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3 General abstract

Terror Management Theory (TMT) attempts to explain how the awareness of mortality
affects people. There has been a large volume of research investigating the changes of human
behaviour triggered by awareness of mortality. However, much less is known about the
underlying neural processes of these defensive behavioural changes. In this thesis, 1 will
present two novel studies expanding on previous methodologies in order to investigate two
types of potential moderators for the effects of death anxiety: Study 1 investigated the
moderating roles of seven personality traits which were previously linked to the framework
of Terror Management Theory. Study 2 explores the buffering effects of meditation
techniques against death anxiety. We applied threatening somatosensory stimuli to
investigate the effects of reminders of mortality on pain perception and on somatosensory
brain responses. We also implemented linear mixed-effects modelling of the data. Mixed-
effects models are better at tackling emblematic issues of electroencephalography (EEG)
data, such as wide within-subject variability and unequal group sizes, than analyses of
variance or t-tests. As such, we are presenting a more robust and appropriate method for

analysing EEG and behavioural data.

We showed significant predictive ability of anxiety and depression trait scores on the
effectiveness of reminders of mortality. Anxiety and depression scores predicted the
efficiency of reminders of mortality both on behaviour and brain responses. Furthermore, we
showcase the buffering effect of meditation practice against death anxiety. Thus, our results
lay out groundwork for a) potential development of new analysis methods for neural data, b)
the importance of personality trait measurements for studies using mind-set manipulation and

c) the potential of practice in relaxation techniques in buffering death anxiety.
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4 Literature Review

”No one knows when that day or hour will come —not the angels in heaven, nor the Son, but

only the Father,” Matthew 24:36

4.1 Introduction

Awareness of mortality is a side product of human awareness. Zygmunt Bauman (p12, 1992)
stated that humans “[we] not only know, we know that we know. We are aware of being
aware”. We have numerous examples in cultural and religious history of humans incline that
not only were we aware of our own inevitable death, but whole philosophies were created to
deal with its looming presence. In Europe, the sentence “Memento mori” (Remember that
you have to die) was frequently carved in gravestones during the medieval ages. This
sentence and the whole literature behind it (i.e. Ars Moriendi) indicates the human awareness

of death and mortality (Taylor, 1651).

Figure 4-1. The Dance of Death (1493) by Michael Wolgemut from the Nuremberg Chronicle.
Image url: https://www.1st-art-gallery.com/frame-preview/10356166.jpg?sku=Unframed&thumb=0&huge=1
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The notion of mortality awareness was present not only in Europe’s Christian beliefs but in
other religions such as Buddhism, Islam, the belief system of the Bushido (the way of the
samurai), to mention only a few (“The Book of Miscellany”; Tsunetomo & Scott, 2002;
Rinpoche, 2003). Thus, we can see that humans are aware of their mortality and that it is a
cardinal point of their worldview. However, it begs the question how people deal with this
“Sword of Damocles” above their head. In this thesis, | will review our current understanding
about the effect of death cognition and anxiety on the human behaviour and brain activity
(Section 4) and present two original studies that addressed unanswered questions in the field

(Sections 5 & 6), and then | will provide a discussion of these findings and attempt to

integrate them into the literature (Section 7).

Figure 4-2. Triptych of Takiyasha the Witch and the Skeleton Spectre, c. 1844, Utagawa Kuniyoshi (1797-1861), V&A
Museum no. E.1333:1 to 3-1922

Image url:

https://upload.wikimedia.org/wikipedia/commons/1/1a/Takiyasha_the_Witch_and_the_Skeleton_Spectre.jpg
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4.1.1 Awareness of mortality

During its evolutionary journey, humanity developed several cognitive traits for survival.
One of these traits is abstract thinking and the subsequent ability to predict future events
based on past experience. Thus, it is unavoidable that humans realised their own mortality
(Pyszczynski et al., 2015). As all living creatures strive to live, this knowledge is thought to
cause cognitive dissonance and/or constant anxiety in humans. And yet, humans live their life

mostly without being hindered by this anxiety or dissonance.

Numerous hypotheses were made to explain the lack of the conscious experience of constant
death-anxiety. Bauman, among others, suggested that culture itself is a form of defence
against the horror of death (Higo, 2012), the greatest fear of our species (Bauman, 1992).
Freud believed that humans’ substitutive formation merely helped to suppress this death-
anxiety (Higo, 2012). Heidegger (1962) suggested that humans have two modes of existence:
One is the so-called “forgetfulness” of being when a person merely lives and does their
everyday duties unaware of the authorship they have of their life. The other is the so-called
“mindfulness” of being when the observer is aware of everything around them as well as the
end goal of their limited life, or more precisely they are aware of their existence with its
limits (Woodgate et al., 2014). Heidegger assumed that certain urgent experiences or stimuli

can bring a person to their “mindfulness” state.

Ernest Becker in 1973 wrote a book called “The Denial of Death” where he articulates his
ideas about how humanity protects itself through cultural elements and symbolic
interpretations against the constant fear of death. Becker takes his idea one step further to
show that all our survival mechanisms, including emotional and intellectual as well as

behavioural, can be traced back to this basic fear. He suggested that the basic dualism in
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humans (the physical and symbolic meaning of self) plays an important role in defending the
mind from the fear of death. Becker suggested that humans created a “symbolic self” which is
an ideal human. This symbolic self can have many aspects such as fearlessness, braveness,
selflessness etc. This “symbolic self” can be immortalized through the religious or the

cultural ideas.

The common denominator in all these theories is the presence of mental defence mechanisms.
We can see that humans do not usually think about their mortality on a daily basis
(Heidegger’s “forgetful” state). However, as certain impulses toss humans into the
“mindfulness” state, other defences start to act. Culture offers a quasi-immortal image of the
self, defined as the “symbolic self”. The idea of how this immortalisation works varies
between theories. The term “symbolic self” is broad enough to include cultural ideals,
religious beliefs, personal achievements and many other potential ways to immortalise a
human existence. Cultural ideas or worldviews define an ideal person which the individuals
try to become similar. Religious beliefs assure humans that death is merely a stage in their
life and beyond it waits happiness and life forever. Personal achievements like writing a
book, building a monument can immortalise one’s name, hence they live on in other’s
memory. The easiest way to grasp this concept is the simplified version of Irvin D. Yalom’s
(1989) passage about death in Love’s Executioner and Other Tales of Psychotherapy
simplified and rephrased by Bansky: “They say you die twice. Once when you stop breathing

and the second, a bit later on, when somebody mentions your name for the last time”.

Thus, humans create a “symbolic self” by attuning to one of the many ideals to quasi-

immortalise themselves (Becker, 1973; Routledge et al., 2010).
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4.2 Terror management theory

Sparked by the work of Ernest Becker (1973) three social psychologists, Jeff Greenberg,
Sheldon Solomon and Tom Pyszczynski created Terror Management Theory (TMT)
(Greenberg et al., 1986; Solomon et al., 1991). Originally, the aim of the theory was to offer
an explanation to why self-esteem is important, why people are so adamant to stick to their
own worldviews and why cultures divide humanity so strongly (Pyszczynski et al., 2015). As
self-esteem had such cardinal role in the creation of TMT, | will explain the concept in depth
linking it to the foundational tenants of the theory. However, TMT quickly grew out the
concept of self-esteem opening a path to explain a complex, multilevel defence system
humanity developed against existential-threat. Hence, after discussing the core hypotheses of
TMT and the recent criticisms of it, | will also talk about the effects of several other
personality traits which were subsequently linked to the defence mechanisms. Finally, I will
discuss how meditation practice relates to these personality traits, presenting itself as a

potential buffer against existential threat.

4.2.1 Self-esteem in the context of TMT

In order to understand the core tenants and conclusions of TMT, self-esteem has to be
defined. The concept “self-esteem” became trivialised due to its vague and broad meaning
(Orth & Robins, 2014). Self-esteem is defined as a subjective evaluation of one’s worth (Orth
& Robins, 2014). It is crucial to establish that self-esteem is a subjective and not objective
measurement of someone’s talents, abilities, achievements and failures. Furthermore, it is
important to understand that high self-esteem does not necessarily predict egoism or
superiority beliefs (Baumeister et al., 1996; Orth & Robins, 2014). Thus self-esteem shall not

be confused by self-regard or self-aggrandisement (Ackerman et al., 2011). As self-esteem

22



measures one’s subjective worth, it can be assumed to be linked to our cultural ideas
(Pyszczynski et al., 2015). Despite its inherent subjectivity, self-esteem proved to be a
reliable and useful measurement. Studies showed that self-esteem correlates negatively with
anxiety (McFarland & Ross, 1982; Greenberg et al., 1986; Burish & Kent Houston, 2006).
Moreover, correlation between self-esteem and psychological well-being and physical health
in times of stress had already been suggested (Sedikides, 1993). People with higher or already
elevated self-esteem show no reactions for reminders of death (Harmon-Jones et al., 1997).
Studies done on this topic using implicit measurements of self-esteem (Schmeichel & Vohs,
2009) showed that increased implicit self-esteem reduced the defence of one's own beliefs.
On the contrary, individuals with originally high implicit self-esteem may experience an
elevation of their defences of their world views as a kind of promotion focus (McGregor et

al., 2007).

By integrating self-esteem as a need in connection to the cultural ideas, TMT was able to give
an answer of why humans need self-esteem in the first place. As mentioned above, human’s
cognitive ability, which distinguishes us from animals, and instincts would clash over the fact
that death is inevitable. While, as all animals, we strive to survive, our kind knows that death
is only a question of ‘when’ not ‘if”. TMT builds on the idea that we create literal immortality
(e.g. afterlife) or symbolic immortality (e.g. achievements) to avoid existential anxiety

(Pyszczynski et al., 2015).

4.2.2 The core hypotheses of TMT

TMT incorporates three core hypotheses: the anxiety-buffer hypothesis, the mortality salience
hypothesis and the death thought accessibility hypothesis (Pyszczynski et al., 2015). The

anxiety-buffer hypothesis explains that self-esteem acts as a defence system against anxiety,
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and higher self-esteem predicts lower increase in anxiety caused by thoughts of death

(Greenberg et al., 1993, 2003).

These thoughts and reminders were named as mortality salience (MS) in the second
hypothesis. MS are reminders that cause the changes measured after reminders of mortality
(increased defence of one’s own worldview (Castano et al., 2002; Niemiec et al., 2010),
increased need for self-esteem (Pyszczynski et al., 2015), close attachment (Mikulincer &
Florian, 2000; Mikulincer et al., 2003), increased ingroup-outgroup preferences (Castano et
al., 2002; Henry et al., 2010)). MS is the event described by Heidegger (1962) that drags us
out from the usual “forgetful” state into a “mindfulness” state and directs our attention
towards mortality and death in general. Mortality salience affects a person’s desires for fame
(Greenberg et al., 2010) and for a more self-esteem boosting type of romantic partners
(Kosloff et al., 2010). These findings supported the importance of self-esteem in the context

of mortality.

The third hypothesis states that any threat to these described defences and buffer systems
increase the accessibility of death-related thoughts (Pyszczynski et al., 2015). Humans have a
selective attention for death-related information (Hayes et al., 2008). The shorter latency for
recognition of death-related words was not observed in other negative or neutral words.
Death thought accessibility (DTA) investigations found a positive correlation between DTA
and self-esteem, worldview defence and wish for close attachments (Greenberg et al., 1994).
DTA and MS were eventually integrated into TMT as their effects were explained by it

(Pyszczynski et al., 2015).

TMT strives to offer an explanation to the question of why we are not experiencing a constant

existential-anxiety. The theory assumes the existence of a buffer system that counteracts this
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threat. However, the buffer system against existential threat is not a simple theoretical device.
Researchers found an important operational issue with TMT during its early stages. If there
was time passing by between the MS manipulation (i.e. reminders of death) and
measurements, the expected changes were replicated, however, when the measurements were
taken immediately after the MS induction then there was no change (Greenberg et al., 1994;
Pyszczynski et al., 2015). The introduction of delay suggested there were two processes at
stake, proximal and distal defence respectively. This interpretation was labelled dual-defence
mechanism (Pyszczynski et al., 2015). Proximal defences occur right after MS introduction
and, unlike the general theory would suggest, it deals with the threat itself directly. Proximal
defences tilt the decisions towards more self-protective behaviours, and try to remove the
idea of death from the focus of attention by denying or ignoring it (Wegner, 1994). However,
proximal defences do not negate the anxiety rooted in the inevitability of death. On the
contrary, distal defences work more similarly to the original TMT theory. They strengthen
one’s belief in their worldview even if that goes against self-protection. An experiment done
on people’s preferences in sunscreens provided supporting evidence. People tend to choose
higher factor sunscreens immediately after MS introduction, but lower factor ones if time has
passed (Routledge et al., 2004). As the main goal of the proximal defences is to remove the
idea of mortality from the focus of the attention, the question arises if it is possible to bypass
the proximal defences and trigger only the distal ones. The only two ways described so far
that can elude the proximal defences are the subliminal reminders of death (e.g. the word
‘death’ presented very quickly) and when there is high cognitive load during MS introduction
(i.e. during a task with high demand of cognitive processing power; Harmon-Jones et al.,

1997; Arndt et al., 1997).
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4.2.3 Criticisms of TMT

While TMT is considered the dominant theory in the field of existential threat research, it is
not without criticism. It has been questioned whether the idea of death is the core reason for
the changes experienced in TMT replication or if other, related factors are involved (e.g. non-
death reminders, that can logically lead to the idea of death, like violence; differences in
anxiety created by the reminders; differences in negativity between the reminders)
(Pyszczynski et al., 2006). Advocates of TMT defended these claims by pointing out that
certain scenarios can lead one’s thoughts towards death and mortality. It is important to point
out that the control condition is just as important as the experimental one. Several studies
used neutral priming (for example the idea of watching TV) in control of MS (Schindler &
Reinhard, 2015), while others use negative controls (for example, the idea of dental pain or
exam failure) to assure that the difference is not caused by the difference in valence between
the conditions (Pyszczynski et al., 2006; Henry et al., 2010; Valentini et al., 2014; Valentini
& Gyimes, 2018). However, it is also important to remember that activating the anxiety-
buffer system can cause increased DTA. Thus, a very negative mind-set potentially may

trigger similar responses to the MS.

McGregor et al., (2001) pointed out that the reason we fear death is not defined, hence the
effects can be caused by other factors such as fear of uncertainty or fear of nonexistence.
Others pointed out that there is a difference between fear of death, fear of dying and fear of
the unknown (Carleton, 2016a). Nevertheless, TMT theorists argue that uncertainty is present
in our everyday life without being frightening. TMT critics pointed out that only uncertainties
which have sufficient contextual certainty are not frightening (Carleton, 2016a, 2016b).
Evolutionary psychologists also criticised TMT for depicting constant death anxiety as an

existential threat as anxiety and fear are a necessary product of evolution, thus they cannot
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hinder the creature (Landau et al., 2007). TMT scholars agreed that fear is a useful
evolutionary trait, however, they pointed out that animal and human behaviour shows clear
avoidance of fear in adaptive and non-adaptive ways (Pyszczynski et al., 2015). Thus, they
argued in defence of TMT that fear management is important in terms of evolutionary traits
to limit non-adaptive fear responses (e.g. consumption of psychotropic substances and freeze

in response to threat, among others) (Pyszczynski et al., 2015).

Recently, a substantial amount of studies failed to replicate previous findings within
psychological sciences (Open Science Collaboration, 2015). Among others, TMT was also
involved in this replication crisis. Specifically, the Many Labs 4 project failed to replicate the
effects measured by previous TMT studies (Klein et al., 2019). The project investigated
whether the involvement of original authors affected the replicability of TMT. For this
purpose Klein et al. (2019) conducted a large scale data collection and meta-analysis of the
data collected by several groups in the project. The project attempted to replicate the findings
of Greenberg et al. (1994), specifically the induced worldview defence after reminders of
death. Similarly to the original study (Greenberg et al., 1994), the Many Labs 4 project asked
participants to evaluate pro- and anti-American essay authors (Klein et al., 2019). While
Klein et al. (2019) reported failure of replication, they did not address it as a reason to
disregard TMT. As Klein et al. (2019) pointed out, replication failure could be due the
difference between political climate in the US when TMT was originally tested (1980’s,
1990’s) versus when the Many Labs 4 testing happened (2016 — 2017). In response to this
research project, an article was published by Chatard et al. (2020) claiming that the reason for
the replication failure is not an issue with TMT. In their criticism, Chatard et al. (2020)
pointed out that the pre-registered Many Labs 4 project did not deliver on the statistical
power promised in their pre-registration. After excluding the labs with smaller than 80

subjects (40 per groups) and the labs which did not follow the advice of the original authors
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on the methodology, they reported significant findings (Chatard et al., 2020). However, it is
worth pointing out that Many Labs 4 were attempting to replicate a key study of TMT where
the sample size was 58 divided into 5 experimental groups (Greenberg et al., 1994). Thus
questioning the validity of the claim that lower than 40 people per experimental group cannot
provide valid results in the field of TMT. Particularly, as in the study by Greenberg et al.
(1994), a hallmark TMT study, found significant results/effects with a sample number far
below 40 (Study 1 had an average (+ standard deviation) group size of 11.800 (x0.400);
Study 2 had an average group size of 12.857 (x0.990); Study 3 had an average group size of
11.800 (x0.748)). More importantly, the criticism did not address one of the main question of
the Many Labs 4 project, namely if TMT can only be replicated by the involvement of the
original authors. While the effects of MS are said to be robust and even the simple
presentation of the word ‘death’ should act as MS (Pyszczynski et al., 2015), failures to
replicate the findings question the uniqueness of death anxiety (Klein et al., 2019). As the
debate is still ongoing, further experiments and replications are crucial to reinforce, modify,

or challenge TMT.

4.2.4 The role of personality in TMT research

The role of personality traits as potential buffers against the effects of MS is a vital part of
Study 1 (Section 5). For example, the aforementioned self-esteem has been classified as a
cornerstone of TMT research (see Pyszczynski et al., 2015 for a review, and Section 4.2.1).
However, there are other personality traits linked to MS. Trait anxiety and depression are
particularly pertinent to TMT (Greenberg et al., 2003; Maxfield et al., 2014; Menzies et al.,

2021).
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Anxiety is defined as “anticipation of future threat” (Crocq, 2015). It is important to note,
that anxiety and fear are distinct constructs. Fear is defined as a response to a specific
immediate threat, while anxiety is more future-oriented and less specific (Crocq, 2015). Even
though, they sound similar and interconnected, there are significant differences between them
even in terms of physiological responses. Fear triggers active defensive responses, which
quickly disappears when the imminent threat is gone. Anxiety on the other hand, elicits
elevated arousal and vigilance (Davis et al., 2010). As such, anxiety is noted as an
evolutionary benefit, as such elevated vigilance and arousal increases the chance of survival
(Landau et al., 2007). There is intuitive continuity between the construct of anxiety and fear
of death. Mortality is a future threat but crucially is unavoidable. The certainty about its
manifestation is coupled with the uncertainty about when it will happen. This combination

makes it a perfect cocktail of fear and anxiety.

As anxiety is an anticipation of future threat, it can be classified based on the type of threat.
Anxiety related to fear of death is called death anxiety (Iverach et al., 2014). This basic
anticipation of mortality has been linked to mortality salience showing that higher levels of
death anxiety predicted exacerbated relationship between MS and burnout (Sliter et al.,
2014). These results, together with the general understanding that anticipation of mortality is

existential anxiety, provide strong justification for linking trait anxiety to MS.

Depression can be linked to MS via its relationship with anxiety. Depression and anxiety are
established as opposite effects on the brain, while anxiety predicts neural excitability,
depression predicts inhibition (Dobson, 1985; Clark et al., 2009). Depression affects
motivation, thoughts, view about life, and more generally one’s well-being (de Zwart et al.,
2019). A recent work suggested that death anxiety can play an important role in multiple

mental disorders, including depression (Menzies et al., 2021). Thus, depression or depressive
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mood could interact with the idea of mortality and existential threat. Additionally, depression
was linked to the salience-network in the brain (Liu et al., 2015). This network in the brain is
connected to MS and will be discussed later (Section 4.2.7). As such, there is existing

evidence to link depression to MS.

Previous studies pointed out that people are more keen on initiating interactions with others
after MS induction (Taubman-Ben-Axri et al., 2002). Taubman-Ben-Avri et al (2002) explained
the relationship between close attachment type and TMT from an evolutionary perspective.
They explained that close relationship means higher level of safety from an organism
(Taubman-Ben-Ari et al., 2002). Other studies found that even the idea of separation from a
romantic partner induced an increase in death-though accessibility and increased worldview
defensive behaviour (Florian et al., 2002). Thus, as close relationships act as a buffer against
distress (Bowlby, 1988), relationships play a major role in dealing with existential anxiety

and are linked to MS.

In Study 1 (Section 5), we investigated the interaction between MS and seven personality
traits (fear of death, fear of other’s death (in Experiment 1 & 2, Sections 5.2 & 5.3,
respectively), anxiety, depression, self-esteem and anxious, close and dependent attachment
types). As discussed above, traits such as self-esteem, anxiety, depression and attachment
types are already linked with MS. We assumed that measures for fear of death can act as a
complimentary measure next to anxiety and depression. By investigating the specific fear of
death besides anxiety (which is distinguished from ‘fear’) we aimed to specify the most
relevant personality traits for MS. Experiment 1 and 2 (Sections 5.2 & 5.3 respectively) used
two different MS types. In Experiment 1 (Section 5.2) we used the mortality reminder
described in the original TMT MS manipulation (Pyszczynski et al., 2015). However, we

utilised a modified MS for Experiment 2 (Section 5.3), and later for Study 2 (Section 6),
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which reminded the participant for the mortality of their exclusive romantic partner. This
modification was supported by the bulk of research showing the link between intimate
relationship and existential anxiety (Taubman-Ben-Ari et al., 2002; Cox & Arndt, 2012;
McCabe & Daly, 2018). In sum, we tested the targeted personality traits as potential

predictors for the efficacy of reminders of mortality in two experiments.

4.25 Meditation and TMT

Following the previous points, there is a significant link between certain personality traits and
existential anxiety. However, it is worth investigating if the relationship between anxiety, fear
or depression and MS is bidirectional. To answer this hypothetical question, we should talk
about techniques which can influence one’s level of anxiety, depression or just general well-
being and see if practice in these techniques predicts a buffer against MS. In the following
paragraphs, | will present evidence for the buffering effects of meditation practices against

existential anxiety.

Meditation and inner focus date back for centuries in Western - and millennia in Eastern -
tradition (Sampaio et al., 2017). While there are numerous different schools of meditation,
the common theme is the withdrawal of the attention from the outside world to a specific idea
(be that bodily sensations or metaphysical concepts; Sampaio et al., 2017). As such,

meditation always includes the practice of controlling one’s attention.

Meditation seems to play a role in the defence against anxiety from reminders of mortality.
For example, studies have attempted to investigate how experience in meditation can buffer
out the previously established changes after MS induction (Schultz & Arnau, 2017; Park &
Pyszczynski, 2019). The rationale behind testing the moderating effects of meditation in
TMT framework is the link between meditation and stress and anxiety reduction (Shapiro et
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al., 1998; Davidson et al., 2003; Ospina et al., 2007; Niemiec et al., 2010), changes in
compassion (Lutz et al., 2008), attention and self-regulation (Brefczynski-Lewis et al., 2007;
Tang et al., 2007), control of pain (Bushnell et al., 2013), depression (Shapiro et al., 1998;
Bitner et al.,, 2003), and even between meditation and neural responses and structures
(Davidson et al., 2003; Cahn & Polich, 2006; Hauswald et al., 2015). This body of literature
provides a background to investigate how meditation can interact with MS. When mortality
reminders are expected to induce existential anxiety as per TMT’s main tenet, meditation

could tackle anxiety even before the evolutionary defences kick in.

In Study 2 (Section 6), we aimed to investigate the buffering effects of meditation practice
against reminders of mortality. The rationale behind meditation experience as a buffer for
existential threat is twofold. First, previous studies showed that practicing meditation
techniques can lead to decreased anxiety, depression, increased psychological well-being
(Shapiro et al., 1998; Davidson et al., 2003; Bitner et al., 2003; Ospina et al., 2007; Niemiec
et al., 2010), all of which traits are linked to MS (as discussed in Section 4.2.4) (Iverach et
al., 2014; Sliter et al., 2014; Liu et al., 2015). Second, meditation expertise is linked with
greater pain tolerance, self-awareness attention and self-regulation (Brefczynski-Lewis et al.,
2007; Tang et al., 2007; Bushnell et al., 2013). These attributes can explain why previous
studies found the effects of MS reduced in meditators (Schultz & Arnau, 2017; Park &
Pyszczynski, 2019). In our experiment (Section 6), we aimed to investigate how people who
practice meditation are affected differently by reminders of the mortality of their romantic

partner.
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4.2.6 Psychological and neuroimaging techniques relevant to the study of

TMT

Investigating phenomena that overreach multiple areas of science requires a wide variety of
techniques. TMT was born in the field of social psychology, using questionnaires and self-
report measures. As the theory gained momentum and grew, neuropsychologists and
psychophysiologists became interested in the underlying neural mechanisms of TMT. As a
result, nowadays investigation of the changes in behaviour and brain activity after reminders
of mortality is done by several different tools. In the following Sections, | will lay a
background understanding for the most common techniques utilised in TMT research
relevant for this thesis, namely self-report questionnaires and electroencephalography. As the
main technique used in the studies for this thesis was electroencephalography, | will provide

a more detailed explanation on it.

4.2.6.1 Self-report questionnaires

TMT originated from the field of social-psychology, thus the methodological centrality of
self-report questionnaires is undeniable. It is a common practice to measure symptoms,
behaviours, opinions, orientation and many other aspects of a person via questionnaires.
There are different formats of questionnaires, such as Likert scale with ranked options,
true/false, visual analogue scale, etc. Questionnaires are being constantly tested and validated
to ensure that they are measuring what they are supposed to measure (Alfonsson et al., 2014;
Balsamo et al., 2018; Kang & Demiris, 2018; Rose & Rimes, 2018; Speyer et al., 2019).
These systematic reviews and re-tests are important, as self-report questionnaires do not have
right or wrong answers. While self-report questionnaires have clear advantages, as people

answer clear questions, there are several issues as well (Northrup, 1997). It has been
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suggested that participants may exaggerate responses, or shy away from honest responses
(Northrup, 1997). Despite all these issues however, self-report questionnaires are widely used
in science. Besides the constant validations, changes and revisions, the way of filling a
questionnaire is slowly changing. The pen-and-paper questionnaires are slowly being
overtaken by digital form questionnaires (for a systematic review see Alfonsson et al., 2014).
In the studies reported in this thesis, we applied several self-report questionnaires to measure
personality traits and states relevant for the topic of TMT, in both paper and digital format. |

will elaborate on these questionnaires in Section 4.3.3.

4.2.6.2 Electroencephalography

When large numbers of neurons are activated simultaneously, a relatively large field’s
potential is changing in the brain. To understand this mechanism, one must be aware of how
the brain is structured, how neurons are activated and what EEG can pick up from this. The
cortex is a layered structure. Each structure is distinct based on the proximity from the pia
mater, the neuron types within the layer and the positions of those neurons. For example in
the first layer we cannot find a large number of neurons and most of them are inhibitory
neurons. In the second layer we find a larger number of pyramidal cells. Pyramidal cells are
considered to be the main source of signal recorded in the EEG. These cells are oriented at a
90° angle to the pia mater and they are present in large numbers. The dendrites of the
pyramidal cells in the cortex are directed towards the pia mater and the axons are directed
away from it. The majority of regulation on these cells are axo-dendritic (from an axon to a
dendrite), but there are axo-somatic and axo-axonic regulations as well. Without activation or
inhibition a neuron maintains a stable membrane potential. In the intracellular space of the
neuron there is a higher amount of negative ions and charged proteins, while the intercellular

matrix contains a higher amount of positive ions. This membrane potential (the difference
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between the two charges) is created by two mechanisms: the famous Na*/K* pump, that
pumps 3 Na* out of the cell and 2 K™ inside the cell, and the membrane permeability for the
ions defined by the Goldmann-Hodgkin-Katz equation. The latter shows that in a resting state
the permeability of the K™ is close to its balance potential. Thus, the real amount of work is

done by membrane permeability and not by the Na*/K* pump.

4.2.6.2.1 Sink-source model

Changes in membrane potential cause ion flow inside and outside of the neuron. Excitation of
a neuron results in positive ions entering the intracellular matrix, shifting the intercellular
matrix to be more negative. Inhibition causes the cell to take up more negative ions, making
the intercellular matrix more positive. As the charge is changing with the movement of the
positive ions mostly, the positively charged region is called the source while the negatively
charged region is the sink. Positive ions are coming from the source and travelling towards
the sink. By causing Na* flow inside a dendrite, the potential would change locally. The
positive ions would move towards the soma where most of the negative ions can be found. If
the change did not trigger an action potential, the Na* will be pumped out causing additional
positive charges on the outside of the soma. The positive ions would move towards the
dendrite where their amount had decreased creating a circular flow. When this happens on
thousands of cells oriented similarly and in the same spatial angle, the EEG is able to
measure the potential changes in the cortex (Lewine & Orrison, 1995). Both the strength and
limitations of the EEG are rooted here. EEG can pick up relatively quick responses, unlike
functional magnetic resonance imaging (fMRI). Following the logic of the sink-source
model, EEG is capable of picking up signals on nearly any larger number of neurons as long
as they are firing at the same time and positioned in the same spatial orientation. While one

electrode cannot measure neural activity from cells that are parallel with the electrode,
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application of multiple electrodes can solve this issue. Despite certain neurons situating
parallel to an electrode, thus their positive and negative poles summing up to zero, another
electrode will pick up either the positive or the negative pole’s activity of the neuron (Jackson
& Bolger, 2014). Consequently, spatial resolution of EEG is relatively poor compared to
fMRI as the potentials generated in the cortex are blurred when recorded from the scalp. EEG
IS a great tool for measuring quick cortical responses, but it is little to no use to understand
the activity of deeper regions of the brain. Despite its shortcomings in special resolution,
EEG allows us to investigate numerous attributes of cortical activities. In the following

Sections (4.2.6.2.2.1 & 4.2.6.2.2.2), | will present the two most important attributes.

4.2.6.2.2 Event-related potentials

Event-related potentials or ERPs are brain potentials caused by an external or internal
stimulus (Fabiani et al., 2007). As the brain’s certain areas are activated simultaneously a
greater change in the local-field potential is caused. These changes are directly related to the
neural activity of that area. It is worth noting that the direction of the ERPs is complementary
to the neural activity. When neurons are firing, the positive ions are flowing inside the
neuron, creating a more negative potential in the intercellular matrix. And when neurons are

inhibited, they are more negative on the inside and the intercellular matrix is more positive.
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Figure 4-3. Event-related potential with components. Image url:
https://upload.wikimedia.org/wikipedia/commons/thumb/a/ac/ComponentsofERP.svg/1280px-ComponentsofERP.svg.png
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The amplitude of an ERP is clearly related to the number of neurons activated in a region at
the same time. As their name suggests, ERPs are time-locked, with the event defining time 0.
Components of ERPs are defined by their relative place from this time 0, their polarity and
their magnitude. ERPs inform us about when there was a greater change in voltage in a
specific region. On the ERP plot we can find time on the x-axis and voltage on the y-axis.
ERP analysis usually consists of analysing ERP peaks (i.e. the difference between maximum
peaks) or analysing components (i.e. the average voltage of an interval of the ERP). Although
it has been questioned whether these attributes of ERPs are meaningful (Hoffman &
Richards, 1984; Nathan et al., 2012), it is still common practice to analyse brain responses in
potentials measured from single electrodes, regions of interest (ROIs) or global averages of
all electrodes by their peaks or components (Ronga et al., 2013; Jackson & Bolger, 2014;
Wieser et al., 2014; Valentini & Gyimes, 2018). ERPs components vary based on the area

where they were recorded and on the stimulus that triggered them.

4.2.6.2.2.1 Somatosensory evoked potentials SEPs

Somatosensory evoked potentials (SEPs) are mainly induced by the stimulation of the
peripheral nerves wither the median nerve around the wrist or tibial nerve around the ankle
(Nathan et al., 2012), thus activating the dorsal column/medial lemniscus system. In our
studies, we used electrical stimulation of the left median nerve. The early components of
SEPs, such as P14, N20 and P22 on the contralateral side (C4 electrode) or P30, N33, P39,
N50 and P60 on the vertex (Cz electrode) are well established (Nathan et al., 2012). N19/20
has been linked to thalamocortical activation (Gugino & Chabot, 1990) while P22 has been
assumed to signal a cortical activation in response to the median nerve stimulation. However,
these early components have been proven to be hard to replicate in studies investigating pain
alterations (Eimer & Forster, 2003). Later components, like N120/140 or P200 are proven to

be more reliable in ERP studies. N120/140 has been shown to be sensitive to attention and
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processing negativity (Michie, 1984; Porro et al., 2002; Eimer & Forster, 2003; Porro, 2003).
N120 peaks in Fz and FCz, while N140 is more of a bilateral component. However, both of
them has been linked with anticipation of pain (Porro et al., 2002; Porro, 2003) and attention
(Eimer & Forster, 2003) and assumed to be generated in the secondary somatosensory cortex
located right behind the somatosensory cortex. P200 showed to be affected by attention (Kida
et al., 2006; Forster & Gillmeister, 2011; Fiorio et al., 2012), anticipation or general arousal

(Clauwaert et al., 2020).

4.2.6.2.2.2 Time-frequency representation of the EEG

ERPs and analysis of its components has been dominant for years (Nathan et al., 2012).
However, it is becoming more and more accepted that oscillator activities describe brain
activity better (Cohen & Gulbinaite, 2013). Neurophysiological and neuroanatomical studies
showed that while the population of inhibitory neurons in the brain is small, they are
responsible for organising the neural oscillation (Buzséki et al., 2007). These neural
oscillations act as reference for the firing of neurons (Jones & Wilson, 2005). Thus, the
investigation of oscillatory activity in the brain can reveal more information about the neural
activities under cognitive processes. Gyorgy Buzsaki in his book Rhythms of the brain (2011,
p. 104) states “[...] the most appropriate method for analysing brain signals would be a
“time-frequency analysis” algorithm that would provide perfect description of changes in all
frequencies as a function of time.”. However, as Buzsaki describes in length, time and
frequency are orthogonal to each other. Meaning, there is no frequency as a function of time
or vice versa. Thus, there are two ways of analysing brain activity: the aforementioned ERPs
which are in the time-domain; and the currently discussed frequency domain. However, one
can feel confused about the title of this section. If time and frequency are orthogonal to each
other, how can there be a time-frequency analysis? ERPs are the change in potential over

time. Describing changes in frequency over time on the other hand, is a more complex issue.
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The key to apply frequency as a function of time is the transformation named after Jean
Baptiste Fourier. The Fourier transformation allows us to decompose a signal into sine
waves. These waves can have amplitude or power (amplitude squared) as their function,
describing the original signal by its components. This ingenious transformation opened the
door for two important methods in understanding waves: filtering and time-frequency
analysis. As the Fourier transformation is reversible, filtering given frequencies out from a
signal became possible. But more importantly, by applying this transformation on short time-
windows, it was able to describe frequency as a function of time. This way, we could dissect
a window of a signal into its frequency components and create a spectrogram, where the x
axis showed time, the y axis showed frequency and the z axis showed amplitude or power.
Despite the trade-offs of this method (i.e. lower time resolution can create greater frequency
resolution and vice versa), it allowed scientists to study the changes in oscillatory brain

activity over time.

In order to truly appreciate the value of time-frequency analysis, we have to define phase-
locked and non-phase-locked responses. Event-related activities are by definition time-
locked, meaning we have a zero point in time corresponding to the onset of the event evoking
the potential. As such, every change is locked to the aforementioned zero time point.
However, by averaging the single trial ERPs, we lose the information about oscillations of the
signal that are not in phase with e.g. an experimental sensory event. As the oscillations are
not phase-locked (meaning the phase angles of the waves in the oscillation are not
synchronised to each other) the averaging results in a loss of phase-dependent information.
Imagine for example, that an event triggers an increase in the amplitude, and thus the power,
of a brain activity at 15 Hz. There is no insurance that this activity will be at the exact same
phase angle throughout all trials. Thus, by the end of averaging several ERPs, the oscillation

following the signal will average itself out. By calculating a time-frequency representation of
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the data, we can tackle this issue. However, as power is calculated by squaring the amplitude,
it is clear that the power output of lower frequencies will be higher than the higher
frequencies. Thus the brain activity follows a ‘1/f* or scale-free structure, where lower
frequencies have high power and high frequencies have lower power. While this ‘1/f* power
distribution is not an artefact and holds valuable information (Voytek et al., 2015; Pertermann
et al., 2019), it prevents the measurement of short-time changes. In experiments such as the
ones discussed later in this thesis (Sections 5 & 6), we are focusing on quick changes in time,
thus we have to remove the ‘1/f* dynamics from the signal. Alexander Graham Bell provided
us with a transformation exactly for this purpose. This transformation calculates a ratio
between a ‘baseline’ and ‘activity’. We take the logl0 of the signal divided by its baseline
activity. Then we multiply it by 10 to use dB (decibel) instead of B (bel). This last part is
only due to the more frequent use of dB over B. The baseline is defined as the part of the
signal where we do not expect to see any event-related activity. By using this transformation,

we normalise our power output making it comparable in every frequency.

While TF components correlate with ERP components (Elben et al., 2018), the TF
components are less clearly defined (Cohen & Gulbinaite, 2013). Furthermore, the meaning
behind neural oscillations in the different parts of the brain is yet to be mapped out (Cohen,
2017). However, there is a growing bulk of literature investigating correlations between
cognitive processes and oscillatory activities (for example Singh, 2012; Buzsaki & Wang,
2012; Cohen & Donner, 2013; Cohen, 2014). Oscillatory activities are divided into frequency
bands, like delta (<4Hz), theta (4-8Hz), alpha (8-14Hz), beta (14-35Hz) and gamma (>35Hz)
associated with different cognitive functions. Recent research shows that changes in these
oscillatory activities predict cognitive functions better than firing rates (see discussed in
Singh, 2012). Hence, there are strong indications that oscillatory brain activities describe

cognitive processes more accurately than event-related potentials. In our studies, we focused
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on the alpha and theta frequency bands, so | will discuss these two bands in greater depth.
First, 1 will discuss the frequency bands which are less relevant for our studies. Delta activity,
originating from the frontal and cingulate cortex, is associated with go-no go stimulus
detection and corresponds with the P3 ERP component (Herrmann et al., 2016), as well as it
has been assumed to show basic processes such as motivation (Knyazev, 2012) and
concentration (Harmony, 2013) and language decoding (Giraud & Poeppel, 2012). However,
the function of the delta oscillation is still not clear (Klimesch, 2018). Beta activity has been
linked to tasks involving motor tasks or sensorimotor interactions (Neuper & Pfurtscheller,
2001; Kilavik et al., 2013). Gamma activity is mostly associated with general cortical
activation, information processing, archiving, recalling and with cognitive performance
(Herrmann et al., 2016). Theta activity is mostly associated with memory processes due to its
connection with the hippocampus (Klimesch, 1999; Mitchell et al., 2008), especially with the
working memory (Klimesch et al.,, 1994; Kahana et al., 1999; Kahana, 2006). This
association with memory is further supported by studies done in rodent models, showing how
hippocampal theta rhythm regulates neural activity (discussed in Klimesch, 2018).
Furthermore, theta activity is linked to spatial working memory, too (Jones & Wilson, 2005;
Zielinski et al., 2019). However there has been studies linking theta amplitudes to sensory
stimuli as it overlaps with the classical vertex N2 and P2 SEP components (Valentini et al.,
2014, 2015). The interpretations of theta activity discussed in length by Colgin (2013). The
alpha activity is the oldest known brain oscillation (Berger, 1929). Alpha activity is
associated with memory (Klimesch, 1997), attention (Hanslmayr et al., 2011) and
somatosensory stimulation (Schiirmann & Basar, 2001). Klimesch (2018) discusses the alpha
frequency band in two parts: the upper and the lower alpha bands. While the upper alpha is
mostly associated with visual cognitive tasks (e.g. Wolff et al., 2017; Nelli et al., 2017,

Staudigl et al., 2017; Rominger et al., 2018; cited in Klimesch, 2018) and semantic memory
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(Klimesch, 1999, 2012), the lower alpha seems to represent more general attention and
acoustic stimuli (Klimesch, 2018). Furthermore, alpha activity was associated with the
inhibition of the task-irrelevant parts of the brain (Herrmann et al., 2016), thus, increased
alpha activity can signal cortical inhibition, while decreased alpha activity (lack of inhibition)
can signal cortical activation (Yordanova et al., 2001; Mouraux et al., 2003). As such, we
chose to investigate the changes in theta and alpha amplitudes after somatosensory stimuli.
Low frequency bands (such as delta, theta, alpha and beta) assumed to play a significant role

in top-down cognitive control (Klimesch, 2012).

For this thesis, we will focus on the theta and alpha frequency bands. The rationale for this
choice is that changes in nociceptive theta amplitude were previously linked with MS
(\Valentini et al., 2014), while the alpha frequency band has been linked to somatosensory
processes in general (Schiirmann & Basar, 2001). Furthermore, as alpha activity signals
inhibition of cortical activity (Klimesch, 2012) and attention (Hanslmayr et al., 2011), and
nociceptive theta, as a slow wave response, is assumed to be affected by top-down
modulation (Valentini et al., 2014). Additionally, both of these frequency bands are easy to
detect and study and are independent from sensory modality. Thus, they can potentially assist
us in understanding the underlying neural processes of TMT and the interactions between MS

and personality traits as well as between MS and experience in meditation.

4.2.7 Neuroscientific testing of TMT hypotheses

Due to its roots in social psychology, the majority of research involving TMT has been
conducted within the methodological traditions of social psychology. However, every
cognitive process has an underlying neurological aspect as well. Thus, investigation of TMT

in neuropsychological and psychophysiological experiments is crucial. Studies using EEG
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and fMRI attempted to shed light on how human brains process reminders of mortality and
how these reminders can alter brain responses (Quirin et al., 2012; Jonas et al., 2014). As we
used EEG in our research, we will focus on EEG-based studies mostly. However, it is
important to talk about the studies using fMRI as painting a whole picture of the effects of
MS on neural activity requires more than just one technique. The anterior cingulate cortex,
cingulate, anterior insula, amygdala, ventrolateral prefrontal cortex areas, namely the salience
network, are assumed to be functionally linked to the processing of salient environmental
stimuli (Wiech et al., 2010; Harlé et al., 2012; Corradi-Dell’ Acqua et al., 2016; Feng et al.,
2017). This network is connected to the medial prefrontal cortex (Bressler & Menon, 2010)
which is associated with reactions to norm violations (Buckholtz & Marois, 2012; Krueger &
Hoffman, 2016). Both salient stimuli from the environment and the violation of norms are
linked to MS. MS is a salient stimulus causing increased reactions towards violation of one’s
norms. And, as expected, parts of this network are shown to be influenced by MS ( Han et al.,
2010; Quirin et al., 2012; Yanagisawa et al., 2013; Feng et al., 2017). Studies using fMRI
showed that self-esteem levels moderated the amygdala-ventrolateral prefrontal cortex
connectivity after MS induction (Yanagisawa et al., 2016). This moderating effect of self-
esteem on MS not only aligns with the framework of TMT, but also fits the classification of

the amygdala-ventrolateral prefrontal cortex as part of the salience network.

Several studies showed how MS can affect ERP amplitudes (Klackl et al., 2013; Valentini et
al., 2014; Wang & Tian, 2018; Valentini & Gyimes, 2018). These studies showed that death-
related words can predict a greater late positive potential (Klackl et al., 2013) and increased
N2 amplitude and P2 latency in response to threat from outgroup compared to ingroup after
MS-induction (Henry et al.,, 2010) as well as greater P2 amplitude in response to
somatosensory stimulation (Valentini et al., 2017), however MS predicted smaller N2

amplitude in Chinese participants in response to nociceptive stimuli (Wang & Tian, 2018).
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Furthermore, MS-related images elicited smaller positive potential compared to more generic
threat-related images (Valentini & Gyimes, 2018). While some studies showed that ERP
amplitudes are dependent on novelty (Legrain et al., 2003, 2009) and salience (Ronga et al.,
2013), there have been suggestions that top-down modulations also play a role (Valentini et
al., 2017). Thus, it is a challenge to distinguish between differences due to bottom up salience
and top-down cognitive modulations in MS experiments. It is important to point out that
application of more powerful statistical approaches showed that some of the changes in ERP
components were the result of error variance (Valentini et al., 2017). The sporadic findings of
MS-related differences in brain responses and the indication that individual differences can
lead to false-positive findings imply that more robust statistical methods are necessary for the
investigation of the effect of MS. Furthermore, there are only few investigations on the
effects of MS in the time-frequency representation of the EEG (Valentini et al., 2014, 2015;
Liu et al., 2015). In a previous study, it has been shown that MS-induction predicted a lack of
habituation of the second stimulus in a repetition-suppression method compared to exam
failure (\Valentini et al., 2014). However, more research is needed to explore how MS affects

the cognitive processes.

4.3 Aim of the thesis

In this thesis, I will present two studies. Study 1 (Section 5) consists of two experiments and
Study 2 (Section 6) consists of one experiment. In Study 1, we investigated the modulatory
effects of seven personality traits on the expected effects of MS on somatosensory perception
and brain activity. We aimed to expand our understanding on the importance of personality
traits for measuring the effects of MS. Following this line in Study 2 (Section 6), we
investigated the modulatory effects of experience in meditation experience on the expected
effects of MS using the same experimental method. These studies offer a potential
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explanation for the sporadic findings and replication issues of TMT (Klein et al., 2019), as
well as they test potential buffers against the changes predicted by MS induction (Park &

Pyszczynski, 2019).

4.3.1 Noxious stimuli as a probe

In both studies, we expanded on previous methodology (Valentini et al., 2014). We utilised
the threatening nature of nociceptive stimuli to investigate the effects of MS. Our aim was to
disclose important factors influencing the perception and neural effects of reminders of death.
There is a bi-directional relationship between anxiety and pain (Asmundson & Katz, 2009;
van Wijk & Hoogstraten, 2009; Gonzalez et al., 2011). For an organism, noxious stimuli
convey homeostatic and motivational value (Porreca & Navratilova, 2017). As these noxious
stimuli signal threat to the body, they are a great tool for measuring the effects of existential
threat. Based on this relationship between anxiety and pain, previous studies used nociceptive
somatosensory stimuli to investigate the effects of MS (Valentini et al., 2014, 2015). Hence,
we also used unpleasant/painful stimuli in our experiments. Pain is defined as “An unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage.” (Merskey & Bogduk, 1994). MS has been shown to
affect areas associated with emotional regulation (e.g. amygdala and anterior cingulate
cortex) (Quirin et al., 2012). Thus, we assumed that a threatening stimuli would enhance the
changes after MS-induction previously observed (Valentini et al., 2014, 2015). This
assumption was further supported by previous studies showing that threatening stimuli are
harder to ignore (Van Damme et al., 2004) and they elicit a greater cortical response

compared to other sensory stimuli (Schrooten et al., 2012).
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4.3.2 Experimental manipulations

Somatosensory stimuli can be modulated by expectation (Loeser & Melzack, 1999; Wiech et
al., 2010; Tracey, 2010; Kokonyei et al., 2019), thus we introduced a manipulation of
expectation into our method (see in Methods and materials of Section 5). As mentioned
previously (Section 4.3.1), noxious stimuli already signals threat towards the body. We
assumed that by increasing this threat level we can enhance the effects of MS resulting in

greater effect sizes in both pain perception and neural responses.

As a control condition, we followed the approach used in Valentini et al. (2014, 2015) a
similarly negative and arousing condition. We asked students to think about failing an
important exam while we asked non-student participants to think about losing their job.
Previous research showed that there was no significant difference between the control and
experimental conditions in their level of arousal, valence, threat- only their context (i.e. death

or exam-related; Valentini et al., 2014).

In Experiment 2 and Study 2, we expanded the classical MS by using the idea of the death of
one’s romantic partner (Sections 5.3 & 6). We replaced the classical reminder of mortality
aiming at the participant (i.e. “Please briefly describe the emotions that your death arouses in
you”) to one aimed at the participant’s romantic partner (i.e. “Please briefly describe the
emotions that your romantic partner’s death arouses in you”). The rationale for this was
twofold: on one hand, TMT claims that even the word ‘death’ can trigger the defence
mechanisms (Pyszczynski et al., 2015); on the other hand, it has been suggested that romantic
relationship and relationship with others in general acts as a buffer against existential anxiety
(Florian et al., 2002; Taubman-Ben-Ari et al., 2002; Cox & Arndt, 2012; McCabe & Daly,

2018). As such, we assumed that regardless of whether the participant is reminded of their
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own mortality or the mortality of their loved one, the question will trigger the distal defences
prescribed by TMT. Furthermore, as there is evidence linking relationship, intimate
relationship, and MS, we believed that this reminder might even further increase the MS

effects.

4.3.3 Potential buffers against MS

Relationships or attachments are not the only factor that can act as a defence against
existential threats. Just to reiterate a previous example (Section 4.2.1), TMT states that
participants with already high self-esteem levels show no changes in their behaviour after MS
induction (Greenberg et al., 1992; Harmon-Jones et al., 1997; Pyszczynski et al., 2015).
Several personality traits have been studied as moderators of MS induced effects (Greenberg
et al., 2000; Goldenberg & Arndt, 2008; Cox & Arndt, 2012; Caspi-Berkowitz et al., 2019).
Despite all the research carried out in this area, there has been no clear description on how
personality can interact with the effects of MS. As I highlighted in Section 4.2.3 TMT faced
substantial criticism in the recent past on both theoretical (Landau et al., 2007) and
experimental grounds (Klein et al., 2019). We surmised that some of the unexplained

observed variability might be coupled to individual differences in personality traits.

In Study 1 (Section 5), we aimed to shed light on the role of personality traits in the
framework of TMT. We selected seven personality traits that could be reasonably argued to
play a role in the defence against existential fear. Firstly, and most obviously, we selected
self-esteem, measured by the widely used Rosenberg’s Self-Esteem Scale (Rosenberg et al.,
1995; Sari et al., 2018; Pérez-Fuentes et al., 2019; Ogihara & Kusumi, 2020; Kielkiewicz et
al., 2020; Kourakou et al., 2021; Syropoulou et al., 2021; Sagat et al., 2021), as it has been

established as one of the core tenets of TMT (Pyszczynski et al., 2015). Second, we measured
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the participants’ trait anxiety and depression levels. We measured the anxiety trait (and state)
levels of the participants by the State-Trait Anxiety Inventory Y (STAI) (Spielberger et al.,
1983). This inventory is also widely used in multiple contexts to measure state and trait
anxiety levels (Guillén-Riquelme & Buela-Casal, 2014; Han et al., 2020; Abdoli et al., 2020;
Shah et al., 2021). STAI was used in a wide variety of experiments, from EEG experiments
(Imperatori et al., 2019; Shadli et al., 2021), to studies investigating correlations between
anxiety and amyotrophic lateral sclerosis (Siciliano et al., 2019). STAI is used in many
studies across many disciplines proving itself to be a reliable measurement of anxiety state
and trait levels. Depression trait scores were measured by the Patient Health Questionnaire 4
(Kroenke et al., 2009; Stanhope, 2016). PHQ-4 was used in studies screening depression
levels of pregnant women (Rodriguez-Mufioz et al., 2020; Barrera et al., 2021), adolescents
(Materu et al., 2020) and health care workers during the COVID-19 pandemic (Zhang et al.,
2020), proving itself to be a reliable tool for quickly and efficiently measuring depression
trait levels. It is common practice that participants with too high or too low scores on these
personality traits should be excluded from the participant pool (Valentini et al., 2014, 2015).
We reasoned that both traits can explain the efficacy of MS on an individual. We also
included a measurement of fear of death, and fear of other’s death, two subscales from the
Collett-Lester Fear of Death and Dying Scale (Collett & Lester, 1969; Lester & Abdel-
Khalek, 2003; Lester, 2004). Previously, death anxiety was investigated in relationship with
MS (Sliter et al., 2014). Thus, we assumed that besides anxiety, fear may play a major role in
dealing with reminders of mortality. Based on the findings of previous studies, we included
measurements of adult attachment types as predictors (Taubman-Ben-Ari et al., 2002). The
Adult Attachment Scale (Collins & Read, 1990) is a reliable measurement tool (Collins et al.,

2006) to help us quantifying attachment types which can moderate the effects of MS.

48



To answer the question of Study 1 (whether personality traits moderate the effects of MS), we
used Rosenberg’s Self-Esteem Scale to measure self-esteem reflecting the classical TMT
studies (Pyszczynski et al., 2015); the State Trait Anxiety Inventory to measure both state and
trait anxiety levels, similarly to previous studies of our lab group (Valentini et al., 2014) and
other studies investigating the relationship between anxiety and neural activity (Imperatori et
al., 2019); the Patient Health Questionnaire-4 for measuring depression levels as other studies
did before (Zhang et al., 2020; Materu et al., 2020); the Collet-Lester Fear of Death and
Dying Scale to measure fear of death and fear of other’s death based on previous studies
(Tomés-Sabado et al., 2007; Pérez-de la Cruz, 2021); and the Adult Attachment Scale to
measure close, dependent and anxious attachment type scores based on the established link
between existential threat and whish for intimate relationship (Taubman-Ben-Ari et al.,

2002).

We expected to find fear of death (for Study 1, Experiment 1; Section 5.2) and fear of other’s
death (for Study 1, Experiment 2; Section 5.3) would predict greater MS induced effects on
both the somatosensory perception and brain responses. Similarly, anxiety was expected to
predict greater efficacy of MS, while depression was assumed to have the opposite effect —
resulting in a decreased efficacy of MS. The rationale for this was the established, opposite
effects of anxiety and depression on the central nervous system arousal (Hayes et al., 2010;
Pyszczynski et al., 2015). As discussed above, we expected to see self-esteem as a buffer
against MS (Pyszczynski, 2004; Pyszczynski et al., 2015). Out of the three adult attachment
types (close, dependent, anxious) we assumed close attachment type to act as a defence

against existential anxiety (Florian et al., 2002; Taubman-Ben-Atri et al., 2002).

Thus, Study 1 (Section 5) aimed to investigate the moderating effects of these

aforementioned personality traits on the effects of MS directed towards the participant
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(Experiment 1, Section 5.2), and the effects of MS directed towards the romantic partner of
the participant (Experiment 2, Section 5.3). We aimed to enhance the MS-related changes by
introducing a manipulation on the expectation of the stimuli, thus investigating the top-down

modulation of nociception and pain sensation.

However, personality traits are not the only potential factors able to moderate MS-related
changes in the behaviour. Recently, more and more studies aimed to investigate the effects of
meditation practice on the body and mind (Baer, 2003; Ospina et al., 2007; Hauswald et al.,
2015; Hashemi et al., 2016). Furthermore, the effects of meditation experience were tested in
the framework of TMT (Niemiec et al., 2010; Park & Pyszczynski, 2019). Among other
effects, experience in meditation predicted better performance in cognitive tasks, reduced
symptoms of psychological disorders and in general a higher level of well-being (Kabat-Zinn,

2003; Bitner et al., 2003; Pagnoni & Cekic, 2007; Park & Pyszczynski, 2019).

Based on these promising results, we aimed to investigate the buffering potential of
experience in meditation against MS induced changes in the behaviour and neural responses.
We implemented the same methodology as Study 1, Experiment 2 in Study 2 (Section 6),
using the previous pool of participants as control population for the meditation practitioners.
We expected to see the dampening, buffering or reversing of the MS-related changes in pain

perception and somatosensory brain responses.

4.3.4 Statistical analysis

We aimed to improve our statistical approach by applying mixed-effects models. Mixed-
effects models, or random effects models, were first introduced at the beginning of the last
century (Fisher, 1919). By the end of the 20" century, mixed-effects modelling became a
major area in statistics (McLean et al., 1991; Robinson, 1991). However, due to the
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complexity of calculating mixed-effects models, it is only recently gaining true recognition
(Austin, 2017; Collins et al., 2021; Comets & Mentré, 2021; Mattos et al., 2021). Data
structures with multiple levels are frequent in science. Due to data collection, or other
external factors, we may end up introducing effects that would influence our analysis. For
example, inter-individual variation of responses can cause false positive findings (see
Valentini et al., 2014). Mixed-effects models are capable of counteracting such issues by
introducing random intercepts and slopes. First, we should explain the terminology. Mixed-
effects models are formulas describing a line (linear, exponential, logarithmic, etc.) which
best explains the variability of the data. As in this thesis | am using linear mixed-effects
models, | will discuss the models in terms of fitting linear lines onto the data. The formula of
aline is y = m * x + b, where m is the slope of the line b is the value where the line crosses
(intercepts) the y axis, namely the intercept, y and x are coordinates of each point of the line.
By adding extra terms to this basic formula, we are able to describe complex, multi-levelled
datasets accounting for randomness embedded in the data structure. Relevant to psychology
and neuroscience, individuals can differ significantly in their baselines. Despite the
harnessing provided by the experimental instructions, people can interpret the experimental
measurements differently. The easiest way to visualise differences in baselines is to use an
example from biology. If we want to measure differences in growth of fish populations due to
different foods, the fishes will most likely live in several ponds (regardless of which
experimental group they are). These ponds might have innate differences, such as amount of
sunlight to them, the surrounding vegetation or even shape. While these are meaningful
‘inter-pond”’ differences, they could skew the results of the study. In such cases, mixed-effects
models can include a so-called random intercept. With such a random intercept the model,
essentially, allows variability within a level, such as ponds or participants. If we visualise the

pond example from before, our model would try to fit a line on the fish population size before
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and after the experiment. If there is no free variability on the level of pond, the variance of
their baseline, essentially noise, can affect the output of the model. However, by adding a
random intercept for the level of participants, our model can take tackle this noise (Schaalje,
2008). Thus the inherent inter-individual differences do not affect the model’s output, as each

individual has their own intercept.

Furthermore, in some experiments (such as the studies of this thesis), individuals may attend
a study for two sessions (e.g., for an experimental and a control condition) without the study
being longitudinal. In such cases, there may be an unintended difference between the
experimental sessions due to external circumstances. Such as, a participant may happen to
have a good or a bad day; they are more or less perceptive of the experiment. In this type of
design, where the difference between the two experimental sessions is not part of the
experimental question, mixed-effects models can include random slopes. Random slopes, or
random effects, allow the slopes of the fitted lines to vary within the specified level, like the
level of experimental session in this example. In this example, it is possible that the baseline
data collected on the two experimental sessions are different regardless of the experimental
manipulation. By introducing a random slope to the level of experimental session, the output
is not going to be skewed. To sum it up, mixed-effects models can allow variance of the
intercept and/or slopes of fitted lines thus minimising the noise in the data. Variance of
baseline (such as inter-individual differences) is tackled by adding random intercepts and
unintended variance of factors (such as differences between experimental session days) is

accounted by random slopes.

It is a valid question to ask if repeated measure analysis of variance (ANOVA) could account
for the aforementioned problems. While it is true that for perfect data (i.e. a dataset with

normal distribution, without missing data) a repeated measure ANOVA and a mixed-effects
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model would give the same output, mixed-effects models are more flexible, than ANOVAs.
For example, and most importantly for the field of psychology, mixed-effects models (unlike
ANOVAs) are capable of using unequal-sized groups (Krueger & Tian, 2004). This
advantage is very useful when analysing EEG data, where rejection of single trials is
frequent, thus leading to unequal size of each dataset. Furthermore, mixed-effects models are
capable of analysing different types of measurement levels (nominal, ordinal, scale) within
the same model. These aforementioned abilities make mixed-effects modelling a more robust

method compared to ANOVAsS.

Here, we implemented linear mixed-effects models on both the behavioural and the neural
data we collected. We have included a random intercept by participants. Thus, we aimed to
account for the individual differences. Furthermore, as participants attended two experimental
sessions on different days, we added a random slope for accounting the difference between
days. This random slope, random effect, was meant to account for differences between the
experimental sessions caused by other factors besides our own experimental manipulations.
We aimed to strengthen our findings by implementing a more robust and flexible statistical
approach to not only analyse behavioural data, but to identify areas and intervals of neural
data where our predictors would show significant effects. We believe that such robust
methods can lead to a better understanding of neural processes and in the long term to a better

methodology to analyse neural activities.
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5 Study 1 — The moderating effects of personality traits

on the effects of mortality salience

“O Cleopatra, I am not distressed to have lost you, for I shall straightaway join you, but | am
grieved that a commander as great as | should be found to be inferior to a woman in
courage.” Mark Antony (Cite Cleopatra: a life)

5.1 Prologue for Study 1

In this chapter I will report on two experiments. In this study (Study 1), we conducted two
experiments investigating the moderating effects of personality traits on neural and
behavioural changes following MS induction. We applied noxious somatosensory stimulation
to the participants’ left hand to measure how the perception of unpleasant/painful stimuli and
associated neural responses is affected by MS. We analysed changes in pain perception, and

SEPs following MS induction and how this change is modulated by personality traits.

First, I will lay out the foundation for both experiments, finishing with the rationale for
Experiment 1. These results are currently under revision in the Journal Psychophysiology
while I am submitting this thesis. Experiment 2 serves as a follow-up for Experiment 1 and a
preliminary experiment for Study 2 (Section 6). The rationale for Experiment 2 will be
discussed in a separate, shorter introduction in the second half of the chapter. I am going to
present the results of Experiment 2 in the same way as Experiment 1. At the end of the
chapter, 1 will discuss the similarities and differences between the two studies and 1 will

attempt to fit our findings into the wider framework of TMT literature.
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5.2 Experiment 1

5.2.1 Abstract

Terror management theory (TMT) offered a great deal of generative hypotheses that have
been tested in a plethora of studies. However, there is still substantive lack of clarity about

the interpretation of TMT-driven effects and their underlying neurological mechanisms.

Here, we aimed to expand upon previous research by addressing the role of individual
differences in personality on the purported aversive effects of reminders of death on
perception and brain activity. We combined a manipulation of threat of iso-intense painful
somatosensory stimuli with the classical mortality salience (MS) manipulation (contrasted

with an equally negative control mind-set).

Linear mixed modelling disclosed the moderating role of individual differences in personality
on the mortality salience effects on pain perception somatosensory evoked potentials (SEPS)
and time-frequency (TF) electroencephalography responses. Self-reported individual
differences in anxiety predicted greater pain when individuals were facing reminders of
death. In a complementary fashion, participants with greater trait depression reported less
pain. The moderating effects of anxiety and depression traits were found in the low alpha TF
power. We observed a similar effect associated with close attachment, predicting a substantial
increase after MS. Greater disposition to anxious attachment predicted a significant N2 SEP
amplitude increase after MS. In a similar fashion, greater disposition to dependent attachment

predicted a significant P2 SEP amplitude increase from pre- to post-MS.

We suggest that personality differences have a critical impact on the likelihood of replicating

TMT predictions on behavioural and physiological variables.
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5.2.2 Introduction

Ernest Becker argued the fear of death is the engine of an unlimited well of anxiety that
humans buffered by developing symbolic systems of meaning, such as cultures, religions, and
belief systems. By subscribing to these systems humans have an escape from mortality
granted and thus find relief from the emotional taxing existential anxiety (Becker, 1973).
Following up on Becker’s ideas, Terror Management Theory (TMT) posits that humans are
keener to defend their cultural views and increase their self-esteem when faced with the idea
of mortality (Pyszczynski et al., 2004). In two companion landmark papers (Rosenblatt et al.,
1989; Greenberg et al., 1990), researchers developed the empirical approach to test TMT
hypotheses that reminders of mortality would lead participants to praise or punish individuals
that uphold or violate cultural values. The core experimental manipulation entailed simply
submitting the participants to the Mortality Attitudes Personality Survey, which consisted a
brief ad-hoc two-item, open-ended questionnaire whereby they were asked to write about (a)
what will happen to them as they physically die, and (b) the emotions that the thought of their
own death arouses in them. As this methodology was intended to make mortality salient, it
has been referred to as mortality-salience (MS) manipulation. The concept of MS can be
braided into Heidegger’s reasoning (1962) by classifying MS as a sudden, unexpected event
that pulls us out from our “forgetfulness” state into a “mindfulness” state. In the latter state
the mind’s buffer systems are activated and the existential anxiety is consciously suppressed
or denied. Importantly, TMT posits that MS effects take place only if participants are

distracted from conscious reminders of death (Greenberg et al., 1994).

Since then, MS has been used in over 200 studies and the effects of mortality/death
reminders, as operationalised according to TMT, have been replicated over five-thousand

times (Burke et al., 2010; Hayes et al., 2010). However, TMT has seen rising criticism in the
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last years (Pyszczynski et al., 2015; Chatard et al.,, 2020) and more recent attempts to

replicate core findings failed (Klein et al., 2019; Rodriguez-Ferreiro et al., 2019).

Despite criticism, there has been a growing effort to investigate the neurological
underpinnings of some of these effects spanning from studies using the MS manipulation to
studies implementing death-related cues without a reflective/contemplative and distraction
procedure (e.g. Han et al., 2010; Quirin et al., 2012; Klackl et al., 2013; Valentini et al., 2017,
Valentini & Gyimes, 2018). Notwithstanding the methodological variability, most of the
findings supported the notion that reminders of death have specific effects on participants’
behaviour and neural activity. However, there is still substantial confusion on the direction of
these effects and their interpretation (Tritt et al., 2012; Jonas et al., 2014; Valentini et al.,

2015).

Relevant to the current study is the TMT tenet that cultural and personality factors may act as
mediators of the anxiogenic effects caused by awareness of death. A series of studies
documented the role of personality as a moderator of MS effects, such as self-esteem,
neuroticism, depression and attachment style (Solomon & Greenberg, 2000; Goldenberg &
Arndt, 2008; Cox & Arndt, 2012; Caspi-Berkowitz et al., 2019). And yet, neither consistency

across findings nor a clear characterization of the implied mechanisms is currently available.

Here, we expand on our previous research involving somatosensory painful stimuli and the
MS manipulation (Valentini et al., 2014, 2015) aiming to further substantiate the MS effects
previously observed and investigate the predictive role of personality traits in the changes
expected both at perceptual and neural level. Our previous work, although confirming an

effect of MS at both perceptual and neural level, revealed only a significant modulation of
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very late nociceptive evoked potentials triggered in the context of fast stimulus repetition

(2015).

Therefore, to enhance the threat associated with the somatosensory stimulation (cf. Wiech et
al., 2010 for a similar approach) we designed a sham manipulation aimed to interact with the
MS mind-set. In other words, we assumed that increasing the threat of the noxious stimuli
would strengthen the effects of MS. More importantly, we sought to investigate how this
novel experimental manipulation in interaction with reminders of death would be altered by
several personality traits that were previously reported as effective MS modulators

(Pyszczynski et al., 2015).

According to the literature, we expected to find an increase of pain compared to an equally
negative control mind-set condition (Valentini et al., 2014). The threat manipulation of
sensory stimulation was expected to enhance this effect. Despite the differences in
methodology, all across our previous work (Valentini et al., 2014, 2015, 2017; Valentini &
Gyimes, 2018) we hypothesised to observe a greater amplitude of brain responses following
reminders of death. However, the size of this neural effect can be significantly impacted by
individual differences in personality due to their arguably important role in TMT-related
effects. We identified the following dimensions as the most influential for
psychophysiological moderation: fear of death, anxiety, depression, self-esteem, attachment.
The selected traits have been shown to have important implications for the validation of TMT
(Solomon & Greenberg, 2000; Taubman-Ben-Ari et al., 2002; Iverach et al., 2014,

Pyszczynski et al., 2015; McCabe & Daly, 2018).

According to previous findings, we expected the heightened response to MS manipulation

being enhanced by higher disposition to anxiety and buffered by higher disposition to
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depression (Hayes et al., 2010; Pyszczynski et al., 2015) due to a general alteration of central
nervous system arousal. Furthermore, we expected a buffering effect of self-esteem, in that
higher self-esteem was expected to reduce the MS effects (Pyszczynski et al., 2004, 2015).
Similarly, we expected to find a modulation of adult attachment style on MS effects as
previous findings suggested a buffering role of close romantic relationship (Collins & Read,
1990; Mikulincer et al., 2003; McCabe & Daly, 2018). We also introduced the measurement
of fear of death measured by the Collet-Lester Fear of Death Scale (Collett & Lester, 1969;
Lester, 2004) as a predictor of MS effects, based on the notion that a greater emotional
sensitivity to the idea of one’s own death could have bolstered MS perceptual and neural

effects, particularly when the sensory stimuli were associated with greater bodily threat.

In sum, we expected the classical MS to exert an increase in perception and magnitude of
brain responses, particularly during the threatening stimulation condition. In addition, we
expected to observe further increase to be determined by greater disposition to anxiety, fear
of death, and anxious attachment whereas greater self-esteem depression and close
attachment type were expected to dampen the effects associated with MS manipulation

(Mikulincer et al., 2003; Finch et al., 2016).
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5.2.3 Methods and Materials

5.2.3.1 Participants

Twenty-five healthy participants (11 females, mean age 22.16 + 2.79, ranging from 19 to 31,
all students at the University of Essex) were screened and entered the study. The screening
intended to filter out individuals with neurological, psychiatric, and other medical conditions
that could interfere with the experiment. All participants had normal or corrected-to-normal
vision. The experimental procedures were approved by the University of Essex ethics
committee (1701) and were in accordance with the standards of the Declaration of Helsinki.
Our sample size was based on the sample size in previous studies using similar techniques,
methods or investigating similar effects. Studies investigating the effects of mortality salience
on brain responses using EEG or magnetoencephalography (MEG) collected similar number
of participants (=20; Henry et al., 2010; Li et al., 2015; Fan & Han, 2018; Wang & Tian,
2018; Dor-Ziderman et al., 2019; Gao et al., 2020; Chen et al., 2020). Additionally,
simulation statistical power for studies using TMT is difficult, as there is no clear estimation
of expected effect sizes (Klackl & Jonas, 2019). Thus, we justified our sample size by

considering previous similar studies.

5.2.3.2 Preliminary guestionnaires

Participants who passed the screening procedure completed a set of online questionnaires
using Qualtrics (Qualtrics, Provo, UT). Previous research showed potential impact on the
effect of mortality salience by self-esteem, anxiety, and depression (Jonas et al., 2014;
Pyszczynski et al., 2015). We used the Rosenberg’s Self-Esteem Scale, the State-Trait
Anxiety Inventory Y (STAI) and Patient Health Questionnaire 4 (PHQ-4). Additionally, we

collected personality traits that could interact with the effects of the idea of one’s own
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mortality. We used the Collett-Lester Fear of Death Scale which measures four types of fear:
fear of death, fear of dying, fear of other’s death and fear of other’s dying (Lester & Abdel-
Khalek, 2003; Tomé&s-Sabado et al., 2007). For this study, we only used the Fear of Death
subscale. We also measured the attachment style of each participant using the original Adult
Attachment Scale (Collins & Read, 1990; Taubman-Ben-Ari et al., 2002). This measurement
allowed us to calculate the attachment style of each participant according to the three
attachment styles anxious (i.e. extent to which a person is worried about being abandoned or
unloved), depend (i.e. extent to which a person feels he/she can depend on others to be
available when needed) and close (i.e. extent to which a person is comfortable with closeness

and intimacy).

Importantly, we excluded participants with severe depression (>8 score on PHQ-4); and
outside of + 2 standard deviations (SDs) from the mean of the anxiety scores within an
experimental group. We took this action to avoid outliers associated with the prevalence of
mental health issues in UK students (Pereira et al., 2019). No participant was excluded based

on these criteria.

5.2.3.3 EEG recording, pre-processing, and analysis

Sixty-two Ag/AgCI electrodes (Easycap, BrainProducts GmbH, Gilching, Germany) were
used to record electroencephalography (EEG) (Synamps RT, Neuroscan, Compumedics). The
ground was at AFz. The left earlobe was used as active reference and the right earlobe was
used as an additional recording site for off-line re-reference of scalp electrodes. The
electrodes were placed according to the positions of the 10-20 International System. All the
electrodes had impedance lower than 10 kQ and the signal was amplified and digitised at

1,000 Hz.
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5.2.3.4 Somatosensory painful stimulation

BioPack® STMISOLA Constant Current and Constant Voltage Isolated Linear Stimulator
were used to produce the electrical stimuli. The stimulator was controlled by E-Prime® 2
software and was monitored by AcqKnowledge® provided by BioPack®. STMISOLA was
used in Current mode and sent 3 square-wave pulses at 150 Hz. The amplitude of the stimuli
was adjusted to the participants’ individual pain threshold (that could not overcome the
stimulator’s default maximum amplitude of 85 mA). The radiation of the left-hand median
nerve was stimulated. The electrodes were placed on the second metacarpal bone the furthest
possible place from the flexor pollicis brevis and the lateral lumbrical muscle of the left
index finger to minimise direct muscle stimulation over the stimulation of nociceptors in the
epidermis. Participants reported a painful, sharp, needle-like sensation. To prevent
participant’s distraction with the observation of their own hand being stimulated and reduce
the electrical interference with the EEG recording, the left hand of the participant was

shielded from view with a cardboard baffle.
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Figure 5-1. Experimental design and procedure. Participants received 60 painful electrical stimuli on the dorsum of their left
hand before and 60 stimuli after being submitted to one of the questionnaires used to induce the mind-set manipulation. This
phase was followed by a distraction task. Each trial was foreshadowed by a coloured circle indicating the level of threat
(Threatening, Non-threatening; top left inset) associated with the upcoming painful electrical stimuli (cf. methods for
details). The stimulus followed the coloured circle with a random interval (3, 4 or 5 s). Participants rated the pain associated
with each stimulus on a visual analogue scale (0, no pain; 100, intolerable pain). Participants were asked to fill the STAI
state and the PANAS questionnaires at four points of the experiment: before the experiment and before the mind-set
manipulation (pre-MM), after the mind-set manipulation and after the experiment (post-MM).
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5.2.3.5 Mind-set manipulation

Participants were asked to answer two open ended questions. In the mortality salience (MS)
condition, they were asked to “Please briefly describe the emotions that your death arouses in
you” and “Jot down, as specifically as you can, what will happen to you when you physically
die and once you are dead” (Greenberg et al., 1986; Pyszczynski et al., 2015). In the control
condition (CTRL) they were asked the same questions however framed around the failure on
a very important exam (as in Valentini et al., 2014). This control condition was considered a
valid and reliable control based on the assumption that the age and employment condition
was like the seminal study. There was at least 48 hours lag between the two sessions and their

order was pseudo-randomized between participants (Figure 5-1, top).

5.2.3.6 Threat manipulation

Participants were told that during the experiment each stimulus will be foreshadowed by a
coloured circle (yellow or blue) (Figure 5-1, bottom). The colours were to signal whether the
following stimulus was expected to be either a “normal, square-waved” or a “special,
sigmoid-shaped” stimulus. Participants were told that the “sigmoid-shaped” can cause more
inflammation in the skin (“Threatening” condition) while the “square-waved” are the normal
stimuli used in every other research study (“Non-threatening” condition). Note that this was a
cover story aimed to induce expectation of heightened pain for the Threatening condition and
potentiate the effects associated with the existential mind-set manipulation. Crucially,
stimulus intensity remained the same across the entire experimental session. The association
between the actual colour and its meaning was pseudo-randomised between participants and

their order of assignment to participants was pseudo-randomised.
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5.2.3.7 Anxiety state and mood measures

According to the classical MS design (Valentini et al., 2014; Schultz & Arnau, 2017; Park &
Pyszczynski, 2019), we have collected measurements of state anxiety, positive and negative
mood at four points of the experiment, namely before the experiment, before the mind-set
manipulation, after the mind-set manipulation and after the experiment. We used the state
version of the State Trait Anxiety Inventory Y (Charles D Spielberger, 1987), and we used

the Positive and Negative Affect Schedule (PANAS) (Crawford & Henry, 2004).

5.2.4 Study design and procedure

In summary, our design entailed assessing pain ratings and brain responses associated with
the somatosensory painful stimulation before and after mind-set manipulation. The dependent
variables are expressed as a change from baseline (pre-mind-set induction) across Mind-sets
(MS, CTRL) and Threats (Threatening, Non-threatening). Significant difference between
Mind-set and Threat conditions were defined based on their 95% confidence intervals (Cls).

A difference between factor levels was considered significant if the 95% Cls did not overlap.

Participants were seated in a comfortable chair in front of a screen and controlled the
computer mouse with their right hand. They could rest their left arm on the table and have the
electrodes applied to the left hand for the transcutaneous electrical stimulation. After we
ensured the optimal quality of the EEG cap montage and signal, participants started the
experimental session. They were first asked to rate electrical stimuli of different intensities
according to a pain calibration procedure. This consisted of sensory and pain threshold
assessment followed by the identification of an individual pain criterion for the experiment
while allowing participants to familiarise with the rating task. Participants were asked to rate

their sensation on a visual analogue scale (VAS) from 0 to 100 (from ‘No pain’ to
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‘Intolerable pain’). The adaptive staircase procedure started with a current intensity of 1 mA,
which increased or decreased according to their ratings (VAS 0-9: +1 mA; 10-19: +0.5 mA;
30-39: +0.25 mA,; 40-49: +0.125 mA; 50-59: no change; 60-69: -0.125 mA; 70-89: -0.25 mA,
90-100: -1 mA). We informed the participants that the experiment would have required a
tolerable and consistent “moderately painful” sensation, expected to be located between 50
and 60 numerical anchors of the VAS scale and roughly within the first half of the third

quartile of the VAS bar.

The current intensity which elicited a VAS rating consistently within a 50-60 range was
selected and increased by 0.25 mA to reduce the impact of sensory habituation during the
experiment. Once terminated the pain calibration phase, participants were submitted to two
stimulation blocks separated by the Mind-set manipulation phase (Figure 5-1). They rated 60
stimuli before and 60 stimuli after the Mind-set manipulation (pre- and post-MM). They then
answered the MM open ended questions followed by 10 minutes play with SUDOKU as a
distraction task (aimed to trigger distal defences, see Pyszczynski et al., 2015 for a review).
Each trial (Figure 5-1, main inset) started with a coloured cue (either yellow or blue circle)
displayed at the centre of the screen for 200ms. The participants were instructed on the
association between the cue colours and the purported properties of the upcoming stimulus at
the beginning of the experimental session (cf. Threat manipulation). The coloured cue was
then followed by a white fixation cross on a black background that was displayed for a
variable time interval of 3 to 5 s (Figure 5-1, main inset). The electrical stimulus was jittered
during this time-interval. The VAS appeared one second after the electrical stimulus to allow

participants to rate the level of their pain before a new trial.
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5.2.5 Data preparation and statistical analysis

5.2.5.1 Personality traits

We centred the personality trait scores by z-scoring them. We calculated the difference
between the mean or each trait and the individual personality scores and divided them by the
standard deviation of said trait. This method allowed us to assess the best fitting for linear

regressions as well as ensuring a normal distribution of the values.

5.2.5.2 Anxiety state and mood

To reduce complexity and facilitate a consistent approach to data analysis, we averaged the
results of the two measurements pre-Mind-set manipulation (pre-MM) and post-Mind-set
manipulation (post-MM). Thus, the data structure was similar to the VAS ratings and the
brain responses. We applied 2 x 2 repeated measure ANOVA to the state measurements using
JASP (JASP Team, 2020). Significant interactions were further assessed with Bonferroni

post-hoc tests (p.).

5.2.5.3 Pain ratings

The ratings were normalised by min-max normalisation within-participant and within-

session. The transformation was x; ,orm = ZiTTmin_ \where x; is the individual rating of a

(X*max— Xmin)
participant in one of the experimental conditions (MS or CTRL); Xmin is the lowest rating of
the participant in the same condition (MS or CTRL) and Xmax iS the highest rating of the
participant in the same condition. Thus, all ratings represented a percentage of the range by
participant, by Mind-set condition. This method allowed us to avoid false positives due to the
MS and CTRL being on different days, and meant that the results were easier to interpret. 8

points increase in a condition can mean a very large or a small increase in terms of individual
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participants. Some people utilise wider range of the VAS scale than others. As such, a
normalisation method can provide us with a more comparable output. Using min-max
transformation, we can say that the average rating in a condition increased by 10 % instead of
8 points. Thus, our results are more meaningful for both the individual and the group level at
the same time. We fitted our a priori models to this dataset using the Imer() function of the
Ime4 and ImerTest R packages. We calculated the y: values for each effect using the dropl1()
function, the 95% confidence intervals (95% CI) by the confint() function and the fs,
standard errors (SE), t- and p-values by the summary() function. To calculate the marginal

and conditional R: values, we used the r.squaredGLMM() function from the MuMIn package.

Our models tested the following different effects:

Model 1: The effect of Threat.

As we applied the manipulation of threat for the first time in the context of the mortality
salience manipulation, we performed a control analysis to assess the main effect of Threat

regardless of Mind-set or Time or personality traits, using a simple model:

Normalised ratings ~ Threat + (1+Mind-set|Participants)

This model allowed us to investigate how effective our psychological manipulation was

regardless of the other factors.

Model 2. The modulatory role of Personality on the effect of Mind-set.

Normalised ratings ~ Time * Mind-set + Time * Mind-set * Personality trait ...+ (1+ Mind-

set|Participant)
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Time indicates pre- and post-MM; Mind-set indicates MS and CTRL. The model tested the
pre- to post-MM change in each mind-set and the effect of the personality traits on the
interaction between Time and Mind-set. We calculated the z-scores of each trait within the

group they were measured. These centred values were added into our models.

Model 3. The modulatory role of Personality on the interaction between Mind-set and Threat.

Normalised ratings ~ Time * Mind-set * Threat + Time * Mind-set * Threat * Personality

trait ... + (1+ Mind-set|Participant)

We investigated how personality traits can predict changes from pre- to post-MM in the

different Threat conditions.

Both Mind-set and Threat were added as.factor() into our models to test the differences
between pre- and post-MM in all the different conditions. We added Mind-set as a random
slope to counter the potential difference caused by the experimental sessions being on
different days. It is worth noting that the main effect of Time in Model 2 and 3 is by default
calculated on participants with a 0 z-score on all personality traits. This analytic strategy
allows to how a unit-change in each personality trait (e.g. +1 z-score in anxiety) would affect
the main effect of Time. For example, if the model would output a § of -3.443 for MS and a 3
of 5.345 for the anxiety trait in the MS condition, then a participant who is 1 z-score more

anxious would rate 1.902 higher in post-MS compared to pre-MM.

5.2.5.4 Brain activity

5.2.5.4.1 EEG pre-processing

The acquired EEG data were resampled to 500 Hz and bandpass filtered (FIR filter, 0.1 — 45

Hz, 4080 filter order) using EEGLAB. The filtered files were further cleaned from artifacts
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by Independent Component Analysis (ICA) and the identified components were manually
selected by using Multiple Artifact Rejection Algorithm (MARA). The post-ICA files were
cut into pre- and post-mind-set manipulation (MM) files. These files were imported into
Letswave 7 MATLAB plugin, where they were segmented into epochs based on the event
markers. The signal was re-referenced to the average signal of all the channels. We have
baseline corrected the event-related potentials (ERPs) by subtracting the average activity
from -500 to Oms. These files were used in the ERP analysis. The re-referenced, but not yet
baseline corrected, files were used to calculate the time-frequency (TF) representation of the
data. We calculated the power of frequencies from 1 Hz to 15 Hz in 0.1 Hz steps. We used
the continuous wavelet transform function in Letswave 7. The values were divided by the
mean of pre-stimulus activity from -1000ms to -200ms. To transform power from pV: to dB,
we calculated the log10 of the baseline corrected values and multiplied them by 10. . Based
on prior knowledge about the maximal activity associated with event-related responses to
somatosensory stimuli, we selected an already established region of interest (ROI) for all the
statistical analyses: a vertex ROl (VROI: FC1, FCz, FC2, C1, Cz, C2, CP1, CPz, and CP2)

(Lagos, 2015).

We applied the models detailed for the analysis of pain ratings to the EEG data too. First, we
identified intervals of interest (IOIs) for the somatosensory evoked potentials (SEPs). We
applied our Model 2 and 3 on each timepoint of the SEP epochs. The 10Is were considered as
significant if at least 10 consecutive models showed the same effect as significant (i.e. an
interval of at least 20ms). Likewise, we identified time-frequency areas of interest (AOISs)
with the minimum of 50 consecutive models with consistently significant effects (an interval
of at least 100ms). We deemed the models statistically relevant only if they consecutively

showed differences at 97.5 % ClI, thus indicating non-overlapping MS and CTRL estimates.
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The activity extracted from the SEP 10ls and the TF AOIs was then averaged. We have

applied all three of our models on these average values to report our findings.

Following the identification of the 10Is and AQIs, we tested two experimental questions: 1)
Does the manipulation of sensory threat (Threat) influence brain responses? (i.e. Model 1)
and 2) Does Threat interact with Mind-set and personality traits in exerting an effect on the

change from pre- to post-MM? (i.e. Model 2 and 3).
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5.2.6 Results

5.2.6.1 STAI and PANAS results

The differences between pre- and post-MM are represented in the Appendix Figure 9-1.

5.2.6.1.1 Anxiety state

We found no significant main effect of Mind-set or Time. We also found no significant

interaction between Mind-set and Time (Appendix Table 9-1 & Figure 9-2).

5.2.6.1.2 Positive mood

We found a significant main effect of Mind-set (Table 5-1) that was accounted for by lower
values during the MS than CTRL session (Amean = 3.140 £ 1.391, t = 2.257, 95% CI: [0.268;

6.012], py = 0.033).

Sum of Mean

Squares df Square P *
Mind-set 246.490 1 246.49 5.092 0.033 0.027
Residuals 1161.760 24 48.407 - -
Time 193.210 1 193.210 8.748 0.007 0.026
Residuals 530.04 24 22.085 - -
Mind-set x Time 10.890 1 10.890 1.849 0.187 <0.001
Residuals 141.360 24 5.890 - -

Table 5-1. Repeated measure ANOVA of the positive mood scores. We found significant main effects of Mind-set and
Time, but no interaction between them.

Crucially though, this reduction in positive mood was not linked to the interaction between
Mind-set and Time (Table 5-1 & Figure 5-2) whereas likely driven by an overall decrease of

positive mood in Time (Amean = 2.780 + 0.940, t = 2.958, 95% CI: [0.840; 4.720], pp = 0.007).
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Figure 5-2. Pre- and post-MM positive mood scores during both Mind-set sessions. The boxes represent the interquartile
range, the line within each box represents the median and the dots represent outliers. Blue fill- CTRL, red fill — MS, green
contour — pre-MM, orange contour — post-MM. Note the reduction of mood over time.

5.2.6.1.3 Negative mood

We found no significant main effect of Mind-set or Time. We also found no significant

interaction between Mind-set and Time (Appendix Table 9-2 & Figure 9-3).

5.2.6.2 Pain ratings

5.2.6.2.1 Assessment of the effect of Threat (Model 1)

We found that the random slope significantly improved our model (x*(2) = 295.484, p <
0.001). We found a significant effect of Threat (x*(1) = 8.630, p = 0.003). The model showed
the intercept at 55.379 + 1.511 % (t = 36.659, 95% CI: [52.418; 58.339], p < 0.001, R?
marginal = 0.001, R? conditional = 0.178). The Threatening stimuli were rated higher than
the Non-threatening stimuli (f; = 1.638 + 0.557 %, t = 2.939, 95% CI: [0.545; 2.730], p =
0.003). Importantly, the same model applied to the non-normalised ratings led to statistically

comparable results (Appendix Figure 9-4).
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5.2.6.2.2 The modulatory role of Personality on the effect of Mind-set (Model 2)

The random slope improved the model fit (3*(2) = 272.539, p < 0.001; R? marginal = 0.058,
R? conditional = 0.243). The main effect of Time for a participant with average score of all
personality traits (O z-score) was (B1-ms = -3.443% 0.762 %, t = -4.511, 95% CI: [-4.939; -
1.947], p = 0.001) and (Br-ctre = -4.042 + 0.763 %, t = -5.296, 95% Cl: [-5.537; -2.546], p <

0.001). Table 5-2 & Figure 5-3 provides the detailed summary of these results.

=== |ntercept
o MS
MS Anxiety

o~ CTRL
. CTRL Anxiety

45% 50% 55% 60% 65%

—&= |ntercept
e M5

MS Depression
. e~ CTRL
CTRL Depression
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—a- |Ntercept
e MS
MS AAS Close

& CTRL
CTRL AAS Close
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Figure 5-3. Model 2 applied to pain ratings. Dots represent the Bs and the matted lines represent the 95% Cls calculated by
the Wald method. We considered effects to be significantly different when their CIs did not overlap. Dots represent the Ps
and the matted lines represent the 95% Cls. The x axis represents the post-MM ratings (B0 + 1) in percentage (according to
the min-max transformation). Top— Anxiety, Middle — Depression, Bottom — Adult Attachment Scale — Close.
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Anxiety scores predicted an increase in ratings post-MS manipulation (Figure 5-3, top) but no
substantial change post-CTRL. That is, the model indicates that higher levels of trait anxiety
predict increase in pain during MS but not CTRL. Higher depression scores on the other
hand, predicted a greater decrease in post-MS manipulation compared with post-CTRL
(Figure 5-3, middle). Out of the three scores of the AAS, only the close attachment style
showed a Mind-set specific effect (Figure 5-3, bottom). While higher scores in close
attachment predicted a substantial increase in ratings post-MS, it predicted a significant
decrease post-CTRL. At variance with these findings, higher fear of death and self-esteem

scores predicted higher ratings post-MM regardless of the Mind-set.

B SE t 95% Cl p x*(npar) »p
Intercept 58.091 1568 37.058 55.019;61.163 <0.001 - -
MS -3.443 0.763 -4511 -4.939;-1.947 <0.001
47.143(2) <0.001
CTRL -4.042 0763 -5.296 -5.537;-2.546 <0.001
MS 5969 0.888 6.725  4.230;7.709  <0.001
FDe:;tf]f 84.028(2) <0.001

CTRL 5588 0.869 6.433 3.885;7.290 <0.001

. MS 6.487 1391 4.663 3.760; 9.213  <0.001
Anxiety 23.998(2) <0.001

CTRL -2.098 1361 -1.541 -4.765;0.570 0.123

. MS  -7.191 1257 -5.723 -9.654;-4.728 <0.001
Depression 35.327(2) <0.001

CTRL -2.214 1230 -1.800 -4.624;0.196 0.072

Self- MS 5.151 1.053 4.891 3.087; 7.215 <0.001
esteem 36.871(2) <0.001
CTRL 3.803 1.031 3.690 1.783; 5.822 <0.001
AAS MS 3.969 1.058 3.752 1.896; 6.042 <0.001
. 33.688(2) <0.001
Anxious

CTRL 4.647 1.035 4.490 2.619;6.676  <0.001

MS 2.832 0.958 2.958 0.956; 4.709 0.003
AAS Close 12.864(2) 0.002

CTRL -1.861 0937 -1.986 -3.698;-0.025  0.047
MS 1.254 1015 1.236  -0.735; 3.243 0.217

AAS

2.680(2)  0.262
Dependent  CTRL 1.077 0993 1.084 -0.869;3.023  0.278

Table 5-2. Pre- to post-MM changes in pain ratings associated with Mind-set and personality traits. 95 % Cls were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All
scores were centred as z-scores for the analysis.
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5.2.6.2.3 The modulatory role of Personality on the interaction between Mind-set

and Threat (Model 3)

The random slope significantly improved our model (x2(2) = 273.648, p < 0.001). Bo was at
58.091 + 1. 568 % (t = 37.059, 95% ClI: [55.019; 61.163], p < 0.001, R? marginal = 0.061, R?
conditional = 0.245). Our model did not reveal any difference driven by the interaction with

Threat (Appendix Table 9-3).

5.2.6.3 Brain responses

5.2.6.3.1 Somatosensory evoked potentials

By applying Model 2 we identified two IOIls corresponding to an early negative (138 —
162ms) and late positive wave (406 — 428ms), consistently within the latency range of the
classical N2-Ps vertex SEPs. The N2 101 emerged from the interaction between Mind-set and
the effects of anxious and close attachment types. The P2 101 emerged from the interaction
between Mind-set and dependent attachment type. We have applied our models on the
average amplitude extracted from these 10Is to report our findings (Figure 5-4). Single-

subject SEP plots representing the variance of the data are in the Appendix Figure 9-5.

-101

Amplitude [puV]
[}

101
02 0 02 04 06 08 1

Time [s]

Figure 5-4. The 10Is identified by the LMM method (pink). The lines represent the pre-MM (B, black), post-MS (Bus, red)
and post-CTRL (Bcrry, green) SEPs.
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In summary, we found that Threat significantly modulated the N2 amplitude. Moreover, the
change in Time was differently affected by anxious attachment type scores (N2) and

dependent attachment scores (P2) across Mind-sets, particularly in the Threatening condition.

5.2.6.3.1.1 Assessment of the effect of Threat
5.2.6.3.1.1.1 N2

The random slope improved the model fit (*(2) = 237.228, p < 0.001). Bo was at -5.478 +
1.218 pV (t = -4.497, 95% Cl: [-7.866; -3.090], p < 0.001, R* marginal < 0.001, R?
conditional = 0.640). We found that the negative amplitudes in Threatening condition was
significantly greater than in Non-threatening condition (x*(1) = 5.801, p = 0.016; B = -0.291

+0.121 UV, t = -2.409, 95% CI: [-0.528; -0.054], p = 0.016).

5.26.3.11.2 P2

The random slope improved the model fit (x*(2) = 130.880, p < 0.001). The intercept was at
0.275 + 0.381 pV (t = 0.721, 95% CI: [-0.471; 1.021], p = 0.477, R? marginal < 0.001, R?
conditional = 0.205). The model indicated no difference in amplitude associated with Threat
(¢*(1) = 0.490, p = 0.484; B, = -0.071 + 0.101 pV, t = -0.700, 95% ClI: [-0.270; 0.128], p =

0.484).

5.2.6.3.1.2 The modulatory role of Personality on the effect of Mind-set (Model 2)
5.2.6.3.1.2.1 N2

The random slope improved the model fit (x*(2) = 177.632, p < 0.001). The intercept was at -
6.809 + 1. 325 pV (t = -5.138, 95% ClI: [-9.406; -4.211], p < 0.001, R? marginal = 0.013, R
conditional = 0.650). Participants showed a general decrease of amplitude from pre- to post-
MM (Appendix Table 9-4). Higher scores of anxious attachment predicted a significant

amplitude increase/lack of decrease from pre- to post-MS (Figure 5-5).
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Intercept

MS

MS AAS Anxious
CTRL

CTRL AAS Anxious
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Figure 5-5. N2 amplitude change in Time as function of the interaction between anxious attachment type and Mind-set. Red
— MS; Blue — CTRL; Brown — MS x AAS Anxious; Turquoise — CTRL x AAS Anxious. Dots represent Bs, matted lines
represent 95% confidence intervals calculated by Wald method. The higher scores of anxious attachment predicted greater
N2 amplitude in the MS condition.

5.2.6.3.1.2.2 P2

The random slope improved the model fit (y2(2) = 101.478, p < 0.001). The intercept was at
0.803 £ 0.422 pV (t = 1.902, 95% CI: [-0.025; 1.630], p = 0.069, R: marginal = 0.019, R:
conditional = 0.228). Participants showed a general decrease in amplitude from pre- to post-
MM (Appendix Table 9-5). Higher scores of dependent attachment predicted a significant

amplitude increase from pre- to post-MS (Figure 5-6).

Intercept

MS

MS AAS Dependent
CTRL

CTRL AAS Dependent

Amplitude [V]

Figure 5-6. P2 amplitude change in Time as function of the interaction between dependent attachment and Mind-set. Red —
MS; Blue — CTRL; Brown — MS x AAS Dependent; Turquoise — CTRL x AAS Dependent. Dots represent Bs, matted lines
represent 95% confidence intervals calculated by Wald method. The higher scores of dependent attachment types predicted
greater P2 amplitude in the MS condition.
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5.2.6.3.1.3 The modulatory role of Personality on the interaction between Mind-
set and Threat (Model 3)

5.2.6.3.1.3.1 N2

The random slope improved the model fit (y*(2) = 178.145, p < 0.001). The intercept was at -
6.809 + 1.325 uV (t = -5.138, 95% CI: [-9.406; -4.211], p < 0.001, R* marginal = 0.014, R?
conditional = 0.651). We found no triple interaction on the N2 amplitudes (Appendix Table

9-6).

5.2.6.3.1.3.2 P2

The random slope improved the model fit (x*(2) = 101.861, p < 0.001). The intercept was at
0.803 + 0.422 pV (t = 1.902, 95% CI: [-0.024; 1.630], p = 0.069, R? marginal = 0.020, R
conditional = 0.230).The model indicated that the difference between the Mind-set conditions
predicted by dependent attachment scores was only present in the Threatening condition

(Appendix Table 9-7).

5.2.6.3.2 Time-frequency analysis

By applying Model 2 we identified an early alpha AOI (9.2 — 10.7Hz, 191.2 — 301.4ms), a
low alpha/high theta AOI (7 — 8.3Hz, 277 — 352.3ms), a late alpha AOI (9.4— 11 Hz, 679.5-
734.1ms) and a late theta AOI (6.3— 7 Hz, 704.4— 796.5ms). The early alpha AOI emerged
from the interaction between Mind-set and the effect of anxiety scores (Figure 5-7, left). The
low alpha/high theta and late alpha AOI emerged from the interaction between Mind-set and
the effect of depression scores (Figure 5-7, middle). The late theta AOIs emerged from the

interaction between Mind-set and the effect of fear of death scores (Figure 5-7, right).
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Depression Fear of death

CTRL

Frequency [Hz]

Figure 5-7. Time-frequency EEG areas of interest (AOls) in MS and CTRL mind-sets predicted by individual differences in
personality. The top panel shows the spectrograms of the post-MM effects (betas) predicted by the Mind-set conditions and
the personality traits. The lower panel shows spectrograms of the difference (t-values) exerted by personality traits on the
change in Time in each Mind-set. Anxiety predicted a significant difference between MS and CTRL in the early alpha
activity (left). Depression scores predicted significant differences between Mind-set conditions in the late alpha and the low
alpha/high theta areas (middle). Fear of death scores predicted significant differences between Mind-set conditions in the late
theta activity (right).

In summary, we found significantly greater late alpha power following Threatening stimuli.
Fear of death scores predicted lower early alpha during Non-threatening stimuli and lower
alpha/high theta power after CTRL as well as significantly lower theta after MS. Anxiety trait
scores predicted lower early and late alpha as well lower alpha/high theta power after MS.
Furthermore, anxiety trait scores predicted lower late theta power after MS. In contrast,
depression scores showed the opposite pattern. However, depression only predicted higher

theta power during Threatening stimuli.

5.2.6.3.2.1 Assessment of the effect of Threat

5.2.6.3.2.1.1 Early alpha activity

The random slope improved the model fit (x*(2) = 363.729, p < 0.001). The intercept was at
0.452 + 0.405 dB (t = 1.117, 95% CI: [-0.341; 1.246], p = 0.275, R? marginal < 0.001, R?
conditional = 0.459). The early alpha activity in the Threatening condition was not
significantly different from Non-threatening condition (x*(1) = 0.244, p = 0.621; f1 = 0.029 +

0.059 dB, t = 0.494, 95% CI: [-0.087; 0.146], p = 0.621).
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5.2.6.3.2.1.2 Low alpha/high theta activity

The random slope improved the model fit (x*(2) = 137.764, p < 0.001). The intercept was at
1.820 + 0.541 dB (t = 3.362, 95% CI: [0.759; 2.881], p = 0.003, R? marginal < 0.001, R?
conditional = 0.511). The low alpha/high-theta activity in the Threatening condition was not
significantly different from Non-threatening condition (x*(1) = 1.970, p = 0.160; B, = -0.099

+0.070 dB, t = -1.404, 95% CI: [-0.237; 0.039], p = 0.160).

5.2.6.3.2.1.3 Late alpha activity

The random slope improved the model fit (x*(2) = 154.005, p < 0.001). The intercept was at -
3.124 + 0.304 dB (t = -10.293, 95% ClI: [-3.719; -2.530], p < 0.001, R? marginal = 0.001, R?
conditional = 0.302). The alpha activity in the Threatening condition was significantly lower
than in Non-threatening condition (¥*(1) = 11.612, p = 0.001; By = -0.227 + 0.067 dB, t = -

3.409, 95% CI: [-0.358; -0.096], p = 0.001).

5.2.6.3.2.1.4 Late theta activity

The random slope improved the model fit (3*(2) = 12.057, p = 0.002). The intercept was at -
1.637 + 0.208 dB (t = -7.888, 95% CI: [-2.044; -1.231], p < 0.001, R? marginal < 0.001, R?
conditional = 0.081). The theta activity in the Threatening condition was not significantly
different from Non-threatening condition (¥*(1) = 0.346, p = 0.556; B, = 0.053 + 0.089 dB, t

= 0.589, 95% CI: [-0.122; 0.227], p = 0. 556).

5.2.6.3.2.2 The modulatory role of Personality on the effect of Mind-set (Model 2)

5.2.6.3.2.2.1 Early alpha activity

The random slope improved the model fit (x*(2) = 329.307, p < 0.001). The intercept was at

0.687 + 0.419 dB (t = 1.640, 95% CI: [-0.134; 1.508], p = 0.114, R? marginal = 0.023, R?
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conditional = 0.494). We found decreased power regardless of the Mind-set condition
(Appendix Table 9-8). Higher scores of fear of death predicted lower power after CTRL
(Appendix Table 9-8). On the other hand, anxiety trait scores predicted lower power after MS
and greater power after CTRL (Appendix Table 9-8). Notably, self-esteem scores only
predicted a significant decrease in alpha power in MS, but not in CTRL, however we found

no significant difference between the Mind-sets (Appendix Table 9-8).

5.2.6.3.2.2.2 Low alpha/high theta activity

The random slope improved the model fit (y*(2) = 129.262, p < 0.001). The model showed
the intercept at 2.014 + 0.537 dB (t = 3.749, 95% CI: [0.961; 3.067], p = 0.001, R? marginal =
0.018, R? conditional = 0.541). Higher scores of fear of death predicted lower power after

CTRL (Table 5-3, Figure 5-8).

e Intercept

o MS

® MS x Fear of death

o CTRL

e CTRL x Fear of death

0 1 2 3 4
Activity [dB]

Figure 5-8. Fear of death scores effects on the change of low alpha/high theta activity from pre- to post-MM. Red — MS;
Blue — CTRL; Brown — MS x Fear of death; Turquoise — CTRL x Fear of death. Dots represent the Bs; the matted lines
represent the 95% Cls calculated by Wald method. Higher disposition to fear of death predicted lower alpha/high theta
activity after CTRL.

While higher anxiety scores predicted lower power after MS (Table 5-3, Figure 5-9), higher
depression scores predicted greater power after MS condition (Table 5-3, Figure 5-10).

Moreover, higher scores of anxious attachment predicted greater power after CTRL.
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e Intercept
o-MS
* ® MS x Anxiety
. ¢ CTRL
o CTRL x Anxiety
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Activity [dB]

Figure 5-9. Anxiety trait scores effect on the change of low alpha/high theta activity from pre- to post-MM. Red — MS; Blue
— CTRL; Brown — MS x Anxiety; Turquoise — CTRL x Anxiety. Dots represent the fs; the matted lines represent the 95%
Cls calculated by Wald method. Greater disposition to anxiety predicted lower alpha/high theta power after MS.

B SE t 95% ClI p yinpar)  ¥°p
Intercept 2014 0537 3.749 00961;3.067  0.001 - .
MS -0.552 0.096 -5.733 -0.741;-0.363 <0.001
78.224(2) <0.001
CTRL -0.301 0.096 -3.126 -0.490;-0.112 0.002
Fear of MS 0104 0111 0936 -0.114:0.322  0.349
et 16.191(2) <0.001
CTRL -0.439 0112 -3.922 -0.659;-0.220 < 0.001
MS  -0.928 0174 -5324 -1.270:-0586 < 0.001
Anxiety 28.456(2) <0.001
CTRL -0.111 0.176 -0.635 -0.456;0.233 0.525
MS 0472 0157 2995 0.163;0.780  0.003
Depression 13.354(2) 0.001
CTRL -0.308 0.159 -1.941 -0.619;0.003 0.052
Self MS  -0.235 0132 -1.777 -0.493;0.024 0.076
te - 3.157(2)  0.206
estee CTRL -0.005 0.133 -0.038 -0.266;0.256  0.970
AAS MS  -0.189 0133 -1.426 -0.449;0.071 0.154
Arcions 15.375(2) < 0.001
CTRL 0478 0134 3.584 0.217:0.740 <0.001
MS  0.049 0120 0404 -0.187:0.284  0.686
AAS Close 0.830(2)  0.660
CTRL 0101 0121 0836 -0.136:0.338 0.403
AAS MS  -0381 0.127 -2.996 -0.630;-0.132 0.003
Denend 8.968(2) 0.011
P CTRL -0.029 0128 -0.229 -0.280;0.222 0.819

Table 5-3. Pre- to post-MM changes in low alpha/high theta power associated with Mind-set and personality traits. 95 % Cls
were calculated by Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All

scores were centred as z-scores for the analysis.
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Figure 5-10. Depression trait scores effect on the change of low alpha/high theta activity from pre- to post-MM. Red — MS;
Blue — CLRE; Brown — MS x Depression; Turquoise — CTRL x Depression. Dots represent the Bs; the matted lines represent
the 95% Cls calculated by Wald method. Greater disposition to depression predicted greater alpha/high theta power after
MS.

5.2.6.3.2.2.3 Late alpha activity

The random slope improved the model fit (y*(2) = 83.252, p < 0.001). The model showed the
intercept at -3.396 + 0.315 dB (t = -10.780, p < 0.001, 95% CI: [-4.014; -2.779], R* marginal
= 0.027, R? conditional = 0.331). Higher anxiety scores predicted lower power after MS

while higher depression scores predicted greater power after MS (Appendix Table 9-9).

5.2.6.3.2.2.4 Late theta activity

The random slope did not improve the model fit (x*(2) = 3.048, p = 0.218). Thus, we applied
a model without random slopes. The model showed the intercept at -1.414 + 0.211 dB (t = -
6.404, 95% CI: [-1.847; -0.981], p < 0.001, R? marginal = 0.017, R? conditional = 0.102).
Higher fear of death scores predicted lower power after MS. On the contrary, higher anxiety

scores predicted lower theta power after MS (Appendix Table 9-10).
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5.2.6.3.2.3 The modulatory role of Personality on the interaction between Mind-
set and Threat (Model 3)

5.2.6.3.2.3.1 Early alpha activity

The random slope improved the model fit (y:(2) = 333.948, p < 0.001). The intercept was at
0.687 + 0.419 dB (t = 1.640, 95% CI: [-0.134; 1.508], p = 0.114, R: marginal = 0.028, R:
conditional = 0.499). The effect of fear of death scores, shown by Model 2, was significant in
the Non-threatening condition only (Appendix Table 9-11). Additionally, while depression
scores predicted lower power for both Mind-sets during Non-threatening stimuli, they
predicted greater power after MS during Threatening stimuli (Appendix Table 9-11).
However, there was no significant difference between MS and CTRL in any Threat condition

(Appendix Table 9-11).

5.2.6.3.2.3.2 Low alpha/high theta activity

The random slope improved the model fit (x*(2) = 130.912, p < 0.001). The intercept was at
2.014 + 0.537 dB (t = 3.749, 95% CI: [0.961; 3.066], p = 0.001, R? marginal = 0.022, R?
conditional = 0.545). The significant increase in power predicted by depression scores
following MS shown by Model 2 was significant only in the Threatening condition

(Appendix Table 9-12).

5.2.6.3.2.3.3 Late alpha activity

The random slope improved the model fit (x*(2) = 111.903, p < 0.001). The intercept was at -
3.396 + 0.315 dB (t = -10.780, p < 0.001, 95% CI: [-4.014; -2.779], R? marginal = 0.032, R
conditional = 0.336). Anxiety scores predicted lower power and depression scores predicted

higher power post-MS regardless of the Threat condition (Appendix Table 9-13).
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5.2.6.3.2.3.4 Late theta activity

The random slope did not improve the model fit (x*(2) = 3.144, p = 0.208). Hence, we
applied a model without random slope. The intercept was at -1.428 + 0.211 dB (t = -6.778, p
< 0.001, 95% ClI: [-1.841; -1.015], R? marginal = 0.022, R? conditional = 0.107). We found
that the lower power predicted by fear of death scores was only significant in Threatening
conditions (Appendix Table 9-14). Surprisingly, by the introduction of Threat conditions, the
significant decrease of power predicted by anxiety in Model 2 was not present in Model 3

(Appendix Table 9-14).
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5.2.7 Discussion

Our study tested whether young adults submitted to reminders of death revealed a change in
their perception and brain responses to noxious electrical stimuli, and whether these changes
were also dependent on their expectations on the threat value of the sensory stimulation
(Figure 5-1). According to the main tenet of TMT, we expected the classical MS
manipulation to induce an increase in perception and magnitude of brain responses,
particularly when a more painful stimulus was expected (i.e. during the threatening
condition). In addition, we expected to observe further increase resulting from greater
disposition to anxiety, fear of death, and anxious attachment whereas greater self-esteem and

depression were expected to dampen the effects associated with MS manipulation.

5.2.7.1 Anxiety state and Mood

As TMT establishes that no explicit changes in mood and anxiety should be observed
following mortality salience induction, we did not expect a significant difference between
mind-set sessions in these ratings. There was indeed no difference in state anxiety, negative,
and positive mood between mind-sets (Table 9-1 & Table 9-2; Figure 9-2, Figure 9-3), thus
confirming our previous findings (Valentini et al., 2014, 2015). However, we found a
significant reduction in positive mood that was independent from the type of Mind-set (Table
5-1; Figure 5-2). This difference may simply be explained by aware reduction in positive
affect due to the exposure to negative valence mind-sets. Nevertheless, according to TMT, no
consciously accessible changes of affect should take place whatsoever in the experimental
participants (as measured by e.g. PANAS). According to the anxiety-buffer hypothesis MS
effects are generated from the potential for anxiety triggered by the awareness of death

(Greenberg et al., 2003). However, this hypothesis has been challenged and remains difficult
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to integrate with parsimonious models of biological responses to psychological threats (Jonas

etal., 2014).

It begs the question of what the underlying mechanism from which MS effects stem is. It is
more likely that the effects generated by reminders of death would act through the neural
paths of an overarching anxiety biological system, common to other types of symbolic and
sensory threats (Mcgregor et al., 2010; Tritt et al., 2012). This account would be able to
explain mind-set effects that are not specific to mortality salience. This theoretical and
methodological conundrum has already been spelled out (Lambert et al., 2014) and leaves
researchers wondering whether both TMT and the devices traditionally used to measure
affect are not equipped to account for the hypothesised effects. However, we previously
showed that self-report measures correlate with EEG changes post-MS (Valentini et al.,
2015), thus suggesting that while the differences in anxiety and mood between two negative
mind-sets may be small to be detected with current available self-report measures, the latter
could still be able to index ongoing changes associated with the experimental manipulation. If
so, the ball would eventually be in the TMT field: a better explanation of MS mechanisms is

required.

5.2.7.2 Pain ratings

Pain intensity decreased from pre- to post-MM regardless of the mind-set, according to a
general habituation phenomenon (Figure 5-3). Habituation is a widely observed phenomenon
in perception (and pain) experiments, especially when using single stimuli with relatively
long inter-stimulus intervals (Hollins et al., 2011). However, despite the general reduction in
perception, participants with greater trait anxiety rated post-MS stimuli as more painful

(Figure 5-3, top; Table 5-3). On the contrary, Participants with greater trait depression rated
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post-MS stimuli as less painful (Figure 5-3, middle; Table 5-3). In addition, we found that
individuals scoring higher in close attachment style reported an increase in pain following
MS manipulation (Figure 5-3, bottom; Table 5-3). At variance with our expectations
however, greater disposition to fearing death did not predict increased pain following MS
(Table 5-3). Equally, greater self-esteem did not act as a buffer against MS effects. We
instead found a general increase of pain ratings in people reporting greater fear of death and

greater self-esteem regardless of the mind-set (Table 5-3).

It is worth noting that we introduced an element of novelty in this study compared to our past
research where we also took advantage of inducing pain as a means to enhance our ability to
detect MS effects (Valentini et al., 2014, 2015, 2017): the manipulation of threat associated
with the sensory stimuli. The rationale of this choice is based on well-known notion that
expectation can increase perception (Loeser & Melzack, 1999; Tracey, 2010; Kokonyei et al.,
2019), and particularly on past empirical evidence (Wiech et al., 2010) showing how the
manipulation of the perceived threat value of otherwise physically identical nociceptive
stimuli does impact pain perception (i.e. threatening stimuli perceived as more painful). Our
results confirm this manipulation was effective but do not support the hypothesis of an
interaction between the threat manipulation and mind-set type. Out of the seven individual
traits, only close attachment type predicted significant difference between Mind-set

conditions only in Non-threatening condition (Appendix Table 9-3).

5.2.7.3 Somatosensory evoked potentials

The N2 wave proved sensitive to Threat manipulation. This finding is in keeping with the
sensitiveness of the N2 wave to bottom-up and top-down attentional modulations in the

visual (Hillyard et al., 1998), auditory (Wu et al., 2010; Tomé et al., 2015), and
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somatosensory (Michie, 1984; Eimer & Forster, 2003) domain, implying a functional role in
homeostatic processing of bodily and environmentally relevant changes. The N2 also showed
a significant amplitude reduction in Time, conforming to the general habituation
phenomenon, akin to the pain ratings. While we could not find an effect of MS on N2 and P2
waves in a previous study with a different design (Valentini et al., 2014), others have reported
a greater amplitude for the negative wave and a lower amplitude for the positive wave
elicited by electrical painful stimuli after presenting participants with a series of statements

related to death vs. a negative control condition (Wang & Tian, 2018).

Interestingly, while we could not detect a main effect of Mind-set on the N2 and P2
components we identified its interaction with individual differences in personality. Higher
level of anxious attachment predicted lack of habituation or even increase of the N2
component in the MS condition. Notably, fear of death scores predicted a similar effect on
the N2 amplitude during MS, though not satisfying the statistical threshold (Appendix Table
9-4). Similarly, greater dependent attachment predicted increase of the P2 amplitude (lack of
habituation thereof) in MS condition (Appendix Table 9-5). Furthermore, this interaction was
only significant in the Threatening condition, showing not only the interaction with mind-set
but also with a further psychological manipulation created ad-hoc to potentiate the effects

induced by MS (Appendix Table 9-7).

These results indicate that classical ERPs effects observed following reminders of death may
be importantly impacted by individual differences in personality traits. We speculate that
personality factors and their interaction with reminders of death may influence our ability to
estimate the already small effects associated with the MS manipulation (see also Valentini et

al., 2014).
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5.2.7.4 Time-frequency analysis

At variance with our previous work where we established a priori arbitrary frequencies of
interest and used single electrodes for measuring the experimental responses (Valentini et al.,
2014, 2015), here we opted for a data-driven identification of significant spectral modulations
across the scalp and relied on stringent statistical criteria for significance. Our approach

revealed four time-frequency AOIs: an early alpha AOI (9.2 — 10.7Hz, 191.2 — 301.4ms); a
low alpha AOI (7 — 8.3Hz, 277 — 352.3ms); a late alpha AOI (9.4- 11 Hz, 679.5— 734.1ms);

and a late theta AOI (6.3— 7 Hz, 704.4— 796.5ms) (Figure 5-7). The early alpha AOI emerged
from the significant interaction between anxiety trait scores and Mind-set conditions (Figure
5-7, left). The low alpha and the late alpha AOIs emerged from the interaction between
depression trait scores and Mind-set (Figure 5-7, middle). Lastly, the late theta AOI emerged
from the interaction between fear of death scores and Mind-set (Figure 5-7, right). We found
that the event-related desynchronization (ERD) (i.e. the transient suppression of oscillatory
magnitude compared to pre-stimulus, Neuper & Pfurtscheller, 2001) in the late alpha AOI
was significantly greater when Threatening stimuli were delivered. Alpha desynchronization
is thought to be a reliable correlate of the increased thalamocortical excitability (Pfurtscheller
et al., 2008), reflecting both sensory and cognitive modulations (Hu, Peng, et al., 2013). In
the context of the current study, we surmise alpha ERD reflected increased
cognitive/affective load during the experimental condition participants expected to feel
greater pain. This interpretation would also account for the effects exerted by the anxiety trait
in predicting greater early and late alpha (Appendix Table 9-8 & Table 9-9) as well as low
alpha ERD in the MS condition (Table 5-3). In a mirroring fashion, the depression trait
counteracted the desynchronization trend in the low alpha activity (Figure 5-9 & Figure 5-10,

Table 5-3), especially in the Threatening condition (Appendix Table 9-12). This combined
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effect of anxiety and depression in increasing vs. reducing excitability of brain activity is in

keeping with a large bulk of literature (Clark et al., 2009).

Unexpectedly, we found that fear of death scores predicted a significantly greater early alpha
desynchronization following CTRL mind-set instead of MS (Appendix Table 9-8). Both
attachment style and fear of death have been implicated as independent or dependent
variables in TMT research (Mikulincer et al., 2003; Cox & Arndt, 2012; Yanagisawa et al.,
2016). We assumed that both stable dispositions in anxious attachment and fear of death
could interact with MS in triggering changes in pain perception and neural activity. However,
our findings do not support this hypothesis. Likewise, that self-esteem was not associated
with a reduction of pain after MS induction is in contrast with evidence supportive of TMT
(Solomon et al., 1991; Solomon & Greenberg, 2000; Routledge et al., 2004; Niemiec et al.,

2010; Wisman et al., 2015).

5.2.7.5 Limitations and future directions

Our study introduces a few elements of novelty. First, we capitalised on individual
differences in relevant personality traits to account for differences between reminders of
death and the control mind-set. In previous research, we used trait anxiety and depression
only as a screening tool to test the effects of the classical TMT MS paradigm, thus treating
individual differences in anxiety and depression as confounding variables. In the current
study, besides screening individuals for extreme scores in both variables, we considered
anxiety and depression as explanatory rather than interfering variables in the statistical
analysis. The current approach allowed us to detect a complementary finding of increased and
decreased pain following reminders of mortality when the individuals displayed either an

anxious or depressive trait respectively. While anxiety scores predicted a significantly greater
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increase in pain, depression scores predicted a significant decrease in pain following MS
induction. This finding supports the idea that self-reported individual differences in anxiety
and depression do alter the outcome of MS manipulation and that individuals reporting
greater anxious/depressive disposition are affected more by reminders of death. This finding,
when combined with lack of Mind-set-related differences in state mood and anxiety during
the experiment, seems in agreement with previous literature reporting the role of related
personality traits, such as neuroticism (Goldenberg et al., 2006; Goldenberg & Arndt, 2008;
Pyszczynski et al., 2015). Undoubtedly, trait anxiety had the greater impact on the EEG
measures. It predicted a greater desynchronization following MS in the low alpha AOI (Table
5-3, Appendix Table 9-8 & Table 9-9). This finding is in keeping with previous research
indicating a role of the anxiety trait in the context of behavioural response to existential

threats (Solomon et al., 1991; Pyszczynski, 2004).

Although counterintuitively, there is evidence that more intensive reminders of death can
eliminate the expected MS effects, compared to milder MS manipulation (for a review see
Pyszczynski et al., 2015). Hence, we surmise that the combination of both MS and the higher
sensory threat while enhancing our abilities to observe the effect of individual differences in
other personality traits (e.g. anxiety) may be less sensitive when measuring other, less
unequivocal personality measures. In fact, the interpretation of findings on the interaction
between MS and self-esteem is also particularly challenging. For example, individuals who
value driving ability as a means of self-worth were more likely to engage in risky driving
following MS induction (Jessop et al., 2008). Likewise, research has shown that individuals
with high self-esteem may be more willing to take risks whereas those with low self-esteem
may be risk aversive (Goldenberg et al., 2006). Nonetheless, the opposite has been shown as
well (Miller & Taubman-Ben-Ari, 2004). This ambiguity and the counterintuitive results

jeopardise a simple interpretation of the interaction between mortality awareness and self-

93



esteem. Interestingly, as reviewed by Schmeichel et al. (2009) there are several findings
contradicting TMT predictions, especially when explicit self-esteem was measured (as in the

current study).

Considering the criticism conveyed by alternative theories (McGregor et al., 2001; Heine et
al., 2006; Carleton, 2016a) and the recent failure to replicate classical TMT findings
(Mcgregor et al., 2010; Jonas et al., 2014; Rodriguez-Ferreiro et al., 2019) we are cautious in
the interpretation of our current results. Nonetheless, they suggest that individual differences
in personality may act as moderators and account for a substantive amount of variance
otherwise linked to reminders of death. Their latent influence may mask or explain the

purported effects of mortality salience in healthy adults.
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5.3 Experiment 2

5.3.1 Introduction

Experiment 2 utilised the same design as Experiment 1 with only one significant expansion:
We aimed to test how an MS aimed at one’s romantic partner instead of one’s own mortality
would predict changes in behaviour and brain responses. Previous research linked wishes for
interactions and relationships to MS (Florian et al., 2002; Taubman-Ben-Ari et al., 2002).
However, there is no substantial investigation on how the reminder of one’s romantic

partner’s death would affect behaviour and neural responses.

Here we attempted to utilise our previous experimental design to investigate participants in
exclusive romantic relationships. Similarly to Experiment 1, we collected personality trait
measurements before the experiment. Instead of using the fear of death subscale of the
Collett-Lester Fear of Death scale, we used the fear of other’s death subscale to measure a
better aligned fear to losing one’s loved one. It is assumed that even indirect reminders of
mortality, such as an image (Valentini & Gyimes, 2018) or even the word ‘death’
(Pyszczynski et al., 2015) can trigger the changes described in TMT. We expected that the
effects of MS in Experiment 1 and Experiment 2 will be similar compared to the CTRL,

showing that they trigger a similar reaction.

5.3.2 Methods and Materials

We followed the same methods as in Experiment 1, except the participant pool and the
experimental mind-set manipulation. For experiment 2, we only recruited participants who
were in exclusive romantic relationship and we used a MS aimed towards said romantic

partner: “Please briefly describe the emotions that your romantic partner’s death arouses in
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you” and “Jot down, as specifically as you can, what will happen when they physically die

and once they are dead”.

5.3.2.1 Participants

Twenty-nine healthy participants (17 females, mean age 25.21 + 9.28, ranged from 19 to 66)
were screened and entered the study. The screening intended to filter out individuals with
neurological, psychiatric, and other medical conditions that could interfere with the
experiment. All participants had normal or corrected-to-normal vision. The experimental
procedures were approved by the University of Essex ethics committee (1701) and were in
accordance with the standards of the Declaration of Helsinki. No participant was excluded

based on the criteria outlined in Experiment 1 (Section 5.2).
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5.3.3 Results

5.3.3.1 STAIl and PANAS results

We analysed the change in anxiety state, positive and negative mood. The differences
between pre- and post-MM are represented in Appendix Figure 8. There was a significant
main effect of Time and interaction between Time and Mind-set on positive mood scores. We
found that it was driven by the significantly higher pre-CTRL scores (Table 5-4, Table 5-5 &

Figure 5-11).

5.3.3.1.1 Anxiety state

We found no significant main effect of Time or Mind-set or significant interaction between

them (Appendix Figure 9-9, Table 9-15).

5.3.3.1.2 Positive mood

There was a significant main effect of Time and interaction between Time and Mind-set
(Figure 5-11, Table 5-4). Post-hoc tests revealed significant decrease from pre- to post-MM
(Amean = 1.345 + 0.491, t = 2.738, 95% CI: [0.339; 2.351], pp = 0.011). Follow up test on the

interaction showed that this change was only significant in CTRL condition (Table 5-5).
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Positive mood

CTRL MS
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Figure 5-11. Difference between pre- and post-MM positive mood scores in both Mind-set conditions in Experiment 2. The
boxes represent the interquartile range, the line within each box represents the median and the dots represent outliers. Blue —
CTRL, red — MS, green — pre-MM, orange — post-MM.

Sum of Mean
Squares df Square F P o?
Mind-set 13.793 1 13.793 0.675 0.418 0.000
Residuals 572.082 28 20.431 - - -
Time 52.448 1 52.448 7495 0.011 0.006
Residuals 195.927 28 6.997 - - -
Mind-set x Time 18.241 1 18.241 4,790 0.037 0.002
Residuals 106.634 28 3.808 - - -

Table 5-4. Results of the repeated measure ANOVA on the positive mood scores in Experiment 2. Note the significant main
effect of Time and interaction between Time and Mind-set.

Mean

Difference - t Po 95%Cl
Pre-MS 1.483 0.914 1.622 0.679 -1.062; 4.027
Pre-CTRL Post-CTRL 2.138 0.610 3.502 0.006 0.463; 3.813
Post-MS 2.034 0.973 2.092 0.253 -0.649; 4.718
Pre-Ms Post-CTRL 0.655 0.973 0.674 1.000 -2.029; 3.339
Post-MS 0.552 0.610 0.904 1.000 -1.123; 2.227
Post-CTRL Post-MS -0.103 0.914 -0.113 1.000 -2.648; 2.441

Table 5-5. Post hoc tests of the Mind-set x Time interaction on the positive mood scores in Experiment 2. P values are
Bonferroni corrected.
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5.3.3.1.3 Negative mood

We found no significant main effect of Time or Mind-set or significant interaction between

them (Appendix Figure 9-10, Table 9-16).

5.3.3.2 Pain ratings

Our models revealed the main effects of Threat and Mind-set on the pain ratings. Participants
rated the Threatening stimuli significantly higher than the Non-threatening ones (Appendix
Figure 9-11). In terms of Mind-set, we found the expected habituation in the CTRL condition
and a significant increase in the MS condition from pre- to post-MM (Figure 5-12). Out of
the seven personality traits, depression and anxiety trait scores predicted similar tendencies as
in Experiment 1; however, they did not predict significant changes exclusively in MS (Figure
5-12). The effect of anxiety was only significantly different between Mind-set conditions in
the Non-threatening, while the effect of depression was only significantly different between

Mind-set conditions in the Threatening condition (Appendix Table 9-7).

5.3.3.2.1 Assessment of the effect of Threat (Model 1)

The random slopes significantly improved our model’s fit (3°(2) = 566.361, p < 0.001).
Model 1 revealed a significant effect of Threat (y(1) = 36.493, p < 0.001). The model
showed the Bo at 51.904 = 1.540 % (t = 33.712, 95% CI: [48.887; 54.922], p < 0.001, R
marginal = 0.004, R? conditional = 0.120). Threatening stimuli were rated higher than the
Non-threatening (B; = 3.237 + 0.535 %, t = 6.048, 95% CI: [2.188; 4.286], p < 0.001)
(Appendix Figure 9-11). Importantly, the same model applied to the non-normalised ratings

led to statistically comparable results (Appendix Figure 9-11).
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5.3.3.2.2 The modulatory role of Personality on Mind-set (Model 2)

The random slope significantly improved our model’s fit (x*(2) = 521.445, p < 0.001). The
model showed By at 53.091 + 1.530 % (t = 34.703, 95% CI: [50.093; 56.090], p < 0.001, R?
marginal = 0.053, R? conditional = 0.246). A participant with average score (0 z-score)
showed increased ratings to post-MS (Bi-ms = 5.072 + 0.740 %, t = 6.855, 95% CI: [3.622;
6.522], p < 0.001) and a decreased ratings to post-CTRL (Bi-ctrL = -3.687 = 0.740 %, t = -
4.984, 95% CI: [-5.138; -2.237], p < 0.001). Anxiety level predicted an increase in perceived
pain in both conditions; however, it affected CTRL significantly more (Figure 5-12, Table
5-6). Higher levels of depression predicted a decrease in pain perception, and a significantly

greater level in MS condition (Figure 5-12, Table 5-6).

Intercept
MS
MS Depression

CTRL
CTRL Depression

45% 50% 55% 60% 65% 45% 50% 35% 60% 65%

Figure 5-12. Model 2 applied to pain ratings in Experiment 2. Dots represent the Bs and the matted lines represent the 95%
Cls calculated by the Wald method. We considered effects to be significantly different when their Cls did not overlap. Dots
represent the Bs and the matted lines represent the 95% Cls. The x axis represents the post-MM ratings (B0 + B1) in
percentage (according to the min-max transformation). Differences between two B1s defined as not overlapping Cls. Left —
Anxiety, Right — Depression
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B SE t 95% Cl p yi(npar)  ¥’p

Intercept 53.091 1.530 34.703 50.093;56.090 <0.001 - -
MS 5.072 0.740 6.855 3.622;6.522 <0.001
72.339(2) <0.001
CTRL -3.687 0.740 -4.984 -5138;-2.237 <0.001
Fear of MS 0.561 1.171 0.479 -1.735; 2.857 0.632
other’s 5.058(2) <0.001
Death CTRL -2576 1.172 -2.198 -4.873;-0.279 0.028

MS 3.769 1678 2.246 0.481; 7.058 0.025

Anxiety 50.932(2) <0.001
CTRL 11400 1.679 6.791 8.110;14.690 <0.001

MS -8.993 1.210 -7.435 -11.364;-6.622 <0.001
Depression 61.150(2) <0.001
CTRL -2991 1210 -2471 -5.362;-0.619 0.013

MS  0.086 1.073 0.080 -2.018;2.189 0.937

Ste'f;n 12.786(2) <0.001
estee CTRL 3842 1.074 3577 1.737;5947 <0.001
AAS MS 3013 1559 1.932 -0.043;6.069  0.053
: 5.196(2) < 0.001
Anxious

CTRL 1.891 1560 1212 -1.167;4.948 0.226

MS  3.008 1174 2561  0.706;5.309  0.010
AAS Close 17.601(2)  0.002
CTRL 3932 1175 3.347 1630;6.235  0.001

AAS MS 0.450 1.354 0.332  -2.204; 3.104 0.740

Dependent 1.911(2) 0.262

CTRL -1.823 1355 -1.345 -4.478;0.833 0.179

Table 5-6. Pre- to post-MM changes in pain ratings associated with Mind-set and personality traits in Experiment 2. 95 %
Cls were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations. All scores were centred as z-scores for the analysis.

5.3.3.2.3 The modulatory role of Personality on the interaction between Mind-set

and Threat (Model 3)

The random slope significantly improved our model’s fit (¥*(2) = 523.655, p < 0.001). The
model showed Bo at 53.091 + 1.530 % (t = 34.704, 95% CI: [50.093; 56.089], p < 0.001, R?
marginal = 0.056, R? conditional = 0.249). The increase in ratings in MS condition predicted
by anxiety trait scores was only significantly greater from the increase in CTRL in the Non-
threatening condition. On the contrary, the decrease in ratings in MS predicted by depression
scores was only significantly different from the decrease in CTRL in the Threatening

condition (Appendix Table 9-17).
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5.3.3.3 Brain responses

5.3.3.3.1 Event-related potentials

By applying Model 2 and 3 we identified three 10Is corresponding to A very early one (-4 —
16ms, N1), an early negative component (138 — 162ms, N2), a positive component (200 —
230ms, P2) (Figure 5-13), consistently within the latency range of the classical N2-Ps vertex
SEPs. The N1 101 emerged from the interaction between Mind-set and anxiety trait. The N2
IOI emerged from the interaction between Mind-set and the effects of and close attachment
types in the Threatening condition. The P2 101 emerged from the interaction between Mind-
set and close attachment type. We applied our models on the average amplitude extracted
from these 10Is to report our findings (Figure 5-13). Single-subject SEP plots representing
the variance of the data as well as the topographies of the components are in the Appendix

Figure 9-12 & Figure 9-13.
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Figure 5-13. The 10Ils identified by the the LMM method (pink) in Experiment 2. The lines represent the pre-MM (0,

black), post-MS (BMS, red) and post-CTRL (BCTRL, green) SEPs. Note that the LMM IOIs are overlapping with the
ANOVA I[Ols.

Amplitude [pV]

We found that Threat predicted no difference in any components. The N1 amplitude change
from pre- to post-MM was significantly greater in the MS condition predicted by anxiety trait
and close attachment type scores (Appendix Table 9-18). However, both of these personality
traits predicted significant differences between MS and CTRL in the Non-threatening

condition (Appendix Table 9-21). Close attachment type scores also predicted a significantly
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lesser increase of P2 amplitude from pre- to post-CTRL compared to MS (Appendix Table
9-20). This effect of the close attachment type on the P2 amplitude was only significant in the
Non-threatening condition (Appendix Table 9-23). Surprisingly, close attachment type only
showed a significant effect on the change of N2 component from pre- to post-CTRL in the

Threatening condition (Appendix Table 9-22).

5.3.3.3.1.1 Assessment of the effect of Threat (Model 1)
5.3.3.3.1.1.1 N1

The model fit did not improve by the random slope (x*(2) = 3.919, p = 0.141). Hence we used
a model without random slope. o was at -0.661 £ 0.081 pV (t = -8.189, 95% CI: [-0.819; -
0.503], p < 0.001, R? marginal < 0.001, R? conditional = 0.008). We found that the negative
amplitudes in Threatening condition were non-significantly different than in Non-threatening
condition (3(1) = 0.788, p = 0.375; B1 = 0.079 + 0.089 pV, t = 0.888, 95% CI: [-0.096;

0.254], p = 0.375).

5.3.3.3.1.1.2 N2

The model fit has improved by the random slopes (3°(2) = 384.947, p < 0.001). o was at -
3.731 £ 0.793 pV (t = -4.707, 95% CI: [-5.284; -2.177], p < 0.001, R? marginal < 0.001, R
conditional = 0.494). The negative amplitudes in Threatening condition were non-
significantly greater than in Non-threatening condition (x*(1) = 0.070, p = 0.791; B = -0.029

+0.107 pV, t = -0.265, 95% CI: [-0.239; 0.182], p = 0.791).

5.3.3.3.1.1.3 P2

The model fit has improved by the random slope (x*(2) = 376.959, p < 0.001). o was at 6.244
+ 0.719 uV (t = 8.690, 95% CI: [4.836; 7.653], p < 0.001, R? marginal < 0.001, R?

conditional = 0.460). We found that the negative amplitudes in Threatening condition were
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non-significantly different compared to the ones in Non-threatening condition (x*(1) = 0.047,

p=0.828; By = 0.024 £ 0.111 pV, t = 0.218, 95% CI: [-0.193; 0.241], p = 0.828).

5.3.3.3.1.2 The modulatory role of Personality on Mind-set (Model 2)
5.3.3.3.1.2.1 N1

Adding the random slope did not improve our model significantly (3*(2) = 0.252, p = 0.881).
Hence, we used a model without the random slope. 3o was found at -0.608 + 0.082 pV (t = -
7.379, p < 0.001, 95% Cls: [-0.770; -0.447], R? marginal = 0.004, R? conditional = 0.010).
There was no significant change from pre to post-MM. However, we found that higher levels
of anxiety predicted significantly greater negative amplitudes post-MS compared to post-
CTRL (Figure 5-14). Similarly close attachment type scores predicted significantly greater

negative amplitude in MS condition compared to CTRL (Appendix Table 9-18).

e Intercept
*MS

® MS x Anxiety
o CTRL
o CTRL x Anxiety

3002 - 0 1
Amplitude [uV]

e Intercept

o MS

® MS x AAS Close

o CTRL

e CTRL x AAS Close

30020 - 0 1
Amplitude [pV]

Figure 5-14. Effects of anxiety trait (top) and close attachment type (bottom) scores on the change of N1 amplitude from
pre-, to post-MS and post-CTRL in Experiment 2. Dots represent the Bs; the matted lines represent the 95% Cls calculated
by Wald method.
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5.3.3.3.1.2.2 N2

Adding the random slope improved our model significantly (x*(2) = 307.753, p < 0.001). o
was found at -4.639 + 0.862 uV (t = -5.383, p < 0.001, 95% Cls: [-6.328; -2.950], R?
marginal = 0.012, R? conditional = 0.504). There was a decrease of the negative amplitude
from pre- to post-MM regardless of the Mind-set type (Appendix Table 9-19). While we
found significant interactions between Mind-set and personality traits, none of them showed

significant differences between Mind-set conditions (Appendix Table 9-19).

5.3.3.3.1.2.3 P2

Adding the random slope improved our model significantly (x*(2) = 331.551, p < 0.001). o
was found at -6.560 + 0.782 pV (t = 8.392, p < 0.001, 95% Cls: [5.028; 8.092], R? marginal =
0.007, R? conditional = 0.461). The amplitude increased from pre to post-MM regardless of
the Mind-set. Close attachment type predicted a decrease in amplitude in post-CTRL and no

change to post-MS (Figure 5-15, Appendix Table 9-20).

e Intercept

o MS

* MS x AAS Close

o CTRL

o CTRL x AAS Close

5.6 7 8 9
Amplitude [pV]

Figure 5-15. Effects of close attachment type scores on the change of P2 amplitude from pre-, to post-MS and post-CTRL in
Experiment 2. Dots represent the Bs; the matted lines represent the 95% Cls calculated by Wald method.
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5.3.3.3.1.3 The modulatory role of Personality on the interaction between Mind-
set and Threat (Model 3)

5333131 N1

Adding the random slope did not improve our model significantly (y*(2) = 0.263, p = 0.877).
Hence, we used a model without the random slopes. o was found at -0.608 + 0.082 uV (t = -
7.379, p < 0.001, 95% Cls: [-0.770; -0.447], R? marginal = 0.007, R? conditional = 0.013).
We found that the effect of anxiety was only present in Non-threatening conditions. Close
attachment type predicted a greater negative amplitude post-MS only in the Non-threatening

condition (Appendix Table 9-21).

5.3.3.3.1.3.2 N2

Adding the random slope significantly improved our model’s fit (5*(2) = 309.466, p < 0.001).
Bo was found at -4.639 + 0.862 PV (t = -5.383, p < 0.001, 95% Cls: [-6.328; -2.950], R
marginal = 0.014, R? conditional = 0.506). Close attachment type scores predicted greater
reduction in CTRL condition compared to MS in the Threatening condition (Appendix Table

9-22).

5.3.3.3.1.3.3 P2

Adding the random slope improved our model significantly (x*(2) = 332.435, p < 0.001). o
was found at -6.560 + 0.782 pV (t = 8.392, p < 0.001, 95% Cls: [5.028; 8.092], R? marginal =
0.009, R? conditional = 0.461). We only found the significant effect of close attachment type

in the Non-threatening condition (Appendix Table 9-23).

5.3.3.3.2 Time frequency

We identified an AOI in the theta frequency band (5.4 — 6 Hz, 109.333 — 264ms) as we found

consecutively significant effects of close attachment type scores (Figure 5-16). Close
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attachment type scores predicted lower theta activity post-MS compared to CTRL, however,
only in the Non-threatening condition. Topography of the AOI is represented in the Appendix

Figure 9-14.
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Figure 5-16. Time-frequency brain activities in MS and CTRL conditions predicted by close attachment type scores in
Experiment 2. The upper spectrograms show the post-MM activities predicted by the Mind-set conditions and the close
attachment type scores. The lower plots show the absolute t-values of the effect of the close attachment type scores on the
change in Time in the Mind-set conditions. The significant AOI has been found in the theta frequency band.

5.3.3.3.2.1 Assessing the effects of Threat (Model 1)

Adding the random slope significantly improved our model’s fit (x*(2) = 148.369, p < 0.001).
Bo was found at 0.342 + 0.313 dB (t = 1.093, 95% Cls: [-0.271; 0.954], p = 0.284, R
marginal < 0.001, R? conditional = 0.275). There was no significant main effect of Threat
(*(1) = 0.714, p = 0.398). Theta activity after Threatening stimuli was not significantly
different from the activity following Non-threatening stimuli (B = 0.057 = 0.068 dB, t =

0.845, 95% ClI: [-0.075; 0.190], p = 0.398).

5.3.3.3.2.2 The modulatory role of Personality on Mind-set (Model 2)

Adding the random slope significantly improved our model’s fit (x2(2) = 118.344, p < 0.001).

Bo was found at 0.424 + 0.311 dB (t = 1.365, 95% Cls: [-0.185; 1.033], p = 0.183, R?
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marginal = 0.016, R? conditional = 0.288). We found that close attachment type predicted
decreased activity post-MS, significantly different from the non-significant change in CTRL
condition (Figure 5-17, Appendix Table 9-24). Additionally, higher levels of depression
predicted significantly less theta activity post-MM, regardless of the Mind-set (Appendix

Table 9-24).

o Intercept

o MS

* MS x AAS Close

o CTRL

e CTRL x AAS Close

-1.5-1-05 0 05 1 15
Activity [dB]

Figure 5-17. Effects of close attachment type scores on the change of theta activity from pre-, to post-MS and post-CTRL in
Experiment 2. Dots represent the Bs; the matted lines represent the 95% Cls calculated by Wald method.

5.3.3.3.2.3 The modulatory role of Personality on the interaction between Mind-
set and Threat (Model 3)

Adding the random slope significantly improved our model’s fit (x*(2) = 119.279, p < 0.001).
Bo was found at 0.424 + 0.311 dB (t = 1.365, 95% Cls: [-0.185; 1.033], p = 0.183, R?
marginal = 0.020, R? conditional = 0.292). The significant interaction between close
attachment and Mind-set was only significant in the Non-threatening condition (Appendix
Table 9-25). Additionally, a significantly lower theta activity predicted by anxiety scores in

MS condition compared to CTRL.
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5.3.4 Discussion of Study 1 Experiment 2

Here we investigated the effects of a MS aimed at one’s exclusive romantic partner. We
hypothesised that we will find similar effects of MS as we did in Experiment 1. Previous
studies showed that even indirect MS can trigger the changes in neural activity (Valentini et
al., 2015; Wang & Tian, 2018) exclusive to mortality. Surprisingly, we found that the
reminder of one’s romantic partner’s death triggered different changes in both behaviour and
brain responses compared to the reminder of one’s own death. We showed that the perceived
intensity of pain increased after reminder of the romantic partner’s death which increase was
not present after reminders of one’s own mortality. Moreover, we showed results in support
of the notion that close attachment interacts with the MS effects (Mikulincer et al., 2003; Cox

& Arndt, 2012; McCabe & Daly, 2018).

5.3.4.1 Anxiety and mood

Similar to Experiment 1, we found that the positive mood has decreased from pre- to post-
MM (Figure 5-11 & Table 5-4). However, unlike in Experiment 1, here we found that the
reason behind this decrease was the significant decrease in positive mood from pre- to post-
CTRL, while there was no significant change in the MS condition (Table 5-5). Thus, we
could not support our theory that the experimental methodology used in our study could
influence the participant’s positive mood. In accordance with previous studies, we found no
change in anxiety state or negative mood scores (Valentini et al., 2014, 2015). However, it
cannot be ignored that the changes in positive mood here were exclusive to our CTRL
condition. This inadvertently questions the uniqueness of MS in comparison with exam
failure. As our study was not designed to investigate this hypothesis, we could not explain

this finding using the framework of TMT. Whether the experimental manipulation or the idea
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of exam failure can influence participants’ mood is a question worth exploring in further

studies.

5.3.4.2 Pain ratings

We found that the perceived intensity of pain decreased from pre- to post-CTRL, in
accordance with the habituation phenomenon and Experiment 1 (Figure 5-12) (Hollins et al.,
2011). However, perceived pain increased from pre- to post-MS (Figure 5-12). This finding
proposes that the idea of the death of one’s romantic partner predicts significant changes in
pain perception. While this finding is in accordance with our hypothesis, it is worth noting
that there was no such effect of the MS aimed at the participant (Figure 5-3). However, the
interactions between pain ratings and anxiety trait and depression scores were similar to
Experiment 1. Higher levels of anxiety predicted a significant increase of post-MM pain
perception in both Mind-set conditions, however significantly more in the CTRL condition.
Similarly, depression scores predicted a decrease in VAS ratings from pre- to post-MM in
both Mind-set conditions, however significantly more in the MS condition (Figure 5-12).
These interactions with anxiety and depression scores seem to counterbalance the main effect
of Mind-set as they seem to affect more the Mind-set condition which predicts an opposite
direction to the anxiety’s increase or the depression’s decrease. Furthermore, anxiety
predicted significantly different changes between MS and CTRL conditions in Non-

threatening, while depression did in the Threatening condition (Appendix Table 9-17).

Similarly to Experiment 1, while our novel approach to manipulate the perception of the
threat level of a stimulus worked (Appendix Figure 9-11), it showed no interaction with the

Mind-set conditions (Appendix Table 9-17).
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5.3.4.3 Somatosensory-evoked potentials

In this experiment, we identified three intervals of interest (IOIs) in the SEP data. Two of
them, the N2 and P2 components, were expected, however, the third, the N1 component,
starting from before the stimulus onset was unexpected. Even more surprising, we found that
the random slope did not improve the models applied on the N1 component, thus the model
with only random intercept by participants was applied. The investigation of the SEP
components revealed that the most frequent predictor was the close attachment type (Figure
5-14 & Figure 5-15). The change in the N1 component from pre- to post-MS was affected by
anxiety scores predicting a significant increase in amplitude, however, by adding Threat to
the model, we found that there was only significant difference in the Non-threatening
condition. Close attachment type scores predicted significantly greater N1 amplitude post-MS
compared to CTRL (Figure 5-14). The same attachment type predicted significantly less
increase of P2 component and more decrease of N2 component from pre- to post-CTRL
compared to MS. Most interestingly, the close attachment type scores only predicted
significantly different changes between Mind-set conditions on the N1 and P2 component in
the Non-threatening and for N2 in the Threatening condition. The latter finding fits into the
notion that N2 is sensitive to attention and negative valence (Michie, 1984; Hillyard et al.,
1998; Eimer & Forster, 2003; Wu et al., 2010). We were expecting such significant effects of
close attachment type, as it has been shown that romantic attachment can act as a buffer
against MS (Mikulincer & Florian, 2000; Taubman-Ben-Ari et al., 2002; Cox & Arndt, 2012;
McCabe & Daly, 2018). Thus, we assessed the significant predictive ability of close

attachment type in this study as in line with the literature.
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5.3.4.4 Time-frequency analysis

Unlike in Experiment 1, here we only found one area of interest (AOI) in the theta frequency
band. Similarly to the SEP findings, close attachment type had the greatest effect on the time-
frequency data. Close attachment type scores were predicted as significantly lower theta
activity post-MS compared to CTRL (Appendix Table 9-24). This again alludes to the
significant interaction between close attachment type and MS. Threat manipulation showed
that the effect of close attachment type was only present in the Non-threatening condition.
Furthermore, we found a significant decrease in theta power predicted by anxiety trait scores
in MS condition compared to CTRL (Appendix Table 9-24). Additionally, depression scores
predicted significant decrease in theta activity regardless of the Mind-set type. Such effect is
in agreement with the notion that depressive states can reduce brain excitability (Clark et al.,

2009).
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5.4 Conclusion of Study 1

Here, we investigated the effects of two types of MS in two experiments. We further
improved on previous experimental designs (Valentini et al., 2014, 2015) and included an
additional manipulation to further distinguish the effects of MS from an equally negative
CTRL. In Experiment 1, we investigated the changes in mood, anxiety state, perception of
and responses to threatening somatosensory stimuli predicted by reminders of mortality. In
Experiment 2, we tested the effects of a special indirect MS aimed at the participants’
romantic partner compared to a similarly negative control condition with the same
methodology as in Experiment 1. More importantly, we investigated if individual differences
in personality traits can explain the lack of consistency in MS-related findings in the
literature. In this conclusion, we will discuss the findings of the two experiments, aiming to

draw conclusions about our independent variables, experimental design and predictors.

5.4.1.1 Anxiety state, positive and negative mood

We found no Mind-set specific change in anxiety state or mood scores. This was expected, as
TMT clearly establishes that there should be no change in these variables (Valentini et al.,
2014, 2015). However, despite our expectations, we found a significant reduction in positive
mood from pre- to post-MM in both experiments. This reduction in positive mood was
explained in Experiment 2 by the significantly higher scores pre-CTRL compared to all
others. However, there was no such clear explanation for the same effect in Experiment 1. As
already stated in the discussion of Experiment 1, it seems possible that our experimental
design can have unintentional effects on the participants’ mood. Nonetheless, with the
additional findings of Experiment 2, we cannot state this without reasonable doubt. In

Experiment 2, we found that positive mood only changed in one condition (from pre- to post-
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CTRL). However, the pre-CTRL scores of positive mood were significantly higher than all
other conditions (i.e. post-CTRL, pre-MS, post-MS). It is possible, that the experiment only
affected people with already higher positive scores, but our experimental methodology was

not designed to confirm or reject this idea.

5.4.1.2 Assessing the effects of Mind-set and Threat conditions

Reminder of the death of one’s romantic partner predicted a significant increase in pain
perception, but there was no such change after the classical MS induction. While the
manipulation of threat expectation on pain perception worked in both Experiment 1 and 2, we
failed to utilise this additional manipulation in enhancing the effects of MS. Experiment 1
showed a clear main effect of Threat on both the N2 amplitude and on the late alpha activity.
Contrary to this, Experiment 2 showed no significant main effect of Threat on either the SEPs
of the time-frequency responses. The N2 component was clearly affected by Threat in
Experiment 1; however Experiment 2 failed to replicate this effect. Thus, we can conclude
that while the psychological manipulation did work and in Experiment 1 even manifested in
differences in brain responses, we failed to enhance the effects of Mind-set by using Threat in

both experiments.

5.4.1.3 Personality traits

Besides Threat manipulation, we investigated seven personality traits. We tested how anxiety,
depression, self-esteem, attachment types and fear of death and fear of other’s death
(respectively in Experiment 1 and 2) can influence the effects of Mind-set and Threat.
Differences in personality traits can potentially explain the sporadic findings of TMT
research in neuroscience. The difference between N2 amplitude following MS and CTRL

conditions disappeared when individual variability was taken into account (Valentini et al.,
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2014). Here, we sought to improve the analysis of individual differences in two ways. We
used linear mixed-effects models to analyse behavioural results. Furthermore, we applied
these models to identify 101s and AOIs in the brain responses and report on how these 10ls
and AOIs were affected by Mind-set, Threat and personality traits. We aimed to test the
sporadic results obtained with experimental design using personality traits as independent

variables.

5.4.1.3.1 Fear of death and fear of other’s death

We assumed that changes following MS can be explained by the fear fitting to the MS (fear
of death or fear of other’s death in Experiment 1 and 2 respectively). Surprisingly, we found
little to no significant interactions between fear scores and Mind-set. It predicted a general
increase in post-MM VAS ratings in Experiment 1 and a non-significant change to post-MS
and a small, significant decrease to post-CTRL without a significant difference between
Mind-set conditions in Experiment 2. Fear of death scores did predict significantly lower
post-CTRL early alpha, low alpha and late theta activity compared to MS in Experiment 1.
Fear of other’s death showed a possible tendency to predict greater post-MS theta activity in
Non-threatening condition in Experiment 2, however, this was not significant. It is worth
noting, that fear of death scores were only interacting with Threat on the late theta activity in
Experiment 1. Thus, we can conclude that the fear of death and fear of other’s death scores
measured by the Collett-Lester Fear of Death and Dying Scale (Collett & Lester, 1969; Lester
& Abdel-Khalek, 2003; Lester, 2004) did not predict changes in pain perception or brain

responses following MS induction.
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5.4.1.3.2 Anxiety

Unlike fear of death and fear of other’s death scores, the anxiety trait scores, measured by the
State-Trait Anxiety Inventory Y (Charles D Spielberger, 1987) showed important results.
Trait anxiety acts at most as mere exclusion criteria in neuropsychological studies (for
example Valentini et al., 2014, 2015), it is not used frequently as a predictor for neural
changes following MS-induction. In Experiment 1, we found that anxiety generally predicted
higher VAS ratings and higher level of brain excitability following MS. Anxiety scores
predicted lower early alpha activity, low alpha activity, late alpha activity and higher late
theta activity. Experiment 2 showed a significant increase in perceived pain in both
conditions, significantly more in CTRL compared to MS. Anxiety trait scores predicted
greater N1 component, but the difference was only significant in the Non-threatening
condition in Experiment 2 (Appendix Table 9-21). Furthermore, we found that in the Non-
threatening condition anxiety trait scores predicted significantly lower theta power following
MS induction compared to CTRL. These numerous effects of anxiety trait scores can be an

indication that personal disposition to anxiety is an important predictor in TMT research.

5.4.1.3.3 Depression

Depression scores, akin to anxiety proved to be important predictors of MS effects.
Depression and anxiety trait effects mirrored each other in directions. This is in agreement
with the notion that anxiety predicts increase, depression predicted decrease of brain
excitability (Clark et al., 2009) as well as in pain perception. Notably, we found that the
effects of depression tended to be significant in Threatening conditions. This was an
unintended finding in that people with higher levels of depression were more susceptible to

MS or to threat in general (Experiment 2).
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5.4.1.3.4 Self-esteem

Self-esteem was probably our most surprising null-finding. It had no exclusive effect on the
changes after MS induction, even though self-esteem is regarded as one of the main buffers
against existential threat investigated in numerous studies (Taubman-Ben-Ari et al., 1999;
Pyszczynski et al., 1999; Niemiec et al., 2010; Pyszczynski et al., 2015; Rodriguez-Ferreiro
et al., 2019). Here, we either failed to find a single case where self-esteem interacted
exclusively with MS. In Experiment 1, it predicted a general increase in perceived pain from
pre- to post-MM regardless of Mind-set condition (Table 5-2). While we did find cases where
self-esteem scores only interacted significantly with MS, the effects were not significantly
different from CTRL (Experiment 1, early alpha and late theta AOIs). Furthermore, in
Experiment 2, self-esteem scores interacted more with CTRL than MS (VAS ratings, N2
component especially in Threatening condition). However, we failed to detect any significant

role of self-esteem in buffering changes after MS induction.

5.4.1.3.5 Attachment types

As the literature points out, relationships can act as a buffer against MS (Taubman-Ben-Ari et
al., 2002; Cox & Arndt, 2012; McCabe & Daly, 2018; Caspi-Berkowitz et al., 2019). To
investigate how different attachment types can influence the changes after MS induction, we
measured anxious, close and dependent attachment type scores. We found that close
attachment type predicted several significant MS-related changes in brain responses. Close
attachment type had effects on both the SEP and TF brain responses, predicting greater N1
amplitude, while it interacted more with CTRL condition on the N2 and P2 amplitudes in
Experiment 2. We also found significantly lower theta activity predicted by close attachment

type scores. Experiment 1 showed less significant effects of attachment types. Anxious
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attachment type predicted less reduction of the N2 component compared to CTRL and
dependent attachment type scores predicted less reduction of P2 amplitude similarly. Notable,
the latter was only significant in the Threatening condition. In terms of time-frequency brain
responses, we found that anxious attachment type predicted higher low alpha activity in
CTRL condition compared to MS in the Threatening condition. We concluded that while
anxious and dependent attachment types interacted generally with reminders of mortality, the
close attachment type had a stronger link to the MS aimed at one’s romantic partner as well

acted as a more generic predictor in participants with relationship.

To sum it up, this study shed light on the importance of individual differences in personality
traits for experiments investigating the effects of MS. Anxiety and depression trait scores are
seemingly the most dominant personality factors as measured through established
questionnaires, however, attachment types seem to play a more significant role when the

participant is in a relationship.
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6 Study 2 - The buffering effects of meditation

experience on the effects of mortality salience

“Whatever you can do or dream you can, begin it. Boldness has genius, power and magic in

it!” John Anster, The First Part of Goethe's Faust
6.1 Prologue to Study 2

We investigated the potential buffering effects of practice in meditation techniques on the
behavioural and neural changes induced by MS. We recruited participants who are actively
practicing meditation techniques and tested them using the same methodology as in Study 1
Experiment 2 (Section 5.3). We compared the results of the meditation practitioners to the
results of the non-practitioners from Study 1 Experiment 2. The same analysis method was
used, applying linear mixed-effects models on both the behavioural and the neural data. Thus,
we showed how experience in meditation techniques can buffer the effects of MS.
Additionally, we analysed the event-related potentials as an addition to this study and
reported our results in the Appendix (Section 10.4). However, as our focus was the time-

frequency domain, we did not include the ERP results in the submitted manuscript.
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6.2 Abstract

The awareness of mortality led to the evolution of a complex defence system buffering fear
of death in humans. Terror Management Theory (TMT) attempts to explain how this defence
system operates, and predicts changes in behaviour. However, individuals do not always
show these changes because other variables interfere by heightening or weakening them. For
example, personality traits (e.g. self-esteem), personal circumstances (e.g. age) and cognitive
operations (e.g. meditation) may interact with the defences against existential anxiety

described in TMT.

Here, we investigated the latent effects of meditation practice against changes in pain
perception of, and neural responses to somatosensory stimuli after induction of reminders of
the mortality of one’s romantic partner. Linear mixed-effects modelling helped us identify the
effects of mortality salience (MS) and the interaction between MS and meditation experience
on pain ratings and time-frequency EEG responses. We found that while non-practitioners
experienced increased sensation of pain after MS induction, meditation practitioners did not
show such a tendency. However, practitioners showed significantly greater EEG alpha power
after control mind-set and lower alpha power after MS mind-set. These findings demonstrate
that meditation experience can buffer the effects of reminders of death on perception while

suggesting a central role of alpha oscillations in explaining this mechanism.
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6.3 Introduction

We all have experienced a sudden sense of panic at least once in our life when thinking of our
own inevitable death. However, such an insight is surprisingly rare when considering the
amount of potential threats to life we may be exposed to. Terror Management Theory (TMT)
offers an explanation on how the human mind defends itself against the threat of mortality
(Pyszczynski et al., 2015). Research within the framework of TMT showed that reminders of
mortality predicts increase in stereotypical thinking (Schimel et al., 1999), bolster defensive
behaviour for one’s worldview and values (Greenberg et al., 2008) and enhances phobic
reactions (Strachan et al., 2007). TMT posits that the changes in behaviour reflect a defence
mechanism against existential anxiety. Such changes, as listed above, reflect the increased
need of the individual to subscribe their cultural values, to get closer to their ‘own group’.
This defence is explained by the concept of “symbolic self” as described by Ernst Becker
(1973). This “symbolic self” is an idealised version of people, based on their culture,
worldview and ingroup. By holding up cultural values and being more hostile against the
values of others, the individual quasi ‘immortalises’ themselves via being part of a collective.
TMT attempts to explain how humans deal with the looming presence of mortality without a
constant existential threat. Several behavioural changes, such as the ones mentioned above
were studied; however, understanding the effects of reminders of mortality on human
consciousness is a long process. TMT was originally built to explain the importance of self-
esteem (Pyszczynski et al., 2015) but, as time passed, several other traits have been linked to
the defence mechanisms against fear of mortality. TMT establishes a link between reminders
of mortality and anxiety (Pyszczynski et al., 2015), or more specifically, the potential for
anxiety (Greenberg et al., 2003). This link is supported by previous studies claiming that

reminders of mortality (mortality salience, MS) predict anxiety and increase in avoidance of
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the self-focused state (Arndt et al., 1998). More recent neuroscientific research has linked
larger late positive brain potential amplitudes recorded during observation of death-related
words (Klackl et al. 2013). A finding the authors interpreted as indexing preferential MS
effects on emotion regulation. Although a relationship between MS effects and implicit
anxiogenic mechanisms has been acknowledged in previous studies, there was no evidence
linking the effects of MS to representation of threatening sensory information within the
central nervous system. This evidence has been more recently provided by our group,
showing that MS predicted larger delta and theta event-related oscillations and slow negative
event-related potential (ERP) compared with an equally negative control condition (Valentini
et al., 2014, 2015). In accordance with the tenants of TMT (Pyszczynski et al., 1999;
Pyszczynski et al., 2015), we found that self-esteem moderated the MS effects (Valentini et
al., 2015), and that participants with higher level of trait anxiety reported greater pain
whereas participants with higher level of trait depression reported lower pain following
reminders of mortality (Gyimes & Valentini, 2021, under review; Supplementary material

Ab).

We have recently established that personality traits, such as trait anxiety and depression can
predict the MS efficacy on both the behaviour and the brain activity (Gyimes & Valentini,
2021, under review). This finding agrees with previous research showing anxiety and
depression as important factors in MS research (Solomon & Greenberg, 2000; Goldenberg &
Arndt, 2008). Previous studies established links between MS and depression (Menzies et al.,

2021). Similarly, anxiety has been linked to the MS effects (Pyszczynski et al., 2004; Hu et

! The manuscript titled “Meditation in the face of death: Experience in meditation as a buffer of mortality
salience effects on perception and brain activity” has been submitted with 2 supplementary materials.
Supplementary material A referred to the in-review manuscript titled “The modulatory role of individual
differences in personality on mortality salience: effects on pain perception and somatosensory related brain
activity” (Section 5.2) due to the similarities in methodology. In this thesis, the referred material is the section
5.2. Supplementary material B is referred to as Appendix.
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al., 2020). However, if certain personality trait scores can predict the efficacy of MS, it is
reasonable to assume that practices aiming to affect said traits can interfere with reminders of
mortality. Meditation practice has been linked to reduced anxiety and depression (Shapiro et
al., 1998; Ospina et al., 2007) as such, it could act as a potential buffer against the effects of

MS.

In fact, researchers have not only been interested in basic MS effects and mechanisms, they
also investigated cognitive and affective processes that could counteract the effects of MS.
One important field of investigation is indeed the study of relaxation practices and
psychosocial interventions, like mindfulness meditation, as a tool to alleviate the MS
anxiogenic effects. Studies in this field showed that meditation practice can act as a buffer
against MS-induced behavioural changes (Niemiec et al., 2010; Schultz & Arnau, 2017; Park
& Pyszczynski, 2019). Meditation practice helps reducing anxiety (Shapiro et al., 1998) and
depression (Shapiro et al., 1998; Bitner et al., 2003), increasing psychological well-being
(Ospina et al., 2007), compassion (Lutz et al., 2008), attention, self-regulation (Jha et al.,
2007; Brefczynski-Lewis et al., 2007; Tang et al., 2007; Chambers et al., 2009; Goldin &
Gross, 2010; Malinowski, 2013; Farb et al., 2013; Lutz et al., 2013; Morrison & Jha, 2015),

and improves pain management (Bushnell et al., 2013).

In light of previous findings, it can be assumed that meditation practice can act as a buffer
against negative mental state induced by reminders of death. Relevant to the neural
mechanisms of this interaction is the evidence that people experienced in relaxation
techniques show enhanced emotional regulation ability (Basso et al., 2019). Despite the
growing number of studies, little is known about the neural processes underlying the effects
of reminders of mortality on human behaviour. Evidence of increase in activation of the

salience network (i.e. anterior cingulate cortex, cingulate, anterior insula, amygdala, ventro-
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lateral prefrontal cortex; Wiech et al., 2010; Harlé et al., 2012) following MS induction has
been reported (Quirin et al., 2012). The salience network is in turn associated with emotional
regulation (Bressler & Menon, 2010), thus supporting the hypothesis of an interaction
between MS and meditation practice. Thus, one would expect to witness a wealth of research
on cognitive operations aimed to mitigate death anxiety. And yet, there currently is a lack of
knowledge on how existential anxiety (i.e. anxiety originating from the awareness of death)
can be modulated by psychosocial interventions such as meditation. While MS interacts with
personality traits such as anxiety, self-esteem and depression (see Pyszczynski et al., 2015 for
a review), experience in meditation techniques affects these traits (Shapiro et al., 1998; Bitner
et al., 2003; Ospina et al., 2007). Furthermore, both MS (Quirin et al., 2012) and experience
in meditation (Basso et al., 2019) affects the emotional regulation and its associated brain
structures. Thus, meditation is likely to interact with MS effects and lead to a reduction of its
anxiogenic effects. Research seems to support the notion of meditation, and personality
factors linked to emotional regulation such as the mindfulness trait, as a cognitive tool to

decrease defensive responses to MS (Niemiec et al., 2010; Park & Pyszczynski, 2019).

Here, we aimed to investigate the buffering effects of meditation practice on the changes
induced by MS. We recruited participants with and without practice in meditation who were
in an exclusive relationship and exposed them to the idea of the death of their romantic
partner. We assumed that the idea of the death of one’s romantic partner would increase the
perceived intensity of the somatosensory stimuli akin to what observed with the classical MS.
TMT posits that even the word ‘death’ is sufficient to trigger the behavioural changes
associated with reminders of mortality (Pyszczynski et al., 2015). Importantly, research
showed that having participants imagine a separation from a romantic partner (i.e. "separation

salience") increases the accessibility of death-related thoughts and instigates cultural
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defensive behaviours (Florian et al., 2002). Equally, reminders of death lead people to initiate

interactions with other and feel greater wish for intimacy (Taubman-Ben-Ari et al., 2002).

As meditation practitioners seem to regulate their perception and emotions better (Goyal et
al., 2014; Zeidan et al., 2015; Kral et al., 2018; Basso et al., 2019), we expected reduced MS
effects compared with non-practitioners. We expected lower negative mood (as well as
higher positive mood) and anxiety, a reduced enhancement of pain ratings due to MS, and the
modulation of the stimulus-induced EEG alpha power in meditation practitioners. In
particular, we expected a significant decrease in alpha power following MS induction,
signalling the increase in attention to the somatosensory stimuli (Ploner et al., 2017) but had
no specific expectation on whether this pattern would have been increased or decreased in

meditators.
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6.4 Methods and materials

6.4.1 Participants

Fifty-three healthy participants (27 females, mean age 29.642 + 13.862, ranged from 19 to
72, 24 meditation practitioners: 10 females, mean age 35.083 + 16.516, from 19 to 72; 29
non-practitioners: 17 females, mean age 25.138 + 9.296, from 19 to 66) were screened and
entered the study. The screening intended to filter out individuals with neurological,
psychiatric, and other medical conditions that could interfere with the experiment. All
participants had normal or corrected-to-normal vision. The experimental procedures were
approved by the University of Essex ethics committee (1701) and were in accordance with

the standards of the Declaration of Helsinki.

6.4.2 EEG recording, pre-processing, and analysis

We used sixty-two Ag/AgCl electrodes (Easycap, BrainProducts GmbH, Gilching, Germany)
to record electroencephalography (EEG) (Synamps RT, Neuroscan, Compumedics). We
utilised AFz as ground, the left earlobe as active and the right earlobe as off-line re-reference.
The electrodes were placed according to the positions of the 10-20 International System. All
the electrodes had impedance lower than 10 k€ and the signal was amplified and digitised at

1,000 Hz.

6.4.3 Somatosensory painful stimulation

We adopted the same stimulation and materials detailed in a previous study (Gyimes &
Valentini, 2021, under revision). The BioPack® STMISOLA Constant Current and Constant

Voltage Isolated Linear Stimulator were used to produce the electrical stimuli and controlled
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by E-Prime® 2 software. We stimulated the radiation of the left-hand median nerve. The

electrodes were placed on the left had as outlined in Gyimes & Valentini (2021).

State anxiety pre-MM stimuli State anxiety Mind-set Distraction State anxiety post-MM stimuli ~ State anxiety
and mood and mood Il . . I and mood I and mood
Manipulation task
measurement measurement measurement measurement
I II. 1I1. VI
Single trial
_ o Stimulus h
Fixation cross Threat indicator Fixation cross VAS
. - . t
3 sec 0.2 sec 3,4 or 5 sec
/

Figure 6-1. Experimental design and procedure. Participants received 120 painful electrical stimuli on the dorsum of their
left hand before and after the mind-set manipulation. Participants were asked to fill the PANAS and STAI Y state
questionnaires to measure state anxiety and mood scores at four times during the experiment. A distraction task (playing
SUDOKU) followed the mind-set manipulation. Each trial (see inset) started with a screen displaying a fixation cross for 3 s,
followed by a coloured circle indicating the level of threat (Threatening, Non-threatening, yellow or blue) associated with
the upcoming painful electrical stimuli (cf. methods for details). The stimulus randomly followed the indicator within 3, 4 or
5 s. Participants rated the pain associated with each stimulus on a visual analogue scale (VAS; 0, no pain; 100, intolerable
pain). Blue intervals show short breaks for the participants.

6.4.4 Mind-set manipulation

Participants were asked to answer two open ended questions. In the mortality salience (MS)
condition, they were asked to “Please briefly describe the emotions that your romantic
partner’s death arouses in you and “Jot down, as specifically as you can, what will happen to
you when your romantic partner physically die and once they are dead” (Greenberg et al.,
1986; Pyszczynski et al., 2015). In the control condition (CTRL) they were asked the same
questions however framed around the failure on a very important exam when participants
were university students (Valentini et al., 2014) or losing their employment when participants
were non-students (Yaakobi, 2015; McCabe & Daly, 2018). This control condition was
considered a valid and reliable control based on the assumption that the effects of MS should

be unique compared to any other negative controls (Hayes et al., 2010). There was at least 48
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hours lag between the two sessions (MS and CTRL) and their order was pseudo-randomised

between participants.

6.4.5 Threat manipulation

We created a cover story whereby participants were instructed that they will receive different
type of electrical stimuli, a “sigmoid-shaped” stimulus meant to cause more inflammation in
the skin (“Threatening” condition) as well as a “square-waved” stimulus meant to be the
normal stimulus used in every other research study (“Non-threatening” condition). Crucially,
stimulus intensity remained the same across the entire experimental session (see Gyimes &
Valentini, 2021, under review, for more details). A coloured circle (yellow or blue)
anticipated each electrical stimulus according to pseudo-random association (Figure 6-1,

inset). This manipulation aimed to enhance the effects of MS.

6.4.6 Anxiety state and mood measures

According to the classical MS design (Valentini et al., 2014; Schultz & Arnau, 2017; Park &
Pyszczynski, 2019) we asked participants to report state anxiety, positive and negative mood
before the experiment, before the mind-set manipulation, after the mind-set manipulation and
after the experiment (Figure 6-1, top). We used the state version of the State Trait Anxiety
Inventory Y (Charles D Spielberger, 1987) and the Positive and Negative Affect Schedule

(PANAS) (Crawford & Henry, 2004).

6.4.7 Study design and procedure

As in previous research (Gyimes & Valentini 2021), we collected pain ratings and EEG

responses to the electrical stimuli. The dependent variables are expressed as a change from
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baseline (pre-mind-set induction) across Mind-sets (MS, CTRL), Threats (Threatening, Non-

threatening), and Meditation experience (practitioners - MP, non-practitioners - NP).

Participants sat in front of a computer comfortably resting their left arm on the table. After
the EEG cap montage, participants completed a staircase procedure in order to identify their
individual pain threshold. With their pain threshold identified, participants rated 60 stimuli
before and 60 stimuli after mind-set manipulation (30 for the Non-threatening and 30 for the
Threatening condition in each half). They were asked to focus on the screen where the
fixation cross was replaced by a coloured circle for 200ms on a black background followed

by a stimulus (see Gyimes & Valentini, 2021, under review, for more details)

6.4.8 Data preparation and statistical analysis

6.4.8.1 Data preparation

We processed the state anxiety, positive and negative mood, and VAS ratings in the same
fashion as in Gyimes & Valentini (2021). We have calculated the average state anxiety and
mood scores in pre- and post-MM. The VAS scores were min-max normalised within
participant per mind-set. We followed the same method detailed in Gyimes & Valentini

(2021) for EEG pre-processing.

6.4.8.1.1 Data analysis

The pre- and post-MM state anxiety and mood values were analysed by a 2 x 2 x 2 repeated
measure analysis of variance (ANOVA) in JASP (JASP Team, 2020). Time (pre/post) and
Mind-set (CTRL/MS) were assessed as within-subject factors and Meditation experience
(ME; non-practitioners: NP/meditation practitioners: MP) as between-subject factor.

Significant interactions were further assessed with Bonferroni post-hoc tests (pb).
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The normalised VAS ratings were analysed using the same R packages as detailed in Gyimes
& Valentini (2021). We fitted our a priori models using the Imer() function. The % values for
each effect were calculated by comparing our model to an alternative model without the
effect of interest (e.g. Modela priori: A ~ B + C vs Modelaemaive: A ~ B) using the anova()
function. The 95% Confidence Intervals (Cls), conditional and marginal R? and estimates
were calculated following the methods outlined in Gyimes & Valentini (2021, under review).
We have created three models with random intercept for each participants and random slope

for the Mind-set level to answer our experimental questions:

Model 1: The effect of Threat:

To assess the interaction between Threat and Mind-set, first we have investigated the

efficiency of Threat and the effect of ME on this manipulation:

Normalised ratings ~ Threat + Threat * Meditation experience (1+Mind-set|Participants)

Threat indicates Non-threatening and Threatening stimuli. This model allowed us to
investigate how effective our psychological manipulation was on both MP and NP regardless

of the other factors.

Model 2. The interaction between Time and Mind-set:

Here we investigated how the change from pre- to post-CTRL was different from the change

in the MS condition.

Normalised ratings ~ Time + Time * Mind-set + Time * Meditation experience + Time *

Mind-set * Meditation experience + (1+ Mind-set|Participant)
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Time indicates pre- and post-MM; Mind-set indicates MS and CTRL. The model tested how
the pre- to post-MM change was influenced by Mind-set (CTRL vs MS) and how this

influence differed between MP and NP.

Model 3. The interaction between Time, Mind-set, and Threat:

Here, we assessed how Threat can interact with the Mind-set manipulations as a summary of

Model 1 and 2.

Normalised ratings ~ Time + Time * Mind-set + Time * Mind-set * Threat + Time *
Meditation experience + Time * Mind-set * Meditation experience + Time * Mind-set *

Threat * Meditation experience + (1+ Mind-set|Participant)

We applied the models detailed for the analysis of pain ratings to the pre-processed EEG
data. We identified time-frequency areas of interest (AOIs). AOIs were considered significant
if our models showed the same effect as significant across at least 50 consecutive time-points

(i.e. an interval of at least 100ms in the widest part of the AOI blob).

Following the identification of the AOIs, we tested three experimental questions: a) Does the
manipulation of sensory threat (Threat) influence brain responses? (i.e. Model 1), b) Does
Mind-set predict different post-MM values and is this prediction influenced by Threat? (i.e.
Model 2 and 3) and c) Does experience in meditation practices predict a reduction of MS
effects? (i.e. Model 1, 2 & 3). To answer these questions we extracted the average power
from the significant AOIs and applied all three of our models on these average values to

report our findings.
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6.5 Results

6.5.1 Anxiety and mood

We have investigated how anxiety state, positive and negative mood changed during the
experiment (Appendix, Figure 10-1). Regardless of the mind-set, MP scored significantly
lower on anxiety state and higher on positive mood measurements compared with NP, as well
as marginally non-significantly lower on negative mood measurement (Figure 6-2 A).Only

positive mood changed significantly over time (Figure 6-2 B).

6.5.1.1 Anxiety state

We found no significant change in anxiety levels associated with Mind-set (Appendix, Table
10-1, Table 10-2 & Figure 10-2). Nevertheless, anxiety scores were different between MP
and NP (F51) = 14.993, p < 0.001, ®® = 0.119). Post-hoc test revealed that meditators were
less anxious compared with non-meditators (Amean = 7.109 £ 1.836, t = 3.872, 95% CI:

[3.423; 10.795], p, < 0.001) (Figure 6-2 A).

6.5.1.2 Negative mood

We found no significant change in negative mood scores associated with Mind-set
(Appendix, Table 10-4, Table 10-5 & Figure 10-3). Negative mood scores were marginally
non-significantly different between MP and NP (F¢ 51y = 3.981, p = 0.051, o’ = 0.028).
Nevertheless, we confirmed that MP have lower level of negative mood than the NP (Figure

6-2 A).
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6.5.1.3 Positive mood

We found a main effect of Time (F(,51) = 11.606, p = 0.001, ®’® = 0.006) and main effect of
ME (Fqs51) = 11.118, p = 0.002, ®® = 0.089) (Table 6-1, Figure 6-2 B & Appendix, Table
10-3). Post hoc tests showed that the positive mood decreased from pre- to post-MM (Amean =
1.162 + 0.341, t = 3.407, 95% CI: [0.477; 1.847], pp = 0.001); and that NP had lower positive
mood scores than MP (Amean = -6.602 = 1.980, t = -3.334, 95% CI: [-10.576; -2.627], pp =

0.002) (Figure 6-2 A).
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Figure 6-2. A represents the difference between NP (green) and MP (orange) in state anxiety (A top), positive (A middle)
and negative (A bottom) mood scores. B represents the difference between pre- (green) and post-MM (orange) positive
mood scores during mortality salience (MS) and control condition (CTRL) for non-practitioners (NP) (B top) and meditation
practitioners (MP) (B bottom). The boxes represent the interquartile range, the line within each box represents the median
and the dots represent outliers.
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Sum of Mean

Cases Squares Df Square F p »?

Time 70.926 1 70.926 11.606 0.001 0.006
Time x ME 1.756 1 1.756 0.287 0.594 0.000
Residuals 311.666 51 6.111

Mind-set 39.363 1 39.363 2.388 0.128 0.002
Mind-set x ME 1.627 1 1.627 0.099 0.755 0.000
Residuals 840.540 51 16.481

Time x Mind-set 12.097 1 12.097 3.791 0.057 <0.001
Time x Mind-set x ME 5.153 1 5.153 1.615 0.210 <0.001
Residuals 162.717 51 3.191

Table 6-1. Within-subject results of the 2 x 2 x 2 repeated measure ANOVA on the positive mood scores. We investigated
how positive mood scores are different between Time (pre/post), Mind-set (CTRL/MS) and Meditation experience (ME,
NP/MP) levels. Note the main effect of Time.

6.5.2 Pain ratings

The expectation of threat predicted higher VAS ratings (Appendix, Figure 10-4). Ratings in
the CTRL condition decreased for both MP and NP. However, while the ratings increased for
NP after MS induction, this effect was counteracted by ME (Figure 6-3, left). We found that
MP rated the post-MM stimuli similarly in both Mind-set conditions. Furthermore, Threat
predicted a stronger effect of MS (Figure 6-3, right). This effect of Threat on the interaction

between Time and Mind-set was not buffered by ME (Figure 6-3, right).

6.5.2.1 Assessment of the effect of Threat (Model 1)

The random slope improved the model’s fit (x*(2) = 816.436, p < 0.001). Model 1 showed a
main effect of Threat (x*(1) = 36.898, p < 0.001). The interaction between Threat and ME did
not improve our model’s fit (x*(1) = 1.066, p = 0.302). The model identified the intercept at
52.898 + 1.224 % (t = 43.204, 95% CI: [50.498; 55.297], p < 0.001, Rzmargina| = 0.003,
R onditional = 0.194). Threatening stimuli were rated as more painful by 3.188 + 0.524 (t =
6.080, 95% CI: [2.160; 4.215], p < 0.001) and MP rated Threatening stimuli non-significantly

lower than NP (1 = 0.801 + 0.774, t = -1.035, 95% CI: [-2.317; 0.715], p = 0.301).
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Importantly, the same effects were present on the non-normalised ratings too (Appendix,

Figure 10-4).

6.5.2.2 Assessing the interaction between Time and Mind-set (Model 2)

The random slope significantly improved the model’s fit (x*(2) = 865.584, p < 0.001). Model
2 revealed a main effect of Time (x*(1) = 25.035, p < 0.001) and interaction between Time
and Mind-set (x*(1) = 69.682, p < 0.001). There was no effect of ME on Time (*(1) = 2.333,
p = 0.127), however we did find an effect of ME on the interaction between Time and Mind-
set (x*(1) = 18.662, p < 0.001). The model identified the intercept at 54.531 + 1.227 % (t =
44.446, 95% Cl: [52.126; 56.935], p < 0.001, R%parginai = 0.009, RZcongitional = 0.207) (Figure
6-3, left). The ratings decreased in CTRL condition by 3.683 £ 0.735 % (t = -5.014, 95% CI:
[-5.122; -2.243], p < 0.001) for the NP. For MP the decrease in CTRL condition was not
significantly different (1.658 + 1.087, t = 1.525, 95% CI: [-0.472; 3.788], p = 0.127) (Figure
6-3, left). NP rated post-MS stimuli 8.639 £ 1.031 % higher than post-CTRL stimuli (t =
8.378, 95% CI: [6.618; 10.660], p < 0.001). Finally, we found that the difference between
CTRL and MS was lower for MP (B; = -6.623, t = -4.323, 95% [-9.626; -3.620], p < 0.001)

(Figure 6-3, left).

6.5.2.3 Assessing the interaction between Time, Mind-set, and Threat

(Model 3)

The random slope improved the model’s fit (X2(2) = 866.360, p < 0.001). Model 3 revealed a
main effect of Time (xz(l) = 25.056, p < 0.001) and interaction between Time and Mind-set
(*(1) = 37.682, p < 0.001) as well as the interaction between Time, Mind-set and Threat
(Xz(l) = 8.244, p = 0.004). Similarly to Model 2’s findings, there was no significant

interaction between ME and Time (Xz(l) = 2.334, p = 0.127), but a significant effect of ME
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on the interaction between Time and Mind-set (¥*(1) = 11.605, p = 0.001); whereas no
interaction between Time, Mind-set, Threat, and ME (x*(1) = 0.948, p = 0.330) was found.
The model identified the intercept at 54.530 + 1.227 % (t = 44.446, 95% CI: [52.126;
56.935], p < 0.001, R%marginat = 0.010, RZonditionat = 0.207) (Figure 6-3, right). Upon the
findings of Model 2, the difference between post-CTRL and post-MS ratings was greater in
the Threatening condition (B; = 3.024 + 1.053, t = 2.871, 95% CI: [0.960; 5.088], p = 0.001)

but there was no difference associated with ME (Appendix, Table s7) (Figure 6-3, right).

MOdel 2 Model 3 . F[?l:rcept
o= Time
o= Time x Mind-set
Time x Mind-set x Threat

- —— o= Time x ME
Time x Mind-set x ME
. »= Time x Mind-set x Threat x M
.
.
.
45 50 55 60 65 45 50 55 60 65

Figure 6-3. Results of Model 2 (left) and Model 3 (right) on the normalised VAS ratings (min-max transform, %). Dots
represent the Bs and the matted lines represent the 95% confidence intervals calculated by Wald method. Black — intercept,
blue — Time effect, red — Time x Mind-set interaction, orange — Time x Mind-set x Threat interaction, purple — Time X
Meditation experience (ME) interaction, salmon — Time x Mind-set x ME interaction, brown — Time x Mind-set X Threat x
ME interaction.

6.5.3 Brain oscillations

By applying our models to the time-frequency (TF) data, we identified one theta and two
alpha AOQIs: a theta (6.6 — 7.2 Hz. 364.571 — 467.143ms) and alpha AOI (10.7 — 12.6 Hz,
251.2 — 348.3ms), and a late low alpha AOI (7.1 — 8.4 Hz, 682 — 909ms) by consecutive
significant interactions between both Time, Mind-set and Threat as well as Time, Mind-set

and ME (Figure 6-4). Topographies are presented in Figure 6-5.
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Figure 6-4. Time-frequency EEG areas of interest (AOls, theta (6.6 — 7.2 Hz. 364.571 — 467.143ms), alpha (10.7 — 12.6 Hz,
251.2 — 348.3ms), and low alpha (7.1 — 8.4 Hz, 682 — 909ms)). The top six panels show the spectrograms of the post-CTRL
(Threat conditions pooled) and post-MS (in Non-threatening and Threatening conditions) estimates. The bottom six panels
show the t-values in the same conditions. Upper rows are the effects in NP and lower rows are the effects in MP. AOls are
circled. The plots are showing the difference between Non-threatening/Threatening MS and CTRL as well as NP and MP.

There was no significant main effect of Threat on the brain responses in any AOIs. The theta
activity post-MS was greater compared with post-CTRL in the Threatening condition for the
NP. Yet, MP did not display such an increase. MP had greater alpha power post-CTRL and
lower post-MS. However, the decrease post-MS was only present in the Non-threatening
condition as there was a lack of change in the Threatening condition from pre- to post-MS in
the alpha activity. MP showed increased late low alpha post-MS, however, Model 3 revealed
this increase only in the Non-threatening condition. MP showed a decrease in post-MS late
low activity in the Threatening condition. On the contrary, NP showed a significantly
decrease of post-MS late low alpha activity in the Non-threatening but increase in the

Threatening condition.
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Figure 6-5. Topographies of the theta AOI (A), the alpha AQOI (B), the late low alpha AOI (C) for NP (right) and MP (left)
in pre- and post-MS and CTRL conditions. The changes in power from pre- to post-MM were affected by the interactions
between Time, Mind-set and Threat as well between Time, Mind-set and Meditation experience (ME).

6.5.3.1 Assessment of the effect of Threat (Model 1)

6.5.3.1.1 Theta

The random slope improved the model’s fit (x*(2) = 144.519, p < 0.001). We found no effect
of Threat on the theta power (3°(1) = 0.693, p = 0.405) or interaction between Threat and ME
(2(1) = 0.494, p = 0.482). The model estimated the intercept at —0.341 + 0.231 dB (t = -
1.476, 95% CI: [-0.794; 0.112], p = 0.146, R%narginal < 0.001, R%ongitional = 0.222). The theta
power following Threatening stimuli was non-significantly higher for NP (; = 0.064 £+ 0.077

dB, t = 0.831, 95% Cls: [-0.087; 0.214], p = 0.831). ME predicted a non-significantly greater
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power for MP compared with NP (f; = 0.080 £ 0.114 dB, t = 0.706, 95% Cls: [-0.142;

0.303], p = 0.480).

6.5.3.1.2 Alpha

The random slope improved the model’s fit (3*(2) = 78.025, p < 0.001). There was no effect
of Threat on the alpha power (x*(1) = 1.597, p = 0.206), or interaction between Threat and
ME (x*(1) = 3.699, p = 0.054). The model estimated the intercept at -1.126 + 0.208 dB (t = -
5.417, 95% Cl: [-1.534; -0.719], p < 0.001, R%narginal < 0.001, R?congitionat = 0.218). The alpha
power following Threatening stimuli were non-significantly lower for NP (B; = -0.087 %
0.069 dB, t = -1.265, 95% Cls: [-0.223; 0.048], p = 0.206). ME predicted a non-significantly
greater power for MP compared with NP (f; = 0.197 £ 0.102 dB, t = 1.926, 95% Cls: [-

0.003; 0.397], p = 0.054).

6.5.3.1.3 Late Low alpha

The random slope improved the model’s fit (y*(2) = 71.828, p < 0.001). We found no effect
of Threat on the low alpha power (x*(1) = 0.118, p = 0.731) or interaction between Threat and
ME (x*(1) = 0.363, p = 0.547). The model estimated the intercept at —3.010 + 0.210 dB (t = -
14.300, 95% Cl: [-3.422; -2.597], p < 0.001, Rmarginal < 0.001, Rconditional = 0.249). The low
alpha power following Threatening stimuli was not significantly different for the NP (B =
0.022 + 0.064 dB, t = 0.731, 95% ClIs: [-0.103; 0.147], p = 0.731), or between the

experimental groups (B; = 0.057 £ 0.095 dB, t = 0.602, 95% Cls: [-0.129; 0.242], p = 0.547).
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6.5.3.2 Assessing the interaction between Time and Mind-set (Model 2)

6.5.3.2.1 Theta

The random slope improved the model’s fit (x*(2) = 144.301, p < 0.001). There was no effect
of Time on the theta power (xz(l) = 2.187, p = 0.139), nor interaction between Time and ME
(*(1) = 0.888, p = 0.346), interaction between Time and Mind-set (¥*(1) = 0.509, p = 0.476)
or interaction between Time, Mind-set and ME (x*(1) = 0.799, p = 0.372). The model
estimated the intercept at -0.221 £+ 0.230 dB (t = -0.960, 95% CI: [-0.673; 0.230], p = 0.342,
R%marginat = 0.001, R%congitional = 0.222). There were no significant effects of Mind-set or ME

(Appendix, Table 10-8).

6.5.3.2.2 Alpha

The random slope improved the model’s fit (x*(2) = 71.032, p < 0.001). We found no effect
of Time on the alpha power (3°(1) = 0.161, p = 0.689) or interaction between Time and Mind-
set (¥*(1) = 0.999, p = 0.318). There were significant interactions between Time and ME
(x*(1) = 8.876, p = 0.003) and between Time, Mind-set, and ME (x*(1) = 8.082, p = 0.004).
The model estimated the intercept at -1.184 + 0.208 dB (t = -5.691, 95% CI: [-1.592; -0.776],
p < 0.001, R%marginal = 0.001, Rconitional = 0.218). While there was no difference between the
change in alpha power from pre- to post-MS and —CTRL for NP, there was a significantly
lower alpha power post-MS compared with post-CTRL and higher alpha power from pre- to

post-CTRL for the MP (Table 6-2 & Figure 6-6).
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B SE t-value 95% Cls p-value

Intercept -1.184 0.208 -5.691 -1.592; -0.776 < 0.001
Time -0.037 0.092 -0.404 -0.219;0.144  0.686
Time x Mind-set 0.123 0.123 1.001 -0.118;0.365  0.316
Time x ME 0.408 0.137 2.983 0.140;0.677  0.003
Time x Mind-set x ME -0.521 0.183 -2.849 -0.879;-0.162  0.004

Table 6-2. Summary of Model 2 partitioning the effects of Time, Mind-set and Meditation experience (ME) on the alpha
activity. 95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using
Satterthwaites approximations. Note the significant effects of ME in the CTRL and in the MS conditions.

Intercept
Time
Time x Mind-set

Time x ME
Time x Mind-set x ME

2 -1 0
Activity [dB]

Figure 6-6. Alpha AOI Model 2 results. Dots represent the s and the matted lines represent the 95% confidence intervals
calculated by Wald method. Black — intercept, blue — Time effect, red — Time x Mind-set interaction, purple — Time X
Meditation experience (ME) interaction, salmon — Time x Mind-set x ME interaction. Note the greater alpha power post-
CTRL and its decrease post-MS for the MP.

6.5.3.2.3 Late Low alpha

The random slope improved the model’s fit (x*(2) = 68.570, p < 0.001). We found no effect
of Time on the low alpha power (x*(1) < 0.001, p = 0.999), interaction between Time and ME
(4*(1) = 0.063, p = 0.802), or interaction between Time and Mind-set (x°(1) = 2.967, p =
0.085). However, we did find a significant interaction between Time, Mind-set and ME (x*(1)
=9.057, p = 0.003) The model estimated the intercept at -2.988 + 0.211 dB (t = -14.194, 95%
Cl: [-3.401; -2.576], p < 0.001, R%narginal = 0.001, R?conditionat = 0.250). There was no effect of
Mind-set on the NP, whereas MP showed higher late low alpha power post-MS compared

with NP (Appendix, Table 10-9).
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6.5.3.3 Assessing the interaction between Time, Mind-set, and Threat

(Model 3)

6.5.3.3.1 Theta

The random slope improved the model’s fit (y*(2) = 144.507, p < 0.001). We found no effect
of Time (¥*(1) = 2.187, p = 0.139), Time and ME (y*(1) = 0.888, p = 0.346), interactions
between Time and Mind-set (3°(1) = 0.509, p = 0.476) or between Time, Mind-set and ME
(1) = 0.799, p = 0.372) (Table 6-3). There were significant interactions between Time,
Mind-set, and Threat (x*(1) = 11.189, p = 0.001) and between Time, Mind-set, Threat and
ME (x*(1) = 4.383, p = 0.036). The model estimated the intercept at -0.221 + 0.230 dB (t = -
0.960, 95% ClI: [-0.673; 0.230], p = 0.342, R%yarginat = 0.001, R’congitionat = 0.222). We found
that the difference between post-MS and post-CTRL theta power was significant in the
Threatening condition for NP (Table 6-3 & Figure 6-7). MP did not show this change (Table

6-3 & Figure 6-7).

B SE t-value 95% Cls p-value
Intercept -0.221 0.230 -0.960 -0.673; 0.230 0.342
Time -0.155 0.104 -1.481 -0.359; 0.050 0.139
Time x Mind-set -0.156 0.161 -0.970 -0.472; 0.160 0.332
Time x Mind-set x Threat 0515 0.154 3.345 0.213; 0.817 0.001
Time x ME -0.146 0.155 -0.942 -0.449; 0.157 0.346
Time x Mind-set x ME 0.428 0.240 1.787 -0.041; 0.898 0.074
pime x Mind-set X Threatx g 479 0.229 2003 -0927,-0030  0.036

Table 6-3. Summary of Model 3 partitioning the effects of Time, Mind-set, Threat and Meditation experience (ME) on the
theta activity. 95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using
Satterthwaites approximations. Note the significant effects of Threat in both NP and MP cases.
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Figure 6-7. Model 3 results on the theta AOI. Dots represent the Bs and the matted lines represent the 95% confidence
intervals calculated by Wald method. Black — intercept, blue — Time effect, red — Time x Mind-set interaction, orange —
Time x Mind-set x Threat interaction, purple — Time x Meditation experience (ME) interaction, salmon — Time x Mind-set x
ME interaction, brown — Time x Mind-set x Threat x ME interaction. ME predicted significantly lower post-MS theta
activity in Non-threatening but not in Threatening condition.

6.5.3.3.2 Alpha

The random slope improved the model’s fit (x*(2) = 71.111, p < 0.001). No effect of Time on
the alpha power (x*(1) = 0.161, p = 0.688), interaction between Time and Mind-set (¥*(1) =
2.577, p = 0.108), or interaction between Time, Mind-set and Threat (x*(1) = 2.235, p =
0.135) was revealed. We did find significant interactions between Time and ME (3%(1) =
8.881, p = 0.003), Time, Mind-set and ME (5*(1) = 14.277, p < 0.001) and between Time,
Mind-set, Threat and ME (x*(1) = 7.044, p = 0.008). The model estimated the intercept at -
1.184 + 0.208 dB (t = -5.691, 95% Cl: [-1.592; -0.776], p < 0.001, R’narginai = 0.002,
RZconditional = 0.219). Alpha power increased post-CTRL for MP. MP showed a lower post-MS
alpha power in the Non-threatening condition while higher in the Threatening condition

(Table 6-4 & Figure 6-8).
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B SE t-value 95% Cls p-value

Intercept -1.184 0.208 -5.691 -1.592; -0.776 <0.001
Time -0.037 0.092 -0.404 -0.219; 0.144 0.686
Time x Mind-set 0.227 0.141 1.609 -0.050; 0.504 0.108
Time x Mind-set x Threat -0.207 0.139 -1.495 -0.479; 0.065 0.135
Time x ME 0.408 0.137 2.983 0.140; 0.677 0.003
Time x Mind-set x ME -0.794 0.210 -3.785 -1.205; -0.383 <0.001
Lime x Mind-setx Threat X 547 0.206 2,654 0.143; 0.951 0.008

Table 6-4. Summary of Model 3 partitioning the effects of Time, Mind-set, Threat and Meditation experience (ME) on the
alpha activity. 95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using
Satterthwaites approximations. Note the significant effects of ME.
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Figure 6-8. Model 3 results on the alpha AOI. Dots represent the Bs and the matted lines represent the 95% confidence
intervals calculated by Wald method. Black — intercept, blue — Time effect, red — Time x Mind-set interaction, orange —
Time x Mind-set x Threat interaction, purple — Time x Meditation experience (ME) interaction, salmon — Time x Mind-set x
ME interaction, brown — Time x Mind-set x Threat x ME interaction. ME predicted lower post-MS alpha power in the Non-
threatening condition and higher in the Threatening condition.

6.5.3.3.3 Late low alpha

The random slope improved the model’s fit (y*(2) = 68.799, p < 0.001). We found no effect
of Time on the low alpha power (x*(1) < 0.001, p = 1.000) or interaction between Time and
ME (°(1) = 0.063, p = 0.802). Our model revealed significant interactions between Time and
Mind-set (x*(1) = 13.777, p < 0.001), between Time, Mind-set and ME (¥*(1) = 20.359, p <
0.001), between Time, Mind-set and Threat (x*(1) = 20.167, p < 0.001) and between Time,
Mind-set, Threat and ME (3°(1) = 14.800, p < 0.001). The model estimated the intercept at -
2.988 + 0.211 dB (t = -14.196, 95% Cl: [-3.401; -2.576], p < 0.001, R’nargina = 0.003,

RZconditionat = 0.251). There was no change in late low alpha power in the CTRL condition in
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either experimental group (Table 6-5 & Figure 6-9). Model 3 revealed that NP showed a
decrease post-MS in late low alpha power in the Non-Threatening, but not in the Threatening
condition. MP showed higher late low alpha power post-MS compared with NP in the

Threatening and lower in the Threatening condition (Table 6-5 & Figure 6-9).

B SE t-value 95% Cls p-value
Intercept -2.988 0.211 -14.196 -3.401; -2.576 <0.001
Time 0.000 0.085 0.002 -0.167; 0.168 0.999
Time x Mind-set -0.483 0.130 -3.713 -0.739; -0.228 <0.001
Time x Mind-set x Threat 0575 0.128 4.492 0.324; 0.826 <0.001
Time x ME -0.032 0.127 -0.252 -0.280; 0.216 0.801
Time x Mind-set x ME 0.873 0.193 4514 0.494; 1.253 <0.001
pime x Mind-set xThreatx g 735 0.190 3847 11050359  <0.001

Table 6-5. Summary of Model 3 partitioning the effects of Time, Mind-set, Threat and Meditation experience (ME) on the
late low alpha activity. 95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated
using Satterthwaites approximations. Note the effects of MS and Threat on the NP and the inverse effects in the MP cases.
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Figure 6-9. Model 3 results on the late low alpha AOI. Dots represent the Ps and the matted lines represent the 95%
confidence intervals calculated by Wald method. Black — intercept, blue — Time effect, red — Time x Mind-set interaction,
orange — Time x Mind-set x Threat interaction, purple — Time x Meditation experience (ME) interaction, salmon — Time x
Mind-set x ME interaction, brown — Time x Mind-set x Threat x ME interaction. NP showed lower post-MS late low alpha
power in the Non-threatening condition and no change in the Threatening condition, while MP showed significantly higher
post-MS late low alpha power in the Non-threatening condition and lower in the Threatening condition.
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6.6 Discussion

The present study aimed to quantify the impact of experience in meditation practice on MS
effects over perception and neural responses. We followed a previously established
methodology to measure the effects of MS on somatosensory brain responses and pain
perception (Gyimes & Valentini, 2021, under review). Thus, we tested how meditators were
differently affected by reminders of death in terms of somatosensory perception and brain
activity. Moreover, we have introduced a psychological manipulation on the expectation of
pain (Gyimes & Valentini, 2021 under review) aiming to enhance the effects of MS measured
in previous studies (Valentini et al., 2014, 2015, 2017). According to TMT explanations, we
expected to see increased pain after MS induction. Furthermore, we expected decrease in
alpha frequency band power and increase in theta power compared with CTRL condition.
Most importantly, we expected for the MS effects to be dampened, or even reversed in

individuals with experience in meditation.

6.6.1 Anxiety state and mood

TMT claims that no explicit change in anxiety state level or mood should occur as a result of
MS induction. Accordingly, we found no significant change in anxiety or negative mood
(Appendix, Table 10-1, Table 10-4, Figure 10-2 & Figure 10-3) confirming our previous
findings (Valentini et al., 2014, 2015, Gyimes & Valentini, 2021, under review). However,
we also replicated a significant reduction in positive mood (Table 6-1, Figure 6-2). A finding
we recently interpreted as due to the overall negative valence of the experimental mind-sets,

leading to a general reduction in positive mood (Gyimes & Valentini, 2021, under review).

Concerning meditation practitioners, they showed lower anxiety and negative mood whilst

higher positive mood scores than non-meditation practitioners (Figure 6-3). This is supportive
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of the notion that meditation practice can lead to anxiety and stress reduction (Shapiro et al.,

1998) and well-being improvement (Kingston et al., 2007).

6.6.2 Pain ratings

As we expected, post-MS ratings of painful stimuli were significantly higher than post-CTRL
(Figure 6-3). This is in agreement with previous findings using classical MS (Valentini et al.,
2014). Furthermore, we were successful in increasing the MS effect by introducing the Threat
factor, resulting in a significantly greater increase in perceived pain level post-MS (Figure
6-3, right). Our analysis also revealed a significant decrease in VAS ratings in the CTRL
condition, likely explained by a general habituation phenomenon (Figure 6-3 left and right)

(Hollins et al., 2011).

MP showed no difference from NP in CTRL condition, and they did not experience an
increase in pain intensity post-MS. Thus, we confirmed our hypothesis that experience in
meditation can act as a buffer against MS effects. Surprisingly, while meditation practitioners
showed no change in their pain after MS induction, they were influenced by the Threat
manipulation (Figure 6-3, right). One could argue that while MP can buffer abstract
existential threats, they are not equally able to buffer concrete sensory threat. Nonetheless, a
more logical explanation might ground in the effect of meditation practice on agreeableness.
Indeed, meditation practice positively correlates with agreeableness (Thompson & Waltz,
2007; Barkan et al., 2016) and higher degree of agreeableness has been linked to greater
susceptibility to placebo effects (Beedie et al., 2008; Kelley et al., 2009; Pecifia et al., 2013).
Thus, it is possible that MP are more vulnerable to psychological manipulations such as our

Threat condition.
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6.6.3 Brain oscillations

We have identified three AOIs: a theta (6.6 — 7.2 Hz. 364.571 — 467.143ms), an alpha (10.7 —
12.6 Hz, 251.200 — 348.300ms) and a late low alpha AOI (7.1 — 8.4 Hz, 682.000 —
909.000ms) (Figure 6-4 & Figure 6-5). These AOIs resulted from the consecutive significant
interaction between Time, Mind-set and Threat or Time, Mind-set, and Meditation

experience, or both.

Theta power increased significantly post-MS in the Threatening condition for the NP. This is
reminiscent of the increased theta amplitudes in response to painful laser stimulation both
with the classical MS manipulation and during observation of death-related images (Valentini
et al., 2014, 2017). MP did not show this pattern, thus suggesting a top-down modulation on
the standard somatosensory brain responses in this group. Interestingly, MP showed greater
alpha power post-CTRL and greater power reduction post-MS relative to the pre-stimulus
baseline (Figure 6-6). This is usually referred to as event-related desynchronization (ERD)
and thought to index increased cortical excitability (Neuper & Pfurtscheller, 2001).
Consequently, ERD can be a meaningful marker of sensory and cognitive modulations
(Streltsova et al., 2010; Hu et al., 2013; Peng et al., 2015; Ricci et al., 2019). We posit that
the increased alpha ERD may represent increased attentional gain of somatosensory stimuli
after reminders of mortality. Surprisingly, MP showed alpha ERD after MS only in the Non-
threatening condition (Figure 6-8). Despite the lack of a significant main effect of Threat, this
finding suggests a significant interaction between MS and pain expectation. NP experienced
significant late low alpha ERD post-MS in the Non-threatening but not in the Threatening
condition (Figure 6-9). MP on the other hand showed a significant late low alpha ERS post-
MS in the Non-Threatening condition and not in the Threatening condition (Figure 6-9). It is

possible that the psychological threat of pain is differently processed between MP and NP.
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However, our design was not conceived to disclose this difference as it was focused on

enhancing and detecting the MS effects on the neural processes.

Alpha event-related synchronization (ERS) and ERD can both signal attention shifts. ERS
has been theorised to show a suppression of attention towards non-relevant tasks (Klimesch,
2012). The alpha activity for MP increased significantly post-CTRL while decreased
significantly post-MS, a pattern that may reflect selective attention differences between the
mind-sets. We speculate that the alpha ERD following MS (Figure 6-6) signals an increase in
somatosensory activity for meditators. However, the lack of alpha ERD when presented with
an increased sensory threat may suggest a top-down inhibition of somatosensory activation in
this group. This explanation is supported by the notion that alpha activity can signal attention

to pain (Ploner et al., 2017).

6.6.4 Conclusive remarks

The novelty of the current study is twofold. First, we demonstrate that experience in
meditation can act as a buffer against the MS induced changes in perceptual and neural
responses. Second, we implemented a MS that is directed towards one’s romantic partner
instead of the participant’s own mortality. Previous studies indicated that close relationships
can act as a buffer against reminders of death (Taubman-Ben-Ari et al., 2002; Cox & Arndt,
2012; McCabe & Daly, 2018). Crucially, ours is the first study to show that reminders of a

romantic partner’s death can indeed trigger similar MS effects.

Based on a previously developed methodology (Gyimes & Valentini, 2021, in review), we
showed again that expectation of a more threatening stimulus can influence both the
subjective experience of the electric stimulus and the brain responses supporting the top-
down modulation of pain perception (Fiorio et al., 2012; Valentini et al., 2014; Torta et al.,
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2017). Nevertheless, this was a collateral finding associated with our design. Future research
may determine the extent of the effects observed in our study by adopting different designs

and techniques.

In conclusion, we confirmed our hypothesis that experience in meditation can buffer the
effects exerted by reminders of death and that this modulation is associated with specific

alteration of oscillatory brain activity.
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7 General discussion

Throughout this thesis, | presented two studies (Sections 5 & 6). In this current chapter I will
discuss our findings, the strengths and limitations of our studies, and lay out potential further
directions for investigating the effects of MS on the brain responses. After a short recap
below, I will first reiterate the most significant findings of Study 1 (Section 5) and Study 2
(Section 6) separately, explaining how they fit in the literature. Secondly, I will talk about the
novelty of our experimental and statistical methods utilised in our studies. Finally, 1 will
discuss the strengths and limitations of our study suggesting improvements for future

experiments.

In Study 1, our aim was to test how certain personality traits linked to MS can act as
moderators to the effects of MS. We expanded on previous methodologies (Valentini et al.,
2014, 2015) by adding an additional manipulation, namely the manipulation of the
expectation of pain. As expectation of pain has also been linked to pain perception, in that
stimuli with higher expectation of pain is perceived as more painful (Fiorio et al., 2012). This
manipulation was included to enhance the effects of MS on pain perception and
somatosensory brain responses. While we failed to detect increase in perceived pain after
classical reminders of participants’ own mortality (Experiment 1, Section 5.2), reminders of
mortality of one’s romantic partner did predict a significant increase in perceived pain levels
(Experiment 2, Section 5.3). However, more importantly, we showed the significant effects
of anxiety and depression trait scores on both pain perception and somatosensory brain
responses. Not only did we confirm the opposing effects of anxiety and depression (Dobson,
1985), we also showed how strongly these personality traits can predict the effectiveness of

MS induction.
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Following Study 1, we tested participants who had experience in meditation techniques in
Study 2 (Section 6). By implementing the same MS as we used in Study 1 Experiment 2
(Section 5.3), we investigated how experience in meditation acts as a buffer against MS.
There are numerous studies investigating the effects of meditation on the mind (e.g. Baer,
2003; Kingston et al., 2007; Ospina et al., 2007; Hashemi et al., 2016; Basso et al., 2019) and
there is evidence for considering meditation practices as a potential buffer against MS (Park
& Pyszczynski, 2019). Indeed, we found that there was no significant increase in pain after
MS of the meditation practitioners. Furthermore, we also observed a greater alpha
desynchronization following MS induction for the meditation practitioners. Thus, we showed

how people with experience in meditation techniques are affected differently by MS.

7.1 The moderating effects of personality traits on the effects of

mortality salience

In Study 1 (Section 5) we conducted 2 experiments. In Experiment 1 (Section 5.2) we
investigated how the effects of MS on somatosensory perception and brain responses can be
predicted by seven personality traits. These traits (i.e. self-esteem, anxiety, depression, fear of
death trait scores as well as anxious, close and dependent attachment style scores) were all
established as factors interacting with reminders of mortality. Self-esteem is one of the
original personality traits believed to act as a buffer against existential threat (Greenberg et
al., 1986; Harmon-Jones et al., 1997; Pyszczynski et al., 2004). Links between anxiety and
existential threat have also been already established (Pyszczynski, 2004; Iverach et al., 2014).
Following that, there is a connection between anxiety and depression (Dobson, 1985).
Anxiety seems to occur in response to potential threats to self-esteem or happiness, and

depression responds more to already occurring threats to self-esteem or happiness (Beck,
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1976). Thus, self-esteem, anxiety and depression are linked to each other and potentially to
the buffers and defences against existential anxiety. While fear of death seems to be
intuitively linked to MS, there are studies investigating how perceptive one can be to
reminders of mortality (Solomon & Greenberg, 2000). Relationships and attachments have
also been named as potential buffers against death anxiety (Florian et al., 2002; Cox & Arndt,
2012). It has been shown that MS-induction resulted in increased wish for intimacy
(Taubman-Ben-Ari et al., 2002). Thus, we chose the aforementioned personality traits to
investigate how well they can explain the changes in perception of and brain responses to
anxiogenic somatosensory stimuli. Furthermore, we expanded the previous method of using
pain to measure the effects of MS (Valentini et al., 2014, 2015, 2017) by implementing a
psychological threat manipulation. Participants were expecting “normal” (Non-threatening)
and “‘sigmoid-shaped” (Threatening) stimuli. These were indicated by a coloured circle
before each stimulus. It is widely accepted that expectation of pain can affect perception
(Loeser & Melzack, 1999; Wager et al., 2004; Tracey, 2010; Atlas & Wager, 2012; Kokonyei
et al., 2019). Thus, we built on this notion and the previous findings that perceived threat
value can predict higher perceived pain (Wiech et al., 2010; Atlas & Wager, 2012) in order to

enhance our ability to detect MS-related changes.

There were two significant differences between Study 1 Experiment 1 (Section 5.2) and
Experiment 2 (Section 5.3). Firstly, while we only recruited people who were not in an
exclusive romantic relationship for Experiment 1 and utilised the classical MS directed to the
self (see in Study 1 Methods and Materials section, Section 5.2.3), we did investigate people
who were in exclusive relationships in Experiment 2 and asked participants to think about the
death of their romantic partner. This change was justified by the assumptions of TMT that
any death-related reminder can trigger the changes in behaviour described by TMT (see

Pyszczynski et al., 2015 for a review), as well as by the previously mentioned link between
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relationships and terror management (Florian et al., 2002; Taubman-Ben-Ari et al., 2002;
Mikulincer et al., 2003; Cox & Arndt, 2012). Secondly, we used the measurement of fear of
other’s death instead of fear of death for our analysis to better fit the experimental design.
The rationale behind this was the MS. We assumed that reminder of the mortality of one’s

romantic partner should be closer linked to fear of other’s death than to fear of death.

7.1.1 Pain perception

Despite our assumptions, MS only predicted significant change in perceived pain levels in
Experiment 2 (Figure 5-12). In the CTRL condition and in Experiment 1’s MS condition we
found that pain levels decreased over time (Figure 5-3), conforming to the general habituation
effect (Hollins et al., 2011). Thus, we found that only the idea of losing one’s romantic

partner elicited higher perception of pain.

However, personality trait scores showed significant interactions with the changes of VAS
ratings in the different Mind-set conditions. In both experiments anxiety and depression
predicted opposing effects, showing that with higher anxiety trait level predicting an increase,
higher level of depression trait predicted decrease in pain perception (Table 5-2, Table 5-6).
These findings confirm both the importance of anxiety and depression traits for TMT
research and their complementary opposite direction. While in some studies participants with
extreme levels of anxiety or depression are excluded (Valentini et al., 2014, 2017), the effects
of these personality traits on behaviour have not been addressed. In Study 1, we provided a
strong case for taking personality traits into account to measure effects of MS also more

generic threat in a more reliable fashion.

We found that this psychological threat manipulation predicted a significant increase in

perceived pain; however, we failed to enhance the effects of MS in our experimental
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paradigm in Study 1. Sporadically, we succeeded in identifying Threat condition-specific

interactions, such as the close attachment in Study 1 Experiment 1.

All other personality traits predicted sporadic increases and decreases in both Experiment 1
and 2. We found that while fear of death predicted an increase in perceived pain in both
Mind-set conditions, fear of other’s death only predicted decrease in CTRL condition.
Similarly, self-esteem in Experiment 1 predicted increased pain perception in both
conditions, but only in CTRL in Experiment 2. These findings questioned the buffering role
of self-esteem against MS. Self-esteem is cardinal for TMT (Routledge et al., 2004,
Pyszczynski et al., 2015). However, as the replication crisis reached TMT (Klein et al.,
2019), it worth rethinking and retesting its core elements. As expected, close attachment type
showed significant interaction with MS in Experiment 1 (Mikulincer et al., 2003), however, it
was not exclusive to MS in Experiment 2. It is possible, that our control condition triggered
similar cognitive mechanisms to the MS used in Experiment 2 as an “active placebo”.
However, this goes against the notion that the idea of mortality triggers a unique type of

threat and consequently cognitive buffering mechanisms.

Overall, we showed that a lack of change after MS induction can be explained by anxiety and
depression trait levels. The significant predictive power of personality traits in the framework

of TMT was the most important finding of Study 1 (Section 5).

7.1.2 Brain responses

We investigated the somatosensory-evoked potentials as well as the brain oscillations
between 1 and 15 Hz from -0.2 sec to 1 sec after stimulus onset. The N2 component was
sensitive to threat manipulation in Experiment 1. This finding supports the assumption that

N2 is affected by attention to somatosensory stimulation (Michie, 1984; Eimer & Forster,
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2003). We found that the N2 component showed no habituation post-MS predicted by a
higher level of anxious attachment style (Figure 5-5). Similarly, dependent attachment type
predicted a lack of habituation of P2 component (Figure 5-6). The latter was notably only
present in the Threatening condition. In Experiment 2, we found that the N2 amplitude
interacted with the close attachment type (Figure 5-14, bottom). On one hand, this was
expected, as N2 is assumed to reflect negative valence (Hillyard et al., 1998; Eimer &
Forster, 2003; Wu et al., 2010). On the other hand, N2 interacted with the CTRL mind-set
rather than the MS mind-set. This was surprising, as we expected an effect of the on the MS-
buffering romantic relationship (Mikulincer & Florian, 2000; Taubman-Ben-Avri et al., 2002;
Cox & Arndt, 2012; McCabe & Daly, 2018). However, our findings did not reveal MS-
exclusive interaction of close attachment type. It is not impossible that relationships can act
as a buffer against a wide variety of threats, making existential threats less outstanding.
Alternatively, it is also possible that our control condition acted as an “active placebo”
triggering anxiogenic processes on a similar level than reminders of mortality, akin to the

effect we saw on the pain ratings.

Despite investigating a range of frequencies including delta, theta, alpha and low beta (1-15

Hz), we only found AOlIs in the alpha and theta frequency bands.

We identified three alpha AOIs (early, late and low) in Experiment 1 (Figure 5-7). Alpha
activity is a reliable indicator of thalamocortical excitability (Pfurtscheller et al., 2008;
Hanslmayr et al., 2011). There was significantly greater late alpha desynchronization
following Threatening stimuli compared to Non-threatening ones. This finding may be
interpreted as reflecting attention towards more threatening stimulus. Higher level of anxiety
predicted alpha desynchronization in all three AOIs, whereas depression predicted greater

alpha synchronization, confirming that anxiety generally results in a higher excitability

156



(Dobson, 1985). In a similar way, depression showed an inverse effect to anxiety. Thus
supporting the notion that anxiety increases and depression decreases brain excitability

(Dobson, 1985; Clark et al., 2009).

A modulation in the theta band was observed in both Experiment 1 and Experiment 2 (Figure
5-7 & Figure 5-16). The theta activity in Experiment 2 showed a significant reduction in MS
compared with CTRL predicted by close attachment style (Figure 5-17). Surprisingly, this
effect was not present in the Threatening condition. This can be attributed to threat overload,
that is the MS effects disappear when the level of threat conveyed is very high (see discussed
in Pyszczynski et al., 2015). Anxiety predicted a significantly greater theta desynchronization
in MS compared with CTRL. Depression trait scores also predicted greater theta
desynchronization in both Mind-set conditions. This was surprising, as we were expecting
anxiety trait scores to predict effects opposite in direction to depression. It is possible that
while in terms of perception of pain and thalamocortical excitability anxiety and depression
are predicting reciprocal effects (Dobson, 1985; Clark et al., 2009), this may not hold true for
all frequency bands. Higher fear of death scores predicted greater synchronized theta activity
(Figure 5-8). All these findings are in agreement with the notion that slow oscillatory
activities such as delta, theta, alpha and beta can show cognitive top-down modulation

(Klimesch, 2018).

Similarly to pain ratings, we found no significant effect of self-esteem on somatosensory-
evoked potentials nor on brain oscillations as measured through explicit self-reports collected
by a well-established questionnaire in the literature (Solomon et al., 1991; Solomon &
Greenberg, 2000; Routledge et al., 2004; Niemiec et al., 2010; Wisman et al., 2015). We
failed to identify substantial predictive capability of the fear of death and fear of other’s death

Scores.
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To sum it up, here we presented an important finding about the overlooked importance of
trait anxiety and depression in TMT research. Our results suggest that even small individual
variance in these trait scores (i.e. < 2 standard deviations) can result in significant impact on

MS effectiveness.

7.2 The buffering effects of meditation experience on the effects

of mortality salience

In Study 2 (Section 6), we utilised the experimental design used in Study 1 Experiment 2 to
investigate if experience in meditation can act as a buffer against the effects of MS. We used
the data collected in Study 1 Experiment 2 as a control group for Study 2 and we followed a
similar method to analyse the results. There are numerous studies showing how experience in
meditation can lead to reduced anxiety (Shapiro et al., 1998) and depression levels (Bitner et
al., 2003) as well as to an increased psychological well-being (Ospina et al., 2007),
compassion level (Lutz et al., 2008), higher level of attention and self-regulation
(Brefczynski-Lewis et al., 2007; Tang et al.,, 2007) among others. Considering how
meditation practitioners are better at regulating their emotions (Basso et al., 2019), it is not
hard to see why people would investigate the effects of meditation on existential threat (Park

& Pyszczynski, 2019).
7.2.1 Pain perception

Akin to Study 1 (Section 5), we investigated the effect of pain expectation manipulation.
Threat affected both participants with and without experience in meditation practices. Other
studies showed similar results of meditation practitioners buffered pain measured on McGill

Pain Questionnaire but not against thermal pain assessments (Mischkowski et al., 2021).
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Furthermore, it is argued that the perception of pain expectation manipulation can strongly
differ between individuals (Lim et al., 2020). A potential explanation can rest in the role of
individual differences in agreeableness. Prior studies show, that even short term experience in
meditation practices can lead to an increase in one’s agreeableness scores (Thompson &
Waltz, 2007; Barkan et al., 2016). People with higher scores of agreeableness are more prone
to experience placebo effects (Beedie et al., 2008; Kelley et al., 2009; Pecifia et al., 2013). It
is noteworthy that our manipulation of expectation can be considered as nocebo. Participants
were expecting a more painful stimulation while in fact they received stimuli with the same
intensity. Therefore, individuals with higher disposition to nocebo might have responded to

the threatening stimulus to the greater extent.

7.2.2 Brain activity

In Study 2, we focused only on the brain oscillatory activity, as it is a more accurate
description of the brain activity than event-related potentials (Buzséaki, 2011). Neural
oscillation are believed to be better suited to disclose the neural mechanisms underpinning
several cognitive, sensory and motor functions (Cohen, 2017). Thus, we decided to work on
this more meaningful form of neural data instead of the SEPs. Nevertheless, for the
completeness of this thesis, we provided the SEP analysis in the Appendix for Study 2,

Section 10.4. Similarly to Study 1, we identified alpha a theta AOls.

NP showed an increase in theta synchronisation post-MS compared with CTRL only in the
Threatening condition. Among other slow oscillations, theta is affected by top-down
modulation (Klimesch, 2018). On one hand, this seems to confirm our hypothesis that by
increasing the perceived threat value of our somatosensory stimuli, we can enhance the
effects of MS. On the other hand, it begs the question if this psychological manipulation

enhances the MS effects or competes for the same cognitive load required to process the MS
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manipulation, thus dampening the effects of MS (see in Pyszczynski et al., 2015). MP
showed a greater alpha synchronization post-CTRL and desynchronization post-MS. This is
in accordance with the idea that event-related synchronisations (ERSs) and event-related
desynchronization (ERDs) in the alpha frequency band can indicate inhibition and activation
in certain brain areas respectively (Klimesch, 2012). Furthermore, it is possible that alpha
ERS indicates an inhibition of a certain area in the brain in response to a stimulus and not a
general lack of focus (Klimesch, 2012). We found that Threat predicted a significantly
greater late low alpha ERD for the MP but not for the NP who showed an increase in alpha
synchronisation. Thus, it is possible that late alpha activity reflects the cognitive processes
(e.g. emotion control (Ospina et al., 2007), self-regulation and attention (Jha et al., 2007,
Brefczynski-Lewis et al., 2007; Tang et al., 2007)) that are affected by meditation experience.
Previous studies already showed that people with experience in meditation can down-regulate
pain perception (Zorn et al., 2020). MP showed a significantly greater alpha ERD in the Non-
threatening condition, but not in the Threatening one. However, the NP showed no such
pattern. This pattern was unexpected as we were expecting the same, but dampened effects in
MP and in NP. It is possible that as MP have higher level of self-regulation (Tang et al.,
2015), control over their attention (Jha et al., 2007; Malinowski, 2013; Farb et al., 2013;
Morrison & Jha, 2015), ability to regulate their emotions (Chambers et al., 2009; Goldin &
Gross, 2010; Lutz et al., 2013) as well as self-awareness (Holzel et al., 2011; Berkovich-
Ohana et al., 2012; Yair Dor-Ziderman et al., 2013) their neural response for anxiogenic
stimuli may be different from NP. Previous studies showed that greater experience in
meditation techniques can predict a greater ability to reduce the effects of pain (Bushnell et
al., 2013; Zeidan et al., 2015; Zorn et al., 2020). Thus, our results seem to be in agreement

with the notion that meditation practice can lead to greater emotional control (Chambers et
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al., 2009; Goldin & Gross, 2010; Lutz et al., 2013), pain regulation and even changes in

neural responses (Davidson et al., 2003; Cahn & Polich, 2006; Hauswald et al., 2015).

7.3 General conclusions of Study 1 and Study 2

Our research aimed at shedding light on how neural responses are affected by MS and how
personality traits (Study 1, Section 5) and experience in meditation (Study 2, Section 6) can
act as moderators for the effects of MS. We implemented an experimental design using
threatening somatosensory stimuli while measuring the level of perceived pain by visual
analogue scale ratings and brain activity using EEG (Figure 5-1 & Figure 6-1). In Study 1, we
presented a strong case for including personality traits as predictive factors into TMT
research. Especially anxiety and depression trait scores can predict different levels of
effectiveness of MS. Even though we identified significant AOIs in the theta range, we
generally found that the alpha frequency band holds important information of how the brain’s
process of external stimuli is affected by MS. Study 2 provided us with results supporting the
idea that experience in meditation techniques can act as buffers against existential threats.
However, we also found that while experience in meditation results in greater attention and
self-regulation levels (Brefczynski-Lewis et al., 2007; Tang et al., 2007), MP can be more
perceptible to psychological manipulation. We considered this as the effect of a generally
higher level of agreeableness observed in MP (Thompson & Waltz, 2007; Barkan et al.,
2016) which positively correlates with the efficiency of the placebo effect and so by analogy
of nocebo effect (Beedie et al., 2008; Kelley et al., 2009; Pecifia et al., 2013). Our
manipulation of the pain expectation is a nocebo effect (Pozgain et al., 2014). Meaning, it is
possible that the higher level of agreeableness also correlates with the efficiency of nocebo. It
is also noteworthy, that our analysis revealed two significant effects in mood and anxiety
scores: as expected, we found that MP had a significantly higher positive mood score, lower
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anxiety state and marginally non-significantly lower negative mood scores compared to NP;
however, we also found that the positive mood scores decreased significantly in both studies,
regardless of Mind-set condition. This is an important finding, as it can signal either that the
experimental method affects the mood and/or that the threatening scenarios affect the mood
scores. Although, our study was not designed to investigate this question, these effects will

have to be addressed in future research.

7.4 Novel methods and limitations

In the two studies presented, we used the novel statistical approach of applying mixed-effects
models to the analysis of neural data. We argued that the best method to investigate the
effects of categorical (pre/post, CTRL/MS, Non-threatening/Threatening, NP/MP) together
with continuous factors (personality traits) was mixed-effects modelling. Unlike analysis of
variance (ANOVA), mixed-effects models can include random intercepts and random slopes.
For example, in our experimental design the model intercept was random on the participant
level. This operation allowed us to eliminate the statistical differences between participants.
While in our case the linearity of the models were assumed (i.e. we always had two levels in
the categorical factors and two points always defines a line) one of the main strengths of
mixed-effects models is their ability to model non-linear relationships (Krueger & Tian,
2004). Mixed-effects models offer numerous additional benefits making them more suitable
for neural data analysis compared to ANOVA. While repeated measures ANOVA cannot
handle missing data or unequal sample sizes, generalised mixed-effects models can tackle
this issue (Krueger & Tian, 2004). Frequently, EEG data points are lost due to noises or
artifacts. By implementing mixed-effects models as the default analysis method, we
improved our methods of understanding neural data. Lastly, mixed-effects models can take
individual differences into account. These abilities make mixed-effects modelling a superior
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method compared to ANOVA for analysing brain activity. Even though mixed-effects models
have been utilised on EEG components before (Huang et al., 2008; Davidson, 2009; Riha et
al., 2020), there has been no attempt to use mixed-effects models as a method of whole trial
analysis to our knowledge. We applied our models onto each point in our SEP and brain

oscillation data.

However, there are some limitations that should be discussed. Firstly, due to the complexity
of our studies, we could not establish false discovery rates (FDRSs) for our method. Study 1
had three categorical factors (Mind-set, Threat and Time) with seven continuous predictors
(personality traits). To establish a justifiable FDR for our methodology, a study with one
factor and another study with two factors and one interaction are needed. In general, we can
use bootstrapping or theoretical criteria to limit sporadic false positives. We used the latter,
claiming that a meaningful SEP 101 should be at least 20 ms and brain oscillation at least 100
ms long. A more precise method would attempt measuring the required amount of
consecutive time points with significant effects to the frequency, such as at least 2 or 3 cycles
(i.e. this would mean 500 ms length of 4 Hz or 200 ms of 10 Hz). Furthermore, we found no
clear indication in the literature about the range of frequencies required for a meaningful
AOI. Our resolution in the frequency domain was 0.1 Hz, resulting in some very long (500 —
700 ms) effects in the lower frequencies (1 — 3 Hz) but only in a few frequency lines (e.g.
from 2.7 to 2.1 Hz). We aim to further investigate this and to establish clear criteria to what

considers as significant 10l and AOI.

In terms of our findings, we showed the importance of personality traits in predicting the
effectiveness of MS (Section 5) and the buffering effect of experience in relaxation
techniques against the effects of MS (Section 6). Although our effects were highly significant

in both studies, our main limitation was the number of participants. To establish clear effects
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accounted by continuous variables, such as personality traits, a greater sample size is
required. Thus, our studies cannot provide a conclusive statement on the role of individual
differences in personality traits in the context of TMT research. Similarly, we could not
recruit large number of MP to account for short and long-term effects of experience in
meditation techniques. This was partially caused by the scarce availability of local meditators
particularly those with longstanding and intense practice. Moreover, the COVID-19
pandemic prevented us to recruit more participants. Likewise, age is a clear unbalancing
factor in experiments investigating the effects of experience in a given practice. Participants
who were long-time practitioners of meditation techniques tend to be older compared to non-
meditation practitioners. As every research conducted on university campuses, our primary
pool of participants was university students. Thus, sampling participants from different age
groups is unavoidable. Nevertheless, our findings on the efficacy of such experience against
existential threat but not against other threat types (in our case the psychological

manipulation of stimulus expectation) opened a new line of questions.

Power analysis was also an issue for all of our experiments. The effect sizes of MS are
unclear, as pointed out by Klackl & Jonas (2019). As such, any power simulation is
questionable. Yet, we have relied on the sample size of previous studies and the strengths of
our within-subject design and mixed-effects analysis. Within-subject designs are less affected
by failure to randomly assign participants to experimental conditions and decrease the effect
of individual variance (Charness et al., 2012). A recent study recorded four participants three
times with four different EEG systems. They reported that differences across participants
accounted for 32% of the variance, the EEG systems for 9% of the variance, and the repeated
sessions for the combination of each subject-system for 1% of the variance (Melnik et al.,
2017). In statistical terms, within-subject designs allow to capitalise on the analysis of
variance, within-subjects factors are included in the error-term notation whereas between-
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subjects factors are only included in the notation for the fixed-effects structure. Of course,
both designs have advantages, but it is fair to claim that between-subjects designs have less
power, especially in contexts (like ours) where mixed-effects models can compellingly tackle

individual variance at trial level.

Unfortunately, during the past few years TMT has been heavily criticised (Klein et al., 2019).
These criticisms raised several valid issues, worth considering. McCabe at al. (2018) found
that the idea of losing one’s job can lead to greater mortality cognition (compared to a control
mind-set). This finding questions the basic idea of TMT that death is a unique concept for us.
Such results open up a whole new line of questioning whether existential anxiety is only
limited to the fear of death, or it includes other aspects of our existence such as job security.
If, the assumption of TMT is true and death is a unique concept for the human consciousness,
then using the idea of losing one’s job, such as we did in Study 2 (Section 6) for people who
were not students is an exceptionally well-established control. The threat to job security and
financial stability is not directly linked to threats against one’s existence. As such, the
difference between these two concepts should only be the idea of mortality. However, if TMT
is incorrect in its assumption of the fear of mortality being special, we will have to reconsider

our approach to terror management.

The classical control condition for MS is dental pain (Greenberg et al., 1994; Pyszczynski et
al., 2015). It is important to investigate the effects of MS using different control conditions,
ones that are closer to be existential threats, but are not related directly to the idea of death.
Such issues were addressed by proponents of TMT stating that certain conditions can
logically lead to the idea of mortality (such as the idea of violence can invoke the idea of
consequent death; Pyszczynski et al., 2006). However, such explanation cannot be applied to

the idea of job security, which requires several steps and leaps to link with mortality (e.g. loss
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of employment leads to financial insecurity, which leads to insecurity of living place as well
as food, which leads to a harsher life situation which leads to potential death). Similarly, the
idea that certain threats can increase death thought accessibility goes against the theory of
mortality salience being unique. The field of TMT would greatly benefit from extensive
research involving a wider variety of threats to establish what humans perceive as existential

threat.

Last, but not least, we used different colours to manipulate stimulus expectation. It can be
argued that colours can affect pain perception, this is a weak point of our experimental design
(Wiercioch-Kuzianik & Babel, 2019). While there is no data suggesting that yellow and blue
colours would affect pain sensation significantly differently, there are indications that short-
and long-wavelength colours have different psychological meanings (Adams & Osgood,
1973). Thus, we recommend that future research use a different method for manipulating
stimulus expectations, such as arrows pointing right or left or other geometrical shapes in two

different positions.

To summarise, we consider the statistical method used in our studies as a promising first step
towards a more robust and precise analysis of brain responses. Further research is clearly
needed to establish selection criteria and FDR. Replication of our studies using greater
number of participants and not colour-based manipulation of stimulus expectation is
important for testing our methodology. More importantly, expanding the scope of personality

traits that can potentially interact with MS is a crucial step to test the validity of TMT.
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7.5 Future research

Our two studies provided a greater understanding on the effects of mortality salience.
However, it is important to push forward and expand on our findings. In the followings, 1 will

list three potential research lines that can use our studies as their bases.

7.5.1 Personality traits

First and foremost, we investigated seven personality traits that were reported to be linked
with MS by past literature. However, there are more trait measurements which can potentially
act as significant moderators. Body-esteem has recently been linked to MS in tactile sensation
(Beyrak-Lev et al., 2018). As we did not find any effect of self-esteem in our methodology, it
would be beneficial to measure self-esteem and body-esteem in a similar methodology or to
use implicit self-esteem, measures to address this issue. There is foundation for using Implicit
Association Test (Greenwald et al., 1998) to measure implicit self-esteem (Greenwald &
Farnham, 2000). By applying multiple methods of measuring self-esteem, we could narrow
down which aspect of it buffers the effects of MS. Following this logic, it is beneficial to use
different questionnaires and methods to investigate personality traits. Here we only used one
per trait. While the questionnaires we utilised are all well-established and frequently used
(see in Sections 4.2.4 and 4.3.3), future studies can expand on this by investigating the same
personality traits using different measuring tools. Moreover, breaking down traits into
subscales can also provide valuable information. In Study 2 (Section 6), we investigated
experience in meditation. Mapping out the predictive capabilities of simpler traits, such as
mindfulness traits or agreeableness, can be useful to understand the effects of meditation
practice. Such experiments will provide convergent evidence about the role of personality

traits in the framework of TMT. To sum up, investigating more personality traits, researching
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the same traits with using different tools and investigating subscales of said traits can provide

better understanding on the effects of MS.

7.5.2 Other, non-death-related control conditions

The classical TMT research uses dental pain as control to mortality (Pyszczynski et al.,
2015). However, the idea of pain in a research using somatosensory stimuli is biased, thus we
followed a previously established control of failure on an important exam (Valentini et al.,
2014) and added a similarly negative control of losing one’s employment. It is important to
investigate the effects of further, non-death-related threats to show if reminders of death
effects are truly unique. Researchers are using different control conditions ranging from
watching television (Huang et al., 2021) through general negative statements (Feng et al.,
2017) to failing on an exam (Valentini et al., 2014), but there is currently no comprehensive
study investigating the perception and/or the effects of non-death-related, generic threats. It is
crucial to investigate the effects of non-death-related existential threats, too (e.g. paralysis,
abandonment, being lost, etc.). This is certainly a valid field of investigation that would
require more attention from the research community. Implementation of linear mixed-effects

models EEG data

Mixed-effects models handle unequal group sizes, great individual variance and different
types of predictors better than ANOVA. These abilities make mixed-effects modelling well-
suited for EEG studies, where trials are rejected due to artifacts and individual brain
responses can vary. Although our studies implemented mixed-effects models in a novel way,
there are several aspects of this new method that require investigation. Further analysis could
use our studies as a foundation for consecutivity thresholding. By simulating data using a

bootstrapping method we can establish a minimum time length for an effect to be considered
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significant. As neural data autocorrelates, using the length of consecutive significant findings
can prove to be a faster, easier and less aggressive false discovery ratio correction than
lowering the p value or cluster-based permutation tests. Adjusting the p value raises the issue
with the amount of data we test in an EEG experiment, while cluster-based permutation tests
are not equipped to provide valid information on ‘where’ or ‘when’ the difference between
two condition occurs (Sassenhagen & Draschkow, 2019). Studies implementing permutation-
based tests will lead to universally established consecutivity thresholding reducing FDR and

the potential for overcorrecting EEG data.

7.6 Conclusions

This thesis details how individual differences in personality traits and experience in
meditation techniques interact with the effects of MS on pain perception and somatosensory
neural responses. We found that certain trait values (especially depression and anxiety) play a
major role in predicting how effective MS will be on an individual. We also showed that

experience in meditation techniques can act as a buffer against the threat of mortality.

In addition, we provided a detailed analysis on both behavioural and neural data. We
implemented a novel statistical method in analysing neural data and identifying 10ls and
AOIs. In doing so, we created a foundation for future studies implementing mixed-effects
models to identify significant effects in brain activity. Our results aligned with prior research
on personality traits (Dobson, 1985; Mikulincer & Florian, 2000; Taubman-Ben-Ari et al.,
2002; Menzies et al., 2021); however we failed to find the buffering effects of self-esteem. In
the light of the current replication crisis, our results could explain the sporadic success in

replication of the original TMT findings and further question some of its core tenants.
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Overall, our findings showcased the importance of the inclusion of personality traits in TMT

research and the effects of experience in meditation techniques in buffering death anxiety.
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9 Appendix for Study 1

9.1 Experiment 1

9.1.1 STAI and PANAS results

Anxiety state Positive mood Negative mood
. 20 20
40
10 10 .
N 20 . 2 )
: £ sl
;O == ]
Z £ : | |
0 .
10 -10
-20 20 - -20
CTRL MS CTRL MS CTRL MS

Figure 9-1 Differences between pre- and post-MM anxiety state, positive and negative mood. The boxes represent the
interquartile range, the line within each box represents the median and the dots represent outliers. Blue — CTRL, red — MS.
Note the similar central tendency before and after MM and across the two mind-sets.

9.1.1.1 Anxiety state

sares O o  F P @
Mind-set 100.000 1 100.000 2.673 0.115 0.014
Residuals 898.000 24 37.417 - - -
Time 139.240 1 139.240 1.425 0.244 0.007
Residuals 2344.760 24 97.698 - - -
Mind-set x Time 0.160 1 0.160 0.007 0.935 0.000
Residuals 571.840 24 23.827 - - -

Table 9-1 Results of the repeated measure ANOVA on the anxiety state scores. No significant main effect or interaction has
been found.
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Figure 9-2. Difference between pre- and post-MM anxiety state scores in both Mind-set conditions. The boxes represent the
interquartile range, the line within each box represents the median and the dots represent outliers. Blue fill- CTRL, red fill —
MS, green contour — pre-MM, orange contour — post-MM.

9.1.1.2 Negative mood

squares. O Square F P @
Mind-set 2.250 1 2.250 0.295 0.592 0.000
Residuals 183.000 24 7.625 - - -
Time 30.250 1 30.250 1.801 0.192 0.012
Residuals 403.000 24 16.792 - - -
Mind-set x Time 1.690 1 1.690 0.424 0.521 0.000
Residuals 95.560 24 3.982 - - -

Table 9-2. Results of the repeated measure ANOVA on the negative mood scores. No significant main effect or interaction

has been found.

25

200

Negative mood

CTRL MS

25

20

Pre-MM

Post-MM Pre-MM

Post-MM

Figure 9-3. Difference between pre- and post-MM negative mood scores in both Mind-set conditions. The boxes represent
the interquartile range, the line within each box represents the median and the dots represent outliers. Blue fill- CTRL, red
fill — MS, green contour — pre-MM, orange contour — post-MM.
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9.1.2 Pain ratings

9.1.2.1 Assessment of the effect of Threat (Model 1)

do o ol o e 46 48 50 52

Figure 9-4. Main effect of Threat on normalised (left) and non-normalised (right) visual analogue scale (VAS) ratings. Dots
represent the Bs and the matted lines represent the 95% confidence intervals calculated by Wald method. Black — intercept,
green — Threat effect.
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9.1.2.2 The modulatory role of Personality on the interaction between

Mind-set and Threat (Model 3)

B SE t 95% CI p ¥*(npar) ¥ p
Intercept 58.091 1568 37.059 55.019; 61.163 <0.001 -
MS -3.393  0.938 -3.616 -5.232; -1.554 <0.001
CTRL  -4974 0938 -5.301 -6.813; -3.135 <0.001
MS -3.493 0.938 -3.722 -5.332; -1.654 <0.001
CTRL  -3.109 0.938 -3.314 -4.948; -1.270 0.001
MS 5.699 1.092 5.221 3.560; 7.839 <0.001

Non-threatening

50.216(4) <0.001
Threatening

G.g Nonthrealening orpi 5535 1076 5144 34267645 <0.001 845004)  <0.001
8 rreatenn MS 6239 1092 5715  4099:8378 <0001 = '
9 CTRL 5640 1076 5241 _ 3531;7.749 _ <0.001
 Nomthreaoming VS 6428 L711  3754  3070,9776 <0001
2 9 CTRL -1.789 1687 -1061  -5.095:1516  0.289 293y <0001
2 ireatenin MS 6551 1711 3830 31989904 <0001 '
9 CTRL  -2407 1687 -1427  -5.712;0.899  0.154
MS 5994 1545 -3878  -9.022,-2965 <0001
c _ _
g Nonthreatning o) 358 1524 0801  -4344;1628 0373
@ 38.128(4) < 0.001
g MS  -8389 1545 -5429 -11418;-5361 <0.001
Threatening
CTRL -3070 1524 -2015 -6.056;-0.084  0.044
Nonthreatening  MS 5290 125 4053 27117788 <0001
< § CTRL 3958 1277 3099 14556460 0002  z7oses) <001
BB L wenin MS 5058 1295 3901  2514;7.592 <0001
9  CTRL 3648 1277 2857 1145.6.150  0.004
MS 2566 1301 1973  0017;5116 0049
o, 5 Nonthreatening - oro) 354 1282 2762 1.029,605  0.006 "
S 30.343(4) <0001
3 g . MS 5371 1301 4129  2.821;7.920 <0001
Threatening  crp) 5750 1282 4485 3.239,8.266  <0.001
Nomthreatoning_MS 4465 L1178 3791  2157,6773  <0.001
@3 ° CTRL 136 1161 1142 36050950 0253 o 1084 0.001
<5 MS 1200 1178 1019  -1108;3508  0.308 ' '

Threatening  crp| 5305 1161 2064 -4672:-0121  0.039

MS 1.145 1248 0.917 -1.301; 3.591 0.359
CTRL 1226 1230 0.997 -1.185; 3.638 0.319

MS 1363  1.248  1.092 -1.083; 3.809 0.275
CTRL  0.927 1.230  0.753 -1.484; 3.338 0.451

Non-threatening
2.752(4) 0.600

AAS
Dependent

Threatening

Table 9-3. Changes in pain ratings associated with Mind-set, personality traits and level of Threat. 95% Cls were calculated
by Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All scores were
centred as z-scores for the analysis.
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9.1.3 Somatosensory-evoked potentials
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Figure 9-5. Pre- (left) and post-MM (right) SEPs. Coloured dotted lines show the single subject SEPs and the solid black

line represents the average SEP for both Time conditions.
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Figure 9-6. Topographies of the N2 component (left) and the P2 component (right) identified by the linear mixed-effects

models.
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9.1.3.1 The modulatory role of Personality on Mind-set (Model 2)

9.1.3.1.1 N2

B SE t 95% Cl p ¥*(npar) vp
Intercept -6.809 1325 -5.138 -9.406;-4.211 <0.001 - -
MS 1437 0.180 8.001 1.085;1.789 <0.001
100.790(2) < 0.001
CTRL 1.149 0.180 6.397 0.797;1.501 <0.001
MS  -0.840 0.209 -4.025 -1.249;-0.431 <0.001
Fear of Death 16.206(2) < 0.001
CTRL -0.065 0.209 -0.313 -0.475;0.344 0.754
MS 0933 0.327 2.851 0.291;1574 0.004
Anxiety 9.124(2) 0.010
CTRL 0357 0.328 1.088 -0.286;0.999  0.277
MS 0.231 0.296 0.781 -0.348;0.810  0.435
Depression 1.015(2) 0.602
CTRL 0.198 0296 0670 -0.382;0.779  0.503
MS  -0.387 0.248 -1.561 -0.872;0.099  0.119
Self-esteem 2.883(2) 0.237
CTRL 0.151 0.248 0.610 -0.335;0.638  0.542
MS -1.275 0.249 -5.127 -1.763;-0.788 < 0.001
AAS Anxious 28.898(2) <0.001
CTRL 0365 0.249 1464 -0.124;0.853 0.143
MS -0.011 0.225 -0.048 -0.452;0.431 0.962
AAS Close 0.146(2) 0.930
CTRL -0.088 0.226 -0.390 -0.530;0.354  0.697
MS 0.385 0.239 1.612 -0.083;0.852  0.107
AAS Dependent 11.597(2) 0.003
CTRL 0.731 0.239 3.056 0.262;1.199 0.002

Table 9-4. Changes in N2 component amplitude associated with Mind-set and personality traits. 95 % Cls were calculated
using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All scores

were centred as z-scores for the analysis.
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9.13.1.2 P2

[ SE t 95% ClI p ¥2(npar) 2P
Intercept 0.803 0422 1.902 -0.025;1.630  0.069 - -
MS -0.953 0.151 -6.309 -1.249;-0.657 <0.001
96.584(2) < 0.001
CTRL -1.193 0.151 -7.903 -1.489;-0.897 <0.001

MS 0295 0.175 1.686 -0.048;0.638  0.092
Fear of Death 4.939(2) 0.085
CTRL 0.266 0.175 1522 -0.077;0.609  0.128

MS 0165 0274 0603 -0.372;0.703  0.546
Anxiety 0524(2) 0770
CTRL 0121 0274 0441 -0.417;0.659  0.659

MS  -0.220 0.248 -0.887 -0.705;0.266  0.375
Depression 3.811(2) 0.149
CTRL -044 0.248 -1.774 -0.925;0.046  0.076

MS 0122 0.208 0.585 -0.285;0.528  0.558
Self-esteem 0.941(2) 0.625
CTRL -0.153 0.208 -0.739 -0.560;0.254  0.460

MS 0.030 0.208 0.144 -0.379;0.439  0.886
AAS Anxious 0.448(2) 0.799
CTRL -0.135 0.209 -0.645 -0.543;0.274  0.519

MS 0132 0189 0701 -0.238;0502  0.483
AAS Close 0963(2)  0.618
CTRL 0138 0189 0732 -0.232;0.508  0.465

MS 0.486 0.200 2.428  0.094;0.877 0.015
AAS Dependent 9.402(2) 0.009
CTRL -0.353 0.200 -1.764 -0.745;0.039  0.078

Table 9-5. Changes in late P2 amplitude associated with Mind-set and personality traits. 95 % Cls were calculated using the
Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All scores were centred
as z-scores for the analysis.
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9.1.3.2 The modulatory role of Personality on the interaction between

Mind-set and Threat (Model 3)

9.1.3.2.1 N2

B SE t 95% CI p ¥?(npar) ¥ p
Intercept -6.809 1.325 -5.138  -9.406;-4.211 <0.001 - -
MS 1712 0221 7732  1.278;2.146  <0.001
CTRL 1249 0221 5642 08151683 <0.001
MS 1163 0221 5252  0.729;1597  <0.001
CTRL 1.049 0221 4739  0.615;1483  <0.001
MS  -0.796 0257 -3.091 -1.300;-0.291  0.002

Non-threatening

106.046(4) < 0.001
Threatening

%5 < Non-threatening i
£ CTRL 0020 0258 -0076 05250485 0939 000 o000
8 ireatenin MS 0885 0257 -3437 -1.389;-0.380  0.001
9  CTRL 0411 0258 -0.432 -0.616;0.394  0.666
_ MS 1052 0403 2607 02611842  0.009
g Nonthreatening  ~rpo (g0 0404 1683 01121471 0092
2 11.281(4)  0.024
g reatent MS 0814 0403 2017 00231604 0044
reateing  ~rpL 0033 0404 0083 -0.758;0.825  0.934
MS 0026 0364 0071 -0.740,0688 0943
c ) .
§ MNonthreatening orpi 0132 0365 0361 05830847 0718
& 2.574(4) 0.631
5 MS 0488 0364 1338 -0.227;1202 0.8l
[a] Threatenin
9 CTRL 0265 0365 0727 -0.450;0980  0.467
Nom-threateni MS 0350 0305 L1177 09580239 0239
w £ 9 CTRL 0355 0306 1162  -0.244;0.954  0.245 a2 0377
] % Threatenin MS  -0414 0305 -1.355 -1.012;0.185  0.176 ' '
9 CTRL 0058 0306 -0.72 -0.652;0547  0.863
s Nonthreatening M 1206 0307 3931 -1807,-0604 <0001
w3 " i .
28 CTRL 0404 0307 1315 01981006 0188  ,oic0n  _oon
£ Threatenin MS  -1.345 0307 -4.384 -1.946;-0.744 <0.001
9  CTRL 032 0307 1061  -0.276;0928  0.289
Nom-threatenin MS 0123 0278 0444 04210668  0.657
@3 9 CTRL -0207 0278 -0745 -0.752;0.338  0.456 13740)  08de
<5 MS 0145 0278 0522 -0.689;0399  0.602 : :

Threatening  orpy 0031 0278 0113 -0514:0576  0.910

MS 0.245 0.294  0.832 -0.332; 0.822 0.405

Non-threatening o) (956 0295 3246  0379:1534  0.001

14.013(4)  0.007
MS 0525 0294 1783 -0.052;1.101  0.075

AAS
Dependent

Threatening  ~rp) 0505 0205 1713 00731082  0.087

Table 9-6. Changes in N2 component amplitude associated with Mind-set, Threat and personality traits. 95 % Cls were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All
scores were centred as z-scores for the analysis.
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9.13.2.2 P2

B SE t 95% CI p ¥?(npar) ¥ p
Intercept 0.803 0422  1.902 -0.024; 1.630 0.069 - -
Non-threatenin MS -0.888 0.187 -4.759 -1.254;-0.522 <0.001
9 CTRL -1.029 0.187 -5516 -1.395;-0.664 <0.001 99.386(4) <0001
Threatenin MS -1.017 0.187 -5452  -1.383;-0.652 <0.001 ' '
9 CTRL -1.357 0.187 -7.274 -1.723;-0.992 <0.001
MS 0.264 0.217 1.217 -0.161; 0.688 0.224
% Non-threatening
8 CTRL 0.298 0217 1374  -0.127;0.722 0.169
s 5.072(4) 0.280
5 MS 0.326 0217 1506  -0.098;0.751 0.132
e Threatening
CTRL 0.235 0217 1.085  -0.189;0.660 0.278
MS 0.256 0.339 0.755 -0.409; 0.921 0.450
Non-threatening
2 CTRL 0.303 0.339 0.891 -0.363; 0.968 0.373
= 1.562(4) 0.816
< MS 0.075 0.339 0.220  -0.591;0.740 0.826
Threatening
CTRL -0.061 0339 -0.178  -0.726; 0.605 0.858
MS -0.211  0.307 -0.690  -0.812;0.389 0.490
c Non-threatening
% CTRL -0.685 0.307 -2.234  -1.286;-0.084 0.026
o 5.675(4) 0.225
g‘ MS -0.228 0307 -0.743  -0.829;0.373 0.458
Threatening
CTRL -0.194 0307 -0.634  -0.795; 0.407 0.526
MS 0.263  0.257 1.026  -0.240;0.767 0.305
c Non-threatening
38 CTRL -0.290 0.257 -1.129  -0.794;0.214 0.259
3 2.675(4) 0.619
z MS -0.020  0.257 -0.080  -0.524;0.483 0.937
(%] .
Threatening
CTRL -0.017  0.257 -0.065  -0.520; 0.487 0.948
MS 0.066 0.258 0.256 -0.440; 0.572 0.798
2 Non-threatening
'g CTRL -0.212 0.258 -0.820 -0.717; 0.294 0.413
< 0.763(4) 0.943
‘2 MS -0.006 0.258 -0.024 -0.512; 0.499 0.981
< Threatening
CTRL -0.057 0.258 -0.223 -0.563; 0.448 0.824
MS 0.374 0.234 1600  -0.084;0.832 0.110
® Non-threatening
3 CTRL -0.089  0.234 -0.382  -0.547;0.369 0.702
© 6.8024)  0.147
} MS -0.109 0.234  -0.467 -0.567; 0.349 0.640
Threatening
CTRL 0.366 0.234 1564  -0.092;0.824 0.118
- MS 0.350 0.248 1.414 -0.135; 0.835 0.158
S Non-threatening
=}
5 CTRL -0.172  0.248 -0.693 -0.657; 0.314 0.488
§ 11.845(4) 0.019
%] MS 0.621 0.248 2.509 0.136; 1.106 0.012
3 Threatening
CTRL -0.534 0248 -2.157  -1.020;-0.049 0.031

Table 9-7. Changes in late P2 amplitude associated with Mind-set, Threat and personality traits. 95 % Cls were calculated
using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All scores
were centred as z-scores for the analysis.
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9.1.4 Time-frequency analysis

Early alpha activity Low alpha/high theta activity
pre-MS pre-CTRl pre -MM pre—MS pre-CTRL pre—MM
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Figure 9-7. Topographies of the early alpha AOI (top left), the low alpha/high theta AOI (top right), the late alpha AOI
(bottom left) and the late theta AOI (bottom right). The changes in power from pre- to post-MM were affected by anxiety,
depression and fear of death scores.
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9.1.4.1 The modulatory role of Personality on Mind-set (Model 2)

9.1.4.1.1 Early alpha activity

B SE t 95% ClI p ¥:(npar) P
Intercept 0.687 0419 1640 -0.134;1.508 0.114 - -
MS -0.433 0.082 -5.300 -0.594;-0.273 0.000
59.628 (2) < 0.001
CTRL -0.443 0.082 -5411 -0.603;-0.282 0.000
MS  -0.082 0.095 -0.860 -0.268;0.105 0.390
Fear of Death 32.153(2) <0.001
CTRL -0.536 0.095 -5.638 -0.722;-0.349 0.000
MS  -0.799 0.149 -5.358 -1.091;-0.507 0.000
Anxiety 42.506 (2) <0.001
CTRL 0537 0149 3611 0.246;0.829 0.000
MS  -0.014 0.135 -0.105 -0.278;0.250 0.916
Depression 1.496 (2) 0.473
CTRL -0.164 0.134 -1.218 -0.427;0.100 0.223
MS  -0.336 0.113 -2975 -0.557;-0.115 0.003
Self-esteem 9.521 (2) 0.009
CTRL 0.084 0.113 0.744 -0.137;0.305 0.457
MS 0.211 0.113 1.860 -0.011;0.433 0.063
AAS Anxious 3.908 (2) 0.142
CTRL -0.072 0.113 -0.632 -0.293;0.150 0.527
MS  -0.017 0.103 -0.161 -0.218;0.185 0.872
AAS Close 3304(2) 0192
CTRL 0.185 0.102 1.810 -0.015;0.386 0.070
MS 0.043 0.109 0.399 -0.170;0.257  0.690
AAS Depend 3.003 (2) 0.223
CTRL 0.184 0.109 1.692 -0.029;0.397 0.091

Table 9-8. Changes in early alpha activity associated with Mind-set and personality traits. 95 % Cls were calculated by
Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All scores were centred

as z-scores for the analysis.
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9.1.4.1.2 Late alpha activity

i SE t 95% CI p ¥*(npar) vp
Intercept -3.396 0.315 -10.780 -4.014;-2.779 <0.001 - -
MS 0.122 0.091 1344  -0.056;0.300 0.179
85.579 (2) <0.001
CTRL 0.301 0.091  3.309 0.123; 0.479 0.001
MS 0.101 0.106 0.954 -0.106; 0.308 0.340
Fear of Death 2.399 (2) 0.301
CTRL -0.121 0.104 -1.160 -0.326;0.084 0.246
MS -1.304 0.166 -7.863 -1.629;-0.979 <0.001
Anxiety 61.802 (2) <0.001
CTRL -0.195 0.164 -1.192 -0.516;0.126 0.233
MS 0.976 0.150 6511 0.682;1.269 < 0.001
Depression 44897 (2) <0.001
CTRL -0.180 0.148 -1.220 -0.470;0.109  0.223
MS  -0.148 0.126 -1.175 -0.394;0.099  0.240
Self-esteem 4.846 (2) 0.089
CTRL -0.238 0.124 -1.923 -0.481;0.005  0.055
MS 0.243 0126 1929 -0.004;0.491  0.054
AAS Anxious 3.999 (2) 0.135
CTRL 0.078 0.124 0.630 -0.166;0.322  0.529
MS  -0.147 0.114 -1.286 -0.371;0.077  0.199
AAS Close 4111(22) 0.128
CTRL 0.167 0.113 1484 -0.054;0.388  0.138
MS 0322 0121 2661 0.085; 0.559 0.008
AAS Depend 13454 (2)  0.001
CTRL 0320 0.119 2.681 0.086; 0.554 0.007

Table 9-9. Changes in late alpha activity associated with Mind-set and personality traits. 95 % Cls were calculated by Wald
method and p-values for the fixed effects were calculated using Satterthwaites approximations. All scores were centred as z-

scores for the analysis.
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9.1.4.1.3 Late theta activity

B SE t 95% CI p yx:(npar) ©p
Intercept -1.414 0.221 -6.404 -1.847,-0.981 <0.001 - -
MS -0.501 0.109 -4.599 -0.714;-0.287 <0.001
23.982(2) <0.001
CTRL -0.339 0109 -3.115 -0.552;-0.126  0.002
MS 0.602 0.125 4814 0.357;0.847 <0.001
Fear of Death 12.76 3(2) <0.001
CTRL 0.008 0.125 0.061 -0.237;0.253 0.951
MS  -0626 0.196 -3.194 -1.009;-0.242 0.001
Anxiety 8.027(2) <0.001
CTRL 0253 0.196 1290 -0.131;0.636  0.197
MS 0.076 0.177 0428 -0.271;0.423  0.668
Depression 0.570 (2) 0.566
CTRL -0.140 0.177 -0.793 -0.487;0.206 0.428
MS  -0.307 0.148 -2.073 -0.598;-0.017 0.038
Self-esteem 4.769 (2) 0.009
CTRL 0225 0.148 1520 -0.065;0.516 0.128
MS -0.257 0.149 -1.728 -0.549;0.035 0.084
AAS Anxious 3.184 (2) 0.041
CTRL 0.179 0.149 1.201 -0.113;0471 0.230
MS -0.210 0.135 -1.559 -0.474; 0.054 0.119
AAS Close 2.444 (2) 0.087
CTRL 0.135 0.135 0998 -0.130;0.399 0.318
MS  -0402 0.143 -2.811 -0.682;-0.122  0.005
AAS Depend 4237(2) 0.015
CTRL -0.229 0.143 -1.604 -0.509;0.051  0.109

Table 9-10. Changes in late theta activity associated with Mind-set and personality traits. 95 % Cls were calculated by Wald
method and p-values for the fixed effects were calculated using Satterthwaites approximations. All scores were centred as z-

scores for the analysis.
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9.1.4.2 The modulatory role of Personality on

the interaction between

Mind-set and Threat (Model 3)

9.1.4.2.1 Early alpha activity

B SE t 95% CI p ¥?(npar) ¥ p
Intercept 0.687 0.419  1.640 -0.134; 1.508 0.114 - -
hreatenin MS  -0430 0100 -4297 -0.627;-0.234  <0.001
Non-threatening CTRL 0541 0100 5390 -0737:0344 <0001 oo oo
Threatening MS 0437 0100 4360 -0.633;-0.240 <0.001
CTRL -0.344 0100 -3.440 -0.541;-0.48  0.001
= . Nomthreaeming NS 005 OIL7 0206 02030254 0829
Sg CTRL 0654 0116 5623 0882042 <0001 yoooc oo
g8 Threatening MS 0189 0117 -1619 -0.417,0040  0.106 : :
CTRL -0417 0116 -3584 -0.645:-0.189 <0.001
>  Nomthreaening _MS 0747 0183 409 -110503% <0001
g CTRL 0575 0182 3151 02170832 0002 ,oe  op
£ hreatening MS 0850 0.183 4657 -1.208-0.493 <0.001
CTRL 0500 0.8 2742  0.1430.857  0.006
MS 0380 0.165 -2301 -0.703; 0.056  0.021
§ Nonthreatening oo 4416 0165 2527 -0.739;-0.093 0012
g 22.960(4)  <0.001
=Y MS 0351 0165 2126  0027,0674  0.034
O Threatening 1ol 0089 0165 0542  -0234:0412  0.588
© Nomthweatming VS 0367 0138 2652 0638 00% 0008
« £ CTRL 0125 0138 0902 01460395 0367  1)oo0n oo
3% i ) MS 0305 0.138 -2208 -0.576;-0.034  0.027 ' '
reatening  orp| 043 0438 0312 -0228,0.314  0.755
. MS 0432 0139 3110  0.160;0704  0.002
o5 NOVITERNING ool 0037 0139 0269 -0.234,0309 0788
$x MS 0010 0139 -0.071 -0.282,0262 0944  13269(4)  0.010
< Threatening  rol 0180 0139 1302 04520091 0193
Nonthreatening M5 0173 01% 1377 04190073 0169
Ox: CTRL 0067 0126 0533 03130179 088  1oeco  ooo
5 Threatening MS 0140 0126 1111  -0.107:0.386  0.266 : :
CTRL 0433 0126 3489  0.192;0.684  <0.001
o Nomthreatoming MO 0054 0133 0407 03150207 084
v e CTRL 0472 0133 1292  -0.089;0.433  0.197
<8 4652(4) 0325
<& Threatening MS 0141 0133 1058  -0.120:0402  0.290
CTRL 0196 0133 1471 -0.065,0.456  0.141

Table 9-11. Changes in early alpha activity associated with Mind-set, personality traits and level of Threat. 95 % CIs were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All
scores were centred as z-scores for the analysis.
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9.1.4.2.2 Low alpha/high theta activity

B SE t 95% CI D y?(npar) ¥ p

Intercept 2014 0537 3749  0.961;3.066  0.001 - -
MS 0429 0119 -3.623 -0.662;-0.197 <0.001
CTRL 0277 0119 -2.341 -0.510;-0.045  0.019
MS 0675 0119 -5694 -0.907;-0.442  <0.001
CTRL -0.325 0.119 -2.741 -0.557;-0.093  0.006
MS 0.113 0.137 0.826 -0.156;0.382  0.409

Non-threatening

129.16(4)  <0.001
Threatening

5g Nonthreatening orpi 0461 0138 3341 -0.731;-0190 0001 16.4548) 0,002
88 Threatening MS 0095 0137 0696 -0.174,0364 0487 4544 0.
CTRL -0419 0138 -3.037 -0.689;-0.149  0.002
>  Nonthreatoming M5 0668 0215 3105 10890246 0002
g CTRL 0164 0216 -0760 -0583,0250 048  .oyo)n ooy
& Threatening MS 1188 0215 5525 -1610;-0.767 <0.001
CTRL -0059 0216 -0272 -0.482;0.365  0.786
MS 0194 0194 0996 05740187 0319
§ MNonthreatening oo 0344 0195 -1763 -0.727,0038 0078
@ 47.316(4)  <0.001
s MS 1136 0194 5849  0.756; 1517  <0.001
° Threatening  ~rp) 0271 0195 -1.390 -0654;0111  0.165
C Nonthreaening MO 0200 0163 163 0585008 0102
« £ CTRL 0119 0164 0726 -0439,0202 0468 .00 o
&g Threatening MS 0203 0.163 -1248 -0522;0.116 0212 © :
CTRL 0109 0164 0665 -0.212:0.430  0.506
4 Nomthreatoning MS 0066 0164 0402 -0.386,0.255  0.687
23 CTRL 0514 0164 3126  0.192;0.83  0.002
5 Threatening MS  -0.312 0.164 -1.908 -0.633;0.008  0.056 17285(4) 0002
CTRL  0.444 0164 2699  0.122;0.766  0.007
Nonthreatening VS 0122 0148 082 04130168 0409
0w CTRL 0054 0149 0363 -0.238:0.346  0.717
5(8 MS 0219 0148 1482 -0.071;0510 0.138  4.988(4)  0.289

Threatening  crp 0148 0149 0996 -0.143;0440  0.319

MS -0.463  0.157 -2.951 -0.771;-0.156  0.003
CTRL -0.112 0.158 -0.713  -0.421;0.197 0.476

MS -0.299  0.157 -1.906  -0.607; 0.008 0.057
CTRL 0.054 0.158 0.342 -0.255; 0.363 0.733

Non-threatening
10.656(4)  0.031

AAS
Dependent

Threatening

Table 9-12. Changes in low alpha/high theta activity associated with Mind-set, personality traits and level of Threat. 95 %
Cls were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations. All scores were centred as z-scores for the analysis.
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9.1.4.2.3 Late alpha activity
B SE t 95% CI p ¥(npar) P
Intercept -3.396 0315 -10.780 -4.014;-2.779 <0.001 - -

MS 0178 0112 1586  -0042;0397 0113
CTRL 0503 0112 4485 02830722 <0.001
MS 0067 0112 059  -0.153;0286 0551 126:611(4) <0.001

CTRL 0.099 0112 0.884 -0.121; 0.319 0.377
MS 0240 0.130 1.838 -0.016; 0.495 0.066

Non-threatening

Threatening

Non-threatening

“g g CTRL 0175 0129 AL 04280079  0I7T (oo oo
88 Threatening MS  -0.038 0130 -0.292 -0.204;0218 0770 = ‘
CTRL -0.067 0129 -0.518 -0.320;0.186  0.604
_ MS 1481 0204 7.243 -1.882; -1.08L <0.001
Z  Nonthreatening .ip 321 0203 -1582 -0.718,0.077 0114
z Threatening MS 1127 0204 5511 -1527,-0726 <0001 O>o45(4) <0001
CTRL -0070 0203 -0.348 -0.468;0.327  0.728
MS 0842 085 4558  0.480;1203 < 0.001
S Non-threatening
2 CTRL 0136 0183 0741  -0.223;0.494  0.459
8 55.255(4)  <0.001
g N MS 1110 0.8 6011 07481472 <0.001
9 CTRL -0497 0183 2712 -0.855:-0138 0007
_ MS 0193 0155 -1.247 0490110 0212
é Non-threatening  ~rp)  g0p3 0153 -0147 -0.323,0278  0.883
8 MS 0102 0155 -0.657 -0.405,0.202 0511  10798(4) 0029
& Threatening  ~rp) 0454 0153 -2961 -0.755:-0.154 0003
_ MS 0474 0155 3048 01690778 0002
o 5 NoMthrealening oroi 0207 0154 1343 00950509 0179
$x _ MS 0013 0155 0084 -0.292;0318 0033  12406(4) 0015
< Threatening 1o 0050 0154 -0324  -0.352:0252  0.746
_ MS 0278 0141 -1.974 -0554,-0.002 0048
o g NOmthreaening oo o075 0140 0541 -0.198,0349 0588
$s _ MS  -0016 0141 -0111 -0.291;0260 0912  [-888(4) ~ 0.09%
Threatening  ~rp) 0250 0140 1853  -0.015:0532 0064
_ MS 0504 0149 3378 0211079 0001
5,2 Nomthreatening o, 6508 0143 1542 -0.062:0518 0123
igl MS 0140 0149 0938 -0.152;0432 0348  19015(4) <0.001

Threatening o) 0413 0148 2794 01230703  0.005

Table 9-13. Changes in late alpha activity associated with Mind-set, personality traits and level of Threat. 95 % Cls were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All
scores were centred as z-scores for the analysis.
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9.1.4.2.4 Late theta activity

B SE t 95% CI p ¥?(npar) vp
Intercept 1414 0.221  -6.404 -1.847,-0.981  <0.001 - -
Non-threatenin MS 0540 0140 -3849 -0.815 -0.265  0.000
9 CTRL 0216 0140 -1543 -0.491;0.058  0.123
e MS 0461 0140 -3200 -0.736;-0186 0001 20:244(4) <0.001
Threatening CTRL 0462 0140 -3202 -0.737,-0.187  0.001
. Non- MS 0483 0.162 20980  0.1650.800  0.003
S S threatening CTRL 0268 0162 1655 -0.049;0.585  0.098
1 © k)
88 Threatenin MS 0721 0162 4452  0403,1038 0000 09284 <0.001
9 CTRL 0253 0.162 -1559 -0.570;0.065  0.119
_ Non- MS 0.830 0254 -3306 -1.336,-0.342  0.001
2 threatening CTRL 0082 0254 0324 -0.415,0580  0.746
§ Threatenin MS 0412 0254 1625 090,008 0104  +740@& 0001
9 CTRL 0423 0254 1666 -0.075,0.920  0.096
MS 0029 0229 0126 -0.420;0.478  0.900
g Non-
@ threatening CTRL  -0.338 0229 -1473 -0787;0.112  0.141 o766 0546
[} . .
s ) ] MS 0123 0229 0536 -0.326;0572 0592
o Threatening CTRL 0057 0229 0250 -0.392;0507  0.803
Non- MS 0269 0192 -1401 -0.646;0.107  0.161
+ £ threatening CTRL 0136 0192 0706  -0.241;0.512  0.480
= o . . . . ;0. .
&g hreatonin MS 0345 0192 1796 0.722:0031 o073 2% 007
9 CTRL 0316 0192 1643  -0.061;0.692  0.101
Non- MS 0151 0193 -0.781 -0529;0228 0435
» g threatening CTRL 0.427 0193 2214 0.049; 0.805 0.027
$x MS -0364 0193 -1.886 -0.742;0014 0059  2.803(4)  0.024
< Threatening
CTRL  -0069 0193 -0.359 -0.447;0.309  0.720
Non- MS 0519 0175 -2970 -0.861;-0.176  0.003
» % threatening CTRL 0199 0175 -1.140 -0.542;0.143  0.254
< 8 :
<0 rhreatenin MS 0098 0175 0563 02440441 0573 o0  0.046
9 CTRL 0468 0175 2.680  0.126;0.810  0.007
Non- MS 0.348 0185 -1.880 -0.711;0.015  0.060
» 2 threatening CTRL -0.112  0.185 -0.606  -0.475; 0.251 0.545
< g MS 0455 0185 -2458 -0.818;-0.092 0014  2.423(4)  0.046
< a Threatenin
9 CTRL  -0346 0185 -1.870 -0.709;0.017  0.062

Table 9-14. Changes in late theta activity associated with Mind-set, personality traits and level of Threat. 95 % ClIs were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All

scores were centred as z-scores for the analysis.
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9.2 Experiment 2

9.2.1 STAI and PANAS results

Anxiety state Positive mood Negative mood
30 30 30
20 20 20
L10 210 L10
o a. o
@ ‘ulr; ‘l"m ‘ |
£o €0 | ] | &0 I?I ?{
-10 -10 -10 :
-20 . -20 -20
CTRL MS CTRL MS CTRL MS

Figure 9-8. Differences between pre- and post-MM anxiety state, positive and negative mood in Experiment 2. The boxes
represent the interquartile range, the line within each box represents the median and the dots represent outliers. Blue —
CTRL, red — MS. Note the similar central tendency before and after MM and across the two mind-sets.

9.2.1.1 Anxiety state

Sum of Mean

df F p o?
Squares Square

Mind-set 0.310 1 0.310 0.006 0.941 0.000
Residuals 1557315 24  55.618 - - -
Time 1.940 1 1940 0.053 0.820 0.000
Residuals 1027.435 24 36.694 - - -
Mind-set x Time 18.241 1 18.241 1.399 0.247 <0.001
Residuals 365.134 24 13.040 - - -

Table 9-15. Results of the repeated measure ANOVA on the anxiety state scores in Experiment 2. No significant main effect
or interaction has been found.

Anxiety state

CTRL MS
60 60
40 40
20 20
Pre-MM Post-MM Pre-MM Post-MM

Figure 9-9. Difference between pre- and post-MM anxiety state scores in both Mind-set conditions in Experiment 2. The
boxes represent the interquartile range, the line within each box represents the median and the dots represent outliers. Blue
fill- CTRL, red fill - MS, green contour — pre-MM, orange contour — post-MM.
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9.2.1.2 Negative mood

Sum of

Mean

2
Squares df Square F P ©
Mind-set 1.140 1 1.140 0.054 0.818 0.000
Residuals 590.422 28 21.087 - - -
Time 2.347 1 2.347 0.356 0.556 0.000
Residuals 184.716 28 6.597 - - -
Mind-set x Time 2.640 1 2.640 0.585 0.451 0.000
Residuals 126.422 28 4515 - - -

Table 9-16. Results of the repeated measure ANOVA on the negative mood scores in Experiment 2. No significant main

effect or interaction has been found.

25

200

Negative mood

CTRL

25

20

Ms

Pre-MM Post-MM

Pre-MM

Post-MM

Figure 9-10. Difference between pre- and post-MM negative mood scores in both Mind-set conditions in Experiment 2. The
boxes represent the interquartile range, the line within each box represents the median and the dots represent outliers. Blue
fill- CTRL, red fill - MS, green contour — pre-MM, orange contour — post-MM.
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9.2.2 Pain ratings

9.2.2.1 Assessment of the effect of Threat (Model 1)

0\0 QI\Q QI\Q 0\0 0\9 48 50 52 54 56

Figure 9-11. Main effect of Threat on normalised (left) and non-normalised (right) visual analogue scale (VAS) ratings in
Experiment 2. Dots represent the s and the matted lines represent the 95% confidence intervals calculated by Wald method.
Black — intercept, green — Threat effect
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9.2.2.2 The modulatory role of Personality on the interaction between

Mind-set and Threat (Model 3)

B SE t 95% CI p ¥2(npar) 2p
Intercept 53.091 1530 34.704 50.093; 56.089 < 0.001 - -
Non- MS 3560 0908  3.921 1.781; 5.340 <0.001
threatening CTRL 4872 0908 -5.366 -6.651; -3.092 <0001 8074) <0001
Threatenin MS 6584 0908  7.251 4.804; 8.363 <0.001 ' ’
9 CTRL 2503 0908  -2.757 -4.283; -0.724 0.006
- Non- MS 0379 1441 0.263 -2.446; 3.204 0.793
S¢S threatening  CTRL  -3.240 1442  -2.247 -6.065; -0.414 0.025
— g < ’
S£8 Threatenin MS 0.744 1441 0516 -2.081; 3.569 0.606 5.058(4) 0.080
9 CTRL 1914 1442 -1327 -4.739; 0.912 0.184
Nor- MS 3004 2064 1455 -1.042; 7.050 0.146
2 threatening CTRL  11.707 2.065  5.669 7.659; 15.754 <0.001
= 50.932(4)  <0.001
g ] MS 4534 2064 219 0.488; 8.580 0.028
Threatening .
CTRL 11.095 2065 5372 7.047; 15.142 <0.001
. Non- MS 8385 1488 -5634  -11.302; -5.468 <0.001
@ c threatening CTRL  -3.556  1.489  -2.389 -6.474; -0.638 0.017
o
§ > Threatenin MS  -0.602 1488 -6.451  -12.519; -6.685 <ooor  O11%0(4)  <0.001
9 CTRL 2425 1489 -1629 -5.343; 0.493 0.103
c Non- MS 0020 1321 0015 -2.568; 2.609 0.988
“ 5 threatening  CTRL 4505 1.321  3.410 1.916; 7.094 0.001
&g Threatening  MS 0151 1321 0115 2.437;2740 090  12786(H) - 0002
9 CTRL 3178 1321 2405 0.588; 5.767 0.016
Non- MS 2559 1918 1.334 -1.201; 6.319 0.182
(%]
v 3 threatening CTRL ~ 1.965 1.919  1.024 -1.797;5.726 0.306
< 5.196(4) 0.074
x N .
<2 Threatenin MS 3467 1918  1.807 -0.293; 7.227 0.071
9 CTRL 1817 1919  0.947 -1.945; 5.578 0.344
Non- MS 3139 1445 2172 0.307; 5.970 0.030
0 g threatening CTRL  3.977 1445 2752 1.144; 6.809 0.006
o
5 Threatenin MS 2876 1445 1.991 0.045; 5.708 0.047 17.601(4) <0001
9 CTRL 3889 1445  2.601 1.057; 6.722 0.007
MS 0672 1666 -0.403 -3.937; 2.594 0.687
- Non-
- threatening CTRL  -3.635 1.667 -2.181 -6.902; -0.369 0.029
<€ 1.911(4) 0.385
<g MS 1571 1.666 0.943 -1.695; 4.836 0.346
Q Th i
reaeNiNG  rRL 0010 1667 -0.006  -3.277;3.257 0.995

Table 9-17. Changes in pain ratings associated with Mind-set, personality traits and level of Threat in Experiment 2. 95%
Cls were calculated by Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations.

All scores were centred as z-scores for the analysis.
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9.2.3 Somatosensory-evoked potentials
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Figure 9-12. Pre- (left) and post-MM (right) SEPs in Experiment 2. Coloured dotted lines show the single subject SEPs and
the solid black line represents the average SEP for both Time conditions.
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Figure 9-13. Topographies of the N1 component (top), the N2 component (middle) and the P2 component (bottom)
identified by the linear mixed-effects models in Experiment 2.
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9.2.3.1 The modulatory role of Personality on Mind-set (Model 2)

9.23.1.1 N1

2

B SE t 95% ClI p v’(npar)  ¥*p
Intercept -0.608 0.082 -7.379 -0.770;-0.447 <0.001 - -
MS 0011 0109 0100 -0.203;0.225  0.920
0.450(2)  0.799
CTRL -0.064 0109 -0.591 -0.278;0.149 0554
o MS 0010 0156 -0.066 -0.316;0296  0.947
E ;5; g 0.108(2) 0947
CTRL 0042 0156 0270 -0.264;0.348  0.787
Z MS 0564 0224 -2522 -1003;-0.126 0012
X 12.331(2) 0.002
< CTRL 0441 0224 1970 0.002;0.879  0.049
§ MS 0079 0461 0492 -0.237;0.395  0.623
s 1.016(2)  0.602
& CTRL -0.128 0161 -0.793 -0.444;0.188  0.428
. E MS 0028 0143 0198 -0.252;0.309  0.843
3 % 2.539(2) 0.281
CTRL 0226 0143 1579 -0.054;0.507  0.115
S MS 0390 0208 1874 -0.018;0.797  0.061
$x 3476(2) 0.176
< CTRL -0.020 0208 -0.095 -0.427;0.388  0.924
©w g MS 0477 0157 -3.049 -0.784;-0.171  0.002
58 11.706(2)  0.003
CTRL 0151 0157 0964 -0.156;0.458  0.335
£ MS 0145 0181 0801 -0.209;0499  0.423
$s 1.712(2) 0425
& CTRL -0159 0181 -0.881 -0513;0.195 0379

Table 9-18. Changes in N1 amplitude associated with Mind-set and personality traits in Experiment 2. 95 % Cls were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All
scores were centred as z-scores for the analysis.
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9.2.3.1.2 N2

B SE t 95% ClI p ¥*(npar) ¥p
Intercept -4639 0.862 -5.383 -6.328;-2.950 <0.001 - -
MS 1249 0161 7.751  0933;1564  <0.001
91.814(2) <0.001
CTRL 0948 061 5884  0.632;1.263  <0.001
o MS -0060 0257 -0.232 -0.562;0443 0816
E % g 0139(2) 0933
CTRL -0078 0257 -0.303 -0.581;0426  0.762
Z MS 0471 0368 -1281 -1.191;0.249  0.200
= 1.836(2)  0.399
< CTRL 0161 0368 0438 -0560;0.882  0.661
s MS  -0.229 0265 -0.863 -0.748;0.291  0.388
g 2011(2)  0.366
& CTRL -0.305 0265 -1.150 -0.825;0.215  0.250
£ MS  -0359 0235 -1525 -0.819;0.102  0.127
[
¢ 9.112(2) 0011
S CTRL -0621 0235 -2639 -1083-0160 0.008
w3 MS 0509 0342 1490 -0.160;1178  0.136
} X 2190(2)  0.335
< CTRL 0018 0342 0053 -0.652;0.688  0.958
% MS -0035 0257 -0136 -0.539;0.469  0.892
$s 11.459(2)  0.003

CTRL 0870 0.257 3377  0.365;1.374 0.001

MS  -0.191 0297 -0.644 -0.772;0.390 0519
1126(2)  0.569

AAS
Dependent

CTRL -0.257 0.297 -0.866 -0.839;0.325 0.387

Table 9-19. Changes in N2 component amplitude associated with Mind-set and personality traits in Experiment 2. 95 % Cls
were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations. All scores were centred as z-scores for the analysis.
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9.23.1.3 P2

2

B SE t 95% ClI p Y(npar)  ¥*p
Intercept 6.560 0.782 8.392 5.028;8.092  <0.001 - -
MS 0445 0164 2703  0.122;0.767  0.007
12.756(2)  0.002
CTRL 0395 0.164 2403 0073;0.718  0.016
S MS 0052 0262 0197 -0.463;0.566  0.844
E ;5; g 0501(2) 0.779
CTRL -0.176 0261 -0.674 -0.688;0.336  0.501
£ MS 0489 0376 -1.302 -1226;0247 0193
E 8.646(2) 0.013
CTRL -1.002 0374 -2.678 -1.735;-0269  0.007
5 MS  -0.290 0271 -1.070 -0.821;0.241  0.285
s 6.103(2)  0.047
& CTRL -0.607 0270 -2.249 -1.136;-0.078 0.025
£ MS 0237 0240 0987 -0.234;0.709  0.324
[}
ki 2.093(2) 0.351
5 CTRL 0260 0239 1085 -0.209;0729 0278
w3 MS 0732 0349 209 00481417  0.036
$x 13.743(2)  0.001
< CTRL 1082 0348 3111  0400;1.763  0.002
wg MS 0273 0263 1036 -0.243;0.788  0.300
<8 9.538(2)  0.009
CTRL -0.761 0262 -2.907 -1.275;-0248  0.004
£ MS 0192 0303 -0.633 -0.787;0.403 0527
28
$s 0471(2) 0790
& CTRL -0085 0302 -0280 -0.676;0507  0.780

Table 9-20. Changes in P2 amplitude associated with Mind-set and personality traits in Experiment 2. 95 % Cls were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All
scores were centred as z-scores for the analysis.
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9.2.3.2 The modulatory role of Personality on the interaction between

Mind-set and Threat (Model 3)

B SE t 95% CI p y’(npar)  ¥°p
Intercept 0.608 0.082 -7.379 -0.770,-0.447 <0.001 - -
Non MS 0024 0141 0171  -0.252;0.300  0.864
threatening CTRL 0113 0141 0804 03890163 042 (o oop
Threatening MS 0002 0141 -0.015 -0.278;0274  0.988
CTRL 0016 0141 -0.112  -0.292;0.260  0.911
- Non- MS 0217 0211 1030 -0.196;0.631  0.303
> .
2 threatening — ctpi 0076 0211 0362 -0.490;0337 0717
<8 3.390(4)  0.495
°a MS  -0.238 0211 -1128 -0.652;0.176  0.259
3 Threatening
= CTRL 0161 0211 0762 -0.253;0575  0.446
Non- MS  -1.058 0302 -3.499 -1651;-0.466  0.000
z threatening  crpi 0507 0302 1973 0.004;1.189 0049
= 18.857(4)  0.001
Z MS  -0070 0302 -0.232 -0.663;0523  0.817
Threatening
CTRL 0285 0302 0942 -0.308;0.878  0.346
Non- MS 0142 0218 0650 -0.286;0569 0516
o .
2 threatening  crp) 0038 0218 0176 -0.466;0.389  0.861
8 1576(4)  0.813
s MS 0017 0218 0077 -0.411;0.444  0.939
o Threatening
CTRL 0217 0218 -0.998 -0.645,0.210  0.319
Non- MS  -0.156 0193 -0.805 -0.535;0.223  0.421
E .
8 threatening  ctpi o041 0193 0211  -0.338;0420 0833
2 6.581(4)  0.160
£ MS 0212 0193 1.098 -0.167;0592  0.272
n Threatening
CTRL 0411 0193 2125 00320790  0.034
MS 0487 0281 1735 -0.063;1.038  0.083
@ Non—.
2 threatening  crp) 0060 0281 -0213 -0.611;0491 0831
< 3803(4)  0.443
® MS 0202 0281 1038 -0.259;0.843  0.299
§ Threatening
CTRL 0020 0281 0073 -0.530;0571  0.942
Non- MS  -0.829 0212 -3.916 -1.244;-0414  0.000
[} .
2 threatening  crp) 0284 0212 1340 -0.131;0.698  0.180
e 18.705(4)  0.001
< MS  -0.126 0212 -0.595 -0.541;0.289  0.552
Threatening
CTRL 0018 0212 0086 -0.397;0433  0.931
- MS 0434 0244 1779  -0.044;0913  0.075
S Non—_
2 threatening  crp| 0203 0244 0832 -0.681;0275  0.406
g 4.908(4)  0.297
o) MS  -0.145 0244 -0.594 -0.623;0.334 0553
o) .
é Threatening
CTRL -0.115 0244 -0472 -0.594;0.363  0.637

Table 9-21. Changes in N1 amplitude associated with Mind-set, Threat and personality traits in Experiment 2. 95 % Cls
were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations. All scores were centred as z-scores for the analysis.
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9.2.3.2.2 N2

B SE t 95% CI p ¥?(npar) vp
Tntercept 4639 0.862  -5.383 _ -6.328.-2.050 < 0.001 - -
Nomthreatenin MS 1266 0198 6392 0877,1.654 <0001
9 CTRL 0776 0198 39020 03881164 <0001 o\ 0o _ooo
Threatenin MS 1232 0198 6220 0843;1620 <0001 :
9 CTRL 1119 0198 5654  0.731;1507  <0.001
s Non- MS -0.063 0316 -0.199 -0.68L;0.556  0.842
— o
S A threatening i
5 CTRL 0009 0316 0028 -0610;0628 0977  (03654) 0985
L s _ MS .0.056 0316 -0.178 -0.675 0562  0.859
2 Threatening
CTRL  -0.165 0316 -0523 -0.784:0.454  0.601
Non- MS 0454 0452 -1004 -1.340;0432 0316
z threatening CTRL  -0136 0452 -0302 -1.023;0.750  0.763
E _ MS -0.488 0452 -1.081 -1.374;0397 0280  3.135(4) 0536
< Threatening CTRL 0459 0452 1015 -0.427;1.346  0.310
: Non- MS 0334 0326 -1024 09720305  0.306
S threatening CTRL  -0.358 0326 -1.098 -0.997;0.281  0.272
g MS 0124 0326 -0379 -07620515 0704  2406(4) 0662
S .
o Threatening CTRL  -0252 0326 -0.772 -0.891;0.387  0.440
- Non- MS 0431 0289 -1489 -0.997,0.136  0.137
8 threatening CTRL  -0127 0289 -0439 -0.694;0.440  0.660
1%]
& _ MS 0286 0289 099 08530280 0322  19%@& 0001
b2 Threatening CTRL  -1115 0289 -3.854 -1.682;-0.548 <0.001
Nor MS 0641 0420 1526 -0.182 1464 0127
032 threateni -0.590;
23 reatening CTRL 0234 0420 0557 0590108 0578 ... oo
2 Threatenin MS 0377 0420 0897 -0.446,1200  0.370
9 CTRL  -0.198 0.420 -0.471 -1.022;0.626  0.638
Non- MS 0286 0316 0003  -0.334,0906  0.367
0 g threatening CTRL 0379 0317 1199  -0.241;1.000  0.231
< o :
<5 hreatenin MS 0355 0316 1124 09750264 0261  2r008(#) <0001
9 CTRL 1360 0317 4296  0.739;1.980  <0.001
Nom MS 0341 0365 0935 -1.056,0374  0.350
- threatening CTRL  -0.140 0365 -0.383 -0.855 0576  0.702
$s MS 0041 0365 -0.113 -0.756,0674 0910  L937(4) 0747
(<) .
o Threatening CTRL 0374 0365 -1026 -1090;0.341  0.305

Table 9-22. Changes in N2 amplitude associated with Mind-set, Threat and personality traits in Experiment 2. 95 % ClIs
were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations. All scores were centred as z-scores for the analysis.
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9.23.2.3 P2

B SE t 95% CI p Y(npar)  ¥°p
Intercept 6560 0.782 8392  5028,8002 <0.001 - E
Nothreatenin MS 0443 0202 2189  0.046,0840  0.029
9 CTRL 0446 0202 2205 0050,0843 0027 1,0 oo
Threatenin MS 0369 0202 1822 -0.028;0.765  0.068 : :
i CTRL 0422 0202 2084 00250818  0.037
Non- MS 0260 0323 0805 -0.373;0893  0.421
‘5. c threatening CTRL -0.155 0322 -0.483  -0.786;0.476  0.629
§28 MS  -0156 0323 -0.485 -0.789;0.476 0628 17444 0783
8 )
° Threalening o) 0197 0322 -0.611 -0.827:0.434 0541
- Non- MS  -0427 0462 -0.922 -1.333;0480  0.356
2 threatening  CTRL  -0.893 0.461 -1.937  -1.797;0.011 0.053 8.886(4)  0.064
= Threatenin MS  -0552 0462 -1.193 -1.458 0355  0.233 ' '
9 CTRL 1111 0461 -2409 -2.015:-0.207 0016
_ Nom- MS  -0407 0333 -1.220 -1.060;0.247  0.223
2 threatening  CTRL  -0.372 0.332 -1.119  -1.023;0.280 0.263
g MS 0173 0333 -0519 -0.826,0480 0604  [947(4) 0094
s )
af Threatening  orp|  0gs2 0332 -2532 -1493:-0190  0.011
Non- MS 0057 0296 0191 -0523,0636  0.848
% threatening CTRL 0352  0.295 1192  -0.227;0.930  0.233
2 3.486(4)  0.480
& MS 0418 0296 1412 -0.162;0.998  0.158 @
3 Threatening
CTRL 0168 0295 0569 -0.410;0.746  0.569
2 Non- MS 0704 043 1638 -0.138;1546  0.101
< threatening .
2 CTRL 0844 0428 1970 00041684 0049 )00 (oo
” _ MS 0760 0430 1769 -0.082; 1603  0.077
¥ Threatening ool 1300 0428 3080  0480:2160  0.002
g Non- MS 0521 0324 1611 -0.113;1.156  0.107
g threatening  CTRL  -0.909  0.323 -2.817  -1.542;-0.277  0.005
9 _ MS 0024 0324 0074 -0610;0658 0941 119244 0018
2 Threatening o) 0614 0323 -1901 -1.246:0.019  0.057
Nor- MS  -0263 0373 -0.705 -0.995 0468  0.481
- threatening  CTRL 0090 0.372 0243  -0.639;0.820  0.808
2% 1.230(4 87
<g MS  -0121 0373 -0.324 -0.852;0.611  0.746 o) 0873
A Threatening
CTRL -0.259 0372 -0.697 -0.989;0.470  0.486

Table 9-23. Changes in P2 amplitude associated with Mind-set, Threat and personality traits in Experiment 2. 95 % Cls
were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites

approximations. All scores were centred as z-scores for the analysis.
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9.2.4 Time-frequency analysis
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Figure 9-14. Topography of theta AOI in Experiment 2. The change in power from pre- to post-MM was influenced by
close attachment type scores.

9.2.4.1 The modulatory role of Personality on Mind-set (Model 2)

2

B SE t 95% ClI p yA(npar) ¥p
Intercept 0.424 0311 1365 -0.185;1.033 0.183 - -
MS 0282 0.093 -3.044 -0.464;-0.100 0.002
CTRL 0022 0093 -0241 -0204,0159 0810 Or341(2) <0001
_ MS 0302 0.148 2049  0013;0.592  0.041
S w5
$58 CTRL 0041 0147 0279 -0247:0329 o781 2242 0121
2 MS  -0584 0211 -2.761 -0.998;-0.169 0.006
E 8.614(2) 0013
< CTRL 0183 0211 0867 -0.230;0.596 0.386
S MS  -0.337 0152 -2210 -0.636;-0.038 0.027
‘D
& 12.412(2)  0.002
g CTRL -0432 0152 -2.841 -0.729;-0.134 0.005
e MS  -0.048 0135 -0.353 -0.313;0217 0.724
E 8 1.975(2)  0.372
3 CTRL 0180 0135 1.339 -0.084;0.445 0.181
" 8 MS 0582 0196 2960 0.197;0.967  0.003
< § 11.661(2)  0.003
< CTRL 0360 0196 1.839 -0.024;0.744 0.066
" g MS  -0.377 0148 -2551 -0.667;-0.087 0.011
<38 10.873(2)  0.004
O CTRL 0201 0147 1973  0.002;0.580  0.049
" E MS 0397 0171 2329  0.063;0.732  0.020
<8 6.098(2)  0.047
a CTRL 0167 070 0981 -0.166;0.500 0.326

Table 9-24. Changes in theta activity associated with Mind-set and personality traits in Experiment 2. 95 % Cls were
calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites approximations. All

scores were centred as z-scores for the analysis.
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9.2.4.2 The modulatory role of Personality on the interaction between

Mind-set and Threat (Model 3)

2

B SE t 95% ClI p ¥*(npar) ¥ p
Intercept 0.424  0.311 1.365 -0.185; 1.033 0.183 - -
Non-threatenin MS -0.380 0.114 -3.320 -0.604;-0.155  0.001
g CTRL 0043 0114 0375 02670181 0708 oo o oo
Threatenin MS -0.185 0.114 -1.615 -0.409; 0.039 0.106 ' '
i CTRL -0.002 0.114 -0.014 -0.226; 0.222 0.989
Non- MS 0.571 0.182 3.134 0.214;0.928 0.002
e
© threatening
8 CTRL -0.065 0.182 -0.355 -0.421; 0.292 0.723
5 11.528(4) 0.021
5 MS 0.034 0.182 0.185 -0.324; 0.391 0.854
s Threatening
CTRL 0.147 0.182 0.808 -0.210; 0.503 0.419
Non- MS -0.974 0.261 -3.730  -1.485;-0.462  0.000
- threatening
2 CTRL  0.236 0.260 0.906  -0.275;0.746  0.365
X 15.246(4) 0.004
< MS -0.194 0.261 -0.743  -0.706; 0.318  0.458
Threatening
CTRL 0130 0260 0.497  -0.381;0.640  0.619
Non- MS -0.266  0.188  -1.415  -0.635;0.103  0.157
5 threatening
] CTRL  -0.433 0.188 -2.307 -0.801;-0.065 0.021
2 12.881(4) 0.012
§ MS -0.408 0.188 -2.166 -0.776;-0.039  0.030
Threatening
CTRL  -0.430 0.188 -2.289 -0.798;-0.062  0.022
Non- MS -0.268  0.167 -1.607 -0.596;0.059  0.108
£ threatening
ﬁ CTRL 0.107 0.167 0.645 -0.219; 0.434 0.519
3 7.599(4) 0.107
E MS 0.173 0.167 1.035  -0.155;0.500  0.301
Threatening
CTRL  0.253 0167 1520 -0.073;0.580  0.129
Non- MS 0.509 0.243  2.098 0.033;0.984  0.036
[%2]
H threatening
= CTRL 0405 0.242 1675 -0.069;0.880  0.094
g 12.083(4)  0.017
2 MS 0.654 0243  2.698 0.179;1.130  0.007
< Threatening
CTRL 0.314  0.242 1.299 -0.160; 0.789 0.194
Non- MS -0.793  0.183 -4.343 -1.151;-0.435  0.000
2 threatening
o CTRL 0588 0182 3.226 0.231;0.945  0.001
© 33591(4) <0.001
f( MS 0.038  0.183 0.209 -0.320; 0.396 0.834
Threatening
CTRL  -0.006 0.182 -0.033 -0.363;0.351 0.974
Non- MS 0.618 0211  2.933 0.205;1.031  0.003
° .
S threatening
I . . ; .
g CTRL 0.054  0.210  -0.258 0.466; 0.358  0.796 12.504(2) 0.014
w0
< . MS 0.177 0.211 0.841 -0.236; 0.590 0.400
< Threatening
CTRL  0.388 0.210 1.846  -0.024;0.800  0.065

Table 9-25. Changes in theta activity associated with Mind-set, personality traits and level of Threat in Experiment 2. 95 %
Cls were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations. All scores were centred as z-scores for the analysis.
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10 Appendix for Study 2

10.1Anxiety and mood
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Figure 10-1. Differences of anxiety state (left), positive mood (middle) and negative mood (right) between pre- and post-
MM for NP (top) and MP (bottom). The boxes represent the interquartile range, the line within the each box represents the
median and the dots represent outliers. Blue — CTRL, red — MS. Note the similar central tendency before and after MM and

across the two mind-sets.
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10.1.1 Anxiety state
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Figure 10-2. Difference between pre- (green) and post-MM (orange) anxiety state scores in both Mind-set conditions for NP
(top) and MP (bottom). The boxes represent the interquartile range, the line within the each box represents the median and

the dots represent outliers.

Sum of

Mean

Cases Squares df Square F P o?
Time 0.313 1 0.313 0.013 0.910 0.000
Time x ME 1.728 1 1.728 0.071 0.791 0.000
Residuals 1246.050 51 24.432 - - -
Mind-set 0.139 1 0.139 0.009 0.924 0.000
Mind-set x ME 37.459 1 37.459 2503 0.120 0.002
Residuals 763.248 51 14.966 - - -
Time x Mind-set 0.958 1 0.958 0.027 0.871 0.000
Time x Mind-set x ME 0.052 1 0.052 0.001 0.970 0.000
Residuals 1830.023 51 35.883 - - -

Table 10-1. Within-subject results of the 2 x 2 x 2 repeated measure ANOVA on the anxiety state scores. We investigated
how state anxiety scores are different between Time (pre/post), Mind-set (CTRL/MS) and Meditation experience (ME,
NP/MP) levels. Note the absence of main effect or interaction.

Cases Sum of df Mean F p ?
Squares Square
ME 2654.815 1 2654.815  14.993 <0.001 0.119
Residuals 9030.756 51 177.074 - - -

Table 10-2. Between-subject results of the 2 x 2 x 2 repeated measure ANOVA on the anxiety state scores. We investigated
how state anxiety scores are different between Time (pre/post), Mind-set (CTRL/MS) and Meditation experience (ME,

NP/MP) levels.
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10.1.2 Positive mood

Sum of Mean
Cases Squares Square F P o
ME 2289.279 1 2289.279 11.118 0.002 0.089
Residuals 10501.158 51 205.905 - - -

Table 10-3. Between-subject results of the 2 x 2 x 2 repeated measure ANOVA on the positive mood scores. We

investigated how positive mood scores are different
experience (ME, NP/MP) levels.

10.1.3 Negative mood
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Figure 10-3. Difference between pre- (green) and post-MM (orange) negative mood scores in both Mind-set conditions for
NP (top) and MP (bottom). The boxes represent the interquartile range, the line within the each box represents the median

and the dots represent outliers.

Cases Sscl;l?;\rc:afs df Sl\éljgpe F p o?
Time 11.366 1 11.366 2472 0.122 0.001
Time x ME 1.715 1 1.715 0.373 0.544 0.000
Residuals 234.455 51 4.597 - - -
Mind-set 3.711 1 3.711 0.159 0.692 0.000
Mind-set x ME 0.240 1 0.240 0.010 0.920 0.000
Residuals 1189.756 51 23.329 - - -
Time x Mind-set 7.176 1 7.176 1.969 0.167 <0.001
Time x Mind-set x ME 0.242 1 0.242 0.066 0.798 0.000
Residuals 185.829 51 3.644 - - -

Table 10-4. Within-subject results of the 2 x 2 x 2 repeated measure ANOVA on the negative mood scores. We investigated
how negative mood scores are different between Time (pre/post), Mind-set (CTRL/MS) and Meditation experience (ME,
NP/MP) levels. Note the absence of main effect or interaction.
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Cases Sum of df Mean F p ?
Squares Square
399.532 1 399.532 3.981 0.051 0.028

ME
Residuals 5118.751 51 100.368 - -

Table 10-5. Between-subject results of the 2 x 2 x 2 repeated measure ANOVA on the negative mood scores. We
investigated how negative mood scores are different between Time (pre/post), Mind-set (CTRL/MS) and Meditation

experience (ME, NP/MP) levels. Note the absence of main effect or interaction.
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10.2Pain ratings

10.2.1 Assessment of the effect of Threat (Model 1)

& 5Q°\° @f\g c:;\e 6‘;\0 5";\°
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Figure 10-4. Main effect of Threat and interaction between Threat and Meditation experience (ME) on normalised (left) and
non-normalised (right) visual analogue scale (VAS) ratings. Dots represent the Bs and the matted lines represent the 95%
confidence intervals calculated by Wald method. Black — intercept, dark green — Threat effect, light green — Threat x ME

interaction

10.2.2 Assessment of the effect of Mind-set on Time (Model 2)

B SE t-value 95% Cls p-value
Intercept 54.531 1.227 44.446 52.126;56.935 <0.001
Time -3.683 0.735 -5.014 -5.122;-2.243  <0.001
Time x Mind-set 8.639 1.031 8.378 6.618; 10.660 < 0.001
Time x ME 1.658 1.087 1.525 -0.472;3.788  <0.127
Time x Mind-set x ME -6.623 1.532 -4.323 -9.626; -3.620 < 0.001

Table 10-6. Summary of Model 2 partitioning the effects of Time, Mind-set and Meditation experience (ME) on the
normalised visual analogue scale (VAS) ratings. 95 % Cls were calculated using the Wald method and p-values for the fixed

effects were calculated using Satterthwaites approximations.
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10.2.3 Assessing effect of Threat on the interaction

Time (Model 3)

between Mind-set and

B SE t-value 95% Cls p-value
Intercept 54.530 1.227 44.446 52.126; 56.935 <0.001
Time -3.683 0.734 -5.016 -5.122; -2.244 <0.001
Time x Mind-set 7.127 1.158 6.158 4.859; 9.396 <0.001
Time x Mind-set x Threat 3.024 1.053 2.871 0.960; 5.088 0.004
Time x ME 1.658 1.087 1.526 -0.472; 3.788 0.127
Time x Mind-set x ME -5.861 1.720 -3.408 -9.233; -2.490 0.001
Time x Mind-set x Threat x ME -1.524 1.565 -0.974 -4.591; 1.544 0.330

Table 10-7. Summary of Model 3 partitioning the effects of Time, Mind-set, Threat and Meditation experience (ME) on the
normalised visual analogue scale (VAS) ratings. 95 % Cls were calculated using the Wald method and p-values for the fixed

effects were calculated using Satterthwaites approximations.
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10.3Brain oscillations

10.3.1.1 Assessing the effects of Mind-set on Time (Model 2)

10.3.1.1.1  Theta

B SE t-value 95% Cls p-value
Intercept -0.221 0.230 -0.960 -0.673; 0.230 0.342
Time -0.155 0.104 -1.480 -0.359; 0.050  0.139
Time x Mind-set 0.101 0.142 0.713 -0.177;0.379 0.476
Time x ME -0.146 0.155 -0.942 -0.449; 0.157  0.346
Time x Mind-set x ME 0.189 0.211 0.896 -0.224;0.601  0.370

Table 10-8. Summary of Model 2 partitioning the effects of Time, Mind-set and Meditation experience (ME) on the theta
activity. 95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using

Satterthwaites approximations.

10.3.1.1.2  Late low alpha

B SE t-value 95% Cls p-value
Intercept -2.988 0.211 -14.194 -3.401;-2.576 < 0.001
Time 0.000 0.085 0.001 -0.167;0.168  0.999
Time x Mind-set -0.196 0.113 -1.726 -0.418;0.027  0.085
Time x ME -0.032 0.127 -0.252 -0.281;0.217  0.801
Time x Mind-set x ME 0.507 0.169 3.010 0.177; 0.838 0.003

Table 10-9. Summary of Model 2 partitioning the effects of Time, Mind-set and Meditation experience (ME) on the late low
alpha activity. 95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using

Satterthwaites approximations.
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10.4Somatosensory-evoked potentials

We did not include our SEP findings into our submitted paper (Gyimes & Valentini, 2021b)
as we focused on the time-frequency domain. | provide further reasoning for this decision in
Section 7. The SEP results are detailed below to balance the narrative of the thesis. However,
it is important to stress that the event-induced oscillatory activity of the brain holds more

information about neural processes compared to SEPs (Buzsaki, 2011).

By applying our models, we identified 2 10Is corresponding to two ascending parts of the P2
component: P218 (180 — 256ms) 101 was identified by the consecutive significant interaction
between Time x Meditation experience (Appendix Figure 10-7, purple); P245 (230 — 260ms)
IOl was identified by the consecutive significant interaction between Time x Mind-set
(Appendix Figure 10-7, pink). We applied Model 1, 2 and 3 on the average values within
these 10Is to report our findings. Single-subject SEPs showcasing the variability of the data is
represented in the Appendix Figure 10-5 with the corresponding topographies in the

Appendix Figure 10-6.
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Figure 10-5. Pre- (left) and post-MM (right) SEPs. Coloured dotted lines show the single subject SEPs and the solid black
line represents the average SEP for both Time conditions.
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Figure 10-6. Topographies of the P518 wave (left) and the P245 wave (right) identified by the linear mixed-effects models.
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Figure 10-7. The 10Is identified by the LMM method. The lines represent the pre-MM (B, intercept, black), post-MS (Bws,
red) and post-CTRL (Bcrre, blue) SEPs. The P218 wave (180 — 256ms, purple) was identified by the significant interaction
between Time x Mind-set. The P245 wave (230 — 260ms, pink) emerged the interaction between Time x Meditation
experience.

There was no main effect of Threat on the identified SEP components. While the P218 wave
showed a significant increase post-CTRL for the non-meditation practitioners, meditation
practitioners showed no change in Time (Appendix Table 10-10). P245 amplitude decreased
significantly post-MS compared to post-CTRL. Similarly, meditation practitioners showed a
significant decrease in P245 amplitude in CTRL condition compared to non-practitioners
(Appendix Table 10-11). We did not find any significant interaction involving Threat

(Appendix Table 10-12 &Table 10-13).
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10.4.1.1.1  Assessment of the effect of Threat (Model 1)

104.1.1.1.1 P218

The random slope improved the model’s fit (¥*(2) = 1076.339, p < 0.001). We found no
significant effect of Threat on the P218 amplitude (y*(1) = 0.758, p = 0.384) or interaction
between Threat and Meditation experience (x*(1) = 0.011, p = 0.918). The model estimated
the intercept at 4.569 + 0.483 pV (t = 9.452, 95% CI: [3.622; 5.517], p < 0.001, Rzmarginal <
0.001, RPonaitionar = 0.539). The amplitudes following Threatening stimuli were non-
significantly higher (B1 = 0.071 + 0.082 puV, t = 0.869, 95% Cls: [-0.089; 0.231], p = 0.385).
Meditation experience predicted a non-significantly higher difference (f; = 0.013 + 0.121

LV, t = 0.916, 95% Cls: [-0.225; 0.250], p = 0.916).

10.4.1.1.1.2 P245

The random slope improved the model’s fit (¥°(2) = 1111.192, p < 0.001). We found no
significant effect of Threat on the P218 amplitude (yx°(1) = 0.156, p = 0.693) or interaction
between Threat and Meditation experience (3°(1) = 0.027, p = 0.869). The model estimated
the intercept at 7.523 £ 0.628 uV (t = 11.984, 95% CI: [6.293; 8.753], p < 0.001, Rzmargina, <
0.001, R’wnditional = 0.554). The amplitudes following Threatening stimuli were non-
significantly higher (B; = 0.040 £ 0.103 pV, t = 0.393, 95% Cls: [-0.161; 0.242], p = 0.695).
Meditation experience predicted a non-significantly higher difference (f; = 0.026 + 0.152

HV, t = 0.167, 95% Cls: [-0.273; 0.324], p = 0.867).
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10.4.1.1.2  Assessing the effects of Mind-set on Time (Model 2)

104.1.1.2.1 P218

The random slope improved the model’s fit (¥*(2) = 1066.947, p < 0.001). We found a
significant effect of Time on the P218 amplitude (x*(1) = 14.626, p < 0.001) and interaction
between Time and Meditation experience (x*(1) = 4.439, p = 0.035). We did not find
significant interaction between Time and Mind-set (xz(l) =0.001, p = 0.970) or Time, Mind-
set and Meditation experience (¥*(1) = 0.241, p = 0.623). The model estimated the intercept at
4.460 + 0.480 pV (t = 9.301, 95% CI: [3.520; 5.400], p < 0.001, R%marginat = 0.001, R%onditional
= 0.536). The amplitude significantly increased from pre- to post-CTRL, however, this
increase was not present, or was counteracted for meditators (Appendix Table 10-10 &

Figure 10-8, left).

B SE t-value 95% Cls p-value
Intercept 4.460 0.480 9.301 3.520; 5.400 <0.001
Time 0.437 0.114 3.826 0.213; 0.661 <0.001
Time x Mind-set -0.006 0.160 -0.037 -0.320; 0.308 0.970
Time x Meditation experience -0.357 0.170 -2.107 -0.690; -0.025  0.035
Time x Mind-set x Meditation 4 ;45 0.238 0.492 10.349;0583  0.623
experience

Table 10-10. Summary of Model 2 modelling the effects of Time, Mind-set and Meditation experience on the P218 wave.
95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations.

104.1.1.2.2 P245

The random slope improved the model’s fit (¥*(2) = 1110.298, p < 0.001). We found a
significant effect of Time on the P218 amplitude (x*(1) = 10.623, p = 0.001), an interaction
between Time and Meditation experience (3°(1) = 9.327, p = 0.002) and an interaction
between Time and Mind-set (x*(1) = 4.212, p = 0.040). There was no significant interaction
between Time, Mind-set and Meditation experience (3°(1) = 2.420, p = 0.120). The model
estimated the intercept at 7.525 + 0.623 pV (t = 12.073, 95% CI: [6.304; 8.747], p < 0.001,

R%marginat = 0.001, R%ongitional = 0.551). The amplitude significantly increased from pre- to
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post-CTRL, however, this increase was not present, or was counteracted for meditators
(Appendix Table 10-11). Furthermore, the post-MS amplitude was significantly lower

compared to post-CTRL (Appendix Table 10-11 & Figure 10-8, right).

B SE t-value 95% Cls p-value
Intercept 7.525 0.623 12.073 6.304; 8.747  <0.001
Time 0.469 0.144 3.260 0.187; 0.752 0.001
Time x Mind-set -0.654 0.214 -3.056 -1.073;-0.234  0.002
Time x Meditation experience -0.415 0.202 -2.054 -0.810; -0.019  0.040
Time x Mind-set x Meditation 0.467 0.300 1.559 -0.120;1.055  0.119
experience

Table 10-11. Summary of Model 2 modelling the effects of Time, Mind-set and Meditation experience on the P245 wave.
95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites
approximations.

P218 P245
[ 2 L]
. - e Intercept
o= Time
g . o= Time x Mind-set
*= Time x ME
- . Time x Mind-set x ME
2 4 6 6 8 10
Amplitude [pV] Amplitude [pV]

Figure 10-8. Results of Model 2 on the P218 (left) and the P245 (right) waves. Dots represent the s and the matted lines
represent the 95% confidence intervals calculated by Wald method. Black — intercept, blue — Time effect, red — Time x
Mind-set interaction, purple — Time x Meditation experience (ME) interaction, salmon — Time x Mind-set x ME interaction.

10.4.1.1.3  Assessing effect of Threat on the interaction between Mind-set and
Time (Model 3)

104.1.1.3.1 P218

The random slope improved the model’s fit (x*(2) = 1066.950, p < 0.001). Similarly to Model
2, there were a significant effect of Time on the P218 amplitude (x*(1) = 14.626, p < 0.001)
and interaction between Time and Meditation experience (x*(1) = 4.439, p = 0.035). There
was no significant interaction between Time and Mind-set (¥°(1) < 0.001, p = 0.989), Time,

Mind-set and Meditation experience (x*(1) = 0.138, p = 0.710, Time, Mind-set and Threat
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(*(1) = 0.002, p = 0.966), or Time, Mind-set, Threat and Meditation experience (3°(1) =
0.022, p = 0.883). The model estimated the intercept at 4.460 + 0.480 pV (t = 9.301, 95% CI:
[3.520; 5.400], p < 0.001, R%narginat = 0.001, R%onditionat = 0.536). We found no effect of Threat

on any interactions (Appendix Table 10-12).

10.4.1.1.3.2 P245

The random slope improved the model’s fit (*(2) = 1110.310, p < 0.001). Similarly to Model
2, a significant effect of Time on the P218 amplitude (¥°(1) = 10.623, p < 0.001), an
interaction between Time and Meditation experience (x*(1) = 9.327, p = 0.002) and between
Time and Mind-set (y*(1) = 3.911, p = 0.048) came up. There was no significant interaction
between Time, Mind-set and Meditation experience (x*(1) = 2.073, p = 0.150), Time, Mind-
set and Threat (x*(1) = 0.107, p = 0.743), or Time, Mind-set, Threat and Meditation
experience (x*(1) = 0.014, p = 0.907). The model estimated the intercept at 7.525 + 0.623 pV
(t = 12.073, 95% CI: [6.304; 8.747], p < 0.001, R’narginal = 0.001, R’congitional = 0.551). We

found no effect of Threat on any interactions (Appendix Table 10-13).
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10.4.2 Assessing effect of Threat on the interaction between Mind-set and

Time (Model 3)

104.2.1 P218

B SE t-value 95% Cls p-value
Intercept 4.460 0.480 -9301 3.520; 5.400 <0.001
Time 0.437 0.114 3.826 0.213; 0.661 <0.001
Time x Mind-set -0.003 0.180 -0.014 -0.355; 0.350 0.989
Time x Mind-set x Threat -0.007 0.163 -0.042 -0.327; 0.313 0.966
Time x Meditation experience -0.357 0.170 -2.107 -0.690; -0.025 0.035
Time x Mind-set x ME 0.099 0.242 0.147 -0.440; 0.511 0.883
Time x Mind-set x Threat x ME 0.036 0.267 0.372 -0.424; 0.623 0.710

Table 10-12. Summary of Model 3 modelling the effects of Time, Mind-set and Meditation experience on the P218 wave.
95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites

approximations.

10.4.2.2 P245
B SE t-value 95% Cls p-value

Intercept 7.525 0.623 12.073 6.304; 8.747 0

Time 0.469 0.144 3.26 0.187; 0.752 0.001
Time x Mind-set -0.448 0.226 -1.979 -0.892; -0.004 0.048
Time x Mind-set x Threat 0.067 0.206 0.327 -0.336; 0.470 0.743
Time x ME -0.654 0.214 -3.056 -1.073; -0.234 0.002
Time x Mind-set x ME 0.485 0.336 1.442 -0.174; 1.145 0.149
Time x Mind-set x Threat x ME -0.036 0.305 -0.117 -0.634; 0.563 0.907

Table 10-13. Summary of Model 3 modelling the effects of Time, Mind-set and Meditation experience on the P245 wave.
95 % Cls were calculated using the Wald method and p-values for the fixed effects were calculated using Satterthwaites

approximations.
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