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Abstract

This doctoral thesis investigates the complex relationship between mental well-being, cognitive bias
and physical exercise. The introduction of this thesis begins with a perspective of the relationship

between cognitive interpretation bias, physical exercise and mental well-being, specifically anxiety.

The thesis begins with two studies which measure the effect of physical exercise on typical individual’s
interpretation biases and measures of mental well-being. Study three begins to develop an exercise
orientated Cognitive Interpretation Bias Modification (CBM-I) training programme that’s positively
valanced and incorporating a dual method of CBM-I and exercise training against a rest control group.
Study four uses the same methodological paradigm as study three whilst introducing a more robust
control condition and recruiting a high anxiety sample. Study four uses a neutral CBM-I training
program instead of a rest control condition, along with a positive CBM-I training program and physical
exercise and measures the effect of these on interpretation bias and measures of mental well-being.
Study five focuses on developing the neutral CBM-I training in direct contrast to the positive CBM-I
training over the course of two sessions with a high anxiety sample of participants. Study Six and seven
both recruited a high anxiety sample and were the only studies conducted completely online. Study Six
consisted of six sessions of positive or neutral CBM-I training over six weeks. Whilst study seven
consisted of three sessions of positive CBM-I, positive CBM-I & exercise, exercise or neutral CBM-I

training over a three-week period.

The results from these seven studies suggest support for positive CBM-I training which is exercise
valanced and physical exercise for reducing self-report anxiety and depression. Implications for mental
well-being in cases of sub-clinical anxiety are discussed, limitations addressed and future directions

are considered.
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Foreword

This doctoral thesis is written concisely for the purposes of trying to reduce repetition for the
reader. Each chapter is written in the form of an article for publication, whilst details on
methodology are not repeated when previously used and an are therefore signposted as to where

more details can be found.

This research is a collection of seven studies surrounding five main themes; measuring
interpretation bias, modifying interpretation bias, moderate exercise, developing a neutral
interpretation bias training program as a robust control condition and developing an online

interpretation bias modification training program.

The thesis begins with two studies which measure the effect of mild to moderate physical exercise
on typical individual’s interpretation biases and measures of mental well-being. Study one
investigated the effect of a walking exercise protocol on interpretation biases and anxiety and
found a significant reduction in trait anxiety in the walking exercise condition relative to control
condition, but no effect on interpretation bias. Study two investigated the effect of single session
of moderate exercise on a static bicycle and found a significant reduction in interpretation biases,
state and trait anxiety, depression and perceived stress measures in the exercise condition compare

to the control condition.

Study three begins to develop an exercise orientated Cognitive Interpretation Bias Modification
(CBM-I) training programme that’s positively valanced and incorporating a dual method of CBM-

I and exercise training against a rest control group. This is investigated over two sessions of
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positive CBM-I training, combined CBM-I and exercise, exercise and a rest control condition.
Results suggested that there was a significant reduction in perceived stress, which was driven by
the combined CBM-I & exercise condition and the neutral CBM-I condition. There was a
significant reduction in self-report depression which was drive by the exercise condition and the
combined CBM-I & exercise condition, whilst there was no significant effect on cognitive

interpretation bias measures.

Study four uses the same methodological paradigm as study three and seven whilst introducing a
more robust control condition and recruiting a high anxiety sample. Study four uses a neutral
CBM-I training program instead of a rest control condition, along with a positive CBM-I training
condition, a combined CBM-I & exercise condition and physical exercise condition over three
sessions and measures the effect of these on interpretation bias and measures of mental well-being.
Results suggest a significant reduction in trait anxiety driven by the combined CBM-I & exercise
condition and the exercise condition, whilst there were no significant effects on state anxiety,

depression, psychological stress, or interpretation bias.

Study five focuses on developing the neutral CBM-I training in direct contrast to the positive
CBM-I training over the course of two sessions with a high anxiety sample of participants. The
results suggested that trait anxiety reduced in the positive CBM-I group and there was a significant
effect on interpretation biases also. There was a significant correlation between trait anxiety and

interpretation biases in the positive CBM-I group.
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Study six recruited a high anxiety sample and was the first study conducted completely online.
Study six consisted of six sessions of positive or neutral CBM-I training over six consecutive
weeks. The amount of physical activity and exercise was measured throughout the study, but
participants were not encouraged nor discouraged from exercising. There was a significant
reduction in trait anxiety in the positive CBM-I condition relative to the control condition. There
was also a significant reduction in negative interpretation bias in the positive CBM-I condition

compared to the control condition.

Whilst study seven consisted of three sessions of positive CBM-I, positive CBM-I & exercise,
exercise or neutral CBM-I training over a three-week period. Although the paradigm of this study
is similar to that of study three and four, study seven required participants in the exercise and
CBM-I & exercise conditions to complete six sessions of moderate exercise (30 minutes at their
required heart rate, as calculated) twice per week of the study. Furthermore, study seven introduced
an amended Scrambled Sentences Test (SST; measured both cognitively loaded and non-loaded)
which had been used in each study previous, to measure cognitive interpretation bias. The amended
SST was an exercise adjusted version, which implemented exercise orientated sentences to
unscramble alongside the original sentences, which echoes the exercise orientated CBM-I training
programs. The results from study seven suggested that there was a significant effect on state
anxiety however this seemed to be due to an increase in the neutral CBM-I condition. There was
a significant reduction in self-report depression, which was driven by the positive CBM-I condition
and the combined CBM-I & exercise condition. Also, there was first reported a significant effect
relative of session, condition and cognitive loading and this was a significant reduction in the

negative interpretation biases in the positive CBM-I condition and the exercise training condition.
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The results from this collection of seven studies suggest a strong support for the use of positive
CBM-I training and moderate intensity physical exercise for decreasing negative cognitive

interpretation biases and in turn, self-report anxiety and depression.
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Chapter 1 Introduction

1.1 Overview

Primarily research has focused on the benefit of exercise on alleviating depression. However,
attention is also starting to focus on the positive benefits of exercise for alleviating symptoms of
anxiety disorders. Although there are recommendations from healthcare providers for how much
exercise we should participate in to benefit from these positive affects for our wellbeing, a
staggering amount of us fall short of these recommendations. This perspective article provides an
overview of the psychological and physiological mechanisms that underlie the anxiolytic effects
of exercise. This article focuses on anxiety, addresses the associated health risks and synthesizes
pertinent research regarding the effects of exercise on anxiety disorders. Additionally, cognitive
interpretation bias mechanisms of anxiety will be addressed and whether exercise can affect these
cognitive mechanisms will also be discussed. Further implications of exercise as a subjunctive

treatment for anxiety are discussed.

Chapter 1 is currently under review for publication at the Journal of Cognitive Therapy &

Research (please see Appendix A).

1.11 Cognitive Interpretation Bias & Physical Exercise

Anxiety disorders are pervasive mental health conditions and are currently the leading cause of
global years lived with disability (Baxter, Scott, et al., 2014). Anxiety disorders (American
Psychiatric Association, 2013; Stonerock, Hoffman, Smith, & Blumenthal, 2015), such as

generalized anxiety disorder, panic disorder, phobias, as well as closely related stress-related
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disorders such as post-traumatic stress disorder, are associated with a considerable range of
detrimental effects on the individual, including lower quality of life (Mendlowicz & Stein, 2000;
Rebar, Stanton, & Rosenbaum, 2017) and a host of comorbid mental health illnesses (Scott et al.,
2007) and negative symptoms; low self-esteem, lack of self-efficacy, and self-criticalness (Rebar
et al., 2017; Sowislo & Orth, 2013). Increases in both psychological (fear, apprehension) and
physiological (trembling, racing heart rate) symptoms are all common criteria of anxiety disorders.
Both psychological and physiological symptoms can be debilitating for the individual, causing a
host of consequential issues for them in their work, family and social environments (Chisholm et

al., 2016; Mennin, Fresco, Ritter, & Heimberg, 2015).

Most concerning is the finding that cardiovascular disease is three times more prevalent in
individuals with anxiety disorders (Tolmunen, Lehto, Julkunen, Hintikka, & Kauhanen, 2014;
Vogelzangs et al., 2010) and which is associated to premature mortality (Batelaan, Seldenrijk, Bot,
van Balkom, & Penninx, 2016). The societal and financial impacts of anxiety on healthcare are
profound across the Western and Developing World (Chisholm et al., 2016) not only does it impact
our health costs (McCrone, Dhanasiri, Patel, Knapp, & Lawton-Smith, 2008), but is the most
common of mental health issues and holds the most risks to our health and wellbeing (Baxter, Vos,

Scott, Ferrari, & Whiteford, 2014).

Interest has primarily focused on the benefits of exercise for treatment of depression, whilst there
is comparably less interest into the benefits exercise has for anxiety (Krogh, Nordentoft, Sterne,
& Lawlor, 2011). Currently, the treatments offered for individuals with anxiety disorders are
pharmacotherapy treatments such as selective serotonin reuptake inhibitors (SSRIs) (Bartley, Hay,

& Bloch, 2013). Whilst these are arguably effective, they are not without some negative side
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effects such as sexual dysfunction, sedation, nausea, insomnia and withdrawal symptoms (Fava,
Gatti, Belaise, Guidi, & Offidani, 2015). Relying on pharmacotherapy also introduces a higher
risk of relapse after the treatment ceases and is not a long term reliable treatment for anxiety
disorders (Hoffman, Dukes, & Wittchen, 2008). Psychotherapy treatments, such as cognitive
behavioral therapy, are also not without difficulties considering the high cost in implementing the
treatment, the lack of access to qualified therapists and at times patient resistance to psychotherapy
(Kessler & Greenberg, 2002). Furthermore, up to a third of all patients with clinical anxiety
disorders do not respond to SSRI’s or cognitive behavioral psychotherapy treatment (de Vries, de

Jonge, van den Heuvel, Turner, & Roest, 2016; Stubbs, Vancampfort, et al., 2017).

When we address the therapeutic benefits of exercise, there are many mental health disorders that
are responsive as a treatment, including and not limited to depression, anxiety, eating and addictive
disorders. Exercise also reduces a range of systems of chronic pain disorders (Geneen et al., 2017),
age-related cognitive decline, the severity of Alzheimer’s disease (Paillard, 2015), and some
symptoms of schizophrenia (Dauwan, Begemann, Heringa, & Sommer, 2016). Endurance exercise
specifically has been shown to protect against cognitive decline in older adults, in particular

improving executive function and working memory (Barnes, Yaffe, Satariano, & Tager, 2003).

A large population study by De Moor and colleagues investigated the association between
personality traits, exercise, anxiety and depression (De Moor, Beem, Stubbe, Boomsma, & De
Geus, 2006). As predicted they found individuals who frequently exercised were less anxious and
depressed compared to controls. Most interesting were the personality differences in the
exercisers’: they were less neurotic, more extraverted, higher in adventure seeking traits and higher

in disinhibition, all of which considered positive personality traits for resistance from mental ill
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health. However, the casualty of exercise participation and personality traits must be speculated.
It is difficult to establish whether certain personality traits such as extraversion increase how much
exercise an individual participates in, or whether regular exercise affects an individual’s

personality traits and attitudes.

When exercise becomes pathologically compulsive there is an adverse effect on mental health.
Research by Weinstein and colleagues investigated compulsive exercise behaviour in recreational
and professional athletes. They found that professional athletes reported higher levels of
depression than recreational athletes. Furthermore, neither professional nor recreational athletes
presented an association between compulsive exercising and trait anxiety (Weinstein, Maayan, &
Weinstein, 2015). This area of research sheds light on a growing gap in our understanding of this
field; when it comes to mental health benefits of exercise specifically for anxiety, what is the ideal

type, duration, intensity and frequency for optimum benefits?

An insightful meta-analysis revealed that depression was significantly more reduced when
individuals participated in high intensity exercise in comparison to low intensity (Conn, 2010).
Furthermore, Conn found that depression reduced even more so when conducted in a fitness
facility and supervised in comparison to exercise conducted at home and unsupervised. This seems
to suggest that motivation plays an important role when it comes to exercise, if we are to assume
that supervised exercise and exercise in a specific fitness facility promote more intensive and
rigorous activity, and therefore the intensity of the exertion is responsible for the anxiety reduction.
However an extensive review conducted by Salmon (Salmon, 2001) would suggest that exercise
is only beneficial to mood enhancement when it is performed at a manageable level to the

individual. Specifically, for individuals who have a sedentary lifestyle, being encouraged to
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exercise can be unfamiliar, uncomfortable and anxiety provoking in itself.

The introduction of research investigating supervised/unsupervised exercise and exercise in fitness
facilities versus exercise at home, poses a fundamental question of causality. Could this positive
effect of exercise on mental wellbeing be caused by extraneous variables which are being
overlooked? The behavioural activation aspect of exercise encourages social interaction and
therefore interrupts social withdrawal, which is common in anxiety disorders (Asmundson et al.,
2013; Salmon, 2001). Applying this could have substantial effects on reported levels of anxiety
after supervised exercise or exercise in a fitness facility, especially within fitness groups (e.g.
running clubs, group exercise classes) where social interaction and group support is especially
high. It is well established that changing an individual’s self-perpetuating patterns such as social
withdrawal and inaction is crucial to therapeutic benefit (Barlow, Allen, & Choate, 2016).
Behavioural activation is understood as an effective treatment mechanism in the treatment of some
anxiety disorders such as post-traumatic stress disorder (Jakupcak, Wagner, Paulson, Varra, &
McFall, 2010). Exercise may offer individuals with anxiety an opportunity to engage in a distracter
activity, which draws their attention away from negative thoughts that provoke their anxiety
(Chalder et al., 2012; Salmon, 2001; Strohle, 2009). There are some limitations to looking at
exercise as merely a distractor behaviour, for example, if the therapeutic effects of exercise are
primarily a function of interoceptive exposure, then use of exercise as distraction could diminish
the overall effectiveness of exercise as an anxiolytic. Although good methodological practice
would include reminding participants to focus on bodily sensations during exercise as to receive
full benefit of interoceptive exposure, it would be beneficial to establish whether this actually

produces stronger gains than if participants were to be instructed toward a distraction.
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Rose and Parfitt conducted a study using nineteen women in a twenty-minute treadmill exercise
bout at different intensities (Rose & Parfitt, 2007). These were below lactate threshold (LT), at LT
and above LT. Affective valence and activation were monitored before, during and after exercise.
Participants were also asked about why they felt the way they did during each level of intensity.
Results suggested that affect was least positive during the above LT condition and the most
positive during the self-selected and below LT states. This study thus demonstrated that factors
such as focus of concentration, ability perceptions, exercise intensity and outcomes underpin an
effective response to exercise, contributing to the individual differences in emotional responses to

exercise.

The positive effects of exercise are undeniable, but what is it about exercise that produces these
anxiolytic affects? Proposed physiological mediators include changes in serotonin metabolism,
improved sleep, as well as endorphin release and consequent “runner’s high” (Deslandes et al.,
2009; Stathopoulou & Powers, 2006). Psychological factors include enhanced self-efficacy and
self-esteem, reduced interruption of negative thoughts and less rumination (Dowd, Vickers, &
Krahn, 2004), and perhaps the breakdown of muscular armour, the chronic psychosomatic muscle
tension patterns that express emotional conflicts and are a focus of somatic therapies (E. Smith,
2000). Neural factors are especially intriguing. Exercise increases brain volume (both grey and
white matter), vascularization, blood flow, and functional measures (Erickson, Leckie, &
Weinstein, 2014; Talukdar et al., 2017). Studies suggest that exercise induces changes in the
hippocampus including increased neuronogenesis, synaptogenesis, neuronal preservation,
interneuronal connections, and brain-derived neurotrophic factor, which is the same neurotrophic
factor that antidepressants up-regulate (Hall, 2016). Therefore, this could mean that frequent
moderate exercise not only increases positive mood in the brain but can also improve our cognitive

functioning.
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In a study using magnetic resonance imaging (MRI) to examine brain volume, fifty-nine people
aged sixty and seventy-nine were randomly assigned to aerobic or non-aerobic exercise groups (1
hour, three times a week for 6 months). Adults exercising aerobically showed increased brain
volume in frontal lobe regions implicated in higher order processing, attentional control and
memory (Colcombe et al., 2006). Given these neural effects, it is not surprising that exercise can
also produce significant cognitive benefits (Ploughman, 2008). Hillman and colleagues (Hillman,
Erickson, & Framer, 2008) argue that physical activity during childhood may optimize cortical
development promoting lasting changes in brain structure and function in adulthood. Which
suggests even more importance should be placed on children’s physical activity levels, to aid

cognitive development, mental and physical wellbeing into adulthood.

Although anxiety disorders are often differentiated by the specific symptoms of fear and worry,
the basic foundation of vulnerability and general mechanisms of these disorders are common
(Haller, Cramer, Lauche, Gass, & Dobos, 2014). Emotional ‘vulnerability’ is an individual’s
perception of self that is subjected to internal and external dangers over which they have no or
little control to provide a sense of safety (Beck & Haigh, 2014). The cognitive dimension in anxiety
focuses on this notion of vulnerability (Clark & Beck, 2011). In the last three decades or so,
cognitive models of anxiety disorders (and depression) have greatly highlighted the crucial role of
selective information processing in the development and maintenance of emotional

psychopathology (Beck & Clark, 1997).

In this context, clinical and subclinical levels of anxiety are associated with biases in the
predominant and automatic strategic stages of attention (Bar-Haim, Lamy, Pergamin, Bakermans-

Kranenburg, & van 1Jzendoorn, 2007), whilst depression is associated with cognitive biases in the
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later stages (Gotlib et al., 2004; Hallion & Ruscio, 2011; Joormann & D’Avanzato, 2010).
Depression and anxiety are highly comorbid (Brown, Campbell, Lehman, Grisham, & Mancill,
2001). Smith investigated the role of moderate exercise on emotional affect and found that
moderate exercise reduced levels of state anxiety (Smith, 2013). Smith concluded that moderate
exercise has anxiolytic effects and, furthermore, could build resilience to emotionally arousing
threat or negative stimuli, having implications for how positive mood could be potentially
protected by moderate exercise even when individuals are presented with negative imagery. This
effect of emotional resilience had also been reported by Smith (2013) and O’Connor (O'Connor &
Shimizu, 2002). The studies did not investigate any mediating factors between moderate exercise
and emotion, suggesting that this research rested on physiological theory of the physiological
response. This is problematic as there is not enough evidence to establish cause and effect from
these methods and there is no explanation of what occurs in between, in Smith’s study (J. C. Smith,

2013).

Anxiety is also characterised by a negative cognitive interpretation bias (Hallion & Ruscio, 2011;
Mathews & MacLeod, 2005) although evidence for a link between lack of positive imagery and
anxiety is mixed (Morina, Deeprose, Pusowski, Schmid, & Holmes, 2011). Furthermore, the
psychotherapy interventions in place for these anxiety disorders are grounded in cognitive theory
that rest heavily on the assumption that cognitive biases are causally related to symptoms. These
assumptions have been demonstrated and a strong relationship between anxiety, depression and a
variety of negative cognitive biases (attentional, interpretational and memory) is becoming
established in the literature (Mathews & MacLeod, 2005; Vrijsen et al., 2014). Therefore
individuals who suffer with anxiety are therefore likely to have negative cognitive interpretation

biases (Richards, 2004; Richards & French, 1992).
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1.1.2 Current Limitations In The Field

An increasing body of research suggests that physical activity is a moderately effective treatment
for anxiety and depression with an effect size of 0.72 (Mutrie & Faulkner, 2003) but much less
than the most powerful medications and psychotherapies. Studies on the management of anxiety
disorder’s through physical activity, however, have been criticized for involving non-clinical
volunteers, brief follow-ups, inadequate experimenter blinding, and an absence of appropriate
statistical analyses, all of which may all have led to an exaggeration of the effectiveness of exercise
as a treatment for anxiety and depression disorders (Lawlor & Hopker, 2001). However, these
limitations arise in most studies on the management of mental illness as they involve volunteers
and there are certain unavoidable confounds such as participant availability heuristics. Thus, it is
likely that volunteers in these studies tend to be positively inclined towards physical activity,
because otherwise they would not choose to participate (Babyak et al., 2000). It is not clear to what
extent the results of these studies generalize to settings and populations where patients may be less
motivated to participate in exercise programs to address their mental health problems.
Effectiveness studies in community settings and, of course, in countries that do not have these
resources in place are needed to understand the extent to which the results of these trials have

external validity and global applicability.

1.1.3 Implications

However, despite the many mental and physical benefits of exercise, only some 10% of mental
health clinicians recommend it. Such clinicians are unsurprisingly more likely to frequently

exercise themselves (McEntree & Halgin, 1996). A recent review by Way and colleagues provides
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evidence for this. They surveyed three-hundred-and-seventy-five mental health professionals on
attitudes to prescribing exercise to patients (Way, Kannis-Dymand, Lastella, & Lovell, 2018).
They found that 70% of mental health professionals reported they often prescribed exercise for
patients suffering the anxiety, stress and depression, but not for conditions such as schizophrenia,
bipolar disorder or substance abuse disorders. Whether mental health professionals prescribed
exercise to patients with anxiety, stress and depression, largely relied on their understandings of
the patients’ physical barriers to exercise and perspectives, and even the practitioners’ knowledge
of such interventions. Mental health professionals expressed a lack of training in these
interventions, and that barriers such as disinclination of patients and disorganization prevented

them for implementing these interventions (Way et al., 2018).

1.2 Conclusion

Despite the understanding of the positive impact that frequent exercise can have on our bodies,
relationships, cognitive development, mental wellbeing and society in general, only a mere thirty
per cent of western populations engage in regular exercise (Salmon, 2001) and this declines rapidly
over the lifespan (De Moor et al., 2006). Furthermore, once an exercise program in initiated by an
individual for whatever purpose, attrition is high, around thirty per cent dropping off within three
to six months (Conn, 2010; Salmon, 2001). To conclude, there is still scope for research in the
field of mental health and exercise. Future research needs to investigate exercise motivation,
accessibility, exercise setting, frequency, duration, intensity and different variations of exercise to
establish the most efficient exercise techniques for modulating cognitive bias mechanisms and

improving our mental wellbeing.
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Chapter 2 Cognitive Interpretation Bias; The Effect Of A Single Session
Moderate Exercise Protocol On Anxiety And Depression.

2.1 Overview

Research conducted within the Cognitive Bias Modification (CBM) paradigm has revealed that
cognitive biases such as negative cognitive interpretation biases contribute to mental health
disorders such as anxiety (Beard, 2011). It has been shown that exercise reduces anxiety (Ensari,
Greenlee, Motl, & Petruzzello, 2015). Exercise has also been found to reduce negative cognitive
attention biases (Tian & Smith, 2011), however no research to date has investigated the effect of
exercise on cognitive interpretation bias. The key aims of the current project is to investigate
whether moderate exercise reduces self-reported symptoms of anxiety, depression and stress.
Additionally, to establish which intensity of exercise is required to achieve anxiety reduction and

reduce an individual’s negative cognitive interpretation biases.

Study one recruited a healthy sample of adult participants who were randomly assigned to one of
two conditions: a walking exercise protocol or a control condition (n=2x12). Participants
completed anxiety and cognitive interpretation bias measures before and after the walking exercise
or control condition. Those in the walking exercise condition presented less symptoms of trait
anxiety on a measure of state and trait anxiety inventory (STAI), compared to controls relative to

baseline measures following the intervention.
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Study two recruited frequent exercisers who were assigned to an exercise or control condition
(n=2x24). Participants completed anxiety, depression, psychological stress and cognitive
interpretation bias measures before and after the exercise or control condition. Following the
intervention, negative interpretation biases decreased in the exercise condition and stayed stable
in the control condition. The exercise condition also had significantly decreased anxiety,
depression and stress measures after the exercise condition, whilst controls did not. The research
concludes that CBM holds promise for the management of mood disorders and exercise is an

effective accompaniment to psychotherapy.

Chapter 2 is published in the Journal Frontiers in Psychology (Please see Appendix A).

2.2 Introduction

The beneficial effects of acute and chronic exercise on healthy individuals and those with sub-
clinical or clinical anxiety and depression have been well established (Herring, Lindheimer, &
O’Connor, 2014; Stubbs, Koyanagi, et al., 2017) and exercise has been advocated as a treatment
for maladaptive mood and emotional problems (Barbour & Blumenthal, 2005; Otto et al., 2007;
Paluska & Schwenk, 2000; Penedo & Dahn, 2005). Health care providers such as the National
Health Service (NHS) in the UK have advocated exercise interventions independent or in
conjunction with psychological and/or pharmacological therapies for affective emotional problems
(Daley, 2018; Fox, 1999; Saxena, Van Ommeren, Tang, & Armstrong, 2009). Benefits of physical
exercise in a range of physical disorders including diabetes, renal disease and osteoporosis, has
been clearly established (Fentam, 1994). There is also a strong body of evidence regarding the

physiological benefits of regular physical exercise on the human body (Asmundson et al., 2013;
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Salmon, 2001), as well as improved psychological wellbeing (Fox, 1999). Exercise is arguably not
a panacea for mental health problems, however, it can reduce the symptoms of the less severe
cases of anxiety, chronic stress and depression, and in turn could reduce rising health costs

nationally and internationally (McCrone et al., 2008).

Although anxiety disorders are often differentiated by the specific symptoms of their fears, the
basic foundation of vulnerability and general mechanisms of these disorders are common to all
(Mineka, Watson & Clark, 1998). Study of the cognitive dimension of anxiety focuses on this
notion of vulnerability (Clark & Beck, 2011). According to Beck, Emery & Greenberg (2005),
‘vulnerability’ is an individual’s perception of self that is subjected to internal and external dangers
over which they have little or no control to provide a sense of safety. Also, in the last three decades
or so, cognitive models of anxiety disorders and depression have greatly highlighted the crucial
role of selective information processing (so-called ‘cognitive bias’) in the development and
maintenance of emotional psychopathology (Beck & Clark, 1997). However, the effects of
exercise on the processing of threat-related cognitive biases in people with high levels of anxiety

and anxiety disorders are less well understood (Cooper & Tomporowski, 2017).

Physical activity and physical exercise are terms generally used interchangeably, however they are
different concepts. Physical activity is any bodily movement resulting in expending energy
whereas physical exercise is a subset of physical activity that is regular and structured with an
objective to improve health and fitness (Casperson, Powell & Christenson, 1985). Research has
generally focused on formal exercise programmes in terms of its psychological benefits, though
recently cross-sectional studies have consistently shown high self-reported levels of habitual

physical activity to be associated with better mental health (Salmon, 2001). Research into the
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effects of exercise on emotion is predominantly focussed on self-reported measures of anxiety,
stress and depression symptoms or on clinical psychological assessment scales, to evaluate the
effects of exercise after a single bout of exercise, a training programme or affective responses
during exercise (Ekkekakis, 2013; Williams et al., 2008). These experiments have undoubtedly
given insights on benefits of exercise on alleviating moods and there is substantial evidence for
this relationship to be considered as a therapeutic approach in the treatment of anxiety disorders
(Fox, 1999). Previous research by (Hansen, Stevens, & Coast, 2001) and (Salmon, 2001) suggest
that exercise is emotion enhancing when it is performed at a *'manageable level’ for the individual

that is engaged in the activity.

Clinical and subclinical levels of anxiety are associated with biases in the predominant and
automatic strategic stages of attention (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg &
van 1Jzendoorn, 2007), whilst depression is associated with cognitive biases in the later stages
(Gotlib et al., 2004; Hallion & Ruscio, 2011; Joormann & D’Avanzato, 2010). However
depression and anxiety are highly comorbid (Brown, Campbell, Lehman, Grisham & Mancill,
2001) and anxiety has also been associated with negative cognitive interpretation bias as well as
attentional biases. (Hallion & Ruscio, 2011; Mathews & MacLeod, 2005). This proposes another
understanding of anxiety, perhaps it is characterised by attentional bias, the tendency to search for
high risk, threatening or danger to the self, and also interpretation biases which is a tendency to
evaluate present and past situations in negative, rather than benign or positive, manner. Whilst
depression may only be characterised by interpretation biases, which would explain why
individuals with depression commonly ruminate about situations from the past (Krahé, Mathews,
Whyte, & Hirsch, 2016). Furthermore, the psychotherapy interventions in place for anxiety and
depression disorders are grounded in cognitive theory that rest heavily on the assumption that

cognitive biases are causally related to symptoms. These assumptions have been demonstrated and
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a strong relationship between anxiety, depression and a variety of negative cognitive biases
(attentional, interpretational and memory) is becoming established in the literature (Mathews &
MacLeod, 2005; Vrijsen et al., 2014). Individuals who suffer with anxiety or depression are
therefore likely to have negative cognitive interpretation biases (Richards, 2004; Richards &

French, 1992).

Cognitive models of anxiety suggest that there are biased ways of basic information processing
running within the cognitive system that probably are not consciously accessible and these play a
crucial role in experiencing unwarranted manifestation of anxiety (Mathews & MacLeod, 2005).
It is seen that people with anxiety and depression tend towards the negative aspect of ambiguous
situations and are also inclined to interpret such conditions negatively instead of positively.
Negative mood states are frequently related to negative cognitive biases of attention and
interpretation (Rose & Parfitt, 2007). Individuals who suffer with clinical disorders such as
anxiety, stress and depression, frequently exhibit a preferential response towards negative relative
to positive or benign/neutral information and have a tendency to interpret ambiguous situations
and environments negatively rather than positively. There is evidence to suggest that cognitive
biases are rooted in psychological processes in clinical populations; suggesting that anxiety and
stress-related symptoms could be considerably reduced in vulnerable populations if we could
reduce their tendency to make negative cognitive biases and thereby improve mood state (Brosan,
Hoppitt, Selfer, Sillence, & Mackintosh, 2011; Mackintosh, Mathews, Yiend, Ridgeway, & Cook,
2006). In terms of cognitive bias, depression and anxiety are associated with difficulty in
disengaging one’s attention from mood-congruent (negative) self-relevant stimuli. This may be
coupled with attentional avoidance to positive stimuli. Together, these lead to a decrease in
positive mood and increase in negative depressive symptoms (Gotlib et al., 2004; Mathews &

MacLeod, 2005).
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According to Salmon (2001), attention to aerobic exercise has outweighed focus given to non-
aerobic exercises where muscle activity is brief, intense and cannot be maintained. Aerobic
exercise can be defined as an activity involving large muscles, increased heart rate and respiration,
such as swimming, running and aerobic dancing. According to a meta-analysis, there were no
significant differences between the various types of aerobic exercise, the only significant
differences was aerobic having a more positive effect on mood than non-aerobic exercises
(Petruzzello et al, 1991). These studies generally show an improvement in mood after participating
in an aerobic exercise routine. However, a study by Netz & Lidor (2003) demonstrated that non-
aerobic mindful activities can also have positive mood changes. They investigated the
effectiveness of four different physical activity modes (dance aerobics, Feldentrais, swimming and
yoga) on changes in mood. Physical activity modes were compared with a non-activity computer
class, they found that there was an enhancement in positive mood through these low exertion
activities in a single session of exercise. This would suggest that level of exertion is not solely
responsible for improvement and therefore reduction in anxiety and depressive symptoms.
Similarly, Gupta, Khera, Venupati, Sharma & Bijlani (2006) investigated the effect of a short-term
yoga programme on individuals with various diseases, specifically anxiety. Results indicated a
significant reduction in both state and trait anxiety scores after measuring anxiety scores on the

first and last day of the programme.

Smith investigated the role of moderate exercise on emotional affect, using an exercise protocol
and the perceived rated level of exertion scale (PRE; Smith, 2013) to achieve a moderate amount
of exercise enough to be deemed beneficial. Smith found that moderate exercise reduced levels of
state anxiety and concluded that moderate exercise has anxiolytic effects and, furthermore, could
be resistant to emotionally arousing negative/threatening stimuli. This has implications for how

positive mood could be potentially protected by moderate exercise even when individuals are
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presented with negative imagery. This effect of emotional resilience has also been reported by

O’Connor et al. (2000).

Research into the effects of exercise training on cognitive interpretation biases in anxiety,
depression and stress related disorders is sparse and the insight it could lend to our understanding
of the cognitive mechanisms could be valuable. The key aims of the present study is to establish
at which intensity of exercise is required to achieve anxiety reduction and whether this is related
to changes in an individual’s negative cognitive interpretation biases. Furthermore, it will
investigate whether moderate exercise reduces self-reported symptoms of depression and stress.
These research aims will be addressed with two experimental studies. The hypothesis of study one
is that there will be significant decrease in negative interpretation bias whilst under a cognitive
load (remembering a 6-digit number during the task; please see page 19) compared to when not
under a cognitive load and a reduction in anxiety measures in the walking exercise condition

relative to the control condition.
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2.3 Study One

23.1 Methodology

Participants

Twenty-four participants were recruited to take part in this study from the University of Essex,
Colchester U.K, please see participant demographic information by condition in Table 2.1. To be
eligible, healthy individuals who were regularly physically active as ascertained by self-report
were included. Study requirements were that individuals did not exercise for twelve hours prior to
participating and must be fluent in spoken and written English. Participants were told they would
be required to complete a series of questionnaires, and they may or may not be required to
undertake a walking exercise protocol. Ethical approval was granted from the University of Essex

Ethics Committee.

Materials
State and Trait Anxiety

The state and trait components of the State Trait Anxiety Inventory (STAI; Spielberger, 1983)
questionnaire were used to assess global and transient levels of anxiety (please see appendix B).
The STAI assesses apprehension, tensions, nervousness and worry in twenty questions on a 4-
point Likert scale. The first part measures state anxiety; which is an immediate measure of the
participant’s current state of anxiety. The second part is the trait anxiety scale, which measures an
individual’s predisposition for personal anxiety. This scale has been identified as a reliable tool

for assessing anxiety and an individual’s aggregate. Reliability scores of this scale range from 0.65
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to 0.86 for the trait version and 0.16 to 0.62 for the state version (Barnes, Coombes, Armstrong,

Higgins, & Janelle, 2010).

Cognitive Interpretation Bias

The scrambled sentences test (SST; Rude, Wenzlaff, Gibbs, Vane, & Whitney, 2002; Standage,
Ashwin, & Fox, 2010) was used to measure negative cognitive interpretation bias (please see
appendix F). The SST involves unscrambling a list of twenty sentences, this is done in cognitively
non-loaded and cognitively loaded conditions, where the participant is subject to a simultaneous
cognitive load task or not (e.g. remembering a six-digit number). Participants firstly, had the task
explained to them by the researcher and then were asked to complete three practice questions,
which were scored before the participant completed the SST to ensure they understood the task
correctly, the practice question scores were not recorded for further analysis. For the loaded and
non-loaded trials, only those during which the participant correctly recalled the six-digit number
were included for analysis. Participants had four minutes to complete as many of scrambled
sentences as possible. The score of negative or positive responses to the cognitive interpretation
bias tasks were then collected and recorded. This method aims to investigate the tendency of each
individual to interpret ambiguous information either positively or negatively and was measured
before and after the intervention. From the data gathered, a negative interpretation bias score was
calculated, using the formula in Figure 2.1. The SST has been suggested to be reliable at

establishing the existence of a cognitive bias (Rude et al., 2002).

Negative
SST =100 X
Correct

Figure 2.1 Equation For Negative Cognitive Interpretation Bias Score.
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Design

Anxiety measures are assessed using a 2x2 mixed factorial design in which the within-subjects
factor is Time (Session 1 and 2) and the between-subjects factor is condition. The SST data is
analysed with a mixed measures 2x2x2 factorial design: SST-type (Load/NonLoad) x Session
(S1/S2) x Intervention (walking exercise/control condition). The within-subjects variables are
SST-type, and Session, whilst the between-subjects factor is the intervention (walking exercise)

or control condition.

Procedure

Participants were randomly assigned to one of the two conditions: exercise condition (n=12), and
the control condition (n=12). The experiment was split into session one and session two, in-
between the sessions the participants either completed the moderate walking exercise or had thirty
minutes to relax (control condition). The order in which the SST’s were administered were

counterbalanced (load or non-load).

Session One: All participants completed the state and trait versions of the STAI to measure self-
reported anxiety before the experimental and control condition to establish an accurate baseline.
All participants then did the practice SST and completed the first and second measures of
interpretation bias (SST) both cognitively loaded and non-loaded which they had four minutes to

do each set of twenty sentences.

Intervention:

Participants in the exercise condition spent thirty minutes walking at a brisk pace around the

University grounds, and then were invited back into the experiment lab. Participants in the control
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condition spent the thirty-minute period in the experiment lab, the only stipulation was to refrain

from internet use, social media, and not use their mobile phones.

Session Two: All participants then completed different versions of the SST (loaded and non-
loaded) followed by the STAI. Once completed each participant was thanked for their participation

and debriefed.

2.3.2 Results

Preliminary Analysis

Before the full analysis was conducted, preliminary analysis of the data was conducted to
investigate the assumptions of parametric tests; the assumptions of parametric data were not
violated. A One-Way ANOVA was conducted to investigate whether participant’s gender, age,
baseline SST and STAI scores were significantly different between conditions. There were no
significant differences between conditions, therefore one can assume homogeneity between the
conditions, and therefore any difference observed are unlikely due to individual differences

between conditions at the start of the experiment.

Main Effects

The hypothesis was that individuals in the walking exercise condition would decrease in anxiety
(STAI) and negative interpretation bias (SST) measures. There was a significant effect of time on
state anxiety measures F (1)=10.17, p<.005, np?>=.316, but no significant interaction effect of time
x condition F (1)=2.87, p=.10, np*= .116. The interaction between time x condition was

statistically significant for trait anxiety, F (1) =5.02, p <.05, np*=.186 (for means and standard
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deviations please see Table 2.1). A paired samples t-test was used to further investigate this effect,
which revealed that participants in the walking exercise condition significantly decreased in trait
anxiety measures from baseline (M=44.0, SE=3.97) to post-intervention (M=40.41, SE=4.53), ¢
(11) =3.54, p<.005, r=.72, which suggests a large significant effect size. The achieved power of
this analysis was 1-8 = .92. Whilst the control condition remained stable from baseline (38.50,
SD=9.51) to post condition (M=38.16, SD=11.18) ¢ (11) = .32, p=.75. There was no significant
effect of condition on interpretation bias scores (SST) F (1)=.379, p=.54. The data analysis of the
results suggest that there was a significant reduction in trait anxiety in the walking exercise
condition in comparison to the control condition, however there was no effect on interpretation

bias.

Table 2.1 Participant Demographic Information, Mean & Standard Deviation For STAI &
SST By Condition, Study 1.

Baseline; N Mean, Gender Walking Exercise Control Condition
Session 1 Range & SD  Ratio M:F Condition Mean (SD)
Post Age Mean (SD)
condition;
Session 2
Session 1 37.58 (9.22) 33.25(9.88)
STAI- S 12 Walking
. Exercise Walking
Session 2 Condition | Exercise 30.50 (8.74) 31.08 (9.41)
Session 1 Mean:29.50 | Condition 44.0 (13.78) 38.5(9.51)
STAI-T 12 Range: 21- 4:20
Session 2 40 40.41 (15.69) 38.16 (11.18)
SST Session 1 SD: 7.03 30.87 (27.67) 19.64 (19.74)
Cognitively 12
Loaded Cont.rf)l
Session 2 Control Condition 31.18 (28.08) 14.96 (13.81)
SST Session 1 Condition 8:16 26.58 (23.19) 19.50 (15.37)
Cognitively 12 Mean: 28.58
Non- Range: 22-
Loaded Session 2 38 31.16 (29.08) 22.56 (21.91)
SD: 5.45
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2.3.3 Discussion

The findings from study one suggest a significant decrease in self-reported trait anxiety measures
when participants underwent a single session walking exercise protocol. However, the hypothesis
is only partially supported, because there was no significant effect of walking exercise on state
anxiety measures relative to the control condition. Furthermore, walking exercise had no
significant effect on negative interpretation bias measures, both cognitively loaded and non-
loaded, relative to the control condition. The decline in trait anxiety scores post exercise is positive,
although effect of the change was not as significant as seen in state anxiety scores. The control
condition, as predicted did not show significant changes on anxiety responses, suggesting that
being in a state of rest in comparison with engaging in physical exercise, does not affect mood
states. These findings suggest that as little as thirty minutes of low intensity exercise such as
walking can have a positive effect on mental wellbeing, by reducing self-reported trait anxiety.
However, it would seem that more moderate cardiovascular exercise is required to affect an

individual’s cognitive interpretation biases.
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24 Study Two

2.4.1 Introduction

Research has previously investigated the role of cognitive interpretation biases in stress reactivity
(Joormann, Waugh, & Gotlib, 2015; Mackintosh, Mathews, Eckien, & Hoppitt, 2013). However,
research to date has not investigated the effect of cognitive interpretation bias on perceived
psychological stress as an independent factor, despite their being support for a link between clinical
depression and perceived stress (Joormann & Quinn, 2014; Joormann et al., 2015) .Indeed, our
understanding of which psychological mechanisms mediate stress and how they affect mental
health has been unclear (Creswell et al., 2005). Stress is a physiological disruption caused by
tangible or subjective threats, which disrupt an individual’s physical or psychological state and
may be caused by a single or combined physical, physiological and psychosocial conditions
(Iwasaki, 2006; Sapolsky, 2004). The stress response through the Hypothalamic-Pituitary-Adrenal
axis is thought to be a major physiological mechanism in which stress influences one’s health and
cognition (Cohen, Janicki-Deverts, & Miller, 2007; Norman et al., 2011). Previous research has
also found that increased perceived psychological stress correlates with depression (Hammen,
2005; Mazure, 1998). Perceived levels of stress are suggested to be an important factor when
studying the effects of exercise on cognitive biases (Salmon, 2001). Kajtna, Stukovnik and Groselj
(2011) investigated the effect of mood states on experienced levels of stress, they found no
significant correlation between high experienced levels of stress and negative mood-states. This
suggests that the physiological effect of stress has no effect on negative emotions and perhaps no

effect on cognitive biases. This suggests support for the concept that mood enhancement; of which
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elicited form exercise will not affect an individual’s cognitive bias, whilst there is also support to
the contrary (Hallion & Ruscio, 2011). Furthermore various studies have found support for the
notion that those who suffer with clinical depression preferentially encode threatening
interpretations (Mogg & Bradley, 2006; Mogg & Bradley, 2016). However, the evidence is not
clear-cut and others have found no such evidence of negative interpretation bias in depressed

individuals (Bisson & Sears, 2007).

Research into the effects of exercise training on cognitive interpretation biases in anxiety,
depression and stress related disorders is sparse and the insight it could lend to our understanding
of the cognitive mechanisms could be valuable. The key aims of the present study is to establish
at which intensity of exercise is required to achieve anxiety reduction and whether this is related
to changes in an individual’s negative cognitive interpretation biases. Furthermore, it will
investigate whether moderate exercise reduces self-reported symptoms of depression and stress.
These research aims will be addressed with two experimental studies. The second study
hypothesises is that there will be significant decrease in negative interpretation bias whilst
cognitively loaded, and a reduction in depression, stress, and anxiety measures in the moderate

exercise condition relative to the control condition.
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2.4.2 Methodology

Participants

Forty-eight participants were recruited to participate in the study and randomly assigned to either
an exercise or non-exercise (control) condition, for participant demographic information by

condition please see

Table 2.2. Participants were recruited from and the experiment was conducted in, a private
members gym in Colchester, U.K. Eligibility requirements were that individuals must refrain from
cardiovascular exercise twelve hours prior to the experiment (regardless of the intensity) and they
must be fluent in spoken and written English. Participants had to be over eighteen years old and
be regular gym users (twice a week or more) in order to be eligible. Participants were made told
that the research had no affiliation with the gym, nor was there any obligation for them to

participate. Ethical approval was granted from the University of Essex Ethics Committee.

Materials

State and Trait Anxiety and Cognitive interpretation bias (SST) were measured the same as in

study one, please see section 2.3.1.

Depressive symptoms

The revised Beck Depression Inventory (BDI-II; Beck, Steer, & Brown, 1996) was used in this
research because it measures attitudes, characteristics and symptoms associated with depression.

It is a twenty-one item inventory measured with a 4-point Likert scale (please see appendix D).
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The BDI-11 score is calculated by totaling the answers from each questionnaire and scores of

above 30 are indicative of severe depression.

Perceived Psychological Stress

The Perceived Stress Scale (PSS; Cohen, Kamarck, & Mermelstein, 1983) was used to measure
how stressed the participant perceived themselves as being over the past two months (please see
appendix C). Responses on the fourteen-point scale are given on a rating of one (never) to four
(always). The PSS contains questions such as “How often in the past two months have you dealt
successfully with irritating life hassles?”” and is used to measure an individual’s perception of how
they are coping with stressors. Furthermore, this suggests that due to current circumstances an

individual’s perception of their level of coping with stressors can change sporadically.

Design

This experiment used a mixed measures 2x2x2 factorial design; which will be used to analyse the
data collected to investigate hypothesis one; Load/NonLoad X Exercise/Control condition X
Session1/Session2. The within-subjects variable is the cognitively loaded or non-loaded SST, and
session one/session two, whilst the between-subjects factor is the exercise/control condition. The
data analysis approach will use a 2X2 mixed factorial design; in which the within-subjects factor
is Sessionl/Session2 (before & after experimental/control condition), and the between-subjects
factor is exercise/control condition. The Dependent variables are the self-report measures of

anxiety (STAI), stress (PSS), depression (BDI-II, and interpretation bias (SST).
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Procedure

Participants were randomly assigned to the intervention condition (n=24) or the control condition
(n=24) the experiment was split into session one and session two, in-between the sessions the

participants either completed the moderate intensity exercise protocol or had forty minutes to relax.

Session one- Participants completed the STAI, BDI-II, and PSS. They then had four minutes to
complete each SST (the order of which were counter balanced between subjects). Although
participants were for the majority randomly assigned to conditions, a running tally was kept of
gender and the state and trait anxiety scores (STAI) from session one, to allow for a homogenized

sample in both the experimental and control condition.

Intervention: Participants were assigned to either the intervention condition (a moderate exercise
protocol) or the control condition, in which the participants had forty minutes to relax until the
second session of the experiment. The exercise protocol was compliant to current health and safety
regulations as set out by the gym being used. The duration and intensity used was similar to
previous research (e.g. Hansen et al., 2001; Russell et al., 2003), and based on findings that
advocates that 85% of the cardiovascular aerobic heart rate reserve of each individual should be
maintained for 20 to 30 minutes to achieve the desired benefits of aerobic activity (R. T. Barnes et
al., 2010), which was relevant for the aims of this research. This research used a static cycle
machine (York- Fitness-Model-110) in the gymnasium, as this reduces impact on joints and is
safest for the participant, as they remain seated. The static- cycle machine was used to measure
heart rate so that the desired aerobic heart rate that is necessary for the experiment can be
monitored and adhered to respectively. This provided participants with continuous feedback of
their heart rate reserve and when to increase/decrease their aerobic intensity. Heart rate monitors
are recognised to be a reliable and valid measure of measuring exercise intensity and rate of

exertion during aerobic exercise (Janz, 2002). Aerobic heart rate reserve was calculated using the
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formula in Figure 2.2 (Uth, Serensen, Overgaard, & Pedersen, 2004) . The exercise protocol
consisted of a light warm up of low-intensity; which is 20% of heart rate reserve for 5 minutes,
and then increased to 80% heart rate reserve for 30 minutes, then concluded with a ‘cool down’

which was low-intensity pedaling for 5 minutes using 20% heart rate reserve.

R reserve = AR resting — AR maximum

Z=80% of HR reserve

Z+ HR resting = Aerobic Heart Rate

Figure 2.2 Equation For Calculation Of Aerobic Heart Rate (HR=heart rate)

Session two: Participants were invited back into the private consultation room to complete the third
and fourth SSTs (counterbalanced between subjects) followed by the STAI, BDI-II and PSS

questionnaires. Once completed each participant was thanked for their participation and debriefed.

Data Analytic approach

A mixed measures 2x2x2 mixed factorial ANOVA was used to analyse the data collected to
investigate hypothesis one; Load/No Load X Exercise/No Exercise X Sessionl/Session2. The
within-subjects variable is whether the SST was cognitively loaded/non-loaded, and session
one/session two, whilst the between-subjects factor is the moderate exercise/control condition. A
2x2 ANOVA was used to measure the effect of moderate intensity exercise on anxiety, depression
and perceived levels of psychological stress. The within-subjects factor is session one/session two,

whilst the between subjects factor is the exercise/control condition. Post-Hoc analyses in the form
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of Sidaks’s adjustment for pairwise comparisons and paired samples T-Tests were performed on
significant effects and the effect size r calculated (Rosnow & Rosenthal, 2009). Observed power
was calculated for significant Post-Hoc analyses in the form of Apriori power analyses using

‘G*Power’ Software.

2.4.3 Results

Preliminary analysis

Before analysis was conducted, preliminary analysis of the data was conducted to investigate the
assumptions of parametric tests; the assumptions of parametric data were not violated so statistical
analysis could be performed. A One-Way ANOVA was conducted to investigate whether
participant’s gender, age, baseline STAI, BDI-II, PSS and SST scores were significantly different
between conditions. There were no significant differences between conditions, therefore one can
assume homogeneity between the conditions, and therefore any difference observed are unlikely

due to individual differences between conditions at the start of the experiment.

Main Effects

Individuals who participated in the exercise condition decreased in both state and trait anxiety
measures, whilst the control condition remained stable from session one to session two (see table
2). This was exemplified by a significant interaction between time x condition reducing state
anxiety measures, F (1, 46) = 43.78, p<.005, np*= .488, and reducing trait anxiety measures, F (1,
46) = 39.54, p<.005, np*= .462 (see table 2). Paired samples T-Tests revealed that participants in

the exercise condition significantly decreased in state anxiety measures from baseline (M=46.33,
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SE=2.55) to post intervention (M=31.04, SE=1.56), 1 (23) = 6.56, p <.05, r=.80, suggesting a large
effect. Observed power was calculated to investigate this effect size and found 1-8 =.96. They
also decreased significantly in trait anxiety measures from baseline (M=44.42, SE=2.15) to post
intervention (M=33.33, SE=2.18), ¢ (23) = 6.05, p <.001, r =.78, suggesting a large effect.

Observed power was calculated to investigate this effect size and found 1-8 =.95.

Likewise, there was a significant decrease in self-report stress measures in the exercise condition
relative to the control condition (see table 2). Paired samples T-Tests suggest a decrease in stress
measures from baseline (M=31.75, SE=1.04) to post exercise (M=22.29, SE=1.12), # (23) = 6.99,
p <.005, r =.82, suggesting a large significant effect in the exercise condition. Observed power
was calculated to investigate this effect size and found 1-8 =.97. Participants who underwent the
moderate exercise protocol also decreased in self-report depression measures (please see

Table 2.2). Paired samples T-Tests suggest a significant decreased in depression measures from
baseline (M=17.63, SE=1.52) to post exercise (M=6.58, SE=.78), ¢ (23) = 7.81, p > .001, r =.84
suggesting a large significant effect. Observed power was calculated to investigate this effect size

and found 1- =.97.

There was a non-significant effect on interpretation bias scores in either the exercise or control
condition, regardless of whether the SST was cognitively loaded or non-loaded (see

Table 2.2). Considering the main effect is not vastly distant from being statistically significant,
the SST was then analyzed combining both cognitively loaded and non-loaded versions of the
measure using a paired samples T-Test. Furthermore, this suggested that for individuals who
participated in moderate intensity exercise, there was significant decrease in negative

interpretation bias from baseline (M= 62.36, SE=3.66), to post exercise (M= 27.03, SE= 3.58), ¢
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(21)=6.04, p <.005, r = .79, suggesting a large significant effect. Observed power was calculated

to investigate this effect size and found 1-8 =.95.

Table 2.2 Participant Demographic Information, Mean & Standard Deviation For STAI,
PSS, BDI-II & SST Measures By Condition, Study 2.

Baseline; N Mean, Range Gender Moderate Control
Session 1 & SD Age Ratio M:F Exercise Condition
Post condition; Condition Mean (SD)
Session 2 Mean (SD)
Session 1 24 46.33 (12.49) 38.75 (6.74)
STAI- S
Exercise Exercise
Session 2 24 Condition Condition: 31.04 (7.6) 39.58 (5.61)
Session 1 24 Mean:27.79 10:14 44.42 (7.87) 38.42 (7.87)
STAI-T Range: 20-47
Session2 | 24 |  SD:7.30 33.33(10.70) | 40.00 (6.20)
Session 1 24 31.75 (5.11) 25.21 (6.46)
PSS Control Control
Session 2 24 Condition Condition: 22.29 (4.51) 22.54 (5.70)
Session 1 24 | Mean: 25.66 9:15 17.63 (7.44) 12.46 (5.70)
BDI-I1 Range: 19-42
Session 2 24 SD: 6.22 6.58 (3.85) 11.88 (5.60)
SST Session 1 20 Exercise 46.66 (16.63) 45.37 (16.97)
Cognitively Session 2 20 | Condition N=8 42.77 (33.13) | 52.92(22.38)
Loaded Mean:30.12 Exercise
Session 1 20 Range: 20-47 Condition: 79.27 (17.39) 52.18 (25.75)
SST SD: 10.65 1:3
Cognitively Session 2 20 Control 14.53 (6.47) 45.29 (20.01)
Non- Loaded Condition
N=12 Control
Mean: 26.91 Condition:
Range: 19-38 5:7
SD: 5.88
2.4.4 Discussion

The findings from study two suggest that individuals who underwent the moderate exercise

protocol reported significantly lower on both state and trait anxiety measures, relative to those in

the control condition. Furthermore, participants in the moderate exercise condition also reported a
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significant decrease in depression and stress related symptoms relative to those in the control
condition. Participants who underwent the moderate exercise protocol also reduced in negative
interpretation bias scores relative to controls, however this was not specific to the cognitively
loaded condition, which was specified in the hypothesis. When both cognitively loaded and non-
loaded conditions were analyzed combined, it suggested that participants in the moderate exercise
condition presented less negative cognitive interpretation biases from baseline measures, relative

to participants in the control condition.

2.5 General Discussion

The purpose of study one was to further investigate the functions of exercise and mood
enhancement, with a focus of anxiety. The aim was to further our understanding of the relationship
between exercise regimes and self-report anxiety. The interest primarily was to investigate whether
one single session of exercise is sufficient to produce the anxiolytic effects that is well founded.
Furthermore, to investigate whether less intense exercise such as walking can produce the same
mood enhancing effects as a more intense cardiovascular exercise session. The present research
also investigated whether a cognitive load manipulation could have an effect on individual’s
interpretation biases, and whether this produced a more positive or negative representation of an
individual’s interpretation biases. Study two aimed to investigate, whether moderate intensity
physical exercise was necessary to effect cognitive interpretation biases and whether this could
perhaps reduce reported symptoms of stress and depression, as well as anxiety. Study two also
employed a cognitive load manipulation to measure whether individual’s cognitive biases could

in fact be affected by a single bout of moderate physical exercise.
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Needless to say, there is an abundance of research focusing on the longer-term effects of physical
exercise for reducing self-report anxiety however the results of this present study do highlight
some mood enhancing effects after a single session of physical exercise, these effects seem to be
more so with moderate intensity exercise compared to light intensity physical exercise. The
investigation of cognitive interpretation biases was made using the SST, which is administered
both cognitively loaded and non-loaded. It takes concentration to remember the six-digit number,
which decreases the amount of concentration an individual has whilst performing the task,
therefore their attention is distracted from these threat-engaging thoughts which provoke negative
interpretation biases. The underlying logic of this cognitive loading manipulation being that
individuals would find it difficult to suppress these negative thoughts and interpretations during
the cognitive load manipulation, and therefore the cognitive load measure would be a more
accurate representation of an individual cognitive interpretation bias in comparison to the non-
cognitively loaded measure. However, the cognitive load manipulation did not significantly affect
whether the participants presented more positive or negative interpretation biases in either study

one or study two.

Both studies together lend valuable insights from multiple perspectives. They offer further
understanding into the relationship between physical exercise and anxiety reduction on the ground
that regardless of the mode of exercise employed (physical activity, physical aerobic exercise),
there is arguably growing support for the connection between physical exercise and mood
enhancement. It is however, worthy to question what value these single-session intervention
studies can inform us of the benefit of extended exercise programs to clinical patients. The nature
of the methodological design of these two studies (within-subjects) provided sufficient statistical
rigor for the purpose of these two studies. These studies were designed as analogue studies, so it
becomes important for the betterment of our understanding to replicate these studies with a clinical

or subclinical sample, as currently this cannot be generalized to a wider population. There could
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be a greater improvement in these individuals as the scope for reduction in anxiety and depression
could be increased. Whether future research employing similar methodology to that of these two
studies are able to replicate these findings or larger sample sizes differ in responses across

conditions could become more pronounced, remains to be resolved.

In conclusion, the present studies have built upon the current literature and have lent support to
claims that moderate intensity walking and aerobic exercise ameliorate the symptoms of anxiety,
depression and psychological stress. In study two, there were signs that SST (interpretation) could
also be changed. However, the present research investigated a non-clinical sample that have no
previously diagnosed mental health conditions, therefore to what extent this research can be
applied holds promise, but indeed is limited. Given the exciting potential for the use of exercise
and cognitive bias modification in the clinical interventions, more research into this emerging field

is clearly warranted.
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Chapter 3 Developing a CBM-I & Exercise Dual Treatment

3.1 Overview

This chapter synthesises two studies which both investigate the effect of a physical exercise
protocol, cogntive interpretation bias training both seperately and as a combined intervention for
improving mood state. Study three recruited a sample of eighty individuals from a general
population sample and uses a control conditon of rest for thirty minuets. Whilst the fourth study
recruited a moderate anxiety sample of eighty participants, to measure whether those who are more
anxious are more reactive to physical exercise training and cogntive bias modification training.
The control condition uses a neutral valenced cogntive bias modification training program. Both
studies suggest promising benefits of combining physical exercise and cognitive bias modfication

training for improving mood state.

3.2 Introduction

There are fundamental cognitive biases that affect anxiety and depression, specifically negative
cognitive interpretation biases; this is a tendency to evaluate an ambiguous situation in an aversive
manner making it negative (Butler et al., 2015; Rude et al., 2002). Cognitive theories suggest that
negative cognitive biases, or a tendency to process negatively valenced stimuli/events, is
fundamental to the role in the onset and maintenance of anxiety (and depression) (Beck, 2008;
Beck & Clark, 1997; Beck & Haigh, 2014; Mathews & MacLeod, 2005; Rapee & Heimberg,

1997). Such cognitive theories suggest that negative cognitive biases increase the intensity,
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frequency and variety of these negative thoughts, which negatively impact emotions;
consequently, causing the negative symptoms of anxiety and depression to increase (Clark, &
Steer, 1996). There is vast interest in the current literature to modify these cognitive biases to
minimize the symptoms of depression and anxiety which could be applied to a clinical setting to
improve mental health of the population respectively (Hertel & Mathews, 2011; MacLeod &

Mathews, 2012; Smith, 2013).

Negative mood states are frequently related to negative cognitive biases of attention and
interpretation (Rose & Parfitt, 2007). Furthermore, individuals who suffer with clinical disorders
such as anxiety and depression, frequently exhibit a preferential response towards negative relative
to positive, or benign/neutral information. They also tend to interpret ambiguous situations and
environments negatively rather than positively. Thus, there is vast evidence to suggest that
cognitive biases are rooted in functions of those who experience anxiety and stress-related
symptoms and these could be considerably reduced in vulnerable populations (Brosan, Hoppitt,

Selfer, et al., 2011; Mackintosh et al., 2006)

The implications of research within the CBM paradigm is that it holds promise for an innovative
addition to treatment for anxiety, depression and stress disorders (MacLeod & Mathews, 2012).
Furthermore, research into aerobic exercise and its immediate effect of mood enhancement

proposes a promising accompaniment to treatment of anxiety and depression (Daley, 2018).

This second experimental chapter aims to investigate the interaction of physical exercise and
cognitive bias modification training together in improving mood state using both studies three and
four. The third study implores a single session positive CBM-I condition, a rest control condition,

a physical exercise condition and a combined positive CBM-I and physical exercise condition.
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Study three predicts that participants in the CBM-I & Exercise condition will have a greater
decrease in measures of STAI-State, STAI-Trait, BDI-II, PSS, and SST from baseline than the
exercise condition, and CBM-I condition, minimal reduction in questionnaire measures for control

(resting) condition.

Study four investigates a three sessions positive CBM-I and exercise as both separate conditions
and an accumulative condition. Study four also introduces a more robust control condition; a
neutrally valenced CBM-I training condition. Study four follows on to implore a new research
design, in which both the ameliorating effects of moderate exercise and CBM-I being observed on
cognitively loaded, and non-loaded SST, depressive and anxiety symptoms, and perceived
psychological stress. Study four predicts that the combined condition of positive CBM-I and
exercise will be the most effective at reducing negative interpretation bias, measures of STAI

BDI-II, PSS than the other conditions.
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3.3 Study Three

3.3.1 Methodology

Participants

Eighty participants were recruited from an Undergraduate student population from the University

of Essex. Participants were recruited using an online participation and accreditation system

‘SONA”. Participants age, gender and aerobic fitness is detailed in Table 3.1 by condition.

Table 3.1 Participant Demographic Information By Condition, Study 3.

Condition N Age Gender Ratio Resting HR Aerobic HR Reserve
M: F
CBM 20 Mean:18.98 Mean:73.95 Average 165-175
Positive Range:18-22 5:15 Range:60-94 Range 155-180
SD: 0.97 SD: 10.57
Physical 19 Mean:18.57 Mean:79.21 Average 163-175
Exercise Range:18-22 7:12 Range:66-108 Range 140-181
SD: 1.97 SD:11.08
CBM + 21 Mean:18.56 Mean:78.90 Average 165-177
Exercise Range:18-21 5:16 Range:64-94 Range 160-180
SD: 2.86 SD:8.53
Control 20 Mean:18.76 Mean:75.2 Average 165-175
Condition Range: 18-21 8:12 Range:65-89 Range 159-178
SD: 2.22 SD:7.73
Ethics

Participants were recruited though the ‘SONA’ system, where they voluntarily attended a study
appointment which was convenient to their schedule. The Participants were informed of their role
in the study before they consented. They were told they would be required to complete a series of
four questionnaires twice, and they may or may not be required to undertake a moderate intensity

exercise protocol and a computer task. They were also informed of their right to withdraw from
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the study at any time. Ethical considerations of the health and safety of the participant and
researcher in respect of using exercise equipment were considered and minimized by using a static
bicycle for the exercise protocol. Ethical approval was granted from the Psychology Ethics
Committee, under the terms of University of Essex’s Policy and code of practice for the conduct

of research with Human participants.

Materials

Participants were required to attend one session. Participants completed the State-Trait Anxiety
Inventory (STAI; Spielberger, 1983) revised Beck Depression Inventory, BDI-II; (Beck et al.,
1996), and the Perceived Stress Scale PSS; (Cohen et al., 1983) before and after the CBM-I
positive/Physical exercise/CBM-I & Exercise /Rest Control programme before the intervention at
baseline and after post condition. Four Scrambled Sentences Test, two before and two after were
administered. The STAI was the same as used for study one (please see chapter two, section 2.3.1).
The scrambled sentences test (SST; Rude et al., 2002) (please see chapter two, section 2.3.1) was
the same as used for study one and two and the equation used to calculate the score was also the
same (please see Figure 2.1). The BDI-II was the same as used in study two (please see chapter
two, section 2.4.2). The PSS was the same as used in study two (please see chapter two, section

2.4.2).

Participants were assigned to either to CBM-I condition, physical exercise condition, CBM-I &
exercise condition, or to the control condition in which the participants had forty minutes to relax

until the second part of the experiment.
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Cognitive Bias Modification Interpretation Training Condition

The program was developed from a previous CBM-I training program (Mathews & Mackintosh,
2000). On the basis of Mathews and Mackintosh (2000), each scenario had the final word missing
and was emotionally ambiguous up to this point (e.g., “As you are walking down a crowded street
in Cambridge/Essex, you see your new flatmate on the other side. You call out but your flatmate
does not answer. You think that this was because they were—"). The final word always resolved
the ambiguity in a benign way and was presented in an incomplete form on the screen after the
participant had read the preceding scenario (e.g., pr—c-upi-d— “preoccupied”). Participants were
asked to imagine themselves in the situation and to use their image to identify what the incomplete
word was (pressing the down-arrow key as soon as they new). They were then prompted to type
in the first missing letter of this word before the correct complete word (e.g., “preoccupied”) was
presented, and a comprehension question asked them to confirm the interpretation of the scenario
(e.g., “Did your flatmate deliberately ignore your call to her in the street?”). Participants used the
arrow keys to answer yes or no to this question, and they were given feedback (a “Correct” or an

“Incorrect” message) that reinforced a positive interpretation. The next scenario then followed.

Five sets of ten ambiguous scenarios (fifty total), which are trained to be interpreted positively for
the session. The training program gives immediate feedback to participants to ensure the
ambiguous scenarios are interpreted positively. In each set of ten; six focused on exercise anxiety,

two on social anxiety and two on physical anxiety.

Physical Exercise Protocol

The exercise protocol was compliant to current health and safety regulations as set out by the
approved ethics. The duration and intensity used was similar to previous research in order to

assume that the predicted effects will occur from the moderate amount of exercise (Brosan,
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Hoppitt, Shelfer, Sillence, & Mackintosh, 2011; Hansen et al., 2001), whilst still aiming to
minimize the amount of inconvenience or fatigue to the participants as much as possible.
According to previous research that (Barnes et al., 2010) advocates that 85% of the cardiovascular
aerobic heart rate reserve of each individual should be maintained for 20 to 30 minutes to achieve
the desired benefits of aerobic activity, which was relevant for the aims of this research. This
research used a static cycle machine in the sports labs; (Monark Ergonomic Testing Bicycle 874E)
as this reduces impact on joints and is safest for participants as they remain seated. The static-cycle
machine was also used to measure heart rate so that the desired aerobic heart rate that is necessary
for the experiment can be monitored and adhered to respectively. The exercise protocol consisted
of a light warm up of low-intensity; which is 20% of heart rate reserve for 5 minutes, and then
increased to 80% heart rate reserve for 30 minutes, then concluded with a ‘cool down’ which was
low-intensity pedaling for 5 minutes using 20% heart rate reserve. Aerobic heart rate reserve was
calculated using the formula in Figure 2.2 (Uth, Sorensen, Overgaard, & Pedersen, 2004). Heart
rate monitors are suggested to be a reliable and valid measure of measuring exercise intensity

(American College of Sports and Medicine, 2006).

Participant’s in the Exercise and CBM-I & Exercise condition underwent the physical exercise

protocol and CBM-I training program previously detailed in this methodology section.

Design

Independent measures design, The Independent Variable is experimental condition; CBM-I,
Exercise, CBM-I & Exercise or Control condition. The Dependent variables are baseline and post
condition for STAI-State, STAI-Trait, BDI-II PSS, SST cognitively Loaded, and SST Non-

Loaded.
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Procedure

Participants were greeted by the researcher and escorted to labs in the University of Essex
Psychology Department. The experiment was conducted in groups of four participants per session.
Participants were sat in a single computer booth each and did not communicate with each other
throughout. The study was explained to them, and their role clearly defined to them by the

researcher. Participants were then given an information sheet to read and a consent form to sign.

The experiment was split into session one and session two, all on the same day, which one of the
four conditions each participant was indicated their activity between session one and session two.
The order in which the SST were administered were counterbalanced to minimize any effects of
the differences between the four versions of the tests may have on the dependent variables, which

would not otherwise be accounted for.

Session one- Participants completed the first STAI, BDI-II, and PSS. They then had four minutes
to complete each SST. The first two SST’s, which were either first SST loaded, second SST not
loaded, or the participant first SST not loaded, second SST loaded, this was randomly assigned

and counterbalanced.

To investigate the effects of loading a participant’s memory with a six-digit number, on whether
their performance in the SST. Although participants were for the majority randomly assigned to
conditions, a running tally was kept of gender and the state and trait anxiety scores (STAI) from
session one, to allow for a homogenized sample in both the experimental and control condition, so
more reliable inferences could be made from any effects found from the experimental condition

and a more accurate representative sample of the wider population.

Post intervention participants were invited back into the private consultation room to complete the
third and fourth SST, in the same sequence as before (loaded then not loaded, or not loaded then

loaded). The participant then was asked to complete the second STAI, BDI-II and PSS. Once
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completed the participant was thanked for their participation in the study and the nature and aims
of the study were then explained. Participants were then given a debrief form which outlined the
questionnaires they had completed and the researchers contact details, in case they had any further
questions or would like to withdraw. Therefore, the process of informed consent was adhered to
and the participant was given the right to withdraw, fulfilling the requirements of informed

consent.

Data analytic approach

A 4x2 ANOVA was used to analyse the questionnaires, CBM-I/Exercise/CBM-1 &
Exercise/Control, by Session one/Session two. A 4x2x2 mixed factorial ANOVA was also used
for the SST. The within-subjects variable is the load/no load, and baseline/post intervention, whilst
the between-subjects factor is the CBM-I/Exercise/CBM-I & Exercise/Control. Post-Hoc analyses
in the form of paired samples T-tests were performed on significant effects. Observed power was
calculated for significant Post-Hoc analyses in the form of Apriori power analyses using

‘G*Power’ Software.

3.3.2 Results

Preliminary analysis

Before analysis was conducted, preliminary analysis of the data was conducted to investigate
whether assumption of parametric tests had been violated. Assumptions were not violated;

therefore, parametric analysis was conducted. A One-Way ANOVA was conducted to investigate
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whether participant’s resting heart rate, age, baseline STAI, PSS, BDI-II scores were significantly
different between conditions. A Chi-Square test was also conducted to investigate whether gender
was significantly different between groups. These analyses showed there was a significant
difference between the conditions for baseline PSS scores F (3,76)=4.20, p<.01 and baseline BDI
scores 7 (3,76)=2.81, p<.05. There were no significant differences between conditions for STAI,
SST, gender, age or HR Rest, therefore one can assume homogeneity between the conditions with
exception to PSS and BDI measures please see Table 3.1 for participant demographic information

detailed by condition.

Main Effects

This study predicted participants in the CBM-I & Exercise condition will have a greater decrease
in STAI-State, STAI-Trait, BDI-II, & PSS from baseline to post intervention than the exercise
condition or CBM-I condition alone. Furthermore, the three experimental conditions STAI, BDI-
IT & PSS will decrease from baseline to post intervention, whilst the control condition scores will
remain stable from baseline to post intervention. There was a reduction in state anxiety from
baseline to post intervention (please see Table 3.2), which was statistically significant
F(1,73)=7.28, p<.05, u>=.09. However the effect of condition effect was not significant, £(3,73),
p=1.75. There was no statistically significant reduction in trait anxiety measures from baseline to
post intervention (please see Table 3.2) F(1,73), p=.61, nor was there an effect of condition

F(3,73), p=.20.
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Deviation For STAI, BDI-II, PSS & SST Measures By

Baseline; CBM-I Exercise CBM-I & Exercise Control
Post N
condition;
Session 1 40.60 (10.59) | 43.9(16.59) 49.88 (15.33) 40.57 (9.31)
STAI- S 77
Session 2 35.6 (9.33) 37.3 (8.31) 40.88 (10.87) 42.42 (9.61)
Session 1 46.3 (10.62) 45.6 (6.33) 45.83 (11.99) 48.73 (11.17)
STAI-T 77
Session 2 44.75 (11.3) 45.1 (7.18) 43.55 (11.05) 49.10 (13.0)
Session 1 11.2 (2.85) 8.4 (1.63) 9.5 (3.03) 10.21 (2.57)
PSS 77
Session 2 10.95 (2.89) 8.75 (2.44) 7.88 (3.08) 9.73 (2.64)
Session 1 16.65 (9.01) 13.85 (5.28) 22.66 (10.32) 19.68 (13.44)
BDI-II 77
Session 2 14.55 (7.47) 11.8 (5.33) 16.5 (11.49) 19.26 (10.25)
SST Session 1 30.87(19.90) | 34.42 (26.43) 39.44 (24.32) 38.15 (23.72)
CoLgnigvsly Session2 | 76 | 27.99(19.72) | 30.36 (19.53) 38.13 (20.70) 37.90 (22.81)
oaade,
Session 1 29.47 (20.81) | 33.17 (21.76) 39.90 (23.48) 41.13 (31.89)
SST 76
Cognitively Session 2 29.04 (22.73) | 33.32(20.50) 28.29 (19.91) 37.22 (26.13)
Non- Loaded
Effect Of Condition On Depression (BDI-II)
30
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Figure 3.1 Effect Of Condition On Depression (BDI-II), Study 3.
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There was a decrease in depression measures (BDI-II), this was a significant interaction between
time x condition (please see Table 3.2, Figure 3.1) F (3,73)=6.27, p<.001, pu=.20. Post-Hoc
analyses in forms of paired samples T-Tests suggest a significant decrease in BDI-II measures in
the physical exercise condition 7 (19) =3.93, p<.001, » =.66, which suggest a significantly large
effect size, observed power was calculated to investigate this effect size and found 1-8 =.77. There
was a significant decrease in the CBM-I and exercise combined condition ¢ (17) =4.11, p<.001, r
=.70, suggesting a large significant effect, observed power was calculated to investigate this effect

size and found 1-B =77.

There was a decrease in self-report stress (PSS) and this was a significant interaction effect of time
x condition (please see Table 3.2, Figure 3.2), F(3,73)=3.95, p<.05, u*=.12. Paired samples T-Test
suggest a significant reduction in PSS measures in the CBM-I & Exercise condition #17) =3.10,
p<.005, » =.60, observed power was calculated to investigate this effect size and found 1-8 =.64.
There was also a significant effect on the control condition #(18) =2.45, p<.05, r =.50, suggesting

a significant moderate effect.
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Effect Of Condition On Precieved Stress (PSS)

16

expmePositive
CBM-I
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elissExercise
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" xercise
anx@» Control
8
6
4

Baseline Post Training

Figure 3.2 Effect Of Condition On Perceived Stress (PSS), Study 3.

It was hypothesised that participants in the CBM-I and the CBM-I & Exercise conditions will have
a greater decrease in SST cognitively loaded scores, than non-loaded scores from session one to

session two, than participants in the Exercise condition or Control condition.

There was no significant interaction effect between time x condition x cognitive loading,
F(3,72)=1.31, p=.27 (please see Table 3.2). There was also no significant effect of time

F(1,72)=1.90, p=.17, condition F(3,72)=1.67, p=.18, or cognitive loading F(1,72)=.69, p=.40.
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3.3.3 Discussion

The results suggest there was no reduction in state or trait anxiety measures (STAI) relative to
condition as was predicted, there was a significant state effect reducing anxiety overall. There was
significant reduction in self-report depression (BDI-II) relative to condition, and this effect is
driven by the combined CBM-I & Exercise condition and the Exercise condition. This combination
of physical exercise training and positively valenced CBM-I training suggests a significant
reduction in individuals’ depressive symptoms after just one session. Similarly, there is a
significant reduction in self-report psychological stress (PSS), this effect is also driven by the
combined positive CBM-I training and physical exercise condition. This suggest that depressive
self-report measures can be significantly reduced in a general population sample after just two
sessions of positive CBM-I and physical exercise training. Furthermore, there was no significant
reduction in individuals negative bias when they completed a cognitively loaded or non-loaded

SST relative to condition.
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34 Study Four

3.4.1 Introduction

Study three investigates cognitive interpretation bias and exercise as both separate conditions and
an accumulative condition, as well as a rest control condition. The cognitive bias modification
programme was developed in study three and developed to be exercise orientated CBM-I (as
opposed to social and physical anxiety). The cognitive interpretation bias modification training
programme (CBM-I) aims to adapt an individual’s interpretation biases, so that ambiguous

scenarios are interpreted positively rather than negatively.

Whilst study three investigated the effect of one session of positive cognitive bias modification
training, physical exercise training, positive training and exercise combined, or a rest control
condition, on negative bias, self-reported anxiety, depression and stress measures. Study four will
investigate a similar research paradigm, however it implores three sessions of positive cognitive
bias modification training, physical exercise, positive CBM-I training and exercise combined, or

a neutral valanced CBM-I training as a more appropriate control condition.

The hypothesis of the fourth study predicts that participants in the positive CBM-I and the CBM-
I & exercise condition will have a greater decrease in SST cognitively loaded scores, than non-
loaded scores from session one to session three, than participants in the exercise condition or

neutral CBM-I condition. Furthermore, individuals undertaking the positive training and exercise
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will have a greater decrease in self report anxiety, stress and depression measures over the three

independent sessions.

3.4.2 Methodology

Participants

Eighty participants were recruited from an Undergraduate student population from the University
of Essex. Participants were recruited using an online participation and accreditation system
‘SONA”. Participants age, gender and aerobic fitness is detailed in Table 3.3 by condition.
Participants were deemed eligible for the study if they scored six or over on the GAD-7 scale,

suggesting they had a moderate anxiety, as ascertained by self-report.

Table 3.3 Participant Demographic Information By Condition, Study 4.

Condition N Age Gender Ratio Resting HR Aerobic HR Reserve
M:F
CBM-1 20 Mean:19.3 Mean: 76.05 Average 162-175
Positive Range:18-26 10:10 Range: 61-96 Range 150-179
SD: 2.10 SD: 11.50
Physical 20 Mean: 19.85 Mean: 77.65 Average 163-175
Exercise Range:18-27 9:11 Range:60-108 Range 140-181
SD:2.66 SD: 11.90
CBM-I & 20 Mean:19.6 Mean:79.75 Average 165-175
Exercise Range:18-26 12:8 Range: 69-98 Range 155-180
SD: 2.37 SD: 8.47
CBM-1 20 Mean:20.30 Mean: 79.25 Average 161-174
Neutral Range: 18-27 9:11 Range:6 4-94 Range 155-180
SD: 2.20 SD: 8.60
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Ethics

Participants were recruited thought the ‘SONA’ system, where they voluntarily signed up to a
timeslot, which was convenient to their schedule. The Participants were informed of their role in
the study before they consented. They were told they would be required to complete a series of
four questionnaires twice, and they may or may not be required to undertake a moderate intensity
exercise protocol. They were also informed of their right to withdraw from the study at any time.
Ethical considerations of the health and safety of the participant and researcher in respect of using
exercise equipment were considered and minimized by using a static bicycle for the exercise
protocol. Ethical approval was granted from the Psychology Ethics Committee (CODE), under the
terms of University of Essex’s Policy and code of practice for the conduct of research with Human

participants.

Materials

Participants were required to attend three sessions. Participants completed the State-Trait Anxiety
Inventory (STAI; Spielberger, 1983) revised Beck Depression Inventory (BDI-II; Beck et al.,
1996), and the Perceived Stress Scale (PSS; Cohen et al., 1983) at session one, before the
intervention. They then completed the measures again after session one post condition, after
session two post condition and session three post condition. Cognitive interpretation bias (SST)
was measured at baseline previous to condition, and at session three post condition. Participants
were required to complete the Generalised Anxiety Disorder Questionnaire (GAD-7; Spitzer,
Koroenke, Williams, & Lowe, 2006) to initially screen anxiety level of participants, which was an

eligibility criteria (please see appendix E).

Please see chapter one, sections 2.3.1 and 2.4.2 for extensive description of STAI, BDI-II, PSS

and SST measurements.
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CBM- I Positive Interpretation Training

The program was developed and extended from study three to consist of three exercise orientated
CBM-I scenarios (sixty total per session), which are trained to be interpreted positively for each
session. The training program gives immediate feedback to participants to encourage the
ambiguous scenarios are interpreted positively. In each set of ten; six focused on exercise anxiety,
two on social anxiety and two on physical anxiety (sixty total per session). Three individual CBM-

I training programs were developed for use in this research; one for each training session.

CBM-I Neutral Training

The CBM-I Neutral training program was developed for the purposes of the study and is also used
in the next chapter. Similarly, to the positive training, each session consists of six sets of ten
ambiguous yet neutral scenarios (Sixty total per session), which the participants are trained to
interpret, but are not given any feedback to reinforce a positive or negative interpretation. In each
set of ten; six focused on exercise anxiety, two on social anxiety and two on physical anxiety.
Three neutrally valenced CBM programs were developed for use in this research; one for each of
the three training sessions. Similarly, to the positive CBM-I positive training, the neutral training
sessions were each unique to ensure participants couldn’t remember scenarios from the previous

neutral pseudo training session.

Physical Exercise Protocol

Moderate exercise protocol was that of the same used in study three (please see study three, section

3.3.1).
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Participant’s in the physical exercise and exercise and positive CBM-I training condition used the
static bicycles in the sports labs; (Monark Ergonomic Testing Bicycle 874E). This provided
participants with continuous feedback of their heart rate reserve and when to increase/decrease
their aerobic intensity. Heart rate monitors are suggested to be a reliable and valid measure of
measuring exercise intensity (Janz, 2002). Aerobic heart rate reserve was calculated using the

formula in Figure 2.2 (Uth et al., 2004).

Design

Independent measures design, The Independent Variable is experimental condition; Positive
CBM-I, Exercise, Positive CBM-I & Exercise, Neutral CBM-I condition. The Dependent variables
are self-report measures conducted at session one (baseline), session two and session three for
STAI-State, STAI-Trait, BDI-II & PSS. Interpretation bias was measured at session one (baseline)

and session three using SST cognitively Loaded, and SST Non-Loaded.

Procedure

Participants were asked to complete the GAD-7 Questionnaire via email, to measure if they were
eligible for the study. Participants were greeted by the researcher and escorted to labs in the
University of Essex Psychology Department. The experiment was conducted in groups of two
participants per session. Participants were sat in a single computer booth each and did not
communicate with each other throughout. The study was explained to them, and their role clearly
defined to them by the researcher. Participants were then given an information sheet to read and a

consent form to sign.
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The experiment was split into session one, session two and session three, there was a week break
between each session. The order in which the SST were administered were counterbalanced to
minimize any effects of the differences between the four versions of the tests may have on the

dependent variables, which would not otherwise be accounted for.

Session one- Participants completed the first STAIL PSS, and BDI-II. They then had four minutes
to complete each SST. The first two SST’s, which were either first SST loaded, second SST not

loaded, or the participant first SST not loaded, second SST loaded.

As before, the memory effect was monitored by a digit number, before and afterward, in the loaded
condition. Although participants were for the majority randomly assigned to conditions, a running
tally was kept of gender and the state and trait anxiety scores (STAI) from session one, to allow
for a homogenized sample in both the experimental and control condition, so more reliable
inferences could be made from any effects found from the experimental condition and a more

accurate representative sample of the wider population.

Post intervention participants were invited back into the private consultation room to complete the
third and fourth SST, in the sequence of loaded then not loaded, or not loaded then loaded
depending on which they were assigned. The participant then was asked to complete the second
STALI, PSS and BDI-II. Once completed the participant was thanked for their participation in the
study and the nature and aims of the study were then explained. Participants were then given a
debrief form which outlined the questionnaires they had completed and the researchers contact

details, in case they had any further questions or would like to withdraw.
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Data analytic approach

A 4x3 ANOVA was used to analyse Positive CBM-I/Exercise/CBM-I & Exercise/Neutral CBM-
I, by Session one/Session two/Session three measures of STAI, PSS, BDI-II. A 4x2x2 mixed
factorial ANOVA was also used. The within-subjects variable is the SST load/non-load, and
session one/session three, whilst the between-subjects factor is the Positive CBM-
I/Exercise/CBM-I & Exercise/Neutral CBM-I. Post-Hoc analyses in the form of Sidaks’
adjustment for pairwise comparisons and paired samples T-Tests were performed on significant
effects and the effect size r calculated (Rosnow & Rosenthal, 2009). Observed power was
calculated for significant Post-Hoc analyses in the form of Apriori power analyses using

‘G*Power’ Software.

3.4.3 Results

Preliminary analysis

Before analysis was conducted, preliminary analysis of the data was conducted to investigate
whether assumption of parametric tests had been violated. Assumptions were not violated;
therefore, parametric analysis was conducted. A One-Way ANOVA was conducted to investigate
whether participants resting heart rate, gender, age, baseline STAI, BDI-II, PSS scores were
significantly different between conditions. These analyses showed no significant differences
therefore one can assume homogeneity between the conditions, and therefore any difference
observed are unlikely due to individual differences between conditions at the start of the
experiment. Post-Hoc analyses in the form of Sidaks’ adjustment for pairwise comparisons and
paired samples T-Tests were performed on significant effects and the effect size r calculated

(Rosnow & Rosenthal, 2009).
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Main Effects

Individuals in the positive CBM-I and physical exercise condition decreased the most in state
anxiety over the three training sessions (please see Table 3.4), however this interaction of time x
condition was not statistically significant F(9,77)=1.81, p=0.67. However there, was a significant

reduction of state anxiety over time F(3,77)=22.79, p<.005, p?>=.23.

Similarly participants who underwent the positive CBM-I training and physical exercise
intervention decreased in trait anxiety measures over the three sessions the most and this effect
was a statistically significant interaction of time x condition, F(9,77)=3.50, p<.005, u>=.12 (please

see Table 3.5,

Figure 3.3). Post-Hoc tests were performed in the form of Sidak’s adjustment for multiple
comparisons, which revealed there was a significantly greater reduction in trait anxiety in the
CBM-I & exercise condition in comparison to the neutral CBM-I condition, (Mean
Difference=5.27, SE=1.92) p<.05. There was also significantly greater reduction in trait anxiety
in the CBM-I & exercise condition in comparison to the exercise condition (Mean
Difference=5.51, SE=1.90) p<.05. The findings suggest that there was no effect on state anxiety
measures, however there was a decrease in trait anxiety measures over the three training sessions
relevant to experimental condition. Specifically driven by a substantial decrease in trait anxiety

reported by individuals in the combined CBM-I and exercise condition.

Table 3.4 Mean & Standard Deviation For STAI-State By Condition, Study 4.

Condition N Baseline Post-Training Post-Training Post-Training
Pre-Training Session one Session two Session three
Positive CBM-1 20 38.45 (7.39) 31.15 (6.08) 29.30 (6.17) 29.95 (11.99)
Exercise 20 38.1 (10.78) 34.90 (9.59) 32.1 (6.90) 31.65 (6.57)
CBM-I & 20 40.45 (7.97) 34.15 (7.81) 33.42 (4.92) 25.66 (4.27)
Exercise
Neutral CBM-1 20 38.80 (8.16) 36.95 (7.15) 35.75 (6.61) 34.15(7.91)
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Table 3.5 Mean & Standard Deviation For STAI-Trait By Condition, Study 4.

Condition N Baseline Post-Training Post-Training Post-Training
Pre-Training Session one Session two Session three
Positive CBM-1 20 45.20 (8.31) 36.1 (8.13) 37.10 (9.07) 36.05 (10.76)
Exercise 20 45.40 (8.36) 44.15 (7.79) 41.45 (6.65) 36.45 (8.63)
CBM-I & 20 46.55 (4.34) 37.40 (8.21) 34.36 (7.12) 28.5 (6.14)
Exercise
Neutral CBM-1 20 45.1 (8.92) 41.7 (6.25) 40.75 (6.15) 38.36 (7.27)
Effect Of Condition On STAI-Trait Anxiety
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Figure 3.3 Effect Of Condition On Trait Anxiety (STAI), Study 4.

There was a significant decrease in self-reported depression (BDI-II) over the three sessions

F(3,77)=9.04, p<.005, u?>=.10, however this was not a significant time x condition interaction

F(3,77)=.40, p=.93 (please see Table 3.6). Similarly, there was a significant decrease in self-report

stress (PSS) over the three sessions, this was a significant effect of time F(3,77)=16.33, p<.005,

u>=.18,

however there was no significant effect of condition F(3,77)=1.29, p=24 and no

significant interaction effect of time x condition F(9,77)=1.20, p=.24 (please see Table 3.7).
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Therefore, all participants decreased in self-report stress and depression measures, and this was a

significant effect of time, however there was no significant effect of condition on these measures.

Table 3.6 Mean & Standard Deviation For BDI-II By Condition, Study 4.

condition N Baseline Post-Training Post-Training Post-Training
Pre-Training Session one Session two Session three
Positive CBM-1 20 12.8 (8.21) 11.25 (8.94) 8.65 (6.49) 9.4 (9.48)
Exercise 20 12.95 (6.41) 13.2 (6.27) 9.55 (9.07) 9.25 (8.91)
CBM-1 & 20 9.25 (5.07) 8.2 (6.78) 6.1 (3.75) 4.85 (3.88)
Exercise
Neutral CBM-1 20 11.2 (5.27) 8.85 (4.58) 8.85 (4.58) 8.25 (5.79)

Table 3.7 Mean & Standard Deviation For PSS By Condition, Study 4.

Condition N Baseline Post-Training Post-Training Post-Training
Pre-Training Session one Session two Session three
Positive CBM-1 20 9.85 (2.10) 8.7 (3.07) 8.80 (2.82) 7.65 (4.45)
Exercise 20 10.65 (1.66) 8.85 (3.40) 8.45 (1.84) 7.7 (3.06)
CBM-I & 20 10.35 (1.46) 8.4 (1.56) 8.26 (1.59) 6.88 (2.34)
Exercise
Neutral CBM-1 20 9.25 (1.99) 9.05 (3.79) 9.55 (3.21) 8.15 (2.24)

There was no significant interaction effect of time x condition x cognitive load, on individuals
interpretation bias (SST) scores, F(1,76)=1.31, p=.27, nor time F(1,76)=.24, p=.62, condition
F(3,76)=1.31, p=.27 orload F(3,76)=1.66, p=.18 (please see Table 3.8). The data analysis suggests
there was no effect of positive CBM-I, exercise, CBM-I & exercise, or Neutral CBM-I on

interpretation bias measures.
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Table 3.8 Mean & Standard Deviation For SST Cognitively Loaded And Non-Loaded By
Condition, Study 4.

Condition N SST Loaded SST Loaded SST Non-Loaded SST Non-Loaded
Baseline Post-Training Baseline Post-Training
Positive CBM-1 20 32.24 (26.27) 27.90 (21.44) 33.85 (18.88) 33.47 (30.52)
Exercise 20 19.53 (23.64) 23.61 (21.67) 20.58 (19.78) 21.36 (22.36)
CBM-I & 20 35.67 (25.78) 33.34 (24.15) 31.77 (25.86) 40.97 (29.72)
Exercise
Neutral CBM-1 20 38.8 (27.5) 29.38 (25.61) 37.09 (30.33) 31.7 (31.58)
3.4.4 Discussion

The results from study four suggest neither exercise nor positive interpretation bias training
separately or accumulatively effect an individual’s interpretation biases, which contradicts that of
study three. However, what one can suggest from these results is that there is a significant
interaction effect of time and experimental condition on self-report trait anxiety measures, driven

by the combined CBM-I & exercise training condition.

3.5 General Discussion

Cognitive interpretation biases are a useful element to investigate as by understanding their
functions we can theoretically, train and modify them to decrease symptoms of disorders such as
depression, anxiety and stress related disorders (Hertel & Mathews, 2011). The efficacy of CBM-
I is supported by the characteristics of depression; such as the inability to generate positive
cognitive processes about the future (Holmes, Lang, & Shah, 2009; Holmes, Mathews, Dalgleish,

& Mackintosh, 2006; Holmes et al., 2008; Morina, Deeprose, Pusowski, Schmid, & Holmes,
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2011). CBM theoretically overcomes this gap by imagining a scenario visually is a powerful
method in which to resolve ambiguous scenarios which would usually be evaluated with a negative
outcome, allowing them to visualise it with a positive outcome (Holmes et al., 2009). Depression
in particular is characterised by a sense of hopelessness and an inability to generate positive
images, whilst CBM-I forces a positive visualisation, which aids the individual into interpreting
ambiguous scenarios in a positive manner (Beck, 2008). There is growing support for the
effectiveness of CBM-I; but are adamant that visualisation of positive imagery is important for its
effectiveness in adapting individuals cognitive interpretation biases (Holmes et al., 2009; Holmes

et al., 2006; Holmes et al., 2008; Lang, Blackwell, Harmer, Davison, & Holmes, 2012).

It is well established in the literature that anxiety and depression are highly comorbid (Brown et
al., 2001) therefore, it is unlikely that depression and negative bias are not significantly related
and one can speculate that this was due to an unrepresentative sample and possible flaws in the
current study’s methodology. These two studies lend little support to the concept of physical
exercise having a positive affect for cognitive interpretation bias and mental wellbeing however
there is an abundance of literature advocating exercise as a treatment of maladaptive mood or
emotional problems (Barbour & Blumenthal, 2005; Blumenthal et al., 2007; Otto et al., 2007;
Paluska & Schwenk, 2000; Penedo & Dahn, 2005). Previous research by Hansen, Stevens, and
Coast, (2001) and Salmon (2001) suggest that physical activity is emotion enhancing when it is
performed at a ’manageable level’ for the individual that is engaged in the activity. These
ameliorating effects of exercise on mood and consequently stress, depression and anxiety have

many different proposed explanations (Hansen et al., 2001; Salmon, 2001)
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Chapter 4 Two-Session Cognitive Bias Modification Training;
Exercise Valenced Interpretation Bias

4.1 Overview

In recent years there has been exponential growth in developing and employing Computerised
Cognitive Bias Modification (CBM) procedures in the field of experimental psychopathology.
Cognitive theories suggest that negative cognitive biases of interpretation are key to the onset
and maintenance of psychological disorders; such as anxiety and depression. Therefore, these
training programs are rapidly evolving in the field of experimental treatments to attempt to
modify these maladaptive biases in interpretation. A cognitive interpretation bias training
program was developed which was exercise orientated, and either positively or neutrally
valenced dependent on experimental condition. Cognitive Bias Modification Interpretation
(CBM-I) training was used to see whether it had the impetus to reduce negative interpretation
biases and decrease symptoms of anxiety in two sessions over the course of one week. Whilst
previous studies have been used in conjunction with other pharmaceutical treatments, exercise

and Cognitive Behavioral Therapy (CBT).

Forty-eight participants recruited from a general population sample, that underwent the CBM-
I Positive Training or CBM-I Neutral Training (control condition). Self-reported measures of
state and trait anxiety and interpretation bias was gathered before and after the intervention.
Both conditions presented a steady decrease in self-reported trait anxiety over the two training
sessions, whilst the positive CBM-I condition showed a greater decline in trait anxiety than

the neutral training condition. Both positive and neutral CBM-I training had an effect on
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measures of state anxiety, with a significant decrease from baseline to post-training but no
effect of condition. Participants who underwent the positive training in comparison to neutral
training showed a significant decrease in negative cognitive interpretation biases (as measured

by the scrambled sentences task; SST).

These results suggest that CBM-I positive training effectively guides individuals to interpret
scenarios in a more positive manner and this positively influences mental state; in turn
decreasing trait anxiety. Thus, a multiple-session study may alter individuals’ cognitive
interpretation biases, causing them to interpret and evaluate situations more positively,
improving mood state and alleviating symptoms of anxiety. The implications of research
within the cognitive bias modification paradigm is that it holds promise for an innovative new

treatment for anxiety.
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4.2 Study Five

4.3 Introduction

Cognitive theories suggest that negative cognitive biases are key to the onset and maintenance
of anxiety and depression (Beck, 2008; Clark, & Beck, 2010; Mathews & MacLeod, 2005;
Rapee & Heimberg, 1997). Such theories suggest that these cognitive biases increase the
variety, frequency, and intensity of negative thoughts and processes, which in turn negatively
impacts emotion and symptoms of anxiety (Clark & Beck, 2010; Everaert, Mogoase, David,
& Koster, 2015; Hallion & Ruscio, 2011). Furthermore, individuals with anxiety disorders
typically report particularly threatening thoughts, which can begin, sustain and intensify
already present symptoms of anxiety. These negative thoughts are argued to originate from
negative interpretation and attentional cognitive biases (Ghahramanlou-Holloway, Wenzel,

Lou, & Beck, 2007).

Clinical and subclinical levels of anxiety are associated with biases in the early and automatic
strategic stages of attention (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van
IJzendoorn, 2007; Wiers et al., 2007), whilst depression is associated with the cognitive biases
in the later stages (Gotlib et al., 2004; Hallion & Ruscio, 2011; Joormann & D'Avanzato,
2010). Anxiety is also characterised by a tendency to interpret events, actions and behavior in
a negative way which leads to a negative cognitive interpretation bias (Hallion & Ruscio,

2011; Mathews & MacLeod, 2005).
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There is a strong relationship between negative cognitive interpretation biases and an inability
to generate positive images. This association between positive imagery and cognitive bias is
most commonly seen in depression, whilst evidence for a link between lack of positive
imagery and anxiety is mixed (Morina et al., 2011). The effects of biases related to attention
include negative self-evaluation, heightened arousal, and increased anxiety symptoms (Rapee
& Heimberg, 1997). From this it would seem that negative cognitive interpretation biases can
be attributed to the process of onset and maintenance of anxiety (Richards, 2004; Richards &

French, 1992).

Cognitive bias modification lends insight into causal relationships between cognition and
emotion, which progresses our understanding of how cognition affects mental health. CBM is
unique in this context as to conclusively understand which cognition are responsible for
particular thought processes and behaviours, CBM manipulates and shapes these cognitions
(MacLeod & Mathews, 2012). This is methodologically a powerful way to determine the cause
an effect of cognitive biases and which disorders they influence. An important purpose of any
research within the field of CBM is the interest to evaluate the potential therapeutic properties
of CBM, in the interest to improve and influence the treatment strategies currently used to treat
mental health of individuals in the wider population. This is a topic of debate within CBM
research, as some research supports CBM treatment for sub-syndromal cases (Almeida et al.,
2014), whilst some research boasts its effectiveness for severe cases of anxiety (Salemink, van
den Hout, & Kindt, 2009) and depression (Joormann & D'Avanzato, 2010) . Furthermore some
research suggests CBM training creates a resistance to threatening situations and stimuli, or

an increased resilience (de Voogd et al., 2016), which equates to CBM being a preventative
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treatment for mental health issues (Hoppitt et al., 2014). It is noteworthy to mention that the
ability to modify certain processes comes with it the opportunity to begin to understand the
mechanisms which underpin these processes. The development and evaluation of CBM
techniques and methodologies has allowed researchers to uncover the fundamental

information-processing mechanisms that dictate the patterns of anxiety linked cognitive bias

(MacLeod & Mathews, 2012).

Cognitive Bias Modification (CBM-I) is an intervention aimed at reducing an individual’s
cognitive bias and can be defined as the direct manipulation of a target bias by extensive
exposure to task contingencies that encourage predetermined patterns of processing selectivity
(Cristea, Kok, & Cuijpers, 2015; MacLeod & Mathews, 2012). Put simply, CBM-I aims to
train individuals interpretation from the negative to the positive. Following this there has been
an exponential growth of developing and employing CBM-I procedures in the field of
experimental psychopathology treatment (MacLeod & Mathews, 2012) with considerable
interest in the literature to modify cognitive biases to minimize the symptoms of anxiety and
to apply them to a clinical setting to improve mental health of the population (Hertel &
Mathews, 2011; MacLeod & Mathews, 2012; Smith, Summers, Dillon, Macatee, & Cougle,

2016).

The literature on CBM-I training to reduce negative interpretations is mainly focused on its
effectiveness for populations with high levels of anxiety and depression, whereas research into
individuals with subclinical levels of anxiety is lacking. Thus, a study by Khalli-Torghabeh
and colleagues found that a highly socially anxious sample who undertook multiple sessions

of CBM-I training became less socially anxious and exhibited more positive and therefore less
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negative interpretation biases relative to a control condition, who were also high in social
anxiety (Khalili-Torghabeh, Salehi Fadardi, Mackintosh, Reynolds, & Mobini, 2014).
Participants in the study underwent two sessions of CBM-I per week, over a fortnight. The
benefit of this investigation was formulating the effectiveness of intensity, duration and

frequency of these CBM-I training sessions.

Research conducted by (Lisk, Pile, Haller, Kumari, & Lau, 2018) investigated the effect of
multiple sessions of CBM training on self-report anxiety. Participants completed four CBM-I
and four CBM-A (attentional bias training) training sessions over a two-week period,
participants presented a significant reduction in social anxiety measures in the CBM-I phase.
Furthermore, even though the CBM-I training was completed over four sessions in the first
week, participants reported the CBM-I training was most beneficial for their mental health
than the CBM-A training in the later week. This study holds promise for the paradigm of a

multiple session approach for CBM-I training for anxiety reduction.

Research suggests that moderate and intense exercise can improve accuracy and response time
to threat and non-threat related cognitive biases (Smith & O'Connor, 2003). These finding
indicate that these emotion-processing networks are activated and responsive to external
stimuli during high intensity exercise. This contradicts what was previously argued by
(Dietrich & Audiffren, 2011) that emotion networks are inhibited during physical exercise.
Furthermore, given the reductions in anxiety that occur from modifying threat-related biases
through training, it would be of interest to investigate whether exercise is accompanied by
more positive biases. Research conducted by Tian and Smith (Tian & Smith, 2011) lends

support to the concept that exercise-focused CBM-I can change negative cognitive biases to
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positive cognitive biases and improve mental state. Tian and Smith suggest that exercise is
accompanied by a reduction in negative attentional biases, and therefore a positive mood
enhancement. This poses the question of whether interpretation bias is modifiable in this way,
and whether exercise focused interpretation bias training is a promising venture (Tian &
Smith, 2011). Furthermore, research has shown that the specificity of the training targets
affects the outcome in CBM-I training, particularly interpretation bias. This has been
demonstrated by Mackintosh and colleagues (Mackintosh et al., 2013) the importance of
matching the topic focus of the CBM-I training to the intended target for modification and
have implications for transferring CBM-I method from the laboratory setting to clinical
settings. Only when the CBM-I training involved both the topic focused content
achievement/threat and benign appraisals for failure, was the CBM-I training successful. This
supports the notion that CBM-I training should focus on relevant topics that respond to relative
biases, an example being social anxiety focused CBM-I training, which successfully reduces
measures of social anxiety (Hoppitt et al., 2014; Salemink, Kindt, Rienties, & van den Hout,

2014).

The first hypothesis is that participants in the positive CBM-I training program will show a
decrease on anxiety measures after session one of training and then again following the second
training. Participants in the neutral CBM-I training will not show a decline, or not show as
great a decrease as the positive CBM-I training condition. The second hypothesis is that
participants in the positive training will show a decrease in negative cognitive interpretation
biases (SST) when cognitively loaded, and not in the non-cognitively loaded task. Participants
in the neutral training will show no difference between sessions, or a difference between

cognitively non-loaded SST tasks but not the loaded, before and after the training.
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4.4 Methodology

Participants

Forty-eight participants were recruited from the general population over a period of four
weeks, to participate in a two-part study and randomly allocated to one of two conditions,
(random thus balanced for sex and GAD-7 anxiety score) please see Table 4.1 for participant
demographics by condition. University of Essex Ethical Approval was granted. Participants
were deemed eligible for the study if they scored six or over on the GAD-7 scale, suggesting

they had a moderate anxiety, as ascertained by self-report.

Materials

Participants were required to attend two sessions. Participants completed the State-Trait
Anxiety Inventory (STAI;Spielberger, 1983) before and after the CBM-I Positive/Neutral
programme at the beginning of session one, after training in in session one, before training in

session two and then after the training in session two (week gap between session one and two).

Table 4.1 Participant Demographic Information By Condition, Study 5.

Condition N Age Gender Ratio Pre-screen GAD-7
M:F
Positive CBM-1 24 Mean: 27.53 Mean: 11.81
Range: 19-68 Range: 6-21
SD: 10.01 10:14 SD: 4.02
Neutral CBM-1 24 Mean: 27.45 Mean: 11.73
Range: 19-62 Range: 6-19
SD: 9.94 9:15 SD: 3.85
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The STAI was the same as used for study one (please see chapter two, section 2.3.1). The
Generalized Anxiety Disorder Questionnaire (GAD-7; Spitzer et al., 2006) was used to
initially screen anxiety level of participants, which was an eligibility criteria (please see
appendix E). The scrambled sentences test (SST; Rude et al., 2002) was used to measure
negative interpretation bias before training in session one and after training in session two.
The SST was the same as used for study one (please see chapter two, section 2.3.1). The
equation that was used to calculate an overall negative interpretation score, which is suggested

to reflect each individual’s cognitive interpretation biases, can be seen in Figure 2.1.

Cognitive Bias Modification - Positive Interpretation Training

The program was developed from a previous CBM-I training program (Mathews &
Mackintosh, 2000). Five sets of ten ambiguous scenarios (fifty total) are used and trained to
be interpreted positively for each session. The training program gives immediate feedback to
participants to ensure the ambiguous scenarios are interpreted positively. In each set of ten,
six focused on exercise anxiety, two on social anxiety and two on physical anxiety. Two
positive CBM-I training programs were developed for use in this research: one for the first

training session and the other for the second training session.

Cognitive Bias Modification - Neutral Interpretation Training

The neutral training program was developed for the purposes of the study. There were five
sets of ten ambiguous scenarios (fifty total) per session which were randomised before

programmed into each of the sessions. During the CBM-I training participants were trained to
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interpret each scenario but are not given any feedback to reinforce a positive or negative
interpretation. In each set of ten, six focused on exercise anxiety, two on social anxiety and
two on physical anxiety. Two neutral training programs were developed for use in this
research: one for the first training session, and the other for the second training session, to
ensure participants would not be able to remember scenarios from the previous neutral training

program used in the previous week.

Procedure

Participants were asked to complete the GAD-7 Questionnaire via email, to measure if they

were eligible for the study.

Session one: Participants completed the first of four STAI Then they had a practice SST, and
after that, two SST tasks, counterbalanced for load/no load. They had four minutes to

complete each SST

Participants then undertook either the positive training program or neutral training program,
which lasted approximately 30-40 minutes. Afterwards participants completed the second

STAL

Session two: Participants completed the third STAI, they then undertook the second
positive/neutral CBMI-I training, which lasted approximately 30-40 minutes. Afterwards
participants completed the second SST, counterbalanced as before, and then after their fourth

STAL Participants were then thanked for their participation, paid for their time and debriefed.
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Design and Data Analytic Approach

Independent measures design; the independent variable was Training condition; CBM-I
positive training and CBM-I neutral training (control condition). The Dependent variables for
the questionnaires were Time: session 1, (baseline and post-training) and session 2 (pre-and
post-training). The Dependent variables for the SST were Time (baseline session 1, and after

Positive/Neutral Training session 2) and cognitive load (loaded, and non-loaded).

Pairwise comparisons using Sidak’s correction were performed in terms of Post-Hoc tests on
significant effects. A 2x2x2 mixed ANOVA was also used to analyse the effect on SST
measures; the within-subjects variables were cognitive load (load/non-load), and session
whilst the between-subjects factor was condition. Post-Hoc analyses in the form of paired
samples T-Tests were performed on significant effects and the effect size r calculated (Rosnow
& Rosenthal, 2009). Observed power was calculated for significant Post-Hoc analyses in the

form of Apriori power analyses using ‘G*Power’ Software.

4.5 Results

Preliminary Analysis

Preliminary analyses were conducted to ensure parametric assumptions were not violated. A
2x2 ANOVA was used to analyse the data for the first hypothesis: Training condition (positive
vs neutral) x Time (session one x session two). A 2x2x2 mixed factorial ANOVA was used to

analyse the data for the second hypothesis: Training condition (positive vs neutral) x Time
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(session one x session two) x Cognitive Load (loaded vs non-load). A One-Way ANOVA was
conducted to investigate whether participant’s gender, age, baseline SST and STAI scores
were significantly different between conditions. There were no significant differences between
conditions, therefore one can assume homogeneity between the conditions, and therefore any
difference observed are unlikely due to individual differences between conditions at the start

of the experiment.
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Main Effects

The first hypothesis investigated was whether participants in the CBM-I positive training will
show a decrease in anxiety measures from baseline before the first training session, after session
one of training, before training in session two and then again following the second training.
Participants in the neutral training condition will not show as great a decrease as the positive

training.

There was a significant effect of time on state anxiety F(1, 38) = 3.28, p < .05, u>= .51, but no
significant effect of condition F (1, 41)= .64, p =42, or time x condition interaction F (3, 38)=.18,
p =.90. For trait anxiety, there was a significant interaction between time x condition F(3 ,43) =
3.14, p <.05, u> = .19 (please see Table 4.2, Figure 4.1). Post-Hoc analyses in the form of paired
samples T-Tests where used to further investigate the interaction effect and revealed a significant
reduction in trait anxiety for both the positive CBM-I training condition ¢ (23)= 3.18, p<.005, r
=.55 and the CBM-I neutral condition ¢ (23)= 2.58, p<.05, r =.46, which suggests a significant
moderate effect size. Observed power was calculated to investigate this effect size and found 1-8

=.55.

Table 4.2 Mean & Standard Deviation For STAI- State & Trait Anxiety By Condition, Study

5.
Condition N STAI State Anxiety STAI Trait Anxiety
Session 1.0 1.5 20 | 25 1.0 1.5 2.0 2.5
Positive 21 38.85 31.57 | 3547 33.66 46.23 43.62 43.61 40.76
CBM-I (10.23) (7.28) | (12.2) | (11.49) | (11.47) (11.42) (12.67) (11.92)
Neutral 22 40.31 33.91 37.13 37.00 46.72 45.14 44.31 44.27
CBM-I (11.67) (7.89) [ (11.02) | (11.57) | (13.83) (13.46) (12.66) (12.97)
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Table 4.3 Mean & Standard Deviation For SST Cognitively Loaded & Non-Loaded By
Condition, Study 5.

Condition N SST Cognitively Loaded SST Cognitively Non-Loaded
Session Session 1 Session 2 Session 1 Session 2
Positive 24 36.58 32.52 34.50 35.84
CBM-1 (26.65) (25.96) (27.79) (27.05)
Neutral 24 27.10 29.28 30.35 23.66
CBM-1 (23.06) (25.03) (19.81) (23.69)

Effect of Condition On STAI-Trait Anxiety
60
e=gmmPositive
55 CBM-I
50 esx@e Neutral
CBM-I
STAIT-
TRAIT 49
SCORE
40
35
30 . . . .

Baseline

Before Session 2

MEASURMENT POINTS OF STAI-TRAIT

Figure 4.1 Effect Of Condition On Trait Anxiety (STAI), Study 5.

After Session 2

The second hypothesis investigated was whether participants in the positive training condition

would show a decrease in negative cognitive interpretation biases (SST) when cognitively loaded,

and not in the non-cognitively loaded task. Participants in the neutral training condition should

show no difference between sessions, or a difference between cognitively non-loaded SST tasks

but not the loaded, before and after the training.
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There was a significant interaction between time x condition x cognitive loading F(3, 46) = 4.86,
p>.05, p? =.09. Participants who underwent the positive training in comparison to the neutral
training showed a significant decrease in negative cognitive interpretation biases SST
measurements, when the SST was cognitively loaded (please see Table 4.3, Figure 4.2), relative
to those who underwent the neutral training. Unpicking the condition effect, participants in the
positive CBM-I training condition showed no significant decrease in cognitive interpretation bias
measures before and after the training when cognitively loaded 7 (23)=.98, p=.33, or cognitively
non-loaded ¢ (23)=.25, p=280 (please see Figure 4.3). Similarly, the neutral CBM-I training
condition showed no significant decrease in cognitive interpretation bias measures before and after
the training when cognitively loaded ¢ (23)=.50, p=.62, or cognitively non-loaded ¢ (23)=1.45,
p=-16. To further understand the interaction effect correlation analyses were performed. In the
CBM-I positive condition, baseline measures of trait anxiety were significantly correlated with
cognitively loaded SST r=.61, p<.001, and non-loaded SST 7=.53, p<.05. As were post training
measures of trait anxiety correlated with cognitively loaded SST r=.66, p<.001 and non-loaded
SST =.81, p<.001. This suggests that there is a significant reduction in negative interpretation

bias in the positive CBM-I training condition and this is could be reducing trait anxiety measures.
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Effect Of Condition On Interpretation Bias (SST
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Figure 4.2 Effect Of Condition On Interpretation Bias (SST Cognitively Loaded), Study 5.
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Figure 4.3 Effect Of Condition On Interpretation Bias (SST Cognitively Non-Loaded), Study
5.
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4.6 Discussion

This study aimed to investigate the effect of two-session positive CBM-I training in comparison
to neutral training on cognitive interpretation biases and self-report anxiety. The results suggest
that positive CBM-I training significantly decreases trait anxiety relative to neutral CBM-I
training. Cognitive load during the SST had an interesting effect on interpretation biases. It was
found that participants in the positive CBM-I training condition, presented a greater decrease in
negative interpretation biases when the SST was cognitively loaded than non-loaded, relative to
the reverse effect when they had neutral training. There was a significant decrease of self-report

state anxiety measures by time, although the effect of condition was not significant.

Bowler, Mackintosh, Dunn, Mathews et al. (2012) used the cognitive loaded and non-loaded SST,
found that social anxiety and trait anxiety were reduced in the loaded SST condition (Bowler et
al., 2012). Whilst the current study also lend support for this finding. The current study found that
loaded SST, which measured cognitive interpretation biases, decreased in the positive training
condition, and trait anxiety also significantly decreased, relative to the neutral training. Bowler et
al., (2012) using both a CBT and CBM conditions, whilst the current study aimed to investigate a
difference between a positive CBM-I and an adequate control, hence the implementation of a
neutral CBM-I. The cognitive load SST would, therefore, suggesting automatic processing of
cognitive interpretation biases therefore supporting the role of CBM for the treatment of anxiety
and depression. Bowler et al., (Bowler et al., 2012) conclude that both CBM and CBT conditions
decreased anxiety and depressive symptoms in a clinical sample however as the effect of cognitive
loading was significant one can assume that CBM is an automatic effect. Furthermore, an

explanation for why the current study couldn’t further support Bowler’s findings, which could be
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due to their use of a non-clinical sample of individuals with high social anxiety, whilst the current

study used a general sample of individuals that presented to be high in anxiety pre-participation.

These results lend support to (Gortner, Rude, & Pennebaker, 2006; Tian & Smith, 2011) findings,
which found a strong relationship between anxiety, and negative cognitive biases. This could be
due to methodological differences between this study and that of Mathews and MacLeod
(Mathews & MacLeod, 2005) and above others. Research by Hirsch and colleagues (Hirsch,
Meeten, Krahé, & Reeder, 2016; Krahé et al., 2016) is now supported by the present research, as
they also found that individuals with clinical and subclinical levels of anxiety are determined by
preferential attention, furthermore, preferential interpretation of threatening information, which
leads to negative bias. Whilst (Khalili-Torghabeh et al., 2014) found a positive relationship
between anxiety and cognitive interpretation biases, which also supports the present study’s

findings.

It is noteworthy to speculate why the present study didn’t find a significant decrease in depression
in response to the positive over neutral training. This could be due to depression frequently
characterised by cognitive attentional biases, although previously thought to be attributed to
anxiety (Bar-Haim et al., 2007), as depression is primarily associated with the cognitive biases in
the later interpretation stages (Bisson & Sears, 2007; Joormann & D'Avanzato, 2010; Joormann &
Quinn, 2014; Joormann et al., 2015; Mathews & MacLeod, 2005). Another explanation of this
could also be explained by the attentional avoidance to positive stimuli, this decreases positive
mood and increases depressive symptoms (Mathews & MacLeod, 2005; Mogg & Bradley, 2006).
Therefore, this suggests that attentional cognitive biases could be at the root of ameliorating

depressive symptoms rather than interpretational cognitive biases.
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From the results found, one can suggest that positive CBM-I training effectively trains individuals
to interpret scenarios in a more positive manner and this positively influences mental state, in turn
decreasing trait anxiety. Future research would benefit from the development of CBM-I paradigms
that incorporate interpretational cognitive biases; that investigate positive, neutral and negative
biases; no research as of yet has investigated all of these. This would be most efficiently conducted
using interpretational cognitive biases should be measured with comprehension tasks, because they
are more complex and require cognitive effort, yet must still be a fairly automatic response to still

be a genuine instantaneous cognitive bias.

Furthermore, the results provide support for the specificity effect of CBM-I training (Mackintosh
et al., 2013). That being, the results suggest that exercise focused positive CBM-I training, effects
individual’s interpretation biases in a similar way to physical exercise, therefore reducing negative
bias and improving mood state. This is turn reduced trait anxiety. Following on from this one can
suggest that future research focuses appreciates the effectiveness of exercise focused CBM-I

training within the CBM framework.

This research has investigated the role of two sessions of CBM-I training on negative bias, and the
effect this has on state and trait anxiety, perceived stress, and depression. The positive CBM-I
training has specifically focused on exercise due to the ameliorating effect exercise has on mental
state. The results suggested that over the two sessions trait anxiety decreased in the positive CBM-
I condition but not as much in the neutral CBM-I training control condition. The results are
discussed in relevance to previous research in the field and implications of this research within the
current CBM framework and clinical setting are discussed. Future directions will focus on

increased frequency of CBM training sessions; increased to three or four over a six-week period.
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Specificity to other focuses will be explored and the nature of cognitively loading whilst measuring

cognitive interpretation biases will be investigated.
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Chapter 5 Developing an Online CBM-I Program

5.1 Overview

This chapter synthesizes two studies, which developed the use of a fully online cognitive bias
modification training program (CBM-I). Both studies focus completely on reducing negative
interpretation biases and in turn reducing self-report anxiety and in study seven, depression also.
Studies six and seven recruited a high anxiety (sub-clinical) sample from a general population

using the GAD-7.

Study six implements a six session CBM-I training model, participants are randomly allocated to
either positive or neutral training conditions. Participants complete the STAI at week one, three
and six and the GAD-7 before training session one and then after each training session every week.
SST measures are taken both cognitively loaded and non-loaded at week one pre-training and week
six post-training. Study seven implements a three session CBM-I & Exercise training model,
participants are randomly allocated to either a positive CBM-I condition, a combine CBM-I &
Exercise condition, a neutral CBM-I condition or Exercise condition. Participants completed the
STAI and BDI-II at week one pre-training and week 3 post-training. SST measures are taken both
cognitively loaded and non-loaded at week one pre-training and week three post-training. Both
studies results presented a decrease in negative interpretation bias lead by the positive CBM-I
condition and the exercise condition. Study six showed a significant decrease in trait anxiety
measures (STAI-T) over the six-week study. Whilst study seven showed a significant reduction in
BDI-II measures of depression over the three-week study, which was driven by the positive CBM-

I condition and the combined CBM-I & Exercise condition.



Chapter 5 Page |83

This adds growing support to the premise that positively valenced CBM-I training that is exercise
orientated decreases neagative bias. In both studies this decrease in negtive bias has a knock-on
effect for self report trait anixtey in study six and self-report depression in study seven. The results
from these two studies lend support to a growing field of online CBM-I research. The research
endorses the CBM-I paradigm alongside moderate physcial exercise protocols for reducing

negative cognitive interpretation bias and in turn improving mental well-being.

5.2 Introduction

Cognitive bias modifcation training for adapting interpretation biases is advocated for decreasing
negative bias and improving mental wellbeing as an adjunctive treatment (White et al., 2018).
These CBM training programs for attentional bias and interpretation bias have become ameanble
in an online format to be used by individuals at home (Salemink et al., 2014) and even in school
settings (Fitzgerald, Rawdon, & Dooley, 2016). As previosuly mentioned these cognitive biases
are deeply rooted in cognitive funtioning. These cognitive biases manifest as a greater allocation
of attention to threatening or negative stimuli at involuntary and voluntary levels of processing
which is attentional bias (Roy et al., 2008). And a tendancy to interpret ambigious cues in a
threatening or negative manner, also to disproprortiantely attribute neagative events as being the
fault of oneself due to internal factors and attribute positive events caused by external events or
others actions. Computerised cognitive training models which encourage more adaptive style of
information processing, specifically interpretation, over repated practice have been developed to

reduce these neagtive biases and improve general anxiety and depression (Lisk et al., 2018).
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Mutiple studies have invesitgated the effect of cogntive interpretation bias modification on anxiety
and thus far have only produced results of weak effect, yet still significant (Lisk et al., 2018) in
symptomology changes (Keshavan, Vinogradov, Rumsey, Sherrill, & Wagner, 2014). Reduction
in anxiety symptoms are most common unsuprisingly when the cognitive bias modification have
been succesful in modifying the interpretational biases (Notebaert, Clarke, Grafton, & MacLeod,

2015) and reduction of symptoms is most efficent when a multiple session paradigm is used

(Hallion & Ruscio, 2011).

Research by Krebs and colleagues found that CBM-I had a signifcant moderate effect on on
decreasing negative interpretation biases and therefore boosting positive interpretations (Krebs et
al., 2018). They also found a small yet significant effect of CBM-I on self-reported anxiety
measures immedicaly following training. Thus, whilst CBM-I training paradigms have immense
potential for mental wellbeing, there is mixed findings in the impoteous to effect anxiety and
depression. Therefore research must shift to invesitgating the improvement and advancing of the
CBM-I methodlogical practices for the benefit of reduction of negative cogntive biases and

reducton in anxiety and depressive symptoms.
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5.3 Study Six

5.3.1 Methodology

Participants

Fifty-nine participants were recruited from a general population sample from the University of
Essex. Participants were recruited using an online participation and accreditation system ‘SONA”
and the study was advertised through an email subscription list for small advertisements.
Participants’ age, gender and baseline anxiety scores are detailed in Table 5.1 . Participants were
deemed eligible for the study if they scored six or over on the GAD-7 scale, suggesting they had

a moderate anxiety, as ascertained by self-report.

Table 5.1 Participant Demographic Information By Condition, Study 6.

Condition N Age Gender Anxiety Baseline Average Hrs Average Hrs
Ratio M:F Active Aerobic Exercise
CBM-1 28 Mean: 23.87 Mean: 11.81 Mean: 4.1 Mean: 2.17
Positive Range: 18-59 7:21 Range: 6-21 Range:1-11 Range: 0-6
SD: 8.33 SD: 4.02 SD: 2.69 SD: 1.36
CBM-1 31 Mean: 25.13 Mean: 11.73 Mean: 4.02 Mean: 2.02
Neutral Range: 18-58 11:20 Range: 6-19 Range:1-11 Range:0-6
SD: 8.39 SD: 3.85 SD: 2.83 SD: 1.07
Ethics

Ethical considerations were followed the same as within study one (please see chapter two, section
2.3.1). Ethical approval documentation was updated and an amendment submitted to the eithics

panel to allow for use of the CBM-I training program in an online format, which was approved.
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Materials

Participants were required to complete six online sessions. Participants completed the State-Trait
Anxiety Inventory (STAI; Spielberger, 1983) before and after the CBM-I positive/neutral
programme in both session one and session six. The STAI was the same as used for study one
(please see chapter two, section 2.3.1). The Generalized Anxiety Disorder Questionnaire (GAD-7
Spitzer et al., 2006) was used to initially screen anxiety level of participants (please see chapter
four, section 3.4.2), which was an eligibility criteria, and to measure self-reported anxiety after
each session of CBM-I positive/neutral training. The scrambled sentences test (SST; Rude et al.,
2002) was the same as used for study one and the equation used to calculate the score was also the

same (please see chapter two, section 2.3.1).

Participants completed an exercise questionnaire each week of the study at the end of each study.
The exercise questionnaire measured how many hours in that week they had engaged in physical
activity; low impact movement such as walking, and how many hours that week they had engaged
in physical exercise; moderate to intense exercise such as running or cycling, in which the

individuals heart rate is elevated.

Cognitive Bias Modification Positive Training Condition

The positive CBM-I training program was developed from previous versions used in chapters three
and four. There were six sessions of the CBM-I positive training program. The scenarios were
organised into three blocks of ten ambiguous scenarios (thirty per session total), which are trained
to be interpreted positively for each session. In each block of ten; six focused on exercise anxiety,
two on social anxiety and two on physical anxiety. The training program gives immediate feedback

to participants to ensure the ambiguous scenarios are interpreted positively. Six CBM-I training
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programs were developed for use in this research; one for each training session, six sessions in

total.

Cognitive Bias Modification Neutral Training Condition

The neutral CBM training program was developed from chapter four. There were six sessions of
the CBM-I neutral training program. Each session contained three blocks of ten ambiguous
scenarios (thirty per session total), in each block of ten; six focused on exercise anxiety, two on
social anxiety and two on physical anxiety. In the neutral training participants are not provided

feedback, therefore this a pseudo-training condition.

Design

This was an independent measures design. The dependent variables were STAI-State and STAI-
Trait score, GAD-7 score, SST Cognitive Loaded score and SST non-loaded score. The
independent variables were experimental condition: Positive CBM-I, Neutral CBM-I and session:

one, three and six for STAI one, two, three, four, five and six for GAD-7, one and six for SST.

Procedure

Eligible participants were those who scored above five on the GAD-7 pre-screen survey. Once
deemed eligible each participant was emailed a summary of the experiment and an information
sheet and consent form to sign and return. There were six individual sessions for each participant
to complete once per week for six consecutive weeks. Participants were given three days to

complete their weekly session and if they failed to complete the session on time they did not
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continue the study. This was to ensure consistency in when participants completed the sessions
whilst remaining flexible for participant to be able to complete each session around their other
commitments. After each session participants were emailed to thank them for taking part in the

session and to give further instructions for the next session.

STAI measures were conducted before the CBM-I training in session one, and then after CBM-I
training in session three and session six. SST measures were conducted before CBM-I training in
session one and after CBM-I training in session six. The GAD-7 measures were taken when

defining eligibility, and then after CBM-I training in session one, two, three, four, five and six.

After then end of session six, participants were invited to a debrief meeting with the researcher, in
which they collected participant payment to compensate them for their time. Participants were also
given a debrief form which outlined the questionnaires they had completed, the aims of the study
and the researchers contact details, in case they had any further questions or would like to
withdraw. Participants had an allocated five minutes to discuss with the researcher any questions
or concerns they had about the study. Therefore, the process of informed consent was adhered to
and the participant was given the right to withdraw, fulfilling the requirements of informed

consent.

Data analytic approach

A 2x6 mixed ANOVA was used to analyse the effect of condition (CBM-I Positive/ CBMI-I
Neutral), by session (one, two, three, four, five, six) for the GAD-7 measure. A 2x3 mixed
ANOVA was used to analyse the effect of condition (CBM-I Positive/ CBMI-I Neutral), by session

(one, three, six) for state and trait anxiety measures. A 2x2x2 mixed ANOVA was also used to
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analyse the effect on SST measures; the within-subjects variables were cognitive load (load/no
load), and session (one, six) whilst the between-subjects factor was condition. Post-Hoc analyses
in the form of Sidaks’s adjustment for pairwise comparisons and paired samples T-Tests were
performed on significant effects and the effect size » calculated (Rosnow & Rosenthal, 2009).
Observed power was calculated for significant Post-Hoc analyses in the form of Apriori power

analyses using ‘G*Power’ Software.

5.3.2 Results

Preliminary analysis

Before analysis was conducted, preliminary analysis of the data was conducted to investigate
whether assumption of parametric tests had been violated. Assumptions were not violated;
therefore, parametric analyses were conducted. One-way ANOVA analyses were conducted to
investigate if the conditions differed in STAI, GAD-7, SST, exercise level and age at baseline. A
Chi-Square test was used to investigate whether gender differed between groups. Analyses
suggested the conditions were not significantly different from one another. Correlational analyses
investigated whether physical activity and physical exercise per week was related to outcome
measures; STAI, GAD-7, and SST. A One-Way ANOVA was also used to investigate whether
level of physical activity and level of physical exercise differed by condition, which it did not

significantly differ.
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Main Effects

There was a significant decrease in state anxiety over the six sessions F(2, 53) = 5.08, p>.05, p?
=.09, however there was no significant interaction effect of time x condition F(2, 53) =.79, p=.45
(please see Table 5.2). There was however, a significant interaction between time x condition for
trait anxiety, F(2, 53) = 3.57, p>.05, u?> =.06. Post-Hoc analyses were performed in the form of
paired samples T-Tests, this revealed a significant decrease in the positive CBM-I training
condition #(25) =4.45, p<.005, r=.66, suggesting a significant large effect size. Observed power
was calculated to investigate this effect size and found 1-8 =.88. However, no significant
difference in the neutral CBM-I training condition #(25) = 1.76, p= .08 (please see Table 5.2,

Figure 5.1).

Table 5.2 Mean & Standard Deviation for STAI- State & Trait Anxiety By Condition, Study
6.

Condition N STAI State Anxiety STAI Trait Anxiety

Session Baseline | Post Training | Post Training 6 | Baseline | Post Training | Post Training 6
3 3

CBM-1 26 | 51.23 47.07 47.73 56.53 54.46 49.96

Positive (11.08) 8.71) (12.58) (10.77) (11.03) (9.26)

CBM-1 27| 5718 53.74 50.44 59.18 57.85 57.07

Neutral (8.47) (11.47) (10.07) 8.0) (8.03) (8.53)
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Effect Of Condition On STAI-Trait
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Figure 5.1 Effect of Condition On Trait Anxiety (STAI), Study 6.

There was a significant reduction in self-reported GAD-7 measures over the six sessions, therefore

a significant effect of time F(5, 53) = 3.57, p>.05, p*=.06, but no significant time x condition

interaction F(5, 53) = .89, p= .48 (please see table Table 5.3).

Table 5.3 Mean & Standard Deviation for GAD-7 By Condition, Study 6.

Condition N GAD-7
Session Baseline Post Post Post Post Post
Training 2 | Training 3 | Training 4 | Training5 | Training 6
CBM-1 26 12.04 9.92 7.92 8.88 8.92 9.29
Positive (4.41) (3.78) (4.01) (4.85) (4.47) (5.78)
CBM-1 27 11.54 9.54 9.58 9.33 9.21 9.96
Neutral (3.32) (3.55) (3.34) (3.51) (3.21) (3.66)
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There was a significant interaction between time x condition for SST F(1, 57) = 14.73, p>.005, p?
=.20. There was also a significant interaction between condition x cognitive loading for SST scores
F(1, 57) = 5.29, p>.05, u?>=.08. However there was no significant interaction between time x
condition x cognitive loading as a whole F(1, 57) = 0.79, p=.77. Post-hoc tests were performed in
the method of Sidak’s adjustment for pairwise comparisons of the mean differences between the
conditions and found there was a significant difference (MD=8.68, SE=4.09) p<.05 (please see

Table 5.4, Figure 5.2, Figure 5.3).

Table 5.4 Mean & Standard Deviation For SST Cognitively Loaded & Non-Loaded By
Condition, Study 6.

Condition N SST Cognitively Loaded SST Cognitively Non-Loaded
Session Baseline Post Training 6 Baseline Post Training 6
CBM-1 28 61.35 20.98 54.87 17.25
Positive (18.31) (17.33) (23.18) (15.72)
CBM-1 31 52.21 41.67 52.29 43.01
Neutral (21.76) (27.89) (20.20) (30.17)
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Effect of Condition on Interpretation Bias
(SST Cognitively Loaded)
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Figure 5.2 Effect Of Condition On Interpretation Bias (SST Cognitively Loaded), Study 6.
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Figure 5.3 Effect Of Condition On Interpretation Bias (SST Cognitively Non-Loaded), Study
6.
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5.3.3 Discussion

This study implemented positive CBM-I and neutral CBM-I training program to investigate the
effects of CBM-I on individuals with sub clinical anxiety. There was a significant decrease in trait
anxiety measures (STAI-T) for participants who underwent the six sessions of positive CBM-I
training, relative to the neutral training. Participants who completed the positive CBM-I training
decreased in negative interpretation bias measures (SST) relative to the neutral training condition,
however this was not dependent on the cognitive loading factor. Although there was a significant

interaction between cognitive loading and condition.
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5.4 Study Seven

5.4.1 Introduction

Study six was the first study to transfer the CBM-I training on to a completely online platform.
Whilst study six measured amount of physical activity and physical aerobic exercise participants
were participating in during each week of the study, study seven aims to investigate the effect of
moderate exercise on interpretation bias and self-report anxiety using the same paradigm as studies
three and four, whilst advancing the research methodology so that the experiment could be

conducted completely online.

5.4.2 Methodology

Participants

Eighty-two participants were recruited from a general population sample from the University of
Essex. Participants were recruited using an online participation and accreditation system ‘SONA”
and the study was advertised through an email subscription list for small advertisements.
Participants age, gender and baseline anxiety scores is detailed in Table 5.5 by condition.
Participants were deemed eligible for the study if they scored six or over on the GAD-7 scale,

suggesting they had a moderate anxiety, as ascertained by self-report.
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Condition N Age Gender Ratio M:F Anxiety Baseline

CBM-I Positive 21 Mean: 27.08 Mean:11.95
Range:18-58 Range:6-21

SD: 11.05 9:12 SD: 4.31
Exercise 21 Mean:33.82 Mean:11.52
Range: 19-58 Range:6-21

SD: 13.82 6:15 SD: 4.46
CBM-I + Exercise 22 Mean: 28.25 Mean:12.25
Range: 18-59 Range:6-20

SD: 11.80 11:11 SD:3.35
CBM-I Neutral Condition 18 Mean:26.95 Mean:12.18
Range: 18-58 Range:8-20

SD: 10.74 10:8 SD:2.98

Ethics

Ethical considerations were followed the same as within study six (please see chapter five, section

5.3.1).

Materials

The Generalized Anxiety Disorder Questionnaire (GAD-7; Spitzer et al., 2006) was used to

initially screen anxiety level of participants, which was an eligibility criteria and was the same as

used in study four (please see chapter three, section 3.4.2). The State-Trait Anxiety Inventory

(STALI; Spielberger, 1983) was the same as used for study one (please see chapter two, section

2.3.1).

The revised Beck Depression Inventory (BDI-II; Beck et al., 1996) was the same as used in study

two (please see chapter two, section 2.4.2). The BDI-II was used to measure self-report depression

in participants before session one of training, then after session three of training.
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The scrambled sentences test (SST; Rude et al., 2002) was the same as used for study one, however
it was adapted slightly to be exercise valanced to echo the exercise valanced CBM-I training
technique. The format of the SST was the same, there were four versions with twenty sentences to
unscramble in four minutes, each participant completed all four versions of the SST but order and
cognitive loading was counterbalanced between conditions, cognitive loading and versions of SST.
In each version of the exercise adjusted SST there were ten sentences taken from the previous
version that focused on social anxiety characteristics (please see chapter two, section 2.3.1 for full
description of original SST) and ten sentences formulated on characteristics of exercise such as
‘fatigued’ ‘weights’ ‘makes’ ‘stronger’ ‘me’ ‘lifting’, positive unscrambling of these words word
make the sentence; ‘lifting weights makes me stronger’, whilst the negative would be ‘lifting
weights makes me fatigued’ (please see appendix G for version one of four exercise adjusted SST

for use in study seven).

The equation used to calculate the score was the same as previously used (please see chapter two,
section 2.3.1). The SST was used to measure interpretation bias before the first session and after

the third session.

Positive Cognitive Bias Modification Training

The positive CBM-I training program was developed from previous versions used in chapters three
and four. There were three sessions of the CBM-I positive training program. Each session is made
up of six blocks of ten ambiguous scenarios (sixty per session in total), which are trained to be
interpreted positively for each session. The training program gives immediate feedback to
participants to ensure the ambiguous scenarios are interpreted positively. In each block of ten

training scenarios; six focused on exercise anxiety, two on social anxiety and two on physical
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anxiety. Three CBM-I training programs were developed for use in this research; one for each

training session.

Neutral Cognitive Bias Modification Training

The neutral CBM training program was developed from chapter four. There were three sessions
of the CBM-I neutral training program. Six blocks of ten ambiguous scenarios (sixty per session
in total), in the neutral training participants are not provided feedback, therefore this a pseudo-

training condition.

Physical Exercise Protocol

The exercise protocol was compliant to current health and safety regulations as set out by the
approved ethics. The duration and intensity used was similar to previous research in order to
assume that the predicted effects will occur from the moderate amount of exercise (Brosan,
Hoppitt, Shelfer, et al., 2011; Hansen et al., 2001), whilst still aiming to minimize the amount of
inconvenience or fatigue to the participants as much as possible. Previous research (R. T. Barnes
et al., 2010) advocates that 85% of the cardiovascular acrobic heart rate reserve of each individual
should be maintained for 20 to 30 minutes to achieve the desired benefits of aerobic activity, which
was relevant for the aims of this research. Therefore, this project asked participants to exercise
moderately twice per week for each week of the experiment and they were asked to measure heart
rate so that the desired aerobic heart rate that is necessary for the experiment could be monitored
and adhered to respectively. The exercise protocol consisted of a light warm-up of low-intensity
(20% of heart rate reserve for 5 minutes) and then increased to 80% heart rate reserve for 20

minutes, it then concluded with a ‘cool down’ which was low-intensity for 5 minutes using 20%
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heart rate reserve. Aerobic heart rate reserve was calculated using the formula in Figure 2.2 (Uth
et al., 2004). Each participant was informed of their goal heart rate reserve figure for the exercise
protocol and advised to aim to complete 20 minutes of exercise with their heart rate elevated to
the heart rate reserve figure they were given, they were sent reminder emails to complete the

exercise and asked to confirm at the end of each week that they had fulfilled this request.

Design

This was an independent measures design. The Dependent variables were ST Al-state score, STAI-
trait score, SST scores, BDI-II score. The independent variables were: Positive CBM-I, Exercise,
CBM-I & Exercise and Neutral CBM-I. session one (baseline) and session three for STAI-State,

STAI-Trait and BDI-II, sessions one and three for SST cognitively Loaded, and SST Non-Loaded.

Procedure

Eligible participants were those who scored above six on the GAD-7 pre-screen survey. Once
deemed eligible each participant was emailed a summary of the experiment and an information
sheet and consent form to sign and return. There were three individual online sessions for each
participant to complete once per week for three consecutive weeks. Participants were given three
days to complete their weekly session and if they failed to complete the session on time they did
not continue the study. This was to ensure consistency in when participants completed the sessions
whilst remaining flexible for participant to be able to complete each session around their other
commitments. After each session participants were emailed to thank them for taking part in the

session and to give further instructions for the next session.
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STAI and BDI-II measures were conducted before the CBM-I training in session one, and then
after CBM-I training in session three. SST measures were conducted before CBM-I training in

session one and after CBM-I training in session three.

Participant’s in the exercise and exercise & CBM condition underwent the physical exercise
protocol and CBM-I training program detailed in this methodology section. Participants in the
positive CBM-I training condition fulfilled one session of positive CBM-I training per week, for
three consecutive weeks, as detailed in this methodology section. Participants in the neutral CBM-
I training condition completed one session of the neutral training per week, for three consecutive
weeks as detailed in this methodology section. Participants that were in the positive CBM-I and
neutral CBM-I conditions were asked to refrain from aerobic exercise during the study and also
asked each week how much physical activity and how much exercise they were doing, to ensure
this would not confound the results of these conditions which were distinctly not expected to

exercise.

After the end of session three, participants were invited to a debrief meeting with the researcher,
in which they collected participant payment to compensate them for their time. Participants were
also given a debrief form which outlined the questionnaires they had completed, the aims of the
study and the researchers contact details, in case they had any further questions or would like to
withdraw. Participants had an allocated five minutes to discuss with the researcher any questions
or concerns they had about the study. Therefore, the process of informed consent was adhered to
and the participant was given the right to withdraw, fulfilling the requirements of informed

consent.
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Data Analytic Approach

A 4x2 factorial ANOVA was used to investigate the effects of condition and session on measures
of STAI-State, STAI-Trait and BDI-II. The within-subjects variable was condition and the
between-subjects variable are baseline and after the third session for STAI and BDI-II. Pairwise
comparisons using Sidak’s correction were performed in terms of post-hoc tests. A 2x2x2 mixed
ANOVA was also used to analyse the effect on SST measures; the within-subjects variables were
cognitive load (load/non-load), and session (one, three) whilst the between-subjects factor was
condition. Post Hoc analyses in the form of paired samples T-Tests were performed on significant
effects and the effect size r calculated (Rosnow & Rosenthal, 2009). Observed power was
calculated for significant Post-Hoc analyses in the form of Apriori power analyses using

‘G*Power’ Software.

5.4.3 Results

Preliminary analysis

Before analysis was conducted, preliminary analysis of the data was conducted to investigate
whether assumption of parametric tests had been violated. Assumptions were not violated;
therefore, parametric analyses were conducted. One-way ANOVA analyses were conducted to
investigate if the conditions differed in STAI, BDI-II, SST, gender and age at baseline.
Correlational analysis investigated the level of physical activity and physical activity each week
for participants in all conditions, to confirm individuals in the CBM-I positive and CBM-I neutral
conditions (that were asked to refrain from exercise) were not significantly similar to the
conditions that were asked not to exercise, means and standard deviations of these can be found in

Table 5.5.
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There was significant interaction between time x condition for state anxiety measures F(3, 84) =
5.07, p>.05, u>=.15 (please see Table 5.6, Figure 5.4). However, a Sidak pairwise comparison
revealed that there was no significant difference between the conditions (MD=1.01, SE=1.30)
p=243. Paired samples T-Tests showed that the decrease was not statistically significant in STAI-
state in the positive CBM-I condition #(21) = 1.32, p= .20, CBM-I & Exercise condition #25) =
1.39, p= .17 and the exercise condition #(20) = -1.84, p= .07. However there was a significant
increase in STAI-state scores in the neutral CBM-I condition #18) = -4.41, p< .005. The results
suggest that there was a significant increase in STAI state anxiety measures when individuals

underwent the neutral CBM-I training (please see Table 5.6, Figure 5.4).

There was a significant main effect of time, showing a decrease in trait anxiety scores from
baseline to post intervention F(1, 84) = 8.70, p>.005, u?>=.09, however, there was no significant
interaction between time x condition F(3, 84) = 2.12, p=.10 (please see Table 5.6). This suggests
there was significant reduction in trait anxiety measures over the three sessions although the

condition was not a significant factor.

There was a significant interaction between time x condition for BDI-II measures (please see Table
5.6, Figure 5.5) F(3, 80) = 6.14, p>.001, u>=.18. A Sidak pairwise comparison revealed that there
was a significant difference between the conditions (MD=3.91, SE=.75) p<.005. Paired samples
T-Tests revealed that there was a significant reduction in BDI-II scores for the positive CBM-I
condition #(21) = 6.38, p<.005 and the positive CBM-I & Exercise condition #22) = 3.22, p<.005.
Whilst there was no significant reduction for the neutral CBM-I condition #18) = .17, p=.86, nor

the exercise condition #(19)=.95, p=.35. This suggests that individuals who underwent the positive
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CBM-I training or the CBM-I & exercise training decreased in self-report depression (BDI-II

scores) significantly, whilst the neutral CBM-I and exercise condition did not.

Table 5.6 Mean & Standard Deviation For STAI- State, Trait Anxiety & BDI-II By
Condition, Study 7.

Condition N STAI State Anxiety STAI Trait Anxiety BDI-II Depression
Session Baseline | Post Training 3 Baseline Post Training 3 | Baseline | Post Training 3
CBM-1 22 | 38.36 34.72 44.72 39.86 17.5 8.86
Positive (11.73) 9.29) 9.75) (9.40) (6.69) (6.04)
CBM-I & | 26 | 43.61 39.42 48.96 47.07 21.39 16.26
Exercise (13.78) (13.89) (12.85) (14.48) (10.39) (12.69)
CBM-1 19 | 32.68 40.63 43.21 44.0 15.36 15.15
Neutral (9.51) (12.93) (10.42) (11.81) (5.80) (6.51)
Exercise 21| 45.52 49.57 51.09 47.47 19.05 17.35
(13.67) (12.43) (11.59) (10.81) (9.73) (13.65)
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Figure 5.4 Effect of Condition On State Anxiety (STAI), Study 7.
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Effect Of Condition On Depression (BDI-II)
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Figure 5.5 Effect of Condition On Depression (BDI-II), Study 7.

For SST scores (please see Table 5.7, Figure 5.6, Figure 5.7), there was a significant interaction
between time x condition x cognitive load, F(3, 82) = 2.79, p>.05, u>=.09. A Sidak pairwise
comparison revealed that there was a significant difference between the condition (MD=15.22,
SE=2.35) p<.005. Paired samples T-Tests were performed to interpret the interaction effect and
found that when the SST was cognitively loaded there was a significant reduction in SST scores
in the positive CBM-I condition #(23) = 7.66, p< .005 and the exercise condition #(17) = 3.83, p<
.005. However there was no significant reduction in SST scores for individuals in the neutral CBM-
I condition #(18) =-1.08, p= .29 or the positive CBM-I & Exercise condition #(25) = 1.30, p= .20.
When the SST was non loaded there was significant decrease in SST scores for the positive CBM-
I condition #23) = 5.87, p<.001 and the exercise condition #(17) = 3.73, p<.005. Whilst there was

no significant decrease for the positive CBM-I & Exercise condition #24) = -.32, p=.75 nor the
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neutral CBM-I condition #(18) = 1.36, p=.18. This suggests that when the SST is cognitively loaded
or non-loaded individuals who undergo the positive CBM-I training or exercise training

significantly decrease in negative interpretation bias measures (SST scores).

Table 5.7 Mean & Standard Deviation For SST Cognitively Loaded & Non-Loaded By
Condition, Study 7.

Condition N SST Cognitively Loaded SST Cognitively Non-Loaded
Session Baseline Post Training 3 Baseline Post Training 3
CBM-1 24 60.91 25.20 56.71 23.13
Positive (19.15) (12.27) (23.2) (18.52)
CBM-I & 25 56.78 48.04 53.41 54.94
Exercise (22.55) (20.0) (20.37) (18.8)
CBM-1 19 46.24 49.93 48.04 44.68
Neutral (16.66) (18.92) (18.31) (20.04)
Exercise 18 55.79 32.83 60.23 37.58

(18.62) (12.46) (14.79) (15.61)
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Figure 5.6 Effect Of Condition On Interpretation Bias (SST Cognitively Loaded), Study 7.
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Effect Of Condition On Interpretation Bias (SST
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Figure 5.7 Effect Of Condition On Interpretation Bias (SST Cognitively Non-Loaded), Study
7.

5.4.4 Discussion

This study implemented a three session CBM-I and Exercise paradigm, in which participants who
has sub-clinical anxiety either underwent positive CBM-I training, a combined protocol of positive
CBM-I & Exercise training, neutral CBM-I training or exercise training on its own. The results
suggest that participants who underwent the neutral CBM-I training actually increased in STAI-S
state anxiety measures over the three sessions of training. Interestingly individuals in the positive
CBM-I training and the combined positive CBM-I & exercise training decrease in depression
measures (BDI-II) over the three sessions. Interpretation bias measures (SST) also decreased over
the three sessions for participants that underwent the positive CBM-I training and the exercise

training and this was the same for when the SST was cogntively loaded or non-loaded.
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5.5 General Discussion

Study six implemented a six session CBM-I paradigm in which participants with sub-clinical
anxiety underwent either a positive or neutral CBM-I training program once per week over six
consecutive weeks. These training sessions were fairly brief; thirty scenarios per session in
comparison to sixty scenarios per training session in study seven. Study seven implememnted a
CBM-I and exercise training similar to that of chapter three. However, the SST was adjusted to be
exercise valanced to mimic the exercise orientated CBM-I training and the study ran completely
online unlike studies three or four. The results from these two online studies suggest that the longer
verison of CBM-I training had a stronger effect on modificaying interpretation biases (measured
by SST). Furthermore, there was a significant decrease in depression measures possibly due to the
longer training session. Whilst study six presented a significant decrease in trait anxiety measures
over the six week period, this could be due to trait anxiety responding to the training over a longer
period. Interpretaion bias scores significantly decreased in both study six in repsonse to the positive
CBM-I training and study seven in response to the positive training and also the exercise condition.
This adds growing support to the premise that positively valenced CBM-I training that is exercise
orientated decreases negative bias. In both studies this decrease in negative bias has a knock-on

effect for self report trait anixtey in study six and self-report depression in study seven.

This research lends support to previosus findings by Lisk and colleagues, although they
investigated both CBM-A and CBM-I training techniques on anxiety and depression, their findings
suggest that CBM-I training was the most benefical for anxiety reduction which is supported by
the result sof study six in whch there was a significant reduction in trait anciety measures also

(Lisk et al., 2018).
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The results from these two studies lend support to a growing field of online CBM-I research. The
research endorses the CBM-I paradigm alongside moderate physcial exercise protocols for

reducing negative cognitive interpretation bias and in turn improving mental well-being.



Overall Discussion Page | 109

Chapter 6 Overall Discussion

This doctoral thesis investigates the complex relationship between mental well-being, cognitive
bias and physical exercise. The research begins with two studies which measure the effect of mild
to moderate physical exercise on typical individual’s interpretation biases and measures of mental
well-being. Study one investigated the effect of a walking exercise protocol on interpretation
biases and anxiety and found a significant reduction in trait anxiety in the walking exercise
condition relative to control condition, but no effect on interpretation bias. Study two investigated
the effect of single session of moderate exercise on a static bicycle and found a significant
reduction in interpretation biases, state and trait anxiety, depression and perceived stress measures

in the exercise condition compared to the control condition.

Study three begins to develop an exercise orientated Cognitive Interpretation Bias Modification
(CBM-I) training programme that’s positively valenced and incorporating a dual method of CBM-
I and exercise training against a rest control condition. This is investigated over two sessions of
positive CBM-I training, combined CBM-I and exercise, exercise and a rest control condition.
Results suggested that there was a significant reduction in perceived stress, which was driven by
the combined CBM-I & exercise condition and the rest condition. There was a significant reduction
in self-report depression which was drive by the exercise condition and the combined CBM-I &

exercise condition, whilst there was no significant effect on cognitive interpretation bias measures.

Study four uses the same methodological paradigm as study three and seven whilst introducing a

more robust control condition and recruiting a high anxiety sample. Study four uses a neutral
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CBM-I training program instead of a rest control condition, along with a positive CBM-I training
condition, a combined CBM-I & exercise condition and physical exercise condition over three
sessions and measures the effect of these on interpretation bias and measures of mental well-being.
Results suggest a significant reduction in trait anxiety driven by the combined CBM-I & exercise
condition and the exercise condition, whilst there were no significant effects on state anxiety,

depression, psychological stress, or interpretation bias.

Study five focuses on developing the neutral CBM-I training in direct contrast to the positive
CBM-I training over the course of two sessions with a high anxiety sample of participants. The
results suggested that trait anxiety reduced in the positive CBM-I condition and there was a
significant effect on interpretation biases also. There was a significant correlation between trait

anxiety and interpretation biases in the positive CBM-I condition.

Study six recruited a high anxiety sample and was the first study conducted completely online.
Study six consisted of six sessions of positive or neutral CBM-I training over six consecutive
weeks. The amount of physical activity and exercise was measured throughout the study, but
participants were not encouraged nor discouraged from exercising. There was a significant
reduction in trait anxiety in the positive CBM-I condition relative to the control condition. There
was also a significant reduction in negative interpretation bias in the positive CBM-I condition

compared to the control condition.

Whilst study seven consisted of three sessions of positive CBM-I, positive CBM-I & exercise,

exercise or neutral CBM-I training over a three-week period. Although the paradigm of this study
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is similar to that of study three and four, study seven required participants in the exercise and
CBM-I & exercise conditions to complete six sessions of moderate exercise (30 minutes at their
required heart rate, as calculated) twice per week of the study. Furthermore, study seven introduced
an amended Scrambled Sentences Test (SST; measured both cognitively loaded and non-loaded)
which had been used in each study previous, to measure cognitive interpretation bias. The amended
SST was an exercise adjusted version, which implemented exercise orientated sentences to
unscramble alongside the original sentences, which echoes the exercise orientated CBM-I training
programs. The results from study seven suggested that there was a significant effect on state
anxiety however this seemed to be due to an increase in the neutral CBM-I condition. There was
a significant reduction in self-report depression, which was driven by the positive CBM-I condition
and the combined CBM-I & exercise condition. Also, there was first reported a significant effect
relative of session, condition and cognitive loading and this was a significant reduction in the

negative interpretation biases in the positive CBM-I condition and the exercise training condition.

This body of research collectively supports CBM-I training for reducing trait anxiety especially in
studies four, five and six where there was a significant reduction in trait anxiety as driven primarily
by the positive CBM-I training. Whilst not disregarding that in study four the reduction in trait
anxiety was driven by the exercise condition and then combined CBM-I and exercise condition.
This lends support for the benefits of exercise which was presented in studies one and two
specifically, which showed a significant decrease in trait anxiety in study one after a simple
walking exercise protocol. Additionally, in study two a moderate exercise protocol produced a
significant reduction in both state and trait anxiety measures, and perceived levels of stress and
depression. Furthermore, study three also presented a significant interaction of effect on trait
anxiety measures, which was driven again by the combined CBM-I and exercise condition,

suggesting exercise plays an important role in anxiety symptomology and this was investigating a
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sub-clinical sample of participants. Whilst study four presented a much clearer effect, as the
combined CBM-I & exercise condition had a stronger effect on trait anxiety measures when
compared to the exercise condition or neutral condition. This suggests that when exercise training
and positive CBM-I training are combined they have a unique effect on reducing trait anxiety in

particular.

This collection of studies often presented an unclear picture of whether cognitive bias modification
program had a significant effect on individuals interpretation biases. Studies one, three and four
all provided no substantial evidence of interpretation biases significantly being modified. Study
six presented a significant interaction between time x condition, so negative biases did decrease
over time and dependent of condition. This presented an issue as cognitive loading is paramount
to the integrity of measuring cognitive biases. This is because interpretation biases are inherently
automatic and so a cognitive load must be used to divert attention for the individual so the cognitive
biases they are making are automatic. In study seven the SST used was tailored to the CBM-I
training we were using to investigate whether this could possibly be the reason why there was no

significant interaction between loading, condition and time in previous studies.

Studies five and seven indeed found a significant interaction between time x loading x condition,
the results from study seven in particular lend support to tailoring the SST measure of
interpretation bias to be exercise orientated alike the CBM-I training programs used (which were
adapted study three onwards to be exercise orientated) a significant interaction effect could be
observed and in turn the inference could be made that these CBM-I training techniques reduce
negative interpretation bias. This research contradicts the findings of research conducted by

Morina & colleagues, because much of the present research supports the notion that cognitive
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interpretation biases are paramount in the function of anxiety (Morina et al., 2011). Morina et al.,
(2011) argued that there is a lack of evidence for the relationship between anxiety and cognitive
interpretation biases; as lack of positive imagery is usually associated with anxiety. The research
in this thesis provides a stronger support for the role of interpretation bias in anxiety, specifically
study five which found a strong relationship between interpretation biases and trait anxiety scores
both of which were significantly reduced in the positive CBM-I condition. Conversely a similar

representation of this relationship is presented in study seven but with depression measures.

A limitation of these inferences that are presented is that self-report depression was only measured
in studies two, three and four as the primary focus of this research was anxiety reduction. This
suggests that it is indeed negative cognitive biases which influences anxiety as well as depression.
Conversely, one could speculate that a positive relationship was not found between negative bias
and depression, because depression could be characterised by cognitive attentional biases,
although previously thought to be attributed to anxiety (Bar-Haim et al, 2007), as depression is
primarily associated with the cognitive biases in the later interpretation stages (Gotlib et al, 2004;
Joorman & Avanzato, 2004). Another explanation of this could also be explained by the attentional
avoidance to positive stimuli, this decreases positive mood and increases depressive symptoms
(Bradley, Mogg & Lee, 1997; Mathews & MacLeod, 2005). Therefore, this suggests that
attentional cognitive biases could be at the root of ameliorating depressive symptoms rather than

interpretational cognitive biases.

Research by Smith (2012) argues that the current literature is still undecided on whether cognitive
interpretation biases stem from the functions of depression. However, cognitive theories of

depression are all rooted in the fundamental role of negative cognitive biases in the development
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and maintenance of clinical depression (Beck, 1976). In turn, a study using a sample of diagnosed
clinically depressed individuals, Mogg et al. (2006) investigated encoding of threatening
interpretation of ambiguous sentences and homophones. They found that individuals with clinical
levels of depression preferentially encoded the ambiguous stimuli as threatening more than those
with no diagnosis of depression. This provides some explanation for why in some of the studies
there was no significant relationship between negative interpretation bias and depression measures.
In a study by Mogg et al. (2006) they used a clinically depressed sample which makes it clearer to
make these inferences of relationships between different cognitive biases and disorders.
Unfortunately, a limitation of the research in this thesis is that studies one, two and three did not
prescreen participants for baseline measures of anxiety or depression. However, considering the
main focus of the present research was anxiety, studies four, five, six, and seven all pre-screened
participants for anxiety, only accepting individuals who scored in moderate to severe ranges of
anxiety on a self-report measure. Additionally, from these baseline anxiety scores participants
were then assigned to a condition whilst keeping baseline anxiety, age and gender equal between
conditions. This was introduced after study three produced results that were inconclusive in
providing any support for the effect of CBM-I training and exercise positively influencing

measures of interpretation bias, anxiety, stress or depression.

These results lend support to Mathews and MacLeod (2005), MacLeod and Mathews, (2012),
Hertel and Mathews, (2011), findings, which found a strong relationship between anxiety,
depression and negative cognitive biases (Hertel & Mathews, 2011; MacLeod & Mathews, 2012;

Mathews & MacLeod, 2005).
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However, in studies one, three and four negative bias did not significantly decrease respective of
condition or loading. This has meant that one of the primary hypotheses of this thesis is not fully
supported, as studies one, three and four fail to show a direct link between modifying individuals
cognitive biases and a change in their cognitive interpretation biases. This could be due to
methodological differences between these studies and that of Mathews and MacLeod (2005) and
above others. Research by (Cisler & Koster, 2010) is also now supported by the present research,
as they also found that individuals with clinical and subclinical levels of anxiety are determined
by preferential attention, furthermore, preferential interpretation of threatening information, which

leads to negative interpretation biases.

There is body of research attributing attentional avoidance to positive stimuli to onset and
maintenance of depression. With consideration to the findings of these seven studies, which lend
considerable support to the link of interpretation bias with anxiety and less support for the link of
interpretation bias to depression, future research should investigate the roles of attentional biases
with depression. This construct has also been supported by Lisk and colleagues, who found a
strong correlation between interpretation bias and anxiety, in direct comparison to attentional bias
(Lisk et al., 2018). Lisk employed an eight-week training program in which the first four weeks
consisted of attention bias training and the later weeks involved interpretational bias training. Lisk
found strong support for benefit of interpretation bias training for anxiety. Considerate of Lisk’s
findings, future research should employ a similar paradigm of attentional and interpretational bias
training program (attention bias modification; ABM & CBM-I), however as different experimental
conditions, so that more concrete inferences can be made of whether ABM or CBM-I techniques
are most beneficial for either anxiety and/or depression. Also, the influence of physical exercise
on interpretation bias, anxiety and depression should not be disregarded. Future research should

investigate separate ABM, CBM-I & exercise training conditions over a period of three to four
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weeks. As study seven yielded a clear effect of reducing anxiety over three weeks of longer training
sessions, whilst study six was shorter training sessions over a six-week period which arguably did
not produce as strong effects. This arguably contradicts the general assumption that distributed

practice is more beneficial than quantity of practice.

Future CBM-I research should also investigate the effect of a gradual increase of intensity of
positive scenarios, duration of training sessions (how many scenarios per session of training) and
the effect this has on high anxiety individual’s commitment and engagement to the CBM-I training
programs and in turn the effect on interpretation bias, anxiety and depression. This would be
beneficial because individuals high in anxiety often can find the positive training to be sometimes
difficult to engage with because they do not hold the positive interpretations that they are required
to form in the training, it can be difficult for these individuals to commit and engage in the training.
Therefore, by starting the CBM-I training with more neutral scenarios and increasing them in the
intensity of positivity in the interpretations of the scenarios, this could allow anxious participants
who are more averse to the positive training to become gradually more used to the positive CBM-
I training. The basis of this is in a few of the studies presented when a positive and neutral training
are used we see almost a similar pattern of the neutral training to the positive when investigating
a high anxiety sample. This is present in study five, in which the interpretation biases were
significantly affected, yet this could not be attributed to either the positive or neutral training
condition. Research should investigate this using a sample of individuals who present as high
anxiety and high depression in separate conditions in comparison to a control condition of
individuals who present as low in anxiety and depression measures. Tailoring of materials for the
research question is also of worthy investigation in future research also, as results of study seven
strongly support this. The SST was particularly unpredictable as a measure and only once it was

adjusted to echo the scenarios and interpretations the participants were undertaking in the CBM-I
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training, was a significant interaction found between the cognitive loading technique, time and
condition. Therefore, future research should investigate use of appropriate materials tailored for

the interventions and participant sample.

In conclusion, this collection of studies has aimed to reduce negative interpretation bias and
improve mental well-being, specifically anxiety. The research has evolved from merely measuring
and investigating interpretation biases, to modifying biases using CBM-I techniques. The findings
lend further support to the use of neutral training and placebo mechanisms used by Krahé &
colleagues (Krah¢ et al., 2016) and Becker & colleagues (Becker et al., 2016) and it was the
introduction of a neutral placebo training from study four onwards that one could more clearly see
whether the CBM-I training was a genuine effect, rather than any confounding extraneous
variables. Furthermore, the introduction of multiple session CBM-I programs in an online format
in this research strengthened findings of research by Lisk & colleagues (Lisk et al., 2018). The
potential benefits of modifying cognitive interpretation biases in particular are copious, from
decreasing depression (Hirsch et al., 2016), anxiety (Richards & French, 1992), stress reactivity
(Richards, 2004; Becker et al., 2016), reducing general maladaptive mood (Brosan, Hoppitt,
Selfer, et al., 2011) and even increasing resilience to threatening situations (de Voogd et al., 2017;
de Voogd, Wiers, de Jong, Zwitser, & Salemink, 2018; de Vries et al., 2016). Lastly, this research
further strengthens the findings of Tian & Smith (2011) and Smith & O’Connor (2003) and

validates the benefits of physical exercise in the CBM field.
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Research conducted within the cognitive bias modification (CBM) paradigm has
revealed that cognitive biases such as negative cognitive interpretation biases contribute
to mental health disorders such as anxiety (Beard, 2011). It has been shown that
exercise reduces anxiety (Ensari et al., 2015). Exercise has also been found to reduce
negative cognitive attention biases (Tian and Smith, 2011), however, no research to
date has investigated the effect of exercise on cognitive interpretation bias. The key
aims of the current project is to investigate whether moderate exercise reduces self-
reported symptoms of depression and stress. Additionally, to establish which intensity
of exercise is required to achieve anxiety reduction and reduce an individual's negative
cognitive interpretation biases. Study 1 recruited a healthy sample of adult participants
who were randomly assigned to one of two conditions: a walking exercise protocol
or a control condition {n = 2 x 12). Participants completed anxiety and cognitive
interpretation bias measures before and after the walking exercise or control condition.
Those in the walking exercise condition presented less symptoms of tfrait anxiety on
a measure of state and trait anxiety inventory (STAI), compared to controls relative to
baseline measures following the intervention. Study 2 recruited frequent exercisers who
were assigned to an exercise or control group (0 = 2 x 24). Participants completed
anxiety, depression, psychological stress, and cognitive interpretation bias measures
before and after the exercise or control condition. Following the intervention, negative
interpretation biases decreased in the exercise group and stayed stable in the control
group. The exercise group alsc had significantly decreased anxiety, depression, and
stress measures after the exercise condition, while controls did not. The research
concludes that CBM holds promise for the management of mood disorders and exercise
is an effective accompaniment to psychotherapy.

Keywords: inty, dope g aMect, mood o P bias,
0XDICiSe
INTRODUCTION

The beneficial effects of acute and chronic exercise on healthy individuals and those with
sub-clinical or clinical anxiety and depression have been well established (Herring et al,
2014; Stubbs et al, 2017) and exercise has been advocated as a treatment for maladaptive
mood and emotional problems (Paluska and Schwenk, 2000; Barbour and Blumenthal, 2005;
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Penedo and Dzhn, 2005; Otto et al, 2007). Health care
providers such as the National Health Service (NHS) in
the United Kingdom have advocated exercise interventions
independent or in conjunction with psychological and/or
pharmacological therapies for affective emotional problems (Fox,
1999; Saxena et al., 2009; Daley, 2018). Benefits of physical
exercise in a variety of different physical disorders including
dizbetes, renal discase, and osteoporosis, has been shown to be
effective (Fentem, 1994). There is also a strong body of evidence
regarding the physiological benefits of regular physical exercise
on the human body (Salmon, 2001; Asmundson et al,, 2013), as
well as improved psychological wellbeing (Fox, 1999). Exercise
is arguably not a panacea for mental health problems, however,
it can reduce the symptoms of the less severe cases of anxiety,
chronic stress and depression, and in turn could reduce rising
health costs nationally and internationally (McCrone et al,, 2008).

Although anxiety disorders are characterized particularly by
symptoms of worry, the basis of vulnerability and fundamental
mechanisms are common in all anxiety disorders (Mincka
et al, 1998). The study of the cognitive dimensions of anxiety
focuses on this notion of wvulnerability (Clark and Beck,
2011). Vulnerability is defined as an individual’s perception
of the ‘self’ that is exposed to internal and external threat
over which the individual has little or no control to provide
a reassurance of security or safety (Beck et al, 2005).
Also, in the previous 30 years or so, cognitive models of
anxiety and depression disorders have greatly highlighted the
fundamentally crucial part selective information processing (so-
called ‘cognitive bias) plays in the development and maintenance
of emotional psychopathology (Beck and Clark, 1997). However,
the effects of physical exercise on the processing of these
threat-related negative cognitive biases in individuals who
experience frequent and severe episodes of anxiety and anxiety
disorders is much less understood (Cooper and Tomporowski,
2017).

Physical activity and physical exercise are definitions that are
usually used interchangeably, however, these concepts are not
the same. Physical activity is defined as any bodily movement
producing the expending of energy. While physical exercise
is a subset of physical activity that is routine and structured
with the aim to improve cardiovascular fitness level and overall
health and wellbeing (Caspersen et al, 1985). Rescarch has
primarily focused on structured physical exercise programs
relative to its psychological benefits, although there has been
an emergence of cross-sectional studies which have consistently
shown high self-reported levels of habitual physical activity to
be associated with better mental health (Salmon, 2001). Research
into the effects of exercise on emotion is predominantly focused
on sclf-reported measures of anxicty, stress and depression
symptoms or on clinical psychological assessment measures,
to investigate the effects of exercise after a single protocol
of exercise, a training program or affective responses during
physical exercise (Williams et al., 2008; Ekkekakis, 2013). These
experiments have undoubtedly given insights on benefits of
exercise on alleviating moods and there is substantial evidence
for this relationship to be considered as a therapeutic approach
in the treatment of anxiety disorders (Fox, 1999). Previous

rescarch by Hansen et al. (2001) and Salmon (2001) suggest
that exercise is emotion enhancing when it is performed at
a ‘manageable level’ for the individual that is engaged in the
activity.

Clinical and subclinical levels of anxiety are associated
with biases in the predominant and automatic strategic stages
of attention (Bar-Haim et al, 2007), while depression is
associated with cognitive biases in the later stages (Gotlib
et al, 2004; Joormann and D'Avanzato, 2010; Hallion and
Ruscio, 2011). However, depression and anxicty are highly
comorbid (Brown et al, 2001) and anxiety has also been
associated with negative cognitive interpretation bias as well
as attentional biases (Mathews and Macleod, 2005; Hallion
and Ruscio, 2011). This proposes another understanding of
anxiety, perhaps it is characterized by attentional bias, the
tendency to search for high risk, threatening or danger to
the self, and also interpretation biases which is a tendency to
evaluate present and past situations in negative, rather than
benign or positive, manner. While depression may only be
characterized by interpretation biases, which would explain
why individuals with depression commonly ruminate about
situations from the past (Krahé et al,, 2016). Furthermore, the
psychotherapy interventions in place for anxiety and depression
disorders are grounded in cognitive theory that rest heavily
on the assumption that cognitive biases are causally related to
symptoms. These assumptions have been demonstrated and a
strong relationship between anxicty, depression and a variety
of negative cognitive biases (attentional, interpretational, and
memory) is becoming established in the literature (Mathews
and MacLleod, 2005; Vrijsen et al, 2014). Individuals who
suffer with anxiety or depression are therefore likely to have
negative cognitive interpretation biases (Richards and French,
1992; Richards, 2004).

Cognitive models of the functioning of anxiety suggest
that there are biased routes of our fundamental information
processing, operating within our cognitive system that possibly
are not consciously accessible and these are important in
experiencing an unexpected manifestation of anxiety (Mathews
and MacLeod, 2005). It is suggested that individuals who present
with anxiety and depression tend toward the negative aspect
of ambiguous situations and therefore inclined to interpret
such ambiguous and neutral conditions negatively instead
of positively. Negative mood states are frequently related
to negative cognitive biases of attention and interpretation
(Rose and Parfitt, 2007). Individuals who suffer with clinical
disorders such as anxiety, stress and depression, frequently
exhibit a preferential response toward negative relative to
positive or benign/neutral information and have a tendency to
interpret ambiguous situations and environments negatively
rather than positively. There is evidence to suggest that
cognitive biases are rooted in psychological processes in
clinical populations; suggesting that anxiety and stress-related
symptoms could be considerably reduced in wvulnerable
populations if we could reduce their tendency to make
negative cognitive biases and thercby improve mood state
{Mackintosh et al., 2006; Brosnan et al, 2011). In terms of
cognitive bias, depression and anxiety are associated with
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difficulty in disengaging one’s attention from mood-congruent
(negative) self-relevant stimuli. This may be coupled with
attentional avoidance to positive stimuli. Together, these
lead to a decrease in positive mood and increase in negative
depressive symptoms (Gotlib et al., 2004; Mathews and MacLeod,
2005).

Research conducted by Salmon (2001), suggests attention
to acrobic exercise has been unproportionate to the focus
given to non-aerobic exercises in which muscle activity is
brief, high intensity and is not maintained. Aerobic physical
exercise can be defined as an activity involving large muscle
groups, increased heart rate and respiration, such as swimming,
running, and aerobic dancing. According to a meta-analysis by
Petruzzello et al. (1991), there were no significant disparities
between the types of aerobic exercise an individual engaged in,
the only significant differences were acrobic physical exercise
having an increased positive effect on mood than non-aerobic
exercises. These studies consistently show an improvement
in mood after engaging in an aerobic exercise protocol.
However, a study by Gupta et al. (2006) investigated the
effect of a non-zerobic short-term yoga program on individuals
with various mental and physical health issues, specifically
anxiety. Their findings suggest the yoga program significantly
reduced participants self-reported state and trait anxiety levels
from by the end of the program. This suggests that some
non-aerobic exercise can have a positive effect on reducing
self-report anxiety, in this case specifically for a clinical
sample.

Smith (2013) investigated the role of moderate exercise on
emotional affect, using an exercise protocol and the perceived
rated level of exertion scale (PRE) to achieve @ moderate
amount of exercise enough to be deemed beneficial. Smith (2013)
found that moderate exercise reduced levels of state anxiety
and concluded that moderate exercise has anxiolytic effects
and, furthermore, could be resistant to emotionally arousing
negative/threatening stimuli. This has implications for how
positive mood could be potentially protected by moderate
exercise even when individuals are presented with negative
imagery. This effect of emotional resilience has also been reported
by O’Connor and Shimizu (2002).

Research into the effects of exercise training on cognitive
interpretation biases in anxiety, depression, and stress-related
disorders is sparse and the insight it could lend to our
understanding of the cognitive mechanisms could be valuable.
The key aims of the present study is to establish which intensity
of exercise is required to achieve anxicety reduction and whether
this is related to changes in an individual’s negative cognitive
interpretation biases. Furthermore, it will investigate whether
there will be a reduction in anxiety when exercise is performed
and reduces self-reported symptoms of depression and stress.
These rescarch aims will be addressed with two experimental
studies. The hypothesis of Study 1 is that there will be significant
decrease in negative interpretation bias while under a cognitive
load (remembering a six-digit number during the task) compared
to when not under a cognitive load and a reduction in anxiety
measures in the walking exercise condition relative to the control
condition.

STUDY 1

Methodology

Participants

‘Twenty-four participants were recruited to take part in this study
from a student population at the University of Essex, Colchester,
United Kingdom (see Table 1 for mean age, gender ratio, and
mean HR rest). To be eligible, individuals had to be able to engage
in physical activity. Study requirements were that individuals did
not exercise for 12 h prior to participating and must be fluent
in spoken and written English. Participants were told they would
be required to complete a series of questionnaires, and they may
or may not be required to undertake a walking exercise protocol.
Ethical approval was granted from the University of Essex Ethics
Committee.

Materials

State and trait anxiety

The state and trait components of the State Trait Anxiety
Inventory (STAL; Spielberger, 1983) questionnaire were used to
assess global and transient levels of anxiety. The STAI assesses
apprehension, tensions, nervousness, and worry in 20 questions
on a 4-point Likert scale. The first part measures state anxiety;
which is an immediate measure of the participant’s current state
of anxiety. The second part is the trait anxiety scale, which
measures an individual’s predisposition for personal anxiety. This
scale has been identified as a reliable tool for assessing anxiety
and an individual’s aggregate. Reliability scores of this scale range
from 0.65 to 0.86 for the trait version and 0.16 to 0.62 for the state
version {Barnes et al., 2010).

Cognitive interpretation bias

The Scrambled Sentences Test (SST; Rude et al,, 2002; Standage
et al,, 2010) was used to measure negative cognitive interpretation
bias. The SST involves unscrambling a list of 20 sentences,
this is done in cognitively non-loaded and cognitively loaded
conditions, where the participant is subject to a simultancous
cognitive load task or not (e, remembering a six-digit
number). Participants firstly, had the task explained to them
by the researcher and then were asked to complete three
practice questions, which were scored before the participant
completed the $8T to ensure they understood the task correctly,
the practice question scores were not recorded for further
analysis. For the loaded and non-loaded trials, only those
during which the participant correctly recalled the six-digit
number were included for analysis. Participants had 4 min
to complete as many of scrambled sentences as possible.
The score of negative or positive responses to the cognitive
interpretation bias tasks were then collected and recorded. This
method aims to investigate the tendency of each individual to
interpret ambiguous information cither positively or negatively
and was measured before and after the intervention. From
the data gathered, a negative interpretation bias score was
calculated using Eq. (1). The SST has been suggested to be
reliable at establishing a cause and effect between negative
interpretation biases and predicting there after depressive
symptoms for up to 8 weeks post S8T (Rude et al, 2002).

Frontiars in Peychalogy | wew.frantiérsinuarg

August 2018 | Volume 8 | Article 13383



Appendix A

Clarke ot al

Page |130

Execise, Irtampretation Bas and Anxety

Negative

S8T = 100 x Correct

(1)
Design

Anxiety measures are assessed using a 2 x 2 mixed
factorial design in which the within-subjects factor is
Time (Session 1 and Session 2) and the between-subjects
factor is Intervention group. The S8T data is analyzed
with a mixed measures 2 x 2 x 2 factorial design: SST-
type (Load/Noload) x Session (Session 1 and Session
2) x Intervention (walking exercise/Control Group). The
within-subjects variables are SST-type, and Session, while the
between-subjects factor is the intervention (walking exercise) or
control group.

Procedure

Once participants were recruited and deemed eligible for the
study, they were invited to a study appointment with the
primary researcher. The researcher summarized the process
of the experiment and what would be required of them for
participation. Participants then read through an information
sheet, signed a consent form and were informed of their right to
withdraw without penalty.

Participants were randomly assigned to one of the two
Intervention groups: walking exercise group (n = 12), and
the control group (n = 12). Randomization was achieved by
assigning each individual a participant identification number
between 1 and 24, each 1D number was randomly assigned the
digit one or two for respective groups in equal proportions (1:
walking exercise group, 2: control group). The experiment was
split into session 1 and session 2, in-between the sessions the
participants cither completed the moderate walking exercise or
had 30 min to relax (control group). The order in which the
88T’ were administered were counterbalanced (load or non-
load).

Session 1

All participants completed the state and trait versions of the
STAI to measure self-reported anxicty before the experimental
and control condition to establish an accurate baseline. All
participants then did the practice S8T and completed the first
and second measures of interpretation bias (SST) both cognitively
loaded and non-loaded which they had 4 min to do each set of 20
sentences.

Intervention

The exercise group spent 30 min walking at a brisk pace around
the University grounds, and then were invited back into the
experiment lab. The control group spent the 30-min period in the
experiment lab, the only stipulation was to refrain from internet
use, social media, and not use their mobile phones.

Session 2

All participants then completed different versions of the SST
(loaded and non-loaded) followed by the STAL Once completed
cach participant was thanked for their participation and
debriefed. Participants were provided with a copy of the debrief
information, which outlined the aims of the study and how all
participant data is anonymized and kept securely. They were
provided contact details of the primary researcher in the instance
they would like more information about the study or would like
to withdraw from the study post-participation.

Data Analytic Approach

A mixed measures 2 x 2 x 2 mixed factorial ANOVA was
used to analyze the data collected to investigate; Load/No
Load x Walking Exercise/No Exercise x Session 1/Session
2. The within-subjects variable is whether the SST was
cognitively loaded/non-loaded, and session 1/session 2, while
the between-subjects factor is the moderate exercise/control
group. A 2 x 2 ANOVA was used to measure the effect of
moderate intensity exercise on state and trait anxiety. The
within-subjects factor is session 1/session 2, while the between-

TABLE 1| Study 1: Mean and standard deviation for walking and control condition for STA and SST measures.

Baseline: Session N Mean, range, and Gender ratio M:F Walking exorcise Cantrol condition
1 Post condition: SD age condition Mean Mean (SD)
Session 2 (SD)
SIA-S Session 1 12 Waking Exercse Wealkng Exarcise 37.59 (9.22) 33.259.88
Group Group: 1:5
Meaan: 28.50
Range: 2140
SD:-7.03
Sesssion 2 30.50 (B.74) 31.06 841)
STA-T Session 1 12 £40(:378) 3859.51)
Sassion 2 4041 (15.69) 38.16(11.18)
SST Cognitvely loaded Session 1 12 Control Group: Control Group: 2:4 3087 (27.67) 1964 (19.74)
Session 2 31.'8 (28.08) 1496 (138")
Maan: 28.56
Range: 22-38
SD:5.45
SST Cognitvely non-loaded Session 1 12 26582319 18.50 (15.37)
Session 2 3118 (290q) 2256(21.9%)
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subjects factor is the exercise/control group. Any significant
effects found will be further investigated with Tukey HSD post hoc
tests,

Results

Preliminary Analysis

Before the full analysis was conducted, preliminary analysis
of the data was conducted to investigate the assumptions
of parametric tests; the data was assessed for outliers using
box plot graphs, no outliers were identified. The histogram
of standardized residuals indicated that the data contained
approximately normally distributed errors, as did the normal P-
P plot of standardized residuals, which showed points that were
close to the line of fit. Levenc’s test of homogeneity of variance
was also used and found for all measures to be non-significant
and therefore did not violate the assumption of homogencity
of variance. The scatterplot of standardized residuals showed
that the data met the assumptions of homogencity of variance
and linearity. The Box's test was insignificant for the analysis
of experimental group, loading, and time on the SST%, and was
also insignificant for the STAI measures. The assumptions of
parametric data were not violated, therefore parametric analyses
could be performed.

Main Effects

There was a significant effect of pre and post measures of
state anxiety measures F(1, 23) = 10.17, p < 0.005, n, = 0316,
but no significant main effect of intervention group F(1,
23) = 2.87, p = 0.10 (Table 1). The interaction between session
and intervention group was statistically significant for trait
anxiety, F(1, 23) = 5.02, p < 0.05, 7= 0.186 (Table 1).
A Tukey HSD post hoc test confirmed that participants in the
walking exercise condition significantly decreased in trait anxiety
measures (SE = 0.72), p < 0.01. There was no significant effect
of the intervention on interpretation bias scores (SST) F(1,
23) = 037, p = 0.54.

Discussion

The findings from Study 1 suggests a significant decrease in self-
reported trait anxiety measures when participants underwent a
single session walking exercise protocol. However, the hypothesis
is only partially supported, because there was no significant
effect of walking exercise on state anxicty measures relative
to the control condition. Furthermore, walking exercise had
no significant effect on negative interpretation bias measures,
both cognitively loaded and non-loaded, relative to the control
group. The reduction in self-reported state anxiety supports
the hypothesis, however, the cffect was not relevant to group,
therefore this rests on a reduction in state anxicty over time
and one cannot assume this was due to the walking exercise
intervention. There was a significant reduction in trait anxiety
relative to the intervention group, from this we can suggest
that the walking exercise had a positive effect on mood and in
turn reduced individuals self-reported trait anxiety. This was in
comparison to the control group which as hypothesized did not
decrease in self-report trait anxicty measures, suggesting that a
rest control condition does not improve mood state. This holds

promise for the foundations of this research, which was the
anxiolytic affect that physical activity has for anxicty and mood
enhancement in general.

These findings suggest that as little as 30 min of low intensity
exercise such as walking can have a positive effect on mental
wellbeing, by reducing self-reported trait anxiety. However,
it would seem that more moderate cardiovascular exercise is
required to affect an individual's cognitive interpretation biases.

STUDY 2

Introduction

Research has previously investigated the role of cognitive
interpretation biases in stress reactivity (Mackintosh et al,
2013; Joormann et al, 2015). However, rescarch to date has
not investigated the effect of cognitive interpretation bias on
perceived psychological stress as an independent factor, despite
their being support for a link between clinical depression
and perceived stress (Joormann and Quinn, 2014; joormann
et al,, 2015). Indeed, our understanding of which psychological
mechanisms mediate stress and how they affect mental health
has been unclear (Creswell et al,, 2005). Stress is a physiological
disruption caused by tangible or subjective threats, which disrupt
an individual’s physical or psychological state and may be caused
by a single or combined physical, physiological, and psychosocial
conditions (Sapolsky, 2004; Iwasaki, 2006). The stress response
through the hypothalamic-pituitary-adrenal axis is thought to
be & major physiological mechanism in which stress influences
one’s health and cognition (Cohen et al,, 2007; Norman et al,
2011). Previous research has also found that increased perceived
psychological stress correlates with depression (Mazure, 1998;
Hammen, 2005). Perceived levels of stress are suggested to be
an important factor when studying the effects of exercise on
cognitive biases (Salmon, 2001). Kajtna et al. (2011) investigated
the effect of mood states on experienced levels of stress, they
found no significant correlation between high experienced levels
of stress and negative mood-states. This suggests that the
physiological effect of stress has no effect on negative emotions
and perhaps no effect on cognitive biases. This suggests support
for the concept that mood enhancement of which elicited form
exercise will not affect an individual’s cognitive bias, while there
is also support to the contrary (Hallion and Ruscio, 2011).
Furthermore, various studies have found support for the notion
that those who suffer with clinical depression preferentially
encode threatening interpretations (Mogg and Bradley, 2006;
Mogg and Bradley, 2016). However, the evidence is not clear-
cut and others have found no such evidence of negative
interpretation bias in depressed individuals (Bisson and Sears,
2007).

Research into the effects of exercise training on cognitive
interpretation biases in anxiety, depression and stress-related
disorders is sparse and the insight it could lend to our
understanding of the cognitive mechanisms could be valuable.
The key aims of the present study is to establish at which
intensity of exercise is required to achieve anxiety reduction and
whether this is related to changes in an individual’s negative
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cognitive interpretation biases. Furthermore, it will investigate
whether moderate exercise reduces self-reported symptoms of
depression and stress. These research aims will be addressed with
two experimental studies. The second study hypothesizes is that
there will be significant decrease in negative interpretation bias
while cognitively loaded, and a reduction in depression, stress,
and anxiety measures in the moderate exercise condition relative
to the control condition.

The key aims of the present study is to establish at which
intensity of exercise is required to achieve anxiety reduction and
whether this is related to changes in an individual’s negative
cognitive interpretation biases. Furthermore, it will investigate
whether moderate exercise reduces self-reported symptoms of
anxiety, depression and stress. The hypothesizes for this second
experimental study is that there will be significant decrease
in negative interpretation bias while cognitively loaded, and a
reduction in depression, stress, and anxiety measures in the
moderate exercise condition relative to the control condition.

Methodology

Participants

Forty-eight participants were recruited to participate in the study
from a general population sample at a private gym in which
they were members and randomly assigned to either an exercise
or non-exercise (control) group (see Table 2 for mean age,
gender ratio, and mean HR rest). Randomization was achieved
by assigning each individual a participant identification number
between 1 and 48, cach 1D number was randomly assigned the
digit one or two for respective groups in equal proportions (1:
exercise group, 2: control group). Participants were recruited
from and the experiment was conducted in, a private members
gym in Colchester, United Kingdom. Eligibility requirements
were that individuals must refrain from cardiovascular exercise
12 h prior to the experiment (regardless of the intensity) and they
must be fluent in spoken and written English. Participants had
to be over 18 years old and be regular gym users (twice a week
or more) in order to be eligible. Participants were made told that
the research had no affiliation with the gym, nor was there any
obligation for them to participate. Ethical approval was granted
from the University of Essex Ethics Committee.

Materials
State and Trait Anxiety and Cognitive interpretation bias (SST)
were measured as in Study 1.

Depressive symptoms

The revised Beck Depression Inventory (BDI-II; Beck et al,
1996) was used in this research because it measures attitudes,
characteristics, and symptoms associated with depression. It is
a 21 item inventory measured with a 4-point Likert scale. The
BDI-11 score is calculated by totaling the answers from each
questionnaire and scores of above 30 are indicative of severe
depression.

Perceived psychological stress
The Perceived Stress Scale (PSS; Cohen et al,, 1983) was used

to measure how stressed the participant perceived themselves as
being over the past 2 months. Responses on the 14-point scale are

given on a rating of one (never) to four (always). The PSS contains
questions such as “How often in the past 2 months have you dealt
successfully with irritating life hassles?” and is used to measure
an individual’s perception of how they are coping with stressors.
Furthermore, this suggests that due to current circumstances an
individual’s perception of their level of coping with stressors can
change sporadically.

Design

This experiment used a mixed measures 2 x 2 x 2
factorial design; which will be used to analyze the
data collected to investigate hypothesis one; Load/Non-
Load x Exercise/ControlGroup x Sessionl/Session2. The
within-subjects variable is the cognitively loaded or non-loaded
S$8T, and session 1/session 2, while the between-subjects factor is
the exercise/control group. The data analysis approach will use a
2 x 2 mixed factorial design; in which the within-subjects factor
is Sessionl/Session2 (before and after experimental/control
condition), and the between-subjects factor is exercise/control
group. The dependent variables are the self-report measures
of anxiety (STAI), stress (PSS), depression (BDI-II), and
interpretation bias (SST).

Procedure
Once participants were recruited and deemed eligible for the
study, they were invited to a study appointment with the
primary researcher. The researcher summarized the process
of the experiment and what would be required of them for
participation. Participants then read through an information
sheet, signed a consent form and were informed of their right to
withdraw without penalty.

Participants were randomly assigned to the intervention group
(n = 24) or the control group (n = 24) the experiment was
split into session 1 and session 2, in-between the sessions the
participants either completed the moderate intensity exercise
protocol or had 40 min to relax.
Session 1
Participants completed the STAI, BDI-II, and PSS. They then had
4 min to complete each S8T (the order of which were counter
balanced between subjects). Although participants were for the
majority randomly assigned to groups, a running tally was kept of
gender and the state and trait anxiety scores (STAI) from session
one, to allow for a homogenized sample in both the experimental
and control group.

Intervention

Participants were assigned to cither the experimental condition
(a moderate exercise protocol) or the control condition, in which
the participants had 40 min to relax until the second session of
the experiment. The exercise protocol was compliant to current
health and safety regulations as set out by the gym being used.
The duration and intensity used was similar to previous research
(e.g., Hansen et al,, 2001; Russell, 2003), and based on findings
that advocates that 85% of the cardiovascular acrobic heart rate
reserve of cach individual should be maintained for 20-30 min
to achieve the desired benefits of aerobic activity (Barnes ct al,,
2010), which was relevant for the aims of this research. This
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research used a static cycle machine (York-Fitness-Model-110) in
the gymnasium, as this reduces impact on joints and is safest for
the participant, as they remain seated. The static-cycle machine
was used to measure heart rate so that the desired acrobic
heart rate that is necessary for the experiment can be monitored
and adhered to respectively. This provided participants with
continuous feedback of their heart rate reserve and when to
increase/decrease their acrobic intensity. Heart rate monitors
are recognized to be a relizble and valid measure of measuring
exercise intensity and rate of exertion during aerobic exercise
(Janz, 2002). Aerobic heart rate reserve was calculated using
Eq. (2) (Uth etal, 2004). The exercise protocol consisted of a light
warm up of low-intensity; which is 20% of heart rate reserve for
5 min, and then increased to 80% heart rate reserve for 30 min,
then concluded with a ‘cool down' which was low-intensity
pedaling for 5 min using 20% heart rate reserve.

HR reserve = HR resting — HRmaximum
Z = 80% of reserve
Z + HR resting = Aerobic Heart Rate

(2)

Session 2
Participants were invited back into the private consultation
room to complete the third and fourth SSTs (counterbalanced

between subjects) followed by the STAI, BDI-II, and PSS
questionnaires. Once completed each participant  was
thanked for their participation and debriefed. Participants
were provided with a copy of the debrief information,
which outlined the aims of the study and how all
participant data is anonymized and kept securely. They
were provided contact details of the primary researcher
in the instance they would like more information about
the study or would like to withdraw from the study

post-participation.

Data Analytic Approach

A mixed measures 2 x 2 x 2 mixed factorial ANOVA was
used to analyze the data collected to investigate hypothesis one;
Load/No Load x Exercise/No Exercise x Sessionl/Session2. The
within-subjects variable is whether the SST was cognitively
loaded/non-loaded, and session 1/sesion 2, while the
between-subjects factor is the moderate exercise/control
group. A 2 x 2 ANOVA was used to measure the effect
of moderate intensity exercise on anxicty, depression, and
perceived levels of psychological stress. The within-subjects
factor is session l/session 2, while the between-subjects
factor is the exercise/control group. Any significant effects

TABLE 2| Study 2: Means and stardard deniations for STAL, PSS, BDI-, and SST measures for moderate exercge and cortrol condtion.

Baseline: Session 1 Post N Mean, range, and Gender ratio M:F Moderate Control condition
condition: Session 2 50 age QXQICiSe Mean (SD)
condition Mean
{sp)
SIA-S Sesson 1 24 Exarcisa Group Exarcisa Group: 46,33 (12.49) 38,75 B.74)
1014
Meanc 27.79
Rangec 20-47
SD:7.30
Sesson 2 24 31.04 (78 3958 {5.61)
SIA-T Session 1 24 44,42 (7.87) 38.42(7.87)
Sesson 2 24 SRR 4000 6.20
PSS Sesson 1 24 Cortrol Group: Control Group: 3B 2521 (6.48)
Meanc 25.66 9:'5
Rangec 19-42
SD: 622
Sesson 2 24 22291451 2254 (570
801 Session 1 24 1763 (7.44) 1246 {570
Sesson 2 24 6.59 (385) 11.88 {560
SST Cognitvely loaded Sesson 1 bt Exarcisa Group: Exarcise Group: 1:3 46,66 (16.63) 4537 (16.97)
N«B
Mearc 30.12
Rangec 20-47
SD: *0.65
Session 2 at) L2.77(33.13 5292 (22.38)
S5T Cognitvely Sesson 1 ¥ Cortrol Group: Comtrol Group: 5:7 7927 (17.389) 52,18 (25.75)
non-loaded N=12
Maar: 26.91
Rangec 18-38
SD: 588
Session 2 Py 14.53 8.47) 45.23 (20.01)

Frontiars in Peychology | wew.frontiérsinuorg 7

August 2018 | Volumea 8 | Article 1333



Appendix A

Clarke et al

Page | 134

Execiss, Irtarpretation Bas and Anxety

found will be further investigated with Tukey HSD post hoc
tests,

Results

Preliminary Analysis

Before the full analysis was conducted, preliminary analysis of the
data was conducted to investigate the assumptions of parametric
tests; the data was assessed for outliers using box plot graphs,
there were outliers for STAI-State, STAI-Trait, and BDI-IL Due
to a modest sample size it was deemed appropriate to leave the
outliers in.

The histogram of standardized residuals indicated that the
data for SST, STAI-State, STAI-Trait, BDI-11, and PSS contained
approximately normally distributed errors, as did the normal P-
P plot of standardized residuals, which showed points that were
close to the line of fit. In respect that Kolmogorov-Smirinov
test showed several dependent variables to not be normally
distributed, therefore skew and kurtosis z-scores were calculated
to investigate any positive or negative skew in the data set.
The skew and kurtosis z-scores calculated showed no obvious
positive or negative skew to the data. Levene’s test of homogeneity
of variance was also used and found for all measures to be
non-significant and therefore did not violate the assumption of
homogeneity of variance.

The scatterplot of standardized residuals showed that the data
met the assumptions of homogeneity of variance and linearity.
The Box's test was insignificant for the analysis of experimental
group, loading, and time on the 8517, and was also insignificant
for the STAIL, BDI-II, and PSS measures. The assumptions of
parametric data were not violated, therefore parametric analyses
could be performed.

Main Effects
Individuals who participated in the exercise group decreased in
both state and trait anxiety measures, while the control group
remained stable from session 1 to session 2 (Table 2). This
was exemplified by a significant interaction between session
and intervention group reducing state anxicty measures, F(1,
46) = 43.78, p < 0.005, nf, = 0.488, and reducing trait anxiety
measures, F(1, 46) = 39.54, p < 0.005, n; = 0.462 (Table 2).
Tukey HSD post hoc tests revealed that participants in the
exercise group significantly decreased in state anxiety measures
(SE = 121), p < 0.001. Tukey HSD post hoc tests also
confirmed that participants in the moderate exercise condition
significantly decreased in trait anxiety measures also (SE = 1.0),
p < 0.0

Likewise, there was a significant decrease in self-report
stress measures in the exercise condition relative to the control
condition, and this was a significant interaction between session
and intervention group, F(1, 46) = 11.24, p < 0.005, n} = 0.196
(Table 2). Tukey HSD post hoc tests reveal a significant decrease
in stress measures in the exercise condition (SE = 1.10), p < 0.05.
Participants who underwent the moderate exercise protocol also
decreased in self-report depression measures, the interaction
between session and intervention group was significant F(1,
46) = 4881, p < 0.005, n} = 0515 (Table 2). Tukey HSD
post hoc tests support this finding of a significant decrease

in depression measures in the exercise condition (SE = 0.74),
p < 0.001.

There was a no significant reduction in interpretation bias
scores in cither the exercise or control condition, regardless of
whether the SST was cognitively loaded or cognitively non-loaded
F(1,16) = 3.25, p = 0.09 (Table 2). Considering the modest sample
size and that the main effect is not vastly distant from being
statistically significant, the SST was then analyzed combining
both cognitively loaded and non-loaded versions of the measure
and there was a significant interaction between intervention
group and session, F(1, 43) = 24.11, p < 0.005, n'?, = 0.359. Tukey
HSD post hoc tests suggest that for individuals who participated
in moderate intensity exercise, there was significant decrease
in negative interpretation bias from baseline to post exercise
(SE = 3.80), p < 0.05.

Discussion

The findings from Study 2 suggest that individuals who
underwent the moderate exercise protocol reported significantly
lower on both state and trait anxiety measures, relative to
those in the control condition. Furthermore, participants in the
moderate exercise condition also reported a significant decrease
in depression and stress-related symptoms relative to those in
the control condition. Participants who underwent the moderate
exercise protocol also reduced in negative interpretation bias
scores relative to controls, however, this was not specific
to the cognitively loaded condition, which was specified
in the hypothesis. When both cognitively loaded and non-
loaded conditions were analyzed combined, it suggested that
participants in the moderate exercise condition presented less
negative cognitive interpretation biases from baseline measures,
relative to participants in the control condition.

GENERAL DISCUSSION

The purpose of Study 1 was to further investigate the functions
of exercise and mood enhancement, with a focus of anxiety.
The aim was to further our understanding of the relationship
between exercise regimes and self-report anxiety. The interest
primarily was to investigate whether one single session of exercise
is sufficient to produce the anxiolytic effects that is well founded.
Furthermore, to investigate whether less intense exercise such as
walking can produce the same mood enhancing effects as a more
intense cardiovascular exercise session. The present research
also investigated whether a cognitive load manipulation could
have an effect on individual’s interpretation biases, and whether
this produced a more positive or negative representation of an
individual’s interpretation biases. Study 2 aimed to investigate,
whether moderate intensity physical exercise was necessary to
effect cognitive interpretation biases and whether this could
in turn reduce reported symptoms of stress and depression,
as well as anxiety. Study 2 also employed a cognitive load
manipulation to measure whether individual’s cognitive biases
could in fact be affected by a single bout of moderate physical
exercise.
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Needless to say, there is an abundance of research focusing
on the longer term effects of physical exercise for reducing
self-report anxiety, however, the results of this present study
do highlight some mood enhancing effects after a single
session of physical exercise, these effects scem to be more so
with moderate intensity exercise compared to light intensity
physical exercise. The investigation of cognitive interpretation
biases was made using the SST, which is administered both
cognitively loaded and non-loaded. It takes concentration to
remember the six-digit number, which decreases the amount
of concentration an individual has while performing the
task, therefore their attention is distracted from these threat-
engaging thoughts which provoke negative interpretation biases.
The underlying logic of this cognitive loading manipulation
being that individuals would find it difficult to suppress these
negative thoughts and interpretations during the cognitive load
manipulation, and therefore the cognitive load measure would
be a more accurate representation of an individual cognitive
interpretation bias in comparison to the non-cognitively loaded
measure. However, the cognitive load manipulation did not
significantly affect whether the participants presented more
positive or negative interpretation biases in either Study 1 or
Study 2.

Both studies together lend valuable insights from multiple
perspectives. They offer further understanding into the
relationship between physical exercise and anxiety reduction
on the ground that regardless of the mode of exercise
employed (physical activity, physical acrobic exercise), there is
arguably growing support for the connection between physical
exercise and mood enhancement. However, the nature of the
methodological design of these two studies (within-subjects)
provided sufficient statistical rigor for the purpose of these two
studies. These studies were designed as analog studies, so it
becomes important for the betterment of our understanding
to replicate these studies with a clinical or subclinical sample,
as currently this cannot be generalized to a wider population.
There could be a greater improvement in these individuals as the
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scope for reduction in anxiety and depression could be increased.
Whether future research employing similar methodology to that
of these two studies are able to replicate these findings or larger
sample sizes differ in responses across conditions could become
more pronounced, remains to be resolved.

CONCLUSION

The present studies have built upon the current literature and
have lent support to claims that moderate intensity walking
and acrobic exercise amecliorate the symptoms of anxiety,
depression, and psychological stress. In Study 2, there were signs
that S8T (interpretation) could also be changed. However, the
present research investigated a non-clinical sample that have
no previously diagnosed mental health conditions, therefore
to what extent this rescarch can be applied holds promise,
but indeed is limited. Given the exciting potential for the
use of exercise and cognitive bias modification in the clinical
interventions, more research into this emerging field is clearly
warranted.
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Appendix B State Trait Anxiety Inventory
SELF-EVALUATION QUESTIONNAIRE

Y-1
Please provide the following information:

1D Date

Page | 138

STAI

Age Gender
DIRECTIONS:

A number of statements which people have used to describe themselves are given below.
Read each statement and then circle the appropriate number to the right of the statement

to indicate how you feel RIGHT NOW, that is, AT THIS MOMENT. There are no right or
wrong answers. Do not spend too much time on any one statement but give the answer which

seems to describe your present feelings best.

Tfeel calm .....ooeiiii
TRl SECUIE ..uuetitie e
Tamtense .. ..oouiiii i
Ifeel strained .........ooeiniiniiii i,
Tfeel @t @aSe «..uvvneie it
THeel UPSEL .veeie e
I am presently worrying over possible misfortunes .....................

Tfeel satisfied ...oooiiiii

L ©® N Nk WD

I feel frightened ...........oooiiiiii i

—
e

Ifeel comfortable .. ...

—
—

T feel Self-CONTIAENE ... .uun e

—
N

| TS B 1S o 0

—
(98]

Lam JIEETY .ot

[S—
o

T Ll INAECISIVE ..t

—
()]

Tam relaxed . ...onne e

—
@

Tl CONTENT «.oovtetttte e,

—
~

Tam Worried .. ..o,

—
*

Tfeel confuSed ...oovviiiiieii

—
e

Tfeel steady ..oovvneiniie i

[\
e

Ifeel pleasant .........oouiiuiiniiiiii e

TIV 1V LON

e e N N e e e N S W S 'y

RN N R R R D R N R R R R B R N DR o LYHMAINOS

Form
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SELF-EVALUATION QUESTIONNAIRE

STAI Form Y-2
ID Date
DIRECTIONS S

A number of statements which people have used to describe themselves % é

are given below. Read each statement and then delete the appropriate r21:-1 E %

number to the right of the statement to indicate how you GENERALLY feel. é E ;—1

~ n Z
21, Tfeelpleasant .........o.ovuiiniiiiiiiiiii e 1 2 3
22. Tfeel nervous and restless ........ooeviviiiiiiiiiiiiiiiiee, 1 2 3
23. I feel satisfied withmyself ..., 1 2 3
24. T wish I could be as happy as others seemtobe ........................ 1 2 3
25. TIfeellikeafailure ...........oooiiiiiiiiiiiii e, 1 2 3
26. Tfeelrested .....oouiieieiii i 1 2 3
27. Tam “calm, cool, and collected” ...........coiiiiiiiiiiiiiiiiiiiinns 1 2 3
28. 1 feel that difficulties are piling up so that I cannot overcome them . 1 2 3
29. I worry too much over something that really doesn’t matter.......... 1 2 3
30, Tam happy oo 1 2 3
31. Thave disturbing thoughts ... 1 2 3
32. Tlack self-confidence .............coueiiiiiiiiiiiiiii i, 1 2 3
33, THEELSECUIE .vetiiit e 1 2 3
34. Tmake decisions €asily ............ooeviiiiiiiiiiiiiiiiii e 1 2 3
35. Tfeel inadequate .........c.ooviiniiiiiiii e 1 2 3
36, 1am CONENE ...ttt 1 2 3
37. Some unimportant thought runs through my mind and bothers me .. 1 2 3
38. I take disappointments so keenly that I can’t put them out of my 1 2 3
mind.

39. Tamasteady PerSON ....oouviuiineiitiit ettt eeenie e 1 2 3
40. I getin a state of tension or turmoil as I think over my recent concerns 1 2 3

ANA INTETEST ..o v ettt ettt et eeeeen

A A A B2 A B A B A B2 A B B B2 B & & & SAVMIV ISONTV

=
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Appendix C Percieved Stress Scale
Perceived Stress Scale

Instructions

The questions in this scale ask you about your feelings and thoughts during the last 2 months.
In each case, you will be asked to indicate how often you felt or thought a certain way. Although
some of the questions are similar, there are differences between them and you should treat each
one as a separate question. The best approach is to answer each question fairly quickly. That is
don't try and count up the number of times you felt a particular way, but rather indicate the
alternative that seems like a reasonable estimate.

For each question circle the most appropriate response.

0 = never 1= almost never 2 =sometimes 3 =fairly often 4 =very often

1) In the last 2 months, how often have you been upset because of something that happened unexpectedly?

0 1 2 3 4

2) In the last 2 months, how often have you felt that you were unable to control the important things in
your life?

3) In the last 2 months, how often have you felt nervous and stressed?

0 1 2 3 4

4) In the last 2 months, have you often dealt with irritating life hassles?

0 1 2 3 4

5) In the last 2 months, how often have you felt you were effectively coping with important changes that
were occurring in your life?

0 1 2 3 4

6) In the last 2 months, how often have you felt confident about your ability to handle your personal
problems?
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7) In the last 2 months, how often have you felt things were going your way?

0 1 2 3 4

8) In the last 2 months, how often have you found that you could not cope with all the things you had to
do

9) In the last 2 months, how often have you been able to control irritations in your life?

0 1 2 3 4

10) In the last 2 months, how often have you felt you were on top of things?

0 1 2 3 4

11) In the last 2 months, how often have you been angered because of things that happened that were outside
of your control?

12) In the last 2 months, how often have you found yourself thinking about things that you have to
accomplish?

13) In the last 2 months, how often have you been able to control the way that you spend your time?

0 1 2 3 4

14) In the last 2 months, how often have you felt that difficulties were piling up so high that you could not
overcome them?
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Appendix D Beck’s Revised Depression Inventory

Instructions: This questionnaire consists of 21 groups of statements. Please read each group of statements
carefully, and then pick out the one statement in each group that best describes the way you have been
feeling during the past two weeks, including today. Circle the number beside the statement you have
picked. If several statements in the group seem to apply equally well, circle the highest number for that
group. Be sure that you do not choose more than one statement for any group, including Item 16 (Changes

in Sleeping Pattern) or Item 18 (Changes in Appetite).

1.
0

1
2
3

Sadness

I do not feel sad.

I feel sad much of the time.
I am sad all the time.
I am so sad or unhappy that I can’t stand it.

2. Pessimism

0
1

I am not discourage about my future.

I feel more discouraged about my future than I
used to be.

I do not expect things to work out for me.
I feel my future is hopeless and will only get
WOrSe.

3. Past Failure

0

1
2
3

I do not feel like a failure.

I have failed more than I should have.
As I look back, I see a lot of failures.
I feel I am a total failure as a person.

4. Loss of Pleasure

0

N —

I get as much pleasure as I ever did from the
things I enjoy.

I don’t enjoy things as much as I used to.
I get very little pleasure from the things I used
to enjoy.

I can’t get any pleasure from the things I used
to enjoy.

5. Guilty Feelings

0
1

I don’t feel particularly guilty.

I feel guilty over many things I have done or
should have done.

I feel quite guilty most of the time.
I feel guilty all of the time.

Page |142
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6. Punishment Feelings
0 I don’t feel I am being punished.

1 I feel I may be punished.
2 I expect to be punished.
3 I feel I am being punished.

7. Self-Dislike
0 I feel the same about myself as ever.

1 I have lost confidence in myself.
2 I am disappointed in myself.
3 Idislike myself.

8. Self-Criticalness
0 I don’tcriticize or blame myself more than usual.

1 I am more critical of myself than I used to be.
2 I criticize myself for all of my faults.
3 Iblame myself for everything bad that happens.

9. Suicidal Thoughts or Wishes
0  Idon’t have any thoughts of killing myself.

1 Ihave thoughts of killing myself, but I would
not carry them out.

2 Iwould like to kill myself.

3 I would kill myself if I had the chance.

10. Crying
0  Idon’tcry anymore than I used to.

1 I cry more than I used to.
2 Tecry over every little thing.

3 Ifeel like crying, but I can’t.
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11. Agitation
0 I am no more restless or wound up than usual.

1 I feel more restless or wound up than usual.
2 I am so restless or agitated that it’s hard to stay still.

3 I am so restless or agitated that I have to keep
moving or doing something.

12. Loss of Interest
0 I have not lost interest in other people or activities.

1  Tam less interested in other people or things than before.
2 T have lost most of my interest in other people or things.

3 It’s hard to get interested in anything.

13. Indecisiveness
0 I make decisions about as well as ever.

1 I find it more difficult to make decisions than usual.

2 Ihave much greater difficulty in making
decisions than I used to.

3 I have trouble making any decisions.

14. Worthlessness
0 I do not feel I am worthless.

1 Idon’t consider myself as worthwhile and useful as I used to.

2 I feel more worthless as compared to other people.

3 I feel utterly worthless.

15. Loss of Energy
0 I have as much energy as ever.

1 I have less energy than I used to have.
2 Idon’t have enough energy to do very much.
3 Idon’t have enough energy to do anything.

16. Changes in Sleeping Pattern
0  Ihave not experienced any change in my sleeping pattern.

la  Isleep somewhat more than usual.
Ib  Isleep somewhat less than usual.
2a  Isleep a lot more than usual.

2b  Isleep alot less than usual.

3a  Isleep most of the day.

3b  I'wake up 1-2 hours early and can’t get back to sleep.

Page | 144
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17. Irritability

0
1

2

3

I am no more irritable than usual.

I am more irritable than usual.

I am much more irritable than usual.

I am irritable all the time.

18. Changes in Appetite

0

la
1b
2a
2b
3a
3b

I have not experienced any change in my
appetite.
My appetite is somewhat less than usual.
My appetite is somewhat greater than usual.
My appetite is much less than before.
My appetite is much greater than usual.
I have no appetite at all.

I crave food all the time.

19. Concentration Difficulty

0

4

I can concentrate as well as ever.
I can’t concentrate as well as usual.

It’s hard to keep my mind on anything for
very long.

I find I can’t concentrate on anything.

20. Tiredness of Fatigue

0
1

I am no more tired or fatigued than usual.

I get more tired or fatigued more easily than
usual.

I am too tired or fatigued to do a lot of the things
I used to do.

I am too tired or fatigued to do most of the
things I used to do.

21. Loss of Interest in Sex

0

I have not noticed any recent changes in my
interest in sex.

I am less interested in sex than I used to be.
I am much less interested in sex now.

I have lost interest in sex completely.
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Appendix E GAD-7 Generalised Anxiety Disorder Questionnaire

When answering the next 7 questions please consider how you
have felt over the last 2 weeks. How often have you been
bothered by the following problems?

Please select the most appropriate response.

(In the last 2 weeks how often have you...)

1. Felt nervous, anxious or on edge

More than half the

Not at all Several days
days

Nearly every day

(In the last 2 weeks how often have you...)

2. Not been able to stop or control worrying

More than half the

Not at all Several days
days

Nearly every day
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(In the last 2 weeks how often have you been...)

3. Worrying too much about different things

More than half the

Not at all Several days
days

Nearly every day

(In the last 2 weeks how often have you had...)

4. Trouble relaxing

More than half the

Not at all Several days
days

Nearly every day

(In the last 2 weeks how often have you...)

5. Been so restless that it is hard to sit still

More than half the

Not at all Several days
days

Nearly every day
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(In the last 2 weeks how often have you...)

6. Become easily annoyed or irritable

More than half the

Not at all Several days
days

Nearly every day

(In the last 2 weeks how often have you...)

7. Felt afraid, as if something awful might happen

More than half the

Not at all Several days
days

Nearly every day
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Appendix F Example of Scambled Sentences Test

Participant ID-

Session-

Group —

Cognitively Loaded Task

15T SCRAMBLED SENTENCE TEST -1

Unscramble the sentences to form statements. Each of the scrambled sentences contains six words.
Unscramble five words in each sentence by placing a number over each of the five words

indicating the proper order.

For example:

has green child the eyes blue

Each sentence can be unscrambled into more than one statement, but you should choose only one
statement to unscramble. You have 4 minutes to unscramble as many sentences as possible. Work

as quickly and as accurately as possible.
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apprehensive people with relaxed new I'm

meetings tense relaxed I at feel

can errors cannot social make |

others foolish I to sensible appear

uneasy other with easy I'm people

won't fool will a I look

think worthwhile others worthless [ am

I'm people stressed relaxed other with

approaching fine scary people is new

superiors my I please will displease

occasions avoid I social enjoy usually

opinions do me bother others' don't

people usually from withdraw don't

gatherings dread love usually I social

attend I social avoid usually functions
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Write the 6 digit number in the box below
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Appendix G Example of Online Version of Exercise Adjusted SST

This is part of the unscrambling task, you will need your
stopwatch!

You have 4 minutes to unscramble the following sentences, you
must order the sentence so that it makes sense, but leave out
one word each time.

Whilst you unscramble these sentences you will be asked to
remember a 6 digit number, which you will be asked to recall at
the end of the task.

For example....

In the example below you would reorder the words in the list to
make either of two sentences....

i'm relaxed with new people
OR
i'm apprehensive with new people

You do so by entering the order by numbering each word in
each box, one of the boxes must be left blank for the word
you do not choose.

sentence 7

apprehensive 5 |people 3 | with 2 relaxed 4 | new 1 |I'm

I'm out of time SKIP!
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Remember once you start you have only 4 minutes to complete
20 sentences, so unscramble them as quickly as you can.

If your stopwatch alerts you that your 4 minutes is up, you
must SKIP.

To SKIP you must put a '1' in the box 'I'm out of time
SKIP!'

You must not SKIP, unless you are out of time. See
example below.

Stopwatch at the ready!
You will be asked to record the number you have been given
to remember at the end of part 1 of this task. You are not

allowed to write this number down.

Ready for the nhumber you need to remember?
Stopwatch ready? You must allow 4 minutes.

sentence 7

apprehensive people with relaxed new I'm

| 1 |rmout of time SKIP!

During part 1 you must try to remember the number...

597236

Start your 4 minutes now...
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sentence 1

apprehensive people with

sentence 2

infrequently try

sentence 3

can errors

sentence 4

me over

regularly

cannot

people

relaxed

exercise

social

worthwhile

make

think

new

to
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sentence 5

fatigued weights makes stronger me lifting
sentence 6

are trails long rewarding cycle shattering
sentence 7

dislike | friends like with running

I'm out of time SKIP!

sentence 8

meetings tense relaxed | at feel

I'm out of time SKIP!
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sentence 10

sportclub a joining

I'm out of time SKIP!

sentence 11

sport badminton is

I'm out of time SKIP!

sentence 12

how considered is

I'm out of time SKIP!

daunting

boring

important

exciting

relaxing

isn't
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sentence 13

tennis I competent

I'm out of time SKIP!

sentence 14

disinterested rowing feel

me I'm out of time SKIP!

sentence 15

enjoyable is snowboarding

a I'm out of time SKIP!

am

makes

terrible

dangerous

at

accomplished

sport
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sentence 16

makes exhausted feel healthy exercising me

I'm out of time SKIP!

sentence 17

avoid people rarely | other often

I'm out of time SKIP!

sentence 18

scary new people meeting is fun

I'm out of time SKIP!
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sentence 19

inconvenient swimming very

find I'm out of time SKIP!

sentence 20

car rather | use

I'm out of time SKIP!

What was the 6 digit number you were asked to remember?

my

convenient

bicycle

Page | 159



Appendix H Page |160

Appendix H Exercise & Activity Questionnaire

Are you a member of a gym or sports club?

| exercise but do not

L = attend a gym

In the last week how many hours have you participated in
cardiovascular exercise ? (Also known as aerobic/cardio exercise)
examples; running, cycling, playing netball, football.

| haven't
done any less than
cardio 2 hours 2-3 hours 3-4 hours 4-5 hours 5+ hours
exercise
this week

In the last week how many hours have you participated in any
other exercise not previously stated? examples; weightlifting,
yoga. Please give details.
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During the last week how many hours have you been actively
walking?

Less than 2 hours 2-4 hours 4-6 hours Over 7 hours

Over the last week how many hours have you been active in
total?

8-10 10-12 12+

2-4 hours 4-6 hours 6-8 hours hours hours hours

Do you most frequently exercise outside or indoors?

Outside Indoors
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Appendix I Example of Cognitive Bias Modification Training Scenarios

PART 3
You are about to begin the cognitive training component of this
experiment. In this sesson you will be presented with scenarios,
try to put yourself into the situation so you can imagine the
scenario vividly.

You will be presented with a scenario to read, the last word of
the scenario will be an incomplete word, it may one or two
missing letters.

You will be required to figure out the FIRST missing letter
from the incomplete word.

e.g 'h-ppy' first missing letter would be 'a' making the word
'happy' or 'inv-gor-ting' first missing letter would be '’
making the word 'invigorating'.

Once you have figured out the first missing letter, you should
enter this single letter in lower case. This will be followed
with feedback of correct or incorrect depending on your
response.

You will then be asked a 'yes' or 'no' question related to the
scenario you have read, this will be followed with feedback of
correct or incorrect depending on your response.
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It is early in the morning and you are taking a short cut through the
park.

There are several exercise points along the path for keep-fit
enthusiasts.

On some high pull-up bars ahead, you see a man suspended from a

bar by his...

h-nds
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Do you think the man planned to keep fit?

Yes No




