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Snakes are probably the best example of evolutionarily life-threatening stimulus as they have 
been one of the first predators of primates and mammals in general. In recent years, it has been 
shown that snake images produce specific behavioral and electrophysiological reactions in 
humans, provoking enhanced brain activity over the occipital cortex compared with pictures of 
other animals. The present study investigated the hypothesis that the response to snake images 
is independent from awareness. Subjects (n=27) were asked to observe pictures of threatening 
and non-threatening animal stimuli, presented rapidly and in random order on a screen. 
Awareness level was manipulated using 4 different conditions of backward masks.  Event 
Related Potentials (ERPs) showed that activity over the occipital cortex was clearly more 
pronounced for snake images than for the other images, but only in unmasked condition.  
 
Ormar är sannolikt ett av de bästa exemplen på ett evolutionärt livshotande stimuli då de utgjort 
ett av de första rovdjuren för primater och däggdjur i allmänhet. På senare år har man visat att 
bilder på ormar producerar specifika beteenden och elektrofysiologiska reaktioner hos 
människan, och ökad hjärnaktivitet i occipitalkortex jämfört med bilder på andra djur. 
Föreliggande studie undersökte hypotesen att responsen till ormbilder är oberoende från 
medvetandet. Deltagarna (n=27) ombads observera bilder på hotfulla respektive icke-hotfulla 
djurstimuli som presenterades snabbt och i slumpvis ordning på skärmen. Nivå av medvetande 
manipulerades genom att använda fyra olika betingelser av bakåt maskering. Event-relaterade 
potentialer (ERPs) visade att aktiviteten över occipitalkortex var betydligt mer uttalad för 
ormbilder jämfört med andra bilder, men bara i den icke-maskerade betingelsen. 

 

 

During the evolution of mammals at the beginning and primates later on, snakes 

probably played a major role for Darwinian selection of individuals. Snakes surely 

cohabitate with mammals since ancestral eras.  The predatory pressure of snakes on 

primates may have modulate the evolution of primates’ visual system: the ones better to 

detect these life-threathening animals had the best chance to survive. Such theory has 

been named in the literature as “Snake detection hypotesis” (Isbell, 2006, 2009). 

Current researches on the topic confirmed that snake images are particoular for humans, 

for example, we are able to detect these image faster than other animal stimuli (Ohman, 

Flykt, & Esteves, 2001; Ohman & Mineka, 2001).  
 

The amygdala has been claimed to be the most important structure in modulating 

reactions for threatening stimuli (Mineka & Ohman, 2002). In a study on monkeys, a 

specific population of neurons, called “pulvinar neurons” were shown to activate faster 

and stronger to snake stimuli compared to other threatening or non-threatening images 

(Van Le et al., 2013). This study claimed that pulvinar neurons may be part of a visual 

pathway that quickly connects the retina and the superior colliculus to the amygdala. 

 

In the last few years, several studies have supported the snake detection hypothesis and 

have studied in humans the neural mechanism of the phenomenon (He, Kubo, & Kawai, 

2014; Van Le et al., 2013; Van Strien et al. 2014; Van Strien, Franken, & Huijding, 

2014; Van Strien et al. 2016). Of particular significance for the present study, Van 

Strien and colleagues examined the snake detection hypothesis in humans using event-
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related potentials (ERPs). Their studied showed an ERP component at 225-300 ms after 

stimulus onset over the occipital scalp area (Early Posterior Negativity, EPN). The EPN 

was larger for snake pictures, intermediate for spider pictures and significantly lower for 

bird pictures. Furthermore, they (Van Strien, Franken, & Huijding, 2014) demonstrated 

that the EPN effect is not evoked by reptiles in general and that it is not modulated by 

subjective disgust or fear and that the curvilinear shape of the snakes alone cannot be 

fully accounted for the EPN amplitude generated by snake images (Van Strien et al., 

2016). The ERPs study of He et al. (2014), found no advantage for spider images 

compared with non-threatening animal images, but confirming such advantage for 

snakes. 

 

Taken altogether, these results were used to support the argument that survival priorities 

may be able to activate early capture of visual attention. From the argument that the 

snake detection advantage comes from evolution, it has been suggested that such effect 

may be automatic, and therefore not depend on subjective awareness (Van Strien et al., 

2014; Van Strien, Franken, & Huijding, 2014; Van Strien et al., 2016). However, at the 

current status of research, there is no electrophysiological evidence that snake images 

that are not awarely perceived can produce the EPN difference compared to other 

animal images.  Previous studies have shown that unaware snake images produce some 

physiological effects (electrodermal responses) in phobic participants (Öhman, & 

Soares, 1994; Soares, & Öhman, 1993). 

 

However, in this regard, several problems arise assuming that the EPN might represent 

the early selective visual processing of emotional information, as well as assuming that 

it is independent from awareness. Firstly, the latency of EPN (225-300 ms from the 

stimulus onset) cover an “intermediate” position (Foxe & Simpson, 2002), probably too 

late to reflect automatic attentional processes. Secondly, the EPN overlaps both 

temporally and spatially with a well-known electrophysiological correlate of subjective 

visual awareness, nevertheless, the Visual Awareness Negativity (VAN) (see, e.g. 

Koivisto & Grassini, 2016; Koivisto, Salminen-Vaparanta, Grassini & Revonsuo, 

2016), which suggests that the EPN might reflect features related to conscious 

perception.  

 

The present study aims to replicate previous findings and, critically, to establish 

whether or not conscious perception of the stimuli is crucial for the snake images to 

evoke the EPN effect. An important novelty of the present investigation is that the 

employed images were pre-processed and equalized for contrast and luminance, which 

differs from previous studies that have used non-equalized images (Van Strien et al, 

2014; Van Strien, Franken, & Huijding, 2014; Van Strien et al. 2016) or gray scaled 

images (He, Kubo, & Kawai, 2014). Finally, the classical approach of ERPs data 

analysis, based on the comparison of average amplitudes of specific segments of the 

ERP, will be supplemented with enhanced, data-driven statistical analysis (hierarchical 

linear modelling). Such advanced statistical method allows an accurate identification of 

EPN, without an a-priory time-window to analyze. 
 
 

Methods 
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Participants 

Twenty-seven students from the University of Turku (Turku, Finland), of which 4 men 

and 23 women, with normal or corrected-to-normal vision at around 2 meters distance. 

All participants were right-handed, their hand preference was investigated using the 

Edinburgh Handedness Inventory (Oldfield, 1971). Participants’ age ranged from 19 to 

29 years, mean age 23.41 years (SD = 2.49). They participated to obtain university 

credits. The present study was conducted, in accordance with the Declaration of 

Helsinki, and was accepted by the Ethics Committee of The Hospital District of 

Southwest Finland. All the participants signed the document of informed consent. 

 

Questionnaires 

Before the experimental session, the participants were asked to fulfill a battery of 

questionnaires, containing adaptations of the Spider Phobia Questionnaire for snakes, 

butterflies and birds (SPQ; Klorman et al., 1974). As a validated version of those 

questionnaire do not exist in a Finnish translation, a native Finnish speaker translated 

them from the English version. In each questionnaire there were 15 statements 

regarding fear of the animals displayed in the images that were employed in the present 

study. For every statement, the participant had to report ‘yes’ or ‘no’. Scores could 

range from 0 (no fear) to 15 (very high fear). Furthermore, for every animal category, 

the participants were asked to rate their “familiarity” with the animal. This was done in 

order to examine possible effects of habituation the presence of those animals. The 

score ranged from 0 to 10. Finally, after the experiment, the participants were asked to 

rate singularly, from 0 to 10, the subjective arousal provoked by every image presented 

during the experiment. The reliability of those questionnaires is based on previous 

investigation about the same topic (see e.g. Van Strien et al. 2014). 

 

Stimuli 

Stimuli were presented using E-prime 2.0 software on a 19-inch CRT monitor, featuring 

1024 x 768 pixel resolution and 85 Hz screen refresh rate (where 1 refresh ≈ 12 ms). 

The stimuli were snake, spider, bird and butterfly images of the size of 600 x 450 pixels 

(some examples are shown in Figure 1), 9.8 × 7.4 cm from 1.5 meters of distance. The 

images were selected among free stock images on the internet. Thirty different images 

were selected per each animal category in this preliminary phase. The images were 

equalized for luminance histogram and contrast using Matlab (The MathWorks, Natick, 

MA) and the SHINE toolbox for image pre-processing (Willenbockel et al., 2010). The 

spatial frequency content of the stimuli was not equalized because, according to the 

literature, special frequency can be crucially important for fast categorization of visual 

stimuli (Tamietto & De Gelder, 2010). After images pre-processing, 20 images per 

category were selected among the ones that appeared less exploited after images pre-

processing. From the 80 selected per category, 4 per category (16 in total) were 

randomly chosen and used only during the assessment of awareness procedures. The 

remaining images (16 for each category) were employed in the experiment. Three 

different images, created randomly shuffling parts of the images, were used as masks. 

To create 
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Figure 1. Example of images employed in the experiment. From the top: snakes, 

spiders, butterflies and birds. The images were equalized for contrast and luminance 

with histogram equalization. 

 

 

masks a Python script was used in Gimp 2.0: first, manually, an image formed by parts 

of the original images was created. Second, the image was divided into 20x20 squares 

of identical dimension and mixed randomly. Third, to avoid a “grating-like” effect on 

the obtained images and to make the various animal parts less recognizable, the 

obtained images were divided again into 25x25 squares of identical dimensions and 

mixed randomly again. The obtained images are shown in Figure 2. 
 

 

Figure 2. The masks employed in the present study. 
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Evaluation of awareness level   

Every experimental session contained 2 blocks of trials for the evaluation of the 

awareness level. The evaluation of awareness tasks (Figure 3) investigated the 

subjective awareness under the 4 different backward masking conditions used. During 

backward masking, the stimuli were presented in one of the following conditions: about 

12 (1 frame), 24 (2 frames), 36 (3 frames) or 48 ms (4 frames). The stimuli were 

followed by a backward mask for about 282, 271, 259 or 247 ms respectively. The 

duration of the stimulus and mask together was of 25 frames (around 300 ms). 

 

 

 

Figure 3. Example of the procedure used to evaluate the awareness level in every 

presentation condition. A stimulus is followed by the backward mask. The subject is 

asked to give a forced-choice identification of the animal type presented. Afterwards the 

subject evaluates its awareness level. 

 

 

In order to evaluate the awareness level, participants were asked to make a forced-

choice decision about which animal was presented (a snake, a spider, a butterfly, or a 

bird), pressing a specific button (instructed on the screen after each trial) on a response 

pad. Afterwards, they rated their subjective awareness of the stimulus (again, instructed 

on the screen after each trial) using a modified version of the Perceptual Awareness 

Scale (PAS) (Ramsøy & Overgaard, 2004). The possible ratings were the following: 0 = 

I saw nothing, 1 = I saw something – full guess about the stimulus type, 2 = I saw 

weakly – good guess about the stimulus type, 3 = I saw the stimulus clearly.  

Altogether, 136 stimuli were presented for the awareness evaluation: 32 stimuli per 

animal category, 8 catch trials (2 frames of blank followed by 23 frames of mask).  
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Figure 4. Section of the rapid serial visual presentation. An image representing one of 

the four animal types employed in the study was presented, followed or not followed by 

a backward mask. Stimulus and mask duration varied). At random intervals, a word was 

presented on the screen. This word was either congruent or incongruent with the last 

animal image presented. The task of the subject was to press one of two buttons to 

report whether or not the word was congruent or incongruent with the previous image.  

  

Experimental procedure 

The main experiment was divided into 6 blocks. The experiment was divided into parts 

to allow resting from mental and eye fatigue within the blocks. An example of the 

experimental procedure employed is shown in Figure 4. Participants were asked to 

watch the RSVP (rapid serial visual presentation) of pictures of snakes, spiders, birds 

and butterflies, presented in random order. For each block 300 pictures were presented 

for each category: 60 were presented for about 300 ms (unmasked condition), and 60 for 

each four masking condition. 

  

To focus attention of participant on the screen, a word describing one of the animal 

types was shown every few trials (randomly) on the screen during the block. 

Participants had to report the congruence or the incongruence of the word with the last 

image presented on the screen using two buttons on the response pad. The last image 

before the words was always shown for around 300 ms and unmasked. A word was 

showed 64 times for each block. The participant was given 1 second to evaluate the 

congruence of the image. Analysis of the behavioral results on this task confirmed the 

reliability of the participants’ focus on the screen (81% correct, SD = 10). 

Independently of the response being given or not, the image presentations continued. 

Trials in response to the images which were followed by words were not considered in 

the general ERPs analysis. 

 

Over the six experimental blocks, a total of 360 stimuli per condition (4 animal 

categories × 5 different masked conditions) were presented. At the end of the 
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experimental session, the participants were asked to rate their subjective arousal for all 

the images presented in the main experiment (60), using a 0 to 10-point scale. 

 

Electroencephalogram 

EEG was recorded with Ag/AgCl sintered ring electrodes connected to a recording cap 

(EASYCAP GmbH, Germany) using the international 10/20 system sites on 19 scalp 

positions: Fp1, Fp2, F3, F4, F7, F8, Fz, P3, P4, Pz, C3, C4, Cz, T3, T4, T5, T6, O1, O2. 

A reference electrode was located on the right part of the nose and the ground electrode 

at about 2cm in front of the electrode Fz. Eye blinks and movements were monitored 

using an electrode below the left eye and an electrode about 1.5 cm from the corner of 

the left ey. EEG was amplified (SynAmps) with a band pass of 0.05 to 100 Hz, with a 

sampling rate of 500 Hz. An online 50 Hz notch filter was used. The impedance was 

kept below 5 kΩ in all the electrodes. EEG data were analyzed offline using EEGLAB 

(Delorme & Makeig, 2004) toolbox for Matlab (The MathWorks, Natick, MA). For eye 

movements and artifact rejection was used an ICA approach (see e.g. Mennes, Wouters, 

Vanrumste, Lagae, & Stiers, 2010). Eye movement artifacts were removed manually 

from plots of scalp activations. Furthermore, trials with artifacts (> 50 μV and < 50 μV) 

in any of the electrodes were rejected. Data was filtered using 0.1 Hz high pass and 30 

Hz low pass filters. The ERP waveforms were averaged separately for trials of each 

experimental condition, so that a total of 20 ERP waveforms were obtained (5 different 

stimulus durations × 4 animal categories). The LIMO EEG Matlab toolbox (Pernet, 

Chauveau, Gaspar, & Rousselet, 2011) was used to perform Hierarchical Linear 

Modelling analyses. 

 

Statistics 

Repeated-measures ANOVA (rANOVA) were used to analyze possible differences on 

the ratings for fear, familiarity, and arousal. The four stimulus categories were used as a 

factor for these analyses (snake, spider, butterfly, bird). rANOVAs were conducted to 

test for differences on the reported subjective awareness scores for each stimulus 

category. For ERPs components, the Hierarchical Linear Model provided was 

employed. Such approach divides the analysis in 2 levels. At the 1st level analysis (1), 

the full ephoched data of each subject (containing all the experimental trials types) was 

analyzed and beta parameters were obtained. These parameters reflect the effect of the 

whole experimental conditions, as coded in the design matrix. This is perhaps the most 

important strength of the LIMO approach, however that it is not needed a focus on a 

specific time-window. Even though this kind of analysis is rarely used for ERPs, it is 

the standard methods for other kind of data, e.g. fMRI. At the 2nd level analysis (2) the 

beta parameters for each experimental condition coded during the 1st level analysis was 

analyzed to investigate significance level across subjects. At this second stage were 

performed ANOVA analyses with 0.05 as alpha level of significance (Design details are 

showed in Figure 5.). F-values were corrected for temporal clustering. 

For an accurate comparison with previous studies on the topic, a classic approach to 

ERPs analysis was also conducted. The ERP waveforms for each experimental 

condition were averaged separately for trials of each experimental condition, so that a 

total of 20 ERP waveforms were obtained (5 different stimulus durations × 4 animal 

categories). The mean amplitudes were calculated in the time window accounted for the 

EPN in previous studies (225-300 ms from the stimulus onset; see e.g. Van Strien et al., 

2016). A rANOVA was conducted using the 4 stimulus categories (snake, spider, 
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butterfly, bird), the 5 presentation condition (unmasked presentation and 1 frame, 2 

frames, 3 frames, 4 frames masked) and the 2 occipital electrodes (O1, O2) as factors. 

This was done according to previous studies that found the EPN over the occipital area 

(Van Strien, Franken, & Huijding, 2014). For the ANOVAs analyses, Greenhouse-

Geisser correction was applied to p-values, F-values and degrees of freedom, when the 

sphericity assumption was violated. All the participants’ data were included in all the 

analyses. 

 

 

Figure 5. Design used for the Hierarchical Linear Modelling. (1) First level and (2) 

second level analyses. In the 1st level analysis the variability in ERP responses related 

to each experimental condition (e.g. snake, one frame presentation) were calculated 

separately for each subject. In the second level analysis, different stimulus type 

conditions were compared using a one-way rANOVA. This analysis was performed 
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separately for each masking condition (i.e. altogether 5 times). Statistically relevant F-

values were plotted for each one of these analyses and contrasts (t-tests) were computed 

for pairs of different stimuli. Every row and column represent a different experimental 

condition in the model. 

 

 

Fear, familiarity and arousal ratings were calculated and correlation analyses with the 

EEG data (EPN average amplitudes) were conducted for unmasked condition. To avoid 

as much as possible multiple comparison problems, the average amplitudes registered 

on the electrodes O1 and O2 were averaged. Individual variability of the 

electrophysiological response was taken into account considering the category “bird” as 

baseline for the comparison of the others (snake minus bird, spider minus bird, and 

butterfly minus bird differences in amplitudes). The category bird was chosen as 

baseline as showed a lower amplitude in EPN compared to the others.  

 

 

Results 

 

Behavioral measures 

The fear questionnaire (scale 1 to 15) scores were as follows: snakes 6.93 (SD = 2.79), 

spiders 4.26 (SD = 3.50), birds 1.44 (SD = 1.89), and butterflies .19 (SD = .40). 

ANOVA showed significant category effect, F(2.05,53.33) = 46.67, p < .001, = .64. 

Bonferroni corrected pairwise-comparison showed statistically significant differences 

between all possible contrasts (p-values < .011). Snakes, not surprisingly, scored as the 

most feared, followed in the order by spiders, birds and butterflies. 

 

The familiarity questionnaire (scale 1 to 10) scored: snakes, 6.41 (SD = 2.97); spiders, 

7.04 (SD = 2.55); birds, 9.15 (SD = 1.68), and butterflies, 8.19 (SD = 1.92). ANOVA 

analyses revealed a significant category effect F(1.68,43.71) = 20.15, p < .001,  = .44. 

Bonferroni corrected pairwise comparisons showed that participants were more familiar 

with butterflies and birds than with spiders and snakes (p-values < .014). No differences 

were showed between spiders and snakes (p = .278). 

 

Arousal scores, as rated at the end of the experiment individually for each image were 

averaged for category. Final scores ranged from 1 to 10. Mean scores for the arousal 

measure were: snakes 6.16 (SD = 2.44), spiders 6.41 (SD = 2.15), birds 1.98 (SD  = 

1.10) and butterflies, 2.00 (SD = 1.23) for butterflies. The main effect was significant 

among the categories, F(1.51,39.24) = 82.88, p < .001,  = .76. Bonferroni corrected 

pairwise comparisons did not show statistically significant difference for snake vs. 

spider stimuli (p = 1), nor between butterfly and bird ones (p =1), but snakes and spiders 

differed from butterflies and birds (p-values < .001) 

 

Awareness ratings  

Awareness rating scores were calculated using correct and incorrect reports. These 

values are displayed in Table 1. ANOVA using masking condition (4) × stimulus type 

(4) as factors showed a statistically significant interaction effect, F(4.91,127.54) = 

19.22,  p < .001,   = .43. The main effect for masking condition was F(1.41,36.60) = 
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312.49,  p < .001,  = .92. Main effect for stimulus type was F(1.85,48.19) = 71.33,  p 

< .001,  = .73. Bonferroni correction pairwise analysis showed that all the masking 

conditions differed in awareness ratings (p-values < .001). As well, all the stimulus 

types differ from each other (p-values < .002). 

 

Table 1. Mean score for the awareness rating (scale 0-3) for each animal category and 

for each presentation duration (SD). 

 

  Presentation duration (frames) 

Animal  1 2 3 4 MEAN 

 

Snakes  .55 (.42) 1.37 (.43) 1.98 (.47) 2.23 (.42) 1.53 (.75) 

Spiders  .41 (.37) 1.02 (.43) 1.63 (.55) 1.97 (.48) 1.26 (.69) 

Butterflies  .44 (.33) 1.64 (.54) 2.36 (.56) 2.64 (.47) 1.77 (.98) 

Birds  .51 (.35) 1.89 (.56) 2.49 (.50) 2.76 (.38) 1.91 (1) 

 

MEAN  .48 (.06) 1.48 (.37) 2.12 (.39) 2.40 (.37) 

 

 

 
 

 

In the 1 frame condition, the effect for stimulus type was statistically significant, 

F(3,78) = 4.79, p < .039,  = .16, with spider and butterfly images scoring lower than 

snakes (p-values < .033), and there was a statistical tendency for spiders to be less 

awarely perceived than birds (p = .056). Stimulus types differed also in the 2 frames, 

F(2.25,58.57) = 38.19 , p < .001,  = .60. In this condition as well, spider images were 

the least consciously perceived (p-values < .001). Snake images were more difficult to 

consciously perceive than bird (p < .001) and butterfly images (p=0.27), and butterflies 

were rated as more difficult to perceive compared to birds (p = 0.20). 

 

Images differed in the 3 frames condition, F(1.79,46.56) = 39.93,  p < .001,   = .61. 

All the pairwise comparisons were statistically significant (p-values < .011), except 

butterfly vs. bird images (p = .122). Also this time, spiders were the least likely to be 

consciously perceived. Finally, for the 4 frames masking condition, a statistically 

significant effect was shown for the main effect, F(1.67,43.52) = 81.13,  p < .001,  = 

.76. Bonferroni corrected pairwise comparisons showed that all the comparisons were 

statistically significant (p-values < .019).  

The uptrend for awareness rating in longer image presentation conditions under 

backward masking confirmed the reliability of the methodology used to decrease aware 

perception of the stimuli. 

 

 

ERPs analysis using the Hierarchical Linear Modelling 

One of the advantage of the Hierarchical Linear Modelling analysis is that does not need 

a pre-selected time-window of interests, but it is data driven. That means that using such 

methodology it is possible to investigate possible differences among conditions in the 
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full ERPs interval and not only in specific components of it. Similarly, that 

methodologies used to analyze fMRI datasets, this powerful method might represent a 

problem: the multiple comparisons. In order to avoid such problem, the toolbox 

provides clustering possibilities for statistical corrections. In the first level analysis no 

statistical correction is applied, as it is considered a pre-screening of the ERPs data. In 

second level analysis, a statistical correction is applied for temporal clustering. As the 

EEG equipment used for this study feature relatively low spatial resolution (19 

channels), applying a spatial clustering correction would have been of difficult 

interpretation and really conservative. 

 

First level ANOVA analyses performed using the LIMO EEG Matlab Toolbox, 

obtaining individual beta scores for each subject. A second level analysis investigating 

the effects of animal category (4 image type × 5 presentation durations) evidenced few 

time windows of interest (Figure 6.). Strong statistically significant differences among 

the conditions are showed, especially over the occipital electrodes, around 100ms from 

stimulus onset, as well as around EPN (225-300 ms). Other area of statistical 

significance between the various stimuli conditions was individuated around 100 ms 

from the stimulus onset and around 150 ms. such earlier difference involves various 

channels and it is not selectively localized on the occipital area. 
 

 

 

 

Figure 6. Statistically significant F-values (p < 0.05) in the second level analyses, main 

effects for animal type. It is visible a timely and spatially synchronized area of statistical 

significance around the EPN time-window (225-300, highlighted by the red circle) over 

the occipital area (O1 and O2). Electrodes are showed in row and x-axis represents time. 
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The scalp distribution on the right represent the highest f-value electrode. F-values are 

corrected for temporal clustering. 

 

 

Second level ANOVA analyses were performed, separately, for each one of the 

presentation durations, investigating the possible differences on animal category in a 

specific stimulus duration. Only the plot regarding the unmasked condition showed a 

statistically significant area of difference among the image categories, coherent with 

EPN. Data plots of the comparison of image types within the masked presentation 

conditions did not show any statistical difference on the EPN time-window. For 1f 

presentation no statistical differences were shown within the full ERPs analysis (0 to 

330 ms from the stimulus onset). The plots for the other presentation conditions showed 

differences in earlier components of ERPS, especially a persistent difference in O2 

location, in every presentation duration (Figure 7.). 

 

 

 
Figure 7. Statistically significant F-values (p < 0.05) in second level analyses. The plots 

1 to 5 show different image presentation conditions: 1 frame, 2 frames, 3 frames, 4 

frames and around 300 ms unmasked condition, respectively. In unmasked condition it 

is clearly visible an area of statistical significance, coherent with the EPN on the time 
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window of 225-300 ms from the stimulus onset, over the occipital area (O1 and O2). 

This effect is not present on the other investigated masked conditions. F-values are 

corrected for temporal clustering. 

 

 

 

Based on the results of second level analyses, contrast analyses were performed to 

investigate which conditions (animal image types) were different from each other. For 

the main effect around 100 ms from the stimulus onset in 2, 3 and 4 frames conditions 

was impossible to establish a coherent pattern: for every condition, a different image 

type was statistically producing a higher amplitude in ERPs compared to the others 

(with butterflies producing the highest amplitude compared to the other images in 3 and 

4 frames and spiders in the 2 frames condition). 

 

Contrast analyses (pairwise t-tests) for unmasked condition (presentation of the animal 

images for around 300 ms), showed a difference between the animal categories, on the 

time window suggested by the main effect. Snake image were statistically different vs. 

spider images (p-values < 0.05), while both spiders and snake images showed an 

advantage compared to butterflies and birds images. Butterflies and birds images did not 

show any statistical difference (p-values > 0.05). 

 

 

ERPs analysis using the classical approach 

Classical ERPs analysis is a theory driven approach where the average amplitudes of a 

pre-selected time-window of interest in specific electrodes are compared using repeated 

measures analysis of variances (rANOVAs). In this case the selected time window is the 

one suggested by the literature (EPN, 225-300 ms from the stimulus onset), and the 

electrodes are the occipital ones (O1 and O2). As in the general linear modelling 

analysis only stimuli presented for 300 ms in unmasked condition showed differences 

among stimuli category in EPN, only such condition was analyzed with the classical 

methodology. 
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Figure 8. Average of the ERPs for the four image types, showed for 300 ms in 

unmasked condition. In azure is evidenced the time window accounted for the EPN 

effect (225 to 300 ms from the stimulus onset). The electrophysiological correlate for 

snake images is in red, for spider is in blue, for butterfly is in green and for birds in 

black. 
 
 

Repeated measure ANOVA showed that average amplitude in EPN for stimulus 

category was statistically different, F(3,78) = 26.22, p < .001,  = .50. Comparison of 

stimulus categories (Bonferroni corrected) revealed statistical significance between all 

the stimuli (p-values < .05). Snake images produced the biggest negative amplitude, 

followed by spider, butterflies and bird images. Average ERPs for the four different 

image categories are shown in Figure 8. Figure 9 shows the full scalp activation in the 

ERPs in the average ERPs.  
 

 

Figure 9. Scalp distribution of brain activity from the stimulus onset to 300 ms, divided 

into four 74-76 ms time-steps, for the 300 ms without masking experimental condition. 

Bird images were used as baseline. The difference between snakes and birds, between 

spiders and birds and between butterflies and birds showed a negativity localized in the 

occipital area and peaking around the EPN time window (225 to 300 ms from the 

stimulus presentation) as well in an earlier stage (150 to 226 ms) 
 

 

Correlation analyses  

Correlations of the ERPs’ average amplitude in the 225-300 time window (in O1 and 

O2 electrodes) with the mean scores of the fear, familiarity, and arousal questionnaires 

were analyzed. These correlations between amplitudes of the four stimulus categories in 

the unmasked condition and the fear, familiarity and arousal scores of each specific 
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animal category were not statistically significant. Even adopting birds images as 

baseline, in order to properly account for individual variability in electrophysiological 

responses, did not result in any significant result (snake – bird, spider – bird, butterfly – 

bird). 

 

 

Discussion 

 

The main objective of the present study was to investigate whether or not snake visual 

stimuli evoke enhanced early posterior negative potentials (EPNs), replicating previous 

findings using a more sophisticated image pre-processing methodology (images 

equalized for contrast and luminance levels) and using a data-driven statistical analysis 

(Hierarchical Linear Modelling). Further, and crucially, to explore whether or not such 

electrophysiological effects were modulated by subjective visual awareness. 

 

According to previous investigations, snake images have an evolutional advantage 

compared to images of other dangerous or not dangerous animals, and one of the index 

of such advantage is the Early Posterior Negativity (EPN) on ERPs. In the present study 

four different animal images were employed (spiders, butterflies and birds). Based on 

previous literature, it was expected a larger EPN amplitudes in response to snake 

pictures compared to other animals (as in: He, Kubo, & Kawai, 2014; Van Le et al., 

2013; Van Strien, et al., 2014; Van Strien, Franken, & Huijding, 2014; Van Strien et al., 

2016).  Coherently with previous investigations, in a similar stimulation procedure used 

in previous ERPs studies (around 300 ms of stimulus duration), snake images provoked 

higher amplitude in EPN compared with other animal images. Such effect was 

investigated for the first time in the present study using a different, data driven, 

statistical approach than the classical ERPs analysis based on average comparisons. 

Such innovative tool allowed to accurately investigate the onset and offset of EPN. The 

results suggested that the time-window accounted for EPN in previous studies (between 

225 and 300 ms from the stimulus onset) is correct. Moreover, the same analysis 

methodologies (classical ERPs time window average analysis) of previous studies, was 

further employed in the present study and confirmed the findings of previous 

investigations. Scalp distribution of brain activations suggested that the EPN is not the 

only electrophysiological correlate of snake fear, but that a posterior negativity that 

might be specific for fearful stimuli could have an earlier onset (on the time-window of 

150-226 ms from the stimulus onset). However, such differences, which would be 

visible on the plots of the scalp distributions (see Figure 9), did not emerge from the 

data driven analysis using Hierarchical linear modelling, and was not further analyzed 

in the present study. 

 

Data driven analyses suggested that the EPN difference is present only when the stimuli 

are fully perceived and not under masked condition. Snake advantage in EPN 

disappeared under masked conditions, suggesting that a certain degree of awareness 

may be needed to produce the selective electrophysiological effect for snake images. 

Contrarily, previous studies found that snake images produce physiological effects also 

when not consciously perceived (Öhman, & Soares, 1994; Öhman, & Soares, 1993). 

Nevertheless, it might be possible that in phobic observers (as in the study of Öhman, & 

Soares, 1994) might have attentional mechanisms that make them more attentive to 
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fear-relevant stimuli, as snakes and spiders, than in a sample of the healthy participants 

as in the present study. Furthermore, previous studies (Öhman, & Soares, 1994; Öhman, 

& Soares, 1993) used a different methodology (Electro dermal responses), and it may be 

possible that such methodology might be able to detect a different effect type of fear. In 

masked condition some earlier EPN differences were detected (around 100 ms from the 

stimulus onset), but it was not possible to individuate a specific pattern (a specific 

image category) responsible for these differences, as in every masked condition a 

different image category was producing an electrophysiological advantage. Further 

studies may be needed to shed light on the interaction between masking conditions and 

early ERPs correlates of animal images. 

 

The present finding for unmasked image support the previous investigations on the 

topic. Furthermore, these findings were replicate even with images featuring identical 

luminance and contrast level. This is a further support for the snake detection 

hypothesis (Isbell, 2006, 2009), that argue in favor of the importance of snakes as 

evolutionarily critical animals. Furthermore, the present study support that also spiders 

provoke some enhanced early brain activity (as in Van Strien et al. 2016) compared to 

non-threatening animal stimuli, contrasting with the finding of Hu et al. (2014), that did 

not find an effect for spiders.  

 

As snake were rated as more fearful than spider images, that might have influenced the 

EPN amplitude. However, no correlations between rating of fear and EPN average 

amplitude was found. A limitation of the present study is that fear questionnaires were 

non validated translation of the spider phobia questionnaire. Furthermore, their 

adaptation for non-spider animals were as well not validated. Moreover, fear 

questionnaires (as well as arousal scores) may be argued to investigate subjective fear 

and not the actual fearful reaction to the specific stimulus. Additional behavioral 

methodologies may be employee in further studies to better individuate an index of 

objective fear. 

 

The ERPs difference between the animal categories were detected only for fully aware, 

unmasked images, presented for around 300 ms. Such finding suggests that awareness 

level may be of crucial influence for the electrophysiological correlate of snakes as a 

evolutionarily crucial stimuli (EPN). 

 

The present study, argues against the idea that EPN is produced by unconscious 

cognition of early attentional preferences (as supported, e.g. in Van Strien, Franken, & 

Huijding, 2014). The time window where the EPN is located cannot be defined as early, 

but intermediate in ERPs (see Foxe & Simpson, 2002). Moreover, the present results 

showed that a clear conscious perception of the snake images is a prerequisite for the 

snake effect on EPN. A recent study (Lähteenmäki et al., 2015) has suggested that 

emotional features of images are processed only after conscious recognition of the 

stimulus. Furthermore, EPN is overlap in time and space with the Visual Awareness 

Negativity, a well-known index of conscious perception of visual stimuli (Koivisto & 

Grassini, 2016), suggesting that EPN and awareness might be connected.  

 

On the other hand, even assuming the needs for conscious perception, the idea that 

reactions for evolutionarily stimuli have to produce a very fast motor reaction is not 
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challenged. For example, in a recent study, Railo et al. (2015) suggested that even 

conscious vision can guide very fast motor behavior. In conclusion, it is possible that 

the electrophysiological advantage for snakes is driven by conscious perception, and 

that subjective visual awareness itself may have had a significant role during evolution, 

helping to survive in life-threatening situations. 
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