reptiles is similar,
which is even more striking when considering that many children
(aged 7-14years) across the globe like snakes and want to see them
protected (Ballouard et al., 2013). Therefore, understanding the
mechanisms by which people acquire and maintain animal fears and
phobias is key to informing efforts at prevention and treatment, and
ultimately, the promotion of conservationist endeavours.
Threatening stimuli, like snakes and spiders, processed in a
preferential manner, possibly due to the existence of innate neural
defensive circuits (LeDoux, 2022; LeDoux & Daw, 2018). For exam-
ple, in visual search tasks, people are quicker to find task-relevant
threats (than neutral or positive alternatives; Kawai & Qiu, 2020;
March et al., 2017; Purkis & Lipp, 2007; Zsido, Deak, et al., 2018)
and find it harder to ignore task-irrelevant threats (than neutral

the prevention and treatment of phobias, and relatedly, the promotion of

conservationist endeavours.

approach-avoidance, biophobia, categorization, fear, mouse tracking, movement programming,

or positive alternatives) because threat tends to draw and hold
attention (Bretherton et al., 2017; Burra et al., 2019; Zinchenko
et al., 2017; Zsido et al., 2021). Threats are detected and identified
accurately even under cognitively demanding circumstances (Gao &
Jia, 2017; Gao et al., 2017; Liddell et al., 2005; March et al., 2022).
Threatening objects also claim greater attentional resources, inhib-
iting other processes and ongoing actions—such as solving a task,
trying to remember something or starting and executing move-
ment (Buodo et al., 2002; Gokce et al., 2021; Holmes et al., 2014;
Lindstrém & Bohlin, 2012). The visual system is especially vulnerable
to the interference of threats, especially if that threat is one that the
individual has an acute fear of—for example, a snake-phobic person
seeing a snake (Cisler et al., 2007; Gerdes et al., 2008; Pflugshaupt
et al., 2005; Pissiota et al., 2003).

Recent research on threat processing has begun exploring mech-
anisms underlying approach-avoidance responses—such as fight or
flight—to threats. All animals, humans included, rely on past experi-
ences to predict future events and use models based on past experi-
ence to take action when presented with new related situations. The
cognitive system then adjusts future predictions and models based
on the success of previous outcomes. This action-perception cycle
(Fuster, 2004; Williams et al., 2020) is one example of the connection
between attention (e.g. detecting a threat) and movement dynamics
(e.g. planning and execution of a behavioural response). The pres-
ence of a threat also impacts movement programming (Blakemore
& Vuilleumier, 2017), for example, by activating a defensive prepa-
ratory state, termed freezing (Gladwin et al., 2016), or promoting
avoidance in movement execution (Buetti et al., 2012). Both freezing
and avoidance proved adaptive in the evolutionary past and are still
present to help the organism appraise the danger, prepare the de-
fensive response and execute the movement quickly (Blakemore &
Vuilleumier, 2017; Bradley et al., 2001; Klaassen et al., 2021; Léw
et al.,, 2015). A body of recent research has argued that the mere
perception of a threat may cause a temporary halt in any ongoing
movement (i.e. freezing) that in some cases causes a slower reac-
tion time—that is, delayed avoidance, presumably because the threat
automatically draws attentional and cognitive resources (Battaglia
et al., 2021; Borgomaneri et al., 2015; Cao & Liu, 2021; de Houwer &
Tibboel, 2010; Liu et al., 2017; Mancini et al., 2020; Mirabella, 2018).
The freezing response is adaptive because it can help hide the
prey from a threat via reduced visibility (due to the lack of move-
ment) and/or help in preparing for the subsequent escape from
the threat by giving the cognitive system some extra time to as-
sess the environment and prepare for the following movements
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(Gladwin et al., 2016; Résler & Gamer, 2019). In such cases, atten-
tion to the threat captured automatically, and that capture can vary
as a function of the imminence of the threat. Indeed, threats mov-
ing towards the person, that are close to them or that are close to
the focus of attention have been shown to be particularly arrest-
ing (Arnaudova et al., 2017). A temporary freezing response would
therefore presumably be more pronounced to images presented
closer than further to the centre of attention.

Based on past studies directly observing approach and avoidance
behaviour, we would also expect to find that movement initiation
times are faster when moving away from a threat than when moving
towards them (Garcia-Guerrero et al., 2022). A study exploring ap-
proach and avoidance responses used a modification of the Go-NoGo
task utilized for a touchscreen device (Rinck et al., 2021). Participants
placed their hand on a given spot on the screen. On NoGo trials (sig-
nalled by a butterfly), they did not move their hand. On Go trials (sig-
nalled by a spider or a leaf), they had to ‘grab’ and ‘drag’ the appearing
picture either away from (avoidance) or towards themselves (approach).
Threat-related (spider) pictures resulted in slower movement initia-
tion and ‘grabbing’ times compared to neutral (butterfly) stimuli, and
this pattern was more pronounced for spider-fearful than non-fearful
participants. The authors suggest these patterns reflect avoidance
behaviour. The longer RTs may also signal temporary motor freezing.
In another recent study (March et al., 2021), participants had to make
speeded categorization of facial targets in a mouse-tracking para-
digm. After participants clicked on a start button at the bottom of the
screen, a picture of the face of a person appeared in the middle. The
task was to categorize the faces by moving the mouse to one of the
prepositioned labels (i.e. calm or dangerous) and clicking on them as
quickly as possible. The results showed that the initiation time for the
categorization of faces that people perceived as dangerous (i.e. angry
faces) was faster compared to other faces. Other work has used this
method to assess animal phobias (Teachman et al., 2001; Teachman
& Woody, 2003), showing quicker categorization of a feared object as
dangerous among fearful than non-fearful individuals. In a previous
study (Lebowitz et al., 2015), avoidance was indexed by measuring
the time a participant-controlled avatar remained close to a threat
(spider). Relative to a threatening object, people both approached
a neutral object more closely and spent more time in its proximity.
This was more pronounced for fearful compared to non-fearful par-
ticipants. Across all this work, individuals' initial reaction speed often
varies depending on the goal of the movement; that is, whether they
need to approach or move away from a threat. When they need to
approach a threat, people may temporarily freeze, slowing initiation.
Alternatively, avoidance of a threat tends to be initiated quickly. What
is clear is that the location of the threat relative to the perceiver helps
determine the type of defensive behaviour that maximizes the pos-
sibility of escaping the situation unharmed (Blanchard et al., 1990;
Coelho et al., 2022; Kozlowska et al., 2015; Qi et al., 2018).

In the current investigation, our main goal was to test how
threat-relevant stimuli affect movement preparation and execution
as a function of (1) the direction of the movement relative to the
threat (towards or away) and (2) individual differences in the threat

relevance of the specific object. For this purpose, we utilized a novel
categorization task with mouse tracking (Borkar & Fadok, 2021;
Garcia-Guerrero et al., 2022; March et al., 2021). On every trial, a
picture appeared either centrally (middle of the screen) or off-centre
(top or bottom of the screen) from the starting point; category labels
always appeared on the top of the screen (see Figure 1). Participants
were tasked with simply categorizing the object as safe or dan-
gerous. Participants experienced three types of trials: they either
had to approach or move away from a threat presented parafove-
ally (top and bottom positions respectively) or move away from a
threat presented centrally (middle position). This was a manipulation
adopted from the human translation of the Mouse Defense Test
Battery (Blanchard, 2017; Blanchard et al., 2003) and previous stud-
ies utilizing computer game protocols (Mobbs et al., 2007; Perkins
et al., 2009, 2013). Perceived distance of visual objects largely de-
pends on the visual angle of presentation, spatial frequency and size
of retinal projection (Loftus & Harley, 2005; Murray et al., 2006;
Song et al., 2021). That is, targets presented centrally appear closer
compared to those presented parafoveally (e.g. the top or bottom
positions). Furthermore, previous studies suggest that using the
computer mouse extends people's representation of their periper-
sonal space (Bassolino et al., 2010). Consequently, as participants
initiated the movement from the centre of the screen and the cat-
egory labels appeared on the top of the screen, they either had to
(1) move towards the picture on the top or (2) move away from the
picture that was presented centrally or at the bottom of the screen.
Figure 1 shows the possible positions and related movement direc-
tions. The middle condition (starting from the picture) was desig-
nated to simulate an imminent threat, while the top and bottom
conditions were designed to simulate more proximal threats. This
design allowed us to test movement initiation and execution effects
when (a) moving away from a close or distant threat and (b) moving
towards a distant threat.

Our first hypothesis was that movement initiation time would
(1) be the longest when participants have to initiate movement from
near to the threatening picture (i.e. the centrally presented condi-
tion), (2) be shorter when forced to move towards a threat and (3) be
the shortest when moving away from a threat. Our second hypoth-
esis was that movement execution (i.e. total reaction time) will be
faster when participants move away from a threat than when they
initiate movement from or have to move towards the threat. We also
expected these effects to be larger in the fearful compared to the

non-fearful group.

2 | METHODS
2.1 | Participants

We conducted an a priori power analysis using G*Power (Faul
et al., 2007) to test for mixed-design analyses of variance (within-
between interaction) with 6 (2x3) correlated repeated measures
(r=0.5) and two groups (high and low fearful). The analysis, based on
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(a)

dange’

Click on the fixation cross

(b)

Stimulus appear with click

>

Move the mouse and click the response

FIGURE 1 Panel (a) shows the trial structure of the paradigm used. First, a fixation cross was shown. Once participants clicked the
fixation, a picture appeared. The picture could appear at three possible locations (see panel b). Participants categorized the stimulus by
moving the mouse to click one of the two labels. (Note that the pictures had been slightly resized for demonstrative purposes.)

previous studies on threat categorization (Huijding & de Jong, 2007;
March et al., 2021; Teachman & Woody, 2003), indicated a required
total minimum sample size of 28 with a conservative approach
(f=0.25, 1-p=0.95). We collected data from 40 undergraduate stu-
dents at the university in which the data were collected. They were
split into two groups (nonfearful and fearful) based on self-report
questionnaire scores (Snake Questionnaire—SNAQ, see below).
There were 20 participants in both groups (SNAQ score M=1.2 for
the nonfearful and M=5.7 for the fearful group). The majority of
the participants identified as female (72%). Their mean age was 21.1
(SD=2.16). Participants primarily identified as White (80%). The re-
maining participants either identified as Asian (15%) or more than
one race (5%).

All participants reported normal or corrected-to-normal vision
and intact colour vision, and none reported a history of neurocog-
nitive disorder. Data from two participants were excluded due to
failure to follow instructions. Research protocol was approved by

the Hungarian United Ethical Review Committee for Research in
Psychology and was carried out in accordance with the Code of
Ethics of the World Medical Association (Declaration of Helsinki). All
participants provided written informed consent.

2.2 | Questionnaire

We assessed participants' fear of snakes using the short version of
the Snake Questionnaire (SNAQ-12). The SNAQ-12 (Zsido, 2017,
Zsido, Arato, et al., 2018) is a 12-item self-report measure of fear
and phobia of snakes, consisting of one scale. Respondents answer
by indicating whether statements are true or false and the score
is given by the sum of ‘true’ responses (range 0-12). Higher scores
indicate a higher level of fear of snakes. The McDonald's omega on
the present sample was 0.85 indicating that questionnaire scores
were reliable.
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2.3 | Experimental design and stimuli

We used a novel categorization task with mouse-tracking similar
to previous research investigating the effect of the presence of
various threats to movement preparation and execution (Borkar &
Fadok, 2021; Garcia-Guerrero et al., 2022; March et al., 2021). In the
present study, each experimental block started with the two labels
(‘Snake’ and ‘Butterfly’) appearing at the top right and left corners
of the screen respectively. The labels were present throughout the
block. To begin a trial, participants clicked the fixation cross appear-
ing in the centre of the screen which was replaced with a picture
that could appear at three possible locations. See Figure 1 for the
trial structure of the paradigm used and the three possible posi-
tions for the picture. The picture to be categorized (target picture)
was threatening (various snakes) or non-threatening (butterflies).
Participants categorized the stimulus by moving the mouse to click
one of the two labels. An important change in our study relative to
previous ones using categorization tasks concerns the location of
our targets. Specifically, possible locations of the target picture were
the bottom, middle or top of the screen vertically, while they were
always centred horizontally. This resulted in a 2x3x2 design with
the target (snake or butterfly) and the place of the picture (bottom,
middle or top) as within-subject factors, and snake fear (fearful and
nonfearful) as a between-subject factor. Participants completed
three experimental blocks in randomized order. The place of the
target picture was manipulated between blocks; that is, the place
of the picture did not change within the experimental blocks. Each
block started with 40 practice trials (which were not analysed) that
mirrored the experimental trials (e.g. if targets were to appear at the
top of the picture, that was also the case for practice trials). This was
followed by three blocks, each containing 96 experimental trials.
Participants always received feedback on whether their answer was
correct or not; trials with incorrect responses were not analysed.
After each experimental block, the category labels presented in
the top corners changed sides; participants saw a warning message
about this before starting a new block.

All pictures used were taken from the Affective Standardized Set
of Animal Images (ASSAI) picture database (Grimaldos et al., 2021).
The pictures were resized to the same size maintaining the original

proportions.

2.4 | Apparatus and procedure

Stimuli were presented on 23-inch TFT colour monitors, with a
resolution of 1920x 1080, 16:9 aspect ratio, a refresh rate of 60Hz
and a colour depth of 16.7M. We used the PsychoPy Software v3.0
for Windows (Peirce, 2007) to present the stimuli and to collect re-
sponses from participants. Behavioural responses were recorded via
the mouse of the computer.

Data were collected in groups of up to 8 on individual com-
puter stations. The study was conducted in dim and quiet rooms.
Participants were seated at a distance of approximately 60cm

from the monitor. Participants received both oral and written task
instructions.

Each trial started with a white fixation cross on white back-
ground appearing for 500ms. After clicking the fixation, a target
picture appeared; the labels were presented throughout the entire
experimental block. Participants were instructed to categorize the
pictures as quickly and accurately as possible and move to mouse to
click on the correct label. Participants were allowed to take a short
break between the blocks if they felt it was necessary. One session

of data collection lasted about 30 min.

2.5 | Statistical analysis

Statistical analyses were performed using the JAMOVI Statistics
Program version 2.0 for Windows (Jamovi Project, 2022). We first
identified and removed outlier trials, defined as those greater than
+2 standard deviations of the group mean separately for initiation
and movement time (resulting in the removal of less than 1% of all
the collected data). We then checked to ensure that the distribution
of the variables did not deviate significantly from a normal distribu-
tion (Shapiro-Wilk test ps>0.05).

Participants were split into two groups based on their SNAQ-
12 scores using the median split procedure. We decided to use this
method instead of entering SNAQ-12 as a continuous variable into
the analysis to facilitate analytic and communication clarity, and be-
cause the median split procedure is more parsimonious (lacobucci
etal., 2015).

Our behavioural measures included examining RTs (in seconds)
for the time needed to initiate the movement, and the total move-
ment time to reach the target. The main effect and interactions
are reported separately. Movement initiation and execution times
were analysed separately. In both cases, we used 2x3x2 mixed-
design analysis of variances with the target (snake, butterfly) and
place of the picture (bottom, middle, top) as within-subject factors,
and group (fearful, nonfearful) as the between-subject factor. These
findings are supplemented with relevant follow-up ANOVAs or t-
tests to further decompose significant interaction effects. Effect
sizes are presented as partial eta squared (npz) for the ANOVAs.
Tukey corrections were used to account for multiple comparisons.
Statistical results will be presented in tables to make the description
of the results easier to follow. The dataset that includes computed
study variables is available on the Open Science Framework: https://

osf.io/zrbg5.

3 | RESULTS
3.1 | Initiation time
We began by examining initiation time to test our prediction that

movement preparation time will be longer when participants have

to initiate the movement from the threatening picture (i.e. centrally
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located stimuli), be shorter when they move towards a threat and
be shortest when moving away from a threat. This is tested by the
two-way interaction between target and place. See Table 1 for all
statistical results, and Table S1 for the descriptive statistics. We
found a significant interaction between target and place showing a
slight difference in the neutral and threatening target conditions. If
the target was threatening, participants initiated movements faster
moving towards it (picture at the top) than when moving away
from it (picture at the bottom and centre). Specifically, participants

were slowest to initiate movement when the stimuli appeared at

the bottom of the screen, somewhat faster to initiate movement
when the picture appeared in the middle and the fastest to initiate
movement when the target appeared at the top of the screen. For
neutral targets, initiation times were faster moving away from the
off-centre picture (at the bottom) compared to starting from the
picture or moving towards it. In line with our hypothesis, participants
initiated movements faster when a threatening versus neutral
picture appeared off-centre.

We also expected these effects to be more pronounced in

the fearful than nonfearful group. This is tested by the three-way

TABLE 1 Detailed statistical results for movement initiation time with main effects, interactions, follow-up ANOVAs, and pairwise

comparisons.

Initiation df F
Target 1,36 1.802
Place 2,72 19.543

Pairwise comparison

Bottom -
Middle —
Group 1,36 0.751
Target *k Group 1,36 0.170
Place ¢ Group 2,72 0.176
Target *k Place 2,72 3.610
Snake 2,72 10.90
Butterfly 2,72 13.50
Pairwise comparison
Snake Bottom
Middle
Butterfly Bottom
Middle
Target * Place %k Group 2,72 3.687
Nonfearful group df
Target 1,19
Place 2,38
Target * Place 2,38
Fearful group df
Target 1,17
Place 2,34
Target * Place 2,34
Pairwise comparison
Snake Bottom
Middle
Butterfly Bottom
Middle

p ,
0.188 0.048
<0.001 0.352

df t Piukey
Middle 36 3.04 0.012
Top 36 6.31 <0.001
Top 36 3.21 0.008
0.392 0.020
0.683 0.005
0.839 0.005
0.032 0.091
<0.001 0.223
<0.001 0.263

df t Ptukey
Middle 36 1.269 0.799
Top 36 4.314 0.002
Top 36 3.601 0.011
Middle 36 3.515 0.014
Top 36 6.028 <0.001
Top 36 1.942 0.394
0.030 0.093
F p i,
1.5629 0.226 0.076
9.7152 <0.001 0.338
0.0286 0.972 0.002
F p ,
0.817 0.379 0.046
10.647 <0.001 0.385
4.606 0.017 0.213

df t Piukey
Middle 17 -0.116 1.000
Top 17 2.205 0.099
Top 17 2.576 0.049
Middle 17 3.474 0.029
Top 17 4.500 0.004
Top 17 0.399 0.998
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interaction between target, place, and group, which was significant.
Figure 2 shows the three-way interaction. There was no two-way
interaction in the Nonfearful participants group. These participants
were slowest to start the movement when the picture appeared off-
centre and they had to move away from it (bottom of the screen),
they were faster when the picture appeared in the middle and the
fastest when they had to approach the target—regardless of the type
of target.

While the main effects were similar in the Fearful group, the inter-
action between target and place was significant. For neutral targets,
fearful participants initiated movements slower when the picture
appeared at the bottom compared to when it was in the middle or
top positions, while the latter two did not differ from each other.
For threatening targets, the place effect was different: Participants
initiated movement faster when the picture appeared at the top
compared to when it was in the middle position, while movement
initiation to the top and bottom positions and bottom and middle
positions did not differ from each other.

The main effect of the group and the targetxgroup interac-
tion were nonsignificant. The placexgroup interaction was also

nonsignificant.

0,3

Bottom

0,3

0,28

FIGURE 2 Movement initiation times
(in seconds) are presented across the
place of the picture using separate bars
for the target type and separate panels
for group. Error bars represent 95%
confidence intervals.

Bottom

In line with our hypothesis, the initial reaction of snake-fearful
versus nonfearful participants was more pronounced, and in line
with our prediction, snake-fearful participants initiated movements
slower when beginning the movement from the snake picture (and
had to move away from the snake) compared to butterflies. Their
initiation time was shorter for snakes compared to butterflies when
the picture was presented parafoveally compared to when it was
presented foveally. However, in contrast to our expectation, fearful
participants showed the shortest initiation times when they had to
approach the threat.

3.2 | Movement time

We then examined movement execution time to test our
hypothesis that total movement times will be faster when
participants are moving away from a threat (bottom) compared
to when they initiate the movement from the threatening picture
(centre) or have to move towards it (top). This is tested by the
two-way interaction between target and place. The interaction

between target and place was nonsignificant, but the main effect

Nonfearful group

0,28
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Fearful group
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of place was significant. In line with our hypothesis, movement
times were shorter when participants moved away from the target
(picture appeared on the bottom) compared to when they started
from it (middle) or moved towards it (top). However, this pattern
was not unique to threats. See Table 2 for all statistical results and
Table S1 for the descriptive statistics.

We also expected these results to be more pronounced in the
fearful compared to the nonfearful group. This is tested by the
three-way interaction between target, place and group, which was
significant. Figure 3 shows the three-way interaction. Nonfearful
participants' movement times were generally slower when catego-
rizing threats compared to neutral targets as evidenced by the target
main effect. This was true regardless of the place of the targets. In
contrast, in the Fearful group, the interaction between target and
place was significant. For neutral targets, the movement times of
fearful participants were slower when the picture appeared in the
middle and top positions compared to the bottom position. The

middle and top positions did not differ. For threats, the movement
times of fearful participants were slower when the picture appeared
in the middle compared to the bottom position, while the difference
between middle-top and bottom-top was not significant.

The main effect of target, the group and the target x group in-
teraction was nonsignificant. The place x group interaction was also
significant meaning that the place effect was only evident in the
fearful but not in the nonfearful group.

Again, we found evidence that the reaction of snake-fearful
participants was more pronounced compared to nonfearful partic-
ipants. However, contrary to our prediction, movement execution
time in the fearful group was slower on trials when they began the
movement from a threat (compared to a neutral target) and had to
move away from the snake. This was also true on trials when par-
ticipants moved away from a threat presented off-centre (bottom).
Fearful participants were faster moving towards a threat compared
to trials with neutral pictures.

TABLE 2 Detailed statistical results for movement execution time with main effects, interactions, follow-up ANOVAs and pairwise

comparisons.

Movement df F
Target 1,36 3.79
Place 2,72 6.03

Pairwise comparison

Bottom -
Middle —
Group 1,36 1.720
Target *k Group 1,36 2.46
Place * Group 2,72 5.20
Nonfearful 2,34 8.72
Fearful 2,38 0.04
Target * Place 2,72 2.89
Target * Place % Group 2,72 5.24
Nonfearful group df
Target 1,19
Place 2,38
Target * Place 2,38
Fearful group df
Target 1,17
Place 2,34
Target * Place 2,34
Pairwise comparison
Snake Bottom
Middle
Butterfly Bottom
Middle

p ny
0.060 0.095
0.004 0.143

df t Ptukey
Middle 36 313 0.009
Top 36 2.94 0.015
Top 36 0.834 0.685
0.198 0.046
0.125 0.064
0.008 0.126
<0.001 0.0339
0.959 0.002
0.062 0.074
0.008 0.127
F p T,
11.6075 0.003 0.379
0.0419 0.959 0.002
0.7080 0.499 0.036
F p ',
0.0450 0.835 0.003
8.7219 <0.001 0.339
4.6212 0.017 0.214

df t Piukey
Middle 17 -2.587 0.048
Top 17 -0.599 0.822
Top 17 1971 0.150
Middle 17 -3.313 0.011
Top 17 -4.984 <0.001
Top 17 -0.845 0.681
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FIGURE 3 Movement times (in
seconds) are presented across the place of

0,7
the picture using separate bars for target
type and separate panels for group. Error
bars represent 95% confidence intervals. 0,65

0,6
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n
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Bottom
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4 | DISCUSSION

The main goal of the defensive system is to help avoid threatening
objects and situations (LeDoux & Daw, 2018). Thus, fear affects
movement (Blakemore & Vuilleumier, 2017), sometimes causing
temporary freezing or initiating avoidance depending on the dis-
tance and properties of the threat (Arnaudova et al., 2017; Gladwin
et al., 2016; Gross & Canteras, 2012; Mobbs & Kim, 2015). Thus, in
the present investigation, we sought to test how threatening stimuli
affect movement preparation and execution when moving towards,
starting from or away from a threat and whether this reaction
changes by personal level of fear. Our results showed that snake-
fearful participants initiated movements faster when beginning
the trial from a picture of a snake (i.e. moving from the snake) com-
pared to butterflies and when moving away from a threat presented
off-centre. Fearful participants were slower to execute movement
from the snake compared to the butterfly, while they were faster
to move away from the snake. This is in line with previous studies
showing that fear affects movement both at the early (preparatory)
and late (execution) stages (Blakemore & Vuilleumier, 2017; Buetti
et al., 2012; Gladwin et al., 2016). The fact that effects were not

Nonfearful group

0,45 i i i i i

Midde Top

W Snake m Butterfy

Fearful group

0,65
0,6
0,55
0,5
0,45

Middle Top

W Snake m Butterfy

observed in nonfearful participants converges with previous studies
showing that the interference of threats is more pronounced in more
fearful and phobic individuals (Cisler et al., 2007; Gerdes et al., 2008;
Pflugshaupt et al., 2005; Pissiota et al., 2003).

We found longer movement preparation times in snake-fearful
participants when the movement was initiated from the snake pic-
ture. This is in line with previous studies showing that threats per-
ceived as more imminent capture attention involuntarily (Arnaudova
et al., 2017), and this could result in a temporary motor freezing
(Battaglia et al., 2021; Borgomaneri et al., 2015). The freezing re-
sponse—if active—can help potential prey when assessing the threat
and preparing for subsequent movements (Gladwin et al., 2016;
Rosler & Gamer, 2019). However, the relatively slow initiation times
for centrally presented threats may be contextualized in light of pre-
vious studies examining pray-snake interactions (Coelho et al., 2019;
Penning et al., 2016; Whitaker & Shine, 2000). When a snake is near
the person, moving (e.g. running away) is often not beneficial (nor
feasible) because the strike kinematics of snakes is so quick that
people have no chance of avoiding the strike. In fact, the vast ma-
jority of snake bites happen when people do not detect the snake
and make a quick movement within its striking range. So, a passive
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state of freezing (tonic immobility) when close to a snake may be
an adaptive response in such cases because the lack of movement
may discourage the snake from carrying out the strike (Campbell
etal., 1997; Coelho et al., 2019; Eilam, 2005). Furthermore, the initi-
ation time was also shorter for snakes compared to butterflies when
it was presented outside of foveal vision compared to when it was
presented centrally. These results are in line with studies defining
freezing as an active defensive preparatory state (Cao & Liu, 2021;
Gladwin et al., 2016; Mancini et al., 2020; Rosler & Gamer, 2019).
However, in contrast to our expectation, fearful participants
showed the shortest initiation times when they had to approach the
threat. This was somewhat unexpected based on previous results
showing that the defensive temporary freezing primarily occurs when
the threat appears outside of foveal vision (Arnaudova et al., 2017,
Battaglia et al., 2021; Borgomaneri et al., 2015; Gladwin et al., 2016).
As previous studies showed, an escapable threat may cause ac-
tive avoidance (Wendt et al.,, 2017). A study with rats (Blanchard
et al., 1986) showed that in situations where there is a possibility
to escape, the primary response is to run away. Participants might
have perceived the threat at the top of the screen being further away
from their peripersonal space compared to the one at the bottom
(Bassolino et al., 2010), and thus, as a more controllable situation.
Deducing whether this response pattern was due to a passive or
active freezing response requires considering the results of move-
ment execution. Comparing threats at various positions, movement
execution times were the slowest when the picture was presented
centrally, in the foveal vision, and faster in the parafoveal, off-centre
positions (regardless of movement direction). This is contradictory
to our hypothesis that avoidance behaviour will be faster for dis-
tant threats and moving away from threats (Mobbs & Kim, 2015; Qi
et al.,, 2018). For the centrally presented threats, slower initiation
times were paired with slower movement times. This is in line with
a study where participants had to grab and move the threatening
picture appearing on a touchscreen device with their hands (Rinck
et al., 2021) Taken together, this might point to a passive (rather than
an active) temporary freezing response because the lack of active
planning results in a slower execution, perhaps a sign of temporary
tonic immobility (Kozlowska et al., 2015; Roelofs, 2017). Of course,
since threats only appeared as pictures on the screen and not as
real-life animals, a true tonic immobility response can hardly be ex-
pected; instead, the inhibition only hindered conscious movement
execution instead of fully stopping it (Gross & Canteras, 2012). The
slower movement time (paired with faster initiation time) when
threat appearing at the bottom may imply that participants involun-
tarily started the movement (Gross & Canteras, 2012), and then had
to plan the course of it during the execution phase (a common dy-
namic in mouse-tracking research (March & Gaertner, 2021)). In con-
trast, distant threats might seem more escapable and the situation
controllable even if one has to move towards them, and thus, may
cause an active avoidance, which has been evidenced as startle inhi-
bition and heart rate acceleration (Wendt et al., 2017). Nevertheless,
comparing our results to previous studies is difficult because our
experimental design is novel in the sense that participants initiated

the movement ‘from’ the threat or farther away from it, and had to
move both away from and towards a threat, instead of only moving
away from it or grabbing it (Wendt et al., 2017), or shooting a threat
(Gladwin et al., 2016). Taken together, future research is needed to
understand what exactly fearful participants see as imminent. Such
work could go beyond conventional stimuli presentation using tech-
nology, such as VR or AR, enabling the 3D representation of stimuli
where the imminence of a threat can be manipulated.

We found evidence for defensive responses only in participants
who reportedly feared the threatening target (i.e. snakes). While pre-
vious studies found significant effects of threat interference on move-
ment regardless of fear (Cao & Liu, 2021; de Houwer & Tibboel, 2010;
Gladwin et al., 2016; Rinck et al., 2021), then and now, results were
more pronounced for participants who feared the stimulus or when
the arousal level of the stimulus was higher (Cisler et al., 2007; Gerdes
et al., 2008; Pflugshaupt et al., 2005; Pissiota et al., 2003). The dis-
covery of such individual differences could be important in helping
people overcome fears, as seen in attention modification training
as a treatment for various phobias (Hakamata et al., 2010; Mogg &
Bradley, 2018). Attenuating fears is important because avoidance is
less typical in people with lower levels of fear (Frynta et al., 2010;
Landova, Polakova, et al., 2018; MareSova & Frynta, 2008; Zsido
et al., 2022), and they are also more inclined to approach and expe-
rience positive affective responses when in proximity with nature
(Hartmann & Apaolaza-lbanez, 2010; Joye & van den Berg, 2011).

Another implication of the current work regards attitudes to-
wards animals both in terms of phobic fear and their presence in the
environment. Animals, humans included, are thought to have neural
networks—survival circuits—shaped by evolution, entailing innate
physiological responses to the elements of nature tailored to help
minimize the possibility of bodily harm and increase the chances of
survival by, for instance, avoiding a natural predator or an organism
that may cause harm (Gu et al., 2020; LeDoux, 2022). Within individ-
uals, there are great differences in both the sensitivity of this circuit
and the degree to which people perceive the harm potential of any
given threat. Heightened sensitivity coupled with overperceiving
the threat potential of specific objects may lead to enhanced fear
and the acquisition (and later maintenance) of phobias (Mathews &
Mackintosh, 1998; Mogg et al., 2000). Besides potential negative
health consequences (Aquin et al., 2017; Witthauer et al., 2016),
negative emotions towards animals (and in a more generic sense
biophobia) reduce conservationist attitudes and pro-environmental
behaviour. Due to the generally bad reputations in many regions of
the world, the conservation of snakes and reptiles is more difficult
than other vertebrate groups (Alves et al., 2012; Prokop et al., 2009;
Yorek, 2009). In the end, understanding how animal-related fears
and phobias are acquired and maintained could lead to the devel-
opment of better prevention and treatment, and the promotion
of conservationist endeavours. Consequently, future lines of re-
search should focus on the effectiveness of preventive work and
educational strategies that involve direct contact with snakes (and
reptiles), exploring cognitive factors—such as emotion regulation
strategies—that could be targeted in treatment to reduce fear levels
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and existing phobia, and investigate the mechanisms of fear inocu-
lation (Coelho et al., 2021) and habituation to these animals during
safe and controlled exposure.

In sum, in line with prior work, we found evidence that the
processing of threatening stimuli can affect action-perception dy-
namics at multiple stages of movement. Temporary freezing and
faster avoidance were found in participants with relevant fears.
Furthermore, we found that both the presentation centrality of the
threat and the direction of personal movement are also important
factors. Temporal freezing was observed for close threats. This is
in line with evolutionary theories arguing that when the threat is
perceived too late, and, consequently, it is close to the organism,
the best option is tonic immobility waiting for the danger to pass.
We observed quick movement times towards threats, which at first
might seem contradictory, but if these threats are perceived escap-
able (which they were), and thus, the situation is more controllable,
then movements will be more quickly executed. Future studies are
necessary to determine whether physiological changes and reac-
tions observed at the level of the central nervous system are also
different in fearful and nonfearful participants.

From a broader perspective, it seems that by attenuating fears
of certain animals, people may be less poised to interpret them as
harmful and something to fight or destroy to make sure they will not
be encountered in the future. Although this study focused only on
snakes, it contributes to a better understanding of how animal fears
can take hold of our decisions, behaviour and attitudes towards na-
ture. Future work will be needed to determine whether the attenua-
tion of fears may lead to more controlled behaviour, and thus, a more
positive attitude towards animals and, in general, nature.
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