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Highlights

e We tested whether visual reminders of death have a greater impact on the
magnitude of steady-state EEG visual responses compared to unspecific
threat-related content.

e In two separate experiments, we found greater frequency-tagged EEG spectral
power associated with threat-related images.

e Bayesian statistics support the notion of strong evidence for this alternative
hypothesis.

Abstract

Terror management theory (TMT) suggests that reminders of death activate an

exclusive anxiety mechanism different from the one activated by other types of symbolic



threats. This notion is supported by evidence showing how experimental participants verbally
reflecting on their own death are then influenced in their opinions and behaviours. A previous
study showed that magnitude of electroencephalography (EEG) activity is greater when
images depicting death-related content are coupled with painful thermal stimuli compared to
threat-related content. Here we expand on previous research by testing whether similar
effects may be brought about by passive observation of generic visual reminders of death.
More precisely, we hypothesised that fast periodic presentation of death-related vs. more
generic threat-related images determine a preferential modulation of brain activity measured
by means of EEG. In two experiments, we found that images depicting death content elicit
lower frequency-tagged EEG response compared to more generic threat images. Visual
evoked potentials revealed that a brief change of the scene from neutral to threat content
elicits greater amplitude at the late latencies (compatible with a P300 potential), particularly
at the parieto-occipital sites. Altogether, our findings suggest that, in a context where no
reflection on death cues is allowed and no threatening stimuli in other modality occur, visual
death cues trigger lower neural synchronisation than that elicited by similarly negative and

arousing cues with divergent threatening meaning.

Keywords: affective pictures, death, electroencephalography, terror management theory,

threat.

Introduction

Emotionally intense cues gain preferential access to attentional resources due to
their intrinsic motivational relevance compared to neutral cues (Margaret M. Bradley et al.,
2003; Vuilleumier, 2005). According to the dimensional circumplex model of emotion

(Russell, 1980), visual stimuli with positive or negative valence draw attention and tax



cognitive resources more than neutral stimuli (Margaret M. Bradley et al., 2003; Keil et al.,
2003). Similarly, visual stimuli that possess arousing content, and that leads to changes in
the emotional/affective states of the onlooker, can gain preferential access to cognitive
resources (Bernat, Patrick, Benning, & Tellegen, 2006; M M Bradley, Codispoti, Cuthbert, &

Lang, 2001)

A great deal of experimental work has studied the effect of standardised affective
pictures (often extracted from the International Affective Picture System, IAPS; Lang et al.,
2008) on subjective and cortical correlates of emotional states in healthy laboratory
volunteers (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Hajcak, MacNamara, Foti,
Ferri, & Keil, 2013). Studies investigating the brain correlates of affective pictures often rely
on electrophysiological responses obtained through the recording of electroencephalography
(EEG). Experimenters measure event-related potentials (ERPs) during the presentation of
images at a slow pace but also steady-state evoked potentials and spectral magnitude of
EEG activity during the fast presentation of visual stimuli (Keil et al., 2003; Kemp, Gray,

Eide, Silberstein, & Nathan, 2002).

Here we built on previous research on affective pictures to address a question that
has only recently attracted the attention of neuroscientists: do cues of death have a specific
effect on brain activity? The recent interest in studying the effect of death—related brain
processing is motivated by findings in the field of experimental and social psychology
supporting the notion that human’s awareness of death has a unique and pervasive effect on
individuals’ behaviour, opinions and attitudes. According to the terror management theory
(TMT), a dominant theory in the past 30 years (see Pyszczynski, Solomon, & Greenberg,
2015 for a critical review), the basic psychological conflict between wanting to live and
having the self-awareness that death is inevitable generates an unfortunate by-product in
humans, namely existential anxiety. Cultural and personality factors may act as mediators of
anxiogenic effects caused by the awareness of death. Believing that we are a valuable

member of a group/community that shares a set of values and beliefs provides a sense of



meaningful continuation after our biological death (Pyszczynski, Greenberg, Solomon, Arndt,

& Schimel, 2004).

Effects of death reminders on behaviour and subjective experience have been
replicated in approximately 20 different countries with more than 5000 studies since the 80s
(Hayes, Schimel, Arndt, & Faucher, 2010; Rosenblatt, Greenberg, Solomon, Pyszczynski, &
Lyon, 1989 and Burke, Martens, & Faucher, 2010 for a meta-analytic assessment). For
instance, reminders of mortality are associated with generating negative reactions against
individuals who threaten the participant’s personal beliefs, and increased support for ideas
that are consistent with one’s worldview (Greenberg et al.,, 1990; Greenberg, Porteus,
Simon, Pyszczynski, & Solomon, 1995; Schimel et al., 1999). Research has shown that
these effects are best observed if distraction from death content and a time lapse occurs.
TMT theorists proposed a dual-process model to account for different cognitive defences
individuals put forth to manage the existential dread associated with death reminders.
According to the model, ‘proximal’ defences (i.e. explicit, voluntary, conscious) imply denying
or rationalising death. In contrast, ‘distal’ defences (i.e. implicit, automatic, unconscious)
imply development of self-esteem and cultural beliefs as to buffer existential anxiety
(Greenberg, Arndt, Simon, Pyszczynski, & Solomon, 2000). This way of defending against
thoughts of death does not necessarily elicit a conscious experience of anxiety or distress
(Winkielman & Berridge, 2004 for a critical discussion). The classical experimental
manipulation entails having individuals pondering their own mortality (i.e. mortality salience)
and then diverting their focus of attention from the idea of death, thus ensuring unconscious
distal effects would arise and exert implicit modulation of the dependent variable (Burke et

al., 2010).

Despite a wealth of research investigating both proximal and distal effects on
psychological variables, few studies have investigated the neural evidence in support of TMT
and the dual defence model. For instance, Henry et al. (2010) found a modulation of ERPs

amplitude when participants were viewing emotional facial expressions of in-group and out-



group members following mortality salience induction. This suggested that mortality threat
may have an influence on the neural processes associated with person perception and
categorisation. However, the authors made no mention of how these findings would be
interpreted according to the dual process hypothesis. Conversely, Klackl et al. (2013) found
an increase in late ERPs while participants were processing death-related compared to
generally unpleasant words. They interpreted such increase as a neurophysiological

correlate of proximal defences.

At variance with this interpretation we recently proposed that brain responses may
reflect activation both proximal and distal defence mechanisms occurring during elaboration
of death-related cues (see Valentini, Koch, Nicolardi, & Aglioti, 2015 for a critical discussion).
Regardless of what mechanism may explain the neural effects observed so far, studies
reported specific effects of death-related content using either the traditional “mortality
salience” mind-set induction (Henry et al., 2010; Valentini, Koch, & Aglioti, 2014; Valentini,
Koch, Nicolardi, et al., 2015) or linguistic cues without requiring participants to reflect on their
own death or a distraction procedure (Han, Qin, & Ma, 2010; Klackl et al., 2013; Quirin et al.,
2012). In a very recent experiment (Valentini, Nicolardi, & Aglioti, 2017), we coupled
affective pictures to painful stimuli of different intensities in the context of a conditioning
paradigm, and found that visual reminders of death were associated with greater alpha
desynchronisation over parieto-occipital electrodes when compared to threat-related
pictures. These findings suggest the presence of a contextual crossmodal modulation acting
on visual EEG responses. Such modulation may reveal competitive cortical mechanisms
during perception of visual reminders of death compared with similarly arousing negative

valence images.

Building on previous evidence, here we tested the hypothesis that passive
observation of visual death-related content would trigger greater synchronised brain activity
recorded from parietal and occipital regions of the scalp when compared to threat-related

content. To this aim we adopted Fast Periodic Visual Stimulation (FPVS), without co-



occurring stimuli in other sensory modalities (Rossion, 2014). FPVS brings about neuronal
synchronisation locked to the periodic rate of a flickering stimulus, thus producing a periodic
EEG response that can be studied in both the frequency and in the time domain (see Norcia,
Gregory Appelbaum, Ales, Cottereau, & Rossion, 2015 for a review; Regan, 1977). Most
recent applications showed that high-order periodic changes (e.g. face vs. object) of the

visual features do produce consistent detectable responses (Rossion & Boremanse, 2011).

We used an oddball design (Liu-Shuang, Norcia, & Rossion, 2014) with neutral
images constituting the standard familiar events and the death or threat scenes being the
oddball deviant event. Images were delivered with a stimulus onset asynchrony of 200 ms,
thus resulting in a base rate presentation of 5 Hz (F). We presented the oddball/deviant each
five images per second, thus resulting in a deviant rate of 1 Hz (F/5). The activity elicited by
the base rate presentation can be considered as a general measure of visual processing
with mixed contribution of low and high order elaboration (e.g. Dzhelyova, Jacques, &
Rossion, 2017) whereas the activity elicited by the oddball frequency can be conceived as
reflecting the pure contrast between the two experimental conditions. Besides being
successfully implemented in the study of high-level visual processes, the frequency-tagging
approach has already proved to be sensitive and specific also in the study of auditory and
somatosensory processes (Colon, Legrain, & Mouraux, 2012; Nozaradan, Peretz, Missal, &
Mouraux, 2011). Crucially, this design allowed us to obtain objectively detectable responses
(i.e. at predefined frequencies) through which contrast the magnitude of visual-related brain
responses linked to death or threat scenes. According to the previous literature, we expected
greater power of synchronised EEG activity during the presentation of deviant (i.e. 1 Hz)
death-related content whereas no significant difference was expected at the base rate
presentation (i.e. 5 Hz). These hypotheses were tested using both frequentist and Bayesian
hypothesis testing approach. The rationale of using Bayesian analyses is twofold. First, they
allow us to quantify the evidence supporting both HO and H1 (Wagenmakers, 2007).

Therefore, we provide evidence not only on whether a difference takes place but also on the



direction of this difference (i.e., not only if HO#H1 but also if- HO<H1 or HO>H1). Second,
they allowed us to test the robustness of the findings by assessing the role of different

probability distributions (i.e. priors).

Materials and Methods

Participants

Eighteen right-handed healthy individuals (13 females) patrticipated in experiment 1
(meantSD age, 28.9+9.2). Twenty-three right-handed healthy individuals (15 females)
participated in experiment 2. However, one female participant was excluded because of her
extremely poor performance in the behavioural task. Thus, data analyses were performed on
the remaining 22 individuals in experiment 2 (meant£SD age, 23.7+4.3). All participants had
normal or corrected-to-normal vision and were naive as to the purpose of the experiment.
None had a history of neurological or psychiatric disease. All gave written informed consent
and were debriefed at the end of the experiment. The experimental procedures were
approved by the University of Essex ethics committee and were in accordance with the

standards of the Declaration of Helsinki.

Stimuli

On the basis of the methodological approach used in a previous study (Valentini et
al., 2017), 66 images from the IAPS database (Lang, Bradley, & Cuthbert, 2005) were
extracted (22 with neutral valence, 22 with death-related content and 22 with threat-related
content). A smaller dataset (n=27) of 9 images per each affective category (9 neutral, N; 9
death-related, D; 9 threat-related, T) were selected for being further submitted to an online
survey, in which 45 respondents rated the images according to their ability to evoke a sense

of threat, brevity of life, fear of death, disgust, and surprise on a 1 to 5 scale (“Not at all”,
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“Slightly”, “Moderately”, “Very”, “Extremely”’; see Appendix 1). The current study capitalised
on a variable range of image types. For example, death-related images depicted a dead
individual in a coffin sorrounded by grieving individuals (#2799), a graveside scene with two
individuals standing by a tombstone (#9220) and a bunch of skulls (#9440). Conversely,
threat-related images showed scenes of social violence (#2691) and distress (#9429), food
contaminated with insects (#7380) and a snake in attack posture (#1090). From the results
of the survey, 8 images from each category (n=24) were selected for the experiment
(displayed in Appendix 2). All images were grey-scaled and presented at a 320x240 pixels
resolution in an upright position The E-Prime® software (Schneider, Eschman, & Zuccolotto,

2002) was used to control the onset/offset of visual stimuli, displayed on a 15x11.4 inches

CRT monitor, with a refresh rate of 85Hz and resolution of 800x600.

EEG recording

Sixty-two Ag/AgCI electrodes (Easycap, BrainProducts GmbH, Gilching, Germany)
were used to obtain EEG recordings (Synamps RT, Neuroscan, Compumedics). The
electrodes were placed according to the positions of the 10-20 International System. The
impedance of the electrodes was kept below 10 kQ, and the EEG signal was amplified and

digitised at 1000 Hz. The reference was at the left earlobe and the ground at AFz.

Experimental design and procedure

Experiment 1

Participants were seated in a comfortable chair in a silent, temperature-controlled
room at a distance of approximately 70 cm from the screen (mean+SD, 73.2+4.7 cm) with a
visual angle of ~3.1° in width and ~2.2° in height away from fixation. After EEG cap montage
and quality check of the signal, four recording blocks were performed. The experimental
design contrasted the observation of images with death- or threat-related content during

either periodic or aperiodic presentation rate (Fig. 1, top and central panels), thus leading to



four experimental conditions: Periodic Death (PD), Periodic Threat (PT), Aperiodic Death

(AD), Aperiodic Threat (AT).

All the images (N, D, T) were delivered at a fixed rate of 200 ms per image (2 ms
average delay), thus building the base rate presentation pattern (F = 5 Hz). Images were
presented in a square wave mode according to the screen refresh rate (i.e. there was blunt
change from one image to the other). Deviant events in the periodic condition were delivered
at a frequency of 1 Hz, that is once each four repetitions of four different neutral images (F/5
= 1 Hz) (see Rossion, Torfs, Jacques, & Liu-Shuang, 2015 as reference). The rationale of
using an aperiodic or non-periodic presentation relies on controlling for the effect of
presentation pattern in interpreting differences between visual content in the deviant
frequency. Fast periodic visual stimulation allowed us to elicit a fast periodic response in the

EEG that can be measured in the time and frequency domain (Regan, 1966; 1968, 1977).

Each stimulus list consisted of 40 stimuli and was repeated 14 times for a total of 560
events per block. Each repeated list contained eight aversive images with death- or threat-
related content (112 in total) and thirty-two images with neutral content (448 in total), and
lasted for 112 s. The order of blocks was balanced across participants. As mentioned above,
the periodic condition presented an equal number of neutral images between each aversive
deviant image. On the contrary, the position of the images in the aperiodic blocks was
pseudorandomised to ensure that there was no stable recurrent pattern of images across
participants. No aversive image was repeated in a single list run of both periodic and
aperiodic presentation. Moreover, we prevented the very same neutral image from being
repeated as this would have caused a significant change in the perceived duration of the
event (400 ms rather than 200 ms). In addition, at least two neutral images were interleaved

between two consecutive aversive images.

A blue fixation cross was superimposed on the images and pseudorandomly turned
to yellow throughout the experimental testing. Participants were asked to verbally recall the

number of times the cross changed colour from blue to yellow at the end of each block. The
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aim of the fixation task was to ensure participants remained focussed on the images
throughout the experiment and at the same time did not focus their overt attention on the
content of the images, thus fostering a covert attentional effect of the image content of brain
activity. The colour change of the fixation cross was randomly arranged during the aperiodic
blocks. The fixation cross did never change colour immediately before or after a deviant
image, and never on a deviant image. This caveat prevented a direct interference of the
fixation task on the putative effects associated with the passive observation of the deviant

images.

Prior to starting the experiment participants were familiarised with the speed of the
presentation of the background images and practiced the fixation cross task. In between
experimental blocks participants were given a short pause of 2 minutes in order to avert
boredom or tiredness caused by the task and to help participants maintain focus on the
fixation task. At the end of the visual presentation participants were fully debriefed and were
asked a few questions. Participants were asked whether they could tell apart different types
of images and whether they felt emotions during the experimental session (see Appendix 6
for a template of the debriefing questions). The experiment took approximately 60 minutes

from EEG set-up to debriefing.

Experiment 2

Participants sat at a distance of approximately 60 cm from the screen (meantSD,
59.9+2.0) with a visual angle of ~3.91° in width and ~2.94°in height away from fixation. The
experimental design and procedure of experiment 2 was identical to experiment 1 except for
what follows. Each of the 4 blocks contained a single list of 560 images and lasted for 112 s.
We changed the delivery pattern as we noticed that in experiment 1 the EEG captured the
refresh rate of stimulation lists administered by the stimulation software. The spectral
response can be appreciated in Fig. 2 (panel A) and is centred on 0.125 Hz (and

corresponding to 8000 ms resulting from the list cycle of 200 ms * 40 images). As this
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response could virtually affect the identification of the 1 Hz deviant response we changed the

list cycle to eliminate this technical flaw.

Experiment 2 implemented a different control condition. We replaced the aperiodic
presentation with periodic presentation of scrambled images as to be able to further
generalise the purported difference between periodic presentation of death and threat-
related pictures and exclude the contribution of low-order effects. We contrasted the
observation of either intact or scrambled images with death- or threat-related content during
periodic presentation rate (Fig. 1, bottom panel), thus leading to four experimental
conditions: Intact Death (ID), Intact Threat (IT), Scramble Death (SD), Scramble Threat (ST).
Scrambled versions of the stimuli were made by using the functions pixelate and mosaic

(cell size 15) in Photoshop (Adobe).

Data analysis

EEG data pre-processing

EEG data were pre-processed and analyzed using EEGLAB (Delorme & Makeig,
2004) and Letswave 5 (http://nocions.webnode.com/letswave). Individual participants’ data
were first re-sampled at 500 Hz. Power line-related sinusoidal artifacts (50-100 Hz) were
removed using Cleanline (http://www.nitrc.org/projects/cleanline). Data were then band-pass
filtered from 0.1 to 100 Hz (filter order 2) and further corrected using the Artifact Subspace
Reconstruction (ASR) plugin (Mullen et al., 2013). We used only the “burst” and “window”
criteria with conservative values of 15 and 0.5 respectively. These criteria allowed us to keep
all the stimulus events within each recording block while correcting the signal from significant
artifacts. Data were then re-referenced to the average of the earlobes and further processed
using independent component analysis (ICA, Makeig, Bell, Jung, & Sejnowski, 1996) to
subtract eye and muscle-related artifacts, aided by the multiple artifact rejection algorithm

(MARA, Winkler, Haufe, & Tangermann, 2011). Data resulting from the ICA were re-
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referenced to the average of all electrodes and cropped in equally sized data chunks (113.19

s and 113.17 for experiment 1 and 2 respectively).

Frequency spectrum analysis

We applied a discrete Fourier transform and output the normalised power (uV?)
spectra (N/2) for the frequency range 0-500 Hz for each participant. This operation yielded
spectra with high frequency resolution of 0.009 Hz for both experiments, thus ensuring an
optimal signal-to-noise ratio and precise identification of the response at the frequencies of

interest (i.e., 5 Hz, 1 Hz) with the exclusion of the deviant and base rate harmonics.

We took into account the variations of noise across the EEG spectrum by computing
two types of noise-subtracted spectra. We subtracted, at each bin of the frequency spectra,
the average power measured at 20 surrounding frequency bins (10 on each side, excluding
the immediately adjacent two bins). We also computed the signal-to-noise ratio (SNR) which
was calculated as the ratio between the amplitude at each frequency and the average
amplitude of the 20 surrounding frequency bins (excluding the immediately adjacent two
bins; e.g., Liu-Shuang et al., 2014). As statistical findings did not differ between the two
types of noise-subtracted spectra we used SNR spectra for graphical purposes and also
reported SNR spectral values to assist the reader in further assessing the magnitude of the

two main responses, particularly the response at the deviant frequency.

To estimate differences between conditions in the deviant (1 Hz) and base rate (5
Hz) frequencies on the noise-subtracted data we averaged spectral power over a pool of
electrodes. First, we averaged power across the whole scalp by pooling all the electrodes,
thus providing a preliminary assessment of the experimental effects without assumptions on
their topographical distribution. Second, we analysed differences on three a priori regions of
interest (ROI) established at the level of the scalp occipital and bilateral parieto-occipital
regions. The electrodes chosen for the occipital and parieto-occipital ROIs were selected

based on the profile of the largest power detected across the electrodes in the target regions
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that importantly confirmed the pattern of peak activity observed in the previous literature
(Rossion et al.,, 2015; Norcia et al.,, 2015). Similar to the findings in the context of fast
presentation of faces (e.g., Dzhelyova et al., 2017), we observed two different topographical
profiles for the deviant and base rate responses (see Fig. 2 and 4). Therefore, we built
different regions of interest for the deviant and base rate response. The left parieto-occipital
ROI (LPO) contained electrodes PO7, P5, P7 for 1 Hz response and electrodes O1, PO3,
PO5, PO7, P3, P5, and P7 for 5 Hz response. The right parieto-occipital ROl (RPO)
contained electrodes PO8, P6, P8 for 1 Hz response and electrodes 02, PO4, PO6, PO8,
P4, P6, and P8 for 5 Hz response. The central occipital ROl (OCC) contained electrodes O1,

02, Oz, POz for both 1 Hz and 5 Hz responses.

Time domain analysis

Pre-processed averaged-referenced data were band-pass filtered with a Butterworth
filter from 1 to 30 Hz with filter order 4. We then applied a fast Fourier transform (FFT) notch
filter with 0.1 Hz width to selectively remove the dominating base frequency (5 Hz) and the
following 4 harmonics (Dzhelyova & Rossion, 2014). Continuous data were then segmented
in 1200 ms epochs (6 cycles of the base rate) for each experimental condition and time-
locked to the onset of the deviant event. Epochs were then baseline corrected using the 200
ms pre-stimulus activity (1 cycle of the base rate). These baseline-corrected epochs were
then grand-averaged for each of the four conditions separately. Overall, there were 2016
epochs in experiment 1 and 2464 in experiment 2 (no epoch was excluded in the pre-

processing stage).

Statistical data handling

We computed Wilcoxon signed-ranks test to assess differences between ratings
provided in the preliminary survey. We computed ANOVA to analyse behavioural accuracy

in the fixation cross task. We first computed the proportion of correct reports by dividing the
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reported changes by the expected correct amount of changes in each block, thus resulting in

a reference accuracy index of 1.

In the analysis of EEG data, we first extracted the mean power within 0.98 and 1.02
Hz for the deviant rate (1 Hz) and from 4.9 and 5.1 Hz for the base rate (5 Hz) as to account
for small temporal jitters at the two experimental frequencies. We then performed t-tests for
each baseline-subtracted spectral response and ROI to assess the different expected
pairwise differences. On the basis of previous research we expected to find no difference
between death and threat scenes during aperiodic (experiment 1, AD vs. AT) and periodic
scramble presentation (experiment 2, SD vs. ST). At the same time, we expected the
magnitude of spectral activity to be greater for each level of content during periodic than
during aperiodic presentation (experiment 1, AD vs. PD and AT vs. PT) or periodic scramble
presentation (experiment 2, SD vs. ID and ST vs. IT). Finally, the most relevant hypothesis
posited that death pictures during periodic presentation should have shown greater spectral
magnitude than threat pictures in both experiments (PD vs. PT and ID vs. IT). We report

Cohen’s d (using pooled SD of death and threat conditions) as measure of effect size.

To estimate the time course of the effects observed in the frequency domain, we
performed an analysis of the temporal envelope time-locked to the deviant stimulus.
Therefore, time domain analysis was performed only on the ROIs that revealed a difference
in spectral power between death- and threat-related scenes during periodic presentation in
both experiments. To this aim we computed whole-waveform t-tests with correction for
multiple comparisons, by means of the cluster-level randomisation (Maris & Oostenveld,
2007) to identify differences between amplitudes across the experimental conditions.
Cluster-level randomisation allowed us to control the Type-1 error rate involving multiple
comparisons in the temporal dimension (1000 permutations; Z>2 threshold; P<0.05, two

tailed).

As additional informative analysis, we also performed Bayesian t-tests to further

assess the main directional hypothesis that death pictures during periodic presentation
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should have shown greater spectral magnitude than threat pictures in both experiments (PD
vs. PT and ID vs. IT). The advantage of using Bayesian statistics (Jarosz & Wiley, 2014 for a
discussion) rests on the ability to quantify the evidence in support of both HO and H1. Here,
we aimed to ponder evidence supporting i) no significant difference in EEG power between
death and threat, or ii) greater power for death vs. threat, or iii) lower EEG power for death

vs. threat.

We extracted Bayes factors (BF) using JASP (JASP Team, 2018) for the three
competing models only for the 1 Hz deviant frequency and only on the ROIs that best
accounted for associative visual processing (namely, RPO and LPO) in each experiment. As
we had no clear estimate of the expected effect size of the difference between death and
threat EEG power, we sat the Cauchy prior distribution width to the JASP default value of r =
0.707. However, we also computed robustness and sensitivity analyses to look into the role

of priors and sample size in estimating the BF (see Appendix 6).
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Results

Preliminary survey on visual stimuli

Median ratings (xIQR) for each of the 8 selected IAPS pictures per category are
reported in Appendix 3. We first median-centered each type of rating by dividing each
median per its group median and then divided this value by the group median rating
attributed to the neutral images for that type of psychological construct (e.g. rating of
valence). Table 1 shows the median ratio for the selected D and T pictures.

We then computed the Wilcoxon matched pairs test to assess differences between
death and threat-related ratings. The lack of difference between death and threat-related
content in valence and arousal confirmed the effectiveness of the selection procedure
(valence: Z=1.61, P=0.11; arousal: Z=1.63, P=0.10). There was no difference between death
and threat-related content also in perceived disgust (Z=0.03, P=0.98), sense of threat
(Z=0.89, P=0.37), or surprise (Z=0.21, P=0.83). As expected, the respondents assigned
greater ratings of fear of death for death-related content (2+2 vs. 1+1; Z=2.81, P=0.005), and

greater sense of brevity of life (2+1.5 vs. 1+£0.5; Z=4.12, P<0.001).

Behavioural task

Experiment 1

ANOVA revealed no difference in accuracy across the different types of presentation
(F17=0.18, P=0.68) or content (F17=0.24, P=0.63). No interaction between these two factors

was detected (F17=1.78, P=0.20).

Experiment 2

ANOVA revealed no difference in accuracy across the different types of presentation
(F21=0.08, P=0.77) or content (F»1=0.85, P=0.37). No interaction between these two factors

was detected (F2:=0.11, P=0.75).
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In sum, both experiments showed that participants remained engaged throughout the
experiment and were focussed on the fixation task, thus being largely accurate in detecting
fixation changes regardless of the experimental condition. This also ensures that the
deviant-related visual activity measured through EEG is purportedly independent from

voluntary overt attention.

Frequency analysis

Table 2 provides an overall summary of this analysis.

Experiment 1

Deviant frequency (1 Hz)

Fig. 2 (panel A) shows the grand-averaged SNR spectral response to deviant
pictures averaged across the whole scalp electrodes, as well as the peak topographical
activity located at bilateral parieto-occipital regions. T-tests on whole scalp baseline-
subtracted spectra revealed no difference in spectral power during aperiodic presentation
(AD vs. AT: t17=-1.06, 95% CI [-.01, .004], P=0.30; d=0.26). As expected, the response was
greater for periodic than aperiodic presentation for both types of pictures, thus confirming the
effective tagging of the deviant event in the periodic presentation (AD vs. PD: t17=-3.60, 95%
CI [-.03, -.009], P=0.002, d=1.01; AT vs. PT: t17=-2.77, 95% CI [-.05, -.007], P=0.01, d=0.90).
However, we found no difference in spectral power between death- and threat-related
scenes during periodic presentation (PD vs. PT: t17=-1.55, 95% CI [-.03, -.004], P=0.14;

d=0.35).

The analysis of RPO ROI confirmed the same pattern (Fig. 3, left). That is, no
difference between content during aperiodic presentation (AD vs. AT: ti7=-1.12, 95% CI [-
.05, .05], P=0.90; d=0.04) and greater power during periodic than aperiodic presentation (AD
vs. PD: t17=-3.10, 95% CI [-.17, -.03], P=0.007, d=1.07; AT vs. PT: t1,=-3.94, 95% ClI [-.24, -

.07], P=0.01, d=1.22). Again, we found no difference in scalp spectral power between death-
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and threat-related scenes during periodic presentation (PD vs. PT: t17=-1.50, 95% CI [-.14,

.02], P=0.15; d=0.40).

The analysis of LPO ROI revealed differences in spectral power across all the
planned comparisons (Fig. 3, centre). There was a general a general greater activation
during presentation of threat scenes regardless of the presentation modality (AD vs. AT:
t17=-3.73, 95% CI [-.07, -.02], P=0.002; d=0.95;; AT vs. PT: t17=-3.52, 95% CI [-.18, -.04],
P=0.003, d=0.94; PD vs. PT: t17=-2.49, 95% CI [-.12, -.01], P=0.02; d=0.52),, but also
greater spectral power during observation of deviant death scenes during periodic than
aperiodic presentation (AD vs. PD: t17=-4.77, 95% CI [-.13, -.05], P<0.001, d=1.46). On the
contrary, the analysis of OCC ROI revealed no difference in spectral power (Fig. 3, right)
during aperiodic presentation (AD vs. AT: 117=0.48, 95% CI [-.01, .02], P=0.64; d=0.14), as
well as during periodic presentation (PD vs. PT: t;7=-1.62, 95% CI [-.06, .01], P=0.12;
d=0.44) and within the same content when contrasting the two presentation modalities (AD
vs. PD: t17=-0.23, 95% CI [-.02, .02], P=0.82, d=0.06; AT vs. PT: t17=-1.83, 95% CI [-.07,

.005], P=0.08, d=0.58))

Base frequency (5 Hz)

Fig. 4 (panel A) shows the grand-averaged SNR spectral response to each picture
averaged across the whole scalp electrodes, as well as the peak topographical activity
located at bilateral parieto-occipital regions. T-tests revealed no difference in the whole scalp
spectral power during aperiodic presentation (AD vs. AT: t17=-0.25, 95% CI [-.003, .002],
P=0.80; d=0.01). Similarly, no difference was found for each type of content between the two
types of presentation pattern (AD vs. PD: t17=1.66, 95% CI [-.001, .01], P=0.11, d=0.14; AT
vs. PT: 117=-0.82, 95% CI [-.01, .003], P=0.42, d=0.07). We found no difference in spectral
power between death- and threat-related scenes during periodic presentation (PD vs. PT:

t17=-1.66, 95% CI [-.01, .001], P=0.11; d=0.22).
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The same pattern resulted from the analysis of the RPO ROI (Fig. 5, left). There was
no difference in power during aperiodic presentation (AD vs. AT: t17=0.17, 95% CI [-.01, .01],
P=0.86; d=0.01) as well as during periodic presentation (PD vs. PT: t1;=-1.56, 95% CI [-.03,
.004], P=0.14; d=0.18) and within the same content when contrasting the two presentation
modalities (AT vs. PT: t17=-0.90, 95% CI [-.01, .01], P=0.38, d=0.05;AD vs. PD: t;7=1.50,

95% CI [-.004, .02], P=0.15, d=0.14)).

Similarly, the analysis of LPO ROI (Fig. 5, centre) revealed no differences in spectral
power across the planned comparisons (AD vs. AT: t17=-0.37, 95% CI [-.01, .004], P=0.72;
d=0.02; AT vs. PT: t17=-0.84, 95% CI [-.01, .01], P=0.41, d=0.11; PD vs. PT: t17=-1.70, 95%
ClI [-.03, .003], P=0.11; d=0.30) but a significant greater spectral magnitude during aperiodic
than periodic presentation of death scenes (AD vs. PD: t1;=2.21, 95% CI [.0003, .01],

P=0.04, d=0.20).

The analysis of OCC ROI revealed no difference in spectral power across all the
planned comparisons (Fig. 5, right; AD vs. AT: t17=-0.26, 95% CI [-.01, .01], P=0.80; d=0.02;
AD vs. PD: t17=0.53, 95% CI [-.01, .01], P=0.60, d=0.04; AT vs. PT: t17=-0.48, 95% CI [-.01,

.01], P=0.64, d=0.04; PD vs. PT: t17=-0.95, 95% CI [-.02, .01], P=0.35; d=0.10).

Bayesian assessment of parieto-occipital activity during deviant frequency (1 Hz)

Bayesian t-test on RPO ROI revealed only anecdotal evidence for the null hypothesis
(non-directional PD # PT model), with a BF of 1.59 and a 95% credible interval range from -
1.03 to 0.17, thus suggesting the presence of a likely difference between the two conditions.
The test of the alternative models led to supporting evidence for lower EEG power during PD
than PT. We obtained moderate/strong evidence for HO when adopting a directional PD >
PT model, with a BF of 9.08 and a 95% credible interval range from 0.004 to 0.43. And yet
we gathered only anecdotal evidence for H- in the model assuming PD < PT, with a BF of

1.14 and a 95% credible interval range from -1.06 to -0.04.
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A similar pattern was observed for the left hemisphere ROI. Bayesian t-test on LPO
ROI revealed anecdotal evidence for the null hypothesis (non-directional PD # PT model),
with a BF of 0.38 and a 95% credible interval range from -1.37 to -0.05. We obtained
strong/moderate evidence for HO when adopting a directional PD > PT model, with a BF of
11.98 and a 95% credible interval range from 0.01 to 0.29. Similarly, we gathered a
moderate evidence for H- in the model assuming PD < PT, with a BF of 5.18 and a 95%
credible interval range from -1.37 to -0.12. See Appendix 6 for sensitivity analyses and

robustness checks.

Experiment 2

Deviant frequency (1 Hz)

Fig. 2 (panel B) shows the spectral response to deviant pictures averaged across the
whole scalp electrodes. T-tests revealed no difference in the whole scalp spectral power
between the two scramble control conditions (SD vs. ST: t2:=-0.001, 95% CI [-.004, .004],
P=1.00; d=0.80). The response was greater for intact than scramble pictures, thus
confirming the effective tagging of the deviant event when images could be properly
discriminated (SD vs. ID: t,1=-3.99, 95% CI [-.05, -.01], P<0.001, d=0.72; ST vs. IT: t1=-4.63,
95% CI [-.003, -.03], P<0.001, d=1.31). Importantly, we found a difference in spectral power
between intact death- and threat-related scenes, an effect that was explained by greater
spectral power during observation of deviant threat than death scenes (ID vs. IT: t21=-3.37,

95% ClI [-.05, .01], P=0.003; d=0.59).

The analysis of RPO ROI and LPO ROI (Fig. 6, left and centre) confirmed the same
pattern observed for the whole scalp. That is, no content-related difference in spectral power
during scramble presentation (SD vs. ST, RPO ROI: t,1=0.04, 95% CI [-.01, .01], P=0.97;
d=0.01; LPO ROI: t21=-0.80, 95% CI [-.02, .01], P=0.43; d=0.26) and greater power for intact

than scramble presentation (SD vs. ID, RPO ROI: t2;=-3.81, 95% CI [-.14, -.04], P=0.001,
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d=1.07; LPO ROI: t»1=-3.02, 95% CI [-1.59, -.03], P=0.006, d=0.92; ST vs. IT, RPO ROI:
t17=-4.86, 95% CI [-.29, -.12], P<0.001, d=1.40; LPO ROI: t»;=-4.39, 95% CI [-.31, -.11],
P<0.001, d=1.33). Crucially, we found significant greater spectral power during periodic
presentation of intact threat- than death-related scenes (ID vs. IT, RPO ROI: t21=-3.52, 95%

Cl [-.18, -.05], P=0.002; d=0.68; LPO ROI: t1=-3.80, 95% CI [-.18, -.05], P=0.001; d=0.64).

Conversely, the analysis of OCC ROI (Fig. 6, right) revealed difference in spectral
power only between scramble and intact presentation per each type of content, in that intact
images had greater power than scramble ones (SD vs. ID: t,1=-3.12, 95% CI [-.12, -.02],
P=0.005, d=0.82; ST vs. IT: t17=-3.08, 95% CI [-.14, -.03], P=0.006, d=0.86) whereas no
difference between content was observed within each type of presentation modality (SD vs.
ST: t,1=-0.30, 95% ClI [-.01, .01], P=0.77; d=0.08; ID vs. IT: t»=-0.41, 95% ClI [-.07, .05],

P=0.68; d=0.09).

Bayesian assessment of parieto-occipital activity during deviant frequency (1 Hz)

Bayesian t-test on RPO ROI revealed only anecdotal evidence for the null hypothesis
(non-directional ID # IT model), with a BF of 0.05 and a 95% credible interval range from -
1.59 to -0.30, thus suggesting the presence of a likely difference between the two conditions.
The test of the alternative models led to supporting evidence for lower EEG power during ID
than IT. We obtained strong evidence for HO when adopting a directional ID > IT model, with
a BF of 16.26 and a 95% credible interval range from 0.01 to 0.17. In a complementary
manner, we gathered a strong/very strong evidence for H- in the model assuming ID < IT,

with a BF of 38.88 and a 95% credible interval range from -1.58 to -0.30.

The left hemisphere ROI presented a similar pattern. Bayesian t-test on LPO ROI
revealed anecdotal evidence for the null hypothesis (non-directional ID # IT model), with a
BF of 0.03 and a 95% credible interval range from 0.35 to 1.66. Notably, we obtained
moderate/strong evidence for HO when adopting a directional ID > IT model, with a BF of

11.98 and a 95% credible interval range from 0.01 to 0.29. Similarly, we gathered a strong
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evidence for H- in the model assuming ID < IT, with a BF of 16.88 and a 95% credible
interval range from -0.32 to -0.002. See Appendix 6 for sensitivity analyses and robustness

checks.

Base frequency (5 Hz)

Fig. 4 (panel B) shows the spectral response to each picture averaged across the
whole scalp electrodes. T-tests revealed no difference in whole scalp spectral power during
scramble (SD vs. ST: t»1= 1.15, 95% CI [-.001, .003], P=0.26; d=0.09) and intact (ID vs. IT:
t21=-0.04, 95% CI [-.003, .003], P=0.97; d=0.00) presentation. Yet, there was a clear
difference between the two types of presentation pattern (SD vs. ID: t21=-3.70, 95% CI [-.01,
-.003], P=0.001, d=0.44; ST vs. IT: t»1=-3.86, 95% CI [-.01, -.004], P=0.001, d=0.59) which

was explained by greater spectral power during presentation of intact scenes.

The differences observed at whole scalp level was confirmed by the analysis of the
parieto-occipital ROIs. Essentially, there was no effect of content in either the scramble (SD
vs. ST, RPO: t,;=1.86, 95% CI [-.001, .01], P=0.08; d=0.13; LPO: t,;=0.47, 95% CI [-.005,
.01], P=0.64; d=0.04; OCC: t1=0.71, 95% CI [-.01, .01], P=0.49; d=0.08) or the intact (ID vs.
IT, RPO: t1=-0.07, 95% CI [-.01, .01], P=0.94; d=0.01; LPO: t,,=0.33, 95% CI [-.005, .01],
P=0.74; d=0.03; OCC: t,1=0.67, 95% CI [-.01, .01], P=0.51; d=0.09) presentation. However,
there was a robust difference between the two types of presentation pattern across the three
ROIs. This was explained by greater spectral power during observation of intact than
scramble scenes in the RPO (SD vs. ID, t,1=-3.94, 95% CI [-.03, -.001], P=0.001; d=0.47; ST
vs. IT, t1=-3.81, 95% CI [-.04, -.01], P=0.001; d=0.64) and LPO (SD vs. ID, t1=-2.27, 95%
Cl [-.02, -.001], P=0.03; d=0.37; ST vs. IT, t;1=-2.34, 95% CI [-.02, -.001], P=0.03; d=0.45)
ROIs. Conversely, the difference was explained by greater power during presentation of
scramble scenes in the OCC ROI (SD vs. ID, t21=2.17, 95% CI [.001, .05], P=0.04; d=0.31

and ST vs. IT, t21=2.06, 95% CI [-.0001, .04], P=0.05; d=0.33).
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Time course of the difference between death and threat during periodic presentation

Following up on the frequency domain results, we detected a significant difference
between periodic death and threat scenes only in the LPO ROI in experiment 1. Time
domain analysis of deviant-locked potentials revealed an increase in amplitude of the
positive potential during PT than PD (t1,=6.64, CI [-1.00, -.58], P<0.001) at 380-476 ms

post-stimulus (Fig. 8, A), with a maximum at PO7 (1.91 uv, 380 ms).

In experiment 2 the analysis of LPO ROI revealed a positive potential that significantly
differed in amplitude between ID and IT waveforms at 230-476 ms post-stimulus (Fig. 8, B,
top). The difference was explained by greater amplitude for intact threat- than death-related
pictures (t1=8.91, CI [-1.31, -.75], P<0.001) with a peak on P7 (3.26 pv, 354 ms). The
analysis of RPO ROI revealed a positive potential that significantly differed in amplitude
between ID and IT waveforms at 422-513 ms post-stimulus (Fig. 8, B, bottom). The
difference was explained by greater amplitude for intact threat- than death related pictures

(t21=5.92, CI [-1.24, -.59], P<0.001) with a peak on P8 (2.96 pv, 422 ms).
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Discussion

In two different experiments, we tested whether passive observation of quickly
presented images (200 ms each) depicting either death- or threat-related scenes
differentially affects robust (i.e. high SNR) electrophysiological spectral responses (Fig. 1).
We obtained an implicit discrimination between the two categories using a concomitant
orthogonal task (i.e. detection of fixation cross changes) that ensured deployment of covert
attention (e.g. Rossion et al., 2015) to the affective scenes. As the two image categories
were found to be matched in terms of negative valence and arousal in a preliminary survey
(Table 1), we assumed that differences in spectral EEG magnitude were due to the specific
different meaning of the two set of affective pictures. More specifically, according to the main
tenet of the TMT, we expected death-related content to be associated with greater

synchronised EEG activity than threat-related content.

Our results do not support this hypothesis and rather indicate that the detection of
brief changes of scene content (i.e. from neutral to death or threat) at the specific deviant
frequency rate (i.e. 1 Hz) is associated with greater EEG magnitude when the pictures
entailed general unspecific threat content (Figs. 2, 3, 6; Table 2). Whilst the first experiment
indicated this difference being spatially distributed only at the left parieto-occipital region
(Fig. 2, panel A; Fig. 3), the second experiment (methodologically improved and with a larger
sample size) revealed a more pervasive difference distributed over the entire scalp and not
only limited to the left parieto-occipital region (Fig. 2, panel B; Fig. 6). Interestingly though,
the analysis of the occipital ROI did not show a difference in spectral power between the two
categories, thus suggesting that the difference observed at the deviant rate may be entirely
accounted for by associative and higher order cortices while being unaffected by different
bottom-up salience of the stimulus material. Importantly, these differences were not
explained by variation in age and gender in both experiments (see Appendix 4 in

supplementary material).
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Crucially, these results were confirmed and complemented by Bayesian analyses
(Appendix 5) that showed how, even with wide priors, data collected in both experiments do
not support the null hypothesis of no difference in EEG magnitude during deviance
detection. However, the hypothesis that death images elicited greater magnitude than threat
was not supported either, and in fact we found moderate to very strong evidence in favour of
greater parieto-occipital EEG power (regardless of the hemisphere) during threat than death

deviant images, particularly so in experiment 2.

The time course of the difference between death and threat pictures revealed a late
prolonged modulation (ranging from 230 to 513 ms) that was predominant at the level of the
left parieto-occipital region of the scalp (Fig. 8). Research suggests right hemisphere
dominance for emotional processing, particularly of emotional facial expressions (Calvo,
Rodriguez-Chinea, & Fernandez-Martin, 2014; Demaree, Everhart, Youngstrom, & Harrison,
2005; Gainotti, 2012). However, the right hemisphere dominance finds support mainly in
studies where visual stimuli appear with a visual angle beyond the parafoveal boundary (~5°
away from fixation). This was not the case in the current study. In fact, the visual angle of
affective scenes in either experiments was not beyond parafoveal boundary (i.e. <4°).
Crucially, evidence of right lateralisation becomes strong only if levels of valence and
arousal are experimentally manipulated (reviewed in Olofsson, Nordin, Sequeira, & Polich,
2008). In fact, as valence and arousal were allegedly perceptually and emotionally matched
in the current study, the left hemisphere sensitivity we found may be explained by brain
processes associated with object recognition and visual semantic processing rather than

only affective processing per se (Gainotti, 2011; Rossion et al., 2000).

The more general spectral response at the base rate frequency (5 Hz) is believed to
reflect a mixture of low- and high-level processes (Dzhelyova et al., 2017) and it may be
considered as a marker of short term adaptation to visual stimuli. The analysis of the base

rate spectral power revealed a partly counterintuitive pattern. Although in both experiments
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either control conditions (i.e. aperiodic and scramble) were generally eliciting lower
magnitude (Fig. 4), we found a smaller magnitude for responses obtained during periodic
rather than aperiodic presentation of death-related scenes at the left parieto-occipital ROl in
experiment 1 (Fig. 5). Similarly, we found a greater spectral power during presentation of
scrambled images at the OCC ROI in experiment 2 (Fig. 7). Despite the small size of these
effects, they be may be interpreted as reflecting a reduced neural adaptation to more

constantly changing visual patterns (i.e. the aperiodic and scramble presentation modalities).

It is noteworthy that the identification of differences between conditions is secured
through a robust objective neural marker (Norcia et al., 2015) occurring at a specific pre-
determined EEG frequency (i.e. 1 Hz and 5 Hz) and grounded on a priori knowledge. Such
methodological and analytical approach allowed us to assess whether a subtle difference in
the threat meaning of the images would be associated with a distinct magnitude of the EEG
objective marker. Other authors used a similar approach to study early processing of
affective pictures and provided substantial evidence that frequency-tagged EEG responses
can be enhanced by differences in emotional valence of the visual stimulus (Keil et al., 2003;
Keil, Moratti, Sabatinelli, Bradley, & Lang, 2005) even at very fast presentation rates (12 Hz
— 83 ms; Peyk, Schupp, Keil, Elbert, & Junghtfer, 2009). Interestingly, more recent evidence
seems to support the notion that lower presentation rates (as the ones used in the present
study) result in better cortical discrimination of the emotional cue (Bekhtereva & Mdller,
2015). The fact that threatening content elicits greater EEG amplitude of frequency-tagged
responses than neutral and even pleasant pictures agrees with previous research (Keil et al.,
2003). This finding may reflect the engagement of attentional resources by emotional stimuli.
However, most of the published studies did not attempt to equate the emotional arousal and
therefore the reported differences are most often explained by differences in the arousal
dimension alone (Olofsson et al., 2008; Rozenkrants, Olofsson, & Polich, 2008). Here, we

expand on previous research by showing that even subtle differences in the
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meaning/content of affective pictures belonging to the same valence (namely, unpleasant

negative valence pictures) can be captured by robust objective EEG markers.

As Pyszczynski et al. (2015) acknowledged in their comprehensive review of TMT
research, the goal of disentangling the specificity of death-related cognition from other
psychological/conceptual threats is crucial to the generalisability of the TMT. As TMT states
that death is a unique paramount motivator of human behaviour, it follows that neural activity
associated with the elaboration of this concept should display some level of specificity when
compared to other conceptual threats. Although the current bulk of evidence seems to
support this conclusion, it does not necessarily preclude less specific interpretations. In fact,
other researchers have sought to argue that all threats are functionally equivalent (Jonas et
al., 2014; McGregor, Nash, Mann, & Phills, 2010) and may rely on a common overarching

anxiety biological system (McGregor, 2006; Tritt, Inzlicht, & Harmon-Jones, 2012).

The current findings seem consistent with our most recent observations on the effect
of visual reminders of death on visual EEG responses. When coupled to painful stimuli visual
reminders of death induced greater alpha desynchronisation but no greater amplitude in
visual evoked potentials, which are expression of synchronised brain activity (see Fig. 5 in
Valentini et al., 2017). The current study targeted synchronised activity with more sensitivity
and precision than in the previous study. In addition, we studied visual responses in
isolation, without co-occurring threatening stimuli in another sensory modality. Lastly, here
we tested the difference between death and threat content using two different control

conditions in two separated samples.

Although our findings seem not to support a neural dominance of death-related
cortical processing they do not necessarily falsify the main tenet of the TMT. In fact, the
impersonal connotation of the visual stimuli may trigger proximal (i.e. conscious) and distal
(i.e. unconscious) defences processes of lower magnitude than the one triggered during
reflective/contemplative situations as in the classical mortality salience procedure

(Rosenblatt, Greenberg, Solomon, Pyszczynski, & Lyon, 1989). However, the very same
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founders of the TMT also showed that the purported effects of reminding people of their
death can be achieved by simply showing the word “death” at a subliminal level (Arndt,
Allen, & Greenberg, 2001; Arndt, Greenberg, Pyszczynski, & Solomon, 1997). Other studies,
primed words at awareness level and showed again similar differences between death-
related content vs. a negative control content (e.g. Shihui Han, Qin, & Ma, 2010; Johannes
Klackl, Jonas, & Kronbichler, 2013). Therefore, we should conclude that regardless of
whether reminders of death are delivered in a self-relevant contemplative rather than self-
irrelevant passive context, we would still be able to observe the effects associated with the

intrinsic motivational relevance of death-related content.

In this respect it is important to note that longer delays between reminders of death
and the measurement of the dependent variable are crucial in increasing the effect-size of
the distal effects on behavioural and subjective variables (Martens, Burke, Schimel, &
Faucher, 2011; Steinman & Updegraff, 2015). This is the reason why other authors
interpreted the death-related effects on EEG measures as an index of proximal defences
(Klackl et al., 2013). And yet, as EEG measures can reflect both conscious and unconscious
processes, we recently contended this interpretation by showing that EEG measures co-vary
with subjective measures of anxiety and affect as well as with individual differences in self-
esteem (Valentini, Koch, Nicolardi, et al., 2015), thus being sensitive measures of both
manifest and latent psychological processes. In the current study, at variance with studies
using subliminal priming, participants were implicitty aware of the content of the visual
stimulus as demonstrated by the responses collected in the debriefing phase of each
experiment (Appendix 6). Therefore, we cannot exclude that participants would have
activated proximal defences even though they were not explicitly made aware of the death-

related content before or during the experimental testing.

Notwithstanding whether proximal or distal defences were at stake in our paradigm,
we found no preferential impact of visual cues of death content on brain responses using a

very precise and sensitive EEG approach. Another possible reason why threatening pictures
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elicited a greater EEG magnitude may concern the variability in the content eventually
expressed by this category of images compared to the death-related category (see Appendix
1). Indeed, although we controlled for an important physical feature such as colour by
delivering images in greyscale representation, it is still possible that the diversity of content
of the threat category (e.g., violence, danger, disgusting material) required a greater amount
of neural associative resources as to accomplish the scene identification irrespective of the

emotional impact of the specific image.

Another potential modulating factor is the participants’ age. Here we verified that no
influence of age was at stake (appendix 4) as previous studies investigated the hypothesis
that older individuals would show a different behavioural response to reminders of death
than young individuals. (Maxfield et al., 2007) reported greater MS effects (i.e. harsher
evaluations of moral transgression) for younger than older adults. This effect seemed to be
moderated by greater executive functioning in older adults (Maxfield, Pyszczynski,
Greenberg, Pepin, & Davis, 2012). However, more recent studies seem to suggest that
either the effect of age emerges when MS is heightened (Maxfield et al., 2014) or that no
difference between younger and older adults can be appreciated (Bevan, Maxfield, &
Bultmann, 2014; Maxfield, Pyszczynski, Greenberg, & Bultmann, 2017). To the best of our
knowledge, the only study investigating the difference associated with reminders of death in
brain responses of younger and older adults (Bluntschli, Maxfield, Grasso, & Kisley, 2018)
reported greater event related electroencephalography amplitudes in response to death-
related than negative words, whereas older adults showed the opposite pattern. If we were
to compare our study to Bluntschli et al.’s we would have expected even greater brain
reactivity to threat-than death-related visual cues in older adults. While this whole evidence
points to a potential difference following reminders of death across different population ages
it is unclear yet what is the behavioural pattern associated with it, and even more so the

brain correlates.
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Altogether, our findings add to the ongoing debate by showing that implicit
processing of images representing death content is associated with lower magnitude of
associative visual activity (indexed by synchronised parieto-occipital EEG activity) when
compared to images depicting threatening scenes that do not directly involve death-related

content.
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Figure captions

Fig. 1. We recorded EEG during fast periodic visual stimulation (FPVS) using an oddball
design with the neutral images constituting the standard familiar events and death or threat
images the deviant event. All the images were delivered at 200 ms each thus ensuing in a
5Hz stimulation base rate (black). Deviant events in the periodic condition were delivered at
a frequency of 1 each five events, thus resulting in a 1 Hz deviant rate (red), whereas no
deviant rate was meant to be established in the aperiodic control condition (orange). We
compared the experimental periodic presentation with two control presentations. In
experiment 1 the control presentation occurred in aperiodic manner, that is without a precise
pattern, thus giving rise to four experimental conditions: Periodic Death (PD, top), Periodic
Threat (PT), Aperiodic Death (AD, centre), Aperiodic Threat (AT). Experiment 2 consisted of
the very same procedure with the exception that a periodic presentation of scrambled death
or threat images (which then became unrecognizable) replaced the aperiodic presentation.
Therefore, similarly to experiment 1, the design entailed four experimental conditions:
Periodic Death (PD, top), Periodic Threat (PT), Scramble Death (SD, bottom), Scramble

Threat (ST).
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Fig. 2. Deviant rate response. SNR baseline-corrected power spectra grand-averaged
across the entire EEG electrodes set-up in the four different conditions recorded in
experiment 1 (A) and experiment 2 (B). Death-related signal is depicted in red while threat-
related signal in blue. Control conditions are mattified. Peak topographical activity at 1 Hz
was distributed at bilateral parieto-occipital scalp regions in both experiments. Greater power
was observed in periodic conditions, particularly in experiment 2 where scrambled control

images did not elicit any deviant-related response.
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Fig. 3. Deviant rate response in experiment 1. Box plots representing the grand-median of
baseline-subtracted mean spectral power extracted between 0.98 and 1.02 Hz (y axis) in the
four different conditions (x axis). The boxes represent the 25th and 75th percentiles whilst
whiskers represent extreme values. Death-related signal is depicted in red while threat-

related signal in blue. Control conditions are mattified. Asterisks represent statistical two-
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tailed significance (***P<0.001, **P<0.01, *P<0.05). Note only the left parieto-occipital ROI

revealed a greater spectral magnitude during periodic presentation of threat than death

scenes.
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Fig. 4. Base rate response. SNR baseline-corrected power spectra grand-averaged across
the entire EEG electrodes set-up in the four different conditions recorded in experiment 1 (A)
and experiment 2 (B). Base rate harmonics are visible at 10 and 15 Hz. Death-related signal
is depicted in red while threat-related signal in blue. Control conditions are mattified. Peak

topographical activity at 5 Hz was distributed at bilateral parieto-occipital scalp regions in

both experiments.
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Fig. 5. Base rate response in experiment 1. Box plots representing the grand-median of
baseline-subtracted mean spectral power extracted between 4.9 and 5.1 Hz (y axis) in the
four different conditions (x axis). The boxes represent the 25th and 75th percentiles whilst
whiskers represent extreme values. Death-related signal is depicted in red while threat-
related signal in blue. Control conditions are mattified. Asterisks represent statistical two-

tailed significance (***P<0.001, **P<0.01, *P<0.05). Note only the left parieto-occipital ROI
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revealed a greater spectral magnitude for death scenes during aperiodic than periodic

presentation.
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Fig. 6. Deviant rate response in experiment 2. Box plots representing the grand-median of
baseline-subtracted mean spectral power extracted between 0.98 and 1.02 Hz (y axis) in the
four different conditions (x axis). The boxes represent the 25th and 75th percentiles whilst
whiskers represent extreme values. Death-related signal is depicted in red while threat-
related signal in blue. Control conditions are mattified. Asterisks represent statistical two-
tailed significance (***P<0.001, **P<0.01, *P<0.05). Note the parieto-occipital ROls revealed

a greater spectral magnitude during periodic presentation of threat than death scenes.
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Fig. 7. Base rate response in experiment 2. Box plots representing the grand-median of
baseline-subtracted mean spectral power extracted between 4.9 and 5.1 Hz (y axis) in the
four different conditions (x axis). The boxes represent the 25th and 75th percentiles whilst

whiskers represent extreme values. Death-related signal is depicted in red while threat-
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related signal in blue. Control conditions are mattified. Asterisks represent statistical two-
tailed significance (***P<0.001, **P<0.01, *P<0.05). Note both the parieto-occipital ROIs
revealed a greater spectral magnitude for death scenes during periodic than aperiodic

presentation. Conversely, this pattern was reversed at the occipital ROI.
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Fig. 8. Grand average evoked potentials recorded during experiment 1 (A) and experiment 2
(B), showing the time-course of the periodic deviant effect. Scalp topographies represent the
maximal activity in the two main experimental conditions and the scalp distribution of the
difference. A; T-test on the LPO ROI waveform revealed greater positive amplitude at 380—
476 ms post-stimulus during the periodic threat (PT, blue) than death (PD, red) condition. B;
T-test revealed the same pattern in experiment 2. The modulation of the positive potential

was earlier at the LPO (230—476 ms) than RPO (422-513 ms) ROI.



ACCEPTED MANUSCRIPT

39

A — PO :ﬁl :'57" :"*"_
. 3 I N
- e, ax

4

Ampitude (uV)




40

References

Arndt, J., Allen, J. J. B., & Greenberg, J. (2001). Traces of Terror: Subliminal Death Primes
and Facial Electromyographic Indices of Affect. Motivation and Emotion, 25(3), 253—
277. https://doi.org/10.1023/A:1012276524327

Arndt, J., Greenberg, J., Pyszczynski, T., & Solomon, S. (1997). Subliminal Exposure to
Death-Related Stimuli Increases Defense of the Cultural Worldview. Psychological
Science, 8(5), 379-385. https://doi.org/10.1111/j.1467-9280.1997.tb00429.x

Bekhtereva, V., & Miiller, M. M. (2015, December). Affective facilitation of early visual cortex
during rapid picture presentation at 6 and 15 Hz. Social Cognitive and Affective
Neuroscience. https://doi.org/10.1093/scan/nsv058

Bernat, E., Patrick, C. J., Benning, S. D., & Tellegen, A. (2006). Effects of picture content
and intensity on affective physiological response. Psychophysiology.
https://doi.org/10.1111/j.1469-8986.2006.00380.x

Bevan, A. L., Maxfield, M., & Bultmann, M. N. (2014). The effects of age and death
awareness on intentions for healthy behaviours. Psychology & Health, 29(4), 405-421.
https://doi.org/10.1080/08870446.2013.859258

Bluntschli, J. R., Maxfield, M., Grasso, R. L., & Kisley, M. A. (2018). The Last Word: A
Comparison of Younger and Older Adults’ Brain Responses to Reminders of Death.
The Journals of Gerontology. Series B, Psychological Sciences and Social Sciences,
73(4), 555-563. https://doi.org/10.1093/geronb/gbv115

Bradley, M. M., Caodispoti, M., Cuthbert, B. N., & Lang, P. J. (2001). Emotion and motivation
I: Defensive and Appetetive Reactions in Picture Processing. Emotion (Washington,
D.C.). https://doi.org/10.1037/1528-3542.1.3.300

Bradley, M. M., Sabatinelli, D., Lang, P. J., Fitzsimmons, J. R., King, W., & Desai, P. (2003).
Activation of the visual cortex in motivated attention. Behavioral Neuroscience.
https://doi.org/10.1037/0735-7044.117.2.369

Burke, B. L., Martens, A., & Faucher, E. H. (2010). Two decades of terror management
theory: A meta-analysis of mortality salience research. Personality and Social
Psychology Review. https://doi.org/10.1177/1088868309352321

Calvo, M. G., Rodriguez-Chinea, S., & Fernandez-Martin, A. (2014). Lateralized
discrimination of emotional scenes in peripheral vision. Experimental Brain Research.
https://doi.org/10.1007/s00221-014-4174-8

Colon, E., Legrain, V., & Mouraux, A. (2012). Steady-state evoked potentials to study the
processing of tactile and nociceptive somatosensory input in the human brain.
Neurophysiologie Clinique. https://doi.org/10.1016/j.neucli.2012.05.005

Cuthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N., & Lang, P. J. (2000). Brain
potentials in affective picture processing: Covariation with autonomic arousal and
affective report. Biological Psychology. https://doi.org/10.1016/S0301-0511(99)00044-7

Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of single-
trial EEG dynamics including independent component analysis. Journal of
Neuroscience Methods, 134(1), 9-21. Retrieved from
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citatio
n&list_uids=15102499

Demaree, H. A., Everhart, D. E., Youngstrom, E. A., & Harrison, D. W. (2005). Brain



41

lateralization of emotional processing: Historical roots and a future incorporating
“‘dominance.” Behavioral and Cognitive Neuroscience Reviews.
https://doi.org/10.1177/1534582305276837

Dzhelyova, M., Jacques, C., & Rossion, B. (2017). At a single glance: Fast periodic visual
stimulation uncovers the spatio-temporal dynamics of brief facial expression changes in
the human brain. Cerebral Cortex. https://doi.org/10.1093/cercor/bhw223

Dzhelyova, M., & Rossion, B. (2014). The effect of parametric stimulus size variation on
individual face discrimination indexed by fast periodic visual stimulation. BMC
Neuroscience. https://doi.org/10.1186/1471-2202-15-87

Gainotti, G. (2011). The organization and dissolution of semantic-conceptual knowledge: Is
the “amodal hub” the only plausible model? Brain and Cognition.
https://doi.org/10.1016/j.bandc.2010.12.001

Gainotti, G. (2012). Unconscious processing of emotions and the right hemisphere.
Neuropsychologia. https://doi.org/10.1016/j.neuropsychologia.2011.12.005

Greenberg, J., Arndt, J., Simon, L., Pyszczynski, T., & Solomon, S. (2000). Proximal and
distal defenses in response to reminders of one’s mortality: Evidence of a temporal
sequence. Personality and Social Psychology Bulletin.
https://doi.org/10.1177/0146167200261009

Greenberg, J., Porteus, J., Simon, L., Pyszczynski, T., & Solomon, S. (1995). Evidence of a
Terror Management Function of Cultural Icons: The Effects of Mortality Salience on the
Inappropriate Use of Cherished Cultural Symbols. Personality and Social Psychology
Bulletin. https://doi.org/10.1177/01461672952111010

Greenberg, J., Pyszczynski, T., Solomon, S., Rosenblatt, A., Veeder, M., Kirkland, S., &
Lyon, D. (1990). Evidence for Terror Management Theory Il: The Effects of Mortality
Salience on Reactions to Those Who Threaten or Bolster the Cultural Worldview.
Journal of Personality and Social Psychology. https://doi.org/10.1037/0022-
3514.58.2.308

Hajcak, G., MacNamara, A., Foti, D., Ferri, J., & Keil, A. (2013). The dynamic allocation of
attention to emotion: Simultaneous and independent evidence from the late positive
potential and steady state visual evoked potentials. Biological Psychology.
https://doi.org/10.1016/j.biopsycho.2011.11.012

Han, S., Qin, J., & Ma, Y. (2010). Neurocognitive processes of linguistic cues related to
death. Neuropsychologia, 48(12), 3436—3442.
https://doi.org/10.1016/j.neuropsychologia.2010.07.026

Hayes, J., Schimel, J., Arndt, J., & Faucher, E. H. (2010). A theoretical and empirical review
of the death-thought accessibility concept in terror management research.
Psychological Bulletin. https://doi.org/10.1037/a0020524

Henry, E. A., Bartholow, B. D., & Arndt, J. (2010). Death on the brain: effects of mortality
salience on the neural correlates of ingroup and outgroup categorization. Soc Cogn
Affect Neurosci, 5(1), 77-87. https://doi.org/10.1093/scan/nsp041

Jarosz, A. F., & Wiley, J. (2014). What Are the Odds? A Practical Guide to Computing and
Reporting Bayes Factors. The Journal of Problem Solving.
https://doi.org/10.7771/1932-6246.1167

JASP Team. (2018). JASP (Version 0.8.6.0). [Computer Software].

Jonas, E., McGregor, |., Klackl, J., Agroskin, D., Fritsche, I., Holbrook, C., ... Quirin, M.
(2014). Threat and Defense: From Anxiety to Approach. In J. M. Olson & Z. M.P. (Eds.),



42

Advances in experimental social psychology (Vol. 49, pp. 219-286). Burlington:
Academic Press.

Keil, A., Gruber, T., Miller, M. M., Moratti, S., Stolarova, M., Bradley, M. M., & Lang, P. J.
(2003). Early modulation of visual perception by emotional arousal: Evidence from
steady-state visual evoked brain potentials. Cognitive, Affective, {&} Behavioral
Neuroscience, 3(3), 195-206. https://doi.org/10.3758/CABN.3.3.195

Keil, A., Moratti, S., Sabatinelli, D., Bradley, M. M., & Lang, P. J. (2005). Additive Effects of
Emotional Content and Spatial Selective Attention on Electrocortical Facilitation.
Cerebral Cortex, 15(8), 1187-1197.

Kemp, A. H., Gray, M. A, Eide, P., Silberstein, R. B., & Nathan, P. J. (2002). Steady-state
visually evoked potential topography during processing of emotional valence in healthy
subjects. Neurolmage. https://doi.org/10.1006/nimg.2002.1298

Klackl, J., Jonas, E., & Kronbichler, M. (2013, March). Existential neuroscience:
neurophysiological correlates of proximal defenses against death-related thoughts.
Social Cognitive and Affective Neuroscience. https://doi.org/10.1093/scan/nss003

Lang, P. J., Bradley, M., & Cuthbert, B. N. (2005). International affective picture
system\r(IAPS): Affective ratings of pictures and instruction manual. Technical Report
A-8. NIMH Center for the Study of Emotion and Attention.

Liu-Shuang, J., Norcia, A. M., & Rossion, B. (2014). An objective index of individual face
discrimination in the right occipito-temporal cortex by means of fast periodic oddball
stimulation. Neuropsychologia. https://doi.org/10.1016/j.neuropsychologia.2013.10.022

Makeig, S., J. Bell., A., Jung, T.-P., & Sejnowski, T. J. (1996). Independent Component
Analysis of Electroencephalographic Data. Advances in Neural Information Processing
Systems. https://doi.org/10.1109/ICOSP.2002.1180091

Maris, E., & Oostenveld, R. (2007). Nonparametric statistical testing of EEG- and MEG-data.
J Neurosci Methods, 164(1), 177-190. https://doi.org/10.1016/j.jneumeth.2007.03.024

Martens, A., Burke, B. L., Schimel, J., & Faucher, E. H. (2011). Same but different: meta-
analytically examining the uniqueness of mortality salience effects. European Journal of
Social Psychology, 41(1), 6-10. https://doi.org/10.1002/ejsp.767

Maxfield, M., Greenberg, J., Pyszczynski, T., Weise, D. R., Kosloff, S., Soenke, M., ...
Blatter, J. (2014). Increases in generative concern among older adults following
reminders of mortality. International Journal of Aging & Human Development, 79(1), 1—
21.

Maxfield, M., Pyszczynski, T., Greenberg, J., & Bultmann, M. N. (2017). Age Differences in
the Effects of Mortality Salience on the Correspondence Bias. International Journal of
Aging & Human Development, 84(4), 329-342.
https://doi.org/10.1177/0091415016685332

Maxfield, M., Pyszczynski, T., Greenberg, J., Pepin, R., & Davis, H. P. (2012). The
moderating role of executive functioning in older adults’ responses to a reminder of
mortality. Psychology and Aging, 27(1), 256—263. https://doi.org/10.1037/a0023902

Maxfield, M., Pyszczynski, T., Kluck, B., Cox, C. R., Greenberg, J., Solomon, S., & Weise, D.
(2007). Age-related differences in responses to thoughts of one’s own death: mortality
salience and judgments of moral transgressions. Psychology and Aging, 22(2), 341-
353. https://doi.org/10.1037/0882-7974.22.2.341

McGregor, I. (2006). Offensive defensiveness: Toward an integrative neuroscience of
compensatory zeal after mortality salience, personal uncertainty, and other poignant



43

self-threats. Psychological Inquiry, 17(4), 299-308.

McGregor, I., Nash, K., Mann, N., & Phills, C. E. (2010). Anxious uncertainty and reactive
approach motivation (RAM). J Pers Soc Psychol, 99(1), 133-147.
https://doi.org/10.1037/a0019701

Mullen, T., Kothe, C., Chi, Y. M., Ojeda, A., Kerth, T., Makeig, S., ... Jung, T. P. (2013).
Real-time modeling and 3D visualization of source dynamics and connectivity using
wearable EEG. In Proceedings of the Annual International Conference of the IEEE
Engineering in Medicine and Biology Society, EMBS.
https://doi.org/10.1109/EMBC.2013.6609968

Norcia, A. M., Gregory Appelbaum, L., Ales, J. M., Cottereau, B. R., & Rossion, B. (2015).
The steady-state visual evoked potential in vision research: A review. Journal of Vision.
https://doi.org/10.1167/15.6.4

Nozaradan, S., Peretz, |., Missal, M., & Mouraux, A. (2011). Tagging the Neuronal
Entrainment to Beat and Meter. Journal of Neuroscience.
https://doi.org/10.1523/JNEUROSCI.0411-11.2011

Olofsson, J. K., Nordin, S., Sequeira, H., & Polich, J. (2008). Affective picture processing: an
integrative review of ERP findings. Biol Psychol, 77(3), 247-265. https://doi.org/S0301-
0511(07)00191-3 [pii]10.1016/j.biopsycho.2007.11.006

Peyk, P., Schupp, H. T., Keil, A., Elbert, T., & Junghéfer, M. (2009, January). Parallel
Processing of Affective Visual Stimuli. Psychophysiology.
https://doi.org/10.1111/j.1469-8986.2008.00755.x

Pyszczynski, T., Greenberg, J., Solomon, S., Arndt, J., & Schimel, J. (2004). Why Do People
Need Self-Esteem? A Theoretical and Empirical Review. Psychological Bulletin.
https://doi.org/10.1037/0033-2909.130.3.435

Pyszczynski, T., Solomon, S., & Greenberg, J. (2015). Thirty Years of Terror Management
Theory: From Genesis to Revelation. Advances in Experimental Social Psychology.
https://doi.org/10.1016/bs.aesp.2015.03.001

Quirin, M., Loktyushin, A., Arndt, J., Kustermann, E., Lo, Y. Y., Kuhl, J., & Eggert, L. (2012).
Existential neuroscience: a functional magnetic resonance imaging investigation of
neural responses to reminders of one’s mortality. Soc Cogn Affect Neurosci, 7(2), 193—
198. https://doi.org/10.1093/scan/nsgq106

Regan, D. (1966). An effect of stimulus colour on average steady-state potentials evoked in
man [26]. Nature. https://doi.org/10.1038/2101056a0

Regan, D. (1968). A high frequency mechanism which underliers VEP.
Electroencephalography and Clinical Neurophysiology. https://doi.org/10.1016/0013-
4694(68)90020-5

Regan, D. (1977). Steady-state evoked potentials. Journal of the Optical Society of America.
https://doi.org/10.1364/JOSA.67.001475

Rosenblatt, a, Greenberg, J., Solomon, S., Pyszczynski, T., & Lyon, D. (1989). Evidence for
terror management theory: I. The effects of mortality salience on reactions to those who
violate or uphold cultural values. Journal of Personality and Social Psychology.
https://doi.org/10.1037/0022-3514.57.4.681

Rossion, B. (2014). Understanding individual face discrimination by means of fast periodic
visual stimulation. Experimental Brain Research. https://doi.org/10.1007/s00221-014-
3934-9



44

Rossion, B., & Boremanse, A. (2011). Robust sensitivity to facial identity in the right human
occipito-temporal cortex as revealed by steady-state visual-evoked potentials. Journal
of Vision. https://doi.org/10.1167/11.2.16

Rossion, B., Dricot, L., Devolder, A., Bodart, J. M., Crommelinck, M., De Gelder, B., &
Zoontjes, R. (2000). Hemispheric asymmetries for whole-based and part-based face
processing in the human fusiform gyrus. Journal of Cognitive Neuroscience.
https://doi.org/10.1162/089892900562606

Rossion, B., Torfs, K., Jacques, C., & Liu-Shuang, J. (2015). Fast periodic presentation of
natural images reveals a robust face-selective electrophysiological response in the
human brain. Journal of Vision, 15(1), 18-. https://doi.org/10.1167/15.1.18

Rozenkrants, B., Olofsson, J. K., & Polich, J. (2008). Affective visual event-related
potentials: arousal, valence, and repetition effects for normal and distorted pictures. Int
J Psychophysiol, 67(2), 114-123. https://doi.org/10.1016/j.ijpsycho.2007.10.010

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality and Social
Psychology. https://doi.org/10.1037/h0077714

Schimel, J., Simon, L., Greenberg, J., Solomon, S., Pyszczynski, T., Waxmonsky, J., &
Arndt, J. (1999). Stereotypes and terror management: Evidence that mortality salience
enhances stereotypic thinking and preferences. Journal of Personality and Social
Psychology. https://doi.org/10.1037/0022-3514.77.5.905

Schneider, W., Eschman, a, & Zuccolotto, a. (2002). E-Prime reference guide. Psychology
Software Tools. https://doi.org/10.1186/1756-0381-3-1

Steinman, C. T., & Updegraff, J. A. (2015). Delay and Death-Thought Accessibility: A Meta-
Analysis. Personality and Social Psychology Bulletin, 41(12), 1682—1696.
https://doi.org/10.1177/0146167215607843

Tritt, S. M., Inzlicht, M., & Harmon-Jones, E. (2012). Toward a Biological Understanding of
Mortality Salience (And Other Threat Compensation Processes). Social Cognition,
30(6), 715-733.

Valentini, E., Koch, K., & Aglioti, S. M. (2014). Thoughts of death modulate psychophysical
and cortical responses to threatening stimuli. PLoS ONE, 9(11).
https://doi.org/10.1371/journal.pone.0112324

Valentini, E., Koch, K., Nicolardi, V., & Aglioti, S. M. (2015). Mortality salience modulates
cortical responses to painful somatosensory stimulation: Evidence from slow wave and
delta band activity. Neurolmage, 120. https://doi.org/10.1016/j.neuroimage.2015.07.025

Valentini, E., Nicolardi, V., & Aglioti, S. M. (2017). Visual reminders of death enhance
nociceptive-related cortical responses and event-related alpha desynchronisation.
Biological Psychology, 129. https://doi.org/10.1016/j.biopsycho.2017.08.055

Vuilleumier, P. (2005). How brains beware: Neural mechanisms of emotional attention.
Trends in Cognitive Sciences. https://doi.org/10.1016/j.tics.2005.10.011

Wagenmakers, E. J. (2007). A practical solution to the pervasive problems of p values.
Psychon Bull Rev, 14(5), 779-804. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/18087943

Winkielman, P., & Berridge, K. C. (2004). Unconscious emotion. Current Directions in
Psychological Science. https://doi.org/10.1111/j.0963-7214.2004.00288.x

Winkler, I., Haufe, S., & Tangermann, M. (2011). Automatic Classification of Artifactual ICA-
Components for Artifact Removal in EEG Signals. Behavioral and Brain Functions.



ACCEPTED MANUSCRIPT

45

https://doi.org/10.1186/1744-9081-7-30



46

Table 1. Median-centred (xIQR) ratio (divided by the median rating attributed to neutral
pictures) for the final sample of 8 death- and threat-related pictures selected from the IAPS
database, according to their ability to evoke disgust, brevity of life, fear of death, sense of

threat, surprise, valence and arousal.

AROUSAL BREVITY DISGUST FEAR OF DEATH SENSE SURPRISE VALENCE

OF LIFE OF
THREAT
D[ 1.40(0.40) 2.00 2.00 (1.5) 2.00 (1.50) 1.00 1.83 (0.64) 0.50 (0.33)
(1.50) (0.66)

T | 1.80 (0.60) é%%) 1.50(2)  1.00 (0.50) é%%) 1.97 (0.75) 0.50 (0.16)
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Table 2. Mean (SEM) power for both deviant and base rate across the four experimental
conditions in experiment 1 (top) and 2 (bottom). Summary values are display according to
the pooled activity across the scalp, the right parietal-occipital (RPO) region of interest (ROI),
the left parietal-occipital (LPO) ROI, and the occipital (OCC) ROI.

Deviant frequency (1 Hz)

Experiment 1 Aperiodic Death ngzﬁ:c Aperiodic Threat P‘?r:lrz(:lltc
Whole scalp 0.02 (+ 0.004) 0.04 (+ 0.01) 0.02 (+ 0.004) 0.04 (+ 0.01)
RPO ROI 0.07 (+ 0.02) 0.18 (+ 0.03) 0.08 (+ 0.02) 0.23 (+ 0.04)
LPO ROI 0.02 (+ 0.01) 0.11 (+ 0.02) 0.07 (+ 0.01) 0.18 (+ 0.04)
OCC ROI 0.04 (+ 0.01) 0.04 (+ 0.01) 0.04 (+ 0.01) 0.07 (+ 0.02)
Base rate frequency (5Hz)
Whole scalp 0.02 (+ 0.005) 0.02 (+ 0.004) 0.02 (+ 0.005) 0.03 (+ 0.01)
RPO ROI 0.07 (+ 0.02) 0.06 (+ 0.01) 0.07 (+ 0.02) ~ 0.08 (+ 0.02)
LPO ROI 0.04 (+ 0.01) 0.03 (+ 0.01) 0.04 (+ 0.01) 0.04 (+ 0.01)
OCC ROI 0.06 (+ 0.02) 0.06 (+ 0.01) 0.07 (¥ 0.02) 0.07 (+ 0.02)
Deviant frequency (1 Hz)
Experiment 2 Scrambled Intact Death =g/ambled Intact Threat
Death Threat
Whole scalp 0.02 (+ 0.003) 0.04 (+0.01)  0.01 (+ 0.002) 0.07 (+ 0.01)
RPO ROI 0.02 (+ 0.01) 0.11 (+ 0.03) 0.02 (+ 0.005) 0.22 (+ 0.04)
LPO ROI 0.01 (+ 0.004) 0.1 (+ 0.004) 0.01 (+ 0.03) 0.22 (+ 0.05)
OCC ROI 0.01 (z 0.005) 0.09 (« 0.03) 0.02 ( 0.01) 0.1 (£ 0.03)
Base rate frequency (5 Hz)

Whole scalp 0.02 (+ 0.003) 0.02 (+ 0.003) 0.02 (+ 0.003) 0.02 (+ 0.003)
RPO ROI 0.05(x0.01)  0.07 (+0.01) 0.05 (+ 0.01) 0.07 (+ 0.01)
LPO ROI 0.03(+0.01) = 0.04 (+0.01) 0.03 (+ 0.01) 0.04 (+ 0.01)
OCC ROI 0.09 (+ 0.02) 0.06 (+ 0.01) 0.08 (+ 0.02) 0.06 (+ 0.01)




48

Appendix 1.

Examples of questions from the online preliminary survey

“Please explain how much the image evoked”:

Not at all  Slightly Moderately Very

Extremely

Fear of death
Sense of brevity of
life

Sense of threat

Surprise

“Did you experience the image as”:

Negative Mildly negative Neutral Mildly positive

“Did you experience the image as”:

Calming Mildly calming Neither calming nor arousing

Arousing

Positive

Mildly arousing
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Appendix 2.
Detail of stimulus material

Visual stimuli used in the two experiments.

Death-related images

-

2799.bmp 9220.bmp 9910.bmp 6020.bmp 9000.bmp

Threat-related images

E TS T

2691.bmp 6571.bmp

991mp
Neutral Images

m - E - v“‘;\ ". T’" g;

5731.bmp 2518.bmp 2514.bmp 7009,bmp 7160.bmp 7180.bmp 5390.bmp 2620.bmp
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Appendix 3.

Table reporting median (and interquartile range) rating for each image belonging to the three

different affective picture categories.

Arousal Brevity Disgust Fearof Senseof Surprise Valence
of Life Death threat
2799.jpg 4 (3;5) 2 (1;4) 3(1.5;4) 3(1;4) 3 (2;4) 1(1;3) 1(1;1)

6020.jpg 3(3;4) 2(1;3) 1(L;1)  2(1;3)  1(1;2)  1(1;2)  2(1;3)
= 9000jpg 3(3;3) 2(1;35) 1(1;1)  1(12)  1(L1)  1(11) 2(23)
B 9220jpg 4(3;5) 2(23)  4(25)  3(L4) 3(13)  2(1;35) 1(11)
©  9400jpg 3(3;4) 2(1;3) 2(1;3)  2(1;3)  1(1;3)  1(12) 2(1;2.5)
O oa0jpg 3(3:4) 2(1:35) 2(135) 2(135) 1(13) 1(12)  1(12)
9480.jpg 4(3;4) 3(1.54) 2(1;3) 3(24) 2(1;3) 1(1;2) 1(1;2)
9910.jpg 4(3;4) 1(1;2) 1(1;2) 2(L;4) 2(1.54) 1(1;2.5) 2(2;3)
1090.jpg 3 (3;4) 1(1;2) 2(1;3) 1(1;2) 3(2;3.5) 1(1;2) 1(1;2)
2691jpg 3(3;4) 1(L;1)  1(1;2)  1(L1)  2(1;2)  1(1;2) 2(1;2)
s 656Ljpg 4(35)  2(L4)  2(LA)  2(L4) 4255 2(12)  1(1)
©  6571ljpg 4(3;5) 1(1;3) 3(1;4)  1(1;3) 3(24)  2(1;25) 1(1;1.5)
= 6838jpg 4(3;5) 1(L1) 445 1(L1)  2(13)  3(154) 1(12)
—  7380jpg 4(3;45) 1(1;3) 1(1;25) 1(1;3) 2(23) 1(1;2) 1(12)
9429.jpg 3(3;5) 1(1;3) 2(1;3)  2(1;3)  3(1.54) 1(1;2)  1(1;2)
9495.jpg 3(3;3) 1(L;1)  1(L;1) 1(L1)  1(L1) 1(L1) 3(3;3)
2514.jpg 1(1;2) 1(1;1)  1(L1) 1(L1)  1(L1) 1(L1)  4(3;5)
5390.jpg 2(1;3) 1(L;1)  1(L;1) 1(L1)  1(L1) 1(L1) 4(3;5)
—  2620pg 2(2:3)  1(1;2) 1(L1)  1(L1) 1(1;1)  1(1;1)  3(3:4)
O si8jpg 2(13)  1(L1)  1(L1)  1(LL) 1(L1)  1(L1) 4(35)
S 573Ljpg 3(2;3)  1(L;1)  1(L;1)  1(L1) 1(L1) 1(12)  3(3;4)
% 7009jpg 3(3;3) 1(L;1)  1(L;1) 1(L1)  1(L1) 1(12)  3(3;3)

7160.jpg 3(2;3) 1(1;2) 1(L;1)  1(11) 1(L1)  1(L1) 3(3;3)
7190.jpg 2.78 1.56 1.04 1.13 1.07 1.31 3.22
(0.7) (0.98)  (0.21)  (0.5) (0.25)  (0.75)  (0.73)
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Appendix 4.

Effect of gender and age

We analysed the effect of gender and age on the significant differences in spectral power
elicited by periodic deviant (1 Hz rate) death- and threat-related scenes in both experiments
(PD, PT in experiment 1 and ID, IT in experiment 2). Gender and age were used as
categorical or continuous covariate in separate general linear models to test both their main
effect and their interaction with the effect of content (death and threat) in the two main
regions of interest (LPO, RPO). Findings are summarised in the table below. Neither main
effects no interactions were detected, thus suggesting that our main findings would not be

explained by a significant variation in the age and gender of our participants.

ROI Age Gender

Main effect Interaction Main effect Interaction

LPO (exp.1) F=1.10;p=0.30 F=0.22;p=0.64 F=0.0001;p=099 F=0.11;p=0.74
LPO (exp.2) F=1.06;p=0.31 F=0.04;p=0.84 F=0.49 p=0.49 F=0.24; p=0.62
RPO (exp.2) F=190;p=0.17 F=0.18;p=0.67 F=0.009;p=0.92 F=0.50;p=0.48
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Appendix 5.

Bayesian paired t-test of parietal-occipital differences in power during deviant 1 Hz

frequency presentation

Experiment 1. RPO ROI

Non-directional hypothesis (PD # PT)

0,
BFos error %

PD # PT 1.59 0.001

Prior and Posterior inferential plot

dataiH1

BFp= 0623 madian = -0.334
BFpy = 1.583 S O 1,033,017
dataHD
20
— Pasterior
=== Prior
15
=
B 10
4
=]
05
apd = :
T T T T 1
-20 -10 0o 1n 20
Effect size &

Bayes Factor Robustness Check



ACCEPTED MANUSCRIPT

53
o max BF g 1037 atr= 00757
@ USer pror: By = 1523
» wide pricr BFy = 2023
o ulrawide prior: BFy = 2675
10 4 r
TE-nu:m.- for H1 Maerate
a - -
snecdpes T
(=] 3
w 14 E‘
113 - ®
lEv'Ideme for Ml Maderate
o= ! L] T L] T T I_
0 02 05 078 1 13 15
Cauchy prior widlh
Sequential Analysis
dafalH1 . -
BFyp= 0628 L=ar pror
cr1- 152 e
datalHD
10 - -
T Evicerce far 1 Muderate
a - i
I ot e
C toofg: ¥ "°lege |y §
& 143 !' 2 ! a g * 8@ | E
Moderate @
1710 o s
I.E'ml:rl:c far HO Strang
1730 - o
r T T T 1
1] -] 10 15 20
n
Directional hypothesis (PD > PT)
BFos error %
PD > PT 9.08 ~4.470e -4

Prior and Posterior inferential plot



ACCEPTED MANUSCRIPT

54
data+
BF.q= 0110 medan = 0.107
BFpe = 9054 5% G- [0L004, 0 430]
data|HD
a.0 4
— Postenor
wes PfiGE
6.0 I 1
oo
a
2.0
0.0 ; : [
-21 -0 20
Bayes Factor Robustness Check
s max BF.g 0,989 2t r= 0,000
© USEr prior; BFp, = 0084
e wids price Efg, = 12510
o ultrawide prior: BFy, = 17 538
100 r
1 Evioznce for Ho ary strang
30 + o
Strang
v 104 L iy
w Kaarerate E‘
o 3
R r o
Anecdotal ®
1 - &
1 Evigance for H Anecdotal
12 -
I LI T L] L L] 1
0 D25 05 078 1 125 1S
Cauchy prior widlh
Sequential Analysis
datalH+ ot
BF.,9=0.110 @ * ultrawide prior
* wade price
BFg.=9.084 © user prior
dataHD
100 ~ R AR dade 1 - -
TEwuancel'wm Very strong
e e "® % g0 Sunm m
i i.._.i_..aoo..o L <
& b .::533°°'°.°°°°° Maderate &
o 200 =
3 - I (¥ ] . - o
8 °
Anecdotal
14—
| Evidence for M+ Anecdotal
we— v
0 5 10 15 20
n

Directional hypothesis (PD < PT)

BFoy error %




ACCEPTED MANUSCRIPT

55
BFo, error %
PD < PT 0.87 ~0.007
Prior and Posterior inferential plot
data
EFg=1.143 madian = A 427
Efg = 0873 5% CI: [-1.058, 40.040]
datalHl
20
— Posterior
R
14 4 iy
T 1
10 |
Bayes Factor Robustness Check
» maxBF .y 16EE atr=0 1022
@ S prior BF o= 1.145
w wide prior: BFy. = 1.100
o ubrawida prior. BFg = 1447
10 S -
TE'u'Iderh:E'I'nrHI:l Moderate
3= =
precduts
h? 1= ?—ﬁ_ E-
Anerdotal &
13 - - ®
1 Evidence far K- Moderste
110 = o

I T T I. -I - T 1
o D2 0B 075 1 125 18
Cauchy prior width

Sequential Analysis



ACCEPTED MANUSCRIPT

56
dataH -
BF.g=1.145 * Utrawide prior
BFg.= 0873 Q bt
data|Hl
1 -
1 Evicerce far HO Moderate
3 - L
1 &, . - P Anecdotal E
=] & b ® J o
& Anecdotal
& 11 4 8 & 158 - §
Moderale ®
17 -
| Evidence for k- Strang
1m N ' L T ) I-
o & 10 15 20
n
Experiment 1. LPO ROI
Non-directional hypothesis (PD # PT)
BFoy error %

PD # PT 0.38 0.004

Prior and Posterior inferential plot

BFyp=2632 madian = 40,686
BF g = 0380 %5% CI [1.35, 0.052)
dataHD
144
— Paostariar
A - Prigr

Dersity

Effect size &

Bayes Factor Robustness Check



ACCEPTED MANUSCRIPT

57
s mazBFy 286 atr= 041329
@ user prior BFjp= 2 632
® wids priar: BFya= 2270
o ulrawida prior. BFyg= 1832
L =
1 Ewidence for HO Anecdots
14 m
= Anecdots &
B :
ER L 2
lecm:c far H1 Maderate
o L] T T T T T l-
o D25 0F 078 1 125 18
Cauchy prior width
Sequential Analysis
datalH1
EFyp= 2632 e " Llrewkle prioe
e price
BFp = 0.380 & user prior
datalHl
10 = -
4 Evidence for HD Maderate
g+ -
& & & ' aAnecdoty
14— & m
- L] 42281 Anecdoial =,
o1 - § LE B
o ee Maderate 3
110 L b3
& Steang
1730 - -
J Evidence for HI “Wery strong
o = . : . -
i 5 10 15 20
n
Directional hypothesis (PD > PT)
BFo, error %
PD > PT 11.98 ~1.151e-5

Prior and Posterior inferential plot



ACCEPTED MANUSCRIPT

58
dalaHe
BF.p=0083 rgdian = 0120
BFp. =11.976 55% Ct D011, Du2es)
dalaHD
100
— Posterior
J ««« Prigr
B0 —
]E 60 -
[a] 4.0 <
0 4
oo
I T T T 1
22D -0 0o 10 20
Effect size &
Bayes Factor Robustness Check
s max BF .y 0877 atr= 00005
© LUSer pror; BFg, = 11478
» wide pricr BEFp, = 16 858
o ultrawide prior: BFy, = 23 523
100 -
1 Evioznce for Ho ary strang
30 + -
Strang
+ 10+ - I'{l'!
w Kaarerate i‘
] 3
R - o
Anecdotal ®
1 &
1 Evigance for H Anecdotal
3 - -
! L] T L] T T 1
0 D2 05 078 1 125 1S
Cauchy prior widlh
Sequential Analysis
dataH+ o
BF.9=0.0832 :“'"We o
BFg.= 11976 @ Sy
dataHD
100 smmmrenan g - -
TE\dmncel'wl-n Very strong
no.uoI:::::;; mm m
+ 10 g ee05000000 L <
T 100 000 Maderate &
o to® =
3 -8 - o
Anecdotal @
1+ —.
| Evidence for s Anecdotal
me - T v
0 5 10 15 20
n

Directional hypothesis (PD < PT)



ACCEPTED MANUSCRIPT

59
BFo, error %
PD < PT 0.19 ~0.002

Prior and Posterior inferential plot

EF g=5.180 madian = 0 GE3
EFp=0192 F5% I [-1.368,0.121]
datalHl
20
— Posterior
=« PP
T 1
10 0

Bayes Factor Robustness Check

max BF g AoEBatr= 04352
LIS pror BF 5 =5180
wide prior. BF 5 =4481
ubrawide prior. BF 5= 38521

o s O @

1 Evidence far HO Anecdod

l, Evitence far H- Strang

r T T I. -I - T 1
D DIF 05 0TE 1 12 15
Cauchy prior widlh

Sequential Analysis



ACCEPTED MANUSCRIPT

60
4 uitrawide pei
BF.p=5.180 . = pror
BFg.= 0,133 bt
data|Hl
" 4 Evidarce far HO -mﬂmr_
? i . snecdola
I Iy anecdcta M
2 7 .i * i”“‘i Moderate &
1710 L e §
wE @ L ®
wary strong

i Y Ty Edreme
1ﬂm N ' L T ) I-

o & 10 15 20

n
Experiment 2. RPO ROI
Non-directional hypothesis (ID # IT)
BFo, error %
ID#IT 0.05 3.566e -4

Prior and Posterior inferential plot

datalH1
EFp=18.391 madian = {057
EFg = 0052 5% CI: [-1.585, 41.298]
datalH]

'—l — Posterior

= PIOF

Bayes Factor Robustness Check



ACCEPTED MANUSCRIPT

61
» maxBFg 19472 atr= 06356
@ user prior BFyp= 12301
® widse prior: BFyp= 13012
o ubrawide prior. BFp= 15343
a - —
{ Evidence for HD Anecdoia
7 -
Anecdos
o 13- - <
c Moderate S
& 1410 < L §
-0 o=|sony @
1430 -
| Evidence for H1 wary strang
14100 ~ -
L) L] ) 1 T I 1
0D 0 DI 1 1# 15
Cauchy prior width
Sequential Analysis
datalH1 -
EFyp= 13391 ® ultrawide prios
wite
BFn1=0052 :- uzar mg:
datalHd
10 - .
 Evidence far HO Moderate
q 5
anecdota
T m
- [ Anecdotd 5,
& " "  Maderate E
110 - ETALE ‘i - 2
LT Strang
130 4 L
4 Evigence far H1 Wery strang
14100 - -
Ll T T T T 1
o 5 10 15 m 2
n
Directional hypothesis (ID > IT)
BFo, error %
ID>IT 16.26 ~0.008

Prior and Posterior inferential plot



ACCEPTED MANUSCRIPT

62
datalH+
EF.p= 0082 median = 01055
BFg. = 16255 95% C1 [0.004, 0.167]
datalHd
120 4
— Posberior
00 H «e= [PIOT
an 4
=
E a0 4
ELE
21 o
00 -
J T T T 1
-20 -4 oo 10 20
Effect size 5
Bayes Factor Robustness Check
s mazBF.y 0974 atr= 00005
@ LSS pnor BFge = 16.255
® wide prior: BFy. = 22806
o ukrawide prior. BFg, = 33.202
00 4 -
1 Bvidence far HO Extreme
100 ~ .
Yary strong
30 L m
F3 Stang 5.
w10 L E
Moderate 3
51 - ®
Anecdota
1 -
| Evidence far H+ Anecdotal
3 ~ L
r T T T T T 1
o 02 0DE  07B 1 123 18§
Cauchy prior width
Sequential Analysis
datalH+ -
— = ulrawide prior
EFig= IiI.IZIEZ + wite priar
BFp. = 16255 @ wsar prir
datalHd
00 - -3 ~ -
- + Evicence far HO Edreme
1 - - ———— =
Mary strong
el sasesaiiiie o <
2 ownd o, #:I-ﬁiiiiii““"' e g
& 4 iii" Moclerate E
14 -8 - u =
Anecdrtsl
1= —%
& Evicence far H+ Anecdotal
153 2 o
Ll T T T T 1
o 5 10 15 m 2

Directional hypothesis (ID <IT)

0,
BFo, error %




ACCEPTED MANUSCRIPT

63

0,
BFo, error %

ID<IT 0.03 ~2.126e -4

Prior and Posterior inferential plot

dataH-

BF p=238T20 madian = 4 537
BFn = 0026 o5% Cl [-1.530, -0.300)

datalHl

— Pasteriar
== Prior

Effect size &

Bayes Factor Robustness Check

s max BF 38 ETGatr= 06489

© USEr prior; BF g = 38730

» wids prior EF p = 35982

o ultrawide prior: BF j = 30855
3~ -
4 Eviganca for HI AnEcdona
Anecdotal

13 = 7
Madzrate

£1F1E|- L .

1430 o ] —

Wiary strong
10100 -- P!
4 Bvioence for H- Extremne
17300 - 2 - L

! T T L] ' 1 1
0 02 05 078 1 13 15
Cauchy prior widlh

1 -

Strang

aauUSPIAT

Sequential Analysis



ACCEPTED MANUSCRIPT

64
- ultramede prior
EF g=38.720 °
BFg = 0,028 . el
datalHl
7 1 Evidence for HD [ anecacea
"% Anecdotal
143 L] L m
f lli. Manarate i
g ','“"'Hi i "m"g 2
13 L] i;‘ L a
Wery strong
11100 = L
J Evidence for H- Extremne
17300 - i , - . : |_
i} 5 10 15 20 25
n
Experiment 2. LPO ROI
Non-directional hypothesis (ID # IT)
BFo, error %
ID#IT 0.029 1.249¢ -4

Prior and Posterior inferential plot

dafalH1
EFjp=34 230 medan = 1,008
EFg = 0029 5% CL 0,347, 1.665)
datalHd

— Posteror r_'

<« Priar

oo 4 ==

Bayes Factor Robustness Check



ACCEPTED MANUSCRIPT

65
s mazBFy 34 73 atr= 07033
@ User prion BFyp= 34,230
® wide prior: BFyp= 32573
o ukrawide prior. BFyg= 78294
a - -
1 Bvidence far HO Anecdotal
' -
Anecdotal
113 o L m
= Maderate &
1410 - L
& Strang §
1430 - | 2
Wary slrang
17100 = -
| Evidence far H1 Extreme
1o L] T T T T T l-
o D25 0F 078 1 125 18
Cauchy prior width
Sequential Analysis
datalH1 -
_ L] e prior
BFyp= 34 230 : :"ﬂ:" munr
BFgy = 0029 @ ysar pror
datalHd
10 - -
s 4 Evigercea far HO Moderate
Aot
1 '.'..-;"I‘ Anecdots '5"'
E'- 143 ﬁtl..'.li. rnderate E-
1710 T -
& Strang o
1130 - e =
Wary strang
'|.|"|m -5 .*E“I:Er':e rc.IrH.1 ...................... _Extme
1¢300 - -
r T T T T 1
0 ] |l 1§ n =3
fi
Directional hypothesis (ID > IT)
BFo, error %
ID>IT 0.015 ~8.975e-5

Prior and Posterior inferential plot



ACCEPTED MANUSCRIPT

66
datalH+
EF.p= 68401 miedian = 1,005
BFg.= 0015 9% C1 0388, 1679)
datalHd
20 1
— Posterior
<+« Priar
15
&
E 10 )
(TR
oo - :
T T T T 1
=20 -10 a.o 10 20
Effect siza &
Bayes Factor Robustness Check
» maxBF.g 68 402 atr= 07033
@ user prior BF,q = 62401
® widse prior: BF.5 = 65.102
o ulrawida prior. BF.p= 56558
34 -
1 Bvidence far HO Anecdotal
1 =
Anecdcts
1/3 - L m
& Moderale 5,
& 1410 - S E-
Strong 2
1430 - | g
- - | WERy SITONG
1100 - -
§ Evidence for H+ Extreme
1mn - L] T T T T T l-
o D2 05 075 1 125 18§
Cauchy prior width
Sequential Analysis
datalH+ -
BF .= 68401 * uitrawide prios
BFg.= 0.015 . o et it
datalHd
a - - -0 an -
1 Evicence far HO Anecdotal
14 —-
& Anecdoia
pad e fas A m
3 L '. Moderate 5,
[RULE R TLLT - ]
.‘ Stmnu §
1730 - - & ’ &
B4 Wiary srang
17100 ~ -
| Evizerce far W+ Extreme
17300 - - S
' L 1 1 L] L
o 5 10 15 m -1
n

Directional hypothesis (ID <IT)

0,
BFo, error %




ACCEPTED MANUSCRIPT

67

0,
BFo, error %

ID<IT 16.88 ~0.001

Prior and Posterior inferential plot

datalH-
EF =003 madian = 0 06
BFp = 18,578 5% CI: [1.321, 0.002]
datalHl

— Posterior

1209 ... priar —

Bayes Factor Robustness Check

» maxBF .y 0 %28 at r= 0 0005
@ LISEH NG BFy. = 16876
® wids prior. BFp. = 22.706
o ubrawida prior. BFy =32312

1 Evidence far HO Edreme

83uepIAg

 Evicence far Anecdotal

r T T T -I T 1
D DIF 05 0TE 1 12 15
Cauchy prior widlh

Sequential Analysis



ACCEPTED MANUSCRIPT

68
datalH-
BF.3=0.058 @ mﬂ prios
or
BFp.= 18,876 @ ysar pror
datalHD
am 0 -
- 4 Evigence far HO Exfreme
100
Very strong
£l u.ii!“::t:ti -mm E
E 10 ._-::ii“;;i.."‘" A o
. 55889° Moderate 5
LI T L ——— = ®
Anecdota
1= —#
) Eviceres rar b Anecdotal
153 :
0 ] |l 1§ n =3



69

Appendix 6.

Debriefing questions

"Can you tell apart the different content or meaning represented in the images?”

“Did you feel (or still feeling) emotions during the experiment? If so, which type of emotion?”

Written reports in experiment 1.

e Participants recalled had seen 3 to 11 different images overall. The mean (xSD)
amount of different images seen was 6.67 (£2.95)

o 44.4% of all participants used the word “violence” while other 44.4% of all
participants used the word “religious” to describe some of the images they saw.

o 33.3% of all participants reported feeling some emotion during the experiment. They
described their emotional state as being “anxious”, “frightened” and “discomfort”. The

participants attributed these feelings to the recalled images.

Written reports in experiment 2:

e Participants recalled from 0 to 9 overall. The mean (zSD) amount of different images
seen was 3.56 (+2.14).

o 30.43% of all participants remembered a mug/cup. 30.43% of all participants recalled
skulls. 26% of all participants recalled images similar to a boat or a lake. Only one

participant recalled the image of a snake.
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o 36.36% of all participants experienced feeling anxiety, a “dark” emotion, depressive
state, unpleasant mood, as well as feeling frightened. 27.27% of all participants did

not report any experienced emotion during the experiment.



