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Abstract
Exposure therapy is considered the most effective treatment for many of the anxiety
disorders including specific phobia. Despite this, following successful exposure therapy
many individuals experience return of fear symptoms. The return of fear following
exposure therapy suggests that extinction does not result in a permanent unlearning of
associations between a conditional stimuli (CS) and an unconditional stimuli (US).
Reinstatement of fear is one proposed mechanism for return of fear. A standard
reinstatement procedure involves a CS paired with an US during acquisition, the CS is
presented alone during extinction, the US is presented without the CS in reinstatement,
and then followed by test trials of the CS. Reinstatement of fear is observed in test. While
there are extensive laboratory-based studies demonstrating reinstatement of fear, there is
limited clinical research on the conditions that might elicit and attenuate the
reinstatement effect. Re-exposure to aversive stimuli (e.g., pain) in a standard
reinstatement procedure with fearful individuals could be considered an ethical problem
due to the potential for causing harm and distress. It is common for individuals suffering
from specific phobia to have multiple phobias, with approximately 75% of individuals
fear more than one object or situation. There is limited research investigating individuals
with multiple phobias. Furthermore, an unextinguished CS has elicited reinstatement of
fear with rats termed conditional reinstatement, which potentially suggests that an
untreated fear can elicit reinstatement of fear in clinical populations. Accordingly, the
current thesis had three main aims. Firstly, to investigate whether an unextinguished CS
will elicit reinstatement of fear. Secondly, whether exposure to an unextinguished CS can

reduce reinstatement of fear. Thirdly, to extend the translational nature and
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generalisability of the reinstatement research by conducting a laboratory-based
experiment, a clinical-analogue experiment, and a case study intervention. In addressing
these aims, the first experiment involved a laboratory-based learning task in virtual
reality with 360 degree footage of a golden orb weaver (e.g., CS extinguished), a fancy
rat (e.g., CS unextinguished) and a water python (e.g., CS -) with non-clinical
participants (N = 93). The results showed reinstatement of fear can be triggered by an
unextinguished CS and subsequent extinction of this unextinguished CS can attenuate
reinstatement, as indicated by conditioned heart rate responses and shock expectancy
ratings. Reinstatement of fear was not found for the control group. The findings of the
first experiment provided the first evidence of how an unextinguished CS elicited and
attenuated reinstatement in a non-clinical sample. In translating this finding to fearful
individuals, a clinical-analogue experiment was implemented with 50 individuals who
experience moderate to high fear towards rats and spiders. Extending the findings of the
first study, exposure to an untreated fear reinstated fear to a treated fear and following
virtual reality exposure therapy (VRET) attenuated this reinstatement, across subjective
units of distress (SUDs), avoidance ratings and conditioned heart rate responses. The
third study implemented a case study method with a participant who met criteria for
specific phobia of rats and spiders. The purpose of the N =1 design was to test an
intervention based on the previous two studies. No reinstatement of fear was found from
post-treatment to follow up, as indicated by SUDs ratings, avoidance ratings or
conditioned heart rate responses. Overall, the results of the three translational studies
demonstrated how exposure to different aversive events can trigger reinstatement and

exposure with multifarious stimuli may enhance the long-term effectiveness of exposure
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therapy for specific phobia. The clinical implications of the research program include the
recommendation to conduct a comprehensive assessment of the number of feared objects
and/or situations experienced by the client and to treat each individual fear through

VRET or in vivo exposure therapy to reduce the occurrence of conditional reinstatement.
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Chapter 1: Preamble

The present chapter provides an introduction and overview of the components of
the thesis. The chapter introduces a brief background and theoretical underpinnings of
the topic and the importance of examining return of fear and reinstatement of fear. An
overview of how the aims are addressed across the components of the thesis is also
given. The thesis consists of 8 chapters: a brief introduction and overview of the thesis
(Chapter 1), a general introduction to anxiety disorders, treatment and reinstatement of
fear (Chapter 2), as well as a published book chapter that reviews the literature of virtual
reality exposure therapy (VRET) for specific phobia and return of fear (Chapter 3). The
following chapter provides the aims of the research project more comprehensively
(Chapter 4). The subsequent chapters include three studies. The first is a published
journal article describing Experiment 1, which employed non-fearful participants
(Chapter 5). The second is a manuscript describing Experiment 2 with moderate to high
fearful participants which has been submitted for publication (Chapter 6). The third is a
case study with an individual suffering from multiple animal type phobias (Chapter 7).

The thesis concludes with the General discussion (Chapter 8).



REDUCING REINSTATEMENT 20
Chapter 1: Introduction and Thesis Overview

Mental health disorders result in a significant burden at an economic, societal and
individual level. The economic burden in the period of 2018-2019 was $10.6 billion in
Australia (AIHW, 2021). Moreover, throughout the COVID-19 pandemic in 2020-2021
there has been a rise in both reported psychological distress and the use of mental health
services (Aknin et al., 2021). One societal cost is reflected in how mental illness was the
largest cause of disability burden in Australia in 2015, accounting for 24.3% of all
disabilities (Ciobanu et al., 2018). Mental health disorders can be debilitating for
individuals and can result in problems with self-esteem, relationships, employment, and
reduced quality of life. Research investigating the long-term effectiveness of
psychological treatments is important to reduce the burden associated with mental health
disorders.

Globally and in Australia, the most common group of mental health disorders are
the anxiety disorders (Australian Bureau of Statistics [ABS], 2019; Stein et al., 2017).
Anxiety disorders are characterised by physiological arousal, worry and avoidance. The
full range of anxiety disorders include social anxiety disorder, generalised anxiety
disorder, health anxiety disorder, selective mutism, separation anxiety disorder, panic
disorder, specific phobia, agoraphobia and substance/medication-induced anxiety
disorder and anxiety disorder due to another medical condition (American Psychiatric
Association [APA], 2013).

Specific phobia is the most prevalent anxiety disorder (Kessler & Wang, 2008;
Van Houtem et al., 2013). Specific phobia is marked by persistent fear and avoidance of

an object or situation that is out of proportion to the risk of harm the object or situation
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poses and leads to impairment in functioning for the individual (APA, 2013). It has been
found that 75% of individuals diagnosed with specific phobia meet criteria for more than
one phobia (APA, 2013; Wittchen et al., 2002). However, studies typically employ
samples of those with only one phobia. Furthermore, it has been found that those with
multiple phobias are less likely to recover than those with pure specific phobia (Wittchen
et al., 2002). For reasons such as these, research that considers the burden and treatment
of individuals with multiple phobias is needed.

Several mechanisms have been proposed to be involved in the development of a
specific phobia. Vicarious fear conditioning (Askew & Field, 2007; King et al., 1998;
Marin et al., 2020; Rachman, 1977), modelling (Gerull & Rapee, 2002) and direct fear
conditioning (Bouton & Bolles, 1979; Pavlov, 1927; Rachman, 1977; Wolpe, 1958) are
implicated in the acquisition of fears. A study investigating the acquisition of specific
animal phobias in adults demonstrated that 68% of the participants could not recall the
acquisition of their phobia, 23% perceived their phobia resulted from an aversive
encounter with the animal reflecting fear conditioning and 9% attributed their fears to
vicarious and modelling experiences (Menzies & Clark, 1993a).

The acquisition of specific phobia has been explained within a Pavlovian
conditioning framework (Pavlov, 1927). The explanation for direct conditioning results
from the pairing of a neutral conditioned stimulus (CS; e.g., snake) and an aversive
unconditioned stimulus (US; e.g., painful bite). Subsequent presentations of the CS
evoke a conditioned fear response (CR; e.g., negative affect, increased heart rate). During
this acquisition process, a CS-US association is learnt (Bouton, 2002; Bouton & Bolles,

1979). Extinction of the fear response can occur through repeated presentations of the CS
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alone. The magnitude of the CR will diminish across the repeated presentations. Decades
of research has supported the Pavlovian learning model of acquisition and extinction of
conditioned fear responses (Bouton & Bolles, 1979; Bouton et al., 2006; Forcadell et al.,
2017; Laborda et al., 2011; Leer & Engelhard, 2015; Neumann & Longbottom, 2008;
Pavlov, 1927; Warren et al., 2014; Wolpe, 1958).

Fear conditioning procedures have been employed to test the process of both
acquisition and extinction of fears. In a fear conditioning procedure, typically non-fearful
participants are repeatedly presented with a CS+ (e.g., photographs or virtual geometric
shapes, faces, spiders) paired with an aversive US (e.g., electric shocks, loud noises). In
this acquisition phase, a CS- can be used as a control stimulus (e.g., other neutral stimuli)
to assess learning. The CS- is not paired with the US. Participants have been found to
demonstrate conditioned fear responses (e.g., CR) to the CS+ and not the CS- on a
combination of different fear measures such as heart rate measures (e.g., Bandarian-
Balooch et al., 2015; Culver et al., 2011; Matthews et al., 2015; Neumann & Waters,
2006) and self-reported US expectancy ratings (e.g., Bandarian-Balooch & Neumann,
2011; Haesen & Vervliet, 2015; Leer & Engelhard, 2015; Warren et al., 2014).

Extinction involves presenting the feared stimulus (CS; e.g., spider) repeatedly
across trials without the US (e.g., painful bite) and typically a reduction in the CR (e.g.,
fear) is observed. Earlier work suggested that the acquired fear (i.e., CS-US association)
is erased during extinction (McClelland & Rumelhart, 1985; McCloskey & Cohen, 1989;
Rescorla & Wagner, 1972). However, numerous studies have shown that the CR (e.g.,
fear) can return following extinction, which suggests that the CS-US association is not

erased (Bouton, 2002; Bouton & Bolles, 1979; Bouton et al., 2021; Haesen & Vervliet,
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2015; Leer & Engelhard, 2015; Thomas et al., 2009; Warren et al., 2014). The
laboratory-based research on extinction provides evidence of the internal validity of the
extinction process and mechanisms underlying return of fear, with the intent to inform
clinical practice.

In extending the findings from the laboratory, the process of extinction has been
translated to exposure therapy in clinical settings under a cognitive-behavioural therapy
(CBT) model (Ost, 1989; Wolpe, 1958). Exposure therapy for specific phobia involves
gradually presenting the feared object or situation until the fear reduces (Ost, 1989;
Wolpe, 1958). The most well supported treatment for specific phobia is exposure therapy
(Abramowitz et al., 2012; Craske, 1999; Craske, & Mystkowski, 2006) and this can be
delivered in vivo (with real life stimuli), in virtual reality (with virtual stimuli), or
imaginal (with imaginary stimuli).

Despite the efficacy of this treatment, many individuals with specific phobia have
a relapse of symptoms. Rachman (1966) termed this return of fear. Rachman
demonstrated that individuals with specific phobia of spiders who were treated with
exposure therapy experienced a relapse of fear 24 hours following treatment. Following
this seminal study, laboratory-based, clinical-analogue (e.g., a study conducted with
moderately to high fearful samples) and clinical studies (e.g., a sample of those with a
diagnosis of specific phobia) have investigated the four mechanisms of return of fear:
renewal of fear, spontaneous recovery of fear, reinstatement of fear, re-acquisition of fear
and more recently in the instrumental conditioning literature resurgence of fear (see

Bouton, 2002; Bouton et al., 2021; and Chapter 2 of this thesis for more detail). Research
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on the reinstatement of fear in humans is limited and the current thesis is focused on this
mechanism.

Reinstatement of fear involves the demonstration that extinguished fear can be
triggered after re-exposure to the original fear (e.g., US; painful spider bite; Pavlov,
1927; Rescorla & Heth, 1975b) or a different stimulus that becomes associated with the
fear-eliciting US (Halladay et al., 2012; Rescorla & Heth, 1975b; Sokol & Lovibond,
2012). In a standard reinstatement procedure, a CS is paired with a US during
acquisition, the CS is presented alone during extinction, the US is presented without the
CS in a reinstatement phase, and finally there are test trials of the CS. Bouton’s
contextual memory model (Bouton, 1993, 2002, 2004) proposes that extinction does not
destroy the CS-US association, but rather a CS-noUS association is learnt during
extinction. Bouton proposed that reinstatement of fear occurs due to contextual
conditioning involved in the presentation of the aversive stimulus in the reinstatement
phase (Bouton, 2004) and the CS-noUS association is retrieved from memory if the
reinstatement phase and test is conducted in the same context.

The majority of studies on the reinstatement effect have used laboratory protocols
conducted with rats (Bouton & Bolles, 1979; Callen et al., 1984; Halladay et al., 2012;
Hendry, 1982; Kim & Richardson, 2007; Rescorla & Heth, 1975b; Taslimi et al., 2018)
and non-fearful human participants (Dirikx et al. 2007; Dunsmoor et al., 2014; Hermans
et al., 2005; LaBar & Phelps, 2005; Sokol & Lovibond, 2012). The lack of reinstatement
studies with clinical-analogue or clinical samples (Mystkowski et al., 2006; Rachman &
Whittal, 1989; Shiban et al., 2015) limits the external validity of the reinstatement effect.

Ethical and methodological considerations of conducting reinstatement research (e.g.,
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presenting participants with a painful bite) have potentially prevented the reinstatement
effect being tested with clinical samples (Boschen et al., 2009).

An innovative method by Halladay et al. (2012) demonstrated that presenting rats
with an unextinguished CS (e.g., tone) reinstated fear responding to an extinguished CS
(e.g., light). The unextinguished CS and extinguished CS were paired with the US in
acquisition and the extinguished CS was presented alone in the extinction phase but the
unextinguished CS was not presented in the extinction phase. A study that replicates
Halladay et al.’s (2012) findings from rats to human participants could provide the
opportunity to explore additional research directions and clinical implications. One
clinical implication is that an unextinguished CS could translate to an untreated
secondary feared object or situation and whether exposure to this secondary fear could
reinstate fear to an extinguished primary feared object or situation. In the case that the
findings of Halladay et al. (2012) extend to humans, there remains a risk that
encountering an untreated fear may elicit reinstatement of fear following successful
exposure therapy for a primary fear.

Consistent with this, previous research demonstrates that fear can be reinstated in
rats with other aversive stimuli (Rescorla & Heth, 1975b; Sokol & Lovibond, 2012) and
there is clinical evidence that following successful exposure therapy for anxiety that
encountering aversive events can trigger reinstatement of fear (Jacobs & Nadel, 1985).
As previously noted, 75% of individuals diagnosed with specific phobia meet criteria for
more than one phobia (Wittchen et al., 2002). Given the importance of the
generalisability of research, the current thesis aimed to extend the novel methodology

from Halladay et al. (2012) to human participants with multiple fears. Moreover, this
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approach will overcome the ethical problems of conducting reinstatement of fear with
clinical-analogue and clinical samples. The present thesis further extended prior research
by using virtual reality-based exposure to examine potential ways to reduce the
reinstatement of fear in humans.
Rationale for Research Program

In summary, return of fear is common for the anxiety disorders including specific
phobia. Compared to the other mechanisms of return of fear, reinstatement of fear has not
been translated from the laboratory to clinical-analogue and clinical studies. As
discussed, the small amount of empirical research with samples of individuals with
multiple phobias is problematic. It is more common to be diagnosed with multiple
phobias than a single phobia and for those with multiple phobias recovery is less likely
(APA, 2013; Wittchen et al., 2002). Thus, understanding return of fear for those with
multiple fears is valuable. The clinical implications of Halladay et al.’s (2012) findings
of conditional reinstatement could be extended to humans. In extending the findings, an
unextinguished CS could translate to an untreated fear triggering reinstatement to a fear
successfully treated with exposure therapy (i.e., an extinguished CS). In this case,
conditional reinstatement may increase the probability of the occurrence of return of fear.
Importantly, no previous researchers have examined whether exposure to an
unextinguished CS can elicit and reduce conditional reinstatement of fear. Overall, this
leads to the research question of this thesis: Can an untreated fear reinstate fear that has
successfully been treated with exposure-based therapy in individuals with multiple
phobias?

Aims
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To address the research question, the current thesis had three main aims. The first
aim was to examine whether exposure to an unextinguished CS can elicit reinstatement
of fear. The second aim was to determine whether exposure to an unextinguished CS can
attenuate reinstatement of fear. The third aim was to extend reinstatement of fear
research to human clinical-analogue and clinical samples. The aims of the thesis are
addressed in Chapter 2 and Chapter 3 which together provide literature reviews on
reinstatement research, a laboratory-based experiment with non-fearful participants
(Chapter 4), a clinical-analogue study with those with a moderate to high fear of spiders
and rats (Chapter 5), and an N =1 case study with an individual suffering from multiple
animal phobias (Chapter 6) and the general discussion which summarises the research
project (Chapter 7). An overview for the components of the thesis and how the aims will
be addressed is discussed next.
Overview of Chapter 2: Anxiety Disorders, Treatment and Return of Fear

Chapter 2 provides a literature review across the anxiety disorders, their treatment
and the reinstatement of fear. The anxiety disorders, including specific phobia, are
discussed in more depth than the current chapter and the number of different phobic
objects and/or situations an individual fears is discussed as an important factor in
research and treatment. The chapter highlights the mechanisms of acquisition, extinction
and return of fear from a Pavlovian conditioning model (Pavlov, 1927) and Bouton’s
contextual memory model (Bouton, 1993, 2002, 2004). The laboratory-based
reinstatement literature is reviewed and the lack of ecological validity is highlighted.
Subsequently, the clinical-analogue and clinical reinstatement research is examined and

the implications of the scarcity of this research are provided. It is noted that ethical
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considerations could have hindered translating laboratory-based reinstatement findings to
clinical research. Studies with more innovative approaches are discussed to overcome
this problem including Halladay et al.’s (2012) finding of conditional reinstatement and
how virtual reality technology could be a useful methodology to adopt in the present
research. Specific theoretical and clinical implications for conditional reinstatement and
the process of attenuation are reviewed.

Overview of Chapter 3: A Review of Virtual Reality Exposure Therapy for Specific
Phobia and its Clinical Application to Reduce Return of Fear

Chapter 3 is a published book chapter which provides a literature review for
VRET for treating specific phobia and attenuating return of fear. The theoretical
background of exposure therapy, return of fear and challenges of traditional exposure-
based treatments (i.e., in vivo and imaginal exposure) are discussed. The literature on
VRET compared to traditional exposure-based treatments for return of fear is reviewed
and the benefits of VRET for specific phobia include: it is seen as a more acceptable
form of treatment to clients and it can be more feasible for difficult to obtain
objects/situations and for multiple phobias. Presence, immersion and interactivity of
virtual reality technology and the application of VRET to return of fear research is also
considered.

A literature search for studies evaluating the effectiveness of VRET to reduce
return of fear for specific phobia was conducted and 12 studies were used as the basis for
the literature review. The review found that further research is needed to establish if
VRET is equivalent to in vivo exposure in maintaining long-term treatment gains for

specific phobia. In considering the use of VRET in clinical-analogue and clinical studies,
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it also highlighted that spontaneous recovery and renewal of fear have received more
attention than reinstatement and reacquisition of fear. Furthermore, the review indicated
that VRET could be an effective methodology to overcome the ethical challenges
associated with reinstatement of fear by providing an alternative modality to present
reinstating stimuli. The book chapter explores the clinical implications for the use of
VRET and provides future research directions for VRET in reducing return of fear for
specific phobia.

Overview of Chapter 4: Overview of the Aims the Empirical Studies

Given that Chapters 5, 6 and 7 comprise the empirical work of the thesis and the
preceding chapter provides a broader literature review of VRET for specific phobia to
reduce the return of fear, the purpose of Chapter 4 is to provide a comprehensive
explanation of the aims of the research project. Chapter 4 highlights the key findings
from the literature review in Chapter 3 and provides a concise overview of the design,
samples, measures and analyses of the three studies.

Overview of Chapter 5: Eliciting and attenuating reinstatement of fear: Effects of
an unextinguished CS (Study 1).

The ethical considerations in conducting reinstatement of fear with clinical
samples has hindered the translation of laboratory-based findings with rats to non-fearful
human participants and to clinical research (Boschen et al., 2009). Understanding the key
mechanisms underlying return of fear in experimentally controlled conditions with rats
and non-fearful participants is the first step to be able to determine whether these
methods can enhance the long-term effectiveness of exposure therapy (Bandarian-

Balooch et al., 2013; Boschen et al., 2009). The finding that an unextinguished CS can
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trigger reinstatement of fear with rats (Halladay et al., 2012) could be translated to how
untreated fears could trigger reinstatement of fear with humans. Chapter 5 presents the
first empirical study of the thesis. The first experiment addressed the first and second
aims by examining whether an unextinguished CS can elicit reinstatement of fear to an
extinguished CS and whether extinction to the unextinguished CS can attenuate
reinstatement. Chapter 5 also addresses the third aim by extending findings from
laboratory-based studies with rats (Halladay et al., 2012; Rescorla & Heth, 1975b) to
human non-fearful participants.

A sample of 93 undergraduate psychology non-fearful participants were
presented with 360 degree virtual reality footage of an extinguished CS (e.g., golden orb
weaver) and an unextinguished CS (e.g., water python) both previously paired with a US
(e.g., electro-tactile stimulus). In addition, a CS- (e.g., brown fancy rat) was presented
alone. Shock expectancy ratings and conditioned heart rate responses were used as
dependent measures. The findings from the study showed that reinstatement of fear can
be elicited by an unextinguished CS. Moreover, the finding suggested that extinction to
this unextinguished CS can reduce reinstatement in the sample of non-fearful human
participants. The generalisability of this study to clinical settings is limited due to
employing a non-fearful sample. To extend the translational nature of the project
subsequent studies used more clinically relevant samples.

Overview of Chapter 6: Reinstatement of fear: Immersive virtual reality exposure
treatment to multifarious stimuli for individuals with multiple animal fears (Study

2)
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In comparison to the other mechanisms of return of fear, the focus on
reinstatement research with clinical-analogue or clinical samples with specific phobia has
been scarce (Mystkowski et al., 2006; Rachman & Whittal, 1989; Shiban et al., 2015).
Translational reinstatement research from laboratory-based studies to clinical-analogue
designs with relevant samples are integral to increase the generalisability and long-term
effectiveness of exposure therapy for specific phobia. As previously discussed, those
with specific phobia are known to meet criteria for multiple phobias of objects and/or
situations but few studies employ samples of those with multiple fears.

Study 2 investigated the first aim of whether an unextinguished CS (e.g., fear of
spiders) reinstated fear to a previously extinguished CS (e.g., fear of rats) and the second
aim to assess whether exposure to the unextinguished CS can attenuate this conditional
reinstatement. Study 2 also focused on addressing the third aim by extending previous
laboratory-based research from Halladay et al. (2012), Rescorla and Heth (1975; Exp 2)
and Study 1, to a clinical-analogue design. A sample of 50 participants with high fear
levels of both spiders and rats was recruited. The study design used three groups, the
reinstatement and multiple phobic stimuli group received exposure to the unextinguished
CS and the control group did not. The multiple phobic stimuli group was the only group
to receive a second VRET phase to determine whether exposure to the unextinguished
CS can attenuate this conditional reinstatement.

As hypothesised, reinstatement of fear was found for the reinstatement and
multiple phobic groups and not the control group as measured by avoidance ratings,
subjective units of distress and heart rate change. Reinstatement of fear was attenuated

for the multiple phobic stimuli group as evidenced by a significant decrease across all
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measures. The clinical implications of the results for Study 2 suggest that clinicians
should conduct a comprehensive assessment of fears and deliver exposure therapy for
their client’s multiple different fears to reduce the potential for conditional reinstatement
of fear.

Overview of Chapter 7: Virtual Reality Exposure Therapy for a Case of Multiple
Phobias: Examining Reinstatement of Fear (Study 3)

The present research culminates by generalising a novel intervention from
laboratory-based research to a clinical-analogue study and to a case study with an
individual suffering from two animal phobias (e.g., spiders and rats). In this way, the
present thesis achieved the third aim. The third study implemented a case study method
(N=1) to test an intervention based on the previous two studies to examine whether
conducting exposure to an unextinguished CS will reduce reinstatement with a
participant who met criteria for specific phobia of two animal types (rats and spiders). An
individualised VRET session was provided for the primary fear of rats. Following
therapy, a reinstatement phase was delivered where the participant was exposed to their
secondary fear of spiders. The participant then undertook an individualised exposure
hierarchy in virtual reality for their fear of spiders and three follow-up sessions. Tau-U
analyses of data trend and non-overlap for subjective units of distress, avoidance
measured on a behavioural avoidance task (BAT) and heart rate change indicated that
following successful VRET the primary fear of rats was reinstated by exposure to the
untreated fear of spiders and VRET to the unextinguished CS attenuated reinstatement.
The results provide further evidence of translating interventions from laboratory-based

research to clinical-analogue to intervention-based research. Furthermore, the research
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can be translated to clinical settings with planning for relapse prevention by
incorporating exposure to other fears and phobias.
Overview of Chapter 8: General discussion

In the general discussion, the research project aims are reviewed. Specifically, the
discussion focusses on how the findings across the studies extend previous research that
an unextinguished CS can reinstate fear to an extinguished CS with humans (Halladay et
al., 2012; Rescorla & Heth, 1975b) and provides an attenuation method for conditional
reinstatement. The aim of the research project to overcome a gap in the translational
nature of reinstatement research is addressed. The broader theoretical and clinical
implications of the research project are discussed in depth. Key issues discussed include
the wider applications for clinicians to assess for multiple fears and implement exposure
to multifarious stimuli, other attenuation methods for conditional reinstatement of fear,
and investigating whether conditional reinstatement could occur with other disorders.
The strengths of the research project are highlighted. The limitations of the research
project are provided including: the lack of interactivity in the virtual technology, not
considering the role of disgust in two of three of the studies, the small clinical sample
size and no longitudinal follow-ups. Future research directions across the research project
are considered. Chapter 8 concludes by highlighting the importance of enhancing the
long-term effectiveness of exposure-based treatments for individuals with multiple

phobias and possible ways in which this can be achieved.



REDUCING REINSTATEMENT 34

References

Abramowitz, J. S., Deacon, B. J., & Whiteside, S. P. (2012). Exposure therapy for
anxiety: Principles and practice. Guilford Press.

Australian Bureau of Statistics (2019b). National Health Survey: first results, 2017-18.
ABS cat. no. 4364.0.55.001. Canberra: ABS.

https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-

health-survey-first-results/latest-release

Australian Institute of Health and Welfare. (2021). Mental health services in Australia.

Retrieved from https://www.aithw.gov.au/reports/mental-health-services/mental-

health-services-in-australia

Aknin, L., De Neve, J. E., Dunn, E., Fancourt, D., Goldberg, E., Helliwell, J. F., ... &
Ben Amor, Y. (2021; in press). Mental health during the first year of the COVID-
19 pandemic: A review and recommendations for moving forward. Perspectives
on Psychological Science.

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5th ed.).

Askew, C., & Field, A. P. (2007). Vicarious learning and the development of fears in
childhood. Behaviour Research and Therapy, 45(11), 2616-2627.

https://doi.org/10.1016/;.brat.2007.06.008

Bandarian-Balooch, S., Neumann, D. L., & Boschen, M. J. (2013). Renewal of fear:
clinical-analogue findings. In Psychology of fear: New developments (pp. 1-27).

Nova Science Publishers.


https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-first-results/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-first-results/latest-release
https://www.aihw.gov.au/reports/mental-health-services/mental-health-services-in-australia
https://www.aihw.gov.au/reports/mental-health-services/mental-health-services-in-australia
https://doi.org/10.1016/j.brat.2007.06.008

REDUCING REINSTATEMENT 35
Bandarian-Balooch, S., Neumann, D. L., & Boschen, M. J. (2015). Exposure treatment in
multiple contexts attenuates return of fear via renewal in high spider fearful

individuals. Journal of Behavior Therapy and Experimental Psychiatry, 47, 138-

144. https://doi.org/10.1016/1.ibtep.2014.12.006

Boschen, M. J., Neumann, D. L., & Waters, A. M. (2009). Relapse of successfully
treated anxiety and fear: Theoretical issues and recommendations for clinical
practice. Australian & New Zealand Journal of Psychiatry, 43(2), 89-100.

https://doi.org/10.1080/00048670802607154

Bouton, M. E. (1993). Context, time, and memory retrieval in the interference paradigms
of Pavlovian learning. Psychological Bulletin, 114(1), 80.

https://doi.org/10.1037/0033-2909.114.1.80

Bouton, M. E. (2000). A learning theory perspective on lapse, relapse, and the
maintenance of behavior change. Health Psychology, 19(1S), 57.

https://doi.org/10.1037/0278-6133.19.Suppll.57

Bouton, M. E. (2002). Context, ambiguity, and unlearning: Sources of relapse after
behavioral extinction. Biological Psychiatry, 52(10), 976-986.

https://doi.org/10.1016/S0006-3223(02)01546-9

Bouton, M. E. (2004). Context and behavioral processes in extinction. Learning &

Memory, 11(5), 485-494. http://www.learnmem.org/cgi/doi/10.1101/lm.78804.

Bouton, M. E., & Bolles, R. C. (1979). Contextual control of the extinction of
conditioned fear. Learning and Motivation, 10(4), 445-466.

https://doi.org/10.1016/0023-9690(79)90057-2



https://doi.org/10.1016/j.jbtep.2014.12.006
https://doi.org/10.1080/00048670802607154
https://psycnet.apa.org/doi/10.1037/0033-2909.114.1.80
https://psycnet.apa.org/doi/10.1037/0278-6133.19.Suppl1.57
https://doi.org/10.1016/S0006-3223(02)01546-9
http://www.learnmem.org/cgi/doi/10.1101/lm.78804
https://doi-org.libraryproxy.griffith.edu.au/10.1016/0023-9690(79)90057-2

REDUCING REINSTATEMENT 36
Bouton, M. E., Maren, S., & McNally, G. P. (2021). Behavioral and neurobiological

mechanisms of Pavlovian and instrumental extinction learning. Physiological

Reviews, 101(2), 611-681. https://doi.org/10.1152/physrev.00016.2020

Bouton, M. E., Westbrook, R. F., Corcoran, K. A., & Maren, S. (2006). Contextual and
temporal modulation of extinction: behavioral and biological mechanisms.
Biological Psychiatry, 60(4), 352-360.

https://doi.org/10.1016/.biopsych.2005.12.015

Callen, E. J., McAllister, W. R., & McAllister, D. E. (1984). Investigations of the
reinstatement of extinguished fear. Learning and Motivation, 15(3), 302-320.

https://doi.org/10.1016/0023-9690(84)90025-0

Ciobanu, L. G., Ferrari, A. J., Erskine, H. E., Santomauro, D. F., Charlson, F. J., Leung,
J., ... & Baune, B. T. (2018). The prevalence and burden of mental and substance
use disorders in Australia: Findings from the Global Burden of Disease Study
2015. Australian & New Zealand Journal of Psychiatry, 52(5), 483-490.

https://doi.org/10.1177/0004867417751641

Craske, M. G. (1999). Anxiety disorders: psychological approaches to theory and

treatment. Westview Press. https://psycnet.apa.org/record/1998-06744-000

Craske, M .G., Hermans, D., & Vansteenwegen, D. (2006). Fear and learning: Basic
science to clinical application, APA Books, Washington, DC.

Culver, N. C., Stoyanova, M., & Craske, M. G. (2011). Clinical relevance of retrieval
cues for attenuating context renewal of fear. Journal of Anxiety Disorders, 25(2),

284-292. https://doi.org/10.1016/j.janxdis.2010.10.002



https://doi.org/10.1152/physrev.00016.2020
https://doi.org/10.1016/j.biopsych.2005.12.015
https://doi.org/10.1016/0023-9690(84)90025-0
https://doi.org/10.1177%2F0004867417751641
https://psycnet.apa.org/record/1998-06744-000
https://doi.org/10.1016/j.janxdis.2010.10.002

REDUCING REINSTATEMENT 37

Dirikx T., Hermans D., Vansteenwegen D., Baeyens, F., & Eelen P. (2007).
Reinstatement of conditioned responses in human differential fear conditioning.
Journal of Behavior Therapy and Experimental Psychiatry, 38, 237-251.

https://doi-org.10.1016/].ibtep.2006.04.001

Dunsmoor, J. E., Ahs, F., Zielinski, D. J., & LaBar, K. S. (2014). Extinction in multiple
virtual reality contexts diminishes fear reinstatement in humans. Neurobiology of

Learning and Memory, 113, 157-164. https://doi-org.10.1016/].nlm.2014.02.010

Forcadell, E., Torrents-Rodas, D., Vervliet, B., Leiva, D., Tortella-Feliu, M., & Fullana,
M. A. (2017). Does fear extinction in the laboratory predict outcomes of exposure
therapy? A treatment analog study. International Journal of Psychophysiology,

121, 63-71. https://doi.org/10.1016/.ijpsycho.2017.09.001

Gerull, F. C., & Rapee, R. M. (2002). Mother knows best: effects of maternal modelling

on the acquisition of fear and avoidance behaviour in toddlers. Behaviour

Research and Therapy, 40(3), 279-287. https://doi.org/10.1016/S0005-

7967(01)00013-4

Haesen, K., & Vervliet, B. (2015). Beyond extinction: Habituation eliminates

conditioned skin conductance across contexts. International Journal of

Psychophysiology, 98(3), 529-534. https://doi.org/10.1016/].ijpsycho.2014.11.010

Halladay, L. R., Zelikowsky, M., Blair, H. T., & Fanselow, M. S. (2012). Reinstatement
of extinguished fear by an unextinguished conditional stimulus. Frontiers in

Behavioral Neuroscience, 6, 18. https://doi.org/10.3389/fnbeh.2012.00018



https://doi-org.10.1016/j.jbtep.2006.04.001
https://doi-org.10.1016/j.nlm.2014.02.010
https://doi.org/10.1016/j.ijpsycho.2017.09.001
https://doi.org/10.1016/S0005-7967(01)00013-4
https://doi.org/10.1016/S0005-7967(01)00013-4
https://doi.org/10.1016/j.ijpsycho.2014.11.010
https://doi.org/10.3389/fnbeh.2012.00018

REDUCING REINSTATEMENT 38
Hendry, J. S. (1982). Summation of undetected excitation following extinction of the
CER. Animal Learning & Behavior, 10(4), 476-482.

https://doi.org/10.3758/BF03212287

Hermans, D., Dirikx, T., Vansteenwegenin, D., Baeyens, F., Van den Bergh, O., &
Eelen, P. (2005). Reinstatement of fear responses in human aversive conditioning.
Behaviour Research and Therapy, 43(4), 533-551.

https://doi.org/10.1016/1.brat.2004.03.013

Jacobs, W. J., & Nadel, L. (1985). Stress-induced recovery of fears and phobias.

Psychological Review, 92(4), 512. https://doi.org/10.1037/0033-295X.92.4.512

Kessler R. C., & Wang P .S. (2008). The Descriptive Epidemiology of Commonly
Occurring Mental Disorders in the United States. Annual Review Public Health,

29, 115-129. https://doi.org.10.1146/annurev.publhealth.29.020907.090847

King, N. J., Muris, P., & Ollendick, T. H. (2004). Specific phobia. In Anxiety Disorders
in Children and Adolescents (pp. 263-279). Guilford Press.

https://psycnet.apa.org/record/2004-16376-012

Kim, J. H., & Richardson, R. (2007). A developmental dissociation in reinstatement of an
extinguished fear response in rats. Neurobiology of Learning and Memory, 88(1),

48-57. https://doi.org/10.1016/j.nlm.2007.03.004

Krisch, K. A., Bandarian-Balooch, S., & Neumann, D. L. (2018). Effects of extended
extinction and multiple extinction contexts on ABA renewal. Learning and

Motivation, 63, 1-10. https://doi.org/10.1016/j.1mot.2017.11.001

Krisch, K. A, Bandarian-Balooch, S., O’Donnell, A. W., & Neumann, D. L. (2016).

Virtual reality exposure therapy for specific phobia and its clinical application to


https://doi.org/10.3758/BF03212287
https://doi.org/10.1016/j.brat.2004.03.013
https://psycnet.apa.org/doi/10.1037/0033-295X.92.4.512
https://doi.org.10.1146/annurev.publhealth.29.020907.090847
https://psycnet.apa.org/record/2004-16376-012
https://doi-org.libraryproxy.griffith.edu.au/10.1016/j.nlm.2007.03.004
https://doi.org/10.1016/j.lmot.2017.11.001

REDUCING REINSTATEMENT 39
reduce return of fear. Virtual reality: Advances in research and applications,
Nova Science Publishers.

LaBar, K. S., & Phelps, E. A. (2005). Reinstatement of conditioned fear in humans is
context dependent and impaired in amnesia. Behavioral Neuroscience, 119(3),

677. https://10.1037/0735-7044.119.3.677

Laborda, M. A., McConnell, B. L., & Miller, R. R. (2011). Behavioral techniques to
reduce relapse after exposure therapy. Associative learning and conditioning
theory, 1, 79-104.

Leer, A., & Engelhard, I. M. (2015). Countering fear renewal: Changes in the UCS
representation generalize across contexts. Behavior Therapy, 46(2), 272-282.

https://doi.org/10.1016/.beth.2014.09.012

Marin, M. F., Bilodeau-Houle, A., Morand-Beaulieu, S., Brouillard, A., Herringa, R. J.,
& Milad, M. R. (2020). Vicarious conditioned fear acquisition and extinction in
child—parent dyads. Scientific Reports, 10(1), 1-10.

https://doi.org/10.1038/s41598-020-74170-1

Matthews, A., Naran, N., & Kirkby, K. C. (2015). Symbolic online exposure for spider
fear: habituation of fear, disgust and physiological arousal and predictors of
symptom improvement. Journal of Behavior Therapy and Experimental

Psychiatry, 47, 129-137. https://doi.org/10.1038/s41598-020-74170-1

McClelland, J. L., & Rumelhart, D. E. (1985). Distributed memory and the representation
of general and specific information. Journal of Experimental Psychology:

General, 114(2), 159.


https://10.0.4.13/0735-7044.119.3.677
https://doi.org/10.1016/j.beth.2014.09.012
https://doi.org/10.1038/s41598-020-74170-1
https://doi.org/10.1038/s41598-020-74170-1

REDUCING REINSTATEMENT 40

McCloskey, M., & Cohen, N. J. (1989). Catastrophic interference in connectionist
networks: The sequential learning problem. In Psychology of learning and
motivation (Vol. 24, pp. 109-165). Academic Press.

https://doi.org/10.1016/S0079-7421(08)60536-8

Menzies, R. G., & Clark, J. C. (1993a). The etiology of childhood water phobia.

Behaviour Research and Therapy, 31, 499-501. https://doi.org/10.1016/0005-

7967(93)90131-D

Mystkowski, J. L., Craske, M. G., Echiverri, A. M., & Labus, J. S. (2006). Mental
reinstatement of context and return of fear in spider-fearful participants. Behavior

Therapy, 37(1), 49-60. https://doi.org/10.1016/).beth.2005.04.001

Neumann, D. L., & Longbottom, P. L. (2008). The renewal of extinguished conditioned
fear with fear-relevant and fear-irrelevant stimuli by a context change after
extinction. Behaviour Research and Therapy, 46(2), 188-206.

https://doi.org/10.1016/1.brat.2007.12.004

Neumann, D. L., & Waters, A. M. (2006). The use of an unpleasant sound as an
unconditional stimulus in a human aversive Pavlovian conditioning procedure.
Biological Psychology, 73(2), 175-185.

https://doi.org/10.1016/1.biopsycho.2006.03.004

Ost, L. G. (1989). One-session treatment for specific phobias. Behaviour Research and

Therapy, 27(1), 1-7. https://doi.org/10.1016/0005-7967(89)90113-7

Pavlov IP. (1927). Conditioned reflexes. London: Oxford University Press.
Rachman, S. (1966). Studies in desensitization—II: Flooding. Behaviour Research and

Therapy, 4(1-2), 1-6. https://doi.org/10.1016/0005-7967(66)90037-4



https://doi.org/10.1016/S0079-7421(08)60536-8
https://doi.org/10.1016/0005-7967(93)90131-D
https://doi.org/10.1016/0005-7967(93)90131-D
https://doi.org/10.1016/j.beth.2005.04.001
https://doi.org/10.1016/j.brat.2007.12.004
https://doi.org/10.1016/j.biopsycho.2006.03.004
https://doi-org.libraryproxy.griffith.edu.au/10.1016/0005-7967(89)90113-7
https://doi.org/10.1016/0005-7967(66)90037-4

REDUCING REINSTATEMENT 41
Rachman, S. (1977). The conditioning theory of fearacquisition: A critical examination.

Behaviour Research and Therapy, 15(5), 375-387. https://doi.org/10.1016/0005-

7967(66)90037-4

Rachman S., & Whittal M. (1989). The effect of an aversive event on the return of fear.

Behaviour Research and Therapy, 27, 513-520. https://doi.org/10.1016/0005-

7967(89)90085-5

Rescorla, R. A., & Heth, C. D. (1975b). Reinstatement of fear to an extinguished
conditioned stimulus. Journal of Experimental Psychology: Animal Behavior

Processes, 1(1), 88. https://pubmed.ncbi.nlm.nih.gov/1151290/

Shiban Y., Schelhorn 1., Pauli P., & Miihlberger A. (2015). Effect of combined multiple
contexts and multiple stimuli exposure in spider phobia: A randomized clinical
trial in virtual reality. Behaviour Research and Therapy, 71, 45-53.

https://doi.org/10.1016/j.brat.2015.05.014

Sokol, N., & Lovibond, P. F. (2012). Cross-US reinstatement of human conditioned fear:
Return of old fears or emergence of new ones?. Behaviour Research and

Therapy, 50(5), 313-322. https://doi.org/10.1016/].brat.2012.02.005

Stein, M. B., & Craske, M. G. (2017). Treating anxiety in 2017: Optimizing care to
improve outcomes. Jama, 318(3), 235-236.

https://doi.org/10.1001/jama.2017.6996

Stinson, F. S., Dawson, D. A., Chou, S. P., Smith, S., Goldstein, R. B., Ruan, W. J., &
Grant, B. F. (2007). The epidemiology of DSM-IV specific phobia in the USA:

Results from the National Epidemiologic Survey on Alcohol and Related


https://doi-org.libraryproxy.griffith.edu.au/10.1016/0005-7967(66)90037-4
https://doi-org.libraryproxy.griffith.edu.au/10.1016/0005-7967(66)90037-4
https://doi-org.libraryproxy.griffith.edu.au/10.1016/0005-7967(89)90085-5
https://doi-org.libraryproxy.griffith.edu.au/10.1016/0005-7967(89)90085-5
https://pubmed.ncbi.nlm.nih.gov/1151290/
https://doi-org.libraryproxy.griffith.edu.au/10.1016/j.brat.2015.05.014
https://doi.org/10.1016/j.brat.2012.02.005
https://doi.org/10.1001/jama.2017.6996

REDUCING REINSTATEMENT 42
Conditions. Psychological Medicine, 37(7), 1047-1059.

https://doi.org/10.1017/S0033291707000086

Taslimi, Z., Komaki, A., Haghparast, A., & Sarihi, A. (2018). Effects of acute and
chronic restraint stress on reinstatement of extinguished methamphetamine-
induced conditioned place preference in rats. Basic and Clinical Neuroscience,

9(3), 157. https://doi.org.10.29252/nirp.bcn.9.3.157

Thomas, B. L., Vurbic, D., & Novak, C. (2009). Extensive extinction in multiple
contexts eliminates the renewal of conditioned fear in rats. Learning and

Motivation, 40(2), 147-159. https://doi.org/10.1016/].Imot.2008.10.002

Van Houtem C. M., Laine M. L., Boomsma D. L., Ligthart L., Van Wijk A. J., & De
Jongh A. (2013). A review and meta-analysis of the heritability of specific phobia
subtypes and corresponding fears. Journal of Anxiety Disorders, 27, 379-388.

https://doi.org/10.1016/j.janxdis.2013.04.007

Warren, V. T., Anderson, K. M., Kwon, C., Bosshardt, L., Jovanovic, T., Bradley, B., &
Norrholm, S. D. (2014). Human fear extinction and return of fear using
reconsolidation update mechanisms: The contribution of on-line expectancy
ratings. Neurobiology of Learning and Memory, 113, 165-173.

https://doi.org/10.1016/1.nlm.2013.10.014

Wittchen, H. U., Lecrubier, Y., Beesdo, K., & Nocon, A. (2002). Relationships Among
Anxiety Disorders: Patterns and Implications. Anxiety Disorders, 23-37.

https://doi.org/10.1002/9780470986844.ch2



https://doi.org/10.1017/S0033291707000086
https://doi.org/
https://dx.doi.org/10.29252%2Fnirp.bcn.9.3.157
https://doi.org/10.1016/j.lmot.2008.10.002
https://doi.org/10.1016/j.janxdis.2013.04.007
https://doi.org/10.1016/j.nlm.2013.10.014
https://doi.org/10.1002/9780470986844.ch2

REDUCING REINSTATEMENT 43
Wolpe, J. (1958). Psychotherapy by reciprocal inhibition. Conditional reflex: a
Pavlovian Journal of Research & Therapy, 3(4), 234-240.

https://doi.org/10.1007/BF03000093



https://doi.org/10.1007/BF03000093

REDUCING REINSTATEMENT 44
Chapter 2: Preamble

The proceeding chapter provided a brief background and rationale of the research
project, presented the aims and an overview of the chapters of the thesis. Chapter 2
presents a more comprehensive review of anxiety disorders with a particular focus on
specific phobia, exposure therapy, return of fear, the theoretical frameworks underlying
exposure therapy and return of fear, and a literature review of reinstatement of fear and
targeting multiple phobias. The summary section of Chapter 2 highlights the importance

of translational reinstatement of fear research.
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Chapter 2: Anxiety Disorders, Treatment and Return of Fear

The anxiety disorders are the most prevalent group of mental health disorders
globally (Kessler et al., 2010; Stein et al., 2017), with higher comorbidity rates than for
other mental health disorders (Toft et al., 2005). Consistent with this, in Australia,
anxiety disorders are the most common mental health disorder, with 1 in 7 adults being
diagnosed with an anxiety disorder (ABS, 2019). The common symptoms of anxiety
across the disorder categories include muscle tension, rapid heart rate, dizziness, a dry
throat, sweating, difficulty breathing, nausea and headaches. Excessive anxiety can
disrupt our cognitive processes (Sapolsky et al., 1990) and short-term memory
(Wehrenberg & Prinz, 2007). Anxiety disorders can impact relationships, employment
and self-esteem (Wardenaar et al., 2017). The Diagnostic and Statistical Manual for
Mental disorders fifth edition (DSM-5) includes an anxiety disorders category with the
following specific disorders: generalized anxiety disorder, panic disorder, specific
phobias, agoraphobia, social anxiety disorder and separation anxiety disorder (APA,
2013).

Specific phobia is the most prevalent anxiety disorder (Kessler & Wang, 2008;
Van Houtem et al., 2013). Lifetime prevalence rates of specific phobia have been
estimated to be between 10 to 12.5% (Kessler et al., 2008; LeBeau et al., 2010; Van
Houtem et al., 2013). Specific phobia is characterised by persistent, distressing and
impairing fear and avoidance of an object or situation that is out of proportion to the risk
of harm the object or situation poses (APA, 2013). The DSM-5 categorises four subtypes
of specific phobia: animal (e.g., snakes, spiders, rats, dogs), natural environment (e.g.,

heights, water, storms), situational (e.g., flying, enclosed spaces, driving) and blood-
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injection injury (e.g., injections, blood tests). Animal phobia has the highest prevalence
of the specific phobia subtypes (Curtis et al., 1998; Depla et al., 2008; LeBeau et al.,
2010; Wardenaar et al., 2017).

Most individuals suffering from specific phobia fear on average three different
phobic objects or situations (e.g., Curtis et al., 1998; LeBeau et al., 2010; Wittchen et al.,
2002). Research examining the impairment specific phobias causes when a single object
or situation is feared has shown that compared to other anxiety disorders, specific phobia
causes less (Marks, 1987), similar (Becker et al., 2007; Depla et al. 2008; Stinson et al.,
2007), or more severe impairment (Magee et al., 1996). However, a cross-national study
by Wardenaar et al. (2017) including surveys from 22 countries demonstrated that when
the number of phobic objects or situations increased, specific phobia led to higher
impairment rates, greater comorbidity and reduced treatment-seeking, which is consistent
with previous research (e.g., Burstein et al., 2012; Curtis et al., 1998; Stinson et
al., 2007). The number of different phobic objects or situations an individual fears should
thus be considered in research and treatment.

Regardless of the number of feared objects/situations, numerous individuals
suffering from specific phobia do not seek treatment (Garcia-Palacios et al., 2001).
However, for those individuals who receive treatment for specific phobia, exposure
therapy is regarded as the gold standard for treatment (Abramowitz et al., 2012; Craske,
1999). Exposure therapy is an effective treatment involving gradually presenting the
individual with the feared object or situation until the fear attenuates (Ost, 1989; Wolpe,

1958). The three main exposure-based approaches for specific phobia include in vivo
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exposure (with real-life stimuli), VRET (with virtual stimuli) and imaginal exposure
(with imagined stimuli; Bush, 2008).

The key mechanism underlying exposure therapy has been provided by the
learning framework of Pavlovian conditioning (Pavlov, 1927). Extinction of conditioned
fear involves repeated presentations of the feared stimulus without the aversive stimulus,
resulting in a fear response no longer being observed. Extinction of a conditioned fear
response corresponds to exposure therapy. After successful in vivo exposure treatment,
approximately 35-50% of individuals experience a return of fear symptoms (Rachman,
1966; Rose & McGlynn, 1997; Vasey et al., 2012). For example, Rose and McGlynn
(1997) conducted exposure therapy with 20 individuals suffering from snake phobia. At
one-month post treatment, 25% of successfully treated individuals experienced a return
of fear symptoms. The occurrence of fear symptoms following successful exposure is
termed return of fear (ROF; Rachman, 1966, 1987).

Research has shown that Pavlovian conditioning can be applied to improve our
understanding of the mechanisms that underlie ROF. Laboratory-based research with rats
and humans has shown that the extinction process does not result in a destruction of the
CS-US association learnt in acquisition (Bouton, 2002, 2004; Bouton & Bolles, 1979;
Bouton et al., 2006; Effting & Kindt, 2007; Warren et al., 2014). This research has
suggested that extinction results in new learning that the previously feared object need
not be feared anymore (Haesen & Vervliet, 2015; Leer & Engelhard, 2015; Lissek et al.,
2008; Neumann, 2006; Vansteenwegen et al., 2007). Moreover, this research has shown
that the extinction process can be modified to increase or reduce the likelihood of fear

responses returning post extinction.
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However, only a small proportion of laboratory-based return of fear findings have
been reliably translated into clinical-analogue and clinical research (Bagley & Bandarian-
Balooch, 2020; Bandarian-Balooch et al., 2013; Boschen et al., 2009; Jessup et al., 2020;
Shiban et al., 2015; Vansteenwegen et al., 2007). Translating laboratory-based ROF
findings to clinical research is important because it enhances the applicability of this
research to clinical settings (Bandarian-Balooch et al., 2013; Boschen et al., 2009;
Neumann & Longbottom, 2008), ultimately informing clinicians how the exposure
therapy process can be modified to enhance long-term effectiveness. The translation of
ROF research may occur through a progression from research on the extinction of fear
responses in laboratory-based studies with rats and other non-human animals, to
laboratory studies with non-phobic human individuals, to laboratory and field research to
moderately fearful individuals, and finally to laboratory and clinical case studies and
randomised controlled trial studies with phobic individuals.

The present chapter provides a review of the acquisition, extinction and return of
fear with a particular emphasis on situations in which the individual fears multiple
objects or situations. The chapter begins with discussing the acquisition, extinction and
reinstatement of fear learning from the Pavlovian conditioning framework and Bouton’s
contextual memory model. Subsequently, the laboratory-based reinstatement literature
and the ecological validity of these studies are reviewed. It is noted that the lack of
clinical studies on reinstatement of fear is due to the inherent ethical challenges. A novel
approach that was developed in a laboratory-based study with rats shows how an
unextinguished CS can reinstate fear to an extinguished CS, termed conditional

reinstatement. The implications of conditional reinstatement are explored such as how
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the majority of those with specific phobia have multiple phobias and how untreated fears
may remain a risk for reinstatement of fear to the primary fear. Theoretical models are
applied to understand conditional reinstatement of fear and to provide suggestions of how
it can be attenuated. Finally, the main points of this chapter are summarised.

The Acquisition, Extinction and Return of Fear

Pavlovian conditioning provides a learning model underpinning the acquisition and
extinction of fear (Bouton & Bolles, 1979; Davey, 1992; Laborda et al., 2011; Neumann
& Longbottom, 2008; Pavlov, 1927; Wolpe, 1958). The acquisition of specific phobia
has been explained within a Pavlovian conditioning framework as resulting from the
pairing of a neutral CS (e.g., snake) and an aversive US (e.g., pain). Subsequent
presentations of the CS alone evokes a conditioned fear response (CR; e.g., fear). In
laboratory-based studies, during the acquisition phase, a CS-US association is learnt and
this learning is expressed as a CR. The magnitude of the CR thus gives an indication of
the strength of the CS-US association.

In laboratory-based human studies, CRs are typically measured using a combination
of physiological measures, such as heart rate, skin conductance, and startle eyeblinks
(e.g., Matthews et al., 2015; Neumann & Waters, 2006; Neumann et al., 2008), self-
reported US expectancy ratings or affective reactions (e.g., Bandarian-Balooch &
Neumann, 2011; Haesen & Vervliet, 2015; Leer & Engelhard, 2015; Neumann et al.,
2008), and behavioural measures of affect (Pischek-Simpson et al., 2009). In clinical-
analogue studies for specific phobia, CRs are typically measured using a combination of
self-report subjective units of distress (SUDS), behavioural, and physiological measures

(e.g., Bandarian-Balooch et al., 2015; Shiban et al., 2013).
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Extinction of the conditioned fear response can be observed following acquisition.
Procedurally, extinction requires repeated presentations of the feared stimulus without
the aversive consequence (US). A progressive reduction in the magnitude of the CR is
observed across the extinction trials. In clinical settings, the process of extinction is
analogous to exposure therapy (Ost, 1989; Wolpe, 1958).

It has long been proposed that extinction results in the destruction of the CS-US
association and thus removal of the original fear (McClelland & Rumelhart, 1985;
Rescorla, 1972). More recent conditioning research using rats (e.g., Bouton, 2002, 2004;
Bouton & Bolles, 1979; Laborda & Miller, 2013; Mozafari et al., 2020; Thomas et al.,
2009) and human participants (e.g., Haesen & Vervliet, 2015; Leer & Engelhard, 2015;
Warren et al., 2014) has suggested that the return of the extinguished CR (e.g., fear)
shows that the original CS-US association is not destroyed by the extinction process (see
Bouton et al., 2021 for a review). Several authors note that extinction procedures may
cause disruption of the CS-US association (Delamater & Westbrook, 2014; Rescorla,
2001).

Mechanisms of Return of Fear

Four mechanisms for the return of extinguished conditioned behaviour have been
proposed: spontaneous recovery, reacquisition, renewal, and reinstatement within the
Pavlovian conditioning literature and more recently the mechanism of resurgence has
been examined within the instrumental conditioning literature (Boschen et al., 2009;
Bouton, 2002; Bouton et al., 2021; Pavlov, 1927). In spontaneous recovery, extinguished
fear can return when the extinguished CS is presented after a temporal context shift

(Bouton, 2002, 2004; Pavlov, 1927). In reacquisition, extinguished fear can return after
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another pairing of the CS and US and results in rapid formation of the CS-US association
in similar conditions to those of acquisition, (Napier et al., 1992) or slow formation in
similar conditions to extinction (Bouton, 1986). In renewal, there are typically three
phases; acquisition, extinction, and test whereby extinguished fear can return when the
physical context is changed after extinction (Bouton, 2002; Neumann, 2007; Neumann &
Kitlertsirivatana, 2010). The renewal procedures re-eliciting fear differ by the context
change after extinction, ABA renewal involves returning to the acquisition context
following extinction and ABC or AAB renewal involves presenting the participant with a
different context following extinction (Bouton, 2002). Reinstatement is the mechanism of
particular interest to the proposed studies and involves presentations of the US following
extinction, which can trigger the recovery of the extinguished response to the CS
(Bouton, 1984; Bouton & Bolles, 1979; Pavlov, 1927; Rescorla & Heth, 1975b;
Westbrook et al., 2002). Resurgence is a paradigm that has mainly been studied in
instrumental learning and involves relapse to a behaviour that has previously been
extinguished by presenting a secondary behaviour in extinction (Leitenberg et al., 1970;
Nall & Shahan, 2020).

Recent neurobiology research examining the neural mechanisms of fear
conditioning and extinction has provided further support for the existing theoretical
accounts of extinction learning (Bouton et al., 2021). In fear acquisition it has been found
that contextual information of the CS and US is processed in the hippocampus and
medial prefrontal cortex and projected to the amygdala which triggers the conditioned
response (see Bouton et al., 2021 for a review). The neural circuits proposed to be

involved in the extinction process also include the amygdala, prefrontal cortex and
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hippocampus (e.g., Farinelli et al., 2006; LeDoux, 2015). Extinction learning has been
found to involve synaptic plasticity in the amygdala (e.g., Bocchio et al., 2017).
Extinction has been found to occur as a result of infralimbic inhibition to the amygdala
neurons and the infralimbic projections to the nucleus reuniens which may inhibit the
recovery of contextual fear (e.g., Bocchio et al. 2017; Milad & Quirk; 2002). The
behavioural and neurobiology literature not only provides insight into extinction learning
but reflects how extinction does not result in the permanent unlearning of the CS-US
association, by evidence of the recovery of conditioned responses (Bouton, 2002; Bouton
etal., 2021).
Reinstatement of Extinguished Conditioned Responses

In reinstatement, extinguished fear can return after re-exposure to the US (Pavlov,
1927; Rescorla & Heth, 1975b) and typically occurs when this exposure is conducted in
the extinction context (Bouton, 1984; Bouton & Bolles, 1979). A clinical example of
reinstatement would involve a client who has overcome their fear of spiders by
completing exposure therapy and subsequently experiences pain being bitten by a wasp,
reinstating their initial fear. In a standard reinstatement procedure, a CS is paired with a
US during acquisition, the CS is presented alone during extinction, and then the US is
presented without the CS in a reinstatement phase and followed by test trials of the CS.
For example, Hermans et al. (2005) were one of the first to investigate reinstatement with
a non-fearful human sample and paired images of human faces (CS) with a shock (US).
In the extinction phase each image was presented without the shock. Following this a
reinstatement group was presented with four US presentations and a control group did

not receive US presentations. Upon presentation of the CS again, a significant
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reinstatement of US-expectancy ratings was observed in the reinstatement group and not
in the control group.

Laboratory-based studies have produced reinstatement of extinguished
conditioned responses on test trials with rats (Bouton & Bolles, 1979; Halladay et al,
2012; Kim & Richardson, 2007; Rescorla & Heth, 1975b; Taslimi et al., 2018) and
human participants (Dirikx et al., 2007; Dunsmoor et al., 2014; Hermans et al., 2005;
Neumann, 2008). Reinstatement of extinguished conditioned responses has been
produced using a variety of different contexts, CSs, and USs (Best, 2014; Labar &
Phelps, 2005; Shiban et al., 2015; Westbrook et al., 2002).

The reinstatement effect has been found when the CS is presented in test in the
same context as where the US is presented following extinction (Bouton & Bolles, 1979;
LaBar & Phelps, 2005). For example, LaBar and Phelps (2005) demonstrated the
reinstatement effect in a differential conditioning paradigm by exposing human
participants to four US presentations (i.e., loud noise) following extinction. In test,
participants in the condition receiving the US presentations in the same context for all
phases showed significantly higher skin conductance responses to the CS+ than
participants who underwent the same procedure in a different context for the
reinstatement phase. Reinstatement of extinguished conditioned responses has also been
observed when the CS was presented in test in a different context to where the US was
presented (Richardson et al., 1999; Westbrook et al., 2002). Taken together, these studies
(Bouton, & Bolles, 1979; LaBar & Phelps, 2005; Richardson et al., 1999; Westbrook et
al., 2002) demonstrate the importance of other cues, in this case contextual cues, in

producing reinstatement of extinguished conditioned responses.
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Various CSs, including geometric shapes (Gazendam & Kindt, 2012; Kattoor et
al., 2013; LaBar & Phelps, 2005; Sevenster et al., 2012; Sokol & Lovibond, 2012),
coloured lights (Milad, 2005; Norrholm et al., 2006) and neutral faces (Dirikx et al.,
2004; Dirikx et al., 2007; Dirikx et al., 2009; Dunsmoor et al., 2014; Hermans et al.,
2005; Kull et al., 2012), have been used in research on the reinstatement effect (Haaker et
al., 2014). It has been argued that a limitation of this research is that the majority of
stimuli (e.g., geometric shapes, coloured lights) used in previous studies lack ecological
validity and thus are not generalisable to exposure therapy (Barry et al., 2014).

In addressing the criticism of poor ecological validity of CSs, Dunsmoor et al.
(2014) used virtual reality human characters. One advantage of using virtual reality
protocols to investigate ROF is that the conditions may more closely resemble real-life
clinical situations (Dunsmoor et al., 2014; Krisch et al., 2016). However, the human
faces used as CSs by Dunsmoor et al. (2014) were not fear-relevant and are potentially
not generalisable to exposure therapy in clinical settings where exposure therapy is
largely focused on treatment of fear relevant stimuli. Fear relevant stimuli are stimuli that
have or are likely to cause harm to humans (Ohman & Mineka, 2001). Kindt and Soeter
(2013) used fear-relevant CSs of photographs of spiders in their study. The authors
propose that this methodology is more ecologically valid, given that anxiety disorders are
more likely to be associated with fear-relevant stimuli that pose a survival threat, than
with fear-irrelevant (e.g., geometric shapes; Kindt & Soeter, 2013; Ohman & Mineka,
2001). Therefore, currently there are few human reinstatement studies employing stimuli
that closely resemble real-life objects (Kindt & Soeter, 2013) and situations (Dunsmoor

et al., 2014).
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In contrast to variations in the types of CSs used in reinstatement laboratory-based
studies, the type of reinstating US has been more consistent. The most common US is an
electrotactile stimulus (Dirikx et al., 2007; Haaker et al., 2014; Kull et al., 2012; Schiller
et al, 2008). Other USs used in reinstatement research include an air blast to the throat
(e.g., Norrholm et al., 2006), loud tones (e.g., LaBar & Phelps, 2005) and abdominal pain
(e.g., Kattoor et al., 2012). Typically, the acquisition US is the same as the reinstatement
US (Haaker et al., 2014). However, it has also been found that the reinstating stimulus
can differ to the US employed in acquisition in both rats (e.g., Rescorla & Heth, 1975b)
and humans (e.g., Sokol & Lovibond, 2012). The clinical implication of this potentially
suggests diverse aversive experiences could reinstate return of fear. Despite the potential
clinical implications of these studies, the reinstating stimuli have limited ecological
validity and are not clinically relevant (e.g., an air blast or an electric shock does not
correspond to the same sensation as being bitten by an animal). It has previously been
proposed that in future studies it is necessary that ecologically valid reinstating stimuli be
used with clinical samples (Haaker et al., 2014).

Several traditional learning models have been proposed to explain processes
relevant in reinstatement, such as mediated conditioning (Westbrook et al., 2002) or the
non-associative theory (Rescorla & Heth, 1975b). However, these models do not
completely account for reinstatement of fear. Among the models that provide an
explanation of reinstatement, Bouton’s memory model of learning (1993), is the most

widely recognised (e.g., Best, 2014; Hendry, 1982; Vervliet et al., 2013).
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Bouton’s Contextual Memory Model

Bouton’s contextual memory model (Bouton, 1993, 2002, 2004) proposes that
extinction does not reflect unlearning of the CS-US association, rather extinction reflects
new learning that the CS is associated with the absence of the US. Through this process,
a CS-noUS association is learnt during extinction. The two associations are stored in
memory and the meaning of the association remains ambiguous (Bouton, 2002).
According to this model, the context determines which association is retrieved and
expressed in behaviour. The CS-noUS association is context specific and will not readily
generalize between different contexts. Thus, the CS-noUS is only retrieved from memory
in the extinction context. Conversely, the CS-US association is relatively context
independent and will be retrieved from memory in all contexts, except for the extinction
context (Bouton, 1993).

In the contextual memory model, it is suggested that reinstatement occurs due to
the contextual conditioning involved in the presentation of the aversive stimulus in the
reinstatement phase (Bouton, 2004). In a standard reinstatement phase the US is
presented and associated with the background contextual cues. In the test phase, the
contextual cues enhance the retrieval of the CS-US association formed in acquisition and
thus fear is reinstated. Bouton (2002) proposed that contextual cues (e.g., lights, sounds,
indoor and outdoor contexts) are the sum of features and thus are not inherently part of
the US. The contextual memory model has been supported in neurobiology studies and
supports how reinstatement may occur. In particular, in the test phase presenting the
extinguished CS in a different context to where extinction occurred, the infralimbic

neurons of the medial prefrontal cortex are inhibited (Laurent & Westbrook, 2009;



REDUCING REINSTATEMENT 57
Marek et al., 2018; Milad & Quirk, 2002) and excitation in the hippocampus may
mediate reinstatement, both allowing for the expression of the conditioned response.

The contextual memory model has highlighted the role of the sensory properties
and contextual cues in triggering reinstatement. However, previous studies have
highlighted that reinstatement may occur due to the sensory properties of the stimulus
activating a representation of the affective properties of the US (Halladay et al., 2012;
Kellett & Kokkinidis, 2004; Rescorla & Heth, 1975b). Stimulating the human amygdala
has been found to evoke fear (Gloor, 1992) and consistent with this, Kellett and
Kokkinidis (2004) found reinstatement of fear-potentiated startle was enhanced
following electrical activation of the amygdala when presenting a stimulus in laboratory-
rats but independently electrically stimulating the amygdala did not act as an US to
trigger reinstatement.

In the contextual memory model, reinstatement is conceptualised as an inability
to retrieve the CS-noUS association after re-exposure to the reinstating stimulus
(Rescorla & Heth, 1975b) and typically occurs when this exposure is conducted in the
extinction context (Bouton, 2002). Laboratory-based findings that examine reinstatement
in different contexts and using various CSs, and USs may have important clinical
implications for understanding the underlying mechanisms of relapse following exposure
therapy. However, several challenges of investigating reinstatement of fear using a
clinical sample have been identified in the literature (Boschen et al., 2009).

Challenges of Investigating Reinstatement of Fear in Clinical Research

Renewal of fear and spontaneous recovery of fear have been extensively

translated from laboratory-based studies to clinical research (Bagley & Bandarian-
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Balooch, 2020; Culver et al., 2011; Jessup et al., 2020; Vansteenwegen et al., 2007).
However, due to ethical considerations there are a lack of studies investigating
reinstatement of fear with a clinical sample (Boschen et al., 2009; Haaker et al., 2014;
Hermans et al., 2005; Neumann, 2008). It has been considered unethical to have
individuals undergo successful exposure therapy (e.g., for spider phobia) and
subsequently expose them to a corresponding painful stimulus to reinstate fear (e.g., a US
such as being bitten by a rat). Given the importance of preventing relapse in clinical
phobic populations, further experimental studies and translations to clinical samples are
needed to examine the reinstatement effect in more detail (Haaker et al., 2014).

Aiming to replicate reinstatement in a clinical-analogue study, Rachman and
Whittal (1989) investigated reinstatement of fear using an electrotactile shock similar to
that used in laboratory-based research. The researchers assigned 40 individuals highly
fearful of spiders or snakes to a reinstatement or control group. The participants
completed exposure treatment and two weeks later returned for the test session. The
reinstatement group received an electric shock and the control group did not receive an
electric shock. In contrast to laboratory-based research, there were no significant
differences in heart rate or subjective fear between the two groups at test. The
explanation for not finding a reinstatement effect was attributed to the electric shock not
being sufficiently aversive to reinstate fear. In contrast, the use of an electric shock has
been sufficiently aversive to elicit reinstatement of fear with non-fearful human
participants (Dirikx et al., 2007; Haaker et al., 2013; Kull et al., 2012). An alternative
explanation could be that presenting an electric shock to phobic participants is not as

aversive as a presentation of the stimulus (e.g., spider or snake; Hermans et al., 2005).
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The reinstating stimulus should be sufficiently aversive and clinically relevant and thus
more generalizable to exposure therapy.
A Novel Approach to Investigating Reinstatement of Fear and Theoretical
Explanations

Another method that holds promise for replicating reinstatement of fear in
clinical-analogue research is using an unextinguished CS in the reinstatement phase.
Halladay et al. (2012) examined if exposure to an unextinguished CS would reinstate
conditional fear to an extinguished CS with groups of rats. The four groups differed
according to the reinstatement phase. In acquisition, each group received presentations of
the CSunextinguished (e.g., tone) and CSextinguished (e.g., light) paired with the US
(e.g., footshock). In extinction, each group received presentations of the CSextinguished
without the US. It was found that presenting rats with an unextinguished CS (e.g., tone)
in the reinstatement phase reinstated initial fear in responding to an extinguished CS
(e.g., light). Halladay et al. (2012) referred to the phenomenon of an unextinguished CS
triggering reinstatement as conditional reinstatement. Additionally, Halladay et al. (2012)
referred to standard reinstatement by an aversive US as unconditional reinstatement.

The results of Halladay et al. (2012) suggest that reinstatement of fear can be
triggered by a broader variety of stimuli, including stimuli that may elicit fear due to a
prior association with an aversive stimulus. Bouton’s contextual memory model (1993,
2002, 2004) could potentially explain how conditional reinstatement occurs as a result of
the contextual cues triggering an affective representation associated with the presentation
of an unextinguished CS in the reinstatement phase. The proposed contextual cues

outlined by Bouton and Swartzentruber (1991) included stimulus and background
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features that can be encoded in learning and memory during acquisition. Incorporating
this broader definition of context, the features of the stimulus could be considered
contextual retrieval cues of the original fear learning. The unextinguished CS may
reinstate the conditioned response of fear to the extinguished CS by the contextual cues
(e.g., features of the background context and lights and tones are sensory changes to the
environment) serving as a reminder of the acquisition context and eliciting the CS-US
association in the test phase (Bouton, 1993, 1998; Brooks & Bouton, 1993).

In considering the theoretical implications of the findings reported by Halladay et
al. (2012), it is possible that conditional reinstatement of fear occurred due to re-
encountering the conditioned response of fear in the reinstatement phase. Halladay et al.
(2012) specified that conditional reinstatement may have occurred due to the affective
properties of the unextinguished CS rather than solely the sensory properties of the
stimuli. Therefore, in Halladay et al. (2012) presenting the unextinguished CS (e.g., tone)
to rats in the reinstatement phase potentially reinstated the conditioned response (e.g.,
fear) and retrieved the CS-US association to the extinguished CS (e.g., light).
Furthermore, conditional reinstatement only occurred with an unextinguished CS and not
a novel stimulus, indicating the importance of the emotional valence to recover
conditional responding following extinction. The theoretical implications of Halladay et
al. (2012) and Kellett and Kokkinidis (2004) highlight the importance of emotions in the
understanding of fear conditioning. The clinical implications from Halladay et al. (2012)
suggests that one fear can trigger other networks of fear in rats.

Translating the previous findings in rats (e.g., Halladay et al., 2012; Kellet &

Kokkidinis, 2004; Rescorla & Heth, 1975b) to humans would have important clinical and
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theoretical implications for fear conditioning, exposure therapy, and reinstatement of fear
for anxiety disorders (i.e., specific phobia). In clinical settings it is known that
individuals may have multiple feared objects or situations, even though they may present
for treatment for their most problematic one. In such a situation, an unextinguished CS
reinstating fear to an extinguished CS would translate to a secondary feared object or
situation that does not undergo extinction. As a result, there remains the danger that
reinstatement may be elicited to an extinguished primary feared object or situation.

If an unextinguished CS can reinstate fear to an extinguished CS in humans, this
finding would support Foa and Kozak’s (1986) emotional processing theory. Emotional
processing theory proposes that fear activation occurs when an individual encounters
stimuli that are represented in the fear network and are associated with the meaning of
danger (Foa & Kozak, 1986). Emotional processing theory extended on Lang (1977) and
proposes that the closer the match between the fear-evoking experience and the
individuals fear structure, the greater degree of fear activation. Lang (1977) suggested
that individuals with a specific phobia may have coherent fear structures that can be
evoked with minimally matching information across stimuli and the fear structure can be
easily activated due to misinterpreting the meaning of danger (e.g., a coiled garden hose
may trigger fear in a snake phobic). The notion of diverse stimuli triggering
reinstatement of fear by a different US (Rescorla & Heth, 1975b) and an unextinguished
CS (Halladay et al., 2012) in not only rats but also humans, increases the likelithood of
return of fear occurring in everyday life (Haaker et al., 2014).

Reinstatement research with humans has primarily focused on examining how

fear acquisition and extinction processes can be modified to reliably produce
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reinstatement of fear in laboratory-based studies. This research has enhanced our
understanding of the mechanisms involved in the reinstatement effect. Until recently,
there was no ethical methodology available that allowed translation of laboratory-based
reinstatement research to clinical samples. The findings of Halladay et al. (2012),
showing that reinstatement of fear can occur with an unextinguished CS in rats, suggests
a method whereby reinstatement can be examined with parallel methodology with
humans in laboratory-based and clinical-analogue settings. Furthermore, it is equally
important to understand what learning or exposure processes can be modified to attenuate
reinstatement of fear and ultimately enhance the long-term effectiveness of exposure
therapy for specific phobia.
Attenuation of Reinstatement of Fear in Laboratory-based Studies

Research has identified multiple methods that can be used to attenuate
reinstatement including gradual extinction with rats (Gershman et al., 2013), and humans
(Shiban et al., 2015) and conducting extinction in multiple contexts (Dunsmoor et al.,
2014). Gershman et al. (2013) examined whether gradual extinction would attenuate
reinstatement of conditioned responses and spontaneous recovery with rats. A gradual
extinction paradigm was employed with three groups of rats. The gradual extinction
group was exposed to tones paired with a gradual decrease in the frequency of the shock.
The standard group of rats were exposed to presentations of the tone without the US in
the extinction phase. The gradual reverse group of rats was exposed to presentations of
the tone paired with a gradual increase in the frequency of the shock. Gershman and
colleagues (2013) found that gradually decreasing the shock during extinction

significantly attenuated reinstatement of fear and spontaneous recovery of fear.
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Furthermore, for the standard extinction and gradual reverse groups, attenuation of
reinstatement of fear and spontaneous recovery of fear was not found.

Consistent with Gershman et al. (2013), gradual extinction has been found to be
effective in attenuating reinstatement of fear with a human sample. In a laboratory-based
experiment using virtual reality technology with human participants, Shiban et al. (2015)
examined whether gradually reducing presentations of the US during extinction
attenuated reinstatement of fear. The study suggested that virtual reality can be used to
reliably reproduce and test methods to attenuate reinstatement of fear. The study
employed a standard extinction group including a CS+ (e.g., spider) presented with an
aversive air blast US and CS- (e.g., scorpion) presented without an aversive US. In the
gradual extinction group, the CS+ was paired with gradually decreasing the intensity of
the US (e.g., air blast 5 bar). In the reinstatement phase, the US was presented twice
following by five test presentations of the CS+ and CS-. Reinstatement of fear was
attenuated in the gradual extinction group. However, in the standard extinction group
reinstatement was attenuated for the startle response but not for the skin conductance
response or the expectancy ratings. The authors proposed that presenting the US in
acquisition reactivates and destabilizes the state of the original fear memory, attenuating
reinstatement of extinguished conditioned responses (Schiller et al., 2010). One reason
for the non-significant findings for the skin conductance and expectancy ratings within
the standard extinction group could be that the US (i.e., an air blast) was not sufficiently
aversive to elicit a strong reinstatement effect. Thus, it is necessary for future research to

consider the role of US aversiveness in triggering reinstatement of fear.
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Other methods for attenuating reinstatement of fear have been explored with
human participants. One method is conducting exposure in multiple contexts. Dunsmoor
et al. (2014) examined whether extinction in multiple virtual contexts attenuated
reinstatement, spontaneous recovery, and renewal of fear-potentiated startle. Participants
were assigned to three groups: receiving extinction in multiple contexts, or a single novel
context, or in the same context as acquisition. To examine spontaneous recovery of fear,
all groups returned 24 hours later for test in the extinction context and in a novel context
to examine renewal of fear. In this novel context three electric shocks were administered
to examine reinstatement of fear. It was found that conducting extinction in multiple
contexts attenuated reinstatement of fear but not spontaneous recovery and renewal of
fear. A criticism of the methodology is that potential order effects may have contributed
to the results, due to the researchers successively testing spontaneous recovery of fear,
renewal of fear and reinstatement of fear and thus it may not represent a valid test of each
return of fear mechanism. However, the study does provide empirical support for
conducting extinction across various contexts as potentially attenuating reinstatement of
fear.

Taken together, both studies (Dunsmoor et al., 2014; Shiban et al., 2015)
employed methods that hold promise for attenuating reinstatement of fear. However, the
reinstating methods have limited applicability to clinical settings. The reinstating
stimulus in a real-life situation for an individual fearing spiders would be a spider bite
and the use of an electric shock in the previous studies does not easily translate to clinical
settings. It may be unethical to have a spider fearful individual bitten by another animal

(e.g., wasp) and this accounts for why the previous studies employed an electric shock
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and non-fearful samples. To determine if these methods attenuate reinstatement of fear
following exposure therapy with high fearful or phobic individuals, it is necessary for
future studies to employ a clinically relevant reinstating stimulus, which could be an
unextinguished CS. A disadvantage of laboratory-based reinstatement research is that it
remains uncertain about whether the mechanisms are directly applicable to clinical
phenomenology, furthering the need for clinical-analogue experiments and clinical
investigations (Vervliet et al., 2013). Ultimately, this suggests the importance of
conducting clinical studies to increase the long-term effectiveness of exposure therapy.
Thus, there is also a need for a novel approach to reduce reinstatement of fear using
clinical samples.

Targeting Multiple Phobias and Attenuating Reinstatement of Fear

The finding that an unextinguished CS can trigger reinstatement (Halladay et al.,

2012) to an extinguished CS is important, given that in clinical settings an
unextinguished CS translates to a secondary feared object or situation. This conditional
reinstatement is problematic, as it is common for individuals suffering from specific
phobia to have multiple phobias; approximately 75% of individuals fear more than one
object or situation (e.g., Curtis et al., 1998; LeBeau et al., 2010; Wittchen, et al., 2002).
Furthermore, Wittchen et al. (2002) surveyed 3021 participants and found that over 50%
of individuals suffering from specific phobia feared three or more different phobic
objects or situations. Specifically, it was found that 26.4% of individuals feared two
objects/situations, 23.5% individuals feared three objects/situations, 10.4% individuals
feared four objects/situations and 17.3% feared more than four objects or situations

(Wittchen et al., 2002). This comorbidity has been shown in the animal phobia subtype
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(e.g., snakes and spiders; Ajdacic-Gross et al., 2016) and with various combinations of
the subtypes (e.g., animal and environmental; animal and situational; Wittchen et al.,
2002). The likelihood of recovering from specific phobia is inversely related to the
number of fears, while 60% of individuals with pure specific phobia recover, only 30%

of individuals with two to three multiple phobias recover (Wittchen et al., 2002).

The lower rates of recovery for those with multiple phobias demonstrates the
importance of understanding whether exposure therapy for one fear generalises to
other fears not targeted in treatment. While the research on multiple phobias is limited,
a multiple baseline case study by Ost (1987) provides evidence that exposure therapy
doesnot generalise across phobias. Ost (1987) provided exposure therapy to an adult
woman diagnosed with specific phobias of rats, snakes, cats and worms using a one-
session treatment. The results indicated clinically significant improvements for self-
reported anxiety, behavioural avoidance and heart rate and blood pressure.
Importantly, the fear, anxiety and avoidance of the specific animal phobia remained
until it was targeted in treatment. A more recent multiple baseline study conducted by
Farrell et al. (2020) with children diagnosed with specific phobia of dogs found that
while exposure therapy significantly reduced their fear of dogs, there was no change in
the other comorbid phobias (e.g., specific phobias of cats, blood injection, water, the
dark, insects, toilets) from pre-treatment to 1-month follow-up. Thus, both studies
(Farrell et al., 2020; Ost, 1987) demonstrate a lack of generalisability of exposure
therapy across phobias not targeted in treatment. In contrast, Ollendick et al. (2010)
and Ryan et al. (2017) demonstrated significant improvements up to 6 months post-
treatment for non-treated phobias in children who participated for one session
treatment for specific phobia. Due to the mixed findings further research focusing on

whether exposure therapy for one fear generalises to other untreated fears is required.
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The evidence of the high comorbidity of fears, the associated recovery rates for
multiple phobias and the lack of generalisation across stimuli, suggests that a
secondary phobia is a risk factor for conditional reinstatement of fear. Investigating
conditional reinstatement of fear with human participants may increase the real-world
applicability of reinstatement of fear. In a clinical example, an individual may undergo
exposure therapy for a primary fear of spiders and have a secondary fear of snakes.
Subsequent to successful exposure therapy for fear of spiders, the individual may
encounter a snake andthis might trigger a reinstatement of the primary fear of spiders.
This clinical example has more real-world applicability and may be more likely to
occur than traditional reinstatement, such as an individual re-experiencing the US (e.g.,
a wasp bite), followingsuccessful exposure therapy. Therefore, this would suggest that
an unextinguished CS, which could be translated to a clinical term of multifarious
stimuli (e.g., multiple different stimuli such as: spider and snakes) may elicit
reinstatement of fear. Throughoutthe thesis, when discussing laboratory findings the
terms unextinguished CS and extinguished CS will be used and when discussing
clinical relevant phenomena the termsmultifarious stimuli will be employed.

If the results from Halladay et al. (2012) extend to human participants, a simple
encounter with another feared stimulus would significantly increase the likelihood of an
individual experiencing reinstatement of fear. Bouton’s contextual memory model
(Bouton, 2002) could explain conditional reinstatement in humans by suggesting that
encountering a secondary untreated fear and the associated contextual cues may enhance
retrieval of the CS-US association which is relatively context-independent. Conditional
reinstatement may be consistent with studies with rats that highlight the role of emotions

in extinction and reinstatement and the important role of the contextual cues activating an
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affective representation of the untreated fear (Halladay et al., 2012; Kellett & Kokkinidis,
2004; Rescorla and Heth, 1975b).

Based on the presumption that fear can be reinstated by a secondary fear with
human participants, exposure to multifarious stimuli could be another method to reduce
conditional reinstatement. Rowe and Craske (1998) and Shiban et al. (2015) have found
that exposure to multiple similar stimuli (e.g., different types of spiders) reduced renewal
of fear. Previous clinical-analogue studies have shown that exposure to multiple
extinction contexts has been found to attenuate fear renewed by a context change (e.g.,
Bandarian-Balooch et al., 2015; Glautier et al., 2013; Shiban et al., 2015). Exposure to
multiple extinction contexts has some similarity to exposure to multifarious stimuli in
that it could increase the number of shared cues between extinction learning and
subsequent exposure to the feared stimulus (Bouton, 2002). Thus, similar to renewal
research on multiple extinction contexts and multiple similar stimuli, it is possible that
exposure to multifarious stimuli can reliably reduce reinstatement of fear. This method
has valuable clinical implications as it suggests clinicians should incorporate sessions
with multifarious stimuli to prevent reinstatement of the primary fear due to an encounter
of a secondary feared object. However, there is currently insufficient evidence to support
this suggestion. There is little empirical research examining multiple phobias and no
previous studies have examined whether exposure to multifarious stimuli can reduce
conditional reinstatement of fear.

Summary and Conclusions
In summary, there is limited translational research investigating reinstatement of

fear from laboratory studies to clinical studies particularly when compared to the other
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mechanisms of return of fear. Challenges of investigating reinstatement of fear include
ethical issues of the reinstating US and the lack of clinically relevant stimuli in previous
research. Translational research from laboratory-based studies to clinical-analogue and
clinical studies has important clinical implications for how to improve the long-term
effectiveness of exposure therapy for the anxiety disorders including specific phobia. As
noted, 75% of individuals experience multiple phobias and the likelihood of recovering
from specific phobia is inversely associated with the number of fears (Wittchen et al.,
2002). Novel approaches to investigating reinstatement of fear are needed to translate
laboratory-based findings such as whether an unextinguished CS can elicit reinstatement

of fear (Halladay et al., 2012) to clinical settings.
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Chapter 3: Preamble

The previous chapters have highlighted the gap between the reinstatement effects
produced in the laboratory and reinstatement of fear occurring in clinical-analogue and
clinical samples. Chapters 1 and 2 reviewed the literature on the ethical constraints to
conducting reinstatement of fear with clinical samples and drew attention to the lack of
focus in research for those with multiple phobias. Chapter 3 is a published book chapter
which aimed to review the use of virtual reality exposure therapy (VRET) in treating
specific phobia with a particular focus on reducing return of fear. The theoretical
frameworks underpinning exposure therapy and the mechanisms of return of fear are
summarised. VRET is compared with traditional exposure-based treatments and factors
impacting treatment choice are outlined. A key focus of this review is considering the
generalisability of translating VRET research to clinical settings. The chapter provides
suggestions for future research for VRET in reducing return of fear for specific phobia.
Overall, and in the context of the thesis, Chapter 3 provides a methodology that may
bridge the gap between reinstatement effects produced in the laboratory and

reinstatement of fear in clinical settings.
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Abstract
Virtual reality exposure treatment (VRET) is an emerging technique that overcomes
many challenges of in vivo exposure-based treatments in clinical psychology. Research
has examined VRET in treating a range of anxiety disorders, predominantly specific
phobia. More recently, research has considered the effectiveness of VRET in reducing
return of fear for specific phobia. Return of fear is a partial reappearance of anxiety
symptoms following successful exposure treatment. There are four mechanisms
underlying return of fear: renewal, spontaneous recovery, reacquisition, and
reinstatement. This chapter reviews the use of VRET for specific phobia and the relative
situations most applicable to VRET and traditional exposure-based treatments are
outlined. Virtual reality technology and equipment for clinical settings are evaluated,
with particular focus on emerging and accessible techniques that will facilitate further
growth of VRET and allow for more individualised treatment plans. Recommendations

for reducing return of fear using VRET for specific phobia are also made.

Keywords: Virtual reality; exposure therapy; specific phobia; return of fear
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Introduction

Virtual reality technologies have been used as a supplement or as an alternative
treatment to traditional exposure-based treatment for a range of anxiety disorders
(Meyerbroker, & Emmelkamp, 2010; Opris et al., 2012). Traditional exposure-based
treatments involve the individual imagining (i.e., imaginal exposure) or being repeatedly
presented with the feared stimulus in person (i.e., in vivo) until the fear is reduced
(Barlow, Craske, Cerny, & Klosko, 1989; Bush, 2008; Ost, 1989, Wolpe, 1958). In
contrast, virtual reality exposure therapy (VRET) involves systematically exposing an
individual to the feared object or situation within a virtual environment with the aim
being to attenuate anxiety and fear (Pratt, Zyda, & Kelleher, 1995).

To deliver VRET, a clinician needs software to create a virtual environment and
hardware to present the virtual environment to the client. Initial research and clinical
applications of VRET were conducted exclusively with computer-generated graphics
designed using the appropriate software (Rothbaum, Hodges, Watson, Kessler, &
Opdyke, 1996). The hardware component of virtual reality consisted of two options: a
Computer Automatic Virtual Environment (CAVE) or a Head Mounted Display (HMD).
The CAVE system is a projection based virtual reality system involving a large cube
composed of display screens that the user(s) will enter to immerse themselves in a virtual
environment (Cruz-Neira, Sandin, & DeFanti, 1993; Heim, 1995). HMDs are wearable
devices that remove vision of the outside world whilst providing immersive pictorial
information from miniature visual displays and corresponding auditory information from

speakers near the ears (Emmelkamp, 2005; Patterson, Winterbottom, & Pierce, 2006).
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Previous VRET research has predominantly focused on the treatment of specific
phobia (Emmelkamp, 2005; Emmelkamp, Bruynzeel, Drost, & Van Der Mast, 2001).
Specific phobia is an anxiety disorder marked by excessive and persistent fear of an
object or situation (APA, 2013). VRET for specific phobia involves presenting the
individual with a virtual representation of the phobic stimulus or situation (Carlin,
Hoffman, & Weghorst, 1997; Opris et al., 2012). VRET is particularly relevant for the
treatment of several specific phobia types, including spider phobia (Garcia-Palacios,
Hoffman, Carlin Furness, & Botella, 2002, Michaliszyn, Marchand, Bouchard, Martel, &
Poirier-Bisson, 2010; Shiban, Schelhorn, Pauli, & Miihlberger, 2015), fear of flying
(Krijn, et al., 2007; Maltby, Kirsch, Mayers, & Allen, 2002; Rothbaum et al., 2006), fear
of heights (Emmelkamp et al., 2001; Rothbaum et al., 1995), and driving phobia (Wald
& Taylor, 2000; 2003). This is because VRET can help minimise the challenges these
phobia types have for in vivo treatment in terms of cost, health and safety, and feasibility
(Bouchard, Cote, & Richard, 2007; Emmelkamp, 2005; Parsons, 2015).

In treating specific phobia, VRET can address many challenges of existing
traditional exposure techniques (Bush, 2008; Parsons, 2015). Nevertheless, traditional
exposure-based treatments remain as the treatment of choice for specific phobia
(Abramowitz, Deacon, & Whiteside, 2012; Choy, Fyer, & Lipsitz, 2007; Emmelkamp,
Bouman, & Scholing, 1992). However, subsequent to traditional exposure-based therapy
up to 50% of individuals experience a reappearance of anxiety symptoms (Rachman,
1966; Rose & McGlynn, 1997; Vasey et al., 2012; Wolpe, 1958). This phenomenon is
termed return of fear and is defined as the partial recurrence of anxiety symptoms post-

successful exposure therapy (Rachman, 1966; Rachman, 1989). Four mechanisms
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underlie return of fear: spontaneous recovery, renewal, reinstatement, and reacquisition
(Rachman, 1966). It is important for clinicians to incorporate methods to reduce return of
fear following therapy to ensure long-term treatment outcomes.

The current chapter will review studies on VRET for specific phobia with a focus
on how VRET could be used to attenuate return of fear. The theoretical framework
underpinning exposure-based therapies will be explained. Furthermore, the chapter will
evaluate the use of VRET as an adjunct tool to in vivo exposure or as an alternative
treatment for specific phobia. The effectiveness of VRET relative to in vivo treatment
will be addressed in terms of specifically reducing return of fear. The research evidence
for the generalisability of VRET will be evaluated. Virtual reality technology and
equipment for clinical settings are also evaluated, with a particular focus on emerging
and accessible techniques that will facilitate further growth of VRET and allow for more
individualised treatment plans. Applications of VRET in clinical settings will be
discussed and recommendations for clinicians will be provided.

Theoretical Framework of Exposure Therapy and Return of Fear

Pavlovian conditioning provides a learning model underpinning the acquisition
and extinction of fear (Bouton & Bolles, 1979; Davey, 1992; Laborda, McConnell, &
Miller, 2011; Neumann & Longbottom, 2008; Pavlov, 1927; Wolpe, 1958). The
acquisition of specific phobia has been explained within a Pavlovian conditioning
framework as resulting from the pairing of a neutral conditioned stimulus (CS; e.g.
snake) and an aversive unconditioned stimulus (US; e.g. pain). Subsequent presentations
of the CS alone evokes a conditioned fear response (CR; e.g. fear). In laboratory-based

studies, CRs are typically measured using a combination of physiological measures, such
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as heart rate, skin conductance, and startle eyeblinks (e.g. Matthews, Naran, & Kirkby,
2015; Neumann & Waters, 2006; Neumann, Waters, & Westbury, 2008), self-reported
US expectancy ratings or affective reactions (e.g. Bandarian-Balooch & Neumann, 2011;
Haesen & Vervliet, 2015; Leer & Engelhard, 2015; Neumann, Waters, Westbury, &
Henry, 2008), and behavioural measures of affect (Boschen, Parker, & Neumann, 2007,
Pischek-Simpson, Boshen, Neumann, & Waters, 2009). In clinical-analogue studies for
specific phobia, CRs are typically measured using a combination of self-report subjective
units of distress, behavioural, and physiological measures (e.g. Bandarian-Balooch,
Neumann, & Boschen, 2015; Shiban, Pauli, & Miihlberger, 2013). In laboratory based
studies, during the acquisition phase, a CS-US association is learnt and this learning is
expressed as a CR. The magnitude of the CR thus gives an indication of the strength of
the CS-US association.

Extinction of the conditioned fear response can be observed following
acquisition. Procedurally, extinction requires the repeated presentations of the feared
stimulus without the aversive consequence (US). A progressive reduction in the
magnitude of the CR is observed across the extinction trials. In clinical settings, the
process of extinction is analogous to exposure therapy (Ost, 1989; Wolpe, 1958).

It was initially proposed that extinction results in the destruction of the CS-US
association and thus removal of the original fear (McClelland & Rumelhart, 1985;
Rescorla & Wagner 1972). More recent conditioning research using rats (e.g., Bouton,
2002, 2004; Bouton & Bolles, 1979; Thomas, Vubrik, & Novak, 2009; Laborda &
Miller, 2013) and human participants (e.g., Bandarian-Balooch et al., 2015; Haesen &

Vervliet, 2015; Leer & Engelhard, 2015; Neumann, Boschen & Waters, 2008; Warren et
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al., 2014) has suggested that the return of the extinguished CR (e.g., fear) shows that the
original CS-US association is not destroyed by the extinction process.

According to Bouton’s contextual memory model (Bouton, 1993, 2002, 2004),
extinction is a learning process wherein a new CS-noUS association is learnt and stored
in memory along with the original CS-US association. Bouton (1993, 2002, 2004)
proposed that upon presentation of the CS, it is the context which influences whether the
CS-US association from acquisition or CS-noUS association from extinction is retrieved
from memory and expressed in behaviour. The contextual memory model further states
that the CS-US association will be retrieved in any context excluding the extinction
context. In contrast, the CS-noUS association will be retrieved solely in the extinction
context (Bouton, 1993, 2002, 2004).

The role of context in fear learning and extinction has been used to explain the
four mechanisms of return of fear (Bouton, 2002, 2004; Bouton, Westbrook, Corcoran, &
Maren, 2006). In spontaneous recovery, extinguished fear can return when the
extinguished CS is presented after a temporal context shift (Bouton, 2002; 2004; Pavlov,
1927). In reinstatement, extinguished fear can return after re-exposure to the US
(Rescorla & Heth, 1975b) and typically occurs when this exposure is conducted in the
extinction context (Bouton, 2002). In reacquisition, extinguished fear can return after
another pairing of the CS and US. The rate of reacquiring the fear is dependent on
contextual cues (Bouton & Swartzentruber, 1991). In renewal, there are typically three
phases; acquisition, extinction, and test whereby extinguished fear can return when the
physical context is changed after extinction (Bouton, 2002; Neumann, 2007; Neumann &

Kitlertsirivatana, 2010). These mechanisms highlight the role of contextual cues in
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producing a return of fear. Equally important is research directed at methods to attenuate
return of fear, ultimately contributing to improving exposure therapy approaches of
specific phobia.

Numerous methods have been employed to attenuate renewal, spontaneous
recovery, reinstatement, and reacquisition (see Boschen, Neumann, & Waters, 2009).
One method that has been frequently studied is conducting extinction in multiple
contexts. For instance, Dunsmoor, Ahs, Zielinski, and LaBar (2014) conducted extinction
in multiple virtual contexts. In the acquisition phase, neutral CSs were used (e.g., virtual
characters) with one CS paired with the US (e.g. electric shock) in context A (e.g. brick
alleyway). In the extinction phase, the CSs were presented alone. One group received
extinction in a single novel context B (e.g. blue wall alleyway), another group received
extinction in multiple contexts (e.g. BCDA), and one group received extinction in the
acquisition context (e.g. A). After 24 hours, participants returned for the test phase in the
extinction context (spontaneous recovery) and a novel context (renewal and
reinstatement test). Extinction in multiple contexts attenuated reinstatement of fear and
renewal but did not attenuate spontaneous recovery. Bouton (1993; 2002; 2004) argued
that conducting extinction in multiple contexts increases the number of shared cues
between extinction and test contexts, thus attenuating return of fear. However, there are
other explanations such as the theory of conditioned inhibition (Wagner & Rescorla,
1972) and generalisation decrement (Bouton, 2004; Capaldi & Lynch, 1967).

Researchers have explored contextual methods to attenuate return of fear using in
vivo exposure, imaginal, and VRET. Return of fear researchers have manipulated a

variety of physical contextual cues including lights, sounds, and indoor and outdoor
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contexts (e.g., Milad et al., 2005; Neumann, 2006; Neumann, Lipp, & Cory).
Sequentially more clinically relevant contextual cues have been manipulated in recent
research with photographs (e.g., Neumann & Longbottom, 2008), videos (e.g.,
Vansteenwegen et al., 2007), and virtual reality (e.g., Alvarez, Johnson, & Grillon,
2007). The application of virtual reality may be particularly advantageous because it can
provide a variety of visual and auditory contextual cues that could promote generalisation
from the extinction context to the test context (Bandarian-Balooch, Neumann, &
Boschen, 2012).

In sum, Pavlovian conditioning has provided a theoretical framework that
underlies traditional exposure treatments. By extension, this framework can be applied to
the use of VRET. Traditional exposure treatments and VRET can be differentiated
according to the methods by which the researcher or clinician manipulates the contexts
and stimuli. Moreover, there are distinct situations in which VRET, imaginal, and in vivo
exposure may be preferred as a treatment option and applied in clinical settings.

Traditional Exposure-based Treatments For Specific Phobia and Associated
Challenges

The two main traditional exposure-based treatments for specific phobia are in
vivo exposure and imaginal exposure. Aside from considerations regarding their relative
efficacy, there can be specific factors that influence whether one treatment approach is
preferred over the other. These factors include the phobia type, therapist involvement,
and client characteristics, and situational factors. Additional factors that may be relevant
can include time demands, practicality, and cost.

Treatment Choice Dependent on Phobia Type
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Several phobia types could be seen as more relevant for either imaginal or in vivo
exposure. Imaginal exposure provides the client an opportunity to imagine specific
situations or stimuli which would be difficult to confront in reality (Emmelkamp, 2005).
For example, it is more feasible for a client suffering from a fear of floods to imagine this
event rather than to delay exposure treatment until a flood occurs. Nevertheless, imaginal
exposure could also be used in conjunction with in vivo exposure. For fear of spiders, for
example, the therapist could conduct in vivo exposure sessions with the client continuing
to do imaginal exposure in the absence of the therapist. Thus, it can be seen that some
phobia types are more clinically relevant to be used with a specific treatment type.
Accordingly, imaginal and in vivo exposure also differs with regard to therapist
involvement. In delivering in vivo treatment, the therapist can model the exposure
hierarchy steps to the client. For imaginal exposure, the therapist has limited control over
the phobic-stimuli and situation compared to in vivo exposure (Bush, 2008).

Client Characteristics Impacting Treatment Choice

Similarly, client characteristics influence the choice of treatment type.
Specifically, with in vivo exposure there is an increased likelihood of eliciting an anxious
response from the client during therapy than there is with imaginal exposure (Bush,
2008; Krijn et al., 2004). It can be difficult for some clients to elicit an anxious response
to an imagined stimulus and to visualise the specific situations or objects (Bush, 2008;
Maltby et al., 2002). This indicates an advantage of in vivo exposure over that of
imaginal exposure in that there is increased generalisability of extinction learning
(Rothbaum et al., 2006). However, client’s with more vivid imaginations may be able to

imagine more exposure contexts and fear-relevant stimuli than is possible in reality.
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Thus, the effectiveness of imaginal exposure is more dependent on client characteristics
than in vivo exposure.

Situational Factors Impacting Treatment Choice

It is also necessary for clinicians to consider the relative cost considerations and
client dropout rates of the imaginal and in vivo exposure. Imaginal exposure provides
several benefits for the clinician and client such as fewer resources are required due to
minimal or no set up costs (Bush, 2008). In vivo exposure, in contrast, can have high
treatment costs (Kahan, Tanzer, Darvin, & Borer, 2000; Rothbaum, Hodges, Smith, Lee,
& Smith, 2000). It is widely recognised in research on fear of flying that in vivo exposure
therapy is not cost-effective (Kahan et al., 2000; Rothbaum et al., 1996; Rothbaum et al.,
2000). This is due to the client typically having the responsibility to purchase the flights
for themselves and the clinician (Botella, Osma, Garcia-Palacios, Quero, & Banos, 2004;
Rothbaum et al., 1996; 2000). Miihlberger, Weik, Pauli, and Wiedemann (2006) has
reported cost-considerations may limit the use of repeated exposure sessions for fear of
flying which could ultimately help the client in reducing their fear.

Another disadvantage of in vivo exposure is client dropout. In vivo exposure can
suffer from high attrition rates (Choy, Fyer, & Lipsitz, 2007; Garcia-Palacios et al.,
2001). Choy, Fyer, and Lipsitz (2007) reviewed in vivo exposure studies for specific
phobia and found participant dropout rates of up to 45%. Thus, this would limit the
effectiveness of in vivo exposure.

Overall, it is important to recognise that there are important factors that influence
clinical treatment decisions. Therefore, it is evident that phobia type, therapist

involvement, client characteristics, and situational factors impact treatment choice.
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However, the majority of the benefits and challenges reviewed here have not been the
main focus of studies but are mostly derived from clinical observations. Therefore, the
advantages and disadvantages of these treatments have not been systematically studied.
Future research is needed to evaluate the clinical benefits and challenges of in vivo and
imaginal exposure therapy. In addition to comparing these treatment approaches, there is
also a need to compare them with more recent exposure treatments. VRET as an
alternative therapy or used in conjunction with traditional exposure-based treatments may
have the potential to overcome several of the challenges of in vivo and imaginal
exposure.
VRET as a Method to Address Challenges with Traditional Treatments

An increasing number of researchers have emphasised how VRET can overcome
challenges of in vivo exposure in clinical settings for a range of specific phobia types.
The potential benefits of VRET include: feasibility, cost-effectiveness, high appeal to
clients, treatment of multiple phobias, increased control, confidentiality, and safety.
There is support for VRET as a more feasible treatment option than in vivo exposure
therapy for specific phobia (Krijn et al., 2004; Opris et al., 2012). Emmelkamp et al.
(2002) reported that a range of virtual exposure contexts and stimuli can conveniently be
presented in the clinician’s office. In their study, participants with acrophobia were
exposed to spiders in multiple virtual contexts: a fire escape, a mall and a roof top patio
at the top of a high rise in Amsterdam. This method has been found to increase the
generalisability of extinction learning across contexts and consequently attenuate fear
(Bandarian-Balooch, et al., 2011; Glautier, Elgueta, & Nelson, 2013; 2015; Shiban et al.,

2013, 2015). Virtual reality exposure tasks can be more easily repeated as often as the
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client requires (Rothbaum, Hodges, Anderson, Price, & Smith, 2002). Repeated exposure
sessions in multiple virtual contexts is also considered more cost-effective.

It has been frequently reported that VRET is more cost-effective than in vivo
exposure, predominately for fear of flying (Botella et al., 2004, Rothbaum et al., 1996;
2000; 2006). Miihlberger, Hermann, Wiedermann, Ellgring and Pauli (2001) used
immersive VRET treatment sessions for fear of flying by including gradual steps of all
aspects of flying with a commercial plane such as reaching take off position, take off,
turbulence, descending, and landing. This VRET treatment plan would be more cost-
effective if used for numerous clients than the cost of commercial aeroplane tickets for
each individual. There are other phobia types where VRET could be feasible and cost-
effective. For example, it would more affordable to present a virtual diving context than
to do in vivo exposure in a shark diving cage for a client with a fear of sharks. Previously
a criticism of VRET costs was the affordability of the virtual reality equipment (Maltby
et al., 2002). However, recently virtual reality equipment has become more widely
available and affordable (Rothbaum et al., 2002).

As previously mentioned, in vivo exposure for specific phobia has been linked to
low rates of seeking treatment. VRET as an alternative treatment has been found to have
higher treatment appeal and could contribute to overcoming the issue of low treatment
participation rates. Garcia-Palacios et al. (2001) surveyed 777 individuals with high
spider fear who had not received treatment regarding their preferences for VRET or in
vivo exposure treatment. It was found that 81-89% of participants significantly preferred
VRET over in vivo. This treatment preference has also been found with a clinical sample.

Rothbaum et al. (2000) provided wait-list participants with a choice prior to treatment to
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receive VRET or in vivo treatment for fear of flying. In this clinical trial, 14 of 15
participants preferred VRET over in vivo. An explanation for these findings is that
specific phobia sufferers may find VRET an attractive alternative to in vivo due to the
less threatening nature of virtual representations of the feared object or situation (Garcia-
Palacios et al., 2001; Opris et al., 2012). The greater treatment acceptance for VRET
suggests that this technique could address the low treatment rates of in vivo exposure by
encouraging clients to seek treatment.

Another potential benefit of VRET is that it can be applied easily in clinical
settings to treat the high prevalence of comorbid fears in specific phobia (e.g., fear of
both snakes and spiders). This has important clinical implications as it has been found
that 75% of sufferers of specific phobia fear more than one phobic object or situation
(APA, 2013). In implementing virtual reality technologies in therapy a range of fear-
relevant stimuli can easily be presented to the client (Krijn et al., 2007). However, there
are no studies examining the effects of VRET for the treatment of comorbid fears. Future
research could address this gap by identifying comorbid phobia types and employ VRET
to enhance accessibility to a broad range of stimuli in clinical settings.

In clinical settings, VRET offers increased confidentiality, safety and control. In
vivo exposure presents an increased risk to client confidentiality, as the exposure tasks
are typically conducted in a public place, such as a hotel elevator or airport. The
therapist’s office can be used to facilitate VRET in a confidential and safe environment
(Botella et al., 2004; Rothbaum et al., 2000). Similarly, VRET allows for greater safety
and control when providing treatment, due to the minimisation of unexpected situations

(e.g. an elevator breaking down). Clinical-analogue studies have employed virtual
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representations of phobic stimuli; this results in increased experimental control
(Michaliszyn et al., 2010; Rothbaum et al., 2002). An example of this can be found in
studies of fear of flying, where weather conditions can be manipulated or stimuli can be
varied (e.g. different sized aircraft) to provide multiple extinction contexts. Therefore, in
specific situations (e.g., fear of flying or agoraphobia) VRET may be the preferred
treatment.

The benefits of VRET have been demonstrated but pragmatic concerns over
price, accessibility, and the required skills of the clinician have impeded the widespread
transition of the research into clinical practice. The cost of VR equipment and the
associated cost and time to develop virtual worlds to be used in treatment can be
prohibitive to some clinicians. In addition, technical expertise is required to set up and
operate the VR equipment. VRET is highly technology dependent and this may require
additional training for therapists. However, recent advances in technologies have begun
to address many of the concerns regarding VRET and thus making is a more viable
treatment option for clinicians.

Emerging Virtual Reality Technologies: Considerations from a VRET Perspective

Recent advancements in technological capabilities have produced changes in the
resources available to conduct VRET. Camera technology allowing the live-action
filming of immersive videos with 360° of viewing is an important new development in
virtual reality (Metz, 2015). When viewed through a HMD, the image and sounds from
the immersive video presented will track the movement of the viewer’s head. This
process provides the viewer with an immersive experience designed to be perceived as

more realistic than a standard 180° video.
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The combination of HMD systems and immersive 360° video has the potential to
improve VRET in two key ways. Firstly, the new technology may enhance the subjective
feeling of being in the virtual environment. This subjective feeling is known as presence.
Secondly, it can address a range of limitations of virtual reality in clinical settings. These
limitations include accessibility, levels of immersion and presence, individualising
virtual environments for clients, and motion sickness. Despite potentially improving the
use of virtual reality in psychological contexts, the use of video also has its own
limitations that need to be addressed. Specifically, immersive videos offer minimal
interactivity which was a central feature of the traditional computer generated virtual
environments and a key component of some definitions of virtual reality.

Presence in Virtual Reality

Similar to traditional exposure therapy methods, the effectiveness of VRET is
dependent on an ability to evoke a fear response in the client when confronted with a
fearful stimulus until the fear response is no longer observed (Richard, Lauterbach, &
Gloster, 2007). The ability to evoke a realistic response from a virtual environment is
dependent on the user having the subjective feeling of presence (Diemer, Alpers,
Peperkom, Shiban, & Miihlberger, 2015; Price & Anderson, 2007). Presence is defined
as a subjective sense of being in a virtual environment even when physically situated in
another (Witmer & Singer, 1998). Related to presence is immersion. Immersion can have
physical and mental elements wherein it is dependent upon the technical capabilities of
the system to create a realistic virtual environment (Slater & Wilbur, 1997). Despite
being distinguished by objective (technological capabilities) and subjective

(consciousness) factors (Slater & Wilbur, 1997), the two concepts of immersion and
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presence are often used interchangeably adding to confusion in the literature (McMahan,
2003). Considering the two factors independently is important because a realistic and
immersive virtual environment is a determinant of a subjective state of presence in the
environment (Lombard & Ditton, 1997). Therefore, factors that contribute to enhancing
the immersive nature of a virtual environment is also likely to increase a sense of
presence.

Presence is affected by a range of factors related to immersion. A sense of
presence is aided when the proprioceptive information provided in the virtual
environment mirrors that of the real world (Sanchez-Vives & Slater, 2005; Slater, Usoh,
& Steed, 1995). The proprioceptive system automatically provides information about the
movement and location of the body in relation to the environment (Park, Toole, & Lee,
1999). Therefore, factors that can assist the realistic processing of proprioceptive
information will enhance presence. Factors known to facilitate proprioceptive
information include a wide field of view, the activation of multiple sensory systems, the
realism of the displayed environment, and a realistic latency period between input to the
environment and a response. Importantly, these factors are also components of an
immersive virtual environment (Sanchez-Vives & Slater, 2005) and are therefore
dependent on technological capabilities.

Based upon the relationship between immersion and presence, clinicians could
use modern technologies to enhance the perception of presence during VRET. HMDs
need a wide field of view for the user to process realistic simulation (Anderson, 1996).
Modern HMDs are now being produced with a field of view as wide as the human eye’s

peripheral vision to produce realistic perceptions of depth and increased presence
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(Oscillada, 2015). Modern HMDs have custom graphics processors capable of displaying
stereoscopic images (Winchester, 2016). Problems associated with latency between input
and the response are also being addressed, with modern HMDs being manufactured with
tailored hardware to cope with low latency performance (Raaen & Kjellmo, 2015). A yet
to be tested proposition is that immersive videos can improve presence due to the
realistic nature of the stimuli presented. Live-action filmed material is more realistic and
has higher levels of ecological validity than computer generated graphics. One of the
benefits of realistic virtual environments is higher levels of presence (Coelho, Tichon,
Hine, Wallis, & Riva, 2006).
Advantages of Modern HMDs and Immersive Videos

The ability to administer VRET is dependent upon having the resources to
acquire a HMD and produce a virtual environment. Recently, more powerful computers,
more user-friendly hardware, and the removal of wires from the hardware systems have
allowed virtual reality technologies to be mass-produced and available to a recreational
consumer population (He, 2016). The implication of this rise in popularity is that virtual
reality can be a tool psychologists can utilise to allow widespread, affordable, and
immediately accessible solutions for problems psychologists routinely deal with. In
addition, 360° video cameras are more affordable and available (Goldman, 2016). In
comparison to the traditional method of computer generated graphics and animations, a
device capable of filming a virtual environment is more accessible to consumers without
an in-depth knowledge of graphic design software and computer coding. Clinicians are
better able to film a scene and convert the footage to an immersive video than to create a

computer-generated virtual world.
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A review of decades of research has revealed that clients require individualised
treatments in psychological interventions (Norcross & Wampold, 2011). Effective
treatment plans actively engage patients with the treatment process, allow readjustments
based on session-to-session assessment of progress, identify client specific cognitions,
emotions, beliefs, and behaviours, use multiple techniques, and address potential
comorbid disorders (Wilson, 2007). More specifically to VRET, individually tailored
treatment involves exposure to increasingly fear provoking stimuli and environments that
act as triggers of fear. Immersive videos provide a flexible system that can easily
facilitate individualised treatments. Different stimuli and contexts relevant to the
treatment for individual clients can be filmed and presented on a HMD with relative ease
in most cases, in comparison to a computer generated animation. For example, if a client
presents with a fear of dogs, the ability to incorporate an immersive video of a dog that is
similar to a dog the client is likely to encounter post-treatment (e.g. a next door
neighbour’s dog) can enhance the long-term effectiveness of treatment due to reducing
the potential for relapse (Bandarian-Balooch et al., 2011).

A considerable obstacle that needs to be overcome in the administration of VRET
is the motion sickness that typically accompanies the use of HMDs. Viewing a virtual
environment that incorporates motion or movement can induce nausea, vomiting, cold
sweating, increased salivation, drowsiness, and pain in some people (Durlach & Mavor,
1995). Two things known to increase the likelithood of experiencing virtual reality
induced motion sickness is poor image update times and extended periods of time

immersed in the virtual environment (Bush, 2008).
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The issue of motion sickness can have serious implications during treatment if the
client associates the nauseated feelings with the feared object. For example, if a client
presents with a fear of snakes, the client could be presented with a naturalistic immersive
video with a snake covered in some shrubbery. If the snake were to start moving out of
the shrubbery it would most likely attract the attention of the client who would quickly
turn their head and attention to orientate at the source of movement. If the immersive
video were to lag and not provide a realistic image, motion sickness could be
experienced by the client. These physiological symptoms could become associated with
the snake and in doing so strengthen the aversive response to snakes. For this reason, it is
recommended that clinicians use HMDs that track the user’s head orientation and
position to give precise timing for individual frames (Smith, 2015). These technological
developments essentially allow the technology to present the virtual environment in a
realistic manner and improve treatment.

The Issue of Interactivity in Immersive Videos

Despite the flexibility offered by immersive videos, a potential disadvantage is a
lack of interactivity. Traditional definitions of virtual reality emphasise the interaction
between the user and system (Wiederhold & Wiederhold, 2005) and immersive videos do
not offer considerable levels of interaction beyond basic head movements to focus
attention on specific areas of the virtual environment. The debate surrounding the
validity of labelling immersive videos as virtual reality is occurring in technological
circles (Smith, 2015) and amongst clinical psychologists (Bouchard, et al., 2007).
Nevertheless, the discussion regarding the correct terminology for immersive videos is

distinct from the discussion regarding the utility and efficacy of using immersive videos
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in psychological treatments. In research exploring the role of virtual reality in treating
anxiety disorders, it is not uncommon to remove control over the interactivity from the
participant as to ensure that they are exposed to a specific manipulation or procedure
(Troger, Ewald, Glotzbach, Pauli, & Miihlberger, 2012). However, there are differences
between the procedures needed to research VRET and the clinical applications of VRET.
The limited interaction of immersive videos can be problematic in clinical
settings for two reasons. Firstly, for treatment effects to generalize to real-life situations,
it is important for the client to approach the feared stimulus under their own volition.
This requirement is based on the assumption that the client will overcome their fear by
voluntarily being exposed to stimuli that cause strong fear responses for protracted
periods of time (Rachman, 2004). An immersive video could remove that voluntary
approach as the client has no control over the exposure process (e.g., proximal distance
to the fearful stimuli) once the film commences. Secondly, the lack of client control once
the immersive video begins is an ethical concern. Exposing a fearful client to anxiety
provoking situations that are difficult to retreat from can cause the client undue distress.
The two problems posed by immersive video may be possible to overcome. In
VRET, issues associated with voluntary approach and increased distress can be addressed
by using different immersive videos rather than a continuous video. If a continuous
exposure video is used, the only method of controlling the pace of exposure would be for
the therapist and client to negotiate planned avoidance strategies or distractions such as
the client closing their eyes, removing the HMD, or focusing on other salient stimuli in
the virtual environment. However, employing planned avoidance and distractor strategies

during the exposure process has been found to result in less fear reduction than sustained
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attention to the fearful stimuli (Kamphuis & Telch, 2000). Thus, a more preferable
method of promoting voluntary client approach during the exposure process is to use a
different video clip for each step of the exposure hierarchy and allowing the client to
decide when they are ready to proceed to the next step of exposure. This process during
treatment sessions gives the client control over their volitional approach of the feared
stimulus by allowing them to approach the immersive videos voluntarily. An alternative
approach would be to allow the client to dictate the speed at which the immersive video
is played, allowing them to voluntarily approach the feared object at a faster or slower
pace. These methods also overcome the ethical problem of causing the client undue
distress and gives the client the same control as for in vivo based exposure therapy.

The preceding discussion of user friendly HMDs and immersive video cameras
has highlighted the easiest way to implement VRET in psychology clinics. Nevertheless,
it is possible for clinicians to create and use animated virtual environments using
computer software. Freely available software can be downloaded online to create a
virtual environment without the clinician having to purchase a 360° camera system or
locate the filmed stimuli. The previously noted drawback to this technique is the need to
develop skills in computer graphics and coding languages in addition to investing time
into the creation process. However, it is important to note that the recent development of
immersive video technologies has meant that research on VRET has almost exclusively
used the older, less user friendly, computer-generated animations.

Review of VRET and Return of Fear for Specific Phobia
A literature search for studies evaluating the effectiveness of VRET to reduce

return of fear for specific phobia was conducted. Search terms involved a combination of
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the following key terms: “virtual reality” AND “exposure therapy” AND “specific
phobia” OR “anxiety disorders” OR “return of fear” OR “in vivo” and OR ““treatment
outcome”. Science Direct and Clinical Key were searched and this resulted in 64 articles.
Following this, Google Scholar was searched and this resulted in 1,710 hits. The
resulting articles were screened for relevance at the title and abstract level and
subsequently at the article level. Articles were screened to exclude review articles,
articles not including virtual reality, and non-psychology related articles. In total, 12
studies that focused on VRET and return of fear for specific phobia were used as the
basis for the literature review. A summary of the findings from primarily clinical-
analogue studies examining the effectiveness of VRET and methods attenuating return of
fear are presented in Table 3.1. The studies included in the review all employed HMDs
as opposed to CAVE systems, as modern HMDs are small, inexpensive, portable, user-
friendly, and equally effective (Bush, 2008; Krijn et al., 2004). The review determined
that VRET and associated methods can be considered effective in attenuating return of
fear for specific phobia.

Return of fear has been an enduring issue for in vivo exposure therapy and has
been extensively studied for specific phobia (e.g. Rachman, 1966; 1987; Boschen et al.,
2009). In contrast, VRET is a relatively new treatment and there is limited literature
investigating the occurrence of return of fear for this treatment. Previous reviews have
found VRET and in vivo exposure therapy to be equally effective in the short-term for a
range of specific phobia types (see Bush, 2008; Opris et al., 2012; Powers &

Emmelkamp, 2008). Nonetheless, due to the clinical implications it is important to
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establish the equivalence of VRET to in vivo exposure in terms of reducing fear in the
long term, particularly in regards to return of fear.

Currently, return of fear VRET research has only explored fear of flying (Botella
et al., 2004; Kahan et al., 2000; Matbly et al., 2002, Miihlberger et al., 2001, Rothbaum
et al., 2002; Wiederhold & Wiederhold, 2003) acrophobia (Emmelkamp et al., 2002;
Krijn et al., 2004), and spider phobia (Michalizyn et al., 2010; Shiban et al., 2015). These
studies have explored methods that are applicable to VRET to attenuate spontaneous

recovery, reinstatement, and renewal of fear.



Table 3.1
A Summary of VRET Studies on Specific Phobia withl %rious Follow up Tests and Procedures

Authors Phobia N Procedure Test in Follow up Return of fear mechanism
type reality

Botella et al. (2004) Fearof 9 Clinical-analogue Yes 12 months Spontaneous recovery of fear
flying

Emmelkamp (2002) Acropho 33 Clinical-analogue Yes 6 months Spontaneous recovery of fear
bia

Kahan et al. (2000) Fear of 31 Clinical-analogue Yes Average of 8 months Spontaneous recovery of fear
flying

Maltby et al. (2002) Fear of 45 Clinical-analogue Yes 6 months Spontaneous recovery of fear
flying

Michaliszyn et al. (2010)  Spider 41 Clinical-analogue No 3 months Spontaneous recovery of fear
phobia

Miihlberger et al. (2001)  Fear of 30 Clinical-analogue No 3 months Spontaneous recovery of fear
flying

Miihlberger et al. (2003)  Fearof 45 Clinical-analogue Yes 6 months Spontaneous recovery of fear
flying

Rothbaum et al. (2002) Fearof 24 Clinical-analogue Yes 12 months Spontaneous recovery of fear
flying

Shiban et al. (2013) Spider 40 Clinical-analogue Yes - Renewal of fear
phobia

Shiban, et al. (2015) Spider 30 Clinical-analogue Yes 3 weeks Renewal of fear
phobia

Shiban et al. (2015) Non 31 Fear-conditioning No 24 hours Reinstatement of fear
fearful

Wiederhold and Fearof 30 Clinical-analogue Yes 3 years Spontaneous recovery of fear

Wiederhold, (2003) flying
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Spontaneous Recovery of Fear

Spontaneous recovery of fear has been explored in the majority of studies, although it
has not always been the focus of the research or explicitly reported. As highlighted in Table
3.1, researchers have used a variety of follow-up time periods, procedures, and specific
phobia types. Prior studies aiming to reduce spontaneous recovery using VRET have
primarily explored fear of flying. As noted previously, this could be due to VRET
representing a cost-effective and feasible treatment option for fear of flying when compared
to other phobia types.

Several treatments have been used in conjunction with and compared with VRET to
prevent spontaneous recovery of fear of flying. Kahan et al. (2000) explored the effects of a
combination of VRET, relaxation, and cognitive strategies on reducing fear of flying. At an
average of 8 months following treatment, 68% of participants reported they had taken an
aeroplane flight. The authors reported some participants’ experienced spontaneous recovery
of fear as indicated by increased subjective units of distress from post-treatment to follow up.
This study did not include a treatment comparison group or a control group. Therefore, it
remains unclear whether the cognitive, behavioural, or virtual reality exposure components
independently or in combination contributed to the treatment outcomes.

Rothbaum et al. (2002) compared a VRET group, an in vivo exposure group and a
wait-list control group to treat fear of flying. At post-treatment, the VRET and in vivo group
were equally as effective as demonstrated by the reduction of fear on self-report measures.
During the 12 month follow-up, 92% of participants in the VRET group and 91% of
participants in the in vivo group had undertaken a flight on a commercial airline. However, at
follow up 17% of individuals experienced spontaneous recovery of fear as indicated by

avoidance of flying. The authors reported no significant differences in avoidance of flying
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between VRET and in vivo and concluded the treatments are equally effective in maintaining
treatment gains.

Similar to the research on fear of flying, Michaliszyn et al. (2010) evaluated VRET
and in vivo exposure on reducing spontaneous recovery for fear of spiders. In this clinical-
analogue study, spider phobic participants were randomly assigned to a VRET group, in vivo
group, or wait-list control. No significant differences were observed between VRET and in
vivo immediately post-treatment. At the 3 month follow-up there was a slight advantage for
in vivo exposure, with greater improvement on one self-report measure compared to VRET.
In contrast, Emmelkamp et al. (2002) found in vivo exposure and VRET to be equally
effective post-treatment and at follow up for acrophobia. Follow-up testing was conducted
using self-report measures and a behavioural avoidance task and there were no significant
differences on these measures between the post-treatment test and the six month follow up.
Thus, treatment gains were maintained and a spontaneous recovery effect was not observed
for VRET or in vivo exposure therapy.

Despite the fact that VRET is considered an effective long-term treatment, the studies
reviewed so far have not isolated the specific components of VRET that might contribute to
treatment efficacy (e.g. Kahan et al., 2000). Miihlberger, Wiedemann and Pauli (2003) aimed
to examine the effective VRET components to reduce fear of flying and spontaneous
recovery of fear. Three experimental groups were employed: cognitive treatment with VR
exposure and motion simulation, cognitive treatment in conjunction with VR exposure
without motion simulation, and cognitive treatment alone. Fear of flying was significantly
reduced in the VRET groups when compared to the cognitive treatment group immediately
post-treatment and after 6 months. In the cognitive treatment group, there was significant
spontaneous recovery of self-reported fear when compared to the VRET groups. The visual

and acoustic stimuli were found to be the most important components in reducing fear of
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flying. However, there were no differences between VRET used in conjunction with motion
simulation or not. These findings have important clinical implications, suggesting that it is
not necessary to apply motion simulation in VRET. This may overcome the cost and
technical challenges associated with the use of virtual reality in clinical settings. Thus, this
could contribute to the widespread use of virtual reality and ease of clinical application of
VRET.

Another treatment component of VRET that may be a method to reduce spontaneous
recovery of fear is physiological and visual feedback. Wiederhold and Wiederhold (2003)
randomly assigned participants to either virtual reality with physiological and visual feedback
(VRETpm), virtual reality with physiological feedback (VRETno), or imaginal exposure
therapy (IET) for fear of flying. Several physiological measures were employed as feedback
including electroencephalogram (EEG), respiration rate, skin resistance, heart rate, and
peripheral skin temperature. Following treatment, a 3 year follow-up was conducted. Similar
to Botella et al. (2004), 100% of the participants in the VRETpm group had flown on a plane
during the follow-up. Furthermore, 80% of participants in the VRETno group and 10% of
participants in the IET group had flown on a plane without medication to control their
anxiety. However, spontaneous recovery of anxiety symptoms occurred for some
participants. These findings indicate that virtual reality with physiological monitoring and
feedback is a more effective method to reduce spontaneous recovery of fear of flying than
imaginal exposure or VRET with physiological feedback only. The specific components of
VRET that make it effective in the long-term shown in this research using the technology
(Miihlberger et al., 2003; Wiederhold & Wiederhold, 2003) are valuable to clinicians.
However, previous research has explored numerous methods to reliably attenuate return of
fear for in vivo exposure (for a review, see Bandarian-Balooch, Neumann, & Boschen, 2012;

Boschen et al., 2009) and these may be applicable to VRET as well.
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One method to attenuate return of fear that has been extensively studied with in vivo
exposure therapy is conducting extinction in multiple contexts. It is important for studies to
establish if this method can be generalised and applied in virtual reality to attenuate
spontaneous recovery of fear. Presenting exposure in multiple contexts in VRET potentially
enables the clinician to conveniently provide a range of situations not otherwise available in
in vivo exposure therapy. Botella et al. (2004) used a multiple baseline design to examine if
fear of flying participants would experience a return of fear in a 12 month period. The
treatment involved numerous virtual contexts from pre-flight (e.g. packing, listening to air
traffic news), arriving at the airport (e.g. hear and see planes taking off), and the flight (e.g.
captain reporting details about weather, taking off, different weather and landing). At the 12
month follow-up, 100% of the participants had undertaken a flight and improvement on all
anxiety measures except one was maintained from post-test to follow-up. The effectiveness
of this treatment in reducing spontaneous recovery of fear could be due to conducting
exposure in multiple contexts and realistic nature of these virtual contexts. However, as there
is no control or other treatment comparison group, conclusions cannot be drawn from this
study.

Similarly, Maltby et al. (2002) conducted exposure in multiple contexts (i.e. smooth,
turbulent and stormy weather conditions) to treat fear of flying with two experimental groups:
an attention-placebo group and a VRET group. The results showed that both groups had
similar rates of flying during in vivo test flights. However, the VRET group had significantly
reduced self-reported anxiety during test when compared to the attention-placebo group. A 6
month follow-up was conducted and a significant spontaneous recovery effect was observed
on four of the five self-report post-assessment measures. The VRET group outperformed the
attention-placebo group on one flight anxiety measure. Thus, VRET could be to some extent

more effective in the long-term. A limitation of this study is that the follow-up did not
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include a test flight but was assessed by retrospective subjective units of distress during
flights undertaken in the last 6 months. Taken together, these studies (Botella et al., 2004;
Maltby et al., 2002) potentially suggest that the method of using multiple extinction contexts
generalises to VRET and it may be more feasible for clinicians to implement this technique in
therapy.

According to Brooks and Bouton, (1993), the method of using multiple extinction
contexts to reduce spontaneous is due to the use of extinction cues (i.e., contextual stimuli
encoded with the extinction memory) presented immediately prior to the spontaneous
recovery test. In Botella et al. (2004) and Maltby et al. (2002) there were potentially many
extinction cues (e.g. planes taking off) present immediately prior to the spontaneous recovery
test (e.g. undertaking flight). This may have activated the CS-noUS association and
subsequently attenuated spontaneous recovery of fear. Therefore, the use of multiple
temporal and physical contexts may increase the retrieval of the extinction memory in the
long-term (Bouton, 2004; Brooks & Bouton, 1993; 1994) and reduce the potential for return
of fear.

Another method of attenuating return of fear that has been found to be effective in
laboratory-based studies with animals (Laborda & Miller, 2013; Thomas, et al., 2009) and
humans (Krisch, Bandarian-Balooch, & Neumann, 2016) is conducting extended exposure
sessions. Miihlberger et al. (2001) found that a single session involving repeated exposure
(i.e. six exposure sessions) in virtual reality for fear of flying was more effective in reducing
spontaneous recovery than a single session of relaxation training. Follow-up testing was
conducted three months after treatment by exposing participants to another virtual flight.
Both groups had reduced their fear responses when compared to pre-test as indicated by self-
report and psychophysiological measures (i.e. heart rate and skin conductance level). VRET

was more effective in reducing fear responses than relaxation training. It could be suggested
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that extended exposure would attenuate spontaneous recovery due to strengthening the CS-
noUS association through extended exposure to contextual stimuli (Denniston, Chang, &
Miller, 2003). Thus, enhancing the generalisation of the CS-noUS association learnt in
extinction to the follow-up test. However, further laboratory-based research with human
participants is needed to determine if extended exposure is an effective method to reduce
spontaneous recovery and the other mechanisms of return of fear.

Renewal of Fear

In the human return of fear literature, renewal is the most frequently studied
mechanism (e.g., Bandarian-Balooch, Neumann, & Boschen, 2013; Neumann & Waters,
2006; Warren et al., 2014) and the primary method of attenuation explored in previous
studies is conducting extinction in multiple contexts.

Two studies have examined the use of virtual reality to investigate the effects of
multiple extinction contexts on renewal of fear of spiders (Shiban et al., 2013; Shiban et al.,
2015). Shiban et al. (2013) exposed a spider-phobic sample to a virtual spider in either one
virtual context or multiple virtual contexts. The authors manipulated the contexts by adjusting
the colour of the illumination of the virtual room. The results showed that conducting
exposure in multiple virtual contexts reduced self-reported fear, skin conductance responses,
and behavioural measures of fear during a renewal test. Therefore, exposure in multiple
virtual contexts may have enhanced the retrieval of the CS-noUS association in test.

Another clinical-analogue study by Shiban et al. (2015) examined whether multiple
virtual stimuli and multiple virtual extinction contexts could independently and in
combination reduce renewal of fear of spiders. In the renewal test it was found that both
methods independently attenuated renewal and combining multiple stimuli and contexts did

not result in a further attenuation of renewal. The findings suggest that VRET can be feasibly
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conducted in a variety of contexts and with different types of feared stimuli from within the
therapist’s office to improve the long-term effects of treatment.
Reinstatement of Fear

Another mechanism of return of fear that requires further investigation in the context
of VRET is reinstatement. Unfortunately, reinstatement has received less focus in clinical
research due to ethical considerations with human participants. VRET could be considered an
efficient technique to overcome the challenges involved in examining reinstatement of fear in
clinical settings. However, there has been extensive laboratory-based research on
reinstatement with animals (e.g. Bouton & King, 1983; Rescorla & Heth, 1975b) and humans
(Neumann, 2008; Neumann, Lipp, & McHugh, 2014).

Of particular relevance for VRET is the laboratory-based study reported by Shiban,
Wittmann, Weillinger, and Miihlberger (2015), because virtual reality technology was used to
investigate attenuation of reinstatement of fear responses in humans. Shiban et al. (2015)
aimed to examine the effects of gradual extinction on reinstatement of fear. The study
employed a standard extinction group including a CS+ (e.g. spider) and CS- (e.g. scorpion)
presented without an aversive US. In the gradual extinction group, the CS+ was paired with
gradually decreasing the intensity of the US (e.g. air puff). In the reinstatement phase, the US
was presented twice following by five presentations of the CS+ and CS-. In the test phase, it
was found that gradual extinction reduced reinstatement in fear potentiated startle responses.
The authors proposed that presenting the US in acquisition reactivates and destabilizes the
state of the original fear memory, attenuating reinstatement extinguished conditioned
responses (Schiller et al., 2010). Overall, this study suggested that virtual reality technology
can be used to reliably reproduce and attenuate reinstatement of fear.

Conclusions of research on VRET and return of fear
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In general, the review suggests that further research is needed to establish if VRET is
equivalent to in vivo exposure in maintaining long-term treatment gains and thus reducing
return of fear of flying, heights, and spiders. Future research could examine whether VRET is
a useful treatment for other phobia types such as fear of sharks or vomiting. The review has
also highlighted the limited number of clinical-analogue studies investigating the methods to
attenuate reinstatement and reacquisition which could be due to ethical considerations
(Boschen, Neumann, & Waters, 2008; Neumann, 2008; Hermans, Craske, Mineka, &
Lovibond, 2006). Re-exposing fearful individuals to aversive stimuli (e.g. pain or the original
feared object) could be considered an ethical dilemma due to the potential for causing
unnecessary harm and distress. VRET could be an efficient methodology to address these
ethical challenges if it could provide an alternative modality to present reinstating stimuli
following virtual exposure. Overall, past studies indicate that there may be several methods to
use VRET to reduce the likelihood of relapse in clinical settings.

The Generalisability of Virtual Reality Exposure Therapy Research to Clinical Settings

In clinical settings and VRET research it is important to ensure that treatment effects
generalise from virtual reality environments to real stimuli and contexts. As noted previously,
VRET presents an opportunity to examine a diverse range of stimuli and contexts that may
not be possible to target with in vivo studies. As outlined in the previous section of this
chapter, the manipulation of contextual changes in virtual reality has been found to generalise
to real contexts and real phobic stimuli (Alvarez et al., 2007; Dunsmoor et al., 2014;
Emmelkamp et al., 2002; Shiban et al., 2013; Shiban et al., 2015).

In reviewing previous studies using virtual contexts and stimuli, there have been
inconsistencies in the methods used to measure treatment outcomes. It has been proposed that
measuring successful treatment outcomes with VRET is a methodological problem of this

area of research (Kahan et al., 2000). In particular, it has been argued that to determine
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whether VRET attenuates fear responses the test phase must be conducted with a real
stimulus in a real-life context. As noted previously, Michaliszyn et al. (2010) compared
VRET, in vivo, and wait-list control conditions for treating fear of spiders. In the test phase
the VRET group was presented with a virtual black widow spider in a virtual context. In
contrast, the in vivo group was presented with two live spiders in a real context. Thus, the
treatments cannot validly be compared due to methodological differences during the test
phase. Similarly, Miihlberger et al. (2001) exposed participants to virtual reality test flights
rather than conducting an in vivo flight during test. Conversely, Kahan et al. (2000), Maltby
et al. (2002), Rothbaum et al. (2002) conducted VRET with participants fearful of flying and
measured treatment outcome by whether or not participants undertook an actual flight.
Clients completing exposure therapy will encounter real world stimuli and contexts, and thus
a valid measure of treatment success in VRET is whether treatment gains are generalisable to
real stimuli and contexts. Future studies should conduct a pre-test and a post-test in both
virtual reality and in real-life contexts.

The ecological validity of VRET has also been examined in research by conducting
behavioural measures of fear in real-life contexts. It is important that the behavioural
avoidance tasks represent a valid test of fear and thus the final task needs to be designed to be
sufficiently anxiety-provoking for the client. Shiban et al. (2013) had participants complete a
post-test behavioural avoidance task involving participants pulling on a crank that made a
plastic box containing a spider move towards them. This task would not be sufficiently
difficult for a client to overcome following successful exposure therapy. To increase the
difficulty in a following study, Shiban and colleagues (2015) requested participants to touch
the box, open the box, and touch the spider with a pencil. The criteria for treatment
completion should be confronting and handling the actual feared-stimulus. In another

clinical-analogue study Emmelkamp et al. (2002) compared in vivo exposure and VRET with
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the behavioural task involving all participants climbing stairs at 38 m high. This final
behavioural avoidance task is a reliable measure of whether VRET can be generalised to a
real phobic-stimulus. Therefore, future research should include a pre-test and a post-test
behavioural avoidance task involving handling the feared stimulus.

In clinical-analogue research, it is essential for participants to be screened to ensure
they meet criteria for moderate to high fear of a specific object or situation. Ost, Brandberg,
and Alm (1997) criticised fear of flying studies for not including pre-treatment test flights. In
response to this criticism, previous studies have excluded participants based on their
completion of the final step of a pre-test behavioural avoidance task with fear of heights (e.g.
Emmelkamp et al., 2002; Krijn et al., 2004) and spiders (Michaliszyn et al., 2010). In
contrast, Miihlberger et al. (2001) and Wiederhold and Widerhold (2003) did not conduct a
pre-test behavioural avoidance task but used self-report questionnaires. Pre-treatment and
post-treatment behavioural measures could be considered as a methodological control to
ensure real differences exist between the comparison treatments (Maltby et al., 2002).

Previous studies have reported inconsistent findings of whether VRET elicits the
same level of anxiety as in vivo exposure (Michaliszyn et al., 2010) or not (Emmelkamp et
al., 2002; Krijn et al., 2004). This discrepancy may raise concerns of the ecological validity
of VRET in clinical settings. Rothbaum et al. (2002) found that 73% of participants in the
VRET group used drugs and alcohol to cope with flights compared to 30% for in vivo
exposure group. It could be suggested that in this study following VRET participants were
more anxious in undertaking flights compared to those completing in vivo exposure and may
use coping strategies to control this anxiety. Similarly, Krijn et al. (2004) reported that 5 out
of 10 participants dropped out in the VRET condition due to the inability of VRET to elicit
anxiety. However, these studies also found that VRET is as equally effective in the long-term

as in vivo exposure therapy (Emmelkamp et al., 2002; Rothbaum et al., 2002), indicating
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VRET generalises to real stimuli and contexts. The studies suggesting VRET may not evoke
anxiety equivalent to in vivo exposure may have used virtual reality technologies and
environments that may not elicit a sufficient level of presence (Bush, 2008; Krijn et al.,
2004). Furthermore, a recent study confirmed an anxiety-provoking context in virtual reality
triggers hippocampus activity the same as real-life anxiety-provoking contexts (Andreatta et
al., 2015). The conclusions of research on VRET and return of fear suggest limitations and
strengths of the generalisability of VRET research to clinical settings.
Summary of Clinical Applications of VRET in Combination with In Vivo Exposure
Therapy

There are multiple limitations that present challenges to effective exposure therapy for
the specific phobias in clinical settings. These include limited client financial resources,
limited physical access to real-life fear evoking stimuli, and limited client treatment
motivation. Primarily due to these limitations, just over two decades of research has been
exploring VRET as an alternative to in vivo and imaginal exposure therapy. However, the
current review identified that there is not enough evidence to suggest that VRET can be used
as a long-term effective treatment alternative to in vivo exposure therapy. Instead, the current
review suggests that VRET and in vivo exposure therapy could be combined to overcome the
challenges posed by the limitations clinicians frequently encounter when providing exposure
therapy. Moreover, whenever possible, methods to attenuate return of fear should be applied
in the exposure process to enhance the long-term effectiveness of treatment. This section
summarizes how VRET can be used in combination with in vivo exposure therapy and
methods of attenuating return of fear to provide long-term effective specific phobia treatment

in clinical settings. Clinical practice examples are provided.
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VRET in Combination with In Vivo Exposure Therapy when Client Financial
Resources are Limited

There are multiple specific phobias where in vivo exposure will require the therapist
and client to travel to the feared stimulus, demanding additional therapist time and increasing
the financial cost of therapy for the client. Effective in vivo exposure therapy for these
specific phobias becomes challenging in clinical situations where client resources are limited.
Some examples of specific phobias requiring resources and time for access include fear of
sharks (animal subtype specific phobia), fear of heights (natural environment subtype specific
phobia), fear of medical procedures (blood-injection-injury type subtype specific phobia), and
fear of flying (situation subtype specific phobia). The current review showed that the type of
specific phobia most commonly associated with high in vivo exposure therapy financial costs
is fear of flying in commercial aeroplanes as it involves travel and commercial flight ticket
expenses (Botella, Rothbaum et al., 1996; 2000; 2006; Miihlberger et al., 2001).

It has long been suggested that when in vivo exposure therapy for fear of flying in
aeroplanes is not financially affordable, VRET can be used to supplement in vivo exposure
therapy (Botella, Rothbaum et al., 1996; 2000; 2006; Miihlberger et al., 2001). In clinical
practice, for example, in vivo exposure can be used for feared stimuli and situations that are
commonly associated with fear of flying in aeroplanes, such as packing a suitcase, traveling
to the airport, waiting in the baggage check-in line, and having a coffee at the airport while
waiting for their flight. Subsequently, for exposure to the aeroplane flight itself, VRET can be
used in the therapist’s office or at the airport, until the client reports being prepared to take a
commercial flight without the presence of the therapist. Subsequently to taking a commercial
flight, the client can receive extended VRET to further enhance the long-term effectiveness of
treatment (Denniston et al., 2003; Laborda & Miller, 2013; Miihlberger et al., 2001; Thomas,

et al., 2009). This clinical example shows that combining VRET and in vivo exposure
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therapy allows the client to receive long-term effective exposure therapy to the complete
process of taking a commercial aeroplane flight without the added financial cost of having a
therapist accompany them on the flight.
VRET in Combination with In Vivo Exposure Therapy when there is Limited Physical
Access to Real-life Feared Stimuli

The efficacy of exposure therapy may, at least in part, lie in its utilization of real-life
feared stimuli and situations. Thus, limited physical access to real-life feared stimuli poses
two challenges to providing effective in vivo exposure therapy in clinical settings, both of
which can potentially be overcome by combining VRET with in vivo exposure therapy. The
first challenge it poses in clinical settings is that in situations where the feared stimulus is not
readily available or at all accessible, relying on vivo exposure therapy alone may not be
possible. The current review has suggested that in those situations, VRET in combination
with in vivo exposure may be a long-term effective alternative.

In a clinical example, consider a client who resides in Sweden and is avoiding travel
to Australia due to fearing an encounter with crocodiles. The client can receive treatment in
Sweden using VRET until they report no longer experiencing debilitating fear of crocodiles.
Upon arriving in Australia, the client could undergo in vivo exposure therapy to crocodiles
until they report no longer being worried about future encounters with a crocodile in safe
environments. VRET and in vivo exposure can be conducted in contexts where the feared
stimulus is likely to be encountered post fear habituation to promote the long-term
effectiveness of treatment (Bandarian-Balooch & Neumann, 2011). This clinical example
shows that VRET can be used in combination with in vivo exposure to overcome a common
challenge of in vivo exposure therapy without compromising long-term treatment

effectiveness.
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The second challenge that limited physical access to feared stimuli poses in clinical
settings is that the specific phobias frequently involve feared stimuli that cannot be readily
stored in clinics (e.g., living animals). In vivo exposure therapy for these phobias may require
clinicians to repeatedly allocate time and resources to gain access to the same or similar
feared stimuli over time. This challenge is particularly problematic in community clinics
where clinician time and resources are typically restricted and multiple clients with one or
more specific phobias may present for treatment within a short time span. VRET can
overcome this challenge because it allows live action filming, digital storage (Metz, 2015),
and clinician sharing of a multitude of feared stimuli. This promotes rapid long-term access
to a broad set of feared stimuli. A benefit of this rapid long-term access is that clinicians can
provide effective exposure therapy to multiple clients with different phobias or one client
with multiple phobias with little time and resources expended in preparing access to the
feared stimuli between clients. Again, a combination of VRET and in vivo exposure therapy
is suggested whenever possible.

In clinical practice, for example, a client presenting with fear of needles and fear of
thunder could receive in vivo exposure therapy for their fear of needles followed by VRET
for their fear of thunder without the clinician needing to allocate significant resources and
time to physically access these feared stimuli between sessions. To promote the long-term
effectiveness of treatment, the VRET can be used to present the multiple combinations of the
feared stimuli in multiple contexts (Shiban et al., 2013, 2015). This clinical example shows
that VRET can be combined with in vivo exposure therapy in clinical settings to promote
flexible and effective clinical treatment for specific phobias.

VRET in Combination with In Vivo Exposure Therapy when there is Limited Client

Motivation
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Limited client motivation poses a great challenge to effective treatment of specific
phobia because it is likely to result in client refusal to seek (Garcia-Palacios et al., 2001;
Opris et al., 2012) or to complete exposure therapy. The current review showed that
individuals who are unlikely to agree to in vivo exposure therapy may instead agree to
VRET, providing clinicians with a method to overcome the challenge posed to in vivo
exposure therapy when client motivation is limited. In these situations, for long-term
effective and generalizable treatment that is appealing to individuals with specific phobia, it
is suggested that VRET be conducted prior to rather than instead of in vivo exposure therapy.
Initial successful completion of VRET ideally results in an increased sense of mastery and
self-efficacy (Bandura, 1977), which potentially translates into increased motivation to
engage in in vivo exposure therapy.

In a clinical example, a client presenting to treatment for a phobia of heights while
simultaneously reporting limited motivation to engage in in vivo exposure therapy may be
encouraged to initially undergo VRET. Upon successful completion of VRET, the client can
be encouraged to undergo in vivo exposure therapy. To promote the long-term effectiveness
of treatment, both VRET and in vivo exposure therapy could be conducted in multiple
contexts (Bandarian-Balooch & Neumann, 2011, Bandarian-Balooch, 2012, 2015; Shiban et
al., 2013; 2015). This clinical example highlights that a combination of VRET and in vivo
exposure therapy is required to deliver appealing and long-term effective treatment for
specific phobia.

Conclusion

The current chapter reviewed the clinical applications of VRET for treating specific
phobia. The acquisition of specific phobia and extinction of fear has been explained within a
Pavlovian conditioning framework (Bouton, 1993; Pavlov, 1927). Recent conditioning

models indicate that the original fear memory is not removed by exposure therapy. This is
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evident in return of fear research and highlights the importance of examining spontaneous
recovery, renewal, reinstatement and reacquisition of fear to enhance long-term treatment
outcomes. The mechanisms of return of fear represent a challenge for the clinician to ensure
long-term treatment success. The conclusions from research using VRET provide specific
methods that can be applied to enhance treatment outcomes and suggest the value of ensuring
treatment gains are generalisable to real stimuli and contexts.

The current chapter outlined specific situations in which either imaginal, in vivo
exposure or VRET would be the preferred treatment option. Currently, virtual reality
technology is more affordable and accessible than ever before and this could contribute to an
increase of clinicians implementing VRET to treat specific phobia. VRET can be seen to
overcome challenges associated with vivo exposure-based treatments for specific phobia.
Specifically, it can be used to provide a range of fear-relevant stimuli and contexts. Emerging
virtual reality technologies can assist in presenting methods found to attenuate return of fear.

VRET and in vivo are considered to be equally effective in the short-term (Powers &
Emmelkamp, 2008). The current chapter reviewed the long-term effectiveness of these
treatments to reduce return of fear and indicated that further evidence is needed to establish
equivalency between the treatments. Overall, the review identified that VRET could be used
in conjunction with in vivo exposure therapy to address limited client financial resources,
limited physical access to real-life fear evoking stimuli, and limited client treatment
motivation. Therefore, the current chapter provided support for the clinical application of

VRET as a supplementary tool to attenuate return of fear for specific phobia.
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Chapter 4: Preamble
The findings from the preceding book chapter influenced the decision to use VRET as
a methodology in the research project to overcome the limitations of previous reinstatement
research. The current chapter presents an overview of the aims of the research project and
summarises the methodology in the two experiments and one case study. As briefly discussed

in Chapter 1, the three aims of the research project will be further explored in Chapter 4.



REDUCING REINSTATEMENT 149

Chapter 4: Overview of the Aims of the Empirical Studies

As outlined in the previous chapter, VRET could be implemented to present multiple
feared stimuli and help overcome the ethical issues associated with conducting reinstatement
of fear with fearful individuals. This is aligned with the gaps in the literature discussed in
Chapters 1 and 2, namely that the research into reinstatement of fear in general and with
clinical samples in particular is lacking (Rachman & Whittal, 1989; Shiban et al., 2013;
2015). The impact that reinstatement of fear may have for relapse following treatment for
specific phobia is unknown and this prevents modifications to exposure therapy to increase
efficacy and long-term effectiveness. Furthermore, despite the prevalence of multiple phobias
in the population (APA, 2013; Burstein et al., 2012; Wardenaar et al., 2017; Wittchen et al.,
2002), participants with multiple phobias are not typically included in empirical
investigations. Previous research has found a lack of extinction generalisation across feared
animal type stimuli (Farrell et al., 2020; Ost, 1987) and there are no previous studies on
reinstatement of fear for those with multiple phobias.

Laboratory-based research with rats has demonstrated that aversive stimuli other than
the US can trigger reinstatement (Halladay et al., 2012; Rescorla & Heth, 1975). In
generalising the findings to a human clinical sample, it remains to be determined if untreated
fears could evoke reinstatement of fear and if exposure therapy to the untreated fear could
attenuate this fear reinstatement. The clinical implications involve how a secondary fear may
be a risk factor for return of fear via conditional reinstatement of fear. It is unknown whether
exposure to an unextinguished CS can elicit and reduce conditional reinstatement of fear in
humans or in a clinical sample. The current research project aims are:

1. To examine whether exposure to an unextinguished CS can elicit reinstatement of fear
in a non-fearful sample, moderate to high fearful sample, and a clinical case with an

individual suffering from multiple phobias.
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2. To determine whether exposure to an unextinguished CS can attenuate reinstatement
of fear across a non-fearful sample, moderate to high fearful sample, and a clinical
case with an individual suffering from multiple phobias.

3. To extend reinstatement of fear research from laboratory-based research with rats to
human clinical-analogue and clinical samples.

The aims of the thesis were addressed across two experiments and a clinical case study.

Following on from the comprehensive overview of the studies presented in Chapter 1, the
following Figure 4.1 provides a concise overview of the design, samples, measures and

analyses of the three studies.
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Figure 4.1.
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An Overview of the Three Studies and the Sample, Design, Measures and Analyses

Reinstatement of Fear for Multiple Phobias: Effects of Multifarious Stimuli
Research question: Can an untreated fear reinstate fear that has successfully been treated
with virtual reality exposure-based therapy for individuals with multiple phobias?

extinguished CS

Aims:

1. To examine whether exposure to an unextinguished CS can reinstate fear to a previously

2. To determine whether exposure to the unextinguished CS can reduce reinstatement
3. Extend reinstatement research to human clinical-analogue and clinical samples.

Study 1
Sample: 93 first year
undergraduate students
Design: A differential
aversive conditioning
experiment in virtual
reality with four groups.
Measures: US
expectancy ratings,
conditioned heart rate
and self-report
questionnaires.
Analysis: Mixed model
ANOVAS.

Study 2
Sample: 50 participants
with moderate to high
fears of both rats and
spiders.

Design: A clinical-
analogue experiment
with three groups.
Measures: Self-report
questionnaires, SUDs
for fear, heart rate
change scores, and
avoidance ratings.
Analysis: Mixed model
ANOVAS.

Study 3
Sample: 1 individual
suffering from
multiple phobias of
rats and spiders.
Design: N=1 case
study design.
Measures: Self-report
questionnaires, SUDs
for fear and disgust,
heart rate change
scores, and avoidance
ratings.

Analysis: Tau-U
analyses combined
with visual inspection.
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Chapter 5: Preamble
As highlighted in Chapter 4, the experiment presented in Chapter 5 aims to examine
whether reinstatement of fear can be triggered by an excitatory CS that did not undergo
extinction treatment and whether extinction to the excitatory CS can reduce reinstatement of
fear. More broadly, Chapter 5 aims to bridge the gap between animal and clinical research.
Chapter 5 includes a human non-fearful sample of 93 undergraduate psychology students
who participated in a differential aversive conditioning procedure within a virtual reality

environment.
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Abstract
Reinstatement of fear is a proposed mechanism for return of fear following exposure therapy.
A standard reinstatement procedure in the laboratory involves a conditional stimulus (CS)
paired with an unconditional stimulus (US) during acquisition (i.e., CS+), and a CS paired
without an US (CS-) during acquisition. In extinction the CS+ and CS- are presented alone,
then the US is presented without the CS in reinstatement, and followed by test trials of the
CS. The current study examined whether reinstatement of fear can be triggered by a CS that
was previously paired with the US (i.e., unextinguished CS) and reduced by extinction to the
CSextinguished and CSunextinguished but not the CS- in a sample of first year psychology
students (expectancy data N = 93; heart rate data N = 73). A differential aversive
conditioning procedure presented within a virtual reality environment was used to examine
reinstatement of the US expectancy and conditioned heart rate responses. As predicted,
presentation of an unextinguished CS reinstated fear of a second previously extinguished CS.
Moreover, conducting extinction with multiple stimuli attenuated this reinstatement of fear as
indexed by self-report and heart rate measures. The present results suggest that therapy

should include exposure to multiple stimuli to reduce the likelihood of reinstatement of fear.

Keywords: Reinstatement of fear; extinction of fear; virtual reality exposure therapy; anxiety
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1. Introduction

Specific phobia is the most prevalent anxiety disorder (Kessler and Wang, 2008; Van
Houtem et al., 2013) with lifetime prevalence rates estimated between 10% and 12.5%
(Kessler et al., 2005; Van Houtem et al., 2013). It is common for individuals suffering from
specific phobia to have multiple phobias, approximately 75% of individuals fear more than
one object or situation (e.g., Curtis et al., 1998; LeBeau et al., 2010; Wittchen et al., 2003).
Furthermore, Wittchen et al. (2003) surveyed 3021 participants and found over 50% of
individuals suffering from specific phobia feared three or more different phobic objects or
situations. The likelihood of recovering from specific phobia is inversely related to the
number of fears, while 60% of individuals with pure specific phobia recover, only 30% of
individuals with two to three multiple phobias recover (Wittchen et al., 2003).

Exposure therapy has been found to be the gold standard treatment for specific phobia
(Abramowitz et al., 2012; Craske, 1999). In vivo exposure (with real-life stimuli) and virtual
reality exposure therapy (VRET; with virtual stimuli) are two exposure-based approaches that
have shown to be comparably effective in treating specific phobia (Bush, 2008). Subsequent
to successful in vivo exposure treatment, approximately 35-50% of individuals experience a
return of fear (ROF; Rachman, 1966, 1987; Rose and McGlynn, 1997; Vasey et al., 2012).

Exposure therapy has been explained within the learning framework provided by
Pavlovian conditioning. Extinction of conditioned fear involves repeated presentations of the
feared stimulus without the aversive stimulus, resulting in a fear response no longer being
observed (Pavlov, 1927). Thus, the process of extinction is analogous to exposure therapy.

Pavlovian conditioning can also be applied help understand the mechanisms that
underlie return of fear, such as reinstatement, renewal, spontaneous recovery and
reacquisition. Reinstatement of fear is the process of how extinguished fear can return after

re-exposure to the US (Rescorla and Heth, 1975). Reinstatement of extinguished conditioned



REDUCING REINSTATEMENT 159

responses in laboratory-based studies has been observed on test trials with animals (Bouton
and Bolles, 1979; Halladay et al., 2012; Kim and Richardson, 2007; Rescorla and Heth, 1975;
Vurbic and Bouton, 2011) and human participants (Culver et al., 2015; Dirikx et al., 2007;
Dunsmoor et al., 2014; Mertens et al., 2019). In a standard reinstatement procedure, a CS is
paired with a US during acquisition, the CS is presented alone during extinction, and then the
US is presented without the CS in a reinstatement phase, and followed by test trials of the CS.
Reinstatement of extinguished conditioned responses have been produced by a variety
of USs such as: an electrotactile stimulus (Dirikx et al., 2007; Glotzbach-Schoon et al., 2015;
Haaker et al., 2014; Kull et al., 2012; Neumann et al., 2012; Schiller et al., 2008), an air blast
to the throat (e.g., Norrholm et al., 2006), loud tones (e.g., LaBar and Phelps, 2005), and
abdominal pain (e.g., Kattoor et al., 2012). The number of US presentations in the
reinstatement phase has vastly differed between studies with several studies using: 2 US
presentations (Dirikz et al., 2004; Dirikx, 2009; Milad et al., 2005), 3 US presentations
(Golkar et al., 2013; Golkar & Ohman, 2012; Haaker et al., 2013; Kindt and Soeter, 2013;
Kull et al., 2012; Lonsdorf et al., 2004; Norrholm et al., 2006; Sevenster et al., 2012; Sokol &
Lovibond, 2012), 4 US presentations (Herman et al., 2005; LaBar and Phelps 2005; Schiller
et al., 2008) and up to 6 presentations (Neumann, 2008). While the reinstatement effect has
been produced in diverse laboratory-based studies, attempts to reproduce these results in
studies focused on individuals diagnosed with specific phobia following exposure therapy,
have been largely unsuccessful (Rachman and Whittal, 1989; Shiban et al., 2015). Previous
research employing one presentation of a US such as an air blast and electrotactile stimulus
have found these USs were not sufficiently aversive to elicit reinstatement of fear with
clinical-analogue and clinical samples (Rachman and Whittal, 1989; Shiban et al., 2015). The

lack of success in producing reinstatement effects which generalise from the laboratory to
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clinical-analogues and clinical samples has impeded our understanding of reinstatement of
fear in phobic populations.

However, Halladay et al. (2012) developed a novel method to reinstate fear in rats in a
laboratory-based procedure that holds particular promise for reinstatement studies with
humans. Halladay et al. (2012) examined if exposure to an unextinguished CS would
reinstate fear to an extinguished CS with groups of rats. The four groups differed according to
the reinstatement phase. In acquisition, each group received presentations of the
CSunextinguished (e.g., tone) and CSextinguished (e.g., light) paired with the US (e.g.,
footshock). In extinction, each group received presentations of the CSextinguished (i.e., light)
without the US. It was found that presenting rats with an unextinguished CS (i.e., tone) in the
reinstatement phase reinstated initial fear in responding to the extinguished CS (i.e., light).
Halladay et al. (2012) referred to this phenomenon as conditional reinstatement. The results
of Halladay et al. (2012) suggest that reinstatement of fear can be triggered by a broader
variety of stimuli, including stimuli that may elicit fear due to a prior association with an
aversive stimulus.

The finding that an excitatory CS can result in reinstatement (Halladay et al., 2012) is
important, given that, in clinical settings an excitatory CS translates to a secondary feared
object or situation. As noted, on average individuals with specific phobia will fear three
different phobic objects or situations (e.g., Curtis et al., 1998; LeBeau et al., 2010; Wittchen
et al., 2002) and importantly the likelihood of relapse is higher for those that have multiple
phobias than for those that suffer from one phobia. Thus, the potential that exposure to a
feared stimulus that was not part of treatment may increase the likelihood of reinstatement to
the treated fear. Investigating conditional reinstatement of fear with human participants may
thus increase the real-world applicability of reinstatement of fear. In a clinical example an

individual may undergo exposure therapy for a primary fear of spiders and have a secondary
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fear of snakes. Following successful exposure therapy for fear of spiders the individual may
encounter a snake and this might trigger a reinstatement of the primary fear of spiders.
Importantly, this example may be more likely to occur than standard unconditional
reinstatement, such as an individual re-experiencing the US (e.g., a spider bite).

Bouton’s contextual memory model (1998, 2002, 2004) can potentially explain how
conditional reinstatement occurs. In the reinstatement phase, contextual cues will become
associated with the presentation of an unextinguished CS. Subsequently, in the test phase, the
contextual cues enhance the retrieval of the CS-US association during the presentation of the
extinguished CS to produce conditional reinstatement of fear. While it is important to
understand the theoretical underpinnings of conditional reinstatement, it is also valuable to
understand how the exposure process can be modified to attenuate reinstatement of fear and
ultimately enhance the long-term effectiveness of exposure therapy for specific phobia.

Research has identified several methods that can attenuate reinstatement such as:
gradual extinction with rats (Gershman et al., 2013), and non-fearful humans (Shiban et al.,
2015), secondary extinction with rats (Vurbic and Bouton, 2011) and with non-fearful human
samples (Mertens et al., 2019). Conducting extinction in multiple contexts (Dunsmoor et al.,
2014) has also been found to attenuate reinstatement of fear in humans. Based on the
presumption that fear can be reinstated by a secondary fear with human participants, exposure
to multiple feared stimuli could be a method to reduce conditional reinstatement. Previous
clinical-analogue studies have found that exposure to multiple similar stimuli (e.g., different
types of spiders) reduced renewal of fear (Rowe and Craske, 1998; Shiban et al., 2015).
Exposure to multiple similar stimuli has been proposed to increase the number of shared cues
between extinction learning and subsequent exposure to the stimulus (Bouton, 1993, 2002,
2004). Similar to renewal research on multiple similar stimuli, it is possible that different

feared stimuli could increase shared cues between the extinction context and subsequent
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exposure of the extinguished CS. Thus, exposure to different feared stimuli (e.g., snakes and
spiders) could reliably reduce reinstatement of fear.

The current study investigated whether an ecological valid unextinguished CS will
reinstate fear and whether exposure to this unextinguished CS can reduce reinstatement of
fear in a human non-clinical sample. A differential aversive conditioning procedure with
virtual reality was used to examine reinstatement of the expectancy of the US (e.g. an electric
shock) and conditioned heart rate responses, by presenting the CSextinguished (e.g., virtual
representation of a spider) and CSunextinguished (e.g., virtual representation of a snake)
paired with the US. The CS- (e.g., virtual representation of a rat) was presented alone. One
advantage of using virtual reality protocols to investigate ROF is that the conditions may
more closely resemble real-life clinical situations (Dunsmoor et al., 2014; Krisch et al.,
2016). The experiment consisted of six phases: acquisition, first extinction, reinstatement,
first test, second extinction, and second test phase.

The experiment employed four groups: an Unconditional Reinstatement (UR) group,
a Conditional Reinstatement (CR) group, a Multiple Feared Stimuli (MFS) group, and a
Control group. In previous studies reinstatement typically occurs after 2-4 US presentations
and the most common is 3 US presentations (Golkar et al., 2013; Golkar and Ohman, 2012;
Haaker et al., 2013; Kindt and Soeter, 2013; Kull et al., 2012; Lonsdorf et al., 2004;
Norrholm et al., 2006; Sevenster et al., 2012; Sokol & Lovibond, 2012). In several previous
studies using feared stimuli (e.g., spiders and snakes) 1 US presentation of an electroctactile
stimulus or air blast has not been sufficiently aversive to produce reinstatement of fear
(Rachman and Whittal, 1989; Shiban et al., 2015). Thus, the UR group received 3
presentations of the US in the reinstatement phase. The UR group did not undergo a second
extinction phase. In the reinstatement phase presenting the CSunextinguished more than once

may result in extinction. The CR group received one presentation of the CSunextinguised in
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the reinstatement phase without a second extinction phase. The MFS group received one
presentation of the CSunextinguised in the reinstatement phase and a second extinction to the
CSunextinguished. The control group was not presented with a reinstatement phase and did
not receive a second extinction phase. It was hypothesised that shock expectancy and
conditioned heart rate responses would be larger in the CR and UR groups than in Control
group during the first test phase. No differences are expected between the CR group and UR
group. These results would thus demonstrate the reinstatement effect when an unextinguished
CS is used. It was also hypothesised that the reinstatement effect would be smaller for the
MES group than for the CR group during the second test phase. This finding would thus
demonstrate the effects of extinction to an unextinguished CS results in attenuation of the
reinstatement effect.
2. Materials and Method
2.1 Participants

The sample included one hundred and one first year students enrolled in psychology
courses from Griffith University (77 females and 35 males) with mean age of 22.04 years (SD
= 6.56, age range = 17- 49). Participants provided informed written consent and received
course credit for participating. Three participants were excluded for not responding to 70% of
the trials and five participants were excluded for failing to learn the contingencies in
acquisition. The final sample for the expectancy data included 93 participants who were
randomly assigned to one of four experimental groups; Unconditional Reinstatement (UR; #
= 23), Conditional Reinstatement (CR; n = 21), Multiple Feared Stimuli (MFS; n = 26), or the
Control group (n = 23). The groups were labelled according to the reinstatement phase (see
Table 5.1). Shiban et al. (2015) revealed a partial-eta squared effect size of n,> = 0.32, for the
increase in CS+ expectancy ratings compared to the CS- at test. In the current study, to

achieve a power of .90 with a a two-tailed = .05, 18 participants per group was required. The
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heart rate data for 20 participants could not be analysed due to software error, resulting in a

final total sample size of 73 for heart rate analyses. The final sample sizes in each group for

conditioned heart rate analyses were UR n =18, CR; n =19, MFS n = 17, and the Control

group n = 19. Ethical approval was granted by the Griffith University Human Research

committee.

Table 5.1.

Conditional Stimuli and Number of Trials across Phases for Each Group

Groups Phases
Acquisition Extinction Reinstatement Test 1 Extinction 2 Test 2
UR 10 CSext US 12 CSext 3US 1 CSext - 1 CSext
10 CSunext US 12 CS- 1 CSunext I CSunext
10 CS- 1 CS- 1 CS.
CR 10 CSext US 12 CSext 1 CSunext I CSext - 1 CSext
10 CSunext US 12 CS- 1 CSunext I CSunext
10 CS- 1 CS- 1 CS.
MFS 10 CSext US 12 CSext 1 CSunext 1 CSext 12 CSunext 1 CSext
10 CSuynext US 12 CS- 1 CSunext 1 CSunext
10 CS- 1 CS- 1 CS.
Control 10 CSext US 12 CSext - 1 CSext - 1 CSext
10 CSunext US 12 CS- 1 CSunext 1 CSunext
10 CS- 1 CS- 1 CS.

Note. UR = Unconditioned Reinstatement group, CR = Conditioned Reinstatement group; MFS =
Multiple Feared Stimuli group, CSext = Conditional stimulus extinguished; CSunext = Conditional
stimulus unextinguished; US = Unconditional Stimulus, CS - = Conditional Stimulus without an
aversive US; 10, 12, 3 and 1 refer to the number of trials.
2.2 Apparatus
Participants completed the task in a 2.2 x 3 m square room. The virtual CSs (CS
extinguished and CS unextinguished) were presented through an Oculus Rift Virtual Reality

headset. The Samsung Gear 360° video camera was used to record the video footage to be
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presented in the experiment. A golden orb weaver (Nephila edulis), a water python (Liasis
mackloti), and a brown rat (Rattus norvegicus) were filmed as the CSext, the CSunext, and
CS-.The virtual reality environment featured the spider, snake, and rat in an office context
and participants viewed this environment from a first person perspective. Additional 360°
video footage from this context without featuring the spider, snake, and rat was also recorded.
The US was a 200 ms electrotactile stimulus produced by an IWORX S1100 stimulus isolator
and presented through two ADInstruments MLA1010B Ag/AgCl electrodes that were
attached to the participant’s non-dominant arm. Custom written software was created to set
the timing and sequence of the CS and US presentations. Heart rate (HR) was recorded by
electrocardiography (ECG) signals in conjunction with an ADInstruments Model ML11GSR
Bio amp. Three ADInstruments MLA1010B Ag/AgCl electrodes were used. The signal was
bandpass filtered using cut-offs of 0.3 Hz to 300 Hz and acquired using a sampling rate of
1000 Hz.

Questionnaires were used to examine equivalency between the groups in fear of the
animals used as CSs. For fear of snakes, the Snake Anxiety Questionnaire (SNAQ; Klorman
et al., 1974) was administered. The SNAQ consists of 30 true of false items and was found to
have high internal consistency in the current study (Cronbach’s a = .89), similar to previous
research (o =.73 - .89; Klorman et al., 1974). The Spider Phobia Questionnaire (SPQ);
Klorman et al., 1974) was administered to examine fear of spiders and consists of 31 true or
false items. In the present study, the SPQ showed high internal consistency (Cronbach’s a =
.89), consistent with previous research (o = .83 - .90; Klorman et al. 1974). A fear of rats
questionnaire was adapted from the Fear of Spiders Questionnaire (FSQ) using established
methodology (Botella et al. 2010) where the term spider is supplanted with the term rat. In
the present study, the FSQ demonstrated high internal consistency (Cronbach’s a = .90),

consistent with previous research (o = .92; Szymanski and O'Donohue, 1995).
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To measure the participants’ presence, reality judgement and immersion in the virtual
reality context, the Reality Judgement and Presence Questionnaire (Bafios et al., 2000) was
administered. The Reality Judgement and Presence Questionnaire (RJPQ; Bafios et al., 2000)
is measured on a 10-point likert scale format, ranging from 0 = Not at all to 10 = Absolutely.
The Reality Judgement and Presence Questionnaire demonstrated high internal consistency
for the total scale (Cronbach’s a. = .91), similar to previous research (Cronbach’s o = .82;
Bafios et al., 2000). Additionally, The Depression Anxiety Stress Scales 21-item version
(DASS-21; Lovibond and Lovibond, 1995) was administered to examine equivalency of
depression, stress, and anxiety between the groups. The DASS-21 is measured on a 4-point
severity scale, ranging from 0 = Did not apply to me at all to 3 = Applied to me very much, or
most of the time. The DASS-21 showed high internal consistency (Cronbach’s o =.91) in the
present study, consistent with previous research (a = .84 - .91; Lovibond and Lovibond,
1995).

2.3 Procedure

Each participant completed the experiment individually and the duration of the
experiment was approximately 50 minutes. Participants provided written consent to
participate and the procedure of the experiment proper was explained to the participants using
standardised instructions. The participants completed an online survey including
demographic questions and the SPQ, the SNAQ, and the DASS-21. The ECG electrodes were
placed on the participant’s chest, specifically below the right clavicle, below the left clavicle
and on the lower chest left of the umbilicus. The electrotactile stimulus electrodes were
attached to the participant’s dominant forearm. The US was set at an intensity the participant
reported as “unpleasant, but not painful” and held at this set current throughout the
experiment (Bandarian-Balooch et al., 2011; Krisch, Bandarian-Balooch and Neumann,

2018; Neumann and Kitlertsirivatana, 2010; Pischek-Simpson et al., 2009). Participants were
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informed that they would be presented with virtual reality 360 degree footage of a rat, spider
and snake in an office context.

A summary of the experimental phases and trial types for all groups can be seen in
Table 5.1. The initial CS presented in each phase was counterbalanced across participants and
the order of presentation of the CSs throughout the remaining trials was randomized, but the
same CS was never presented more than two times in a row. The CSext and CSunext were
accompanied with an electrotactile stimulus (US) in acquisition. The CS- was not
accompanied by the US. In acquisition all participants were prompted to provide expectancy
ratings on acquisition during Trials 1, 4, 7, and 10 for the CSext, the CSunext, and the CS-.
The US was presented to all groups in acquisition for the CSext and CSunext and not for the
CS-. In the reinstatement phase the UR group received three presentations of the US and the
CR and MFS groups received one presentation of the CSunext. During the first extinction
phase participants in all groups provided expectancy ratings during trials 1, 4, 5, 8, 9, and 12.
All groups responded once to each of the three CSs during the test phases. The MFS group
provided expectancy ratings during the second extinction phase during trials 1, 4, 5, 8, 9, and
12 (see Table 5.1). The Control group had a time gap equivalent to the duration of the
Reinstatement phase in the MFS and UR groups before the first test and this involved
viewing footage from the office context without featuring the spider, snake, or rat. The UR,
CR, and Control groups had a time gap equivalent to the Extinction phase in the MFS group
before the second test. The inter-trial intervals were randomised between 7.5 s, 10 s, and 12.5
s. At the end of the experiment proper the electrodes were removed and participants were
requested to complete the RJPQ.
2.4 Design

The dependent variables were shock expectancy ratings and heart rate. The between-

subjects independent variables for the initial phases of the experiment (Acquisition, first
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extinction and first test) was Design with three levels (UR, CR, Control). The CR and MFS
groups received the same acquisition, first extinction, and first test. Thus, the CR+MFS group
in this set of analyses represents the combination of the two groups. For the second test
phase, the between-subjects independent variable was Design with three levels (CR, MFS,
Control). For all analyses the within subjects independent variables were CS with three levels
(CSext, CSunext, CS-) and Trial with four levels (acquisition) or four to six levels (first and
second extinction).
3. Results

3.1 Scoring and Statistical Analyses

Heart rate responses were scored from the time between successive R-peaks of the
ECG using a threshold peak detector and examined for artefacts using a custom written
program developed in Labview. Heart rates were calculated in successive 500 ms epochs
prior to and during each CS presentation. The epochs contained in the 3 s immediately prior
to the CS onset were used as the baseline from which the heart rates in the epochs 3 s
following the CS were expressed as a change. The primary measure of conditioned heart rate
responses was the peak heart rate acceleration during the 3 s following the CS presentation
(Ohman, 1982).

One-way ANOVAs were conducted to check for differences between the groups for
scores on the DASS-21 (M = 13.67, SD = 10.30), SPQ (M =11.09, SD = 6.20), FSQ (M =
5.5, 8D =4.66), SNAQ (M =9.68, SD = 6.45), RJPQ (M = 103.05, SD = 32.38), shock level
(M =8.00SD =1.54), age (M =22.22, SD = 6.36). No significant differences between the

groups were found for any measure, all Fs <.010, p > .05. A chi square analysis confirmed
that gender distribution did not differ across the groups for either the expectancy data, X2 3)

=2.16, p = .54 or heart rate data, y2 (3) = 0.82, p = .85.
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Mixed factorial ANOVAs were conducted for the expectancy ratings and heart-rate
change responses. The between-subjects independent variable for the initial set of analyses
(acquisition, first extinction and first test) was Design with three levels (UR, CR, Control).
The CR and MFS groups received the same acquisition, first extinction, and first test phase.
Thus, the CR group in this set of analyses represented the combination of the two groups. For
the second test, the between-subjects independent variable was Design with two levels (CR,
MES). For all analyses, the within-subjects independent variables were CS with three levels
(CSext, CSunext, CS-). In addition, a second within-subjects independent variable of Trial with
four levels (acquisition) or six levels (first extinction and second extinction) was used. Trial
was not a factor for the test phase because there was only one trial in this phase.

The assumption of homogeneity of variance across groups was met. The assumptions
of homogeneity of covariances, variables normally distributed and sphericity were violated
for the expectancy ratings. A square root transformation was applied to the conditioned heart
rate responses to normalise the distributions. Huynh-Feldt corrections were applied to adjust
the degrees of freedom for the violation of sphericity.

3.2 Expectancy of Shock

Figure 5.1 shows the participants’ expectancy ratings for all experimental phases in
the UR, CR, MFS, and Control groups. In acquisition, participants learned differential shock
expectancy. During the first extinction phase, expectancy of shock for the CSextinguished
was extinguished. Reinstatement of shock expectancy was found for the CSextinguished and
the CSunextinguished in the CR and UR groups and not in the Control group at the first test.
Reinstatement was attenuated through extinction to the CSunextinguished for the MFS group

at the second test.
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Female = 18), CR (n = 21; Male = 7; Female = 14), MFS (n = 26; Male = 9; Female = 17), and Control (» = 23; Male = 8; Female = 15). Error bars represent the
standard error of the mean.
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3.2.1 Acquisition phase.

To investigate whether participants learned to expect the shock following the CSext
and CSunext but not following the CS-, a4 x 3 x 4 (Design x CS x Trial) mixed factorial
ANOVA was conducted. The analyses revealed a significant CS x Trial interaction, F(5.30,
471.81) = 64.81, p <.001, n,> = .42, a significant main effect of CS, F(1.68, 149.48) =
221.43, p <.001, np2 = .71, and a significant main effect of Trial, F(2.57,229.03) = 118.31, p
<.001, np?=.57. Planned comparisons were employed by conducting multiple #-tests to
investigate the significant two-way interaction by comparing the CSext, CSunext and CS-
separately at each level of Trial. Shock expectancy ratings were significantly higher for the
CSext and CSunext than the CS- towards the end of the acquisition phase on trials, 4, 7 and
10, all ts > 8.8, ps <.001, ds > 1.74. Thus, participants successfully learned to expect the
shock following the CSext and CSunext but not after the CS- by trial 4 of acquisition.

3.2.2 Extinction phase.

To investigate differential expectancy of the CSs during extinction, a 4 x 2 x 6
(Design x CS x Trial) mixed factorial ANOVA was conducted, with the CS factor composed
of the CSext and CS-. A significant CS x Trial interaction was revealed, F(3.33, 296.17) =
83.15, p <.001, n,> = .48, as well as a significant main effect of CS, F(1, 89) = 136.84, p <
.001, n,*> = .61, and a significant main effect of Trial, F(3.19, 283.61) = 8.44, p < .001, n,* =
.50. Multiple planned #-tests were conducted to compare the first extinction trial and final
extinction trials for the CSext, demonstrating a significant decline of expectancy of shock
ratings for the CSext towards the end of extinction phase trials , 5, 8, 9, 12, all ts>4.62, p <
.001, d > 0.91. In comparing the CSext and CS- there were no significant differences on the
last extinction trials, all s < 0.62, ps > .05, showing successful extinction of the conditioned
responses.

3.2.3 Last extinction trial to first test phase.
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The first test of reinstatement compared the last extinction trial to the test trial by a 4
x 2 x 2 (Design x CS x Trial) mixed factorial ANOVA. The analyses revealed all significant
main effects and interactions were subsumed under a significant Design x CS X Trial
interaction, F(3, 89) = 21.07, p <.001, % = .42, a significant CS x Trial interaction, F(3, 89)
=176.81, p <.001, np> = .67, a significant CS x Design interaction, F(3, 89) =20.44, p <
.001, np?= .41, a significant Design x Trial interaction, F(3, 89) = 24.27, p < .001, n,> = .45,
and significant main effect of CS, F(1, 89) = 223.59, p <.001, n,>= .72, Design, F(3, 89) =
23.67, p <.001, n,*= .44, and Trial, F(1, 89) = 197.10, p < .001, np> = .69. Multiple planned
t-tests were conducted to further examine the significant three-way interaction by comparing
the last extinction trial and test trial separately for the CSext and CS- for each group. There
was a significant increase in expectancy ratings for the CSext from the last extinction trial to
the test trial for the CR group, #(102) = 8.94, p <.001, d = 1.77, and UR group, #102) =9.37,
p <.001, d=1.85. For the Control group there were no significant differences for the CSext,
from the last extinction trial to the test trial. Thus, the results demonstrated that reinstatement
of shock expectancy occurred for the CR and UR groups and not for the control group. No
significant differences were found for the CS- from the last extinction trial to the first test
trial for the CR, UR, and Control groups, all s <0.12, ps > .05.

3.2.4 Test phase one.

To further test for reinstatement, a 3 x 3 (Design x CS) mixed factorial ANOVA was
conducted and a Design x CS interaction was revealed, F(1.44, 128.24) =20.62, p <.001,
Np> = .41. A significant main effect of CS was also found, F(4.32, 128.24) =222.57, p <
.001, np>=.71. Planned comparisons were used to address the hypotheses and the
significant interaction was examined using ¢ tests comparing the CSext, CSunext, and CS-
separately for each group. For the UR group, significantly higher expectancy ratings were

found for the CSext than for CS-, #(102) =9.77, p <.001, d = 1.97, and for the CSunext
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compared to the CS-, #102) =9.94, p <.001, d = 1.97. For the CR group significantly
higher expectancy ratings were found for the CSext than for CS-, #(102) =9.93, p <.001, d
=1.97, and for the CSunext compared to the CS-, #(102) = 10.67, p <.001,d =2.11.
Expectancy ratings did not significantly differ between the CSext and CSunext for the CR
or UR groups. Thus, confirming that unconditional and conditional reinstatement occurred
for the experimental groups. For the Control group, the CSext, CSunext and the CS- did not
significantly differ on the test trial, all zs < 0.24, ps > .05, confirming that reinstatement did
not occur for the control group.

3.2.5 Extinction phase two.

A repeated measures ANOV A was conducted to examine if extinction of the CSunext
occurred in extinction phase two for the MFS group. Expectancy ratings to the CSunext
stimulus across the six extinction trials was used in this analysis. A significant effect was
found, F(1.00, 25.00) = 28.33, p <.001, n,*>= .53. Further analyses confirmed a significant
decline of expectancy of shock ratings was found for the CSunext towards the end of
extinction trials 8, 9, 12, all #s >4.21, ps <.001, ds > 1.70. Thus, showing successful
extinction of the conditioned response.

3.2.6 Test phase two.

To examine if reinstatement was attenuated in the MFS group compared to the CR
group a 2 x 3 (Design x CS) mixed factorial ANOVA was conducted. A significant Design x
CS interaction, F(5.73, 169.83) = 3.85, p = 0.002, np2 = .12, and significant main effects of
CS, F(1.91, 169.83) = 53.54, p < .001, np* = .38, and Design, F(3, 89) = 5.98, p <.001, np? =
.17, were found. Planned
comparisons were used to address the hypotheses and the predicted interaction was examined
using f-tests comparing the CSext, CSunext, and CS- separately for each group. The MFS

group had no significant differences for the CSext, CSunext and CS-, all s < 1.44, all ps >
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.05, and confirmed the hypothesis that reinstatement was attenuated through extinction to the
CSunextinguished. The CR group the CSext and CSunext than for the CS-, ts > 3.18, all ps <
.05, all ds > 1.27, indicating attenuation of reinstatement of fear did not occur in the CR
group.
3.3 Heart Rate Change

The participants’ conditioned heart rate responses for all experimental phases in the
UR, CR, MFS and Control groups in shown in Figure 5.2. Consistent with the shock
expectancy results, acquisition of conditioned heart rate responses occurred. In the first
extinction phase, conditioned heart rate responses for the CSextinguished were extinguished.
In the first test phase, reinstatement of conditioned heart rate responses occurred for the
CSextinguished and the CSunextinguished in the CR and UR groups and not in the Control
group. Reinstatement of fear was attenuated through extinction to the CSunextinguished at

the second test.
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Figure 5.2. Heart rate responses across acquisition, first extinction, first test, second extinction and second test phases for the UR (n = 18; Male = 5; Female = 13), CR (n =
19; Male = 6; Female = 14), MFS (n = 17; Male = 7; Female = 10) and Control (n = 19; Male = 7; Female = 12) groups.Error bars represent the standard error of the mean.
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3.3.1 Acquisition phase.

A 4 x 3 x4 (Design x CS x Trial) mixed factorial ANOVA for heart rate change
revealed a significant CS x Trial interaction, F(6, 336) =9.10, p <.001, n,>= .14, a
significant main effect of CS, F(2, 112) = 44.37, p < .001, n,* = .44, and a significant main
effect of Trial, F(3, 168) =9.29, p <.001, n,*>= .14. Planned comparisons compared the
CSext, CSunext, and CS- separately at each level of Trial. Heart rate change was significantly
more positive for the CSext and CSunext than the CS- towards the end of the acquisition
phase trials, 4, 7 and 10, all s > 5.92, ps <.001, ds > 6.83, thus confirming acquisition of
conditioned heart rate responses.

3.3.2 Extinction phase.

A 4 x 2 x4 (Design x CS x Trial) mixed factorial ANOVA showed a significant CS x
Trial interaction, F(3.00, 177) = 8.88, p <.001, n,>= .13, a significant main effect of CS,
F(1.00,59.00) = 17.52, p < .001, ny*> = .23, and a significant main effect of Trial, £(3.00, 177)
=9.82, p <.001, np> = .14. Planned comparisons showed a significant decrease of heart rate
change scores for the CSext across the extinction trials 1, 5, 9, 12, all ts >4.73, p <.001, d >
5.47. No significant differences in heart rate change were found for the CS- across the
extinction trials, #s < .05, ps > .05, or between the CSext and CS- on the last extinction trials
9 and 12, all ts < .08, ps > .05.

3.3.3 Last extinction trial to first test phase.

A 3 x2 x2 (Design x CS x Trial) mixed factorial ANOVA was conducted as the first
test of reinstatement. Significant main effects and interactions were subsumed under a
significant Design x CS x Trial interaction, £(3.00, 65.00) = 3.85, p < .01, np> = .15.
Specifically, a significant CS x Trial interaction, F(3.00, 65.00) = 23.13, p <.001, n,> = .26, a
significant Design x Trial interaction, F(3.00, 65.00) == 7.03, p <.001, n,*>= .25, and

significant main effects of CS, F(1.00, 65.00) = 33.84, p <.001, n,> = .34, Design, F(1.00,
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65.00) = 10.53, p <.001, np> = .34, and Trial, F(1.00, 65.00) = 43.37, p < .001, n,* = .40.
Planned t-tests compared the last extinction trial and test trial separately for the CSext and
CS- for each group. There was a significant increase for the heart rate change responses for
the CSext from the last extinction trial to the test trial for the CR group, #(65) =4.26, p <
.001, d =1.06, and UR group, #65) =3.37, p <.001, d = .84. For the Control group there
were no significant differences for the CSext, from the last extinction trial to the test trial. No
significant differences were found for the CS- from the last extinction trial to the first test
trial for the CR, UR, and Control groups, all s <0.91, ps > .05. Overall the results confirmed
reinstatement for the experimental groups and not the Control group.

3.3.4 Test phase one.

To further test reinstatement, a 3 x 2 (Design x CS) mixed factorial ANOVA was
conducted. A Design x CS interaction, F(4.00, 96.00) = 2.63, p < .05, n,>= .10, and a
significant main effect of CS, F(2.00, 96.00) =9 .11, p <.001, n,*> = .16, was found. Planned
comparisons showed that in the UR group, heart rate was higher for the CSext than for the
CS-, #(68) =3.31, p =.002, d = 0.80, and higher for the CSunext than for the CS-, #68) =
2.94, p=.005,d = 0.71. For the CR group, HR change was more positive for the CSext than
for the CS-, #(68) =2.71, p <.001, d = .65, and for the CSunext than for the CS-, #(68) =
3.72, p <.001, d = .90. Mean heart rate change did not significantly differ between the
CSext and CSunext for the CR or UR groups. The findings for heart rate change confirmed
that unconditional and conditional reinstatement occurred for the experimental groups. For
the Control group, the CSext, CSunext and the CS- heart rate change did not significantly
differ on the test trial, all #s < 0.07, ps > .05, demonstrating that reinstatement did not occur
in the control group.

3.3.5 Extinction phase two.
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To examine whether extinction of the CSunext occurred for the MFS group, a
repeated measures ANOVA. A significant effect of Trial was found, F(2.11, 48.00) =5.99, p
<.001, np* = .27, and multiple planned comparisons were conducted to compare the first
extinction trial and final extinction trials for the CSunext. A significant decrease of mean
heart rate change was found for the CSunext towards the end of extinction trials 5, 9, 12, all
ts>3.98, ps <.001, ds > 0.97.

3.3.6 Test phase two.

To determine whether reinstatement was attenuated in the MFS group compared to
the CR group a 2 x 3 (Design x CS) mixed factorial ANOVA was conducted. A significant
Design x CS interaction, F(1.67, 53.33) = 7.78, p = .002, n,> = .20, and a significant main
effect of CS, F(1.67, 53.33) =20.78, p <.001, np2 = .39, were revealed. For the MFS group,
there were no significant differences in the heart rate change scores for the CSunext, CSext,
and CS-, all 1s < 1.64, all ps > .05, all ds < .45, demonstrating attenuation of the reinstatement
of fear responses. For the CR group there were significantly higher heart rate change scores
for the CSunext and the CSext than for the CS-, all ts > 5.70, all ps < .05, all ds > 1.57,
indicating that attenuation of reinstatement of fear did not occur.

4. Discussion

The current study examined whether reinstatement of fear can be triggered by an
excitatory CS that did not undergo extinction treatment and whether this reinstatement would
be reduced by extinction to the excitatory CS, in a human non-clinical sample. Taken
together, the shock expectancy ratings and conditioned heart rate responses indicate that
reinstatement of fear can be triggered by an unextinguished CS and subsequent extinction of
this unextinguished CS can attenuate reinstatement. The hypothesis that shock expectancy
and conditioned heart rate responses would be larger in the reinstatement groups (UR, CR,

MES) than in the Control group in the first test phase was confirmed. As predicted, no
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significant differences in the magnitude of the reinstatement effect were found between the
CR and UR groups in the first test phase, indicating the equivalence of conditional
reinstatement to traditional unconditional reinstatement. Taken together, the results showed
that conditioned fear can be reinstated by an excitatory CS (i.e., the unextinguished CS) in a
non-clinical human sample.

The results are consistent with previous findings by Halladay et al. (2012) that an
unextinguished CS can trigger reinstatement to an extinguished CS in rats. The current
findings are similar to previous studies demonstrating reinstatement by presenting the same
aversive US in the acquisition and reinstatement phases (Culver et al., 2015; Dirikx et al.,
2007; Dunsmoor et al., 2014; Glotzbach-Schoon et al., 2015; Haaker et al., 2014; Kattoor et
al., 2012; Kull et al., 2012; LaBar and Phelps, 2005; Mertens et al., 2019; Neumann et al.,
2012; Norrholm et al., 2006; Schiller et al., 2008), or after presentation of a different US in
the reinstatement phase (Rescorla and Heth, 1975). Halladay et al. (2012) proposed several
models that can explain conditional reinstatement. One particular model suggests that in
extinction the CS presentations without the US may contribute to this context becoming a
“negative occasion setter” that modifies the ability of the CS to predict the US (Bouton, 1993;
Brooks and Bouton, 1993; Halladay et al., 2012; Holland and Lamare, 1984; Holland, 1989;
Schmajuk and Holland, 1998). In accounting for conditional reinstatement, it has been
suggested that encountering the CSunext in the reinstatement phase prevents the CSunext
from continuing to be a negative occasion setter for the extinguished CS (Bouton and
Swartzentruber, 1986; Halladay et al. 2012). Bouton (1993, 2002, 2004) proposed that
reinstatement occurs due to re-exposure to the US promoting retrieval of the CS-US
association. Halladay et al. (2012) applied Bouton’s contextual memory model (Bouton,
1993) to account for conditional reinstatement by suggesting the CSunext reinstated

responding to the CSextinguished by promoting the retrieval of the CS-US association in the
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reinstatement phase. Taken together, the current finding and previous research (Halladay et
al., 2012) suggests it may be exposure to the conditioned response that results in
reinstatement. In interpreting this finding, it appears rats and humans retrieve associations not
only by the re-experience of pain but also the re-experience of fear itself. Thus, if an
individual encounters another fear such as fear of snakes this may serve to remind them of
their initial fear of spiders and this initial fear may be reinstated.

The current finding that later experiences of fear can reinstate earlier fears has
important theoretical, research and clinical practice implications. The current experiment has
implications for laboratory research as it provides methodology that may increase the success
of producing reinstatement effects. In utilising virtual reality, the current study was able to
employ more ecologically valid feared stimuli through the use of 360 degree footage and this
could be applied in future laboratory, clinical-analogue research and in clinical practice.
Theoretically, the present findings implicate the importance of emotions in our understanding
of fear conditioning, specifically how one fear can trigger other networks of fear, as opposed
to reinstatement occurring due to the sensory properties of feared stimuli (Halladay et al.,
2012; Rescorla and Heth, 1975). Furthermore, the present findings provide a more ethical and
clinically relevant experimental paradigm that may be translated from laboratory research to
clinical-analogue research. For example: instead of providing electric shocks or loud noises
as aversive USs in the reinstatement phase, future research could employ feared stimuli as the
CSext and CSunext. Future research could aim to investigate whether conditional
reinstatement occurs due to the re-experience of the US or re-experience the conditioned
response (fear) or a combination of both. To the authors knowledge the current study is the
first to demonstrate the effects of conditional reinstatement in a human sample.

The hypothesis of whether reinstatement would be smaller for the MFS group

compared to the CR group during the second test phase was also supported. This indicates
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extinction to an unextinguished CS results in attenuation of conditional reinstatement. The
present finding that extinction to different feared stimuli attenuated reinstatement is
consistent with studies demonstrating multiple similar stimuli (i.e., different types of spiders;
Rowe and Craske, 1998; Shiban et al., 2015) and multiple contexts (Bandarian-Balooch et al.,
2015; Dunsmoor et al., 2014; Glautier et al., 2013; Shiban et al., 2013) attenuated renewal of
fear. Similar theoretical frameworks have been used to explain the mechanisms and
attenuation methods of renewal and reinstatement of fear (Bouton, 1993; Bouton and Bolles,
1979). Bouton’s contextual memory model has also been used to explain attenuation of
renewal by conducting extinction to multiple similar stimuli (e.g., Rowe and Craske, 2000)
and multiple contexts (e.g., Bandarian-Balooch et al., 2015; Glautier et al., 2013).
Specifically, by the overlap of contextual cues from the extinction context facilitating
retrieval CS-noUS association and thus attenuating renewal of fear. In the current study
extinction to the previously unextinguished CS in the MFS group may have increased the
number of shared contextual cues from the second extinction phase and resulted in enhancing
the CS-noUS association. Thus, the CS-noUS association would be more likely to be
retrieved in the second test phase and can explain the attenuation of reinstatement.

Given that 75% of individuals with specific phobia have multiple fears (American
Psychiatric Association, 2013; Curtis et al., 1998; LeBeau et al., 2010) and the likelihood of
recovering from specific phobia is inversely related to the number of fears (Wittchen et al.,
2003), the current findings could be valuable for clinicians using exposure to treat specific
phobias. In translating the findings to clinical practice it suggests the importance of
considering how a client’s fear may be reinstated following successful exposure therapy and
how exposure to their other fears may reduce the likelihood of reinstatement or relapse.
Specifically, clinicians could conduct a comprehensive assessment of their clients’ specific

fears of objects or situations, even if the client only reports a primary fear. Clinicians could
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also incorporate exposure to different feared stimuli to reduce reinstatement of fear. Clinical-
analogue research designs can be utilized to test the effects of whether a secondary phobia
(e.g., fear of spiders) can reinstate a primary or earlier developed phobia (e.g., fear of snakes)
and whether conducting exposure treatment to the secondary phobia will attenuate the
conditional reinstatement effect.

A limitation of the current study is the use of a non-clinical sample which limits the
real-world generalisability of the current findings. This limitation was addressed partly by
using CSs that are commonly the source of phobias in the population and by using an
immersive VR environment. Future research should aim to extend the current research by
examining conditional reinstatement and methods to attenuate conditional reinstatement
using a clinical-analogue sample. While gender did not differ significantly across the groups
in the current study, future research could investigate sex differences for reinstatement of
fear. Specifically, in considering the evidence that women have a higher occurrence of animal
phobias than men (Altemus et al., 2016; Donner and Lowry, 2013).

Overall, the current results provide the first evidence that an unextinguished CS can
reinstate fear in a human sample and extends the evidence for the methodology of conditional
reinstatement proposed by Halladay et al. (2012). Furthermore, the current findings highlight
the importance of how secondary fears may elicit reinstatement of fear to previously
extinguished fears and future research is required to examine whether this occurs in a
clinical-analogue or clinical-analogue sample. Another important finding is that conducting
extinction with different feared stimuli attenuated this reinstatement of fear as indexed by
self-report, and physiological measures. Clinicians working with individuals with multiple
fears or phobias could conduct exposure therapy with multiple different feared stimuli to

reduce the likelihood of reinstatement of fear.
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Chapter 6: Preamble
In aiming to extend the previous findings in Chapter 5 to a fearful human sample,
Chapter 6 presents a clinical-analogue experiment involving 50 participants with moderate to
high fear of both spiders and rats. Chapter 6 examined whether exposure to a CS that has not
undergone exposure-based treatment (i.e., an unextinguished CS; spider) can elicit and

attenuate reinstatement of fear to another feared stimulus (i.e., an extinguished CS; rat).
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Abstract
Background and Objectives
Reinstatement is a mechanism for the return of fear following exposure therapy for specific
phobia and other anxiety disorders. Reinstatement in the context of multiple feared stimuli is
poorly understood despite most individuals fearing more than one object/situation. The
current study investigated whether exposure to a conditional stimulus (CS) that has not
undergone extinction (i.e., an unextinguished CS; spider) can elicit and attenuate
reinstatement of fear to another feared stimulus (i.e., an extinguished CS; rat).
Methods
Fifty individuals with moderate to high fear of both spiders and rats underwent virtual reality
exposure treatment (VRET). The reinstatement and multiple phobic stimuli (MPS) groups
received the unextinguished CS in the reinstatement phase and the control group did not.
Furthermore, the MPS group received VRET for the unextinguished CS.
Results
Presentation of the unextinguished CS reinstated fear of a previously extinguished CS and
VRET to the second feared CS attenuated this reinstatement of fear as measured by
avoidance ratings, subjective units of distress, and heart rate change.
Limitations
The experimenter was not blind to the conditions and the same experimenter was used
throughout all phases of the study.
Conclusions Clinicians should conduct a comprehensive assessment of feared
objects/situations and provide exposure treatment for multiple different fears to reduce the
likelihood of reinstatement in their clients.
Key words: Reinstatement of fear; specific phobias; multiple phobias; return of fear;

exposure therapy; virtual reality exposure therapy
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Introduction

Exposure therapy is an evidence-based treatment that involves gradually presenting the
individual with the feared stimuli until the fear reduces to non-clinical levels. Exposure
therapy can be conducted in vivo (i.e., with real life stimuli), virtual (i.e., with virtual reality
simulated stimuli), and imaginal (i.e., with mental imagery). In vivo exposure therapy has
been found to be the most effective treatment for specific phobia (Ost, 1989; Wolpe, 1968).
Nonetheless, in vivo exposure therapy has been found to be one of the least implemented
interventions in clinical settings (see Pittig et al., 2019). VRET is more acceptable to those
with specific phobia than in vivo (Garcia-Palacios et al., 2001), more feasible (Krijn et al.,
2004; Opris et al., 2012), and has been used to conduct extinction for multiple fears (Krisch
et al., 2020). A problem with all forms of exposure therapy is that many individuals
experience a return of fear following successful treatment (Abramowitz et al., 2012; Craske,
1999; Rachman, 1966, 1987; Rose & McGlynn, 1997; Vasey et al., 2012).

Classical conditioning research has demonstrated that reinstatement can be an underlying
mechanism of return of fear (e.g., Bouton & Bolles, 1979; Dunsmoor et al., 2014; Mertens et
al., 2019; Rescorla & Heth, 1975). Standard reinstatement of fear occurs when extinguished
fear returns following re-exposure to the unconditional stimulus (US; Rescorla & Heth,
1975). Reinstatement of fear findings have been translated from animal (Bouton & Bolles,
1979; Gershman et al., 2013; Halladay et al., 2012; Kim & Richardson, 2007; Rescorla &
Heth, 1975; Vurbic & Bouton, 2011), to non-phobic human participants (Dirikx et al. 2007;
Dunsmoor et al., 2014; Hermans et al., 2005; LaBar & Phelps, 2005; Mertens et al., 2019;
Zbozinek et al., 2015), and to limited clinical-analogue samples (Rachman & Whittal, 1989;
Shiban et al., 2015). Ethical considerations may have interfered with the process of
generalising laboratory-based findings to clinical studies, including the challenges of

exposing an individual to an ecologically valid aversive US (e.g., exposing participants to the
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pain of a bite to reinstate their fear of spiders). The lack of clinical-analogue and clinical
studies investigating the reinstatement effect is problematic because it limits our
understanding of how the reinstatement effect is elicited and attenuated in people who suffer
from phobias.

A further limit to the clinical understanding of reinstatement is that few studies have
considered individuals with multiple fears. The majority of individuals who have a specific
phobia will have multiple fears of objects and/or situations (Burstein et al., 2003; Curtis et al.,
1998; LeBeau et al., 2010; Wittchen et al., 2003). Multiple phobias have been linked to
higher rates of severity, impairment, and comorbidity with other anxiety disorders compared
to single phobias (Burstein et al., 2012; Wardenar et al., 2017). A small number of clinical-
analogue and clinical studies with humans have shown that exposure treatment to one fear
does not generalise to other untreated fears (Burstein et al., 2003; Farrell et al., 2020;
Liberman & Smith, 1972; Ost, 1989).

Rachman and Whittal (1989) investigated reinstatement of fear with a sample of spider
and snake phobics using an electrotactile shock similar to that used in laboratory-based
research and a reinstatement effect was not found. The authors proposed that the null effect
was due to the US not being sufficiently aversive to reinstate fear with a clinical sample. The
ethical issues of eliciting reinstatement and the aversiveness and ecological validity of the US
may explain the lack of reinstatement research with clinical-analogue samples. Further
research is necessary to enhance the real world generalisability of the findings and to develop
novel interventions for clinical settings.

Previous research by Halladay et al. (2012) and Rescorla and Heth (1975; Exp 2) with
rats indicated that an unextinguished CS can reinstate the conditioned response to an
extinguished CS. The approach could be translated to human clinical-analogue and clinical

samples. Standard reinstatement has been found to occur even when the reinstating stimulus
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differs from the US employed in acquisition in both rats (e.g., Rescorla & Heth, 1975) and
humans (e.g., Sokol & Lovibond, 2012). Halladay et al.’s (2012) findings demonstrated that
conditional reinstatement (i.e., exposing rats to an unextinguished CS tone) reinstated their
initial fear to the extinguished CS (i.e., light). In translating these findings with rats to non-
phobic human samples, Krisch et al. (2020) found that reinstatement can be triggered by a
second fear-eliciting CS that has not undergone extinction (i.e., unextinguished CS) and
subsequent extinction of this second fear can attenuate this conditional reinstatement.

These studies demonstrate that exposure to the conditioned response of fear alone, even in
the absence of re-experiencing the US, results in reinstatement for rats and non-fearful human
participants. The clinical implications are important because they suggest that reinstatement
of fear could occur due to fear provoking events. For example, an individual who has
overcome their fear of rats and then subsequently experiences a strong fear reaction to spiders
may have their fear of rats reinstated. Furthermore, the previous findings indicate that
untreated fears may be a risk factor for reinstatement of fear (Halladay et al., 2012; Krisch et
al., 2020; Rescorla & Heth, 1975). However, further studies using clinical-analogue and
clinical samples are necessary to provide evidence for whether conditional reinstatement
occurs in these populations and how it can be attenuated.

While there are limited studies investigating conditional reinstatement of fear and how to
attenuate this type of reinstatement (Krisch et al., 2020), parallels could be drawn between
attenuating standard reinstatement of fear and conditional reinstatement of fear. Gradual
extinction, involving progressively decreasing the intensity of the US (Shiban et al., 2015)
and conducting exposure in multiple contexts (Dunsmoor et al., 2014) have been found to
attenuate reinstatement of fear. However, the reinstating stimulus was an electric shock in
these studies and such an approach is not as ecologically valid for individuals fearing spiders.

Using an alternative approach, Krisch et al. (2020) found that conducting extinction with
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multifarious stimuli (i.e., multiple different stimuli) attenuated conditional reinstatement of
fear as measured by self-report and heart rate.

Several theoretical models could account for the process of eliciting and attenuating
conditional reinstatement. Bouton and colleagues (Bouton, 1984; Bouton & Bolles, 1979;
Bouton et al., 2021) proposed that in a standard reinstatement procedure, the CS-US
association is triggered in fear acquisition and is not unlearned in extinction. Instead, a CS-
noUS association is activated during extinction. Reinstatement is conceptualised in this
model as being caused by contextual cues in the background triggering the CS-US
association during US re-exposure. Previous findings of conditional reinstatement (e.g.,
Halladay et al., 2012; Krisch et al., 2020) could also be attributed to the contextual cues of
presenting the unextinguished CS eliciting the CS-US association by acting as a reminder to
the acquisition context. Despite this interpretation, the context alone has been not been found
to elicit reinstatement of fear (Halladay et al., 2012; Krisch et al., 2020) and stimulating the
amygdala in rats while presenting a novel stimuli has enhanced reinstatement of fear (Kellett
& Kokkinidis, 2004).

An alternative explanation has suggested that the affective properties and stimulus
valence of the reinstating stimulus functions to reinstate fear in humans (Zbozinek et al.,
2015). The valence-reinstatement theory (Dirikx, et al., 2004; Dirikx, et al., 2007; Hermans,
et al., 2005) may account for conditional reinstatement due to the unextinguished CS having
negative valence and the physiological arousal level in reinstatement serving as a reminder of
the valence from the acquisition context and in turn activating the CS-US association. There
are several theoretical accounts emphasising the context and affective properties of the
stimuli that provide insight into conditional reinstatement.

The current study aimed to extend previous research (Halladay et al., 2012; Krisch et

al., 2020) to examine whether an unextinguished CS will reinstate fear and whether exposure
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to this unextinguished CS can reduce reinstatement to the primary fear. The sample consisted
of individuals with moderate to high fear of both a spider and rat. The participants were
randomly assigned to either a Multiple phobic stimuli (MPS) group, Reinstatement group, or
Control group. The MPS and Reinstatement groups underwent a conditional reinstatement
procedure and the control group did not. The MPS group received VRET to both the
CSextinguished and CSunextinguished while the other groups only received VRET to the
CSextinguished. All participants provided avoidance ratings, subjective units of distress, and
measures of heart rate to measure fear (e.g., Bandarian-Balooch et al., 2015; Miihlberger et
al., 2001). It was hypothesised that reinstatement of fear would be found for the
Reinstatement group but not in the Control group. It was also predicted that reinstatement of
fear will be attenuated for the MPS group compared to the Reinstatement group.

1. Materials and Methods
1.1 Participants.

The total sample was 84 individuals. However, 33 participants had to be excluded
from the study due to not being able to participate in either of the follow up sessions due to
restrictions following the outbreak of COVID-19. One participant was excluded at the
screening stage due to not meeting criteria for moderate to high fear of spiders. The final
sample included 50 individuals (27 females and 23 males; age: M = 23.06 years; SD = 7.01)
with a moderate to high fear of both spiders and rats as indicated by scores on the Fear of
Spiders Questionnaire (FSQ; M = 81.94; SD = 22.24) and Fear of Rats Questionnaire (the
FSQ supplanted with the term rat; FRQ; M = 77.37; SD = 19.82) being in the moderate to
high range (Lindner et al., 2020; Szymanski & O'Donohue, 1995).

Recruitment involved locally posted advertisements and a website where
undergraduate psychology students could elect to sign up. Participants signed up due to

receiving treatment benefits and/or in exchange for partial course credit. Participants were
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randomly assigned to either a Reinstatement group (n = 18), a MPS group (n =17), or a
Control group (n = 15; see Table 6.1). Shiban et al. (2015) revealed a partial-eta squared
effect size of np> = 0.52, for the startle response at the reinstatement test, using 15 participants
per group. In the current study, to achieve a power of .90 with a o two-tailed = .05, a
minimum of 15 participants per group was required.
1.2 Therapist

The experimenter and therapist was the principal author and is a registered
psychologist with several years of experience using exposure therapy to treat a range of
anxiety disorders. The principal author conducted this experiment as part of the research
component of her clinical psychology PhD. The second author whom is a clinical
psychologist with extensive experience with exposure therapy also provided supervision to
the experimenter. A standardized treatment manual was developed and adhered to for all

participants.
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The Conditional Stimuli and Number of Sessions across the Reinstatement, Multiple Phobic Stimulus (MPS) and Control

Groups
Group Sessions
Day 1 Day 14
Pre-test Exposure 1 Post-test 1 Reinstatement  Follow-up 1  Exposure 2  Follow-up 2
Post-test 2
Reinstatement
n=9 CSext CSext CSext CSunext (rat) ~ CSext - CSext (spider)
(spider) (spider) (spider) (spider) CSunext (rat)
n=9 CSext (rat)  CSext (rat) CSext (rat)  CSunext CSext (rat) - CSext (rat)
(spider) CSunext(spider)
MPS
n=38 CSext CSext CSext CSunext (rat)  CSext CSunext CSext (spider)
(spider) (spider) (spider) (spider) (rat) CSunext (rat)
n=9 CSext (rat)  CSext (rat) CSext (rat)  CSunext CSext (rat) CSunext CSext (rat)
(spider) (spider) CSunext(spider)
Control
n=3_8 CSext CSext CSext - CSext - CSext (spider)
(spider) (spider) (spider) (spider) CSunext (rat)
n="7 CSext (rat)  CSext (rat) CSext (rat) - CSext (rat) - CSext (rat)
CSunext(spider)

Note. CSext reflects the extinguished CS, and CSunext reflects the unextinguished CS.

201
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1.3 Apparatus.
The CSext and CSunext were a golden orb weaver (Nephila edulis) and a fancy

rat (Rattus norvegicus domestica). The order and nature of the stimuli were
counterbalanced. For the first exposure session in each group, half the participants were
exposed to the rat and half the participants were exposed to the spider (see Table 6.1).
An Oculus Virtual reality headset and Skybox software were used to present the 360-
degree virtual reality footage of the spider and rat in an office context. The Behavioural
Avoidance Task (BAT) was used to measure the participant’s avoidance of the spider
and rat (see Table 6.2). Pilot testing was conducted to determine the specific steps for
the BAT. A corresponding virtual reality 8-step hierarchy was recorded using the
Samsung Gear 360° video camera from a first person perspective and separate videos
represented each step. The BAT was scored in accordance with previous research
(Bandarian-Balooch et al., 2015), specifically each step the participant completed
resulted in subtracting an avoidance point. A higher score on the BAT reflects greater
avoidance. During the BAT, subjective units of distress (SUDS) ratings (i.e., 0-100
scale) were recorded to measure self-reported fear and higher SUDS ratings indicated
higher fear of the spider or rat, consistent with previous research (e.g., Krijn et al., 2004;
Michaliszyn et al., 2010). A Polar V800 Watch was used to measure heart rate change.
Previous research provides evidence for its validity as a research tool and the heart rate
change parameters have been found to be consistent with ECG recordings (Giles et al.,

2016).
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Table 6.2.
The 8-step Exposure Hierarchy and Corresponding Virtual Reality and In Vivo BAT

BAT Step Action Required at Each Step

Scores

8 1 Stand 2 metres away from the spider/rat in a closed container.

7 2 Stand 1 metre away from the spider/rat in a closed container.

6 3 Focus on the spider/rat from 50cm away in a closed container.

5 4 Place your gloved hands on the glass of the closed container.

4 5 Place your gloved hands inside the top of the open container.

3 6 Place your gloved hands inside the container 10cm away from the spider/rat.
2 7 Place a short stick next to a spider/rat inside the container.

1 8 Touch/interact with a spider/rat with a short stick inside the container.

Note. BAT = Behavioural Avoidance Task., higher scores indicate higher avoidance of the spider/rat.
1.4. Description measures.

The FSQ and FRQ (FSQ supplanted with the term rat) were administered to
assess for fears of spiders and rats (Szymanski & O'Donohue, 1995). The FSQ and FRQ
includes 18 items, with a Likert response format score 1 = Not at all to 7 = very much,
with the total score range of 18—126. The FSQ and FRQ demonstrated high internal
consistency respectively (Cronbach’s a = .89 and Cronbach’s a = .90), consistent with
previous research (o = .92; Szymanski & O'Donohue, 1995). The Depression Anxiety
Stress Scales 21-item version (DASS-21; Lovibond & Lovibond, 1995) was
administered to examine equivalency of depression, stress, and anxiety between the
groups. The DASS-21 is measured on a 4-point severity scale, ranging from 0 = Did not
apply to me at all to 3 = Applied to me very much, or most of the time. The DASS-21
showed high internal consistency (Cronbach’s a = .92) in the present study and this is
consistent with Lovibond & Lovibond (1995; o = .84 - .91).

To determine the participants’ presence and immersion in the virtual reality
context, the Reality Judgement and Presence Questionnaire (RJPQ; Baios et al., 2000)

was used. The RJPQ (Bafios et al., 2000) is measured on a 10-point Likert scale format,
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ranging from 0 = Not at all to 10 = Absolutely. In accordance with previous research the
overall RJPQ has good internal consistency (Cronbach’s a = .82; Bafos et al., 2000) but
internal consistency has not been reported for the subscales. In the present study, for the
Reality judgement scale Cronbach’s o = .88, for Internal/External correspondence
subscale Cronbach’s a = .85, and for the Attention/Absorption subscale Cronbach’s a =
.82.

1.4 Procedure.

The experimental procedure consisted of three sessions for all groups and a
different number of phases for each group (refer to Table 6.1). All participants provided
informed consent prior to participation. The participants were instructed to attach the
Polar heart rate sensor across their sternum. During the pre-treatment assessment, an
online survey was administered which included demographic questions, the FSQ, the
FRQ (Szymanski & O'Donohue, 1995), the DASS-21 (Lovibond & Lovibond, 1995),
and the RJPQ (Bafios et al., 2000). During the survey, a 5-minute acclimatisation and 5-
minute HR baseline were recorded. Subsequently, the SUDS scale was explained to the
participants. Participants were informed that during the sessions they would be asked
“How fearful are you now?” and participants were instructed to respond with numbers
indicated their level of fear by verbally responding with any number from 0 — 100. To
further screen participants for a moderate to high level fear of spiders and rats,
participants completed an in vivo BAT involving selecting which step on the hierarchy
they would be willing to complete. Participants were requested to provide predicted
SUDS ratings if they completed step 8 of the BAT with both animals. The VRET
session was completed once the final step of the VRET exposure hierarchies was
concluded.

VRET has been conducted in previous return of fear studies for specific phobia
(e.g., Botella et al., 2010; Emmelkamp et al., 2002; Shiban et al., 2013; Shiban et al.,
2015), but the present protocol involved more ecologically valid stimuli by the use of

360 degree footage of real life stimuli. Psychoeducation on exposure therapy and VRET
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was provided to each participant. Participants were informed they would see 360 degree
footage of the same spider and/or rat and room as the in vivo BAT and they can interact
with the virtual environment as it responds to their head movements. Participants were
requested to provide predicted SUDs ratings prior to each step of the hierarchy and
SUDs ratings during each step. In the initial session all groups completed VRET for the
extinguished CS, which was either the rat or the spider dependent on counterbalancing.
The Oculus rift headset was positioned, and the exposure session began with the first
step of the hierarchy. Heart rate was measured at specific intervals throughout the
VRET and BATs. The participant was encouraged to progress through the steps at their
own pace. The steps were able to be repeated until the participant reported their fear
below 15 on the SUDs scale and suggested they were willing to go to the next step.
Each participant was able to successfully complete treatment as demonstrated by
completing all the steps of the hierarchy. Debriefing was initiated with the participant
post-treatment.

Post VRET, all participants completed an in vivo BAT to determine if any
changes post-treatment generalised to real life stimuli. In the reinstatement phase,
participants in the Reinstatement and MPS groups were instructed to select a step of the
hierarchy to complete with the unextinguished CS. The control group did not complete
a reinstatement phase.

The second session involved recording a 5-minute HR acclimatisation and 5-
minute HR baseline and all groups completed an in vivo BAT for the extinguished CS.
The MPS group received another VRET session for the unextinguished CS and the
other groups did not. The third session involved re-administering the survey conducted
at pre-assessment whilst HR acclimatisation and baseline periods were recorded. At this

third session, all groups completed an in vivo BAT for the spider and rat.
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2. Results

2.1 General Analyses

The dependent variables were heart rate change, avoidance ratings and SUDS
ratings. Heart rate change scores were calculated by subtracting the maximum heart rate
in each phase from the maximum heart rate observed during the baseline phase. The
between-subjects independent variables for the analyses were Design with 3 levels
(Reinstatement, MPS, and Control). The within-subjects independent variable for the
initial analyses (pre-test to post-test 1, post-test 1 to follow-up 1) was Time with 2
levels and for follow-up 2 the within-subjects independent variable was CS with 2
levels (CSext and CSunext). The groups did not differ significantly across scores for the
FSQ, FRQ, DASS-21, and RJPQ subscales, or age, or for arousal evoked by the two
CSs (compared HR acclimatization and HR baseline data), all F's < 1.5, p > .05. A chi

square analysis confirmed that gender distribution did not differ across the groups, xz

(2) =2.16, p = .32. Following VRET, 14% of the participants did not complete the final
step of the in vivo BAT. Post-hoc analyses used #-tests adjusted for Type I error with a
Bonferroni correction. The statistical significance was set at an a-level of .05. The
treatment results will be presented across phases for the SUDS, avoidance and HR

change data (see Figure 6.1, 6.2 and 6.3).



REINSTATEMENT OF FEAR 207
Figure 6.1.

Mean Subjective Units of Distress (SUDS) Ratings for the CSext and CSunext Across Phases for the MPS,

Reinstatement and Control groups (error bars reflect the standard error of the mean)
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Figure 6.2.
Mean Avoidance Ratings Scores for the CSext and CSunext Across Phases for the MPS, Reinstatement

and Control groups (error bars reflect the standard error of the mean)
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Figure 6.3.
Mean Heart Rate Change Scores for the CSext and CSunext Across Phases for the MPS, Reinstatement
and Control groups (error bars reflect the standard error of the mean)
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Reinstatement
Post-test 1 to follow-up 1

A series of 3 x 2 (Design x Time) mixed factorial ANOV As were conducted to
determine whether a reinstatement effect occurred for the Reinstatement Group relative
to the Control group in avoidance ratings, SUDs ratings and HR change. As shown in
Figures 1 to 3, the three groups did not significantly differ at post-test 1 indicating the
exposure treatment was equivalent. However, there was a significant increase between
post-test 1 and follow-up 1 in measures of fear observed across SUDs, avoidance and
HR change for the MPS and Reinstatement groups but not the Control group.

SUDs Ratings. A significant Design x Time interaction, F(1,47) =6.95, p =<
.01, np?= .23, and a significant main effect of Time, F(1, 47) =24.87, p =< .001, n,>=
.35, and Design, F(1, 47) = 6.24, p = < .05, 1,>= .21, was observed for SUDs ratings.
Within-group post-hoc analyses showed the MPS group and Reinstatement group
reported significantly higher levels of fear at follow-up 1 compared to post-test 1, thus
demonstrating the reinstatement effect following exposure to the CSunext, all #s > 3.19,
ps <.01, ds > .90. For the Control group there were no significant differences in SUDs
ratings between post-test 1 and follow-up 1, #47) = 1.34, p > .05, thus demonstrating
the reinstatement effect did not occur in this group. Between-groups post-hoc analyses
at post-test 1 showed no significant differences for the SUDs ratings between the three
groups, all ts < 1.75, ps > .05. At follow-up 1, the MPS and the Reinstatement group
reported significantly higher levels of fear than the Control group, all ts > 2.75, ps < .05,
ds > .80 and no significant differences were found between the MPS and Reinstatement
group, #(47) =1.05, p > .05.

Avoidance Ratings. Post-test 1 to follow-up 1 analyses showed a significant
Design x Time interaction, F(1, 48) = 12.46, p = < .001, np> = .34, a significant main

effect of Time, F(1, 48) = 65.37, p =< .001, np> = .58, and a main effect of Design, F(1,
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48)=5.75, p = .001, n,> = .25. Within-group post-hoc analyses depicted a significant
increase in avoidance for the Reinstatement and MPS groups between post-test 1 and
follow-up 1, all £ts > 3.72, ps < .01, ds > .95. No significant differences across phases
were found for Control group, #(47) = 0.51, p > .05. Post-hoc analyses conducted
between-groups revealed at follow-up 1 the Reinstatement and MPS groups had
significantly higher avoidance ratings compared to the Control group, all #s > 2.83, ps <
.05, ds > .83. At post-test 1, no significant differences for the SUDs ratings were found
between the groups, all ts < 0.47, ps > .05.

Heart Rate Change. The results for heart rate change showed a significant
Design x Time interaction, F(1, 45) = 7.89, p = .001, n,>= .26, and subsumed under the
interaction, a significant main effect of Time, F(1, 45) = 83.89, p = <.001, n,>= .65,
and Design, F(1, 45)=5.27, p =< .05, n,> = .19. Within-group post-hoc analyses
demonstrated heart rate change scores increased for all the groups from post-test 1 to
follow-up 1, all s > 2.18, ps < .05, ds > .62. Between-group post-hoc analyses showed
heart rate change scores were higher for the Reinstatement and MPS groups compared
to the Control group at follow up 1, all £ts > 2.39, ps <.05, ds > .70. At post-test 1 there
were no significant differences for heart rate change across the groups, all 7s < .14, ps >
.05.

Follow-up 2

A series of 3 x 2 (Design x CS) mixed factorial ANOVAs were conducted for
the dependent variables to determine whether exposure to the CSunext in the MPS
group resulted in significantly lower levels of fear for the CSunext and CSext compared
to the Reinstatement and Control groups. Planned comparisons using #-tests were used
to address the hypotheses and the predicted interaction was examined by comparing the

CSext, and CSunext, separately for each group.
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SUDs ratings. The results for the follow-up 2 analyses for SUDs ratings
revealed a significant Design x CS interaction, F(1, 42) = 11.23, p =<.001, n,>=.35. A
significant main effects for CS, F(1, 42) = 45.69, p < .001, n,*>= .53, and Design, F(1,
42)=16.45, p = .001, n,> = .44, were found. Between-group post-hoc comparisons
showed that the Reinstatement and Control groups reported significantly higher levels
of fear for the CSunext compared to the CSext, all ts > 4.33, ps <.001, ds > 1.21. For
the MPS group no significant differences between the CSext and CSunext were found at
follow-up 2, #(42) = 0.20, p > .05.Within-group post-hoc analyses revealed that there
were no significant differences between the three groups for the CSext at follow-up 2,
all ts > .56, ps > .05, ds = .17. For the CSunext, the MPS group had significantly lower
fear ratings than the Reinstatement and Control groups, all s > 5.96, ps < .001, ds >
1.83. No significant differences were found between the Reinstatement and Control
groups for the CSunext, #42) =1.72, p > .05, d = .53.

Avoidance ratings. Follow-up 2 analyses for avoidance showed a significant
Design x CS interaction, F(1, 42) = 9.45, p = <.001, np> = .30, main effect of CS, F(1,
42)=31.83, p <.001, np> = .43, and main effect of Design, F(1, 42) = 23.86, p = .001,
np> = .92. Post-hoc analyses within-groups indicated that avoidance ratings for the MPS
group did not significantly differ between the CSext and CSunext, #42) =5.07, p > .05,
d = 1.49. In comparing the CSunext and CSext, the Reinstatement and Control groups
had significantly higher avoidance for the CSunext, all #ts > 5.87, ps <.001, ds > 1.81.
The between-group analyses showed that for the CSext there were no significant
differences between the three groups, all s < 1.96, ps > .05. Further, for the CSunext the
MPS group demonstrated higher avoidance than the Reinstatement and Control groups,
all £s > 2.15, ps <.001, ds > 0.96.

HR change. A significant Design x CS interaction was revealed, F(1, 46) =

5.21, p=<.01, np?= .19, in addition to a significant main effect of CS, F(1, 46) = 58.77,
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p <.001, ny>= .56, and Design, F(1, 46) = 11.95, p = .001, np> = .34. For the within-
group analyses, heart rate change scores for the CSext and CSunext did not significantly
differ in the MPS group, #(42) = 1.78, p > .05, and the heart rate change scores were
significantly higher for the CSunext compared to the CSext for both the Reinstatement
and control group, all ts > 5.68, ps <.001, ds > 1.67. Between-group analyses suggested
significantly lower heart rate change scores for the CSext in the MPS group than the
Reinstatement and Control groups, all #s > 4.37, ps <.001, ds > 1.95. The heart rate
change scores for the CSext were not significantly different between the Reinstatement
and control groups, #42) = 0.89, p > .05. In regards to the CSunext, the MPS group had
significantly lower heart rate change scores compared to the Reinstatement and Control
groups, all s > 0.54, ps < .05, ds > 0.24. Again, no significant differences were found
for the CSunext for the Reinstatement and Control groups, #42) = 0.82, p > .05.
Discussion

Consistent with the hypotheses, the findings revealed that reinstatement of fear
can be elicited following exposure to a second untreated feared stimulus in a moderate
to high fearful sample, but that this reinstatement can be attenuated by conducting
exposure to the second feared stimulus. Across the subjective ratings, avoidance ratings
and heart rate change measures, the reinstatement group demonstrated higher levels of
reinstatement of fear compared to the control group, thus supporting the first
hypothesis. The finding that exposure to multifarious stimuli attenuated reinstatement of
fear was demonstrated at follow-up 2 with the MPS group having significantly lower
levels of fear than the Reinstatement and Control groups across all measures for the
extinguished CS and unextinguished CS.

The current findings extend previous work by Halladay et al. (2012), Krisch et
al. (2020) and Rescorla and Heth (1975) by demonstrating that an unextinguished CS

can trigger reinstatement of fear in not only rats and a non-clinical sample, but also
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individuals with multiple moderate to high animal fears. In the present study,
extinguished fear returned following exposure to the unextinguished CS conducted in
the extinction context. Theoretically, the current findings of eliciting conditional
reinstatement can be partially explained by Bouton’s contextual memory model
(Bouton, 1993, 2000). The contextual features of the unextinguished CS may have
retrieved the CS-US association by acting as a reminder of the acquisition context
(Bouton, 1993), as the unextinguished CS had not been presented previously in the
current study.

Neurobiological research may provide further insight into why reinstatement of
fear may occur in preparations such as that used in the present study. In the acquisition
of the fear, contextual information of the CS is processed in the hippocampus and
medial prefrontal cortex which activates the amygdala and triggers the conditioned
response (e.g., fear) and forms the CS-US association (Bouton et al., 2021). The role of
synaptic plasticity in the amygdala is crucial for extinction learning and thus the CS-
noUS association to be learnt (e.g., Bocchio et al., 2017). The contextual cues of the
unextinguished CS in the reinstatement phase may activate the infralimbic neurons to
the amygdala (Laurent & Westbrook, 2009; Marek et al., 2018; Milad & Quirk, 2002)
and this experience of fear may trigger the fear to be reinstated for the extinguished CS,
similar to how stimulating the amygdala has enhanced reinstatement of fear in rats
(Kellett & Kokkidinis, 2004).

In accordance with Krisch et al. (2020), the current finding that exposure to
multifarious stimuli attenuates reinstatement of fear extends the applicability of
reinstatement to individuals with multiple moderate to high animal fears. Reinstatement
of fear was higher in the group that did not undergo exposure treatment to their second
fear and this suggests the importance of conducting exposure to multiple fears. The

conditioned response of fear may be elicited by the unextinguished CS (e.g., the rat may
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bite me) and activate fear in the amygdala and reinstate fear to the primary fear through
activating a similar conditioned response (e.g., the spider may bite me). Further,
exposure to the unextinguished CS may aid the synaptic plasticity of the amygdala and
the learning of the CS-noUS association (i.e., the rat does not bite me). Thus, other
models are relevant to interpret the current findings. The valence-reinstatement theory
(Dirikx, et al., 2004; Dirikx, et al., 2007; Hermans, et al., 2005) may explain conditional
reinstatement as the second untreated fear may be perceived with negative valence and
elicit arousal that triggers the CS-US association. Further research is necessary to
understand the theoretical underpinnings of conditional reinstatement of fear and the
importance of contextual features and affective properties.

The current study contributes to the scarce reinstatement of fear research with
clinical-analogue samples and exposure to multiple fears, supporting the suggestion that
exposure treatment to one fear does not necessarily generalise to other untreated fears
(Burstein et al., 2003; Farrell et al., 2020; Liberman & Smith, 1972; Ost, 1989). The
clinical implications of the present findings are valuable in indicating that untreated
fears and potentially aversive events may be a risk factor for reinstatement of fear
occurring for individuals with multiple fears. The current study adds to previous
research which has highlighted how not only phobia subtype but the number of fears
(Burstein et al., 2012; Curtis et al., 1998; Kendler et al., 1992), may be clinically
meaningful to categorise specific phobia in diagnostic nomenclature such as the DSM
editions (American Psychological Society, 2013).

The current findings suggest clinicians should conduct a comprehensive
assessment if an individual meets criteria for specific phobia and rank order the severity
of the number of fears. Clinicians could administer the Anxiety Disorders Interview
Schedule for DSM-5 (Brown & Barlow, 2014) which is a clinical semi-structured

interview enabling severity ratings of each fear and explores comorbid conditions. To
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maximise the effectiveness of exposure therapy for those experiencing multiple phobias,
different exposure hierarchies could be developed for each fear and if time and access to
stimuli is limited, VRET could be used as homework. The current results highlight the
importance of relapse prevention planning and clinicians should aim to inform clients of
the risk of being triggered by their other fears and be encouraged to continue exposure
therapy for their untreated fears.

A strength of the current study was increasing the ecological validity compared
to previous reinstatement studies by using 360 degree footage of the same spider and rat
used in the VRET and in vivo BAT. However, the generalisability of the study could be
improved by employing a clinical sample of individuals diagnosed with specific phobia
rather than individuals with moderate to high fear. The finding that 14% of the
participants did not successfully complete the final step of the in vivo BAT (instead
completing the second last step) is consistent with previous VRET studies with an in
vivo BAT (Farrell et al., 2020). In interpreting this finding, it could support prior
research that VRET is not as effective in the long term or in eliciting an anxiety
response as in vivo exposure therapy (see Krisch et al., 2018 for a review; Michaliszyn
et al., 2010). Another limitation is that the experimenter was not blind to the conditions
and the same experimenter was used throughout all phases of the study. Future research
should use different experimenters who are blind to the conditions and who treat a
clinical sample of those with multiple specific phobias by conducting exposure in vivo.
Such an approach would enable further investigation of the effectiveness of in vivo
exposure compared to VRET and to increase the generalisability of the findings to
clinical settings. Finally, the present findings are limited to adult participants and further
work is required to examine the generality to younger age groups given the observed

developmental differences in reinstatement (Waters et al., 2017).
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In summary, multiple phobias are more common than single phobias and have a
higher risk of return of fear and have been largely dismissed in the literature. The
present study extended previous research on conditional reinstatement of fear (Halladay
et al., 2012; Krisch et al., 2020; Rescorla & Heth, 1975). Individuals with multiple
moderate to high fears are at risk that an untreated fear will increase the likelihood of
reinstatement. Clinicians are recommended to target other fears during treatment to
reduce the risk of their client experiencing relapse in the future. To enhance the long
term effectiveness of exposure therapy for specific phobia, VRET may also be used as

homework if time and access is limited.
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Chapter 7: Preamble
As highlighted in the previous chapters, an important aim of the current

research project was to extend the reinstatement of fear literature to clinical
samples. In addressing this aim, an N =1 case study was used. The study
involved providing VRET to an individual with multiple animal type phobias
(i.e., phobias to rats and spiders) and it aimed to improve the generalisability of
the research and provide evidence for an intervention that may aid the long-term
effectiveness of exposure therapy for specific phobia. The study is presented in
manuscript format although at the time of this PhD thesis submission it has not

been submitted for publication to a peer reviewed journal.
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Abstract
Individuals with specific phobia fear on average 3 different objects or situations.
Despite this, laboratory-based and clinical-analogue research with specific phobia
samples have focused on single fears. Following successful exposure therapy, many
individuals experience a reinstatement of fear following a fear-provoking encounter.
The current case study aimed to determine whether an untreated fear (i.e., an
unextinguished CS) can elicit reinstatement to an extinguished fear (termed conditional
reinstatement) and whether exposure to this untreated fear can attenuate conditional
reinstatement of fear in an individual with multiple animal type phobias. Diagnostic
severity and status was measured with the Structured Clinical Interview for the DSM-5
(SCID-5, First et al., 2015). Subjective units of distress (SUDs), avoidance during a
behavioural avoidance task (BAT) and heart rate was measured throughout the sessions.
Tau-U analyses of data trend and non-overlap indicated that exposure to a spider (e.g.,
an unextinguished CS) attenuated conditional reinstatement of rats and spiders across all
measures. To reduce reinstatement of fear following successful exposure therapy,
clinicians could comprehensively assess and treat multiple fears using virtual reality

exposure therapy.

Keywords: exposure therapy; reinstatement of fear; case study; multiple phobias; return

of fear; specific phobia
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Introduction

It is estimated that more than 40% of the general population fear one or more
object or situation at some point during their lifetime (Curtis, 1998; Depla et al., 2008;
Oosterink et al., 2009). In the case that this fear becomes persistent, and the fear is
excessive to the threat posed, it is considered a specific phobia (American Psychiatric
Association, 2013). Specific phobias are the most prevalent group of mental health
disorders (Kessler & Wang, 2008; LeBeau et al., 2010; Van Houtem et al., 2013). The
Diagnostic and Statistical Manual for Mental disorders (fifth edition; DSM-5) identifies
five main subtypes of specific phobia: animal-type, natural environment type,
situational type, blood-injury type, and other (American Psychiatric Association [APA],
2013).

The DSM-5 emphasises that most people with specific phobia fear more than
one object or situation (APA, 2013). Wittchen et al. (2003) surveyed 3021 participants
and found that 75% of individuals suffering from specific phobia feared more than one
object or situation and over 50% of feared three or more different phobic objects or
situations. It has been found that those suffering from multiple phobias exhibit elevated
severity and impairment, higher comorbidity with other disorders, reduced treatment-
seeking and lower likelihood of recovery (Burstein et al., 2012; Stinson et al., 2007;
Wardenaar et al., 2017). Despite this evidence, the assessment and treatment of multiple
phobias has received little attention in the literature.

Specific phobias have been found to have a multifaceted etiology (King et al.,
2004; Ollendick & Muris, 2015). Genetic vulnerability, neurobiology, parenting
practices, temperament, direct and indirect conditioning, have all been implicated in
phobia acquisition (see Ollendick & Muris, 2015 for a review). Rachman (1977, 1991)
proposed a model involving three pathways of fear acquisition. Specifically, the

classical conditioning pathway (Pavlov, 1927; Wolpe, 1958) whereby an individual
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encounters a CS paired with an aversive US and results in a conditioned fear response
(e.g., an individual is bitten by a spider). Indirect pathways include how fears and
phobias can be learnt by observing other people’s responses to an object or situation
(e.g., a child modelling their parents fear and avoidance of rats) or by vicarious fear
learning involving viewing information that an object or situation is threatening (e.g.,
watching a television show where a snake bites someone).

Irrespective of how a phobia is acquired, exposure therapy is the most effective
treatment (Craske, 1999; Olatunji et al., 2010; Ost, 1989; Wolpe, 1968). Subsequent to
effective exposure therapy treatment, 35-50% of individuals report a return of anxiety
symptoms which Rachman (1966, 1977) termed return of fear. Reinstatement of fear is
one of the least studied mechanisms of return of fear. Reinstatement of fear can occur
after re-exposure to the unconditional stimulus (US) following successful exposure
therapy (Mertens et al., 2019; Rachman & Whittal, 1989; Rescorla & Heth, 1975;
Shiban et al., 2015; Zbozinek et al., 2015). A clinical example of reinstatement would
be an individual who has overcome their phobia of spiders through exposure therapy
and then has their fear of spiders reinstated after being bitten by a scorpion. Translating
this clinical example to explore the underlying mechanisms of reinstatement in research
has been difficult. It would violate ethics in human research to subject participants to
painful bites and it would be challenging to replicate this phenomenon.

Due to the ethical and practical limitations, reinstatement of fear studies have
been predominately conducted using laboratory-based experiments with animals and
non-fearful human participants (Bouton & Bolles, 1979; Dirikx et al. 2007; Dunsmoor
et al., 2014; Gershman et al., 2013; Halladay et al., 2012; Hermans et al., 2005; Kim &
Richardson, 2007; LaBar & Phelps, 2005; Mertens et al., 2019; Rescorla & Heth, 1975;
Vurbic & Bouton, 2011; Zbozinek et al., 2015). Reinstatement of fear research has not

typically employed clinical samples (Boschen et al., 2009; Haaker et al., 2014; Hermans
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et al., 2005; Neumann, 2008). Halladay et al.’s (2012) and Rescorla and Heth’s (1975;
Exp 2) findings that an unextinguished CS can reinstate the conditioned response to an
extinguished CS in rats demonstrated that other aversive encounters could trigger
reinstatement. Halladay et al. (2012) termed this conditional reinstatement. Extending
these findings could potentially bridge the gap in research between animal and non-
fearful samples to clinical-analogue and clinical samples. A clinical example of
conditional reinstatement is a client who has multiple animal type phobias who has
overcome their fear of spiders by completing exposure therapy and subsequently
experiences an aversive encounter with a secondary untreated fear of rats, reinstating
their initial fear. Therefore, the clinical implications of Halladay et al. (2012) and
Rescorla and Heth (1975) are valuable in suggesting that exposure therapy to the
conditioned response may reinstate fear without necessarily re-experiencing the US and
this increases the likelihood of reinstatement of fear occurring.

To date, research that has specifically treated multiple phobias or included
multiple phobias in the sample has focused primarily on paediatric samples. In studies
involving paediatric samples with comorbid specific phobias (Borstein & Knapp; 1981;
Farrell et al., 2020) and an adult case study of one session treatment for individual
multiple animal type phobias (Ost, 1987), it has been found that treatment effects did
not generalise across the non-treated fears. In Ollendick et al. (2010) and Ryan et al.
(2017) exposure to the primary anxiety disorder did result in a significant reduction to
comorbid phobias up to 6 months post-treatment but participants still remained fearful.
Thus, there is conflicting evidence that successful exposure to a primary fear
generalises to untreated fears for individuals with comorbid phobias during treatment.

While the presence of comorbid phobias has been found to reduce the likelihood

of seeking treatment and the effectiveness of treatment (Burstein et al., 2012; Stinson et
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al., 2007; Wardenaar et al., 2017), there are no studies to date that have explored if
reinstatement of fear occurs for those with multiple phobias. In clinical settings,
treatment for specific phobia tends to focus on treatment for a single phobia due to
limited access to multiple feared stimuli and a lack of affordable long-term treatments.
Given the high rates of those with comorbid phobias, high probability of return of fear
occurring and the importance of continuing to enhance the long-term effectiveness of
exposure therapy, further research is needed to understand whether untreated fears can
reinstate fear to a treated fear.

In addressing this gap in the literature, Krisch et al. (2020) and Krisch et al.
(2021) extended previous laboratory-based research with animals (Halladay et al., 2012;
Rescorla & Heth, 1975; Sokol & Lovibond, 2012). The authors found that an untreated
fear (i.e., unextinguished CS; spider) triggered reinstatement to a successfully treated
fear (i.e., extinguished CS; snake) in non-fearful participants (Krisch et al., 2020) and
moderately to high fearful participants (Krisch et al., 2021). Moreover, Krisch et al.
(2020) and Krisch et al. (2021) demonstrated that reinstatement was attenuated by
conducting exposure to the extinguished CS (termed multifarious stimuli) and
highlighted the use of VRET as a methodology to present multiple fears. However, this
research has limited external validity due to not examining conditional reinstatement
with a clinical sample.

Due to individuals with specific phobia having a preference for VRET compared
to in vivo and the additional control of stimuli provided with virtual reality technology
(Garcia-Palacios et al., 2001; Rothbaum et al., 2000), VRET may be an effective
method to address multiple phobias and reinstatement of fear that may be triggered by
untreated fears (Krisch et al., 2016). Previous studies using VRET and in vivo treatment
for specific phobia have also been predominately limited to single phobias (i.e., Garcia

et al., 2001; Michaliszyn et al., 2010; Minns et al., 2018). For example: Malbos et al.
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(2020) utilised a N = 1 design to examine the effectiveness of treatment for specific
phobia of sharks. The case study demonstrates how clinicians can utilise virtual reality
technology for stimuli which are difficult and expensive to access in vivo. However, the
study was also limited by relying solely on self-report measures. Krisch et al. (2020)
and Krisch et al. (2021) employed VRET and used self-report, physiological and
behavioural measures of fear. However, the studies by Krisch et al. (2020; 2021) were
limited by not using a clinical sample of individuals suffering from phobia.

The generalisability of prior research has been restricted by not employing a
clinical sample of those with multiple phobias. To the authors’ knowledge there are no
current studies investigating whether conditional reinstatement occurs with those
meeting criteria for multiple phobias. Furthermore, conducting VRET with multifarious
stimuli to reduce conditional reinstatement of fear in a clinical sample is yet to be
investigated. Therefore, the present study aims to examine whether individualised
VRET treatment can reduce conditional reinstatement of fear. The current study
examined whether a modified version of OST VRET treatment can be effective in the
treatment of an individual with comorbid animal-type phobias. In achieving this aim, a
case study method with an individual experiencing multiple phobias was utilised. The
method also allowed for recommendations regarding the long-term effectiveness of
treatment for individuals suffering from multiple phobias to be developed.

Case summary

Evais a 25 year old female who self-referred for treatment due to experiencing
persistent anxiety and avoidance of rats and spiders. A comprehensive assessment was
conducted including a structured clinical interview, behavioural approach task and self-
report measures of her fears of rats and spiders. Based on this assessment, she was
diagnosed with Specific Phobia of two animal types (rats and spiders) and social anxiety

disorder.
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Presenting problems and history
Eva described a persistent and intense fear when encountering rats (domesticated
or undomesticated) and spiders. The fears of rats and spiders led to significant
avoidance and impacted her employment and her leisure time. Eva’s employment is in
community settings where she conducts home visits. During these situations she
described herself as being hypervigilant and avoidant of rats and spiders. Eva described
avoiding places where she had previously seen rats and spiders including her garage and
particular outdoor spaces such as parks. For example, if Eva was to see a spider in one
room of the house she would need someone to remove it or kill it and even then she
would avoid that room for several days.
Assessment and descriptive measures
Apparatus
The phobic stimuli employed were a fancy rat (Rattus norvegicus domestica)
with black and white colouring and measuring 21.86 cm in length and a golden orb
weaver (Nephila edulis) with the length of the body approximately 3 cm and legs
spanning 9 cm. A 13-step graded exposure hierarchy was developed collaboratively
with the client for both the rat and spider. The exposure hierarchy steps were recorded
with a Samsung Gear 360° video camera from a first-person perspective. During the
filming the person wore a laboratory coat, blue pants and blue shoe covers. In order to
increase immersion in the virtual reality context, Eva was requested to wear the same
attire. Eva was presented with the rat and spider for the in vivo behavioural avoidance
tasks (BATs) and in virtual reality through Skybox software and an Oculus rift headset
(see Table 7.1). A box was designed for the study to present the phobic stimuli. It had a
glass viewing screen so Eva could view the animals and it had cardboard sides to
prevent the animals escaping. In addition, sleeves were fixed to the sides of the box for

Eva to place her hands inside. Eva’s heart rate was recorded throughout assessment,
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treatment, and follow-up with a Polar V800 watch. Heart rate change scores were
calculated by subtracting the heart rate during the BATs from baseline at each VRET
session, with positive changes scores indicating higher heart rate during the BATs. Prior
studies have demonstrated the validity of the Polar V800 watch in measuring fear with
the heart rate change parameters (Bandarian-Balooch et al., 2015; Carpenter et al., 2021;
Preusser et al., 2017) and it has been found that heart rate measurements taken with
wearable watches correspond to electrocardiography (ECG) recordings (Giles et al.,
2016).

Table 7.1.

The Steps for the Virtual Reality Exposure Hierarchy and Corresponding In Vivo

Behavioural Avoidance Task for Rats and Spiders

1 Stand 2 metres away while viewing animal in a closed container.
2 Stand 1 metre away while viewing animal in a closed container.
3 Stand 50 cm away while viewing animal in a closed container.

4 Place hands on top of open container while viewing animal.

5 Hands inside sleeves at top of open container.

6 Hold the stick next to animal inside container.

7 Touch the animal with the stick in the open container.

8 Touch animal with gloved hands inside the open container.

9 Hands on table with animal not contained without touching animal.
10 Touch animal on table with gloved hands.

11 Place animal on gloved hands.

12 Place animal on arms.

13 Hold animal on hands close to face.

Structured Clinical Interview for Disorders in the DSM-5 research version
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In assessing whether Eva met criteria for specific phobia and other comorbid
diagnoses, the Structured Clinical Interview for Disorders in the DSM-5 research
version was administered (SCID-5-RV; First et al., 2015). Diagnoses assigned a
Clinical Severity Rating (CSR) of four or above, on a 0 (not present) to 8 (very severe)
scale, are considered clinically significant and 4 and below are considered subclinical
features of the disorder. Eva was rated a CSR score of 7 for her phobia of rats, a CSR
score of 6 for her phobia of spiders and a CSR score of 4 for her social anxiety. As part
of the SCID-5 administration Eva was asked what would be the most difficult in facing
the feared stimuli. Eva indicated her strongest phobic belief was the same for both the
rat and spider. Eva endorsed her fear was that both animals would bite her face and
cause pain. In discussing her fears, Eva outlined how rats and spiders elicited both a fear
and disgust response.

Fear of Spiders Questionnaire and Fear of Rats Questionnaire

The Fear of Spiders Questionnaire (FSQ) and FRQ (FSQ supplanted with the
term rat) were administered to assess Eva’s fears of spiders and rats (Szymanski &
O'Donohue, 1995). The FSQ and FRQ contain 18 items and the total score range of 18
to 126, with the higher the score indicating more fear and avoidance. In previous studies
the cut-off score for a phobia has been a score of 97 on the FSQ representing two
standard deviations above the mean (Garcia et al., 2001) and a score below 65 has been
found to represent meaningful clinical change following treatment (Michaliszyn et al.,
2010).

Avoidance Ratings

The BATs were used to measure Eva’s avoidance of the rat and spider. The
distances in the BAT corresponded to the 13-step gradual exposure hierarchy
collaboratively developed with the client (see Table 7.1) but the BAT was conducted in

vivo. During each BAT, Eva was requested to complete the highest step she was willing
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to and the therapist remained in another room but in Eva’s sight. The scoring of the
BAT was consistent with previous research (Bandarian-Balooch et al., 2015;
Michaliszyn et al., 2010), with each step the client completed resulting in subtracting an
avoidance point such that a higher score on the BAT indicates greater avoidance.
Subjects Units of Distress

During the BATs and exposure treatment, subjective units of distress (SUDS;
Wolpe, 1973) ratings (i.e., 0-100 scale) were recorded to measure self-reported fear and
disgust individually. Higher SUDS ratings reflected more fear and disgust of the spider
or rat. The SUDS ratings were measured on a 100 point scale (0 = no fear/disgust, 25 =
mild fear or disgust, 50 = moderate fear or disgust, 75 = severe fear or disgust, and 100
= very severe fear or disgust). Eva was requested to verbally report both her fear and
disgust before and during each BAT and step of the exposure hierarchies.
The Social Interaction Anxiety Scale

The Social Interaction Anxiety Scale (SIAS) is a 20 item self-report scale
developed to measure social interaction anxiety and has been used to monitor social
anxiety symptoms. Higher scores indicate more issues with social interaction anxiety
and the cut off score has been reported as 36 for detecting the likelihood of social
anxiety disorder (Peters, 2000). There is evidence of clinician-rated severity and the
SIAS being moderately correlated (Brown, et al., 1997). Due to Eva endorsing many
items for social anxiety on the SCID-5 the SIAS was included as a control measure.
The Clinical Anger Scale

The Clinical Anger Scale (CAS) is a valid self-report measure assessing the
psychological symptoms presumed to have relevance in the understanding and
treatment of clinical anger. The CAS was administered in the study as a control measure

across the phases.
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Formulation

Eva reported that her mother modelled fear, anxiety, and avoidance of rats and
spiders to keep Eva safe and to reduce her mother’s own distress during fear provoking
encounters. The avoidance of rats and spiders and subsequent immediate short-term
reduction in fear may have been negatively reinforcing her avoidance behaviours. Eva’s
persistent avoidance could also have maintained a long-term pattern of avoidant
responding that was exacerbated and maintained through lack of opportunities to learn
that her fears are irrational and that she could cope with her fear of rats and spiders. Eva
shared a salient episodic memory that may have contributed to her conditioned fear of
rats through vicarious learning (Rachman, 1977) reporting that around the age of five
years she felt terrified and disgusted seeing a movie scene where a rat chewed through
human flesh.

Eva demonstrated insight into her phobias and was highly motivated to engage
in VRET treatment and not willing to try in vivo exposure. Eva was highly educated,
enjoyed her work, and did not wish for her phobias to continue to impact her life.

Assessment process

Across the study, Eva completed four pre-treatment assessments, treatment
sessions, and four follow-up assessments (see Table 7.2 for how the assessments were
spaced). The study protocol received ethical approval from Griffith University’s ethics
review committee. At the initial pre-treatment assessment, Eva provided her verbal and
written consent to participate in the study and confidentiality was discussed.
Subsequently, the SCID-5 and the self-report questionnaires (e.g., the FSQ, FRQ, SIAS,
CAS) were administered and the SUDS ratings were explained. During the initial
assessment, Eva also completed the step of the in vivo BAT she was willing with both a
spider and rat and her heart rate was recorded. For the following pre-assessment

sessions, Eva completed the self-report questionnaires and the BATs. A treatment
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rationale for exposure therapy and VRET was provided and the exposure hierarchies
were collaboratively developed with Eva.
Treatment, Reinstatement phase and Follow-up

The initial treatment session involved discussing the treatment procedure, and
self-report questionnaires while recording a baseline measure of her heart rate. Attire
including blue gloves, a laboratory coat, pants and shoe covers were provided to Eva to
assist with immersion in the virtual context. The Oculus rift headset was positioned by
the client. Following this Eva completed the VRET with the rat as this was Eva’s
primary phobia and Eva was asked to verbally provide her SUDs ratings for fear and
disgust prior and during each step of the hierarchy. A step was considered completed
once Eva reported a fear level of 20 or lower and Eva indicated she was ready to begin
the next step. The VRET treatment sessions were completed once Eva reached the final
step of the individualised VRET hierarchy for both the spider and rat. Eva’s heart rate
was measured throughout the first and second treatment sessions. A post-test in vivo
BAT with the rat was conducted following VRET for the rat. A reinstatement phase
involved the therapist requesting Eva to select the highest step on the hierarchy she was
willing to complete with the spider in vivo exposure (i.e.,unextinguished CS).
Debriefing on the process of exposure therapy and Eva’s experiences was conducted.
The second treatment session followed the same procedurewith the spider and without
the reinstatement phase and concluded with a BAT for boththe rat and spider.
Debriefing also occurred at the conclusion of the VRET.

The follow-up assessments were conducted at one hour, one week, one month
and two months post the second treatment session. The SCID-5 was administered at the
first post-treatment session. At each follow-up session the self-report questionnaires
(e.g., the FSQ, FRQ, SIAS, CAS) and BATs were conducted with the SUDs ratings and

heart rate recorded.

Results
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The results were analysed with Tau-U calculations. Tau-U is an index used for
analyses in single-case data combining nonoverlap between phases with intervention
phase trend (Parker & Hagan-Burke, 2007; Parker et al., 2011). The current study used
Tau-U analyses across an AB design and visual inspection is used as it is considered an
important factor in single-case data (Brossart et al., 2014; Shadish et al., 2015). Phase A
consisted of 4 data points at pre-treatment and phase B consisted of 4 data points at
follow-up across the heart rate change, CAS, SIAS FSQ, FRQ, SUDS ratings and
avoidance ratings in the BATs. The SCID-5 (First et al., 2015) was re-administered at
the first follow-up to assess if Eva met criteria for specific phobia of rats and spider and
for social anxiety disorder. The CAS and SIAS scores were analysed with Tau-U and
there was no difference between pre-assessment and post-treatment (see Table 7.2),
Tau-Us <-0.17, ps > .17.

SCID-S follow-up

The SCID-5-RV was conducted at follow-up and the results indicated that
following VRET Eva no longer met criteria for specific phobia (rat CSR = 3; spider
CRS = 3). As expected, her social anxiety disorder (CSR = 6) remained unchanged
indicating the treatment did not generalise for comorbid anxiety disorders that were not
targeted in treatment.

Pre-treatment results

The pre-treatment heart rate change scores, FRQ, FSQ, avoidance ratings and
SUDs ratings for the CSext and CSunext were analysed using Tau-U and did not
indicate a significant trend at Phase A, all Tau-Us <-1.13, ps > .05. The pre-treatment
scores were significantly high for both the FRQ and FSQ and met the clinical cut off
scores being above 97 (see Table 7.1). Across the pre-treatment assessments Eva
selected to stand 1 metre from the CS extinguished (i.e., rat) in a closed container (i.e.,

avoidance rating of 12, see Table 7.2). For the CS unextinguished (i.e., spider) at pre-
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treatment Eva was able to stand 1 metre to 50 cm away from the spider in a closed
container (i.e., avoidance ratings of 12-11). In completing the BATs at pre-treatment
Eva reported her SUDS ratings for fear and disgust within the moderate to severe range
for both the rat and spider (see Figure 7.1). Thus, Eva’s pre-treatment results did not

significantly change at baseline across all measures.

Table 7.2.
Eva’s Avoidance ratings (0-10), HR Change Scores, FRQ and FSQ scores, CAS and SIAS Scores between

Initial Assessment and the Final Follow-up Test

Avoidance ratings HR change FRQ FSQ CAS SIAS
Rat Spider Rat Spider
(CSext)  (CSunext) (CSext) (CSunext)

1 month pre-treatment 12 11 27 24 105 99 3 36
3 weeks pre-treatment 12 10 30 23 115 97 3 37
2 weeks pre-treatment 12 12 26 20 111 98 4 36
1 hour pre-treatment 12 11 31 25 117 98 4 36
Post-treatment CSext 2 . 10 - - - - -
Reinstatement . 7 - 22 - - - -
Post-reinstatement 5 . 20 - - - - -
Post-treatment CSunext

(1 hour post) 2 2 17 8 49 64 4 37
Follow-up 1 (1 week post) 2 2 11 10 51 65 3 35
Follow-up 2 (1 month post) 2 2 15 13 52 66 4 36
Follow-up 3 (2 months post) 2 2 15 14 52 66 3 36

Note. HR represents heart rate, FRQ = Fear of rats questionnaire; FSQ = Fear of spiders questionnaire, CAS = Clinical anger scale,

SIAS = social interaction anxiety scale, CSext = extinguished CS, CSunext = unextinguished CS and dashes represents not assessed.
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Follow-up results

Across the follow-up assessments Eva’s heart rate changes scores for the CSext
and CSunext significantly decreased as indicated by a significant non-overlap between
pre-treatment and post-treatment scores at Phase B, both Tau-U’s =-1.00, ps = .02. In
contrasting phase A and phase B scores with trend analyses all heart rate change scores
were significant, both Tau-U’s <-1.00, p’s = .001, suggesting heart rate change scores
had significantly attenuated from pre-treatment to follow-up. The follow-up scores on
the FRQ and FSQ had significantly decreased as indicated by a significant non-overlap
between pre-treatment and post-treatment scores at Phase B, both Tau-U’s = -1.00, ps =
.02. Further, in contrasting phase A and phase B scores with trend analyses the FRQ and
FSQ scores were significant, both Tau-U’s <-1.00, p’s = .001, indicating the scores had
significantly reduced from pre-treatment to follow-up. Eva’s scores at post-treatment
and follow-up were below the clinical cut-off for a phobia on the FSQ and FRQ
(Michaliszyn et al., 2010; see Table 7.2 for scores). For the avoidance ratings the Tau-U
analyses did not indicate a significant trend for phase B for the rat or the spider, Tau-Us
=-1.00, ps = .02, suggesting Eva’s avoidance ratings did not change due to time. Eva’s
avoidance of rats and spiders did not return to pre-treatment levels as indicated by
contrasting phase A and phase B and the significant 100% fear reduction trends, Tau-Us
=-1.00, ps = .001.

The SUDs ratings are presented in more detail than the other measures (see
Figure 7.1). During the reinstatement phase, Eva’s SUDs ratings of fear and disgust
towards the spider (i.e., unextinguished CS) were within the moderate to severe range.
Following the reinstatement phase involving in vivo exposure to the spider Eva reported
an increase in fear and disgust ratings towards the rat (i.e., extinguished CS; see Figure
7.1). The Tau-U analyses could not be used to examine the reinstatement phase. At

follow-up, the Tau-U analyses did not indicate a significant trend for phase B scores for
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the rat or spider, Tau-U’s = -1.00, ps = .02. Specifically, Eva’s self-reported fear levels
did not change due to spontaneous recovery effects. Tau-U analyses contrasting phase A
and phase B scores revealed a significant 100% trend of attenuation for her fear and
disgust of rats and spiders, Tau-U’s =-1.00, p <.001. Thus, Eva’s scores on the
measures administered follow-up indicate reinstatement of fear did not occur.

Figure 7.1.

SUDS of Maximum Fear Across Pre-treatment assessments and Post-treatment

Assessments and Minimum Fear During Steps of Each Hierarchy in Treatment
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Discussion

The current study provides the first reported evidence that an untreated fear may
reinstate fear for a treated fear in an individual who suffers from multiple phobias.
Furthermore, it has shown that VRET can be used to present multifarious stimuli and
attenuate this conditional reinstatement of fear for this population. Across measures of
self-reported fear and disgust, avoidance, clinical interviews, and heart rate change there
was a reliable reduction following the completion of individual VRET hierarchies with

a rat and a spider. Importantly, reinstatement of fear assessed by these measures did not
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occur at the 2 month follow-up. As expected, the findings across the control measures
(e.g., SIAS, CAS) suggested that Eva’s social anxiety and clinical anger symptoms did
not significantly change from baseline to post-treatment. In extending Halladay et al.
(2012), Krisch et al. (2020) and Krisch et al. (2021) and Rescorla and Heth (1975), the
current study highlights that conditional reinstatement of fear occurs and that exposure
to multifarious stimuli can reduce conditional reinstatement of fear in an individual with
multiple animal type phobias. Moreover, the current study has further supported the use
of VRET for addressing the ethical constraints of conditional reinstatement of fear with
a clinical sample.

Consistent with prior research, the present results indicate VRET is an effective
methodology for reducing specific fears (Malbos et al., 2020; Michaliszyn et al., 2010;
Minns et al., 2018) and that exposure treatment to one fear did not generalise to the
other untargeted fear (Borstein & Knapp, 1981; Farrell et al., 2020; Ost, 1987). It is
noted that Eva completed both hierarchies in VRET and progressed to the second last
step of the in vivo BAT rather than to completion. Similarly, participants in previous
VRET studies also did not complete the final step of the in vivo BAT (Farrell et al.,
2020; Krisch et al., 2021), even when the final step involved considerably less
interaction with the animal (e.g., touching inside the cage near a spider in Michaliszyn
et al., 2010). The current findings could reflect that Eva needed further VRET sessions
to completely attenuate her fear and disgust. The case study findings provided further
support for the notion that individuals with specific phobia prefer VRET over in vivo
treatment (Garcia-Palacios et al., 2001; Opris et al., 2012; Rothbaum et al., 2000). At
the beginning of the study, Eva reported she would not wish to undertake in vivo
exposure as she perceived it as more anxiety provoking than VRET. However, at the
end of the study Eva reported feeling more confident to undertake in vivo exposure in

the future. An interpretation of the findings indicate VRET could be used to treat
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secondary fears or be combined with in vivo exposure therapy as an initial step in the
treatment program (Krisch et al., 2016).

Several models could be used to interpret conditional reinstatement. Bouton’s
contextual memory model (Bouton, 1993, 2000, 2002) suggests that exposure does not
destroy the CS-US association from acquisition. Instead during exposure, the CS-noUS
association is learnt and the context determines which is recalled. The present findings
for conditional reinstatement could be explained by how the contextual cues of the
unextinguished CS may have retrieved the CS-US association by serving as a reminder
of the acquisition context (Bouton, 1993). In the test phase these cues enhanced the CS-
US association formed in acquisition to be recalled and thus fear is reinstated. One issue
with this interpretation is that in the case study Eva reported different experiences for
how she acquired her phobias and it is possible that she does not accurately recall the
acquisition contexts. The context for reinstatement and the BAT did share similarities
but did differ by being conducted in VRET and in vivo, respectively. In the SCID-5 Eva
endorsed a similar phobic belief across both spiders and rats which was that both
animals would cause a painful bite to her face. Such beliefs may represent the
conditioned response. Conditional reinstatement may have occurred due to the
contextual cues of the unextinguished CS (i.e., spider) which may have activated the
equivalent conditioned response (i.e., fear from being bitten) and reinstatement of fear
may have occurred to the extinguished CS (i.e., rat).

Further evidence suggesting that the context triggers an affective response that
then leads to reinstatement of fear comes from laboratory research conducted with
animals. Kellett and Kokkidinis (2004) presented a stimulus and stimulated the
amygdala in rats and this resulted in reinstatement of previously extinguished fear.
Neurobiology studies demonstrate the importance of synaptic plasticity in the amygdala

in exposure therapy for the CS-noUS association to be formed (Bocchio et al., 2017)
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and the contextual cues of the unextinguished CS in the reinstatement phase may lead to
amygdala activation and the conditioned response being triggered (Laurent &
Westbrook, 2009; Marek et al., 2018; Milad & Quirk, 2002). Future research is
necessary to understand the theoretical framework for conditional reinstatement of fear.

Clinical applications of the present results could aid in the assessment and
treatment of specific phobias in the context of high rates for comorbid phobias. In terms
of assessing for specific phobia, structured clinical interviews provide a comprehensive
protocol and may increase the likelihood of identifying comorbid specific phobia which
may be overlooked in the diagnostic process. The ADIS-5 and SCID-5 include several
animal type categories (i.e., spiders, snakes, dogs, insects/bees and other (First et al.,
2015; Szymanski & O'Donohue, 1995). However, given that other animal type fears are
common (Van Houtem et al., 2013), in conducting an ADIS-5/SCID-5 the clinician
should aim to list several other fear types to the client (e.g., rats and birds).

For over 50 years there has been extensive evidence that exposure therapy is the
most effective treatment for the anxiety disorders and specific phobia but many
clinicians do not conduct this treatment (Deacon et al., 2013; Pittig et al., 2019).
Psychotherapists have suggested that practicality, negative beliefs, and therapist distress
are barriers which interfere with their willingness to conduct exposure therapy (Deacon
et al., 2013; Pittig et al., 2019). Conducting in vivo exposure therapy has not been
associated with greater harm occurring to the client (see Olatunji et al., 2009), however
VRET is a valuable treatment as psychotherapsists and individuals with anxiety
disorders may be more likely to implement and access this treatment modality. The
present case study provides guidelines on the application of VRET in clinical settings
and due to the affordability of virtual reality technology, psychology private practices
and community settings could provide VRET and provide VRET homework and

consider it in relapse prevention planning.
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A combination of measures of fear including physiological, self-report, and
behavioural were included in the case study contributing to the validity to the findings
(Haaker et al., 2014). The assessments and treatment were delivered by the same
therapist which may have biased the results. A more valid and reliable approach would
be to have independent assessors and therapists blind to the assessment and treatment
timepoints and to include further assessment and post-treatment data points. The follow-
up was completed across a 2 month timeframe and future research should aim to
conduct follow-ups over a longer period. While control measures were included in the N
=1 design, in future, a manipulation for conditional reinstatement could be included in a
larger clinical sample of those with multiple phobias. The research questions could be
investigated in a multiple baseline design or a clinical trial. More broadly, future
research could determine whether return of fear is more common for those with multiple
phobias than a single phobia.

In conclusion, the N = 1 study reported here has provided evidence that conditional
reinstatement as measured by self-report, behavioural and physiological measures of
fear occurs for those with multiple phobias and that it can be reduced by multifarious
stimuli being presented in VRET. The current study continued the translational nature
of return of fear research by bridging the gap between laboratory-based studies of
conditional reinstatement with animals and non-fearful humans (Halladay et al., 2012;
Rescorla & Heth, 1975; Sokol & Lovibond, 2012; Krisch et al., 2020; Krisch et al.,
2021) to a clinical sample of those with comorbid phobias. While having some
limitations relative to in vivo exposure, VRET is a valid approach for addressing the
previous ethical issues of conducting reinstatement research with humans (Boschen et
al., 2009; Haaker et al., 2014; Hermans et al., 2005; Neumann, 2008). Moreover, VRET
may increase the chances of psychotherapists administering this evidence-based

intervention and individuals with specific phobia with historically low treatment
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seeking may be more likely to access VRET. It is recommended that clinicians provide
a comprehensive assessment of the number of phobias through a structured clinical
interview and understand the phobic beliefs. If time and access is inadequate, clinicians
should consider providing VRET for secondary phobias and consider the effects of

conditional reinstatement in relapse prevention planning.
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Chapter 8: Preamble

The general discussion summarises the broader theoretical and clinical
implications and contributions of the research project. The aims of the thesis are
reiterated in accordance with how these were addressed across the research project. A
summary of the integrated findings across the research project are provided and the
theoretical frameworks used to explain the findings are evaluated. The assessment and
treatment of multiple phobias, alternate methods to attenuate reinstatement of fear and
the applicability of the findings to other mental health disorders are outlined as
contributions to the field and future research directions. Strengths, limitations and
specific recommendations for overcoming these limitations are specified. The thesis

concludes with emphasising the clinical relevance of the research program.
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Chapter 8: General Discussion

Overview of Rationale and Aims

Multiple phobias are associated with lower treatment-seeking and recovery rates
compared for sufferers when compared to single phobias (Burstein et al., 2012; Curtis et
al., 1998; Stinson et al., 2007; Wardenaar et al., 2017). While it is more common to
meet criteria for multiple phobias (APA, 2013; Wittchen et al., 2003), there is limited
research into understanding return of fear for those with multiple phobias. Prior to the
current research project being conducted there was little translational research
investigating reinstatement of fear from laboratory studies to clinical studies.
Translational research has significant theoretical and clinical implications for how to
enhance the long-term effectiveness of exposure therapy for specific phobia. In
extending previous work (e.g., Halladay et al., 2012; Rescorla & Heth, 1975; Sokol &
Lovibond, 2012), the present project aimed to answer the research question, can an
untreated fear reinstate fear that has successfully been treated with virtual exposure-
based therapy for individuals with multiple phobias? More specifically, the current
research program aimed to:

1) Examine whether exposure to an unextinguished CS can elicit reinstatement of fear

2) Determine the extent to which exposure to an unextinguished CS can attenuate
reinstatement of fear
3) Extend reinstatement of fear research to human clinical-analogue and clinical
samples

The thesis introduced the topic and rationale for the research project (Chapter 1
and 2) and provided a literature review of VRET research focused on specific phobia
and return of fear (Chapter 3). The methodology from Chapter 3 was then highlighted in
Chapter 4 in which the aims of the research project were described. Subsequently, the

research project addressed the aims in two experimental studies (Chapter 5 and 6) and
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then extended those findings to a case study with an individual suffering from multiple
phobias (Chapter 7). This final chapter synthesises the findings across the research
project and provides the broader theoretical and clinical implications including: the
assessment and treatment of multiple phobias, alternate methods to attenuate
reinstatement of fear and the applicability of the findings to other mental health
disorders. Subsequently, the strengths, the limitations and future research directions
across the research project are discussed and the main points of the thesis are
summarised.
Summary of Findings of Eliciting and Attenuating Conditional Reinstatement
The results across the three studies provided evidence for an unextinguished CS
triggering reinstatement of fear to a previously extinguished CS. The experiment
presented in Chapter 5 found that an excitatory CS which was not presented in the
extinction phase could elicit reinstatement of conditioned heart rate responses and US
expectancy to an extinguished CS in a human non-clinical sample (N = 93).
Furthermore, extinction to the excitatory CS attenuated reinstatement in this study. The
differential aversive conditioning experiment achieved the first and second aims of the
thesis and represented the first step in addressing the third aim by extending previous
laboratory-based findings in the animal literature (e.g., Halladay et al., 2012; Rescorla
& Heth, 1975) to a human non-clinical sample. In aiming to contribute to the limited
clinical-analogue reinstatement research (Rachman & Whittal, 1989; Shiban et al.,
2015), a clinical-analogue experiment using a sample of 50 individuals with moderate to
high fear levels of both spiders and rats was reported in Chapter 6. The clinical-
analogue experiment showed that reinstatement of conditioned heart rate responses,
avoidance ratings, and self-reported fear was triggered to a treated fear (e.g.,
extinguished CS) by exposure to an untreated fear (e.g., extinguished CS).

Subsequently, reinstatement was reduced by VRET to the untreated fear. While the
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clinical-analogue experiment contributed to the translational nature of previous
research, the generalisability was limited by not employing a clinical sample with a
diagnosis of phobia.

The research project concluded with a clinical case study of an individual
experiencing multiple animal type phobias. The individual received individualised
VRET to the primary phobia (e.g., fears of rats), received in vivo exposure to an
untreated fear (e.g., fear of spiders) and subsequently received individualised VRET to
the untreated fear. Visual inspection of the data did demonstrate a reinstatement of
SUDs, heart rate change, and avoidance ratings following exposure to the untreated
fear. However, due to the N =1 design it was difficult to analyse a manipulation of
conditional reinstatement. As expected, the Tau-U analyses revealed that the
individual’s level of fear were not reinstated across the follow-ups.

Taking the three studies together, the conditional reinstatement effect was
produced in a controlled laboratory setting, to a clinical-analogue design with moderate
to high fearful participants, and a case study using an individualised one session VRET
for each animal type phobia. Overall, the three studies offer a further theoretical
understanding of how other aversive events can trigger reinstatement (Halladay et al.,
2012; Rescorla & Heth, 1975; Sokol & Lovibond, 2012) and offers an approach to
reduce the risk of this form of reinstatement.

Theoretical Applications of the Integrated Findings

Several theoretical models have been applied to explain the findings across the
research project. Bouton’s contextual memory model (Bouton, 1993, 2002, 2004;
Bouton & Bolles, 1979) has been utilised to, at least partially, explain the findings of
conditional reinstatement across the research program. The CS-noUS has been proposed
to only be retrieved from memory in the extinction context (Bouton, 1993) and the CS-

US association is relatively context independent and will be retrieved from memory in
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all contexts, except for the extinction context (Bouton, 1993). The findings of
conditional reinstatement could reflect that the CS-US association was retrieved by
similar contextual cues of the unextinguished CS and extinguished CS (e.g.,
unpredictable movements and the participant perceiving they have no control over the
animal). In applying this model, it would be expected to that the attenuation of the
primary fear or extinguished CS (e.g., rat) would generalise to the unextinguished CS
(spider) due to retrieving similar contextual cues and thus the CS-noUS association.
However, this did not occur across the three studies of the research project.

The findings from the current study are also inconsistent with previous
generalisation of extinction findings for how exposure to treated stimuli (i.e., spiders)
partially reduced fear to a conceptually and perceptually related untreated stimuli (i.e.,
cockroaches; Preusser et al., 2017). The similarity between the treated stimuli and
untreated stimuli may explain the differences between the results (Dunsmoor &
Murphy, 2015; Dunsmoor & Paz, 2015), as spiders and cockroaches have been
proposed to be more conceptually and perceptually related than spiders, rats and snakes.
Furthermore, spiders and rats also have distinctions such as animal class (e.g., arachnid
compared to a mammal), and different features (e.g., spiders have an exoskeleton, no
tail and 8 legs compared to rats which have an endoskeleton, a tail, and 4 legs). The
findings presented in Chapter 5 and 6 indicated that the context alone did not elicit
reinstatement, consistent with Halladay et al. (2012). While the role of context has been
useful to explain renewal of fear (Bouton, 1993, 2002) and reinstatement of fear, other
theoretical frameworks may also account for the finding of conditional reinstatement.

In highlighting the affective properties of the stimulus, the valence-reinstatement
theory (Dirikx, et al., 2004; Dirikx, et al., 2007; Hermans, et al., 2005; Zbozinek et al.,
2015) may account for conditional reinstatement. According to this theory, the negative

valence and the physiological arousal level of presenting the unextinguished CS in the
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reinstatement phase may have acted as a reminder of the valence from acquisition and
subsequently retrieved the CS-US association. Valence ratings were not recorded for
any CSs across the studies in this thesis. Accordingly, future research investigating
conditional reinstatement of fear measuring negative valence is required to determine
the theoretical underpinnings. Further support for the affective properties is found in the
neurobiology literature, Kellett and Kokkinidis (2004) demonstrated that stimulating the
amygdala without a stimulus did not trigger reinstatement in rats but presenting rats
with a novel stimulus while stimulating the amygdala resulted in reinstatement of fear.
It may be that both contextual cues and affective properties are necessary to trigger
reinstatement of fear and this appears to be supported in the neurobiology research.

The role of fear and other emotions included in Bouton’s contextual memory
model (Bouton, 1993, 2000, 2004) and within a CBT framework, has been lacking to
some extent. In the case study presented in Chapter 7, the participant’s underlying
phobic beliefs (e.g., animal will cause fear and pain by biting me) were equivalent
across her phobia of rats and spiders. The experience of fear may not only be considered
as an outcome of the conditioned response but integral in triggering reinstatement in
humans. Similar to the phobic belief reported in Study 3, the participants in Hemyari et
al.’s (2020) and Hisa’s (2003) studies stated that the primary fear was due to perceiving
the rats may bite them. In the current study exposure to the secondary fear or
unextinguished CS could have evoked a previous experience of fear and this may be
sufficient to retrieve the CS-US association. Further neurobiology research is integral in
continuing to understand the underlying neural circuitry depending on the context and
affective properties of the stimulus in the reinstatement of fear phenomenon.
Therapeutic approaches that base the techniques on evidence from neurobiology and
consider the role of emotions such as memory reconsolidation or intensive short-term

dynamic psychotherapy may be helpful to understand reinstatement of fear more
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broadly. Taken together, the theoretical frameworks for reinstatement may not be
mutually exclusive (Haaker et al., 2014), and several models may explain the findings
of the current research program (Vervliet et al., 2013).
The Assessment and Treatment of Multiple Phobias and Reducing Reinstatement
The clinical applications of the findings involve conducting a comprehensive
assessment of the number of phobic stimuli and modifying existing treatment
approaches to reduce the likelihood of conditional reinstatement occurring. Given the
importance of assessing for the number of fears (APA, 2013; Wittchen et al., 2002) to
reduce the likelihood of conditional reinstatement, the SCID-5 with CSR ratings and
specific fear questionnaires (e.g., FRQ and FSQ) were administered in the case study as
part of a comprehensive assessment for specific phobia and differential diagnosis. In
previous research, the ADIS-5 and Fear Survey Schedule for Children which measures
children’s fear towards 80 different objects and situations (FSSC; Ollendick, 1983) are
typically administered in paediatric samples with anxiety disorders including specific
phobia (Farrell et al., 2020; Oar et al., 2015; Ollendick et al., 2010).

However, in clinical-analogue studies with adult specific phobia samples, it
appears more common to conduct self-report questionnaires for particular phobias rather
than structured clinical interviews. This may result in a higher probability of inclusion
of comorbid specific phobias and other disorders in adult samples. As previously
mentioned, as the number of phobias increase, specific phobia resulted in reduced
treatment seeking and recovery rates (Burstein et al., 2012; Curtis et al., 1998;

Stinson et al., 2007; Wardenaar et al., 2017). Future studies could consider assessing the
number of fears each participant endorses and measuring any differences in treatment
outcomes or return of fear rates between those with single phobias or comorbid phobias.

A thorough assessment of the number of fears across paediatric and adult samples
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would further our understanding of the efficacy of treatments for those with comorbid
phobias.

Virtual reality has recently been used in treatment in clinical settings, however
virtual reality could be beneficial in the assessment of comorbid phobias and, in turn,
guide treatment planning. For example, clinicians could conduct virtual BATs for an
individual with numerous self-reported fears to establish a behavioural measure to assist
with determining the severity and impairment for each fear. This may assist clinicians to
determine treatment planning for each phobia and provide evidence for prioritising the
primary phobia and subsequently using in vivo or VRET to reduce the secondary fear.
As previously discussed in Chapter 3, if time, cost and/or accessibility to the stimuli is
an issue in treatment, VRET could be used to conduct exposure for the different fears
(e.g., fear of sharks and a blood-injection phobia). Furthermore, due to client preference
for VRET (Garcia-Palacios et al., 2001) compared to in vivo exposure therapy, VRET
may represent a step in the exposure hierarchy planning for multiple phobias.

The findings of the current research project suggest that the treatment of
multiple phobias is important to reduce the chances of reinstatement of fear. In treating
comorbid phobias it is recommended for clinicians to conduct exposure therapy in vivo
for each individual feared object and/or situation. For example, an individual may meet
criteria for a specific phobia for spiders and heights and if feasible the clinician could
develop and conduct separate exposure hierarchies for each fear. In accordance with the
present findings the primary fear should be prioritised in treatment until successful
extinction of the fear has occurred and then the secondary fear should be treated.

The research project suggests that following successful exposure therapy for
specific phobia that the clinician should aim to have relapse prevention planning
sessions. The sessions should incorporate psychoeducation of how encountering other

aversive events or untreated fears could trigger a reinstatement of their original fears.
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Furthermore, suggestions for clients for how to complete exposure in vivo or in virtual
reality at home could be included in the relapse prevention planning. The clinician may
need to conduct booster sessions with multifarious stimuli following treatment if return
of fear occurs. In considering that return of fear and relapse may not be completely
eliminated, treatment programs could emphasise the importance of continuing to find
opportunities to practice exposure therapy and generalise extinction learning.
Modifications to exposure therapy and relapse prevention planning could increase long-
term effectiveness of this treatment.

A Research Paradigm to Test Other Methods of Attenuation

The research paradigm presented in the three studies, which involved presenting
VRET for an unextinguished CS, could be extended to test whether other methods can
reduce standard and conditional reinstatement of fear. In particular, the experimental
paradigm employed across the present studies is more clinically relevant and ethical
than previous approaches (e.g., LaBar & Phelps, 2005; Norrholm et al., 2006; Kattoor et
al., 2012) and could be applied in future research. Alternate methods for reducing
conditional reinstatement were beyond the scope of the thesis. Conducting extinction
gradually (Shiban et al., 2015), and in multiple contexts (Dunsmoor et al., 2014) in
virtual reality has been found to attenuate standard reinstatement of fear and future
research could investigate the possibility that these methods to reduce conditional
reinstatement of fear.

Researchers have investigated more methods to reduce renewal of fear compared
to the other mechanism of return of fear (Bagley & Bandarian-Balooch, 2020; Culver et
al., 2011; Jessup et al., 2020; Olatunji et al., 2017; Schlund et al., 2020; Vansteenwegen
et al., 2007). The methods implemented to attenuate renewal of fear could be applied to
reinstatement of fear. Given that multifarious stimuli can reduce conditional

reinstatement of fear and multiple similar stimuli attenuated renewal of fear (Rowe &
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Craske, 1998; Shiban et al., 2015), it is possible multiple similar stimuli could attenuate
reinstatement. For instance: Shiban et al. (2015) examined the effects of VRET in
multiple contexts and multiple similar stimuli on eliciting renewal of fear and found that
virtual multiple similar stimuli reduced renewal of fear, while virtual multiple contexts
did not. Thus, applying the current research paradigm and investigating the eftects of
multiple similar stimuli on reinstatement of fear may be worthwhile. Furthermore, the
combination of methods did not demonstrate a summation effect (Shiban et al., 2015).
In contrast, a combination of methods has been found to be effective in attenuating
renewal of fear including: multiple extinction contexts and context similarity in humans
(Bandarian-Balooch & Neumann, 2011) and extended extinction and multiple
extinction contexts in rats (Thomas et al., 2009) and in humans (Krisch et al., 2018).
Given that the reinstatement research with fearful and phobic samples has not
sufficiently progressed since Rachman and Whittal (1989), alternative methods of
attenuation may be helpful to reduce the likelihood of standard and conditional
reinstatement occurring for those with specific phobia.
Broader Application of Aversive Events Triggering Reinstatement

The implications of the research project in conjunction with previous studies
(Halladay et al., 2012; Rescorla & Heth, 1975; Sokol & Lovibond, 2012) indicate the
importance of other aversive experiences in triggering reinstatement. Clinical examples
of reinstatement being triggered due to traumatic events have been noted in the
literature. Jacobs and Nadel (1985) described a client who had successfully overcome
his phobia of heights and subsequently experienced a traumatic car accident involving
losing his wife and son. Following this experience of fear his height phobia and several
related fears reappeared. Consistent with the current research project the client in the
above example implies that encountering an untreated fear can reinstate a previously

extinguished fear. An interpretation of this clinical example extends beyond the current
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findings by suggesting an experience of fear during a traumatic event or novel
experience of fear can return an individual’s previous anxiety disorder. The current
findings may suggest that following traumatic experiences phobias could be reassessed
and in the case that fear has returned, a booster session for that fear should be
conducted, as well as addressing any dysfunction associated with the traumatic event.
This client example from the literature implicates the role of fear and how aversive
events can trigger conditional reinstatement of fear in non-phobia disorders.

Relapse is common following successful exposure therapy for numerous
disorders. Return of fear and the Pavlovian conditioning model have been implicated in
social anxiety (Plotkin, 2001; Yeung et al., 2021), panic disorder (Arch & Craske,
2011), obsessive-compulsive disorder (OCD; Abramowitz, & Arch, 2014), PTSD
(Wicking et al., 2016), and substance use disorder (Lay & Khoo, 2021). Taking into
account the high comorbidity rates in mental health disorders (Roca et al., 2009;
Wardenaar et al., 2017), further empirical investigations could extend the current
findings by examining whether conditional reinstatement will occur in other disorders.
It remains to be determined in empirically based studies whether exposure to an
untreated fear can reinstate conditioned responding to a clinical problem associated with
anxiety or fear but is not a phobia. For example: a client who received successful
exposure and response prevention for contamination-related OCD and subsequently
encountered a cockroach (for which they had an underlying phobia for) and the client
then reported an increase in anxiety, obsessions and compulsions. Thus, a broader
research question yet to be answered is if conditional reinstatement can be evoked by
experiences of anxiety and fear in non-phobia disorders.

Strengths
Several strengths of the research project are noted, including the use of clinically

relevant stimuli, control groups and multiple measures of fear. The research project
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employed clinically relevant reinstating stimuli (e.g., immersive real 360 degree footage
of specific animals and in vivo presentations of the animals) as opposed to the majority
of previous reinstatement research which used photographs or videos of neutral faces or
geometric shapes (Dirikx et al., 2004; Dirikx et al., 2007; Dirikx et al., 2009; Dunsmoor
et al., 2014; Hermans et al., 2005; Gazendam & Kindt, 2012; Katoor et al., 2013; Kull et
al., 2012; LaBar & Phelps, 2005, Milad et al., 2005; Norrholm et al., 2006; Sokol &
Lovibond, 2012). Thus, the methodology used in the present study increased the
generalisability to clinical settings (Dunsmoor & Murphy, 2014). The inclusion of
control groups in reinstatement studies with human participants is not common (see
Haaker et al., 2014 for a review). Control groups were implemented in the first
experiment and second clinical-analogue study, therefore increasing the internal validity
of the conclusions. The case study did not include a control participant in the design.
However, control measures were found to have not changed as a function of the
intervention.

Several studies have assessed return of fear solely through self-report measures
(Dirikx et al., 2004; Hermans et al., 2005; Kindt & Soeter, 2013; Kull et al., 2012),
which limits the validity of the findings (Haaker et al., 2014). The use of multiple fear
indices is evidence-based due to the increase of information from various sources
(Lonsdorf et al., 2017) and reflects the conceptualisation of fear as defined by three
response systems (e.g., overt behaviour, verbal-cognitive, and physiological; Lang,
1968). In the present research program, fear was assessed through physiological, and
self-report measures across all 3 studies and 2 out of 3 studies included physiological,
self-report and behavioural measures of fear, which is consistent with some previous
return of fear research (Bandarian-Balooch et al., 2015; Haaker et al., 2013b; Kindt &
Soeter, 2013; Sokol & Lovibond, 2012; Shiban, et al., 2013; 2015).

Limitations and Future Research Directions



REINSTATEMENT OF FEAR 274

Measures of Fear

Despite the multiple psychophysiological measures of fear employed in the
present research project, this may not be consistent with the specific indices used in
previous research. In particular, the physiological measures differ widely in return of
fear research and may result in difficulties replicating and comparing findings (Lonsdorf
et al., 2017). Heart change scores were used in all three studies as the physiological
measure of fear in line with some prior conditioning studies (Bandarian-Balooch et al.,
2015; Culver et al., 2011; Matthews et al., 2015; Neumann & Waters, 2006). Although
skin conductance is the most widely evidenced physiological index, and is found to
assess associative learning and corresponds with other indices of fear learning
(Constantinou et al., 2021; Lonsdorf et al., 2017). It may have been more useful and
consistent with prior research to use skin conductance than heart rate as a physiological
measure of fear.

As discussed previously, neurobiology research has continued to advance our
understanding of reinstatement of fear. Theoretical models can be explicitly tested using
the following neuroimaging techniques: electroencephalography (EEG), functional
magnetic resonance imaging and functional near-infrared spectroscopy. Bouton’s
contextual memory model (Bouton, 1993, 2002, 2004) highlighted how extinction does
not destroy the original fear learning but reflects new learning, and this has been
supported in neurobiology research (Bouton et al., 2021; Myers & Davis, 2002; Quirk
& Mueller, 2008). The neural processes underlying extinction in Pavlovian conditioning
have been found to involve a three-part neural circuit inclusive of the amygdala,
hippocampus and pre-frontal cortex (Bouton et al., 2021). Thus, there are many parallels
between the behavioural and neurobiology research of extinction and theoretical models
can be tested in both types of research. In continuing this research a biobehavioural

model of extinction and return of fear may emerge (Bouton et al., 2021). Portable
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electroencephalogram (EEG) measures could be implemented (which are now more
accessible) to further understand the neural processes underlying extinction and return
of fear (Xu & Zhong, 2018). To compare findings across conditioning studies,
researchers could aim for methodological coherence by implementing consistent
measures of fear, as highlighted in Lonsdorf et al. (2015) and portable measures of EEG
could be used for clinical studies.

Clinical Sample Sizes

The research program employed a moderate sample size in the clinical-analogue
study in Chapter 6 and a N = 1 design with an individual with multiple phobias in
Chapter 7. The findings provide some evidence of eliciting and attenuating conditional
reinstatement in clinical samples. In comparison, testing the hypotheses from the
research project in a larger clinical sample would allow for more accurate and
representative results and would further support the translation of the findings and
implications to clinical settings. The high occurrence of comorbid phobias in the
population (APA, 2013) may aid recruitment of a large clinical sample. Nevertheless, it
has been found that individuals with comorbid phobias are less likely to seek treatment
(Burstein et al., 2012; Curtis et al., 1998; Stinson et al., 2007; Wardenaar et al., 2017)
and this may represent a challenge in recruiting a larger clinical sample size.

Multiple baseline designs may represent the next step in continuing the
translational nature of the current research. Multiple baseline designs conducted
concurrently or non-concurrently provide an ethical alternative to reversal designs and
flexibility and control for novel clinical research to be conducted (Jarrett & Ollendick,
2012; Kazdin, 1980; Watson & Workman, 1981). Given that examining the current
topic involves a specialised population of those with comorbid phobias a multiple
baseline design may be more feasible than a randomised control trial (RCT). Similar to

previous studies investigating treatment of specific phobia using multiple baseline
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designs (Botella et al., 2004; Farrell et al., 2020; Oar et al., 2015; Wald, 2004),
examining whether an untreated fear can trigger reinstatement to a treated fear could be
examined with a larger sample of those with multiple phobias in a multiple baseline
design.
The Lengths of Follow-up

The methodology of return of fear research varies (Lonsdorf et al., 2017) and so
does the length of follow-up tests. In measuring return of fear, longer follow-up tests
would be more representative of long-term treatment effectiveness. Across the research
projects, the time period for the follow-up tests significantly varied. In Study 1 (Chapter
5) conditional reinstatement was examined with non-fearful participants with no follow-
up testing which is consistent with similar research conducted on the same day
(Vansteenwegen et al., 2007) or 24 hours later (Dunsmoor et al., 2014; Shiban et al.,
2015). In the clinical-analogue study presented in Chapter 6, the follow-up was
conducted 2 weeks post-treatment and in the case study in Chapter 7 several follow-up
tests were conducted with a maximum length of three months post-treatment. The
present research project had shorter follow-up periods compared to return of fear
research, ranging across 24 hours (Shiban et al., 2015), 3 weeks (Rowe & Craske, 1998;
Shiban et al., 2013), 3 months (Michaliszyn et al. 2010), 6 months (Botella et al., 2016;
Emmelkamp, 2002; Hemyari et al., 2020; Maltby et al., 2002), 12 months (Botella et al.,
2004; Rothbaum et al., 2002) and 3 years (Wiederhold & Wiederhold, 2003). In
understanding the research topic the length of follow-up tests are integral to determine
whether reinstatement of fear occurs and longitudinal assessments would be a valuable
future research direction.
The Role of Disgust

The present research project examined reinstatement of fear for multiple animal

type phobias. However, disgust is an emotion that has been implicated in the animal
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subtype of specific phobia (Olatunji & Deacon, 2008; Thorpe & Salkovskis, 1998;
Tolin et al., 1997). Disgust is an emotion involving revulsion towards contamination
(Olatunji et al., 2010) and a mechanism of disease avoidance (Oaten et al., 2009). In
comparing non-fearful participants, spider-fearful participants demonstrated
significantly increased fear and disgust responding to spiders (Olatunji & Deacon, 2008;
Thorpe & Salkovskis, 1998; Tolin et al., 1997). Important to the current research
project, Edwards and Salkovskis (2006) found exposure to a spider led to a return of
self-reported fear and disgust ratings but exposure to a disgust-eliciting stimulus
resulted in higher disgust ratings but not fear ratings. Disgust sensitivity has been found
to be higher for those with spider fears (Armfield & Mattiske, 1996; De Jong &
Merckelbach, 1998; Sawchuk et al., 2000; Thorpe & Salkovskis, 1998; Tolin et al.,
1977). The majority of research on disgust and anxiety disorders is focused on spider
phobia and blood-injection phobia.

While rats have been associated with a cross-cultural disgust response due to
disease avoidance (Davey et al., 1998), rats have not received much attention in the
literature. The handling of rats is necessary in many educational programs and research
careers especially in medicine and thus further research could examine this type of
phobia (Hemyari et al., 2020). Despite the growing evidence of the role of disgust in
spider, rat and snake fears it was not considered in Study 1 (Chapter 5) or Study 2
(Chapter 6). However, in the final study (Chapter 7) SUDS ratings were recorded for
fear and disgust across the VRET hierarchies. While the role of disgust was beyond the
scope of the thesis, it could be argued that disgust had an influence on the reinstatement
effects in Study 1 and Study 2. In future reinstatement of fear research with multiple
animal type phobias, disgust could be measured during the BATs as seen in Chapter 7,
pilot testing could be conducted to determine if one animal is more disgust-eliciting

than others, and global disgust sensitivity could also be measured.
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The Use of VRET Compared to In Vivo Exposure Therapy

The VRET methodology in the research project was necessary to overcome the
ethical challenges inherent in conducting reinstatement of fear research in clinical
samples. Nonetheless, as highlighted in Chapter 3, the findings of the literature review
demonstrate that further research may be needed to elucidate if VRET is equivalent in
effectiveness to in vivo exposure therapy in the long-term. The completion rates of in
vivo BATs following in vivo exposure therapy (Bandarian-Balooch et al., 2015; Oar et
al., 2015; Ost, 1987) appear to be higher than the completion rates of in vivo BATs
following VRET in Study 2 and 3 and previous studies (Farrell et al., 2020). While
acknowledging this may reflect a superiority for in vivo exposure, a meta-analysis has
found that in vivo exposure therapy, VRET, and augmented reality exposure therapy
were similarly efficacious in treating small animal phobias (Suso-Ribera et al., 2019). In
vivo exposure was more effective compared to VRET and augmented reality exposure
therapy in distance covered in the BATs in participants who had higher avoidance
ratings in the pre-treatment BATs (Suso-Ribera et al., 2019), potentially indicating that
those with higher levels of fear may respond to in vivo exposure to overcome avoidance
compared to the other treatment modalities.

As outlined in Chapter 3, HMDs and immersive video footage increase the
ecological validity of the stimuli and thus it was chosen for the research project (Metz,
2015). However, the minimal interactivity with the stimuli has been discussed as a
limitation in Chapter 3, thereby potentially limiting the sense of immersion in the virtual
environment. In improving the immersion of the three studies, hand controls could have
been employed, in turn greater perceived interaction with the stimuli may have led to
increased self-efficacy and coping.

Augmented reality (AR) which combines VR with experiences in vivo allows

for increased immersion for participants. Botella et al. (2016) conducted a RCT which
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examined the efficacy between exposure therapy conducted in AR or in vivo for spider
and cockroach phobia. At post-treatment in vivo exposure led to greater reductions than
AR but there were no differences at follow-up between the treatments (Botella et al.,
2016). The technology used in this study involved 3D virtual spiders and cockroaches
transposed into real time. Augmented reality of anxiety-provoking stimuli could be
implemented for multiple phobias, other anxiety disorders and other mental health
disorders such as OCD and PTSD. As the VR and AR technology continues to progress,
the feasibility and effectiveness of treatments will too.
Conclusion

In overcoming the ethical challenges of eliciting reinstatement of fear in human
participants, the research project narrowed the gap between laboratory-based research
and clinical research. The empirical studies presented in this thesis included a
combination of more controlled laboratory-based research and clinical research which is
integral to improve our understanding of comorbid phobias, reinstatement of fear and
improve existing exposure-based treatments. The literature review and results across the
experiment with non-fearful participants, the clinical-analogue study with moderate to
high fearful participants, and the case study indicate the importance of addressing
comorbid phobias and conducting exposure with multifarious stimuli. Importantly, the
consistency of the novel findings across the laboratory-based and clinical studies is an
approach reflective of the combination of scientific and clinical progress in the wider
research field. Clinicians should conduct a comprehensive assessment of the number of
feared objects and/or situations and treat each individual fear through VRET or in vivo
exposure therapy to reduce the occurrence of conditional reinstatement. Return of fear is
a precursor for relapse and the occurrence of reinstatement of fear following aversive
events could be conceptualised as an opportunity to build resilience and continue to

practice generalising exposure techniques to previously extinguished or new fears.
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There remains great potential to extend the research area by examining conditional
reinstatement and multifarious stimuli in other mental health disorders and alternate
methods to attenuate reinstatement of fear, could optimise the long-term effectiveness of

exposure therapy.
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