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Abstract
Mood induction procedures (MIPs) are commonly used by researchers who seek to examine
affective states and their effects on other outcomes of interest. Despite their popularity, MIPs
do not generate the same type of intense and influential emotions that are caused by life events,
creating an empirical gap between naturalistic and experimentally manipulated emotion. Re-
searchers have begun exploring the use of virtual reality (VR) to address these flaws, as its
engaging and immersive nature could confer higher ecological validity for laboratory-induced
emotions. This study compared the effectiveness of fear-elicitation via a VR cinema MIP to
that of a standard film clip MIP. The results of a regression analysis found that VR-induced
fear was significantly more intense and more longer lasting than non-VR-induced fear, though
only when compared against control. However, neither MIP generated fear lasting longer than
four minutes post-MIP. This has major implications for researchers who hope to investigate the
effect of mood on tasks which outlast the duration of a mood induction. Future research should
continue to assess and improve the effectiveness of existing MIPs.

Keywords: Mood Induction Procedure, MIP, Emotion Elicitation, Film MIP, Virtual Reality,
Virtual Reality MIP
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Summary for Lay Audience
Emotions form an integral part of daily human experience, influencing how we think and act.
Psychological researchers have long been interested in studying the influences of emotional
states on various aspects of the psyche. To study a particular emotion or its effects, most re-
searchers will ask participants to undergo a Mood Induction Procedure (MIP) that puts them in
a desired emotional state, after which they are asked to complete other tasks or measures. Typ-
ically, MIPs are administered in a laboratory wherein the researcher presents participants with
media such as music, pictures, or movies to influence their moods. These methods, while con-
venient, often fail to influence emotions to the same degree that emotionally relevant events in
a real-life setting do, limiting scientific investigation of “real” emotions and their downstream
effects. To overcome this, researchers have more recently begun to explore the use of simulated
virtual reality (VR) environments to better engage participants’ emotions. It is proposed that
immersing participants in an environment where they can see, hear, and act the way they would
in real life, could also be beneficial for generating emotional experiences more comparable to
those which occur in natural settings.

The current study compared the intensity and longevity of fear induced by a standard film-
clip MIP to that induced by a VR cinema MIP. Participants in the study were assigned to
experience either the VR MIP, non-VR MIP, or no MIP (control), after which they rated their
levels of fear every two minutes for ten minutes. The results found that participants in the VR
MIP condition experienced more intense feelings of fear post-MIP compared to those in the
non-VR MIP condition relative to control, and that this sensation of fear lasted two minutes
longer than that elicited by the standard film clip MIP. However, both MIPs failed to generate
a sensation of fear which was significantly different from baseline beyond four minutes post-
MIP. Considering this, researchers should extend caution when interpreting effects of emotions
in procedures which require participants to remain in an emotional state for an extended period.
As VR-based mood induction is still new, future research should continue examining its ability
to elicit different emotions.
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Chapter 1

Introduction

Emotional experiences permeate each instance of consciousness, playing an important and
informative role throughout life. Emotion is a valuable source of information, as it can guide an
individual’s intuitions about themselves and others in a dynamic and integrative way. Decades
of research have produced findings which indicate that understanding how a person is feeling
on a given day and in a given moment can be useful for forming predictions about what sorts of
thoughts they may be experiencing, what sorts of behaviours they may wish to engage in, and
how their actions, judgements, and memories may be influenced by the experience of a certain
emotion (C. A. Smith & Ellsworth, 1985).

Despite the important role that emotion plays within human psychology, emotion research faces
several challenges. Longstanding methods used by emotion researchers have faced criticism
for their relatively weak ability to manipulate affective states across a sample of participants,
in a controlled, yet sufficiently intense manner. Therefore, methods for investigating a given
emotion must be selected and applied carefully, to avoid various issues which can undermine
the results of a study of emotion or its effects. However, this is not commonly seen in practice,
particularly within fields of psychology which do not typically investigate the affective states of
individuals. Validity and reliability are crucial characteristics of any method in a researcher’s
toolbox. Failure to address the shortcomings of scientific methods, particularly those which
deal with a construct as individually-varying as subjective emotional experience, can severely
damage, or even invalidate, an empirical investigation overall.

As technology advances and becomes more readily accessible, there have been renewed efforts
to address methodological issues by utilizing virtual reality (VR). VR has been considered an
attractive tool for a range of research-based applications, (including emotion-elicitation), due to
its ability to engage its user in a virtually-constructed “real” environment, without introducing
any of the empirical hazards engendered by an actually real environment.

The following review will focus its discussion on methodological limitations related to emotion
research and potential avenues for improvement, as well as the relevance of addressing these
limitations to research in cognitive psychology. Comparisons of different methods will be made
with a special consideration of VR-based techniques.
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Chapter 1. Introduction 2

1.1 Emotion and Cognition
For some time in the field of psychology, emotions (and other “non-observable” facets of the
psyche) were considered separable from higher-order executive and cognitive functions. In
cognitive psychology, the significance of emotions was consequently neglected by many re-
searchers, who were primarily interested in studying psychological processes which allow for
conscious control over behaviour and cognition (Scarantino & de Sousa, 2021). Over time, re-
search has shown that the way people feel influences their cognitive and executive functions in
many ways, through a hard-wired integration of emotional and cognitive systems in the brain,
and that these systems are not as separable as initially assumed (Okon-Singer et al., 2015).
Patterns in perception and sensation of emotionally salient triggers alter (and are altered by)
the physiological, experiential, and behavioural components of an individual’s affective state.
These patterns form a dynamic tapestry of emotional experience which links the external world
to the internal representation of it (Kuppens & Verduyn, 2017).

1.1.1 Bidirectionally of Cognitive and Emotional Systems
Emotional-cognitive coupling is reflected in the mutually-influential power that each system
has over the other. For example, the dorsolateral prefrontal cortex (dlPFC), which is consid-
ered “canonically” cognitive (i.e., typically characterized as supporting cognitive as opposed to
other types of neuropsychological processes) has been found to play a role in down-regulating
the sensation of emotion, especially when associated feelings pose a distraction or when they
overburden working memory faculties (Clarke & Johnstone, 2013; Iordan et al., 2013). Clarke
and Johnstone (2013) found that the threat of electric shock interfered with participants’ per-
formance on a working memory task, conditional on increased task difficulty. That is, only
when participants’ cognitive load was higher did prefrontal cortical regions exert so-called
“top-down” control over the amygdala (which had elevated activation during the low cognitive
load task), thus enabling performance on the task without threat-interference.

The exertion of top-down control is a fundamental component of cognitive abilities, such as
decision-making and goal-directed behaviour, which are essential for daily functioning (Rolls,
2013). Cognitive processes such as these are reliant on an underlying set of executive func-
tions, namely a) inhibition, b) cognitive flexibility (or “set-shifting”), and c) updating working
memory (Warren et al., 2013). Briefly, inhibitory functioning is responsible for facilitating effi-
cient task-orientation via the suppression of context-inappropriate responses, updating working
memory conserves mental resources by preserving only relevant information and filtering out
that which is extraneous, and cognitive flexibility allows for dynamic adaptation and involves
“shifting” between tasks as well as levels of mental processing (Daucourt et al., 2018).

Executive function systems play a critical role in conserving limited neural energy and maxi-
mizing the efficiency of mental processes, as highlighted by the result of the study by Clarke
and Johnstone (2013). However, supporting higher-order mental processing is not the sole
concern of executive function systems in the brain. What type of information is filtered out in
working memory is highly context-dependent, and if competing task-irrelevant information is
sufficiently salient, executive functioning may be disrupted (Warren et al., 2013). For example,
even when an individual is preoccupied with a cognitive task, the experience of a sufficiently
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intense mood state could trigger mood-congruent representations in working memory, impair-
ing its ability to selectively code for task-relevant information and therefore hampering perfor-
mance on said cognitive task (Siemer, 2005). Even when emotional stimuli do not produce an
associated (consciously experienced) affective state, they have been found to affect elements of
executive function (Maffei et al., 2023). A recent EEG study by Maffei et al. (2023) sought to
examine whether patterns of brain activity varied given different emotional facial expressions
(pictures of happy, sad, fearful, and neutral faces) when participants were told to explicitly cat-
egorize the faces compared to when they completed a perceptual distraction task. The results
showed lowered network modularity when participants paid overt attention to the faces com-
pared to participants who paid only covert attention, suggesting that when explicit attentional
allocation is required, functional connections in the brain become more streamlined accord-
ingly. Moreover, Maffei et al., 2023 found that changes in modularity were further mediated
by the valence of the facial expression presented, wherein negative faces triggered lower func-
tional connectivity associated with a narrowing of attention, regardless of the type of attentional
focus (overt versus covert). In this type of scenario, regions of the brain devoted to processing
emotional salience (such as the amygdala), may be re-configuring cognitive and behavioural
dispositions to better align with the emotional context. Therefore, if the dlPFC (and other neu-
ral foci underlying executive function) can be considered to assume top-down control, then the
amygdala (and other neural foci underlying emotion-processing) can be considered to assume
the inverse “bottom-up” control, in times of elevated emotionality or when emotionally salient
information is available.

1.1.2 Dual-Processing Models of Cognition

It is considered theoretically advantageous for the brain to engage different systems of process-
ing under different conditions (Evans & Stanovich, 2013). From an evolutionary standpoint,
natural selection favours those who are better able to exhibit qualities which help them to adapt
and survive in their ancestral environment (Bennett, 2019). The research discussed thus far
provides a good example of the adaptive, dual-processing link between emotion and cognition.
Perception of a fearful stimulus relates to a narrowing of attentional focus, presumably because
the information gleaned from a broad attentional window becomes less valuable when the body
is preparing to respond to a focal threat (Maffei et al., 2023). Outside of high threat (and if
there are sufficient demands being placed on working memory), task-orientation takes prece-
dence, allowing for efficient problem-solving rather than preoccupation with threat (Clarke &
Johnstone, 2013). In the absence of either highly-demanding circumstance, attentional focus
broadens, allowing the individual to take a broader scope of the surroundings and to integrate
a wide array of sensory information. An additional component of dual processing theories is
the proposition that these systems arose to support the conservation of energy, by balancing
the need for basic functioning at sub-conscious, lower-levels of processing with higher-level
conscious processing which requires directed attention. Patterns of cognitions, sensations, and
behaviours which are either emotionally-congruent or task-congruent could simply reflect the
necessary trade-off between two systems which compete for shared resources. Therefore, no
one system assumes pre-potent power in all contexts. Instead, there is constant competition for
neural resources between different systems in the brain.
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Many well-supported models of human cognition are structured around an integration of two
fundamental systems of processing: Type I which is rapid, automatic, and intuitive and Type
II which is slow, controlled, and analytic (O’Brien, 2012). Although many theorists disagree
as to the exact nature of the two systems, the main differentiating factor between the two
is the speed and complexity of different neural/cognitive processes which fall under either
one. There are many examples within literature of ways in which emotions can shape the
formation of rapid, automatic responses (Hess & Thibault, 2009), placing emotion circuitry
in the Type I category of processing. For example, unlike prefrontal cortical (PFC) activation,
Amygdalar activation produces behaviours which favor immediate responses over slower, more
deliberate reasoning (Davis & Whalen, 2001). The results from Maffei et al., 2023 and Clarke
and Johnstone, 2013, when integrated into a dual systems model, provide indices for predicting
the types of effects that certain emotional stimuli will have on certain cognitive functions such
as attention or memory. Research looking at the brains of individuals with mood disorders
(e.g., anxiety and depression) during various cognitive tasks have found reduced performance
which corresponds to a magnified interference of negative emotional phenomena, aligned with
the magnification of negative emotion-congruent representations exhibited by individuals with
these pathologies (Warren et al., 2013). Additionally, there are many lines of research which
have explored overlap between cognition and positive emotion instead of negative emotion.
For example, experiencing a higher frequency of positive affective states (e.g., joy, pleasure,
serenity, etcetera) may lead to increased self-efficacy (Kavanagh & Bower, 1985; Thelwell et
al., 2007), increased ability to learn and remember new information (Bryan et al., 1996; Lee
& Sternthal, 1999; Tze Wei Liew & Su-Mae Tan, 2016), and an increased ability to engage in
creative problem-solving (Estrada et al., 1994; Grawitch et al., 2003; Greene & Noice, 1988;
Isen et al., 1985, 1987).

Unifying Conflicting Results

Dissociation of results between healthy versus dysregulated emotional systems (i.e., healthy
versus depressed populations) or effects of positive versus negative moods is often important
for a theoretical dual-systems model to account for. Seemingly conflicting results regarding
the effects of mood on cognition raise issues for the theorist who must attempt to explain them
with a unifying set of principles. To illustrate, I will discuss one area in cognitive psychology
that has seen some debate.

Cognitive flexibility, an executive function which allows for adaptation of behaviours given
new information, is a well-supported underlying function of creative problem solving (Isen,
1999). One type of fundamental cognitive ability which is thought to be mediated by creative
problem solving abilities is category learning. Category learning occurs when individuals learn
to classify objects into different groups according to a set of the objects’ perceptual features.
Category learning can be understood using a dual systems architecture corresponding to a Type
I and Type II set of processing attributes. In the first system (Type II), optimal classification
is rule-defined (RD), wherein objects can be separated by a minimally distinguishing set of
observable features. In other cases, (such as when there are many perceptual features of the
object for example), a procedural, non-rule-defined (NRD) type of category learning is adopted
(Type I system) (Minda & Miles, 2010).
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A considerable body of research is in support of a dual-systems theory of category learning
(COVIS; for a review see Minda & Miles, 2010) which accounts for differential effects of var-
ious factors on the learning of RD categories as opposed to NRD categories. For example,
ego-depletion (i.e., draining cognitive energy prior to the learning task) diminishes the learn-
ing of RD categories, although NRD category learning is unaffected (Minda & Rabi, 2015). In
some ways, mood, whether positive or negative in valence, can be thought of as imposing a
cognitive load of its own, in the sense that attention may be diverted by mood-congruent cog-
nitions, and energy may be depleted by the cost of emotional down-regulation, impeding RD
category learning much like ego-depletion (Plass & Kalyuga, 2019). Additionally, the COVIS
theory hypothesizes that reduced dopamine in the anterior cingulate cortex (ACC) should be
associated with an impairment on RD category learning, since dopaminergic signalling within
this region is importantly linked with learning (Ashby et al., 1999). Accordingly, research
found that participants with depression (which is associated with lower ACC dopamine) per-
formed poorer relative to healthy controls on RD but not NRD category learning (J. D. Smith
et al., 1993). In healthy participants, the hypothesized effect of negative mood on RD category
learning was not substantiated in one study (R. T. Nadler et al., 2010), although a secondary
study found a significant negative correlation between poorer performance on a complex RD
category learning task and higher scores on the Beck Depression Inventory as well as a brief im-
pairment of RD category learning following a negative mood induction (R. Nadler & Minda,
2011). These latter two studies did, however, find a performance-boosting effect of positive
mood on RD category learning, which is congruent with previously discovered performance-
enhancing effects of positive mood on cognitive flexibility and creative problem solving tasks
(Ashby et al., 1999; Estrada et al., 1994; Isen et al., 1985, 1987).

The evidence discussed above seems to emphasize the importance of creative problem solving
and cognitive flexibility in category learning, as well as the generalizable effects of positive
mood on all three nested constructs. However, interpretations such as this generate a broad
spectrum of speculation about whether the effects can be generalized beyond task-specific ap-
plications, since mood effects can be equivocal from one specific experimental paradigm to
another (Kaufmann & Vosburg, 1997). For example, findings of several studies examining the
effects of mood on creative problem-solving indicated an opposite trend than previous research
by Isen et al. (1985), showing that being in a positive mood impeded participants’ performance
during problem-solving tasks by prematurely truncating analytical thought processes because
the individuals had converged on a strategically biased solution (Alloy & Abramson, 1979;
Alloy et al., 1981; Kaufmann & Vosburg, 1997; Tabachnik et al., 1983). The theory that pos-
itive mood may interrupt analytical thought is further upheld by findings which showed that
for participants who engendered a negative mood instead of a positive one, problem-solving
strategies were more likely to converge on correct solutions (Alloy & Abramson, 1979; Alloy
et al., 1981; Tabachnik et al., 1983). Results of an empirical study attempting to dissem-
inate these conflicting results found that both experimentally induced and naturalistic (self-
reported) positive mood had a significantly detrimental impact on creative problem solving (as
operationalized by aggregate performance scores on multiple creative problem-solving tasks),
whereas experimentally induced (but not self-reported) negative mood significantly facilitated
task performance (Kaufmann & Vosburg, 1997). The dissociation between the effects of exper-
imentally induced and self-reported negative mood is in line with the notion that there is a lack
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of equivalence between naturalistic and manipulated moods (Kwiatkowski & Parkinson, 1994),
and raises a more general question as to the validity of experimental manipulations of mood,
in general. Other critics call for investigations beyond simple dichotomization of positive and
negative affect, and it has been proposed that it is not the “tone” or “valence” of an affective
state that shapes the effect, but rather, the level of arousal associated with it (Martindale, 1991).
There are many other speculative interpretations raised in light of conflicting effects of moods,
though there is no systemic solution for bridging the gap between theory and uncertainty in
these cases.

By discussing the differential effects of mood on creative problem solving, the complexity of
resolving conflicting results is illustrated. Given that there is much overlap between differ-
ent executive functions and cognitive abilities, how does a particular theory, such as COVIS,
manage uncertainty in related model parameters? The question has incurred a wave of study-
replication paradigms in the past several years, in hopes of validating previously-attained re-
sults. This methodological crisis is ongoing, and some reported statistics show that rates of
replication in cognitive psychological science are as low as 48-53% (Open Science Collabora-
tion, 2015). In an open letter to his colleagues at the outset of the aptly named “reproducibility
crisis”, Daniel Kahneman (2011) discussed how a set of misleading results ultimately dam-
aged the reputation of the scientific process within psychology. As psychological researchers
we must hold ourselves accountable for properly scrutinizing and questioning results (and the
methods used to attain them), in order to prevent another bout of non-reproducible published
research. In light of this, it should be emphasized that experimental methods, especially those
which access subtle or subjective psychological phenomena, must continue to be critically ex-
amined. In the following sections, mood induction, a similarly criticised methodology, will be
discussed.

1.2 Mood Induction Procedures

Mood manipulation is an experimental technique wherein researchers administer a mood in-
duction procedure (MIP) to influence the mood states of participants in a study. MIPs are
commonly used in laboratory-based studies of emotion to better isolate and investigate dif-
ferent affective states. In cognitive psychology, an MIP is typically employed to temporarily
alter the participants’ mood in an artificial and controlled way, in order to then compare the ef-
fects of mood on the participants’ performance on experimental tasks. Effectiveness of an MIP
is gauged by measuring the magnitude of difference between baseline mood measurements
and post-MIP mood measurements. There are many developed MIPs, such as those involv-
ing administration of self-referent statements and explicit instructions to embody a particular
emotion (also known as the Velten procedure) (Velten, 1968), administration of emotionally
provoking music (Kenealy, 1986), pictures (Lang et al., 2005), and film (Gross & Levenson,
1993; Philippot, 1993), or techniques involving autobiographical recall (Krauth-Gruber & Ric,
2000; Mosak & Dreikurs, 1973; Schaefer & Philippot, 2005).

Apart from these so-called “classical” techniques, other methods have also seen popularity.
These other techniques involve engaging the participants’ imaginations using prompts (Richard-
son & Taylor, 1982), using hypnosis (Natale & Hantas, 1982), and putting participants in sim-
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ulated ‘real’ emotionally activating scenarios or interactions with a confederate (Kučera &
Haviger, 2012). Combined MIPs saw popularity as well, in which two emotion-inducing tech-
niques were used in conjunction, in hopes of eliciting a stronger emotion due to an additive MIP
effect (Mayer et al., 1995). For example, one combined MIP uses statements intended to guide
imagery (e.g., “It’s your birthday and your friends throw you a terrific surprise party”) to engage
participants’ foreground attention while emotional music is used to support a background state
(Mayer et al., 1995). In addition, there are a wide variety of mood induction procedures which
employ unique methods and target different aspects of the emotional response. For example,
some methods focus on gauging and manipulating participants’ cognitive appraisal of emotion,
whereas others consider participants’ level of physiological arousal as part of their emotional
response, or even their regulatory response to emotion (Moya-Higueras et al., 2022; Sonne-
mans & Frijda, 1995). Having a wide variety of methods at their disposal allows researchers
to choose the MIP which best fits the context of their overarching study goals. However, this
choice bears careful consideration, as not all methods perform equally well under different
conditions.

1.2.1 Choosing the Best MIP

Researchers must consider which MIP to use by weighing research goals with practicalities
(e.g., the costs of time and purchasing media or equipment), as there is no one “golden” stan-
dard which addresses each limitation. Although mood induction remains the most reliable and
experimentally controlled method for emotion-testing paradigms, findings comparing their ef-
fectiveness have been equivocal, and criticisms of each method persist (Sinclair et al., 1994).
Research has found that although most methods generally manage to induce the desired mood
state, different MIPs see various levels of success for inducing different emotional states, and
that typically, discrete, negative affects are less successfully achieved than broad, positive ones
(Lench et al., 2011; Siedlecka & Denson, 2019; Zhang et al., 2014), though there is inconsis-
tency within these claims (Jallais & Gilet, 2010).

A review by Westermann et al. (1996) revealed that film MIPs were more effective at eliciting
various discrete emotions compared to other methods, and that combined MIPs were better at
eliciting negative as opposed to positive moods. This finding has seen further support from
a recent meta-analysis comparing film clips, autobiographical recall, imagination, and pic-
ture presentation (Joseph et al., 2020). Fear has been shown to be most effectively induced
by film clips by some findings (Zupan & Babbage, 2017), and imagination methods in oth-
ers (Siedlecka & Denson, 2019). To effectively integrate above findings, Boğa et al. (2022)
compared the effectiveness of three emotion elicitation methods (films, pictures, imagination)
in their ability to induce three different emotions (fear, disgust, happiness), as measured by
three different measures (self-report, facial expression, and physiological response). Their re-
sults found that film clips were the most effective method for emotion elicitation, and that the
resulting physiological response was most long-lasting.
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1.2.2 Methodological Issues Relating to MIPs

Researchers studying emotion must often contend with the dilemma of successfully isolating
genuine sensations of emotion in their participants, while also constraining their study to a
static environment which, at its core, fails to mimic a naturalistic stage for emotional experi-
ence. The degree of emotionality induced in laboratory settings has been regarded as a poor
representation of the type of intense, nuanced, and context-specific emotion that is experienced
in everyday life (Diniz Bernardo et al., 2021). These types of criticisms have been pitched
towards laboratory findings in general, and have been prevalent throughout clinical, cognitive,
affective, and social psychology. Neisser (1982) commented on the weak generalizability of
results wrought from “sterile” laboratory conditions and encouraged a naturalistic approach
where affective states are observed rather than manipulated. Other theorists (Conway, 1991) in
turn argued that a naturalistic and uncontrolled environment lacks the proper internal validity to
allow for theoretical progress. Experimental research into emotion, or its effects on other psy-
chological constructs of interest, has been especially hindered by issues of balancing the need
for ecological validity and the need for maintaining experimental control across participants
(Parsons, 2015). This debate is easily extended to the topic of mood elicitation methodology,
as I will describe below.

Issues surrounding methodology for achieving effective mood change in participants have long
been noted (Kenealy, 1986; Westermann et al., 1996). Firstly, some MIPs are particularly
susceptible to demand characteristics (i.e., participants who respond in a way that is biased by
what they determine is desirable to the researcher), particularly those which involve the use of
guided imagery or giving participants explicit instructions to enter a particular mood, since it
is relatively simple for participants to deduce the aim of the procedure (Buchwald et al., 1981).

Secondly, MIPs which employ controlled, fixed emotion-eliciting stimuli (such as music, film,
or pictures), may find it especially difficult to shift the mood state of a group of participants into
a different, unified state. Individuals may draw upon previous experiences and memories which
could potentially totally transform the intended themes of a particular picture, film, or piece
of music, hence eliciting an unexpected mood (Devilly & O’Donohue, 2021). As such, these
static methods may fail to generate an equivalent emotional experience, especially across par-
ticipants of different ages (Larcom & Isaacowitz, 2009), genders (Gouaux & Gouaux, 1971),
cultures (Scherer & Wallbott, 1994), different levels of self-esteem (Setliff& Marmurek, 2002),
and pathopsychological predispositions (Blackburn et al., 1990). In fact, this predictable inter-
individual variance of emotional reactions to equal or similar situations is a foundational as-
sumption of cognitive appraisal theories of emotion (Ellsworth & Scherer, 2003). In appraisal
theory, it is the assessment and interpretation of a situation which supports the emergence of
one emotional experience over another, and that interpretation can vary given life experience,
personality traits, and many more individual-specific factors (Siemer et al., 2007). Personality
traits interact with emotion-regulating psychophysiological processes that are, in turn, medi-
ated by the sociocultural context dictating an individual’s emotional schemata, contributing to
a particular emotional response as well as to a continuously interrelating affective-cognitive
system (Eich & Metcalfe, 1989). Though appraisal theory is just one type of emotion theory, it
introduces the important notion that cognition and emotion are intertwined in such a way that
the reaction to a situation is mediated by evaluative thought patterns.
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A third prevalent, yet rarely discussed, issue surrounding MIP usage is the lack of validation of
assumptions underlying the induction of mood. For example, many researchers take for granted
that a successful induction of mood, as measured by a significant change in mood between pre-
and post-MIP (or as determined by the research context), provides sufficient grounds to proceed
with investigations of the impact of mood on other outcomes of interest. Recent research on the
temporal persistence of elicited sad mood has found that common MIPs exert a short-lasting
influence on participants’ mood (Gillies & Dozois, 2021). Gillies and Dozois (2021) compared
three types of MIPs (music, autobiographical memory, and combined music and memory) for
eliciting sadness, both in the magnitude of change in pre-post MIP mood and in the longevity of
the induced mood. Specifically, it was found that none of the methods produced a sufficiently
strong level of sadness past four minutes. This finding may undermine the results of studies
which conclude that there is no effect of sad mood on a secondary outcome of interest, insofar
that the experimental protocol relies on the possibly untenable assumption that the induced
mood is maintained throughout the study. Very little research has been conducted evaluating
the maintenance of induced mood over the course of an experiment, which could also vary
based on the type of experimental task administered.

Some of these issues can be “controlled for” in the sense that researchers may use instruments
designed to capture variables to analytically account for individual variability along different
domains, or to exclude individuals who do not meet a minimum set of sample-homogenizing
criteria (though this has its own drawbacks, such as survey fatigue or lowered sample size,
respectively) (Nguyen, 2016). However, it is often undesirable to subject participants to a
barrage of many-item questionnaires, especially in cases where the mood induction is just one
part of a longer experimental procedure (Vickers, 2006). In contrast to static MIPs, individual-
attuned methods, such as those which rely on participants recalling personal life events, have
limitations of low experimental control, as the researcher has little insight into or influence on
the true contents of the imagined scenarios (Devilly & O’Donohue, 2021). Additionally, the
intensity of emotion elicited from recalling past scenarios or from relating to an administered
scenario depends on the individual’s ability to bring them into their imagination with adequate
vividness—a co-construct which has exhibited plenty of interpersonal variability on its own
(Cui et al., 2007; Richardson & Taylor, 1982).

Apart from what has been already described, there are many other factors which could influence
the effectiveness of any MIP involving presentation of media which are unrelated to individual
variability. For example, environmental noise during the MIP, poor audiovisual quality of
stimuli used in the MIP, or other confounding characteristics such as variation in the behaviour
of the researchers from trial-to-trial could introduce distractions and frustrations which limit
the intended emotional experience of participants (Westermann et al., 1996). These types of
artefacts add an additional layer of difficulty when it comes to comparing results from different
studies, especially since many researchers use media that are decades old and which not only
have a lower audiovisual quality but may also hold less socio-cultural relevance (Eder et al.,
2019). Though there are standard emotion elicitation media libraries such as the International
Affective Picture System (IAPS; Lang et al., 2005) or the film database developed by Schaefer
et al. (2010), researchers persistently develop their own sets of emotion-eliciting stimuli in
small scale pilot studies, which may render their methods not reproducible and their results not
as comparable to others (Devilly & O’Donohue, 2021). Further, many of the strongest emotion-
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eliciting films in standardized libraries are those which arise in popular media (e.g., Schindler’s
List, The Dead Poets Society, When Harry Met Sally, Forrest Gump). The popularity of such
media could arguably lead to dampened emotional response, due to pre-existing familiarity
with the material (an effect which has been found in relation to music) (Van Den Bosch et al.,
2013). All these flaws can have major consequences for the validity of the research which uses
them, undermining the generalizability of conclusions to a greater population, or obfuscating
mood effects.

1.2.3 Addressing Limitations: VR MIP
To address the limitations of MIPs, particularly those regarding low intensity of elicited emo-
tional response, researchers have sought to reduce the artificiality of laboratory-based tech-
niques. One type of increasingly studied emotion elicitation technique involves the use of VR
technology. VR allows the researcher to build a virtual environment in which the user can ex-
perience a situation that mirrors what they might experience in real life. In comparison to the
static, unrelatable, or non-interactive stimuli used in traditional MIPs, a virtual environment
can provide an engaging platform for simulating various emotionally charged scenarios, which
could confer an advantage when it comes to emotion elicitation (Felnhofer et al., 2015).

The immersive power of VR is one that is often noted as the primary factor which blurs the
boundary between simulation and real life (Li et al., 2022). It is considered “immersive”
because VR environments typically engage the participant across multiple sensory modalities,
leading to an integration of sensorial information much like the kind that occurs in sensory-rich
real life environments (Riva et al., 2019). For this reason, individuals using VR may experience
a sort of perceptual illusion wherein they feel a sense of presence in the virtual environment
despite knowing that it is a simulation (Lombard & Ditton, 1997). There is ongoing discussion
about the role that an individual’s sense of presence plays in their response to emotional cues in
virtual environments, and its relation to how immersive the environment is. Presence has been
called a necessary component for the activation of real emotions in VR (Parsons & Rizzo, 2008;
Price et al., 2011), as individuals could be less likely to emotionally engage if not transported
away from their physical selves. Results of a study examining the relationship between emotion
and presence in VR found that higher levels of anxiety were significantly correlated with higher
levels of presence in VR (Bouchard et al., 2008), and subsequent statistical investigations of
this result established a bidirectional relationship between the two constructs, wherein levels
of presence and anxiety were significant predictors of each other (Riva et al., 2007). The
importance of sense of presence in relation to emotion elicitation in VR is further highlighted
by findings of higher emotional responding to simple VR scenes which use a high-quality
system (and are therefore more immersive), compared to scenes which use lower quality VR
devices (Botella et al., 1999; Michaud et al., 2004).

Despite these findings however, the relationship between presence and emotion is not entirely
clear. Beyond the immersiveness of the environment itself (which is typically mediated by how
many sensory modalities are engaged and the quality of the interface), emotionality and pres-
ence in VR may be mediated further by the nature of the emotions involved (i.e., high arousal
versus low arousal emotions) or characteristics of the sample (i.e., participants with anxiety
disorders versus healthy controls) (Diemer et al., 2015). Some personality traits and disposi-
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tional profiles have also been found to play a role in presence and emotion. For example, the
tendency to experience immersion, which refers to individuals’ propensity to become involved
in a situation, to maintain focus on their experience, and to block out external distractions has
been found to be positively correlated with higher levels of presence in VR (Saba Khashe,
Burcin Becerik-Gerber, Gale Lucas, Jonathan Gratch, 2018). Not only can individuals vary
with respect to how likely they are to feel immersion, research has also found certain patterns
among individuals’ affective experiences which can be used to predict the frequency, intensity,
and longevity of future emotional responses to events (van Goozen et al., 2014), making it
important to factor in affective biases when seeking to understand emotional responding to VR
MIPs.

Nevertheless, hinging on the assumption that circumstances in VR are sufficiently similar
to real life, a VR environment could provide the much-needed ecological validity for MIP-
elicitation, without the researcher needing to sacrifice experimental control. There are many
different virtual environments which have been used to successfully induce various emotional
states (for reviews see (Diniz Bernardo et al., 2021; Somarathna et al., 2022). VR MIPs vary
with respect to the scope of the virtual environment and the parameters within it, since much
of the work regarding mood induction in VR is still in exploratory stages. For example, Li et
al. (2022) measured EEG signals of participants watching eight different VR videos (targeting
different levels of valence and arousal). In this experiment, the participants had a first-person
perspective of the contents of a video (taken from a database of pre-developed “immersive”
videos) within which the environment was mostly static, save for changes in lighting, sound,
and characters appearing and disappearing. Participants could not move, survey, or affect any-
thing within the virtual environment since stillness is required for better EEG signal detection.
In contrast, other VR MIPs which do not have as many technological considerations constrain-
ing their design, can employ more dynamic environments. In a study by Felnhofer et al. (2015),
participants’ electrodermal activity as well as self-reported emotion were measured to evalu-
ate the effectiveness of different virtual theme park MIPs at eliciting five different emotions
(i.e., joy, anger, boredom, anxiety, and sadness). Participants walked through the environments
which varied in terms of their weather patterns, soundscapes, lighting, and the presence of
people and objects, in a way that was congruent with each emotion. For example, in the anger-
eliciting theme park, participants were exposed to a cacophony of construction sounds, whereas
environmental characteristics such as darkness and loneliness featured in the anxiety-eliciting
virtual theme park, rainy and gloomy conditions were employed in the sadness-inducing theme
park, sunshine and the sounds of chirping birds featured in the joy-inducing virtual theme park,
and a sparse, colourless park was used to elicit boredom.

Regardless of their specific design, VR MIPs have largely been found to consistently elicit
their intended emotional states. In a review of 61 studies administering VR MIPs to healthy
participants (Diniz Bernardo et al., 2021), all VR MIPs were found to successfully elicit stress
and anxiety, with most being successful at eliciting joy, fear and relaxation. Although the
effectiveness of VR mood induction was found to be lower for emotions like sadness and
anger, this could be due in part to a lack of knowledge about which design elements to include
when constructing environments that would elicit these emotions. For example, in the study
described in the previous paragraph by Felnhofer et al. (2015), the rainy and unpopulated
virtual theme park used in the sadness MIP unexpectedly evoked higher ratings for boredom,
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whereas sadness levels were highest in response to the sparse and colourless environment used
in the boredom MIP. More research examining response patterns to different emotional cues
would likely reduce ambiguity in VR mood induction, and would allow for purer isolation of
various emotions within virtual environments.

1.3 Current Research

Though VR MIP is theoretically promising, there are few studies which directly compare clas-
sic (non-VR) MIPs to VR-based methods. In one study VR MIP was found to be more ef-
fective than other MIPs (including film MIPs) at inducing a positive mood (Richard Ortegón
et al., 2023), but this type of investigation has not been extended to other affective states, to my
knowledge. The goal of the current study was to explore the effectiveness of using a virtual en-
vironment to elicit fear, comparing it to another highly effective MIP (film clips) and a control
condition (no MIP). Fear was chosen as a target mood as it encapsulated high arousal, which
is differentially induced by VR compared to non-VR (Felnhofer et al., 2015). Fear was also
chosen because it can be described as a negative emotion, filling a knowledge gap in previous
comparisons of VR and non-VR which investigated only positive emotion (Richard Ortegón
et al., 2023). Consistent with previous findings, VR MIP was hypothesized to produce more
intense elicited fear than the non-VR MIP relative to control.

Additionally, VR MIP research has not yet been validated in terms of its ability to induce
lasting, durable affective states. To test the temporal persistence (or durability) of the induced
moods, participants rated their mood repeatedly for 10 minutes, post-induction. Consistent
with previous findings regarding the durability of MIPs, it was hypothesized that the elicited
mood would decay over time, returning to baseline after approximately four to six minutes
post-MIP (Gillies & Dozois, 2021; Kuijsters et al., 2016). It was hypothesized that fear induced
by the VR MIP may outlast fear induced by the non-VR MIP, given a higher intensity of VR-
induced fear which may confer greater staying power. A rapid, instinctive self-report measure
of emotion was chosen to fit with the repeated-measures design. To maintain strict grounds for
comparison between VR and non-VR methods, the virtual environment was built around an
existing, standardized film clip MIP. Although this may have limited the immersive quality of
the virtual environment, since it did not engage all senses, this type of exploration of a minimal
difference may provide a broader idea of the sufficient conditions for dissolving the artificiality
of mood induction paradigms.

The most commonly administered and direct measure of emotion is self-report, in which partic-
ipants are asked to rate their current or general emotional state(s). Despite its simplicity, there
are some concerns with measurements of self-reported mood; namely that participants may be
biased to give socially desirable (and therefore less valid) reports of their emotions (Paulhus &
John, 1998). For this reason, a measure relating to social desirability was included as a covari-
ate to control for demand characteristics, as the current study asked participants to complete
self-reports about their affective states. A measure relating to the amount of presence (or em-
bodiment) felt in VR was included as a covariate, to investigate whether emotional responses
were mediated by how well immersed participants were in the virtual environment. Addition-
ally, a measure relating to the tendency to immersive oneself in media was included as well,
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as fluctuations on a personal level could provide further information about what influenced
elicited fear responding. These measures were used to determine whether potential differences
in fear-intensifying effects of VR were due to the quality and engagement of the constructed
virtual environment and/or the participants’ general traits, as presence has often been cited as
a precondition for experiencing emotion in virtual environments, whereas immersive tendency
has been described as a mediator of engagement in media (Felnhofer et al., 2015). A baseline
measure of mood was administered to investigate participants’ general tendencies to feel par-
ticular mood states, which was also included as a variable of interest in comparison between
the two MIPs. Measures addressing familiarity with both the film clip stimuli and VR were
included to offset any effects of novelty which could have influenced ratings of fear. Finally,
a general free-response item was included to provide insight into participants’ appraisal of the
emotional film clip.
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Methods

2.1 Participants
A total of n = 47 undergraduate students (aged 17-22 years old) enrolled at Western University
were recruited through the SONA psychology research participation pool from March 14th,
2023, until April 10th, 2023. An additional n = 32 participants (28% aged 17-22, 64% aged
23-30, 2% aged 30+) were recruited separately, outside of the SONA pool, over the course
of the subsequent two months. This recruitment was done via online social media and poster
advertisements. Of that group, n = 25 participants progressed through the initial screening
stage and successfully completed the study.

Participants were screened based on the following criteria: Being 18 years of age or older, or
being 17 years of age and enrolled as a student at Western University, having the cognitive
capacity to consent, being fluent in English, having normal hearing, having no past or current
experience(s) of mood disorders, having no past or current experiences of motion sickness,
and having normal or corrected-to-normal vision. An additional exclusion factor was that
individuals who relied on corrective eye-wear must have been able to wear contact lenses for
the experiment.

All participants completed the study in-person at the Western Interdisciplinary Research Build-
ing. SONA participants received 1.0 research credit as a partial fulfilment of an introductory
psychology course. Participants recruited outside of SONA were entered into a prize draw
where they could win one of four Amazon gift cards. All experimental procedures and materi-
als were approved by the Western Research Ethics Board (see Appendix A and Appendix B).
The final sample (N = 72) comprised 42 women, 29 men, and one individual who identified as
gender non-binary.

A series of chi square tests of independence were used to explore demographic differences
between the SONA and non-SONA participants. There was no statistically significant depen-
dence between samples with respect to participants’ gender (χ2(1, 71) = 0.44, p = .506), sex
(χ2(1, 72) = 0.63, p = .428), nor ethnicity (χ2(9, 72) = 12.81, p = .172)1. There was a signifi-

1To attain valid tests of independence, cells in the contingency tables with n ¡ 5 were either merged with other
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cant difference in age between the samples (χ2(2, 72) = 45.12, p < .05), though this difference
may be due in part to the overly large categories used to classify participant ages on the de-
mographic questionnaire, and may not reflect the relatively similar ages of most participants
included in the study (excluding two participants who were over the age of 30).

2.2 Materials

2.2.1 Stimuli

Film Clips

The main set of stimuli were film clips used to elicit specific emotions during the MIP. A clip
from the film The Conjuring (2013) was chosen to induce fear. A joy-inducing film clip from
the film Lottery Ticket (2010) was presented at the end of the experiment before debriefing, to
dispel any residual negative emotions leftover from the MIP.

The choice of these film clips was based on the results of a recent study by Zupan and Eskritt
(2020), which evaluated an extensive list of modern emotion elicitation film clips on the degree
to which they induced various emotions. The clips which elicited the highest degree of the
target emotion (fear and joy) from that study were chosen for all conditions in the current
experiment. Table 1 shows a brief description of each film clip used as well as timestamps and
durations of each of the clips.

Table 1

Description of Mood-Eliciting Film Clips

Mood Title Year Duration Time Description

Fear The Conjuring 2013 4m 57s 38:27
A woman is terrorized by a spirit
in her home, who traps her in a
dark basement.

Joy Lottery Ticket 2010 2m 35s 25:00
An average boy and his grand-
mother realize they have won a
25 million dollar lottery.

Note. Stimuli were selected based on the results from the article by Zupan and Eskritt (2020). Duration
refers to how long the film clip is in minutes (m) and seconds (s). Time refers to the timestamp in the
movie where the clip can be found.

cells, or in the case that there was no suitable match and only one response, the observation was dropped for the
purpose of these tests only
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Arithmetic Task

In this task, the participants were asked to solve a series of single-digit addition math problems,
presented sequentially on a computer screen. The task was coded in Qualtrics (https://www.qual
trics.com) and was administered post-MIP as a filler.

The main goal of the arithmetic task was to keep the participants occupied for ten minutes
in between repeated mood measurements which were necessary to gain an understanding of
the temporal persistence of the elicited emotion. While the participants completed the math
problems, mood measurements were administered every two minutes, for a total of five mood
measurements taken during the arithmetic task. Participants were not instructed to perform in
any particular way (e.g., “do your best”, “be as fast as possible”, etc.) during the arithmetic
task, and there were no predictions regarding correct or incorrect responses. The arithmetic
problems were generated randomly, with a maximum possible limit of 1000 generated math
problems, though participants needed to answer only enough to pass the time until all mood
measurements were collected. Responses to the math problems were not analyzed.

2.2.2 Virtual Reality
An Oculus Rift and Touch (oculusvr.com) was used to immerse participants in the virtual re-
ality environment. The virtual environment was built using Unity Game Engine, Unity Hub
Version 3.4.2, Editor Version 2021.3.17f1. The sensors for the Oculus Rift were placed about
a metre apart, on either side of the desktop computer which participants used to navigate the
online tasks during the experiment. An Aorus 5 SE gaming laptop was used to run the virtual
reality environment. See Figure 1 for a depiction of experimental set up.

Figure 1

Depiction of Experimental Setting
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The design of the virtual environment featured a cinema, with a large screen in the centre of the
field of view, rows of red, cushioned seats, a red curtain on either side of the screen, spotlights
above the screen, wall sconces, and an exit door (see Figure 2).

Figure 2

Depiction of Virtual Cinema Used in VR MIP

Note. The perspective in this image is altered to visualize the environment within the virtual cinema.

Participants received movie audio via headphones built into the headset. Participants had no
view of any part of themselves in the virtual environment. Participants were ‘seated’ in a mid-
dle row within the virtual environment, with no other people present in the cinema. Participants
were not able to move from their seat, interact with any objects in the environment, or control
any events. Participants were able to move their head to survey their surroundings freely but
were instructed to pay attention to the movie scene prior to commencing the MIP. Lighting
within the environment reflected the light cast from the screen. In dark scenes, lighting condi-
tions were quite dim.

2.2.3 Questionnaires
All questionnaires were converted to an online format using Qualtrics software, V.04.2023
and V.05.2023 of Qualtrics. Copyright © 2023 Qualtrics. Qualtrics and all other Qualtrics
product or service names are registered trademarks or trademarks of Qualtrics, Provo, UT,
USA (https://www.qualtrics.com).

2.2.4 Visual Analogue Scale (VAS)
The VAS was administered seven times throughout the experiment in order to measure partic-
ipants’ subjective fear before and after they experienced an MIP. This measure was selected
based on its use in previous repeated-measure investigations of MIP-elicited emotion durabil-
ity (Gillies & Dozois, 2021) and because of the straightforward and fast responding associated
with such a simple scale. The VAS consisted of a numbered line with anchors of no fear on
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the left end of the line (at 0) and most fear imaginable on the right (at 100) (see Figure 3 for
a depiction). The accompanying instructions asked the participants to “indicate the degree of
fear you are currently experiencing by clicking at the appropriate point on the line, as quickly
and accurately as possible.”

Figure 3

Depiction of Visual Analogue Scale for Measurements of Fear

Demographics

Demographics questions gathered basic information about the participants to be used for com-
paring samples. Age, gender, sex, and ethnicity were queried, though only age and gender were
retained for later analysis. Specific wording mirrored the demographic data available through
SONA, for ease of comparison. See Appendix C for the full questionnaire used.

International Positive and Negative Affect Scale (Short-Form) (I-PANAS-SF)

The 10-item I-PANAS-SF (Thompson, 2007) was used to gather emotional trait information
about the participants at the start of the experiment. The 10 items, which correspond to dif-
ferent emotional states, are evenly split into two subscales: Positive Affect (PA), comprised of
five items (Determined, Inspired, Attentive, Alert, and Active), and Negative Affect (NA), com-
prised of the remaining five items (Upset, Nervous, Afraid, Hostile, and Ashamed). Positive and
negative affect items are aggregated to calculate an overall positive affect and negative affect
score, respectively. Participants rate how often they tend to feel each emotion on a five-point
Likert scale, with responses ranging from 1 (Never) to 5 (Always). Scores on each subscale
range from 5-25, with high scores on the PA and NA subscales indicating higher levels of ex-
periencing either affective state, in general. The PANAS has very good internal consistency for
both PA (α = .85− .90) and NA (α = .84− .87) subscales (Crawford & Henry, 2004; Heubeck
& Wilkinson, 2019), and is popularly used in mood induction studies to establish affective
states and traits.

Social Desirability Scale (SDS)

The SDS (Crowne & Marlowe, 1960) is a 33-item questionnaire employed in research where
there is a need to “control” for potential information biases in self-reported measures (Larson,
2019), which may be more likely to occur in samples comprised of individuals with higher
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tendencies to respond in socially desirable ways (Buchwald et al., 1981; King & Bruner, 2000).
Participants rate statements regarding their tendencies towards exhibiting socially desirable
behaviour as being either “True” or “False” (coded as True = 1 and False = 0). Ratings across
items are aggregated to form a total SDS score, with low, average, and high scores ranging
between 0-8, 9-19, and 20-33 total points, respectively (Crowne & Marlowe, 1960). The SDS
has been found to have a good internal consistency (α = .81), and is the most widely used
instrument for measuring the tendency to respond in a socially desirable way in psychological
research (Vésteinsdóttir et al., 2015).

Presence Questionnaire (PQ)

The 11-item PQ (inspired by the PQ originally developed by Witmer and Singer, 1998) relates
to participants’ sense of presence (the sense of “being there”) and level of engagement felt in a
virtual environment. Participants are asked to rate their agreement with statements on the PQ
on a scale from 1-7, and their ratings are then aggregated into a total presence score (with one
item being reverse coded). The PQ also includes a number of theorized subdimensions which
relate to participants’ evaluation of “Realism” (relating to comparability between the virtual
environment and real life), “Control” (relating to how much control can be exerted over aspects
of the virtual environment), and “Sounds” (relating to auditory sensory fidelity) in the virtual
environment. Higher presence scores have been associated with higher engagement within a
virtual environment, which has also been associated with higher intensities of responding to
emotional cues presented in VR (Diemer et al., 2015; Felnhofer et al., 2015; Witmer & Singer,
1994). The PQ has been found to have good internal consistency, with Cronbach’s α = .88
(Witmer & Singer, 1998).

The version of the PQ used in this study dropped several items from the original questionnaire
which would not logically apply to the virtual environment presented to participants. Items
asking participants about their experiences of touch, movement, manipulation of objects, and
control over the environment or objects in the environment were excluded, since there were
no mechanisms built into the virtual environment which could deliver those experiences. This
practice was based on a recommendation by authors from the UQO Cyberpsychology Lab
(2004) who devised a French-Canadian version of the ITQ, which also mirrors the practice of
Witmer and Singer (1998) in their application of the PQ to virtual environments with varying
sensory engagement. Some of the wording within the questions was changed to reflect the task
(i.e., watching a film clip), for clarity.

Immersive Tendencies Questionnaire (ITQ)

The ITQ (Witmer & Singer, 1998) consists of 18 items relating to participants’ tendencies
to immerse themselves in media (i.e., books, movies, television shows, sports, and computer
games), which they are asked to rate their agreement from 1 to 7. The items correspond to
three subdimensions: “Involvement”, which examines the level of passive immersion and is
comprised of seven items (e.g., “Do you ever become so involved in a TV program or book
that people have problems getting your attention”), “Focus”, which examines the ability to
block out distractions and is comprised of seven items (e.g., “How good are you at blocking
out external distractions when you are involved in something?”), and “Games” which examines
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interest in games and is comprised of two items (e.g., “How often do you play arcade or video
games?”). An additional two items (i.e., “How well do you concentrate on enjoyable activi-
ties?” and “While watching sports, do you ever become so involved in the game that you react
as if you were one of the players?”) are only included in the calculation of the total immersive
tendency score, but are not part of any subdimension.

High ratings on the ITQ have been found to predict higher levels of presence in VR, which
has in turn been associated with enhanced emotional engagement in simulated environments
(Singer & Witmer, 1999; Witmer & Singer, 1994, 1998; Witmer et al., 2005). The reliability of
the ITQ is good, ranging between α = .75−.81, with the factor structure being developed from a
cluster analysis Witmer and Singer (1998). However, research employing statistical analyses to
validate the factor structure of the ITQ does not always support the three dimensional structure
that was initially proposed (Rózsa et al., 2022).

Familiarity Questionnaires

Participants were asked to respond to a series of questions regarding their familiarity with
VR and with the fear-eliciting film clip, which do not belong to a previously standardized
instrument.

The Virtual Reality Familiarity Questionnaire (VRFQ) administered questions pertaining to the
participants’ level of experience with VR, including previous use of VR, ownership of a VR
device, the frequency of current VR usage, and the similarity of VR experienced to the one in
the current study. Only participants in the VR MIP condition received this measure. For a full
list of questions in the VRFQ, see Appendix D.

The Film Clip Familiarity Questionnaire (FCFQ), administered to all participants who received
an MIP, pertained to the participants’ previous experience and knowledge of the film shown
during the MIP. The full list of questions in the FCFQ is included in Appendix E. The questions
in the VRFQ and FCFQ were included in order to gain additional explanation for variance in
participants’ mood scores post-MIP, as novelty and/or experience can complicate interpretation
of moods experienced due to the MIP.

There was an additional open-ended question included at the end of the experiment, which
asked participants “how did you feel when watching the video clip from the experiment? Please
provide us with comments about any aspects of the video clip that you feel were relevant to
your experience of it.” This question was meant to gather any information that could enrich the
exploration of the stimuli used in this study, but no formal analysis was applied.

2.3 Procedure

Prior to the scheduled participation, the researcher prepared the Qualtrics survey, film clips, and
VR headset (should the participant be part of the VR MIP condition). Before the participant
arrived, the researcher pre-loaded a browser page on the desktop computer in the testing room
which launched a Qualtrics survey. On the first question of the survey, the researcher selected
which condition the participant was assigned to (VR or non-VR) and which mood priming they
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would undergo (fearful, or no induction), based on prior random assignment.

At the time of participation, the participant was led to the testing room, where the participant
was given the letter of information (LOI) to review. The researcher remained in the room while
the participant reviewed the letter and responded to any questions that the participant may have
had. Once the participant reviewed the letter of information and had all questions addressed,
they provided written consent by signing the consent form with their participant IDs (Note:
SONA-recruited participants signed with their SONA IDs). The consent forms and LOIs can
be found in Appendix F and Appendix G.

Once the participants consented, the researcher asked them to switch off and stow away elec-
tronic devices, leaving them out of sight. The researcher emphasized that should the participant
wish to end the participation session, they would be able to do so without any penalties (i.e.,
any loss of compensation which could include full or partial loss of the 1.0 research credit,
academic punishment, or withdrawal from prize draw).

Participants in the different conditions received a different set of questionnaires and/or instruc-
tions, so the procedure will be described in sections pertaining to one condition at a time.

2.3.1 VR MIP Condition
The experiment was divided into three sections. See Figure 4 for a diagram depicting the steps
involved in the procedure. The researcher began the experiment by informing the participant of
the basic structure of the survey component and explaining what they were going to be asked
to do in the first section of the experiment. Once that was completed, the participant was told
to begin the experiment.

Section One

The experiment began with the participant seated at a desktop computer with a Qualtrics sur-
vey loaded on a maximized web-page. The survey commenced by displaying the following
explanation of the experiment: “Thank you for participating in this experiment! There will
be three sections for you to complete: In Section 1, you will be answering a few demographic
questions as well as some questions about your mood. After this, you will watch a brief video.
In Section 2, you will be doing a 10-minute arithmetic solving task. In Section 3, you will fill
out surveys relating to your experience during the experiment, as well as some surveys relating
to your personality. When you are ready to begin Section 1, press “continue”.

Once the participants clicked “continue”, they began section one of the experiment, where
they were asked to input their participant (or SONA) IDs. The participants then answered
demographic questions about their age, sex, gender, and ethnic/racial identity (Note: SONA
participants were not asked to respond to demographic items, as this was information that
already existed within the SONA system). After completing the demographics questionnaire,
if presented, participants completed the I-PANAS-SF. They were then presented with the VAS,
which served as a pre-MIP (baseline) rating of fear. Once this was completed, the participant
was instructed by the online survey to notify the researcher of their completion of section one
of the experiment.
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Figure 4

Flow Chart of Procedure

MIP

After filling out the questionnaires in section one, the researcher guided the participants through
the steps involved in putting on and removing the Oculus Rift VR headset. Following this, the
researcher helped the participants practice putting on and removing the headset, adjusting the
fit as needed. The researcher confirmed that the participants were comfortable, and that the
headset was fitting securely without being too tight or too loose, that the headphones were fitted
over the participants’ ears, that the headset was resting securely without dragging downwards
or tilting up, and that their view in the VR scene was clear. If participants indicated any issues
with the fit of the headset or clarity within the scene, adjustments were made and questions
regarding fit were reiterated, until the issues were resolved.

Participants were told that should they experience any distress while viewing the film clip, they
may remove the headset themselves and/or verbalize the word “stop” which would prompt
the researcher to pause the video playing on the VR headset before it was taken off. The
participants were told that should they require help with removing the headset at any point,
they may say “help” and the researcher would first orient them with a brief, gentle touch on the
shoulder and would then assist them in removing the headset. The participants were told that
they would not be asked to move or interact with anything in the virtual environment and that
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they should stay silent and focused on the film clip which will be displayed on a screen in the
virtual environment. The participants were asked if they had any questions or concerns at this
stage, which were addressed by the researcher.

Subsequently, the researcher asked participants to put on the VR headset, making sure they
were sitting comfortably, within range of the Oculus Rift sensors, and facing the direction of
the computer screen, with their feet flat on the ground. The researcher told the participants that
once they indicated readiness, the clip would be played. The researcher notified the participants
that they would remain nearby to assist them if needed.

Once the participant indicated readiness to begin watching the film clip, the researcher initiated
the MIP by launching the program containing the fear-eliciting film clip (i.e., a scene from The
Conjuring), presented in the virtual cinema. The participant’s view in VR was of the film clip
being played on a cinema screen, which they viewed as if they were in the audience of an
empty movie theatre. Once the clip was over, the researcher told the participant that they may
remove the VR headset. The researcher was able to monitor the view that participants had in
VR throughout the MIP via a display on a connected Aorus gaming laptop nearby.

Section Two

Following the mood induction procedure, the participants were given a brief description of the
remaining tasks and were told that once they completed all sections of the experiment, they
should go to a different testing room located down the hall, to notify the researcher of their
completion. The location of the room was explained, and the researcher assured the participants
that they will return to the main testing room after 20 minutes to check in. Following this
explanation, the researcher left the room, and the participants used the desktop computer to
continue the Qualtrics survey.

On the survey, participants were shown a message announcing that they were about to begin
section two of the experiment once they clicked “continue”. They then completed another VAS
mood rating, to capture an initial post-induction measure of their fear level, before continuing
to the next portion of the experiment. Next, participants were shown instructions for the arith-
metic (filler) task which read: “In this task, you will be shown a series of simple math problems
which you must solve one after another. Once you have the correct answer for each, please
type it into the text box provided and press the enter key to advance to the next problem. The
task will take ten minutes to complete. Please expect periodic mood assessments during the
task, which may make the screen skip forward. Once you are ready to begin the task, click
“continue”.”

The arithmetic task continued for ten minutes until the participants completed the five VAS
measurements within the arithmetic task, for a total of seven VAS measurements in the entire
experiment. In other words, apart from the initial pre- and post-induction VAS measurements,
there was one VAS measure 2-minutes post-induction, 4-minutes post-induction, 6-minutes
post-induction, 8-minutes post-induction and 10-minutes post-induction. At each VAS mea-
surement, participants were prompted with the same set of instructions regarding rating their
current mood as outlined before. After all measurements had been completed, they were pre-
sented with the following message: “Thank you! You have reached the end of the arithmetic
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task and Section 2 of the experiment. When you are ready, you may click “continue” to progress
to Section 3 of the experiment.”

Section Three

The participants continued the survey by responding to a series of questionnaires for the sub-
sequent 10 minutes. The questionnaires included: the SDS, the ITQ, the PQ, the VRFQ, the
FCFQ, and a question asking participants about their general experience of the film clip they
watched during the mood induction procedure. Questionnaires were presented randomly, ex-
cept for the familiarity questions and general experiences questions which were presented last,
due to technical limitations regarding display logic within Qualtrics.

Upon completing all questionnaires, the participants were shown an end-of-survey message
thanking them for their responses and instructing them to seek the researcher and notify them
of their completion. Once this was done, the researcher and participant returned to the main
testing room, whereupon the participants were presented with a brief, positively valanced video
clip (from the movie Lottery Ticket) to bring them into a happier mood state. The clip was dis-
played on the computer monitor and audio was played through the computer’s built-in speakers.

The participants were then thanked for their participation and told that the experiment was
complete. Researchers gave the participants the debriefing form (see Appendix H), which
included a description of the goals and predictions of the study, contact information for the
researchers, support services in the case of mental health crises, and reading material related to
the study.

2.3.2 Non-VR MIP Condition
Participants in the Non-VR MIP condition completed the same procedure as described above
for section one of the experiment. The following paragraphs will add detail for aspects of the
protocol which differ for participants in non-VR MIP condition.

MIP

After section one was completed, participants were instructed to remain seated while facing the
desktop computer screen. The researcher explained that they were about to watch a brief video
clip and that the lights would be dimmed for better visibility of the media. Upon doing so, the
researcher then launched the fear-eliciting film clip on the desktop computer and maximized
the window. The researcher explained that should the participant wish to stop the video (in
case of discomfort with the material), they may pause it using the space bar on the keyboard in
front of them or they may ask the researcher for assistance.

Once the participant was ready, the researcher began the MIP by playing the fear-eliciting film
clip (from the movie The Conjuring). The clip was displayed on the computer monitor and
audio was played through the computer’s built-in speakers. While the participant watched the
clip, the researcher sat nearby. Once the clip was over, the researcher adjusted the brightness
of the lights in the room to pre-MIP levels, making sure to alert the participant that they were
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doing so. Subsequently, participants were told that they would now begin section two of the
experiment.

Section Two

After the mood induction procedure, participants commenced section two of the experiment
following the exact same protocol as described for participants in the VR MIP condition.

Section Three

The procedure for section three mostly mirrors that of the one outlined for participants in
the VR MIP condition. The participants continued the survey by responding to a series of
questionnaires for the subsequent 10 minutes. The questionnaires included: the SDS, the ITQ,
the FCFQ, and a question asking participants about their general experience of the film clip
they watched during the mood induction procedure. Questionnaires were presented randomly,
except for the familiarity questions and general experiences question which were last to be
presented, due to technical limitations regarding display logic within the Qualtrics platform.

Upon completing all questionnaires, the participants were shown an end-of-survey message
thanking them for their responses and instructing them to seek the researcher and notify them
of their completion. Upon doing so, the researcher and participant returned to the main testing
room, whereupon the participants were presented with a brief, positively valanced video clip
(from the movie Lottery Ticket) to bring them into a happier mood state. The clip was displayed
on the computer monitor and audio was played through the computer’s built-in speakers.

The participants were then thanked for their participation and told that the experiment was
complete. Researchers gave the participants the debriefing form, which was the same as the
one presented for participants in the VR condition.

2.3.3 No MIP (Control) Condition
Data from participants in VR MIP condition and the non-VR condition were compared against
data from a control condition, in which participants did not receive any MIP. Participants in this
condition were asked to complete nearly the same procedure as described above for section one
and two of the experiment. In other words, participants gave their ratings of fear at baseline and
provided responses on the demographics questionnaire and on the I-PANAS-SF in section one,
and then in section two they were asked to provide their ratings of fear again every two minutes,
for the duration of ten minutes while completing the arithmetic task. The key difference was
that there was a smaller time gap between section one and two, since participants did not
undergo an MIP. There was also only five repeated mood measures after the initial baseline
to adapt for the lack of MIP. Another difference between the control condition protocol and
the other protocols was that in section three participants completed only the SDS, rather than
the full battery of questionnaires administered to the other two conditions. Thus, the total
experimental protocol was much shorter for the control condition (2̃5 minutes) compared to
the non-VR MIP condition (4̃5 minutes) and the VR MIP condition (5̃0 minutes). Instructions
on the Qualtrics survey were adjusted to omit the descriptions of tasks which would not be
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completed by this group of participants. Because there was no risk of negative affect from
viewing a film clip, participants were debriefed but did not view the joy-inducing video.

2.4 Analysis

As a first step, the data were visualized and summarized with plots and simple descriptive
statistics for each measure administered in the experiment. Questionnaire scores of partici-
pants in the control, non-VR MIP, and VR MIP conditions were compared in order to detect
potential imbalances between conditions. Questionnaire reliabilities were computed and the
factor structure of questionnaires with subdimensions were explored.2 Correlations between
independent variables and the dependent variable were run to detect collinearity and to explore
the nature of the relationships between variables. All analyses were conducted in R (R Core
Team, 2023).

2.4.1 Continuous Ordinal Regression Modeling

The primary goal of the analysis was to compare the trajectories of self-reported fear levels
post-MIP across the time points. Traditional methods for analyzing longitudinal data, such
as repeated measures ANOVA, are often too restrictive in their assumptions, particularly in
assuming sphericity, which does not allow for a change in variability as time passes (Finch
& Bolin, 2019). Furthermore, when data do not meet distributional assumptions regarding
normality, (which the present data did not, as it was positively skewed), it can be difficult for
the test to be adequately reliable.

Some controversy exists as to proper analysis of VAS measurements, specifically regarding the
issue of how to treat VAS data. Because the VAS cannot be truly considered either a continuous
variable (since it is bounded), a ratio variable (since individual points on the scale do not nec-
essarily convey equally tangible distances), nor a linear variable (since there is typically some
non-linearity around the limits where there is a higher density of observations), many statistical
methods may struggle to capture the nature of the scale (Heller et al., 2016; Manuguerra et al.,
2020). To overcome this difficulty, a regression framework for “continuous ordinal” responses
was used, implemented by the R package ordinalCont (Manuguerra et al., 2020). The contin-
uous ordinal regression model is a generalization of the cumulative logistic ordinal regression
model for discrete ordinal responses, using maximum penalized likelihood estimation. In it,
intercepts are modelled using parametric and smoothing functions, as well as random effects,
mimicking the process of generalized additive mixed modelling (GAMM) procedures which
can account for non-linearity.

2Typical factor analytic strategies were not adopted, since SEM-based methods require a much larger sample
size.
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The continuous ordinal regression model can be described using equation 2.1.

log
(
γ (vit)

1 − γ (vit)

)
= g (vit) + x1iβ1 + x2iβ2 + x2tβ3 + x3tβ4

+ ... + x1ix2tβ12 + x1ix3tβ13

+ ... + x2ix2tβ22 + x2ix3tβ23

+ ... + bi

(2.1)

Where each individual i = 1, ..., n, each time point is captured with t = 1, 2, 3, ..., 7, and within-
participant correlation is modelled using the random effect bi ∼ N(0, σ2) for individual i.
VAS measurements v can be considered as being sampled from a continuous response variable
V ∈ (0, 1), with density fv(v) and a conditional density function (CDF) of γ(v).

V reflects the subjective perception of the underlying latent variable W (fear). A smoothing
g function (continuous analog of discrete intercepts in ordinal regression) maps v on the VAS
scale to w = g(v) on the latent scale, thereby modelling the dependence between V and W.
The g(v) function’s shape is informative of the change in perception of the latent variable
at different levels. The cumulative distribution is modelled using the logistic model where
systematic components (i.e., fixed and random effects) can be interpreted as the log-odds ratio
to an observation which is held constant at 0, regardless of the value of v. An exponentiation
of the regression coefficient provides the odds ratio associated with a one-unit increase in the
predictor variable, and this value can also be used to compare the magnitude of its effect on the
dependent variable compared to other predictors.

The effect of a given predictor can be understood as the effect it has on the odds of scoring
V ≤ v, and is modelled on the latent scale following equation 2.2:

W = −X⊤β + ϵ (2.2)

where ϵ is a random error term and X is the latent construct underlying the measured variable
x. Using this formula, a positive regression coefficient signifies lower VAS scores, (i.e., a less
fearful emotional state), whereas negative regression coefficients signify higher VAS scores,
(i.e., a more fearful emotional state).

Equation 2.1 is truncated for legibility, however, a comprehensive model formula for the current
data would include terms for all seven time points at which fear was measured, as well as terms
which represent interactions between these time points and levels of the categorical variable
representing each experimental condition, in place of the ellipses.

The VAS scores were transformed from [0,100] to [0,1], and the modelling function used au-
tomatically scaled them to (0,1) for the purpose of the analysis. Each time point was labelled
from “0” to “6”, where t0 represented the baseline fear measurement, t1 represented the first
post-MIP measurement, and t2 to t7 represented the subsequent repeated VAS measurements.
VAS scores at t0 were used to represent fear levels at t1 in the control condition, since par-
ticipants who did not undergo an MIP completed one less mood measurement. To model the
within-participant change in VAS scores across time, a random effect for participant was used
(specified as (1|ID) within the function formula).
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Three mixed-effects continuous ordinal regression models were created: one for modelling
change in VAS scores over time for the full sample (VR MIP, non-VR MIP, and control), one
for just the MIP conditions (VR and non-VR MIP), and one just for the VR MIP condition.
This was done because not all questionnaires were administered to all groups, and so some
splitting of the data was necessary to accomplish a deeper investigation of the impact of the
condition-relevant covariates.
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Results

The results of the analyses are split into sections, starting with descriptions of questionnaires
and comparisons of scores between groups. Next, VAS fear scores are visualized and described,
after which correlations between variables are reported. Finally, the results of continuous ordi-
nal regression models used to investigate the effects of MIP condition and covariate variables
on VAS fear scores over time are reported and interpreted.

3.1 Questionnaires

Reliability estimates of questionnaires are reported in Table 2. Summary statistics of question-
naire total scores are reported in Table 3.

3.1.1 International Positive and Negative Affect Scale (Short Form) (I-
PANAS-SF)

There were n = 72 valid observations of the I-PANAS-SF. In the current sample, certain items
(such as “hostile” and “ashamed”) did not acquire many (or any) responses above a rating
of “3”, indicating that participants were generally not prone to experiencing these emotions.
There was also asymmetry of responding along other items, and the exact frequencies of re-
sponding at different levels of each item across the sample are illustrated in Figure 5.

The estimated Cronbach’s alpha reliability for the subscales of the I-PANAS-SF indicated in-
sufficient internal consistency (using a cut-off value of α < .70). Because the I-PANAS-SF
contained a small number of items and was bi-dimensional in nature, the alpha values were
likely underestimating the reliability of the scale due to violations of assumptions (i.e., unidi-
mensionality and essential tau-equivalence) (Tavakol & Dennick, 2011). Based on McDonald’s
omega, (which has been proposed as an alternate measure of scale reliability when assumptions
for Cronbach’s alpha are violated), the internal consistency of the subscales of the I-PANAS-
SF can be considered acceptable, as they were above 0.70 (see Table 2). For a depiction of the
relationship between alpha and omega values, see Appendix I

29
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Figure 5

Frequencies of Responding at Different Levels of Items on the I-PANAS-SF

Note. Labels along the vertical axis correspond to items on the I-PANAS-SF. Levels of responding (1-5)
are colour coded. Frequencies of responding at the upper limit (5), lower limit (1), and median (3) are
expressed as percentages.

Table 2

Questionnaire Reliabilities

Cronbach’s Alpha (α) McDonald’s Omega (ω)

I-PANAS-SF – 0.77
I-PANAS-SF (PA) 0.61 0.72
I-PANAS-SF (NA) 0.61 0.72
SDS 0.20 0.74
ITQ 0.77 0.85
ITQ (Involvement) 0.75 0.86
ITQ (Focus) 0.59 0.73
ITQ (Games) 0.83 –
PQ 0.46 0.75
PQ (Realism) 0.45 0.69
PQ (Control) 0.29 –
PQ (Sounds) 0.32 0.39

Note. Cronbach’s Alpha and McDonald’s Omega reliabilities are reported for each questionnaire and its
subscales. For subscales with less than two items, McDonald’s omega is incalculable. A dash is used to
represent empty values.
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The original study validating the PANAS, developed by Watson et al. (1988), found a sig-
nificant negative correlation between the PA and NA subscales. The correlation calculated
between the PA and NA subscales in the shortened version validated by Thompson (2007)
was similarly found to be significant, negative and weak-to-moderate in strength. The nega-
tive, weak-to-moderate strength correlation between the sub-scales was taken to underlie the
theoretical independence of positive and negative affects as constructs. A significant bivariate
correlation revealed a similar relationship between PA and NA subscales in the current data
(r = −.26, t(70) = −2.27, p < .05), supporting the discriminant validity of the I-PANAS-SF.1

A matrix plotting Spearman correlations between items on the I-PANAS-SF showed distinct
clustering of items corresponding to the PA and NA subscales (see Figure 6), although visual
inspection of the ‘Alert’ item shows a pattern of correlations with both PA and NA subscale
items, indicating that it may be a potentially problematic indicator of affective valence.

Figure 6

I-PANAS-SF Spearman Correlation Matrix Plot

Note. Labels along the vertical axis correspond to items on the I-PANAS-SF, with subscale totals an-
chored at the corners of the plot. Blue-shaded cells indicate a positive correlation, red-shaded cells
indicate a negative correlation, with darker shades representing a stronger relationship.

1Parametric and non-parametric test gave similar results, so only one set of results is reported here.
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Comparisons Between Groups

Sample-wise and group-wise descriptive statistics for scores on the PA and NA subscales sug-
gested similarity in participants’ general tendencies to feel positive or negative moods (see Ta-
ble 3). A non-parametric Kruskal-Wallis test was used to compare median PA and NA scores
between groups.2 Median NA scores were not found to be significantly different between
groups (χ2(2) = 0.02, p = .992). Similarly, median PA scores were also not significantly
different across groups (χ2(2) = 0.81, p = .667), indicating that participants between exper-
imental groups could be considered relatively balanced in their general tendencies to inhabit
both positive and negative moods.

Table 3

Questionnaire Summary Statistics

Condition M SD min max

I-PANAS-SF (PA)
Control 17.8 2.2 13.0 22.0
non-VR MIP 17.9 2.5 13.0 21.0
VR MIP 17.4 3.2 11.0 23.0
Overall 17.7 2.6 11.0 23.0

I-PANAS-SF (NA)
Control 10.9 2.3 8.0 16.0
non-VR MIP 11.1 2.7 6.0 19.0
VR MIP 11.1 2.9 6.0 20.0
Overall 11.0 2.6 6.0 20.0

SDS Total
Control 18.2 2.3 14.0 22.0
non-VR MIP 20.1 3.1 13.0 26.0
VR MIP 20.4 2.7 14.0 26.0
Overall 19.5 2.9 13.0 26.0

ITQ Total
non-VR MIP 78.9 15.3 47.0 112.0
VR MIP 76.5 11.2 50.0 102.0
Overall 77.6 13.2 47.0 112.0

PQ Total
VR MIP 52.24 6.0 40.0 62.0

Note. The table reports grouped and overall mean questionnaire scores (M) and their standard deviations
(SD), as well as minimum (min) and maximum (max) questionnaire scores. “PA” and “NA” correspond
to the positive affect and negative affect subscales of the I-PANAS-SF.

2The Kruskal-Wallis test was used because Shapiro-Wilk’s tests of normality were significant (NA: W = 0.93,
p < .001; PA: W = 0.96, p < .05), indicating that the data did not pass the assumption of normality needed for
parametric testing.
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3.1.2 Social Desirability Scale (SDS)
There were n = 72 valid observations on the SDS. The estimated alpha reliability for the SDS
was very low, although this statistic may be under-representative of the true reliability of the
SDS, due to violations of assumptions (similar to those discussed above). Judging instead by
the calculated omega reliability, which was ω > 0.70, the SDS can be considered adequately
internally consistent (see Table 2 for exact reliability value).

Comparisons Between Groups

The sample had a mean SDS total score of M = 19.5 (SD = 2.9), which indicated that partici-
pants could be considered “average” to “high” scorers (Crowne & Marlowe, 1960). Group-wise
descriptive statistics of the SDS total scores are reported in Table 3. Notably, it seemed that
both MIP conditions were comprised of mostly “high” scorers, whereas the mean total SDS
scores in the control condition fell in the “average” range.

A one-way ANOVA was used to check whether total SDS scores differed between the different
experimental conditions.Levene’s test of homogeneity of variance, Shapiro-Wilk’s test of nor-
mality, and tests for outliers were not significant, indicating that this analysis was appropriate
for discovering true differences between groups. The test was significant (F(2, 69) = 4.98, p <
.01), indicating that at least one group had significantly different SDS total scores (Figure 7).

Tukey’s Honestly Significant Difference testing of the model revealed that the participants in
the control condition had significantly lower SDS total scores compared to participants in the
non-VR MIP condition (t = 2.48, p < .05) and the VR MIP condition (t = 2.91, p < .05).
There was no significant difference in SDS total scores between the non-VR MIP condition
and the VR MIP condition (t = 0.33, p = .941).

3.1.3 Immersive Tendencies Questionnaire (ITQ)
There were n = 47 valid responses on the ITQ gathered from participants who underwent an
MIP. There was some asymmetry with respect to responding at all levels on certain items on
the ITQ. Most drastically, only 2% of the sample responded below a rating of 4 out of 7 on item
6 (i.e., “How well do you concentrate on enjoyable activities”). Frequencies of responding at
different levels (1-7) on each items of the ITQ are visualized in Figure 8. Descriptive statistics
for scores on the subdimensions of the ITQ seemed to indicate overall similarity of immersive
tendency across both MIP groups (see Table 3). Summary statistics for ITQ subdimensions are
reported in Table 4.

The estimated α reliabilities of the ITQ and its subdimensions were all > 0.70, except for the
“Focus” subdimension, indicating that there was an acceptable internal consistency of the ITQ
overall and for the other two subdimensions. ω > 0.70 was estimated for the “Focus’ subdi-
mension, which suggests acceptable reliability. Reliabilities for the ITQ and its subdimensions
are listed in Table 2.

Witmer and Singer (1998) originally presented significant positive Pearson correlations be-
tween all items on the ITQ and the total immersive tendency score as support for using the
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Figure 7

Difference in Mean SDS Total Scores Between Groups

Note. Results of a one-way ANOVA are visualized by plotting the 95% confidence intervals (CIs) of
estimated marginal means against theoretical values from -1 to 4. Confidence intervals are depicted by
horizontal lines with arrow caps at either limit. CIs excluding a value of “0” indicate a non-significant
difference in mean scores between contrasted groups. Group contrasts between conditions are labelled
on the vertical axis.

Table 4

Grouped Summary Statistics of ITQ Subdimension Scores

Involvement Focus Games

Condition M SD min max M SD min max M SD min max

Non-VR 29.6 7.8 12.0 43.0 33.7 6.5 21.0 46.0 5.6 3.2 2.0 14.0
VR 27.5 6.5 17.0 44.0 33.2 5.7 23.0 44.0 6.0 3.8 2.0 14.0
All 28.5 7.1 12.0 44.0 33.5 6.0 21.0 46.0 5.9 3.5 2.0 14.0

scale total as a measure of immersive tendency. The same analysis was applied to the current
data set and produced similar results, save for ns correlations found between the total score and
item 1 (r = 0.26, p = .076), item 6 (r = 0.28, p = .055), and item 14 (r = 0.01, p = .936).
Of the three items, item 14 “How mentally alert do you feel at the present time” performed the
poorest as an indicator of immersive tendency, as there was no correlation between this item
and other items.
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Figure 8

Frequencies of Responding at Different Levels of Items on the ITQ

Note. Labels along the vertical axis correspond to items on the ITQ. Levels of responding (1-7) are
colour coded using the legend to the right of the plot. Frequencies of responding at the upper limit (7),
lower limit (1), and median (4) are expressed as percentages.

Comparisons Between Groups

A two-sample t-test was used to compare mean ITQ total scores between the non-VR MIP
condition and the VR MIP condition. The results indicated that there was no significant dif-
ference in immersive tendency between experimental conditions (t(45) = 0.63, p = .534).
Levene’s test was not significant (F(1, 45) = 1.23, p = .274), indicating that the assumption of
homogeneity of variances was met. Shapiro Wilk’s test of normality was also non-significant
(W = 0.96, p = .071), indicating that the scores followed an approximately normal distribu-
tion. Therefore, these results provided a valid estimation of the homogeneity of immersive
tendency scores across the sample.

3.1.4 Presence Questionnaire (PQ)
There were n = 25 valid responses on the 11-item PQ, gathered only from participants in the
VR MIP condition. There was heavy asymmetry with respect to responding at all levels (1-7)
on items on the PQ. Participants gave high ratings (above a rating of 4 on a 7-point scale) for
the majority of items, except for item 3 (i.e., “How much did your experiences in the virtual
environment seem consistent with your real-world experiences?”) and item 7 (i.e., “How much
did the visual display quality interfere or distract you from the film clip?”). Frequencies of
responding at different levels on each item of the PQ are visualized in Figure 9. Descriptive
statistics for total scores on the PQ are reported in Table 3.

Since there was a low number of items per subdimension as well as a low number of items on
the PQ overall, Cronbach’s alpha was likely unreliable as a test of scale reliability. McDon-
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Figure 9

Frequencies of Responding at Different Levels of Items on the PQ

Note. Labels along the vertical axis correspond to items on the PQ. Levels of responding (1-7) are colour
coded using the legend to the right of the plot. Frequencies of responding at the upper limit (7), lower
limit (1), and median (4) are expressed as percentages.

ald’s omega coefficients indicated that the estimated reliability of the PQ overall was acceptable
(ω > 0.70), and indicated that the Realism subdimension was on the cusp of acceptable reli-
ability (ω = 0.69), whereas internal consistency for the Sounds and Control subdimensions
was very poor (see Table 2 for a full list of reliabilities). Because the Control subdimension
was composed of only two items, calculating McDonald’s omega was inappropriate. Pearson’s
correlation coefficient was r = 0.17 (p < .05), indicating that there was no correlation between
these two items. In light of these low reliabilities, consequent analyses considered only the PQ
total score rather than subdimension aggregate scores as variables.

3.1.5 Film Clip Familiarity Questionnaire (FCFQ)

There were n = 47 valid responses on the primary FCFQ item which was used to measure
familiarity with the film clip used during the MIP. Roughly a quarter of the sample (n = 12)
had seen the scene from The Conjuring which was used in the MIP, the majority of whom (n
= 8) had only seen it once. Two participants indicated having viewed the scene twice, one
participant saw the scene three times, and only one participant indicated that they had seen it
five times.

Of the participants who did not indicate having previously seen the scene from The Conjuring
(n = 35), only two participants had previously heard of the movie. Of those two, one of
them rated their familiarity of the context of the film as being “Slightly Familiar”, whereas
the other rated their familiarity as being “Moderately Familiar”, indicating that the majority of
participants were either entirely unfamiliar or only slightly familiar with the movie used in the
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fear mood induction.

Comparison Between Groups

Pearson’s Chi-squared test of independence using Yates’ continuity correction was used to
assess whether there was a statistically significant difference in previous viewership of the
fear-inducing film clip between participants in the non-VR MIP and VR MIP conditions. The
obtained result was non-significant (χ2(1) = 0.25, p = .554), indicating that prior viewership
of the film clip used to elicit fear was proportional between MIP conditions.

3.1.6 VRFQ

The VRFQ consisted of six questions, which aimed to explore familiarity with VR, and was
only administered to participants in the VR MIP condition. There were n = 25 valid responses
on items indicating VR device ownership and prior VR usage. The other four items were only
relevant to those who either owned a VR device or had prior VR experience, and so were only
administered to a subset of these 25 participants.

Out of the 25 participants in the VR MIP condition, four of them indicated ownership of a VR
device. Of those four, three of them owned an Oculus device, and one did not remember the
name of their device. Just under half (46%) of participants indicated having used VR previous
to the experiment, whereas the other half did not have any previous VR experience.

Of the 14 participants who had used VR before, one individual rated their experience(s) as be-
ing “Totally different”, eight individuals rated their experience(s) as being “Somewhat similar”,
and five individuals rated their experience(s) as being “Very similar”. There were only three
users who could be considered highly experienced with VR (whose lifetime VR usage ranged
from 15-80 number of times experienced), relative to the rest of the participants, who indicated
having used VR 1-5 times, if they had any prior experience at all. Finally, the majority of par-
ticipants who had prior VR experience indicated that they “Rarely” used VR currently (n = 9),
whereas only two participants indicated that they “Sometimes” used VR, and no participants
indicated “Regular” or “Frequent” current VR usage.

3.1.7 Visual Analogue Scale (VAS) for Fear Ratings

There were n = 504 observations (across seven time points per participant) included in the
analyses of VAS scores. Descriptive statistics of VAS scores calculated at each time point
showed a wide range of responding within each condition, high standard deviations, disparities
between calculated means and medians, moderate to high positive skew, and moderate to high
kurtosis, suggesting a leptokurtic distribution and a high degree of inter-individual variability
(see Table 5 for exact descriptive statistics). Additionally, despite there being some outliers in
the data, these observations were not removed, given the small sample sizes for each group and
the fact that these observations could be related to a real underlying fear-generating process.
See Figure 10 for a depiction of mean VAS scores by condition over time.



Chapter 3. Results 38

Table 5

Descriptive Statistics of VAS Scores at Each Time Point Grouped by Condition

Time point Condition M median SD min max skewness kurtosis

pre-MIP
control 10.4 2.0 18.0 0.0 70.0 2.2 6.8
non-VR 6.2 6.0 6.4 0.0 18.0 0.5 1.8
VR 14.0 5.0 17.5 0.0 55.0 1.2 3.1

post-MIP
control 10.4 2.0 18.0 0.0 70.0 2.2 6.8
non-VR 28.9 25.0 23.1 0.0 70.0 0.4 1.8
VR 39.4 35.0 31.7 0.0 100.0 0.4 1.9

2m post
control 9.5 2.0 17.2 0.0 75.0 2.6 9.8
non-VR 17.2 9.5 21.5 0.0 80.0 1.5 4.4
VR 29.6 20.0 25.4 0.0 86.0 0.7 2.4

4m post
control 9.8 3.0 16.6 0.0 76.0 2.8 11.3
non-VR 13.5 4.0 19.0 0.0 70.0 1.5 4.6
VR 20.0 15.0 18.9 0.0 67.0 0.8 2.8

6m post
control 9.0 2.0 15.9 0.0 75.0 3.1 13.1
non-VR 11.7 3.0 18.1 0.0 66.0 1.7 5.0
VR 14.9 7.0 18.1 0.0 70.0 1.6 5.1

8m post
control 6.6 2.0 11.7 0.0 50.0 2.5 9.2
non-VR 9.8 0.0 18.3 0.0 59.0 1.8 4.6
VR 11.4 3.0 16.9 0.0 68.0 1.8 6.0

10m post
control 7.2 2.0 12.0 0.0 50.0 2.2 7.8
non-VR 9.2 0.0 17.3 0.0 55.0 1.8 4.8
VR 9.8 0.0 15.8 0.0 64.0 2.0 6.7

3.2 Correlations Between Variables

3.2.1 Correlations Between Independent Variables
There were significant (p < .05) positive correlations found between the ITQ total scores and
ITQ subdimension scores, ITQ-Focus and Positive Affect scores, ITQ total and Positive Affect
Scores, and between VR ownership and VR use, indicating that higher scores on the measures
of these variables were statistically related to each other. There were significant (p < .05)
negative correlations found between Positive Affect and Negative Affect scores, and between
social desirability and VR use, indicating that scoring was inversely related between these pairs
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Figure 10

VAS Scores Over Time Grouped by Condition

Note. Shaded areas represent standard error. “Pre-MIP” = baseline measurement, “Post-MIP” = first
measurement taken after the MIP. Subsequent x-axis labels refer to the time points of each repeated VAS
fear measurement in minutes, relative to administration of the MIP.

of variables. There were no significant correlations between participants’ age range and gender
and other variables (p > .05).

Presence and Immersive Tendency

Spearman’s correlation coefficient denoting the relationship between total PQ scores and total
ITQ scores of participants in the VR group was found to be weak, negative, and non-significant
(ρ = −.04, p = .832). This result indicated that participants’ immersive tendencies (as mea-
sured by the ITQ total score) were not related to the level of presence they experienced in
VR (as measured by the PQ). There was, however, a positive, moderately strong correlation
between scores on the ITQ Involvement subdimension and PQ total scores which approached
significance (ρ = .38, p = .060). There were no other significant or near-significant correla-
tions between the PQ total score and ITQ subdimension scores.
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3.2.2 Correlations Between Independent Variables and VAS Scores

There were significant positive correlations (p < .05) found between post-MIP VAS scores3

and I-PANAS-SF NA subscale scores (ρ = .23) and PQ total scores (ρ = .42), indicating
that higher reported fear levels post-MIP were related to higher presence and higher general
negative affect scores. There were significant negative correlations found between post-MIP
VAS scores and the ITQ-Focus subdimension scores (ρ = −.33, p < .05) as well as FCFQ-Seen
scores (rpb = −.27, p < .05), indicating that having a higher tendency to focus (as measured
by the ITQ) and having had previously seen the film were related to participants reporting
lower fear levels post-MIP. There were no significant correlations found between post-MIP
VAS scores and age, gender, social desirability, positive affect, ITQ-Involvement, ITQ-Games,
ITQ Total, or VR familiarity4 (p > .05), indicating that there was no direct relationship between
these variables and levels of subjective fear post-MIP. See Table 6 for a full list of correlation
coefficients.

Table 6

Correlations Between Variables

VAS Age Gender SDS PA NA ITQ-I ITQ-F ITQ-G ITQ-T PQ FC Seen VR Own VR Use

VAS 1.00 -.12 -.14 .09 -.20 .23 .14 -.33 -.06 -.09 .42 -.27 -.11 .31
Age 1.00 .06 -.20 06 .02 – – – – – – – –
Gender 1.00 .05 -.05 .01 -.25 -.10 -.15 -.24 .02 .04 .13 .10
SDS 1.00 .02 -.08 .03 .03 .02 .04 -.33 .20 -.15 -.50
PA 1.00 -.25 .02 .52 -.11 .33 -.09 .07 .08 -.25
NA 1.00 .19 -.24 -.14 -.10 .19 .11 -.16 .17
ITQ-I 1.00 .19 -.01 .54 .38 -.01 -.10 -.20
ITQ-F 1.00 .24 .80 -.33 .20 .10 -.18
ITQ-G 1.00 .42 -.11 .25 .14 .27
ITQ-T 1.00 -.04 .19 .04 -.12
PQ 1.00 -.04 -.04 .16
FC Seen 1.00 .06 -.16
VR Own 1.00 .39
VR Use 1.00

Note. Spearman’s rho was computed for correlations between non-normally distributed continuous
variables whereas point-biserial and phi correlations were computed for dichotomous-continuous and
dichotomous-dichotomous variable correlations. PA and NA represent the Positive Affect and Negative
Affect subscales of I-PANAS-SF, respectively. Participants in the VR and non-VR MIP conditions all
ranged in age between 17-22, therefore correlations between age and MIP-relevant variables were not
computed. ITQ-T corresponds to the ITQ total score, whereas ITQ-I, ITQ-F, and ITQ-G correspond to
the Involvement, Focus, and Games subdimensions of the ITQ. “FC Seen” represents whether the film
clip had been viewed before. “VR Own” and “VR Use” correspond to whether participants owned a
VR device and whether they had used VR previously.
Boldface indicates coefficients for which significant p-values were obtained at α < .05.

3correlations were only computed for the initial post-MIP VAS measurement to simplify interpretation.
4VR familiarity was divided into VR ownership and previous VR usage.
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3.3 Analysis of VAS Scores

3.3.1 Mood Induction Check
As a preliminary step, a simple mood induction check was performed by comparing baseline
VAS fear scores to post-MIP VAS fear scores. As the data did not meet parametric statistical
criteria, a non-parametric sign test was used to compare medians of repeated observations
(pre-MIP and post-MIP) in each of the three conditions. A one-tailed sign test indicated that
VAS fear scores increased significantly from pre- to post-MIP time points in both the VR-MIP
(S (31) = 28, p < .001) and non-VR-MIP conditions (S (31) = 24, p = .002), but not in the
control condition (S (11) = 8, p = .227) 5, supporting the hypothesized fear-eliciting effect of
the film clip stimulus.

3.3.2 Longitudinal Modeling of VAS Scores and Covariate Predictors
To analyze VAS score trajectories of participants between conditions at each time point as well
as to investigate the effects of covariates on VAS fear scores, continuous ordinal regression
models were generated, using the OrdinalCont package in R (Manuguerra et al., 2020). In the
sections below, there are three models discussed. First, the results of a “full sample model”
are presented, wherein all MIP participants’ VAS scores are compared against control at each
time point, with covariate predictors included as predictors. This is followed by the results
of an MIP-only model, which focuses on the effects of covariate variables on VAS scores of
participants in the MIP conditions. Lastly, a VR-only model is described, wherein VR-specific
measured predictors are included.

Full Sample Model

A regression model was used to analyse data from the full sample. The formula in the model
included an interaction term between condition and time, all covariates of interest, and a ran-
dom effect of the individual. Covariate predictors were: participants’ gender, age, general
levels of negative and positive affect (NA and PA scores), and social desirability (SDS scores).
Unstandardized regression coefficients, standard errors, t-values, associated p-values and their
confidence intervals for the model are reported in Table 7. 6

The model found significant, positive regression coefficients associated with the MIP condition,
age, and negative affect predictors, indicating that as participants’ assigned condition (dummy
coded as control = 0, non-VR = 1, VR = 2), age, and their general frequencies of experiencing
negative emotions increased, participants levels of fear increased as well. The negative affect
regression coefficient indicated that for every one-unit increase in NA scores, there was an
estimated 0.39-unit increase in VAS fear scores. The increase in fear given higher NA scores
can be quantified by taking the exponent of β = 0.39 which is equal to 1.06, signifying that the
odds of experiencing higher fear levels increased slightly with higher NA scores. The small

5Baseline VAS was compared against the subsequent VAS measurement in the control condition.
6Model output was shortened to omit the ns coefficients associated with each time point, for simplicity.
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Table 7

Table of Regression Coefficients for Full Model

Coefficients SE t p 95% CI Lower 95% CI Upper

condition:non-VR -2.16 1.40 -1.55 .125 -4.90 0.58
condition:VR -3.40 1.36 -2.50 .014 * -6.06 -0.73
post-MIP:non-VR -3.62 0.77 -4.71 .000 *** -5.13 -2.12
+2m:non-VR -1.79 0.72 -2.50 .014 * -3.19 -0.38
+4m:non-VR -0.87 0.69 -1.26 .211 -2.22 0.48
+6m:non-VR -0.70 0.69 -1.01 .315 -2.05 0.66
+8m:non-VR -0.13 0.70 -0.18 .854 -1.51 1.25
+10m:non-VR 0.09 0.71 0.13 .898 -1.29 1.48
post-MIP:VR -4.31 0.70 -6.17 .000 *** -5.68 -2.94
+2m:VR -2.89 0.66 -4.35 .000 *** -4.19 -1.58
+4m:VR -1.43 0.64 -2.25 .027 * -2.68 -0.18
+6m:VR -0.76 0.63 -1.19 .235 -2.0 0.49
+8m:VR -0.07 0.65 -0.11 .913 -1.35 1.21
+10m:VR 0.69 0.66 1.05 .298 -0.60 1.98
Age -2.55 0.97 -2.63 .010 ** -4.45 -0.65
Gender 0.72 0.75 0.96 .342 -0.76 2.20
Negative Affect -0.39 0.15 -2.58 .011 * -0.61 -0.01
Positive Affect 0.17 0.15 1.10 .274 -0.13 0.46
SDS 0.16 0.15 1.13 .262 -0.12 0.45

Note. Negative and positive values of coefficients should be interpreted inversely, wherein negative
value coefficients indicate an increase in fear levels (higher VAS scores) and positive values indicate a
decrease in fear levels (lower VAS scores).
Significance codes: p < .001 ’***’; p < .01 ’**’; p < .05 ’*’
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distance between the upper and lower limits of the 95% CI suggested that the OR could be
considered relatively precise.

In interpreting the effect of age on VAS fear scores outside the current sample, it should be
noted that the significance of age is likely a misleading result, as a closer inspection of the data
revealed that the only two participants in the control group who were older than the rest of
the sample (30+ years of age) had much higher levels of fear at each time point compared to
younger participants.

In addition to the significant main effect of condition, the time x condition interaction was also
significant at multiple levels. The significance of the interaction terms between time and condi-
tion, when condition = non-VR, indicated that experiencing the non-VR MIP was significantly
associated with a 3.62-unit increase in VAS scores relative to control at the first post-MIP
measurement, which decreased to a 1.79-unit increase in VAS scores at approximately two
minutes post-MIP. The non-significant p-values of interaction coefficients four minutes post-
MIP onwards suggested that the fear-eliciting effect of the non-VR MIP did not last beyond
approximately two minutes post-MIP. In contrast, participants assigned to experience the VR
MIP saw a significant 4.31-unit increase in VAS scores relative to control at the first post-MIP
measurement, a 2.89-unit increase at approximately two minutes post-MIP, and a 1.43-unit
increase at approximately four minutes post-MIP, suggesting that VR MIP-elicited fear lasted
approximately two minutes longer than fear levels induced by the non-VR MIP, though it did
not produce a significantly higher than baseline sensation of fear beyond approximately four
minutes post-MIP.

Odds ratios (ORs) calculated from each interaction coefficient indicated that VR-induced fear
levels were higher than non-VR-induced fear levels at the initial post-MIP VAS measurement,
with VR-induced fear increasing over 11-fold from baseline whereas non-VR induced fear
increased over nine-fold from baseline compared to control (ORVR = 11.72, ORnon−VR = 9.84).
Comparisons of the magnitudes of ORs indicated that VR-induced fear was also higher than
non-VR-induced fear at two minutes post-MIP (ORVR = 7.86, ORnon−VR = 4.87), which can be
interpreted as a more than seven-fold increase in subjective fear in the VR group compared to
a more than four-fold increase in the non-VR group. However, because the sample was small
and since the random effect term for individual variation had a large variance of 6.8 (S D =
2.6), these effects range broadly from person-to-person. It can therefore be only cautiously
concluded that a VR MIP may produce more intense and long-lasting subjectively rated MIP-
elicited fear than a non-VR film clip MIP.

The non-significance of the regression coefficients corresponding to the other co-varying pre-
dictors suggested that participants’ fear levels did not vary significantly as a function of their
gender, positive affective disposition, nor their level of social desirability bias. Because posi-
tive affect, as measured by the I-PANAS-SF, was found to be inversely correlated with negative
affect, it could be feasible to expect a fear-reducing effect of positive affect, though this was
not the case in the current model.
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MIP-Only Model

The MIP-only model included an interaction term between MIP condition and time point of
VAS measurement, predictors of general negative affect (NA), immersive tendency (ITQ total
scores), a binary variable indicating whether participants had previously seen the film clip
(FCFQ-Seen), and a random effect term grouping individual responses. Predictors which were
not significant in the full sample model (gender, positive affect and social desirability) were
omitted. Age was also omitted, as all participants in the MIP conditions belonged to the SONA
sample which was homogeneous in age range. Unstandardized regression coefficients, standard
errors, t-values, associated p-values and their confidence intervals for the model are reported
in Table 8.7.

Table 8

Table of Regression Coefficients for MIP-Only Model

Coefficients SE t p 95% CI Lower 95% CI Upper

post-MIP -3.12 0.59 -5.26 .000 *** -4.29 -1.96
+2m -1.45 0.54 -2.67 .000 ** -2.51 -0.39
+4m -0.76 0.52 -1.47 .145 -1.77 0.25
+6m -0.44 0.51 -0.86 .394 -1.45 0.57
+8m 0.25 0.53 0.47 .638 -0.79 1.29
+10m 0.34 0.53 0.63 .533 -0.71 1.38
condition:VR -0.78 0.94 -0.83 .408 -2.62 1.06
Negative Affect -0.39 0.14 -2.8 .007 ** -0.68 -0.11
ITQ Total 0.01 0.03 0.21 .833 -0.05 0.07
FCFQ-Seen 1.87 0.95 1.97 .053 0.01 3.73

Note. Negative and positive values of coefficients should be interpreted inversely wherein negative
values indicate an increase in fear levels (higher VAS scores) and positive values indicate a decrease in
fear levels (lower VAS scores).
Significance codes: p < .001 ’***’; p < .01 ’**’; p < .05 ’*’

Of these predictors, the model estimated significant regression coefficients for only time (at
initial post-MIP and two minutes post-MIP time points) and NA predictors, whereas the FCFQ-
Seen predictor coefficient was narrowly non-significant (p = .053). The confidence intervals
for the FCFQ-Seen estimate did not include 0, which supports the interpretation that having
previously seen the film clip dampened participants’ MIP-elicited fear levels. The significance
of the NA predictor once again suggested a link between higher frequencies of experiencing
negative affects and higher levels of MIP-induced fear, whereas the significance of coefficients
associated with only the first two post-MIP VAS measurements suggested that fear-boosting
effects tended to expire after two minutes post-MIP. The change in the sign of the coefficients
at eight minutes and ten minutes post-MIP suggested that fear levels made a functional return to

7Model output was shortened to omit the ns coefficients associated with interactions between each condition
and time point, for simplicity
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baseline somewhere between six to eight minutes after the MIP was administered. Unlike the
full sample model, there was no significant interaction between condition and time, and there
was also no main effect of condition, suggesting that fear levels between MIP conditions were
not statistically differentiated when compared directly as opposed to when they were compared
against control.

The non-significance of regression coefficients associated with the effects of ITQ scores and
SDS scores on fear levels suggested that there was no predictive value of immersive tendency
on participants’ MIP-induced fear. To see whether some aspects of immersive tendency were
more strongly related to fear levels than others, a separate model was run which replaced
the ITQ total predictor with the three ITQ subdimension scores, though none were found to
be significantly predictive of fear levels in the current sample and so are not reported. The
random effects term had a variance of 7.0 (S D = 2.7), which again highlights the high degree
of inter-individual variability in the present data which may skew any of the observed effects.

VR-Only Model

A subset of the data was modelled to investigate the influences of VR-relevant covariates on
VAS fear scores. Solely data of participants in the VR MIP condition was considered in this
model. Fixed effects included in the model were those which were significant in the full sample
model as well as: time point of measurement, participants’ general levels of negative affect (NA
scores), presence in VR (PQ total scores), familiarity with the fear-eliciting film clip (FCFQ-
Seen), and familiarity with VR. Familiarity with VR was operationalized by the inclusion of
two binary predictors corresponding to whether participants had any prior experience with
VR (VRFQ-Use) and whether they owned a VR device (VRFQ-Own). A random effect for
inter-individual variability was also included. Unstandardized regression coefficients, standard
errors, t-values, associated p-values and their confidence intervals for the model are reported
in Table 9.

The predictors with significant regression coefficients were those associated with time, negative
affect, and having previously seen the fear-eliciting film clip. The effect of general negative af-
fect was present in the current model, much like the previous two, wherein experiencing higher
frequencies of negative emotions tended to increase participants’ fear levels. Additionally, the
FCFQ-Seen predictor was significant in the VR only model, suggesting that having previously
seen the film clip was associated with a significant decrease in participants’ fear levels. Levels
of presence in VR, ownership of a VR device, and prior VR use were not found to be significant
predictors of VR-induced fear, suggesting that these variables did not play a highly influential
role in participants’ fear response to the MIP.

Compared to the MIP-only model, the VR-only model indicated that fear was significantly
higher from baseline for one time point longer, up until four minutes post-MIP, mirroring the
result of the full sample model, yet conflicting with the result of the MIP-only model. To
investigate this discrepancy, data from the non-VR MIP condition were modelled separately,
including the same predictors as the VR-only model (excluding predictors relating to VR fa-
miliarity and presence in VR). The results of this model suggested that non-VR induced fear
was significantly higher from baseline at the initial post-MIP VAS measurement (β = −2.91,
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Table 9

Table of Regression Coefficients for VR-Only Model

Coefficients SE t p 95% CI Lower 95% CI Upper

post-MIP -3.99 0.57 -6.98 .000 *** -5.12 -2.87
+2m -2.67 0.52 -5.13 .000 *** -3.69 -1.65
+4m -1.32 0.47 -2.82 .007 ** -2.23 -0.41
+6m -0.40 0.45 -0.89 .377 -1.29 0.48
+8m 0.41 0.47 0.87 .389 -0.51 1.33
+10m 0.90 0.48 1.87 .068 -0.04 1.84
Negative Affect -0.52 0.18 -2.94 .005 ** -0.87 -0.17
PQ -0.10 0.08 -1.20 .237 -0.25 0.06
FCFQ-Seen 3.01 1.21 2.48 .017 * 0.63 5.38
VR Use -1.87 1.06 -1.76 .085 -3.95 0.21
VR Own 2.20 1.40 1.57 .123 -0.54 4.93

Note. Negative and positive values of coefficients should be interpreted inversely wherein negative
values indicate an increase in fear levels (higher VAS scores) and positive values indicate a decrease in
fear levels (lower VAS scores).
Significance codes: p < .001 ’***’; p < .01 ’**’; p < .05 ’*’

p < .001) and at two minutes post-MIP (β = −1.34, p = .016), after which point fear was no
longer found to be significantly different from baseline levels. The magnitude of both of these
non-VR-only model estimates is lower than those in the VR-only model for the same time
points. These results show that there does seem to be a difference in the longevity and inten-
sity of VAS fear scores between the two MIP conditions, though this does not reach statistical
significance.

3.3.3 Model Fits
An effective and intuitive way to establish whether a regression model’s fit is acceptable is
to plot predicted values against actual values. In Figure 11, the predicted values are plotted
against the actual observed values for each of the ordinal continuous regression models applied
to the current data set. For each of the models, scores closer to the lower response boundary
seem to be better approximated than higher scores, which could be due to an abundance of
VAS fear scores clustered around zero in the present data. Some degree of under-predicting
of scores in the mid- to upper- range can be observed, likely due to a smaller subset of these
scores, though overall the models performed well given the small sample sizes and the high
degree of individual variability.
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Figure 11

Predicted Versus Observed VAS Scores for Regression Models

Note. Graphs of actual values plotted against values predicted by the regression models, showing the
adequacy of fitting in each model. Adequacy is judged on how closely points fall to a linear line and
whether points follow a linear trajectory.
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Discussion

4.1 Discussion of Main Results

Emotions code for highly salient aspects of the environment, potentially exerting a strong influ-
ence on cognitive neural processes. Researchers in cognitive psychology have been challenged
to interpret contradictory results of studies investigating the effects of different affective states
on different cognitive abilities. The methodology used to elicit emotion in laboratory settings
is at the intersection of almost all of this research, and issues at its core regarding the intensity
and longevity of induced mood may be a roadblock to scientific progress and theory validation
within the field (Gillies & Dozois, 2021). There are commonalities across humans in which
stimuli meet the threshold for emotional salience (e.g., ancestral threats such as snakes, preda-
tors, heights, darkness, strangers, etc.), but there is also a point of individual divergence, which
is what makes emotion sensation a useful heuristic for each individual on a conscious and sub-
conscious level (LeDoux, 2012), and which simultaneously makes the development of MIPs
difficult. VR MIP has been found to be an effective strategy for combating many issues faced
by classic MIPs and for inducing sufficiently strong moods (Felnhofer et al., 2015), though VR
MIPs are still relatively new and need to be much more thoroughly investigated. The results of
the current study offered novel insights into the effectiveness of VR MIPs in two main ways.
First, by analysing the temporal persistance of induced fear, specifically induced by VR and
film clip MIPs, methods for which there is limited existing research regarding longevity of in-
duced mood. Secondly, the study compared both longevity and intensity of VR MIP-induced
fear to film clip MIP-induced fear– an exploration which has been limitedly applied to only
positive mood inductions in recent research (Richard Ortegón et al., 2023).

I hypothesized that whereas both the standard film clip (non-VR) MIP and the VR MIP would
elicit a significantly higher than baseline level of subjective fear, the VR MIP would influence
participants’ fear levels to a greater degree relative to control, resulting in longer-lasting and
more intense experiences of fear. Both the results of the non-parametric sign test as well as the
results of the regression analyses showed evidence that fear was successfully elicited by the
MIPs used in both VR and non-VR MIP paradigms. The results of the full sample regression
model revealed a significant main effect of the format of the MIP such that participants in the
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VR MIP had higher fear scores than participants in the non-VR and control conditions, though
this significant effect was no longer present when comparing the intensity of VR MIP-elicited
and non-VR MIP-elicited fear directly, based on the results of the MIP-only model. The full
sample model also found significant interactions between the format of the MIP and time point
of VAS administration, such that VR MIP-elicited fear seemed to last for approximately two
minutes longer than film clip MIP-elicited fear, which made a functional return to baseline two
minutes post-MIP. However, in the MIP-only model, this difference between conditions once
again failed to emerge, suggesting that this may not be a stable effect when the two methods
are directly compared.

There are numerous strategies used to compare the effectiveness of different MIPs used to elicit
the same affective state within mood induction research, including comparisons of emotional
MIP conditions against a minimally emotional control condition, direct comparisons of MIPs,
and comparisons of results obtained for each MIP separately (Jallais & Gilet, 2010; Wester-
mann et al., 1996; Zhang et al., 2014). Although there may not have been a statistical differ-
ence between the two fear-eliciting MIPs when compared directly in the current data, authors
usually present multiple perspectives in their comparisons, depending on the operational defi-
nitions of the research question. Therefore, separate explorations of VR MIP data and non-VR
MIP data upheld the findings of the full sample model; this could suggest that a VR MIP may
outperform a standard film clip MIP at eliciting fear, as long as comparisons include a control
wherein participants do not experience a fear-intensifying MIP.

Notwithstanding that the exploratory hypothesis that VR MIP-elicited fear would outlast non-
VR MIP-elicited fear was partially supported, the VR MIP only produced marginally longer-
lasting fear. There were no significant differences in fear levels beyond four minutes post-MIP
between participants who experienced an MIP versus those who did not experience an MIP,
indicating that subjective levels of fear post-MIP diminished to baseline levels after approx-
imately four minutes. Although appropriate longevity of induced emotion differs given the
research application, multi-trial and multi-block designs which are popular in cognitive psy-
chological studies generally last much longer than four minutes. Therefore, the issue of durable
MIP-elicited emotions has not been sufficiently addressed with the use of a VR-based MIP, at
least not by the design of the VR MIP used to elicit fear in the current study. Furthermore,
the temporal durability of MIP-elicited fear found in the current set of results is congruent
with the reported longevity of MIP-elicited sadness discussed in Gillies and Dozois (2021),
which also lasted approximately a few minutes post-MIP. The present results and the results
of Gillies and Dozois (2021), taken together, may indicate a possible common limiting factor
of laboratory-induced emotion in general, seeing as both fear and sadness seemed to expire
rapidly post-induction. Although fear and sadness are associated with different physiological
response patterns and may therefore have different temporal dynamics when experienced en-
dogenously, the evocation of emotion may be mediated by the artificiality of the MIP paradigm
itself, as noted by previous researchers (Kaufmann & Vosburg, 1997; Kwiatkowski & Parkin-
son, 1994).
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4.2 General Discussion

4.2.1 Characteristics of MIPs
Films are designed to elicit an emotional response in their viewers in order to engage them in
the story being told. The choice of music, sound effects, lighting, setting, and characters used
throughout the film can mediate the film’s success at producing a compelling experience for
the viewer. Films can therefore be considered a natural candidate for use in a MIP since they
offer a multi-sensory experience, much like combined MIPs which layer emotional images or
imaginative prompts with music. Additionally, the observation of a character’s actions and
feelings in a movie has been found to activate brain areas that support similar functions in the
observer (Lankinen et al., 2016). Together, the engagement of multi-sensory affective cues and
the observation effect may have provided sufficient emotional context necessary for evoking a
particular emotional response across participants (i.e., fear), despite the brevity of the film clip
(five minutes), inter-individual differences in the perception of the film, the relatively sterile
laboratory setting in which the film was watched, and regardless if the participants underwent a
more immersive viewing of the scene (VR MIP) or if they viewed the film under less immersive
conditions (non-VR MIP).

The fear-boosting effect of the VR MIP compared to the non-VR MIP observed in the current
study could be attributed to the qualities of viewership within an enclosed cinema, as opposed
to an open space with distractors which could have dispelled the rapture that is typically ex-
perienced in a theatrical viewing (Klinger, 2023). Research in the film industry provides a
well-documented path through the history of cinema design, which has purportedly always
been concerned with viewers’ levels of “absorption” (Ward, 2017). Interestingly, a state of
absorption within the cinema and a state of presence within the virtual environment are some-
what analogous, as both feature the engagement of participants’ senses to the point that they
become less self-conscious and lose awareness of things which could be distracting, such as
other people (in a movie theatre) or the technology-dependent nature of what they are perceiv-
ing (in a virtual environment). Certain characteristics of the virtual cinema constructed as part
of the VR MIP in the current study could be considered supportive of absorption-immersion
states. Although the architecture and surround sound of a cinematic experience were not fully
replicated in the current VR MIP design, primary visual aesthetics (i.e., a large screen which
is the central focus) matched the kind seen in a real movie theatre. Participants in the VR
MIP condition listened to the audio in the scene over a set of headphones built-into the Oculus
Rift, which could also have boosted the level of aural engagement with the fear-eliciting film
clip. In contrast, the participants in the non-VR MIP condition listened to the audio through
a speaker built into the computer monitor. This could have led to comparatively lower fear
levels of participants in the non-VR MIP due to a lower sense of being less “enveloped” by the
sound, leading to dampened responses to auditory fear cues in the scene (e.g., musical stings,
viscerally-activating sounds of shaky breathing, etc.), which were more intense in the VR MIP
(Ward, 2017).

Additionally, because the design of the VR MIP allowed the screen to provide the vast majority
of the lighting in the virtual cinema, participants may have been better able to relate to the char-
acter in the film clip (e.g., when the character was navigating the dark and haunted basement,
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participants were also immersed in darkness). Although the free responses were not subjected
to any formal analysis, a handful of participants cited that the dark conditions were particu-
larly scary, boosting their level of fear. Although the lighting was dimmed in the testing room
during the non-VR MIP, this likely did not have as dramatic of an effect as the dynamic and
intense shifts from light to dark seen in the VR MIP. Another major difference between MIP
conditions was the perceived presence of the researcher, which, in the non-VR MIP was likely
more notable, and therefore more distracting, since the sight and sound of the researcher was
not blocked out with the use of a head-mounted display nor headphones. Although researchers
did their best to stay silent and were sitting mostly out of sight, any distractions that may have
been caused on their parts could have dispersed the immersive quality of the film clip in the
non-VR condition. Blocking out the laboratory environment is another feature of VR which in
most cases would likely confer a major advantage for MIPs.

4.2.2 Influences of Covariates

Positive and Negative Affectivity

The most influential covariate predictor was participants’ general levels of negative affect,
which was significantly associated with increased levels of fear in all regression models, re-
gardless of MIP condition or time point of VAS measurement. This result was unsurprising,
as previous research has also found links between a greater experience of negative emotions
following mood induction and predispositions towards experiencing more frequent negative
affective states (Brief et al., 1995; Srivastava et al., 2003). Additionally, the I-PANAS-SF in-
cludes items which directly assessed participants’ general levels of fear and nervousness, both
of which likely were most highly related to the level of fear experienced during the experiment.
On the other hand, the related I-PANAS-SF positive affect subscale score was not found to be
a significant predictor in the regression analysis, although it was found to be inversely corre-
lated with negative affect, which could suggest that inhabiting positive affective states more
frequently could dampen the experience of fear in a broader sample. This interpretation is
made tentatively, as exploration of the factor structure of the I-PANAS-SF showed that certain
items, particularly alertness, were only weakly related to their theoretical grouping. Positive
affect scores were later found to correlate with the ITQ-Focus subdimension scores and ITQ
total scores, which similarily included items relating to participants’ current and general levels
of alertness and activity, further pointing to the possibility that the I-PANAS-SF positive affect
subscale suffered from a confounding of valence and arousal components of emotion.

Social Desirability

Mean social desirability scores across the sample were relatively high, although interpreting
what type of effect this could have had is difficult since it is not clear what is considered
socially desirable for all participants. Crowne and Marlowe (1960) described how social de-
sirability is often vastly over-simplified as being related to demand characteristics and rates of
false responding, despite the fact that social desirability is more deeply rooted in constructs
such as self esteem. This has consequences for the interpretation of responses of individuals
with a high social desirability score since the type of behaviour an individual deems as being
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socially is desirable based on their own perceived self-image. For example, in an everyday
context, it may be socially desirable to over-express positive feelings as opposed to negative
ones, whereas in an experiment which aims to induce a negative emotion, the socially desired
response may be reversed. This dynamic is further complicated by cultural influences such
as stereotypical gender norms or religious beliefs (Chung & Monroe, 2003). For example, a
male-identifying individual may be biased to under-report a stereotype-incongruent emotional
experience (such as fear). Although the current results did not find any significant differences
between participants of different genders, future research dealing with emotion should continue
to consider systemic variables which could impact emotional experience and expression.

There was a significant negative correlation discovered between social desirability and previous
experience with VR. Although there is no research that I could discover directly examining the
relationship between VR usage and social desirability, poor social attitudes and lower self-
efficacy have been linked to spending more time gaming (Jeong & Kim, 2011). Since self-
efficacy is tied to self-esteem, which plays a role in social desirability biased behaviour, and
since VR and gaming fall under a similar category, this could explain the link between social
desirability and prior VR usage. However, since there was only a small group of participants
who indicated having prior experience with VR (n = 14), and the explanation is based on
indirect links, this interpretation is speculative at best.

Immersive Tendency and Sense of Presence in VR

Immersive tendency was not found to have a significant influence on VAS fear scores in the
regression analyses, however, there was a significant negative correlation between ITQ-Focus
scores and VAS fear scores. What this could suggest is that perhaps there was some other
underlying construct contaminating the measure of immersion, (much like what could have
been the case with the measure of positive affectivity), such as arousal or a tendency to remain
alert. Weak estimated reliabilities and poorly-defined factor structures of the ITQ further limit
interpretation of the effect of immersive tendency on participants’ fear levels.

Similar skepticism and limitations apply to the PQ, which was not found to be a significant
predictor of fear levels, though it was significantly positively correlated with VAS fear scores,
suggesting that higher presence was associated with higher induced fear levels. Further, the
lack of a positive correlation between ITQ and PQ total scores conflicts with the hypothetical
link between these two constructs discussed in Felnhofer et al. (2015) and Witmer and Singer
(1998), wherein a higher tendency to become immersed in media is associated with higher
levels of presence experienced in VR environments.

Familiarity with Film and VR

Having previously seen the clip from The Conjuring was associated with lowered fear respond-
ing. This is congruent with the expected influence that film clip familiarity would have on the
experience of the MIP, seeing as having some idea of what would happen in the film clip could
have diminished its unpredictability and any fear associated with not knowing what was to
come. Familiarity with VR did not seem to have an associated impact on fear levels, which
suggests that novelty of VR technology may not be enough to alter participants’ emotional
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response within a virtual environment. Unsurprisingly, VR use and VR ownership were posi-
tively correlated, though the link between VR use and lower social desirability did not extend
to ownership of a VR device.

4.3 Limitations and Future Directions

There are several important limitations to discuss about the present results and study. In the
population, MIP-elicited fear theoretically follows an approximately normal Gaussian distri-
bution. The characteristics of the current data set may indicate that a larger sample size was
needed to properly smooth over individual variability, especially since the outcome had a broad
range of possible levels of responding [0, 100] and several potential “outliers”. Outliers in this
case were difficult to identify, since the VAS did not afford additional explanation of what could
have caused fluctuations in fear. However, there were a few individuals in the control and non-
VR condition whose fear levels seemed to be maintained through all VAS measurements, as
well as a few individuals in the VR condition who seemed entirely unphased by the MIP. A
small sample size could also have hampered the results of the regression analysis, since there
was asymmetry of responding at different levels of the questionnaires. Although there were
numerous predictors of interest which were included in the current regression analysis, a low
number of observations could have biased results, such as was likely the case with the signifi-
cant age predictor in the full sample model. Future research should collect data from a larger
sample and should place appropriate importance on individual variability when analyzing VAS
scores, or utilize a different measure entirely.

Another aspect of the current study which limits interpretation is that the participants in the
control condition did not undergo any procedure which would homogenize their affective pro-
file into a one that is neutral or minimally emotional. Although the majority of participants in
the control condition reported predictably low or no experiences of fear, which did not fluc-
tuate from time point-to-time point, this only allowed for working with the assumption that
participants in the control condition were generally non-fearful, but not that they were in sim-
ilar mood states. Seeing as emotions are dynamically intertwined in a complex system, future
studies should either administer a neutrally-valenced MIP to participants in the control condi-
tion, or should administer a more detailed measure of affect at the start of the experiment in
order to be able to make stronger claims when drawing comparisons to data gathered as part of
the control group.

It should be noted that although the experiment was designed to keep relatively equal temporal
distances between measurements, there was variation in the spacing between pre-MIP measure-
ments and post-MIP measurements between conditions, especially in the VR MIP condition as
opposed to the other two conditions, as it was necessary to take the time to relay important
information regarding the VR equipment prior to administering the MIP. There was also likely
some fluctuation in the exact timing of the initial post-MIP measurement, due to variation
in how long experimenters took to give instructions, variation in how long participants took
to read instructions, etcetera. Given this, there is some uncertainty surrounding the reported
longevity of participants’ elicited fear levels, which may have been longer-lasting in both the
VR and non-VR MIP than is demonstrated by the current results. Future studies should work
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to maintain tighter control over variation in time between measurements, with the use of appro-
priate filler tasks to provide padding for imbalanced timings, or else some form of automation
which eliminates the need for extensive explanation in some conditions but not others. For
example, one filler task which may have been appropriate in the current study design is an
administration of a VR training task to all participants prior to the MIP, though this task would
need to be validated for its affective neutrality.

If investigations of elicited fear were more fine-grained (e.g., every one minute instead of every
two minutes), a more precise dropping-off point of fear ratings following the mood induction
could have been established. That being said, repeated mood measurements may have served
to attenuate emotional experiences, as labelling an emotion has been found to trigger emotion
regulation systems (Torre & Lieberman, 2018). Although overly frequent repeated adminis-
trations of the mood measure may be undesirable, researchers could opt for combining stag-
gered subjective ratings with physiological and behavioural measures associated with emotion
to counteract this challenge. Data from self-reports and objective measurements could then
be used to analyze the overlap between the trajectories of subjectively experienced emotion,
autonomic system responses to emotional experiences (e.g., measured by electrocardiography
or galvanic skin conductance), and behaviours (e.g., measured by facial electromyograph) to
provide a more detailed investigation of elicited emotion (Mauss et al., 2005). Use of multi-
ple methods to measure emotion could be additionally beneficial for potentially distinguishing
bias in subjective reporting, as physiological data provides objectivity that is likely to be con-
founded by variables associated with respondent characteristics. However, as noted by Mauss
and Robinson (2009), physiological, behavioural, and subjective measures may not align to
indicate the same information about participants’ emotional states. As such, researchers are
advised to use caution when attempting to interpret participants’ subjectively felt emotions
with the aid of unconscious responses.

The virtual cinema environment in the VR MIP was constructed around the fear-eliciting film
clip used in the non-VR MIP, for closer comparison between methods. Participants were sta-
tionary throughout the MIP, and were not able to move anything apart from their heads, which
could have limited their sense of presence within the virtual environment. VR MIPs used in
other studies, such as the ones developed by Felnhofer et al. (2015), do not place these types
of limits on the development of the emotion-eliciting environments and may therefore serve as
more immersive and powerful MIPs. Despite the fact that lighting within the virtual cinema
was quite dark during tense moments in the film scene, which could have a desirable fear-
eliciting effect, it may also be the case that further adjusting aspects of the virtual environment
could have increased the experience of fear. Future work should consolidate which aspects of a
virtual environment correspond most to a given emotional experience to aid in the construction
of VR MIPs.

The use of math as a filler task could also have been potentially problematic. Although par-
ticipants were not instructed to perform in any specific way, they may have nevertheless felt
obligated to answer quickly and accurately, since that is a response pattern which is generally
desirable in other contexts. This pressure to perform could have attenuated participants’ attend-
ing to their emotions due top-down cognitive processes which down-regulated their sensation
of fear (Clarke & Johnstone, 2013). On the other hand, the arithmetic task could also have
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exerted a prolonging effect on subjective fear levels, due to the phenomenon of “math anxiety”
wherein some individuals experience an elevated stress response when required to solve math
problems, which could have produced a sense of fear that was totally unrelated to the MIP
itself (Campbell, 2005). The math problems included in the arithmetic task were constrained
to single-digit addition in order to avoid contaminating the fear response as much as possible,
though future studies should explore alternate filler tasks that may be more neutral in nature.
Alternately, studies measuring emotion over time which employ math-based filler tasks should
attempt to measure participants’ attitudes during the task, towards math in general, and/or their
expertise in mathematics in order to fill this explanatory gap.

4.4 Conclusion
In summary, this study provided preliminary support for the differentially fear-eliciting effect of
a VR-based MIP compared to a standard MIP. Experiencing a VR MIP was found to increase
the intensity and longevity of induced fear beyond the capabilities of a traditional film clip
MIP, relative to control. However, the duration of this extension was relatively small, the
fear-boosting effect of VR disappeared when the two MIPs were compared directly, and the
results may be limited by challenging characteristics of the data set (such as a small sample
size and the presence of poorly-defined outliers). Though more large-scale research is required
to determine exactly how standard and VR MIPs compare, the results of this study found that
neither MIP elicited fear levels which remained durable beyond four minutes after the mood
induction. This finding has practical implications for research exploring the effects of induced
mood on other outcomes of interest, which often operates on the untenable assumption that
the elicited emotion lasts for the duration of the experimental procedure. With the growth in
development of VR technology and VR emotion elicitation paradigms, standardized libraries of
emotionally-influencing virtual environments will increasingly emerge, making this technique
more accessible to researchers without extended expertise in VR development.
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Documents Approved:

Document Name Document
Type

Document
Date

Document
Version

VRMoodInd FacebookAd Recruiting
Advertise-
ments

18/Apr/2023 1

VRMoodInd NonSONA
QualtricsQuestionnaires

Online Sur-
vey

01/May/2023 2

VRMoodIndLOIC Written
Con-
sent/Assent

02/May/2023 2

VRMoodInd RecruitPoster Recruiting
Advertise-
ments

01/May/2023 2

VRMoodInd Protocol Protocol 04/May/2023 3

Documents Acknowledged:
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Document Name Document Type Document Date Document Version
VRMoodInd ScreeningSurvey Other Materials 04/May/2023 2

REB members involved in the research project do not participate in the review, discussion or
decision.

The Western University NMREB operates in compliance with the Tri-Council Policy State-
ment Ethical Conduct for Research Involving Humans (TCPS2), the Ontario Personal Health
Information Protection Act (PHIPA, 2004), and the applicable laws and regulations of Ontario.
Members of the NMREB who are named as Investigators in research studies do not participate
in discussions related to, nor vote on such studies when they are presented to the REB. The
NMREB is registered with the U.S. Department of Health & Human Services under the IRB
registration number IRB 00000941.

Please do not hesitate to contact us if you have any questions.

Sincerely,

Ms. Katelyn Harris , Research Ethics Officer on behalf of Dr. Randal Graham, NMREB Chair

Note: This correspondence includes an electronic signature (validation and approval via an
online system that is compliant with all regulations).



Appendix C: Demographic Questionnaire

The following items ask you to answer various demographic questions. If a question does not
apply to you, or you do not feel comfortable answering the question, please check the box
below the question indicating that you do not want to respond.

Please pick an age range which best describes your age.

• 17-22

• 23-30

• 31-50

• Over 50

• I prefer not to answer

Which best describes your current gender identity?

• Man

• Woman

• Another gender identity from indigenous or other cultures (e.g., two-spirit)

• Something else (e.g., gender fluid, non-binary, intersex)

• I prefer not to answer

Which best describes the sex you were assigned at birth?

• Male

• Female

• I prefer not to answer

Below are the most commonly self-reported ethnic or racial identities in the Canadian census.
Please indicate which label best desribes your ethnic or racial identity. If you belong to more
than one group, please choose “Multiple ethnic or racial groups”.

• Arab

• Black

• Chinese

• Filipino

• Indigenous

• Japanese

68



Chapter C. Demographic Questionnaire 69

• Korean

• Latin American

• South Asian

• Southeast Asian

• West Asian

• White

• Other ethnic or racial group not specified

• Multiple ethnic or racial groups

• I prefer not to answer
Note. Only gender and age were used in the analysis.



Appendix D: Virtual Reality Familiarity
Questionnaire

1. Do you own a virtual reality headset?

• Yes

• No

2. What kind of headset do you own? (Note: Participants only received this question if they an-
swered “yes” to previous question.):

3. Have you used a virtual reality headset before?

• Yes

• No

4. How similar was today’s virtual reality experience to your previous experience(s) with virtual
reality? (Note: Participants only received this question if they answered “yes” to previous ques-
tion.)

• Totally different

• Somewhat similar

• Equally similar

• Very similar

• Exactly the same

5. Please give an estimate for the number of times that you have used virtual reality before (Note:
Participants only received this question if they answered “yes” to question 3.):

6. How often do you currently use virtual reality, in general? (Note: Participants only received this
question if they answered “yes” to question 3.)

• Never

• Rarely

• Sometimes

• Regularly

• Frequently

Note. Questions on this questionnaire were developed with the aid of feedback given from peers, advi-
sors, and members of the lab.
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Appendix E: Film Clip Familiarity Questionnaire

1. Have you previously seen the movie scene you viewed in the video clip from the experiment prior
to today?

• Yes

• No

2. Please provide an estimate of how many times you have seen the movie scene in the video clip
used in the experiment prior to today. (Note: Participants only received this question if they
answered “yes” to previous question.)

3. Have you ever heard of the movie (containing the scene you saw in the experiment) either from
a friend, an online source, a commercial, or by any other way? (Note: Participants only received
this question if they answered “no” to question 1.)

• Yes

• No

4. How familiar would you say you were with the context, characters, and themes of the movie
scene from the video clip you saw in the experiment, prior to today? (Note: Participants only
received this question if they answered “yes” to previous question.)

• Not familiar at all

• Slightly familiar

• Moderately familiar

• Very familiar

• Extremely familiar

Note. Questions on this questionnaire were developed with the aid of feedback given from peers, advi-
sors, and members of the lab.
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Appendix F: Letter of Information and Consent
Form (SONA)

Study Title: Exploring the Effectiveness of Mood Induction in Virtual Reality

Principal Investigator: John Paul Minda, Ph.D., Dept. of Psychology, The University of Western
Ontario, [email redacted]

Conflict of Interest: We declare no conflict of interest for the current project.

Introduction: You are being invited to participate in this research study on mood induction in virtual
reality because you have expressed interest in participating in this study by responding to online recruit-
ment. The purpose of this letter is to provide you with information required for you to make an informed
decision regarding participation in this research.

Inclusion / Exclusion Criteria: To participate, you must:

• be 18 years of age or older or a student at Western University;

• have the cognitive capacity to consent;

• be fluent in English (can read, write, and comprehend English with little or no difficulty);

• have no past or current experience(s) of symptoms consistent with suspected or diagnosed mood
disorders);

• have no past or current experience(s) of motion sickness;

• have normal hearing, and have normal or corrected-to-normal vision.

Background/Purpose: This study is being conducted to explore the effectiveness of using virtual reality
to affect people’s moods.

Study Design and Procedures: If you agree to participate, you will be asked to attend an in-person
experimental testing session at the Western Interdisciplinary Research Building located on Western
University main campus. There you will be asked to answer questions about your mood on a computer,
after which you will watch a short video clip from a film (up to 4:57 minutes), either on a computer
screen or in virtual reality. If you are asked to view the video clip in virtual reality, the researcher
will provide you with instructions on how to use it prior to the start of the experiment. You will only
be required to wear the virtual reality headset for the duration of the video. This experiment will not
require you to perform any tasks in the virtual environment, and you will stay seated throughout. If you
require assistance in the application or removal of the virtual reality headset, the researcher may come
into brief physical contact with you.

After watching the video clips, you will be asked to evaluate your mood. During the next ten minutes,
you will be asked to periodically evaluate your mood. In between mood ratings, you will also be asked
to perform an arithmetic-solving task. After this is complete, you will be asked to answer questions
relating to your tendencies and attitudes in social scenarios and when interacting with various forms
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of digital media, as well as your experiences throughout the experiment. If you were asked to use the
virtual reality headset, you will be asked to answer questions relating to your experiences of the virtual
environment in this study as well as any past experiences with virtual reality. The full experimental
procedure should take approximately 60 minutes (one hour).

You may skip any questions you do not wish to answer. You may ask the researcher to stop the film
clips at any time. You may remove the virtual reality headset at any time. You may decline researcher
assistance if asked to use the virtual reality headset. You may skip any part of the study. After you com-
plete the tasks described above, you will be given a debriefing form which includes a list of resources, as
well as e-mails for you to contact the researcher team should you have any questions. Survey responses
will be collected through a secure online survey platform called Qualtrics, which uses encryption tech-
nology and restricted access authorizations to protect all data collected. Any information collected on
paper will be stored in a secure location only accessible by the principal investigator.

Possible Risks and Harms: The videos presented during the experiment may contain disturbing con-
tent and may affect your mood. Additionally, some individuals experience sensations of discomfort or
motion-sickness while using virtual reality headsets.

Possible Benefits: You may not directly benefit from participating in this study, but information gath-
ered may provide benefits to society as a whole, including a better understanding of novel ways in
which mood can be induced, which is crucial for research about mood. Withdrawal of consent: You
may refuse to participate, refuse to answer any questions, refuse to view any materials and/or use any
equipment which are part of this study, or withdraw from the study at any time with no loss of your 1.0
research credits. If you withdraw partway through the study, any data collected up to that point will not
be used. Additionally, you may request that previously collected information be withdrawn up until the
completion of the study.

Confidentiality: Your 6-digit SONA ID will be collected at the start of the experimental task in lieu
of your name. This ID will be used to track your progress in the study and note whether you have
completed or cancelled your participation. Information obtained from this study will be kept anonymous
with no link to your personal data, although if you later decide to have your data withdrawn, this can be
done if you provide us with your SONA ID code. In the event of publication, any data resulting from
your participation will be anonymized and included in summary statistics without any reference to your
personal information.

Your survey data will be stored securely on servers administered by Qualtrics, which is an online exper-
imental platform. Qualtrics uses encryption technology and restricted access authorizations to protect
all data collected. The data will then be exported from Qualtrics and securely stored on Western Uni-
versity’s server. Qualtrics has its servers located in Ireland.

You can find the privacy policy for Qualtrics here: https://www.qualtrics.com/support/survey-platform/getting-
started/data-protection-privacy/

If files are shared with other researchers or the results are made public, any personal information that
could identify you will be removed. Only anonymized data will be shared outside the research team
(e.g., in an open access repository for publication purposes, or for other researchers to verify the findings
or re-analyze). Data will be maintained on online platforms (Qualtrics) for the duration of data collection
on this project (anticipated to be about one year). After data collection is concluded, the data will be
downloaded to a secure local computer. A unique, randomly generated participant ID will be used to
anonymize your data. A document linking your data with your SONA ID will be kept by the researcher
in a secure place and will be retained for seven years. Your data may be retained indefinitely and



Chapter F. Letter of Information and Consent Form (SONA) 74

could be used for future research purposes (e.g., to answer a new research question). By consenting to
participate in this study, you are agreeing that your data can be used beyond the purposes of this present
study by either the current or other researchers. Representatives of The University of Western Ontario
Non-Medical Research Ethics Board may require access to your study-related records to monitor the
conduct of the research.

Costs: There is no cost associated with your participation in the study.

Compensation: You will receive 1.0 research credit for your participation in this study.

Rights as a Participant: Your participation in this study is voluntary. You may decide not to be in this
study. Even if you consent to participate, you have the right to not answer questions, to not agree to use
of the virtual reality headset, to not view any materials which are part of this study, or to withdraw from
the study at any time. If you choose not to participate or to leave the study at any time, it will have no
effect on your academic standing. We will give you any new information that is learned during the study
that might affect your decision to stay in the study. You do not waive any legal rights by participating in
this study or by signing this consent form.

Contacts for Further Information: If you require any further information regarding this research
project, or your participation in the study, you may contact Dr. Minda (Principal Investigator) at [phone
number redacted], [email redacted]. If you have any questions about your rights as a research participant
or the conduct of this study, you may contact The Office of Human Research Ethics at Western Univer-
sity in London, Ontario toll free at [1-844-720-9816] or by email at ethics@uwo. You are encouraged to
save this letter for your own records. You may contact the researcher team to have a copy of this Letter
of Information sent to you.

Publication: If the results of the study are published, your name will not be used. If you would like to
receive a copy of any potential study results, please contact us at [email redacted].
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INFORMED CONSENT

Project Title: Exploring the Effectiveness of Mood Induction in Virtual Reality

Principal Investigator: John Paul Minda, Ph.D., Dept. of Psychology, The University of Western
Ontario, [email redacted].

You can indicate your consent to participate in this study by placing an “X” next to the statement
corresponding to your decision below.

□ Yes, I do consent: I have read the Letter of Information, have had the nature of the study
explained to me and I agree to participate. All questions have been answered to my satisfaction.
By checking this box, I indicate that I consent to participate in this study.

Please write your SONA ID here:



Appendix G: Letter of Information and Consent
Form (non-SONA)

Study Title: Exploring the Effectiveness of Mood Induction in Virtual Reality

Principal Investigator: John Paul Minda, Ph.D., Dept. of Psychology, The University of Western
Ontario, [email redacted]

Conflict of Interest: We declare no conflict of interest for the current project.

Introduction: You are being invited to participate in this research study on mood induction in virtual
reality because you have expressed interest in participating in this study by responding to online or
poster recruitment advertisements. The purpose of this letter is to provide you with information
required for you to make an informed decision regarding participation in this research.

Inclusion / Exclusion Criteria: To participate, you must:

• be 18 years of age or older,

• have the cognitive capacity to consent,

• be fluent in English (can read, write, and comprehend English with little or no difficulty),

• have no past or current experience(s) of symptoms consistent with suspected or diagnosed mood
disorders),

• have no past or current experience(s) of motion sickness,

• have normal hearing, and have normal or corrected-to-normal vision.

– Please note: Individuals who wear glasses are not eligible to participate in this study as
eyewear interferes with the technology used for this research. Individuals who use
corrective lenses are eligible.

Background/Purpose: This study is being conducted to explore the effectiveness of using virtual
reality to affect people’s moods.

Study Design and Procedures: If you agree to participate, you will be asked to attend an in-person
experimental testing session at the Western Interdisciplinary Research Building located on Western
University main campus. There you will be asked to answer general demographic questions as well as
questions about your mood on a computer, after which you will watch a short video clip from a film
(up to 4:57 minutes), either on a computer screen or in virtual reality. If you are asked to view the
video clip in virtual reality, the researcher will provide you with instructions on how to use it prior to
the start of the experiment. You will only be required to wear the virtual reality headset for the duration
of the video. This experiment will not require you to perform any tasks in the virtual environment, and
you will stay seated throughout. If you require assistance in the application or removal of the virtual
reality headset, the researcher may come into brief physical contact with you. After watching the video
clips, you will be asked to evaluate your mood. During the next ten minutes, you will be asked to
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periodically evaluate your mood. In between mood ratings, you will also be asked to perform an
arithmetic-solving task. After this is complete, you will be asked to answer questions relating to your
tendencies and attitudes in social scenarios and when interacting with various forms of digital media,
as well as your experiences throughout the experiment. If you were asked to use the virtual reality
headset, you will be asked to answer questions relating to your experiences of the virtual environment
in this study as well as any past experiences with virtual reality. The full experimental procedure
should take approximately 60 minutes (one hour).

You may skip any questions you do not wish to answer. You may ask the researcher to stop the film
clips at any time. You may remove the virtual reality headset at any time. You may decline researcher
assistance if asked to use the virtual reality headset. You may skip any part of the study. After you
complete the tasks described above, you will be given a debriefing form which includes a list of
resources, as well as e-mails for you to contact the research team should you have any questions.
Survey responses will be collected through a secure online survey platform called Qualtrics, which
uses encryption technology and restricted access authorizations to protect all data collected. Any
information collected on paper will be stored in a secure location only accessible by the principal
investigator.

Possible Risks and Harms: The videos presented during the experiment may contain disturbing
content and may affect your mood. Additionally, some individuals experience sensations of discomfort
or motion-sickness while using virtual reality headsets. Possible Benefits: You may not directly benefit
from participating in this study, but information gathered may provide benefits to society as a whole,
including a better understanding of novel ways in which mood can be induced, which is crucial for
research about mood.

Withdrawal of consent: You may refuse to participate, refuse to answer any questions, refuse to view
any materials and/or use any equipment which are part of this study, or withdraw from the study at any
time and you will still be entitled to compensation. If you withdraw partway through the study, any
data collected up to that point will not be used. Additionally, you may request that previously collected
information be withdrawn up until the completion of the study.

Confidentiality: Your random participant ID will be collected at the start of the experimental task in
lieu of your name. This ID will be used to track your progress in the study and note whether you have
completed or cancelled your participation. Information obtained from this study will be kept
anonymous with no link to your personal data, although if you later decide to have your data
withdrawn, this can be done if you provide us with your participant ID. Your email address will be
retained until data collection is complete so that we may contact you should you win the prize draw,
but this will be kept separate from the rest of the data. Once the draw has been completed and all prizes
have been received by the winners, your email address will be deleted from our records entirely. In the
event of publication, any data resulting from your participation will be anonymized and included in
summary statistics without any reference to your personal information.

Your survey data will be stored securely on servers administered by Qualtrics, which is an online
experimental platform. Qualtrics uses encryption technology and restricted access authorizations to
protect all data collected. The data will then be exported from Qualtrics and securely stored on Western
University’s server. Qualtrics has its servers located in Ireland.

You can find the privacy policy for Qualtrics here:
https://www.qualtrics.com/support/survey-platform/getting-started/data-protection-privacy/

If files are shared with other researchers or the results are made public, any personal information that
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could identify you will be removed. Only anonymized data will be shared outside the research team
(e.g., in an open access repository for publication purposes, or for other researchers to verify the
findings or re-analyze). Data will be maintained on online platforms (Qualtrics) for the duration of data
collection on this project (anticipated to be about one year). After data collection is concluded, the data
will be downloaded to a secure local computer. A unique, randomly generated participant ID will be
used to anonymize your data. Your data may be retained indefinitely and could be used for future
research purposes (e.g., to answer a new research question). By consenting to participate in this study,
you are agreeing that your data can be used beyond the purposes of this present study by either the
current or other researchers. Representatives of The University of Western Ontario Non-Medical
Research Ethics Board may require access to your study-related records to monitor the conduct of the
research.

Costs: There is no cost associated with your participation in the study.

Compensation: You will be entered into a prize draw for a chance to win one of four $50.00 Amazon
gift cards for your participation in this study. All individuals who are contacted concerning the
research are permitted to enter the prize draw, and all have an equal chance at winning. Individuals
who are invited to participate but decline, prospective participants who are ineligible, and participants
who enroll but later withdraw/are withdrawn by the researchers are all eligible to enter the draw. If you
are selected as one of the winners of the prize, you will be contacted by email, which is anticipated to
be by the end of June 2023. Should you win the prize draw, the researchers will contact you by the
email address you used to initially communicate about the study, unless a preference for an alternate
email address was indicated in advance. Only winners will be notified of the outcome of the draw.

For any draw, the odds of winning a prize depend on how many people are entered in the draw. As we
do not know how many people will participate in this study and related draw, we cannot predict what
will be the odds of winning a prize.

Rights as a Participant: Your participation in this study is voluntary. You may decide not to be in this
study. Even if you consent to participate, you have the right to not answer questions, to not agree to use
of the virtual reality headset, to not view any materials which are part of this study, or to withdraw
from the study at any time. If you choose not to participate or to leave the study at any time, it will
have no effect on your chances to enter to win the prize draw. You may opt out of the prize draw if you
wish. We will give you any new information that is learned during the study that might affect your
decision to stay in the study. You do not waive any legal rights by participating in this study or by
signing this consent form. Contacts for Further Information: If you require any further information
regarding this research project, or your participation in the study, you may contact Dr. Minda
(Principal Investigator) at [phone number redacted], [email redacted]. If you have any questions about
your rights as a research participant or the conduct of this study, you may contact The Office of Human
Research Ethics at Western University in London, Ontario toll free at 1-844-720-9816 or by email at
ethics@uwo. You are encouraged to save this letter for your own records. You may contact the
researcher team to have a copy of this Letter of Information sent to you.

Publication: If the results of the study are published, your name will not be used. If you would like to
receive a copy of any potential study results, please contact us at [email redacted].
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INFORMED CONSENT

Project Title: Exploring the Effectiveness of Mood Induction in Virtual Reality

Principal Investigator: John Paul Minda, Ph.D., Dept. of Psychology, The University of Western
Ontario, [email redacted] You can indicate your consent to participate in this study by placing an “X”
next to the statement corresponding to your decision below.

□ Yes, I do consent: I have read the Letter of Information, have had the nature of the study
explained to me and I agree to participate. All questions have been answered to my satisfaction.
By checking this box, I indicate that I consent to participate in this study.

Please write your participant ID here:



Appendix H: Debriefing Form

Project Title: Exploring the Effectiveness of Mood Induction in Virtual Reality

Principal Investigator: John Paul Minda, Ph.D., Dept. of Psychology, The University of Western
Ontario, [email redacted]

Thank you for your participation in this study. The purpose of this study was to investigate the
effectiveness of mood induction in virtual reality and to compare it against a standard mood induction
procedure. Specifically, we wanted to examine whether sadness, anger, and fear would be more
effectively induced by film clips presented in virtual reality compared to film clips presented on a
two-dimensional computer screen. The negative emotions we aimed to induce are typically not
strongly evoked by standard mood primes, which is why we focused our exploration on them in this
study. We expect that individuals who see the film clips in virtual reality will experience greater levels
of emotion than those who saw them on the computer. We also expect that the induced emotions will
last for a longer time when the film clips are viewed in virtual reality than when they are viewed on the
computer screen.

To test these hypotheses, we asked you to rate your level of sadness or anger or fear on the visual
analogue scale before and after the mood induction, for every two minutes until ten minutes have
elapsed. We will compare the mood ratings between participants who used virtual reality and those
who did not. We included a neutral (control) condition which will give us data to compare the emotion
conditions with. We also measured your level of social desirability, individual levels of immersive
tendencies, your familiarity with the film clips presented in the study and your overall experience of the
mood induction. If you participated in one of the virtual reality conditions, you also answered
questions about your sense of presence inside the virtual environment and your familiarity with virtual
reality technology itself.

You were asked to solve a number of arithmetic problems in your participation of this study. The
arithmetic task was designed to extend the duration of the session until at least ten minutes elapsed.
This was done in order to acquire all ratings on the visual analogue scale. Your responses on this task
will not be analyzed and do not hold bearing on the results of the study.

Here is a reference if you would like to read more:

Bernardo, P.D., Bains, A., Westwood, S., & Mograbi D.C. (2019) Mood induction using virtual reality:
a Systematic review of recent findings. Journal of Technology in Behavioral Science, 6, 3-24.
https://doi.org/10.1007/s41347-020-00152-9
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If the study has triggered emotional upset:

IN-PERSON SUPPORTS (Monday – Friday, Daytime)

Health Wellness (including mental health support) 519-661-3030 Thames Hall, room 2170

Western Special Constable Service If calling on campus: 911 or x83300 If calling from a cell phone:
519-661-3300

Main Campus Residences If you are a student currently living in a Main Campus residence building
and are in crisis, you can contact your residence front desk for response and support.

• Alumni House: 519-661-3814

• Bayfield Hall: 519-661-3250

• Delaware Hall: 519-661-3259

• Elgin Hall: 519-661-4268

• Essex Hall: 519-661-4240

• Lambton Hall: 519-661-3516

• London Hall: 519-661-3377

• Medway-Sydenham Hall: 519-661-3983

• Ontario Hall: 519-661-2088

• Perth Hall: 519-661-3510

• Saugeen-Maitland Hall: 519-661-2178

REMOTE SUPPORTS (24 hours/day, 7 days/week)

Western Special Constable Service If calling on campus: 911 or x83300 If calling from a cell phone:
519-661-3300

Good2Talk – Confidential Helpline Phone 1-866-925-5454 or text “GOOD2TALKON” to 686868
Good2Talk provides 24-hour confidential support services for post-secondary students in Ontario.

Reach Out 24/7 – 24-hour phone crisis assistance 519-433-2023

First Nations and Inuit Hope for Wellness Help Line 1-855-242-3310 24-hour culturally relevant
telephone crisis intervention counselling

REMOTE SUPPORTS (24 hours/day, 7 days/week) 519-642-3000 (24/7 crisis line) Anova provides
safe places, shelter, support, counselling, and resources for abused women, their children, and all
oppressed individuals to find a new start.

Telehealth Ontario

Toll-free: 1-866-797-0000 Toll-free TTY: 1-866-797-0007 Fast, free medical advice. In an emergency,
do not call Telehealth.

IN THE CASE OF EMERGENCY CALL 911
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Thank you,

Principal Investigator: John Paul Minda, Ph.D., Dept. of Psychology, The University of Western
Ontario, [email redacted]

Co-investigator: Julia Ignaszewski, MSc Student, Dept. of Psychology, The University of Western
Ontario, [email redacted]



Appendix I: Alpha vs Omega Reliability Estimates

Alpha and omega reliability coefficients are plotted in red and blue, respectively, along the x-axis.
Questionnaires (and subdimensions) are listed on the y-axis, with each pair of plotted points
corresponding to their calculated reliabilities.
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