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Abstract

Test anxiety refers to concern about tests and the possible consequences
of poor test performance, and is very common among university students. Worry,
which refers to repetitive negative thinking, and emotionality, which refers to
somatic anxiety experienced before and during tests, are the major dimensions of
test anxiety. Worry is the cardinal feature of test anxiety as it much more
strongly associated with reduced academic performance than emotionality.

This thesis begins with a meta-analysis of interventions for test-anxious
university students to establish their relative efficacy compared to control
conditions. Systematic searches located 44 eligible randomized controlled trials
(RCTs). Interventions were moderately effective for reducing test anxiety and
had weak effects for improving academic performance. There were no high
quality RCTs. No intervention specifically targeted worry for therapeutic
modification. Psychological models that can account for worry, and interventions
based upon these models, may lead to better treatment outcomes.

Two psychological models of emotional disorder that can account for
worry and emotionality are the Intolerance of Uncertainty (1U) and the Self-
Regulatory Executive Function (S-REF) models. Each model proposes different
mechanisms that lead to emotional disorder with negative beliefs about
uncertainty emphasized in the IlU model, and beliefs about thinking —
metacognitive beliefs — emphasized in the S-REF model. Scant research has
examined these models in test anxiety, and so a series linked empirical studies
were conducted to examine their relative utility.

First, the psychometric properties of the principal measures of

metacognitive beliefs and intolerance of uncertainty (1U), namely the
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Metacognitions Questionnaire — 30 (MCQ-30) and Intolerance of Uncertainty
Scale — 12 (1US-12), were examined to assess their validity in UK university
student samples. Factor analyses replicated the structures of the originally
published MCQ-30 and 1US-12 providing support for their validity.

Next, two studies were conducted to test the utility of both models in test
anxiety. First, the contributions of 1U and metacognitive beliefs in explaining
variance into test anxiety was examined in a cross-sectional study. Hierarchical
linear regressions found metacognitive beliefs explained an additional 13% of
variance in test anxiety, after controlling for 1U. The final study, using a
prospective study design, examined if: (1) IU and metacognitive beliefs predicted
test anxiety, and (2) test anxiety mediated the relationship between test
performance and IU/metacognitive beliefs. Only negative metacognitive beliefs
about the uncontrollability and danger of worry predicted test anxiety, and the
relationship between these beliefs and test performance was mediated by the
worry, but not emotionality, dimension of test anxiety.

In summary, existing interventions are not particularly effective in
reducing test anxiety and improving test performance. Examination of models
found metacognitive beliefs are more important than 1U in test anxiety, providing
greater support for the S-REF model over the IU model. New interventions for
test anxiety that can modify maladaptive metacognitive beliefs are needed.

Reducing test anxiety will help students fulfill their academic potential.
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Thesis Overview

Test anxiety concerns the fear of tests and performance-evaluative
situations. Test anxiety undermines test and academic performance, meaning
students’ potential can go unfulfilled. It is therefore critical to identify and treat
test anxiety.

This thesis has two broad aims: (i) to establish the efficacy of existing
interventions for test anxious university undergraduates, and (ii) to understand
the psychological beliefs and processes that underlie test anxiety. Four linked
studies were conducted to address these aims.

Chapter 1 provides an overview of test anxiety, its impact on test and
academic performance, and a brief description of existing psychological theories
of test anxiety.

Chapter 2 first presents an overview of interventions for test anxiety and
an evaluation of past meta-analytic reviews of these interventions, concluding
that the efficacy of interventions for test anxious university students is unknown.
Subsequently, a meta-analysis of randomized controlled trials examining
interventions for test anxious university students (Study 1) is presented, with the
aim of establishing the efficacy of interventions for (i) reducing test anxiety, and
(i) improving test and academic performance. The review protocol and the final
meta-analysis were both published (Huntley et al., 2016; Huntley et al., 2019).

Chapter 3 provides an overview of two contemporary theoretical models
of anxiety, the Intolerance of Uncertainty (IU) model (Dugas, Gagnon,

Ladouceur, & Freeston, 1998) and Self-Regulatory Executive Function (S-REF)

xxviii



model (Wells & Matthews, 1994, 1996), which can account for the central
feature of test anxiety, namely worry.

Prior to evaluating the utility of the IU and S-REF models in test anxiety,
it was first necessary to establish the validity of the most commonly used
measurement tools for assessing beliefs considered central to each model.
Therefore, Chapter 4 examines the factorial validity of the Intolerance of
Uncertainty Scale — 12 (1US-12) and the Metacognitions Questionnaire — 30
(MCQ-30) among UK university students, using factor analysis, and examines
relationships between these constructs and test anxiety using structural equation
modeling (Study 2). Papers reporting the psychometric properties of the MCQ-30
and 1US-12 were published (Huntley, Young, Tudur Smith, Jha, & Fisher, 2020;
Huntley, Young, Tudur Smith, & Fisher, 2020).

Next, the utility of the IU and S-REF models in test anxiety are examined
in cross-sectional (Chapter 5: Study 3) and prospective (Chapter 6: Study 4)
studies. Both 1U and metacognitive beliefs are expected to be associated with test
anxiety. However, the S-REF model proposes that beliefs in the metacognitive
domain, which are involved in the monitoring, appraisal, and regulation of
cognitions, are more important in the etiology of emotional disorder than beliefs
in the cognitive domain, such as 1U. This informed the main prediction;
metacognitive beliefs would explain additional variance in test anxiety after
controlling for 1U. Hierarchical multiple linear regressions were used to test this
main prediction. Finally, the relationships between metacognitive beliefs, test
anxiety, and examination were explored. Papers reporting these studies have

been submitted to peer-reviewed journals.
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Finally, Chapter 7 summarizes the main findings of the thesis, study
limitations, practical implications of this research, and suggestions for future

research.
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Chapter One

Introduction

“Test anxiety is the interest paid on academic troubles before it is due.”

Covington & Omelich (1988)



1.1 Introduction

Anxiety about examinations, or test anxiety, has been a major educational
concern for over a century. Test scores are important in determining the
progression, prospects, and mental wellbeing of students. Test anxiety is a
pervasive problem in higher education settings as it undermines performance and
academic achievement (Howard, 2020; Spielberger & Vagg, 1995; Zeidner,
1998). It is therefore important to identify, understand, and alleviate test anxiety

to help students fulfil their academic potential.

1.2 What is test anxiety?

Test anxiety is a situation-specific form of anxiety consisting of the
cognitive, affective, and behavioural responses to fear of tests or performance-
evaluative situations (Speilberger & Vagg, 1995; Zeidner, 1998). Performance-
evaluative situations are ones in which an individual is assessed, implicitly or
explicitly, against a standard of performance. An example of a performance-
evaluative situation is when a student is asked to demonstrate a technique, such
as solving a mathematics equation, in front of the class. Tests or examinations
are a special form of performance-evaluative situation. Here, individuals are
required to complete set tasks under circumscribed conditions and are evaluated
against external criteria. Tests have important academic consequences such as
determining whether a student can progress into the next academic year.

Highly test-anxious students have a low threshold for experiencing
anxiety in tests or performance-evaluative situations. Such situations are viewed
as personally threatening (Zeidner, 1998), coupled with concern about

embarrassment of failing (Sarason & Sarason, 1990). The degree of perceived



threat is determined by: (i) salience of the test to the individual (e.g., “I need to
pass this test to progress™), (ii) the perceived negative outcomes of the test (e.g.,
“I will not to be able to apply for postgraduate programmes if [ do not pass™),
(ii1) imminence of the test (e.g., “The test is next week I have not started
studying”), (iv) the perceived aversiveness of the test (e.g., “I hate doing

'7’

statistics tests!”), and (v) perceived coping capabilities (e.g., “I don’t even know
where to start studying for this test”) (Zeidner, 1998).

Test anxiety does not constitute a separate diagnostic category in the fifth
edition American Psychiatric Association’s (APA) Diagnostic and Statistical
Manual of Mental Disorders (DSM-5; APA, 2013). However, prior to the
publication of DSM-5, test anxiety was considered for inclusion as a specific
phobia subtype (LeBeau et al., 2010). However, its inclusion was rejected owing
to the lack of epidemiological data, and because test anxiety symptomology
extends beyond an irrational fear of a specific situation to also encompass fears
about negative evaluation (LeBeau et al., 2010). The lack of diagnostic status has
meant there is no universally agreed way of identifying clinically or highly test
anxious individuals. Rather than meeting diagnostic criteria, students are

typically classified as low-test-anxious, moderate-test-anxious, and high-test-

anxious (e.g., Cassady & Finch, 2015; von der Embse et al., 2014).

1.2.1 The major dimensions of test anxiety

Worry and emotionality are widely accepted as the major dimensions of
test anxiety. Worry refers to repetitive negative thinking that is primarily verbal-
conceptual and future-oriented in nature (Borkovec et al., 1983). In test anxiety,

worry primarily concerns the potential consequences of failing a test (Liebert &



Morris, 1967; Tempel & Neumann, 2016). Emotionality refers to the
physiological arousal and somatic symptoms experienced in test contexts, such
as heart-rate accelerations, muscle tension, and excessive sweating.

Worry is considered the central feature of test anxiety as it is more
strongly linked to poorer test and academic performance than emotionality
(Cassady, 2002; Sarason, 1988, Wine, 1971). Highly test anxious students
become self-occupied with the potential negative consequences of failing,
spending much of their time worrying during tests (Deffenbacher, 1978).
Persistent worrying is associated with negative affect (Borkovec et al., 1983;
Newman et al., 2019), and high-test-anxious individuals report more negative
thoughts than their peers (Galassi, Fierson, & Sharer, 1981).

Worry can used as a form of problem solving and an attempt to take
control of emotions and arousal (Borkovec et al., 1983). However, pathological
or persistent worry can become a cognitive avoidance strategy aimed at reducing
physiological arousal experienced when feeling emotional (Borkovec, et al.,
1983; Eysenck, 1992). Worry therefore persists as it is negatively reinforced due
to the dampening effect it has on the anxiety-related physiological arousal
(Borkovec et al., 1983). High-test-anxious individuals report persistence of
worry before, during, and after tests (Kim & Rocklin, 1994). Ultimately, worry
has deleterious effects on self-regulation because it results in the inhibition or
avoidance of emotional processing (Borkovec & Hu, 1990; Borkovec et al.,
1993; Newman et al., 2004). Periods of worry lead to greater anxiety, less task-
focused attention, and more negative thoughts (Borkovec et al., 1983).

Test anxiety is associated with actual elevated physiological arousal

(Roos, et al., 2021). However, high- and low-test-anxious individuals cannot be



reliably differentiated based on indices of physiological arousal, such as heart
rate and skin conductance (Hollandsworth et al., 1979; Holroyd et al., 1978).
Therefore, emotionality refers to an individual’s perceived physiological arousal
rather than the actual arousal (Schwarzer, 1984). High-test-anxious individuals
perceive their arousal as being debilitating, whereas low-test-anxious individuals
take their arousal as a call to action (Hollandsworth et al., 1979). Emotionality
typically peaks at the beginning of the test before steadily decreasing (Lieberts &
Moms, 1967; Kim & Rocklin, 1994).

High-test-anxious students are also characterized by several behavioural
deficits, particularly around study skills, such as taking and organizing notes,
avoidance of studying, and usage of time in tests (Culler & Holahan, 1980;
Kirkland & Hollandsworth, 1979, 1980). For example, Culler and Holahan
(1980) found high-test-anxious students scored a standard deviation below low-
test-anxious students on their study skill habits despite reporting spending more
time studying. Avoidance is common in anxiety problems (Hofmann & Hay,
2018) and test anxious individuals report wishing to avoid or escape test
situations (Galessi, Frierson, & Sharer, 1981a,b). However, individuals are
acutely aware that avoiding tests is not a realistic option, and therefore use worry
as a cognitive avoidance strategy instead (Carver, 1996). In experimental studies
where participants can voluntarily disengage from a difficult task, high-test-
anxious students disengaged significantly earlier than their less test anxious peers
(e.g., Geen, 1987). Test anxiety is associated with avoidant-based coping

strategies (Putwain et al., 2016; Stober, 2014).



1.2.2 State and trait test anxiety

Trait test anxiety refers to relatively unchanging and enduring negative
reactions to tests. Trait test anxiety scores have been shown to be stable over a
three-month period (Hong, 1998).

State test anxiety refers to the momentary experience of anxiety in test
contexts, i.e., individuals are typically asked how they feel at the moment (or last
few minutes) rather than how they typically feel. The degree of state test anxiety
experienced is the product of individual personality differences (e.g., trait test
anxiety) and the specific test context. State test anxiety increases as test
approaches, reaching its peak at the beginning of a test (Doctor & Altman, 1969;

Lotz & Sparfeldt, 2017).

1.3 Origins of test anxiety

Test anxiety starts to manifest itself from primary or elementary school
onwards (Hembree, 1988; von der Embse et al., 2018). Aside from the general
propensity to experience anxiety that has biological or genetic origins, two
primary antecedents specific to test anxiety have been proposed. Firstly, it is
thought that interpretation of tests as potentially threatening is based upon an
individual’s negative historical experiences with tests (Sieber, 1980 cf. Ziedner,
1998). Behavioural conceptualizations emphasize that the test becomes a
conditioned or aversive stimulus if paired with an aversive event, such as
negative feedback from a teacher or social shaming by peers (Garlington &
Carter, 1968). Secondly, the child-parent/carer relationship is also proposed to be

an important factor in the development of test anxiety. Excessively high expected



standards of parents may induce anxiety in their child who struggles to meet this

high bar (Teichman & Ziv, 1992; Krohne, 1992).

1.4 How is test anxiety assessed?

A great many self-report questionnaires assessing test anxiety have been
developed. Most questionnaires developed assess trait test anxiety. Consistent
with initial theoretical thinking in the field, early questionnaires such as the Test
Anxiety Questionnaire (TAQ; Mandler & Sarason, 1952) assessed test anxiety
purely as a unidimensional construct (Sarason & Mandler, 1952). Following
Liebert and Morris’ (1967) distinction of worry and emotionality as the major
dimensions of test anxiety, many questionnaires have been developed assessing
these dimensions, such as the Worry/Emotionality Questionnaire (WEQ); Liebert
& Morris, 1967) and Test Anxiety Inventory (TAI; Spielberg, 1980).

Several questionnaires have assessed dimensions of test anxiety beyond
worry and emotionality. For example, the Reaction-to-Tests (RTT; Sarason,
1988) assesses two purported extra dimensions of test anxiety, labelled ‘test-
irrelevant thinking’ and ‘tension’, whilst others have reported the additional
components of ‘cognitive interference’ (Friedman & Bendas-Jacob, 1997) and
‘distraction’ (Hodapp & Benson, 1997). However, there is weaker support for the
reliability and validity of these and other more differentiated dimensions, a lack
of consistency in the constructs they are purported to tap into which limits the
interpretability of the subscale scores, and researchers have not universally
accepted or used these other dimensions (Anderson & Sauser, 1995; Spielberger
& Vagg, 1995; von der Embse et al., 2018). Most recently, a new questionnaire

assessing trait test anxiety, the Multidimensional Test Anxiety Scale (MTAS,;



Putwain et al., 2021; von der Embse, Putwain, & Francis, 2021) has been
developed, with item content based upon past test anxiety scales, psychological
theories of test anxiety, and a panel of test anxiety experts. The MTAS consists
of four correlated factors, assessing two cognitive dimensions (‘worry’,
‘cognitive interference’) and two affective-physiological arousal dimensions
(‘tension’, ‘psychological indicators’) of trait test anxiety. Initial examination of
the MTAS’ psychometric properties found support for both correlated factors
(i.e., four correlated factors) and second order (i.e., a trait test anxiety factor that
accounts for the four sub-factors) measurement models. The MTAS also showed
convergent validity with TAI, good test-retest reliability over a four-month
period (r =.80), and good internal consistency (Putwain et al., 2021).

Of the trait test anxiety questionnaires, the TAI has the most significant
support for its reliability and validity (Chapell et al., 2005; Everson, Millsap, &
Rodriguez, 1991; Spielberger, 1980; Szafrankski, Barrera, & Norton, 2012; Xu,
Cai, & Tu, 2020). The TAI consists of a strong general factor and reliable and
interpretable correlated worry and emotionality dimensions (Xu, Cai, & Tu,
2020). In practice, this means either TAI total or subscale scores can be used in
research and educational settings (Xu, Cai, & Tu, 2020).

There are fewer questionnaires assessing state test anxiety, with only the
Pre-Examination Questionnaire (PEQ; Liebert & Morris, 1967) and its revision,
the Worry-Emotionality Questionnaire (WEQ; Morris et al., 1981) available.
Both the PEQ and WEQ lack empirical support for their validity, with only
evidence for their internal reliability available (Liebert & Morris, 1967; Morris et
al., 1981). Given the aim is to measure anxiety in the moment, or at least a very

prescribed period (e.g., past 10 minutes), researchers can use more general



questionnaires of state anxiety in test contexts. The State-Trait Anxiety Inventory
— State (STAI-S; Spielberger et al., 1983) has been most frequently used in test
anxiety (Hembree, 1988; Gros et al., 2007). However, the STAI-S also assesses
mood and excitability in addition to anxiety (Bieling et al., 1998). This has led to
newer and purer measures of state anxiety being developed including the
STICSA-S (Gros et al., 2007; Ree et al., 2008) and SSSQ (Helton 2004;
Matthews et al., 2002). Both the STICSA-S and SSSQ assess state
cognitive/worry and somatic dimensions of anxiety (i.e., emotionality). At

present, only the STICSA-S has been validated in test contexts (Ree et al., 2008).

1.5 Prevalence of test anxiety

University students frequently report test anxiety as a primary concern in
academic surveys (Knappe et al., 2011; Spielberger, Anton & Bedell, 1976).
Precise estimates of test anxiety prevalence have been difficult to establish due to
definitional (i.e., lacking a consistent operational definition of test anxiety) and
methodological reasons (i.e., no gold standard measure) (King & Ollendick,
1989). However, based on observational data approximately 20-25% of
university students are highly test anxious (Hill & Wigfield, 1984; Naveh-
Benjamin et al., 1997; Neurderth, Jabs, & Schmidtke, 2009; Thomas, Cassady, &
Finch, 2018). Supporting biochemical evidence for test anxiety prevalence came
from the first known study investigating test anxiety (Folin, Demis, & Smillie,
1914; cf. Spielberger & Vagg, 1995). This study found around 20% of students
had glycosuria (i.e., excess sugar in the urine, and evidence of anxiety), after

taking a test, when no student showed any evidence of glycosuria before the test.



1.6 Demographics differences in test anxiety

More females report experiencing test anxiety than males, and females
also report greater test anxiety severity than males (Hembre, 1988; Putwain &
Daly, 2014; Seipp & Schwarzer, 1996; von der Embse et al., 2018). Gender
group differences in severity is a result of differences in scores for emotionality
but not worry, with females reporting greater emotionality than males
(Deffenbacher, 1980; Zeidner & Nevo, 1993). However, measurement of actual
physiological indices (e.g., pulse-rate) reveal no gender differences
(Deffenbacher, 1986).

Although it is speculated that older adults may be more anxious in test
situations than younger adult (Ross, 1968), there is no empirical data that
supports this contention. Test anxiety prevalence remains relatively constant
across age ranges from 9-10 years old and onwards (Hembree, 1988).

Test anxiety is reported by all ethnic groups (Hembree, 1988). People of
non-European/white heritage report greater test anxiety than their
European/white heritage peers in both community samples (Thames et al., 2015)
and pre-secondary education (Clawson et al., 1989; Payne, 1984; Putwain, 2007;
Wren & Benson, 2004). Test anxiety is experienced at similar severity levels
across countries with different cultural backgrounds (Seipp & Schwarzer, 1996).

Socio-economic status (SES), which refers to family economic and social
status (e.g., parental income and professional status), is generally significantly
negatively associated with test anxiety among high school students, i.e., higher
SES is associated with lower test anxiety (Guida & Ludlow, 1989; Putwain,
2007, 2008; Xu et al., 2021). However, some studies have found no significant

relationships or even found higher SES is associated with greater test anxiety
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(Chen, 2012; Chukwuorji & Nwonyi, 2015). No study has investigated the
relationships between SES and test anxiety among university students. However,
first-generation university students (i.e., those who parents and family have not
been to university), who are more likely to come from lower SES backgrounds
(Wilbur & Roscigno, 2016), experience greater test anxiety than continuing-
generation students (i.e., those with at least one parent who went to university)

(Janke et al., 2017).

1.7 Individual differences in test anxiety

A growing range of individual differences have been linked to test
anxiety. Low self-efficacy or perceived low academic confidence is associated
with test anxiety (Pekrun, 2006; Pekrun et al., 2004), whilst high confidence in
one’s ability to perform well in a test is negatively associated with test anxiety
(Reeve et al., 2008; Zohar et al., 1998).

Academic self-concept, defined as an internal locus of control over
academic tasks, is negatively associated with test anxiety (von der Embse et al.,
2018). High academic self-esteem, defined as beliefs in one’s ability to perform
academic tasks competently, is also negatively associated with test anxiety (von
der Embse et al., 2018).

Motivation is consistently associated with academic achievement
(Cerasoli, Nicklin & Ford, 2014). Although there are several theories of
motivation (Olsson, 2008), a common means of investigating motivation has
divided it into two categories (Ryan & Deci, 2000): extrinsic motivation, where
external factors (e.g., praise, money) drive reward behaviour and, intrinsic

motivation, where internal factors (e.g., the individual finds the task satisfying)
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drive reward behaviour. Test anxiety is positively associated with extrinsically
motivated behaviour and negatively associated with intrinsically motivated
behaviour (von der Embse et al., 2018).

Test anxious students engage in different ways of coping. The two most
examined ways of coping are problem-focused and avoidance-based coping.
Problem-focused coping refers to attempts to manage or solve the problem by
removing, circumventing, or ameliorating the stressor, while avoidance coping
refers to engaging in non-task related thinking or behaviours to avoid the stressor
(Endler & Parker, 1990). Problem-based coping is weakly negatively associated
with test anxiety, but avoidance-based coping is strongly positively associated
with test anxiety (Matthews, Hillyard, & Campbell, 1999; von der Embse et al.,
2018).

The relationships between the “big five” personality factors and test
anxiety have been explored in many studies. The big five personality factors
consist of: (i) neuroticism, which refers to the tendency to experience high levels
of nervousness and apprehension, (ii) extraversion, that concerns to how
outgoing an individual is, (iii) openness which refers to curiosity, imagination,
and openness to new experiences, (iv) conscientiousness that concerns thoughtful
and organized goal-oriented behaviour, and (v) agreeableness which refers to
how cooperative and prosocial an individual is. Meta-analytic findings show
neuroticism is strongly positively associated with test anxiety (r = .46),
conscientiousness is negatively associated (r = -.18), while there are weak or
non-significant relationships openness, extraversion, and agreeableness (von der

Embse et al., 2018).
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Student beliefs and reasons for task engagement can impact upon
academic performance (Pintrich, 2007). Elliot and McGregor (1999) proposed a
2 x 2 model with mastery (i.e., desire to master skills for personal development)
and performance (i.e., demonstrate competence relative to others) goals
interacting with approach (i.e., wish to do well) and avoidance (i.e., wish to
avoid failure) dimensions. Four achievement goals are articulated: (i) mastery-
approach represents the goal of obtaining task competence, (ii) mastery-
avoidance represents the goal of avoiding incompetent task performance, (iii)
performance-approach represents the goal of performing better than some peer-
referenced norm, and (iv) performance-avoidance represents the goal of avoiding
worse than some peer-referenced norm. There are medium associations between
test anxiety and mastery and performance avoidance goals (rs of .30 and .37
respectively). There is a positive, albeit small, relationship between performance-
approach and test anxiety (r =.09), but no significant relationship between
mastery-approach and test anxiety (von der Embse et al., 2018).

Procrastination and perfection have been linked to test anxiety. Academic
procrastination is defined as the purposeful delaying of starting or completing
tasks for irrational reasons (Tibbett & Ferrari, 2019). Perfectionism refers to the
combination of extremely high personal standards and excessively critical self-
evaluations (Burgess, Frost, & DiBartolo, 2016). Meta-analyses have found
procrastination and perfectionism are significantly and positively associated with

test anxiety (Burcas & Cretu, 2021; Steel, 2007; Van Eerde, 2003).
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1.8 Situational determinants of test anxiety

Test parameters can moderate the degree of test anxiety experienced by
students. Examples of test parameters include test difficulty (or at least perceived
difficulty), stakes, novelty, time pressures, and environmental cues. Perceptions
of a test as difficult heightens test anxiety (Hembree, 1988; Pekrun et al., 2004;
von der Embse et al., 2018). High stakes tests are associated with greater test
anxiety than low stakes tests (Segool et al., 2013; Silaj et al., 2021; Reeve,
Bonaccio, & Charles, 2008; von der Embse et al., 2018). Familiarity with test
and context can reduce test anxiety (Anstasi, 1981; von der Embse et al., 2018).
In evaluative, but not test conditions, high-test-anxious students reported greater
worry than their peers (Deffenebacher, 1978; Zatz & Chassin, 1985). The order
of examination questions can affect the degree of test anxiety experienced by an
individual, with high-test-anxious individuals reporting greater anxiety if they
are presented with difficult items at the start of an examination (Zeidner, 1998).

Students find problem solving and essay-style assessment more anxiety
provoking than multiple choice questions (Green, 1981). Students in clinical
undergraduate degree programmes (e.g., medicine) report Objective Structured
Clinical Examinations (OSCE), an examination format in which students
perform clinical tasks in front of examiners, the most anxiety provoking of all
examination formats (Guraya et al., 2018). In the general test anxiety literature,
the presence of an external observer, is more anxiety provoking (Geen, 1976,

1985), and this may explain the increased anxiety felt by students in OSCEs.
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1.9 Test anxiety and academic performance

Many studies have found test anxiety is associated with poorer
examination performance. Meta-analyses of these studies consistently conclude
that test anxiety is associated with poorer examination and academic
performance (Hembree, 1988; Seipp, 1991; von der Embse et al., 2018).

The first two meta-analyses, synthesized data across all ages and
educational levels (i.e., from primary/elementary school level to higher
education) (Hembre, 1988; Seipp, 1991). Test anxiety and academic performance
were significantly negatively correlated (rs from -0.23 to -0.29; Hembree, 1988;
Seipp, 1991), with worry more strongly correlated with poor performance (rs
around —0.31) than Emotionality (rs around —0.15). Significant heterogeneity
within worry but not emotionality suggests other person-situation variables
influence the relationship between worry and academic performance (Seipp,
1991).

The most recent meta-analysis (von der Embse et al., 2018) analysed data
from 238 studies published between 1988 and 2018. Rather than aggregating
across all age groups, data were analysed for different age and educational
groups. Test anxiety in university students (53 studies; n = 20,849) was
associated with poorer academic performance (r = —0.27). Sub-analyses
examining worry and emotionality dimensions synthesized data from across all
age and educational levels, with worry (95% Cls -.31 to -.28) again more
strongly associated with test anxiety than emotionality (95% Cls -.20 to -.16).

Females report greater test anxiety than males but they do not perform

worse in tests (Hembree, 1988). This is likely because females report greater
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emotionality but not worry, and worry is the primary factor in reduced

examination performance.

1.9.1 How does test anxiety affect test performance?

There are two accounts for the deleterious effects of test anxiety on test
performance: interference and deficit accounts.

Interference accounts are situated within the broader information
processing models dominant in cognitive psychology (Baddeley, 2012; Moran,
2016). These accounts propose that test anxiety has a casual effect on test
performance, primarily due to the interference of worry and attention on
cognitive processes (Derakshan & Eysenck, 2009; Eysenck & Calvo, 1992;
Eysenck et al., 2007; Sarason, 1984; Wine 1971). Test-anxious individuals
divide their attention and mental resources between self-occupied and task-based
thinking (Eysenck et al., 2007; Sarason, 1980a; Wine 1971). Anxiety reduces
performance efficiency by utilizing the same central executive and memory
resources that would be better deployed to the task-at-hand (Derakshan &
Eyseck, 2009, Derakshan, Smyth & Eysenck, 2009; Eysenck & Byrne, 1994;
Hopko, Hunt, & Armento, 2005).

Anxiety may not always negatively impact performance. Current
theorizing has highlighted the distinction between processing efficiency and
processing effectiveness. Processing efficiency refers to the degree of mental
resources used to complete a task, while processing effectiveness refers to
performance outcomes (Eysenck et al., 2007). Anxious individuals employ
strategies to try and mitigate the adverse effects of anxiety, such as increased

effort (Ikeda, Iwanage, & Seiwa, 1996). Test anxiety therefore impacts
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performance efficiency greater than performance effectiveness and will have the
most debilitating effects when anxiety is high (e.g., because a test perceived as
very important) and the task is complex and difficult (e.g., involves a high
cognitive ‘load’).

The impact of anxiety, and worry, has been confirmed in experimental
studies (Angledis et al., 2019), with mental processing particularly impacted by
disruptions in inhibition (i.e., ability to keep focus on the task) and switching
(i.e., flexible and managed deployment of attention) functions in highly anxious
individuals (Darvishzadeh, Aguilar, & Moradi, 2012; Derakshan & Eysenck,
2009; Eysenck & Derakshan, 2011; Eysenck et al., 2007).

Contrary to interference account, deficit accounts propose that test
anxiety is correlated but not casually linked to test performance (Culler and
Holahan, 1980; Tobias, 1985; Reeve & Bonaccio, & Charles 2008; Sommer &
Arendasy, 2014). Here, test anxiety is merely a concomitant of a test-taker’s
awareness of their lack of preparedness for the test (Paulman & Kennelly, 1984;
Smith, Snyder, & Handelsman, 1982). Deficits can manifest in specific domains,
such as study skills (e.g., Klinger, 1984) or in more general cognitive abilities
such as working memory (e.g., Bishop, 2009). There is contradictory evidence
that high-test anxious students have poorer study and test-taking habits than their
low-test-anxious peers, with some studies finding significant differences (Bruch,
1981; Kirkland & Hollandsworth, 1980; Paulman & Kennelly, 1984) and others
finding no differences (Bruch, Juster, Kaflowitz, 1983; Culler & Holohan, 1980).
Researchers have also noted that anxiety can develop independently of study
skills, such that an individual may have good study skills but still feel anxious,

and vice versa (Zeidner, 1998). Moreover, though deficit models propose
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inadequate study skills result in test anxiety, structural equation modelling has
shown that test anxiety influences study style, with high-test-anxious individuals
more likely to adopt surface (e.g., re-reading), as opposed to deep (e.g.,
interrogation and integration of material), learning approaches (Spada & Moneta,
2012, 2014).

Overall, there is much more empirical support for interference accounts
of test anxiety on test performance over the deficit accounts. Interference
accounts, which have strong cognitive psychology underpinnings, can explain
how anxiety and worry interfere with central executive functions (e.g.,

attentional control) and working memory to reduce test performance.

1.10 Test anxiety and mental wellbeing

Test anxiety is associated with poorer student mental health. Highly test
anxious students report poorer mental health (Depreeuw & DeNeve, 1992) and
are more likely to dropout or repeat a year of study (Schaefer et al., 2007 cf.
Neuderth, Jabs, & Schmidtke, 2009) than their low-test-anxious peers.

Students with mental health issues are more likely to have alcohol related
issues than their peers (Markman et al., 2004). Test anxiety moderates the
relationship between protective behavioural strategies regarding alcohol
consumption (e.g., avoiding attempts to keep up or out drink others) and alcohol-
related problems (Linden, Lau-Barraco, & Milletich, 2012; Tektas, Paulsen, &
Sel, 2013). High-test-anxious students report greater use of non-prescription
stimulants for non-medical reasons (Ne’Eman-Haviv & Bonny-Noach, 2019;
Sattler & Wiegel, 2013). A US survey found 8.3% of 4,580 of college

undergraduates engaged in illicit prescription drug use for the purposes of
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‘cognitive enhancement’ in their lifetime, and 5.9% within the last year (McCabe
et al., 2006, 2008). Increased usage of illicit prescription drug use for cognitive
enhancement is associated with test anxiety (Sattler & Wiegel, 2019).

Test anxiety is a potential risk factor for psychopathology in university
students (Tosevski, Milovancevic, & Gajic, 2010). Test anxiety is particularly
linked to social anxiety (Herzer, Wendt, Hamn, 2014; Kavakci, Guler, &
Cetinkaya, 2014). Test anxious individuals report high fears of negative social
evaluation (Lowe & Lee, 2008), and 54% of test-anxious children also met
criteria for an anxiety disorder, with social anxiety disorder most frequently
comorbid (Biedel et al., 1994; Biedel & Turner, 1988). However, no differences
have been found in social anxiety scores between high- and low-test anxious
students (Hall, 2005).

Depressive symptomology, low negative affect and avoidant behaviour
are associated with test anxiety (Akinsola & Nwajei, 2013; Huberty & Dick,
2006), as is suicidal ideation (Lee et al., 2006). Repeat test-takers report
significantly higher suicidal ideation than first-time test-takers (Mamun et al.,
2021). Academic pressures are an important factor in suicides amongst those in
education, with 29% of suicide cases involving students facing test or test results
at the time of death (Rodway et al., 2016).

Test anxiety is one of the principal reasons for students seeking access to
mental health and university student support services (Rickert, 2015). In a
national survey, 13% of German university students sought counselling for test
anxiety (Middendorf et al., 2016 cf. Schillinger et al., 2021). The number of
support-seeking students for test anxiety is likely underestimated, as 11.3% of

1,099 students surveyed at a Canadian university stated that they would not seek
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help for their test anxiety (Gerwing et al., 2015). Not seeking help was due to not
wishing to be seen as ‘weak’ and believing that academic staff would be unable

or unwilling to help (Gerwing et al., 2015).

1.11 Psychological theories of test anxiety
Systematic investigation of test anxiety began in the 1950s (Mandler &
Sarason, 1952) and theoretical developments since have largely followed the

broader psychological zeitgeists of the times.

1.11.1 Early theoretical developments

Initial theories of test anxiety proposed by the pioneers in the field
(Mandler & Sarason, 1952; Saraon & Mandler, 1952) were based on
motivational or ‘drive’ theory (Hull, 1943). Drive theory is based on principle
that we have psychological needs and we become tense or anxiously aroused
when these needs are not met. Poorer examination performance was explained by
excessive competition and interfering activation of competing responses when
individuals were over-aroused. On the flip side, drive theory also states that high-
test-anxious individuals will perform better than their peers on relatively easy
tasks or test due to greater arousal (Spence & Spence, 1966). There is some
support for the contention that high-test-anxious individuals perform worse their
peers on difficult tasks (Eysenck, 1985; Spielberger, 1966). However, there is
little evidence of a facilitative effect of anxiety on test performance (Tobias,
1985). The principal limitation of this model is that is difficult, if not impossible,
to accurately assess drives and response thresholds and therefore it has low

predictive utility (Zeidner, 1998).
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1.11.2 Behavioural models of test anxiety

Application of behaviourist models boomed in the 1960 and 1970s.
Classical conditioning, operant conditioning, and modelling theory underpin
these models (Skinner, 1938; Watson, 1913; Bandura, 1965). Classical
conditioning refers to learning whereby behaviour (e.g., anxiety) becomes paired
with a stimulus (e.g., tests). Operant conditioning refers to behaviours that are
modified by the effect they produce, such as reward (e.g., receiving praise) or
punishment (e.g., failing a test). Modelling refers to how behaviours are learnt by
observation of modelled or demonstrated behaviour. Poorer test performance is
explained, like drive theory, by excessive and interfering response competition
and that conditioned anxiety can lead to motivated attempts to avoid the stimulus
to reduce anxiety. Support for behaviourist models largely comes from
experimental and randomized controlled trials that show reductions in test
anxiety after forms of behaviour modification (Ergene, 2003; Hembree, 1988). A
key criticism of behaviourist models is that they fail to take account of cognitive
processes that mediate between learning and behaviour (Zeidner & Matthews,

2011).

1.11.3 Study skills models

Study skills deficits models gained traction in the 1980s. They proposed
that poorer test performance was attributable to poor or deficient study skills and
not test anxiety (Benjamin et al., 1981; Culler & Holahan, 1980; Kirkland &
Hollandsworth, 1980; Paulman & Kennelly, 1984). Test anxiety was considered

an epiphenomenon borne out awareness was one was ill prepared to take the test,
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and thus test anxiety is a correlate and not a casual factor in test performance.
Although high-test-anxious students have been found to have poorer self-rated
study skills than their peers (Culler & Holahan, 1980; Kirkland &
Hollandsworth, 1979; Wittmaier, 1972), there is weak evidence that study skills
competence is associated with test performance (Tobias, 1992). Similarly, there
is inconsistent support for poorer test-taking strategies, with studies some high-
test-anxious have poorer test-taking competence (e.g., Bruch, 1981), while other
studies finding no differences (e.g., Bruch, 1983). Moreover, students with good
study skill habits still report worry and cognitive interference in test situations,
contradicting predictions of study skill models (Naveh-Benjamin et al., 1987).
Moreover, test anxiety can influence study strategy, with greater test anxiety
associated with increased surface-level learning (e.g., rote learning) (Spada &
Moneta, 2012, 2014). Study skills models of test anxiety have fallen out of
favour due to the disassociations between study skill ability and manifestation of

test anxiety (Ziedner, 1998).

1.11.4 Cognitive and cognitive-behavioural models

Cognitive models proliferated following the identification of worry as the
key feature of test anxiety (Doctor & Altman, 1969; Liebert & Morris, 1967).
Cognitive models posit that thinking and other cognitive processes mediate the
relationship between event (i.e., test) and response(s) (i.e., test anxiety). There
are four main types of cognitive or cognitive-behavioural models: cognitive-
attentional, transactional, schema, and self-regulation. Cognitive-attentional
models of anxiety, and test anxiety, proposed that differences between high- and

low-test-anxious students were due to the allocation and control of attention
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(Wine, 1971; Sarason, 1980; Eysenck et al., 1992, 1997, 2007). Transactional
process theory models of test anxiety (Spielberger & Vagg, 1995; Zeidner, 1998)
conceptualizes stress as a dynamic process between person and environment, as
well emphasizing the mediating effect cognitive appraisals have upon evaluating
a situation as potentially threatening (i.e., primary appraisal) and then evaluating
one’s ability to cope with this threat (i.e., secondary appraisal) (Lazarus, 1991;
Lazarus & Folkmam, 1984). Schema models of anxiety (e.g., Beck, Emery, &
Greenberg, 1985) propose that individuals with anxiety have negative deep-
seated or ‘core beliefs’ about the self, the world, and future (e.g., “l am a
failure”, “The world is a dangerous place”, “Things will not get better”) that
influence behaviours. Finally, self-regulation models have also been applied to
test anxiety (e.g., Carver & Scheier, 1991), which propose that maladaptive
coping efforts maintain and exacerbate distress.

There is substantive support for the role of cognition in test anxiety and
test performance (Cassady, 2002; Englert & Bertrams, 2015). High-test-anxious
individual become self-preoccupied with their thoughts, and this interferes with
test performance (Sarason, 1984, 1988). High-test-anxious students report greater
negative self-focus, more test-irrelevant thinking, and more worry than their
peers (Sarason, 1980; Sarason, Sarason, & Pierce, 1990; Wine, 1980).
Experimental studies show that high-test-anxious students report greater worry
and perform worse than their peers on tasks (Deffenbacher & Deitz, 1978;
Derakshan, Smyth, & Eysenck, 2009), while observational studies using path
analyses (e.g., Cassady, 2002; Heng-Tsung & Shao-Ting, 2013), and meta-
analyses consistently find worry, but not emotionality, has a significant negative

association with test performance (Hembree, 1988; Richardson et al., 2012;
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Seipp, 1991; von der Embse et al., 2018). Key constructs implicated in the
schema models, such as core beliefs, dysfunctional attitudes, and negative
automatic thoughts have been implicated in test anxiety (Hunsley, 1985; Wong,
2008). Coping efforts moderate the effects of test anxiety on performance
(Zeidner, 1996).

Overall, cognitive and information processing models are now the

dominant explanatory paradigm in test anxiety.

1.12 Summary

Test anxiety is a major educational concern in higher education. Tests
determine the progression and prospects of students. Test anxiety undermines
academic performance and is associated with poorer mental health.
Understanding and developing effective interventions to treat test anxiety is an
important priority. Despite test anxiety being a major educational concern there
was a marked dip in research activity in the 1990s (Zeidner, 1998). However,
due to increased testing in education settings because of government policy such
as the 2001 “No child left behind” Government act in the USA, and increased
demand on wellbeing services from students (Hubble & Bolton, 2020; Riickert,
2015), there has been a significant upturn in interest in test anxiety (von der
Embse et al., 2018). Given limited resources available to education and
wellbeing services, it is important to identify or develop effective interventions

that treat test anxiety.
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1.13 Thesis rationale and overarching research questions

Test anxiety has serious consequences for the educational prospects of
university students and is associated with significantly poorer mental wellbeing.
Therefore, it is vitally important that support and interventions are offered to
students to help them reduce their test anxiety and allow them to fulfil their
academic potential. The Medical Research Council (MRC; Craig et al., 2008;
O’Cathain et al., 2019) offers a framework for the development and evaluation of
complex interventions that is considered best practice, advocating a systematic
approach to the development of interventions that is supported by best available
evidence and grounded in theory. The framework consists of four phases (Figure

1.1).

Figure 1.1. Medical Research Council Framework for developing and evaluating

complex interventions.

Feasibility and piloting

+  Testing procedures

* Estimating recruitment and retention
+ Determining sample size

Development Evaluation
= ldentifying the evidence base *  Assessing effectiveness
= |dentifying or developing theory * Understanding change process
* Modelling process and outcomes + Assessing cost effectiveness
Implementation
+ Dissemination

*  Surveillance and monitoring
+  Long-term follow-up

Briefly, Phase 1 comprises establishing what is known about current
interventions and if new interventions are needed. If new interventions are

needed, then theoretical models should be identified, applied, and empirically
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tested. Phase 2 involves developing an intervention based upon the theoretical
mode, examining its feasibility, and conducting pilot tests (e.g., to check on
acceptability of the treatment and possible side effects). Phase 3 requires formal
evaluation of the intervention, typically via a RCT. Finally, Phase 4 entails the
implementation and evaluation of the intervention into routine practice.

The scope of this thesis largely covers Phases 1 and 2 of the MRC
framework. The first phase involves establishing the efficacy of existing
interventions, to determine if new interventions ought to be developed.
Therefore, the first research question of this thesis is “how efficacious are
existing interventions for reducing test anxiety and improving test and/or
academic performance for test anxious university students?”. This research
question is addressed in Chapter 2.

The second phase of the MRC framework then specifies that new
interventions that are developed should have a sound theoretical basis. Moreover,
empirical support for the theory in the research context should be sought before
investigations of an intervention efficacy are conducted. This leads to the second
broad research question of “what models can account for the psychological
mechanisms underpinning test anxiety?”. This research question and the
empirical examination of models that can account for the key features of test
anxiety are addressed across Chapters 3-6. A summary of findings, conclusions,

and implications of research are discussed in Chapter 7.
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Chapter Two
Efficacy of interventions for test anxious university students: A meta-analysis of

randomized controlled trials

27



2.1 Introduction

Given the negative impact test anxiety has on academic performance and
student mental health it is not surprising that many interventions have been
developed to treat it. Psychological interventions have been most commonly
applied to treating test anxiety in undergraduate students (Zeidner, 1998). Test
anxiety interferes with studying and test taking and therefore interventions that
alleviate symptoms of test anxiety should improve test performance.
Psychological interventions for test anxiety fall into two broad categories:
behaviour therapy (BT) and cognitive-behavioural therapy (CBT).

Behavioural interventions are based on behaviourism, which emphasized
outward and directly observable behaviour and rejected the inward experiential
phenomena (Skinner, 1938; Watson, 1913). BT focuses on reducing the
physiological arousal and somatic symptoms (i.e., emotionality dimension) of
test anxiety. Interventions are therefore based on the assumption that behaviours
(like feeling anxious in response to tests) are learnt, and that these behaviours
can be changed by changing the consequences of behaviour. The goal is to
reinforce desirable behaviours and reduce or eliminate undesirable ones.
Additionally, new behaviours may need to be taught or modelled to people
within interventions. There are four main types of behavioural strategies for
altering unwanted behaviour: muscle relaxation, flooding, systematic
desensitization, and modelling. In relaxation techniques such as progressive
muscle relaxation (Jacobson, 1938) individuals are taught to sequentially relax
certain muscle groups. Flooding involves exposing people to their fear-inducing
object or situation and encouraging the person to endure their fear until it

ameliorates. Flooding involves the immediate exposure to the feared stimulus or
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situation (e.g., test, spider, confined space), with individuals needing to endure
their fear reaction until it dissipates. Systematic desensitization involves
counterconditioning techniques to teach muscle relaxation while visualizing a
hierarchy of increasingly stressful test anxiety related scenes (Wolpe, 1958).
Modelling involves people learning via observation of others’ behaviour.
Modelling can be explicit, where people are instructed to observation others, or
implicit or covert where people observation others but are not informed of the
nature of the experimentation.

The central idea in CBT is that distorted thoughts and disturbed thinking
negatively influence mood and behaviour, and ultimately result in emotional issues
and disorders. As thoughts, feelings, and behaviour are all connected, CBT
approaches propose that identifying and changing unhelpful or faulty thinking will
lead to improvements in behaviour and the emotional state of an individual. There
are many varieties of CBT (David & Szentagotai, 2006; Hebert & Forman, 2011)
but the most influential are rational emotive behavioural therapy (REBT; Ellis,
1957, 1962), and the schema-based approach of Beck and colleagues (CT; Beck,
1967; Beck etal., 1985). Both REBT and CT posit that it our thinking about events,
and not the events themselves, that lead to emotional distress and disorders. The
aim is to teach clients how to recognise and respond more adaptively to their
thoughts. In the REBT, significant emotional issues are the result of irrational
beliefs (e.g., self-defeating thinking such as “I cannot do this”). In CT, faulty or
erroneous beliefs concern the self, the world, or the future (the cognitive triad),
and can inferred by the negative automatic thoughts (NATS) that an individual
reports in their thinking. The type of psychological disorder a person has is

reflected in the content of their NATS, and this is referred to as the cognitive
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specificity hypothesis (Baranoff & Oeli, 2015; Beck et al., 1985). NATS are due to
negative core beliefs stored in deeply held schemas. Schemas are memory
structures organized around categories of information that can be updated with
new information over time. However, CBT posits that the schemas about the self
(e.g., “I am a failure”), world (e.g., “The world is a dangerous place”), and future
(e.g., “Things will always be this way”) in psychological disorders have become
more fixed and less changeable and that cognitive biases reinforce that worldview.
Therapy for both REBT and CT focuses on challenging the validity and changing
the content of these thoughts, termed ‘cognitive restructuring’. Commonly,
behavioural experiments and techniques are included alongside cognitive
restructuring, hence the term ‘CBT’.

There are other types of psychological therapy beyond BT and CBT. The
most common are person-centred counselling (PCC; Rogers, 1961) and
analytical psychotherapy (AP; Freud, 1900/2010). Unlike, BT and CBT, which
focus upon the ‘here and now’ symptoms, both person-centred and
psychoanalytical therapies propose that present distress and symptoms are due to
deep-rooted issues that primarily related to childhood experiences. PCC is non-
directive form of counselling with the client largely determining the scope and
direction of the session content, whereas in AP the therapist will offer insight and
guide the session. Both therapies consider the therapeutic relationship the key
process for change (Ardito & Rabellino, 2011). Whilst BT and CBT-based
therapies typically follow manuals or procedures over a set number of sessions,
PCC and AP are ‘free form’, being guided by techniques and insights, and the
number of sessions is not limited. It is perhaps for this latter reason that PCC and

AP are seldom, if ever, applied to test anxiety; past meta-analyses did not report
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any trials evaluating PCC or AP (Ergene, 2003; Hembree, 1988). Counselling
interventions that have been evaluated in test anxiety have referred to group
discussion sessions and have not explicitly referred to principles of PCC (e.g.,
Sapp, 1988).

Another class of interventions applied to treating test anxiety are study
skill training (SST) interventions. These are based upon the assumption that
inadequate test preparation and test taking skills impair academic performance
and that test anxiety is an epiphenomenon arising from an individual’s appraisal
that they are inadequately prepared for the test. SST interventions therefore seek
to enhance the learning and test-taking abilities to increase confidence and
reduce anxiety in test taking situations so that individuals feel more confident
about meeting their performance goals (Zeidner, 1998). SST interventions most
commonly consist of two components (e.g., Dendato & Diener, 1986), one
focusing on effective ways of learning and encoding study material (e.g., deeper-
levels of learning as compared to rote-learning), with the other component
focusing on effective strategies during examinations (e.g., allocating more time
to those questions which represent a greater proportion of the total examination
score).

Intervention packages have also been designed that combine
psychological (BT, CBT) and SST interventions to address the psychological
causes of test anxiety and improve effective study and test-taking skills (e.g.,
McCordick et al., 1981).

Finally, pharmacological approaches target the neurochemical origins of

anxiety. Medications used to treat test anxiety include tranquilizers, beta-
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blockers, anti-depressants, and benzodiazepines, though there is scant research
on their application and efficacy (e.g., James & James 1973).

The efficacy of these interventions has been evaluated in randomized
controlled trials (RCTs). RCTs are a research design in which enrolled
participants are randomly assigned to intervention conditions. RCTs are
considered the gold standard methodology for evaluating intervention efficacy as

they permit causal inferences to be drawn.

2.1.1 Efficacy of interventions for test anxiety in university students

Two meta-analyses have examined the efficacy of interventions for test
anxiety (Ergene, 2003; Hembree, 1988). Based on a review of 137 studies (n =
7,641 students) published between 1950 and 1986, Hembree (1988) concluded
that BT and CBT were effective in reducing test anxiety and improving academic
performance. Ergene (2003) examined the efficacy of interventions in 56 studies
(n = 2,428 students) published between 1950 and 1998 focusing only on
controlled trials, and concluded that BT, CBT, and Combined psychological and
SST interventions were effective in reducing test anxiety (academic performance
was not examined). Neither review included any pharmacological studies.

Despite the attempts of both meta-analyses to provide a systematic
appraisal of the evidence at those time points, neither meta-analysis was
conducted with the rigour expected of current systematic reviews, casting doubt
on their conclusions. Both included and synthesized results from studies on
primary/elementary school children through to university undergraduates.
Clearly, symptom presentation will vary considerably across age ranges, and

therefore the suitability and efficacy of interventions may also vary considerably.
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Though Ergene (2003) reported a summary effect size of interventions for test-
anxious undergraduates (d = -0.68, 95% CI -0.77 to -0.59), no summary statistics
were reported by Hembree (1988), and neither review examined the efficacy of
different treatment approaches for undergraduate students. Therefore, the
efficacy of specific intervention approaches for specific student groups is
unknown. It cannot be assumed that an intervention efficacious in one student
group is equally efficacious in another group; it is possible efficacious
interventions for one group may mask or moderate the effect for another group.
Moreover, both reviews used a fixed-effect model, which assumes all their
included studies are estimating the same effect, which cannot be the case given
the age differences of samples across included trials (in addition to other
methodological differences in trial conduct). Treatment trials of test anxiety have
frequently included more than two treatments arms (e.g., Meichenbaum, 1972)
but neither review reports how these trials are dealt with within their analyses,
and therefore some participants, such as those in control conditions, may have
been included more than once within their analyses. This biases results, by
selectively increasing sample size for those studies with more than two
conditions, giving them greater weight within data syntheses, and reducing
confidence intervals around the effect size estimates (Borenstein et al., 2009).
Finally, when viewed through the lens of modern reporting standards such as the
Preferred Reporting Standards for Systematic Reviews and Meta-Analyses
(PRISMA; Moher et al., 2009), the standard of both reviews is inadequate.
Neither review identifies to the reader which trials were included and their basic
characteristics (e.g., interventions delivered, delivery format, number of

sessions), and neither uses forest plots to convey the variation in outcomes
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between studies and which studies contributed most weight to the summary
effect size. Additionally, a priori protocols are not available for either review.
Given these serious problems with the methodological and reporting
standards of the two reviews above, the efficacy of interventions for test-anxious
university students is unknown, and a new and up-to-date review that conforms

to modern methodological and reporting standards is required.

2.1.2 Aims of meta-analytic review

This review has three main aims, to examine: (1) the efficacy of
interventions for reducing test anxiety in university undergraduate students
(henceforth ‘students’), (2) potential moderators of treatment effect (see below
for more detail) and, (3) the efficacy of interventions for improving academic

performance.

2.1.2.1 Moderators

The following moderator variables would be examined provided
sufficient data is available. Gender and pre-treatment severity will be examined
as sample-dependent moderators of intervention effect. Given females report
greater test anxiety than males (Cassady & Johnson, 2002; Zeidner, 1998), it was
hypothesized that studies with higher proportions of female participants will
have poorer treatment outcomes. Greater pre-treatment symptom severity is a
predictor of poor treatment outcome in anxiety disorders (Knight et al., 2014).
Therefore, it was also hypothesized that pre-treatment severity would be

associated with poorer treatment outcomes in test anxiety.
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Several methodological moderators of intervention effect are also
examined: mode of treatment delivery (i.e., group vs. individual), treatment
dosage (i.e., number of hours of treatment), and manualization of interventions
(manualized vs. non-manualized). Psychological interventions are typically
delivered face-to-face, either individually or in a group format. There are
advantages and disadvantages to both delivery formats, with individual delivery
affording greater privacy for discussing sensitive topics, whilst a group format
permits the fostering of communication, social skills, and belonging among one
other, as well being able to learn from others (DeLucia-Waack, Kalodner, &
Riva, 2013). Group interventions were hypothesized to be associated with better
treatment outcomes than individual interventions, in-line with Ergene (2003)
findings that group interventions produced a larger effect size than individual
interventions. Meta-analyses of psychological treatments find that duration of
treatment has no significant relationship with treatment outcomes (Smith &
Glass, 1977; Stiles, Barkham, & Wheeler, 2015). Similarly, Ergene (2003) found
no dose-response pattern emerged between interventions for test anxiety and
treatment outcomes, and therefore no significant relationship was hypothesized
here also. Manualization involves the use of a structured treatment manual that
specifies the content, principles, strategies, techniques, sequencing, and format of
the intervention. As such manualization is intended to increase the replicability
of treatment outcomes as independent therapists will practice using the same
guidance (Kazdin, 2015). Manualization may improve the quality of treatment
delivery (Addis et al., 2006), and therefore it was hypothesized that manualized

interventions would be associated with better treatment outcomes.

33



2.2 Method

This review uses systematic review methods to search and screen for
relevant RCTs, and meta-analysis statistical procedures to analyze and synthesize
data. Systematic reviews use clear, a priori rules for searching and selecting
studies, increasing transparency and reproducibility of results (Cook, Mulrow, &
Haynes, 1997). Meta-analysis methods offer many advantages over the
traditional analyses conducted in narrative reviews, in which a subject expert
selects the studies for inclusion and conclusions would often be made on the
basis on ‘vote counting’ methods (Freemantle & Geedes, 1998). In vote
counting, the author would simply count and subjectively weigh up the balance
of those studies with significant effects, and those without (Borenstein et al.,
2009). Abelson wryly noted that narrative review data analyses are akin to
“doing arithmetic with words” (cf. Borenstein et al., 2009, p.14). In fact, vote
counting becomes more misleading the as the number of studies increases
(Hedges & Olkin, 1980). Meta-analyses permit the computation of effect sizes
for each study, facilitating the understanding of study results in the context of the
other relevant studies, and if data are consistent, the computation of a summary
effects. Summary effect sizes are a weighted mean of individual study effects.
By synthesizing across studies, meta-analysis methods increase power to detect
significant effects. Importantly, they also allow researchers to move beyond
saying if a p value is significant or not, to draw conclusions about the size,
direction, and clinical importance of effects, which speak to the practical
importance of study findings.

The review was conducted and reported in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Moher
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et al., 2009) guidelines. Development of the study protocol (Huntley et al., 2016)
was guided by Cochrane protocol review guidelines (Cochrane, 2011) and was

registered with PROSPERO (CRD42016035859).

2.2.1 Identification and selection of studies
2.2.1.1 Eligibility criteria

Included studies: (i) included only test-anxious university undergraduate
students (self-selected and/or meeting criteria for severity of test anxious); (ii)
examined psychological, SST, pharmacological interventions, and/or combined
intervention packages; (iii) had at least one comparator that was a control
condition (no treatment, waitlist, or psychological/pill placebo); (iv) reported a
primary outcome of test anxiety severity on a valid measure; (v) used random
assignment of participants to conditions; and (vi) was published in a peer-

reviewed journal written in English.

2.2.1.2 Identification of studies

Six electronic databases — Cochrane Central Register of Controlled Trials
(CENTRAL), Educational Resources Information Center (ERIC), MEDLINE,
PsycINFO, Scopus, and Web of Science — were searched using variations of the
relevant search terms covering: test anxiety; undergraduate student;
psychological, SST, or pharmacological interventions; randomized controlled
trial. An example search protocol for the Scopus database is presented below
(Table 2.1) and the final search protocols can be viewed in Appendix A. The first
search period covered all years up to April 2016. A further search was

conducted, covering the period April 2016 up to May 2017.
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A manual search was conducted, checking reference lists of previous
meta-analytic reviews and primary articles. Articles identified through the
literature searches were then combined into a single database and duplicates

removed.

2.2.1.3 Screening of studies

Two researchers, Dr James Temple (JT) and Dr Melissa Longworth (ML)
independently screened studies against eligibility criteria, with discrepancies
resolved by the thesis author. First, studies were screened by title and abstract.
Full-text copies of the remaining included studies were then retrieved and
screened using tool with items for each of the eligibility criteria. Studies could be
then marked as ‘Included’, ‘Maybe’, or ‘Excluded’. Studies marked as maybe

were reviewed by the thesis author.

2.2.2 Data extraction and risk of bias assessment
Predefined information was independently extracted by JT and ML from the
study reports using a modified Cochrane data extraction form. Risk of bias (RoB)
was assessed by Cochrane’s RoB tool (Higgins, 2011) that assesses the following
domains: random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, incomplete outcome
data, and selective reporting.

Each domain is scored either: ‘low risk of bias’, ‘unclear’, or ‘high risk of
bias’. If relevant information was not reported, study authors were contacted by

the author and the missing study information requested. If there was no response
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Table 2.1. Example search protocol (for Scopus database).

#

Search Terms

1

“Test anxiety” OR “Examination anxiety” OR “Test stress” OR
“Examination stress” OR “Test performance” OR “Examination
performance” OR “Evaluation Stress” OR “Evaluative Stress” OR
“Evaluative Anxiety” OR “Evaluation Anxiety” OR “Test fear” OR
“Examination fear”

College student OR University student OR undergraduate

Randomi?ed controlled trial OR Controlled clinical trial OR Clinical trial
OR PHASE™* Trial OR RCT OR randomi?ed OR random allocation OR
randomly allocated OR Controlled trial OR placebo OR outcome study
Psycho* or behavi* or cogniti* or metacogniti* or implosive or desensiti*
or interpersonal or gestalt or attenti* or activation* or rational or
bibliotherapy or counsel* or supportive or study skill* or skill focus* or
testwise* or relax™ or training* or nondirective or guided or imag* or
computer* or CBT or pharmaco™* or drug* or treatment or intervention
#1 AND #2 AND #3 AND #4

Limit #5: English Language

within two weeks, a reminder email was sent. Following this, no further efforts

were made to obtain information.

2.2.3 Planned Analyses

Meta-analyses were conducted using Revman 5.3.5 (Cochrane

Collaboration, 2014), while tests of publication bias and meta-regression
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analyses were conducted in R 3.3.3 (R Core Team, 2013) using the ‘metafor’

package (Viechtbauer, 2010).

2.2.3.1 Data synthesis

A random-effects model was used. Test anxiety severity is measured on a
continuous scale, but a wide variety of self-report outcome measures have been
used across studies. Therefore, between-study standardized mean differences
(SMD) with 95% confidence intervals were calculated for each pairwise
comparison (active intervention versus control group) and for the pooled effect,
using Cohen’s effect size with Hedges’ correction for small sample bias i.e.,
Hedges’ g (Hedges, 1981).

Studies with more than two treatment comparisons were included.
However, independence between multiple comparisons within the same study
cannot be assumed (Borenstein et al., 2009). To adjust for the potential bias the
control group n is divided by the number of active comparator conditions
(Cochrane, 2011) ensuring each participant is only included once in the analyses.
Data from the primary test anxiety outcome measure reported in each study were
used (if no primary outcome stated, the first reported test anxiety outcome was
then used).

The magnitude of heterogeneity was assessed using the 12 statistic, with
values greater than 50% indicative of at least moderate heterogeneity (Higgins et
al., 2003). Subgroups analyses were used to examine the relative efficacy of
different interventions at post-treatment and follow-up. Using past reviews as a

guide, the treatment categories were decided as the following: BT, CBT, SST,
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and Combined. Combined interventions consisted of both psychological (i.e., BT
or CBT) and SST components.

The same procedure outlined above was conducted for the academic
performance analyses. Academic performance indices used here included either
post-treatment examination results or grade point average (GPA). GPA is
summary statistic representing the average value of accumulated grades earned
across course modules. Most commonly, GPA is based on a 0 to 4.0 scale (A =
4.0,B=3.0,C=2.0,D=1.0, Fail =0.0) where a 4.0 GPA average represents
the highest score.

Outliers were identified via visual inspection of the forest plot (i.e., where
study effect estimates, and their 95% confidence interval, had little overlap with
other study effect size estimates). Outliers were then removed, and results

compared with original estimates.

2.2.3.2 Moderator analyses

Moderators under investigation have been discussed previously (see section
2.1.2.1). A minimum of 10 studies for each study-level variable is recommended
(Higgins & Green, 2011). Therefore, if heterogeneity was present within any of
the subgroups, and there were sufficient studies, moderators of treatment
outcome were examined via mixed-effects meta-regression (i.e., studies are
treated as being a random sample, but the moderators are treated as being fixed-
effect). Regarding manualization, a study had to explicitly cite a manual or
provide a detailed description within the manuscript to be coded as

“manualized”; else they were coded as non-manualized.
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2.2.3.3 Sensitivity analyses
Sensitivity analyses were planned to assess the robustness of results, with
RCTs considered at high risk of bias removed and then results compared to

original analyses.

2.2.3.4 Assessment of publication bias
Publication bias was assessed using Egger’s test (Egger et al., 1997) and

funnel plots of the effect sizes against the standard error (SE).

2.2.4 Quality of evidence

Overall quality of evidence was assessed with Grading of
Recommendations Assessment, Development and Evaluation (GRADE; Guyatt
et al., 2008) using their GRADEpro Guideline Development Tool (GDT). Five
domains of quality are assessed: risk of bias, inconsistency of trial results,
indirectness of measurement, imprecision of effect size estimates, and the likely
impact of publication bias. Evidence quality is graded on a 4-point scale from
‘very low quality’ (i.e., limited confidence in effect size estimate) to ‘high

quality’ (i.e., high confidence in the effect size estimate).

2.3. Results
2.3.1 ldentification and selection of studies
Figure 2.1 shows the PRISMA flowchart. The search identified 1,120

papers.
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Figure 2.1. PRSIMA flowchart.
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After removing 253 duplicate records, 867 records were independently

screened (JT, ML) by title and abstract, with 692 records excluded. Full-text

copies of the remaining 175 papers were obtained, with multiple papers

corresponding to a single study grouped together, resulting in 168 unique studies.
Full-text articles were independently screened (JT, ML), with 78 studies meeting
the inclusion criteria; inter-rater reliability was good (Kappa = 0.60). The list of

studies excluded (including reasons for exclusion) at the full-text screening stage
can be found in Appendix B. The 78 studies were then examined to check if data

necessary for inclusion in the meta-analyses was reported. Thirty-four studies did

not report sufficient information; the study authors were contacted and asked to

supply the required information. Although 16 (47%) of the study authors

responded, none could provide the necessary information; primarily because
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their studies were conducted more than 20 years ago, and data was no longer

accessible. Forty-four studies were therefore included in the meta-analysis.

2.3.2 Characteristics of included studies

Descriptive information about the studies included within the meta-
analyses is detailed in Table 2.2.

Most studies, 75%, were conducted in the United States of America (k
studies = 33), with 25% conducted elsewhere (k = 11). Thirty-eight studies were
published between 1970 and 1999, with only six studies published between 2000
and 2017.

There were 152 intervention arms across the 44 studies, of which 91 were
active intervention conditions and 61 were control conditions. BTs were most
frequently examined (across 59 conditions, k = 33), followed by CBTs (14
conditions, k = 11), SST (10 conditions, k = 10), and Combined interventions (8
conditions, k = 4). Of the control conditions, no treatment control (NTC) was
most frequently used (across 29 conditions, k = 29), followed by active control
conditions designed to resemble placebo conditions (17 conditions, k = 17), and
waitlist control (WLC; 15 conditions, k = 15). Active control conditions included
instructional control, non-directive supportive counselling, and interventions
with the purportedly ‘active’ ingredients removed such as implosive treatment
based upon neutral cues rather than test anxiety specific cues. No
pharmacological interventions were evaluated in any of the included studies (and
only one study was identified in the searches but which did not meet the

eligibility criteria).
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Group delivery was used most often (76 conditions, k = 34), followed by
individual interventions (14 conditions, k = 10), and computer-based delivery
(one condition, k = 1). The overall duration of the interventions varied
considerably, ranging from one hour to 26 hours (M = 7.24 hours, SD = 4.78).
Although most studies (k = 30, 68%) did report using cut-off points for test
anxiety, this varied greatly from study-to-study, with studies enrolling
participants based on: (i) scoring above a cut-off score (k = 19), (ii) scoring
above a set percentile for test anxiety severity (ranging from 50™ to 85t
percentile across studies) (k = 9), (iii) scoring within a range of scores for test
anxiety severity (k = 1), or (iv) meeting diagnostic criteria for DSM-1V
(American Psychiatric Association, 1994) specific phobia or social phobia (k =
1). Participants self-selected into studies that did not use cut-off criteria (k = 14)
by responding to announcements or advertisements regarding test anxiety trials.

Reporting of the flow of participants within trials was poor; attrition was
only reported in 27 of the 44 studies (2, 5-6, 11-15, 17, 19-23, 25, 27, 30-34, 36,
38-41, 44). The mean number of participants enrolled into active treatments was
15.8 (SD = 9.8, range 7 to 48), and for control conditions was 17.1 (SD = 11.0,
range 7 to 48). Mean attrition for active conditions was 11.3% (SD = 12.0, range
from 0% to 45%), and for control conditions was 7.8% (SD = 10.3, range from
0% to 35%). Only 15 of the 44 (34%) studies reported follow-up data (1, 4, 6-7,
18-19, 21-22, 24-25, 29, 32, 38-39, 26), with a mean follow-up of 9.4 weeks (SD
= 6.4, range from 3 to 26 weeks). Three studies (21, 24-25) had a second follow-
up period (M =56 weeks, SD = 6.9). Only two studies (41-42) included a
Consolidated Standards of Reporting Trials (CONSORT; Schulz et al., 2010)

flow diagram.
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Table 2.2. Selected characteristics of included studies.

ID First Author - Year Intervention(s) Delivery Sessions TA criteria used to Primary Follow-up
Country format select participants outcome period
measure
#1  Mitchell 1970 Systematic Desensitization Group 10 x 1 h (twice weekly) > 1 SD above AAT-D 14 weeks
AUS Waitlist Control - - M on AAT-D
No Treatment Control - -
#2  Lomont 1971 Systematic Desensitization Group 8 x 1 h (weekly) > 30 on AAT- AAT-D -
USA Supportive Counselling Group 8 x 1 h (weekly) D&<230n
No Treatment Control - - AAT-F
#3  Prochaska 1971 Implosive Therapy — TA Symptoms Group 3 x 1 h (fortnightly) None AAT-D -
USA Implosive Therapy — TA Dynamic Group 3 x 1 h (fortnightly)
Implosive Therapy — General Anxiety Group 3 x 1 h (fortnightly)
Instructional Control Group 3 x 1 h (fortnightly)
No Treatment Control - -
#4  Meichenbaum 1972  Cognitive modification Group 8 x 1 h (weekly) None AAT-D 4 weeks
CAN Systematic Desensitization Group 8 x 1 h (weekly)
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#5

#06

#7

#8

#9

Dawley 1973
USA

Kostka 1974
USA

Guidry 1975
USA

Mitchell 1975
AUS

Anton 1976
USA

Waitlist Control

Implosive Therapy

Instructional Control

No Treatment Control

Systematic Desensitization

Covert Modelling

No Treatment Control

Covert Reinforcement

Instructional Control

No Treatment Control

Systematic Desensitization + Study Skills Training
Relaxation Therapy + Study Skills Training
Study Skills Training

Instructional Control

No Treatment Control

Systematic Desensitization

Supportive Counselling

45

Group

Group

Group

Group.

Group

Group

Group
Group
Group

Group

Group

Group

5x 0.5 h (twice weekly)  >212 on TAQ

5x 0.5 h (twice weekly) (66" percentile)

10 x 1 h (twice weekly) NR
8 x 1 h (twice weekly)
1h+5x05h None

1h+5x05h

26 x 1 h (twice weekly) None
26 x 1 h (twice weekly)

26 x 1 h (twice weekly)

5 x 1 h (twice weekly)

8 x 1 h (weekly) None

4 x 1 h (weekly)

STABS

STABS

AAT-D

STAI-T

20 weeks

3 weeks



#10

#11

#12

#13

#14

Bedell 1976

USA

Chang-Liang 1976

USA
Melnick 1976

USA
Russell 1976

USA
Denney 1977

No Treatment Control
Systematic Desensitization -High
Systematic Desensitization - Low
Relaxation Therapy -High
Relaxation Therapy -Low

No Treatment Control
Systematic Desensitization
Applied Relaxation

Relaxation Therapy

No Treatment Control
Systematic Desensitization
Attentional Control

No Treatment Control
Systematic Desensitization

Cue Controlled Relaxation

No Treatment Control

Self-Control Desensitization — Active

46

Group
Group
Group

Group

Group

Group

Group

Group

Group

Group

Group

Ind.

7 x 1 h (weekly)
7 x 1 h (weekly)
7 x 1 h (weekly)

7 x 1 h (weekly)

3x1h (weekly)
3 x 1 h (weekly)

3 x 1 h (weekly)

4 x 1 h (weekly)

4 x 1 h (weekly)

5x 1 h (weekly)

5x 0.5 h (weekly)

8 x 1 h (weekly)

NR

> 66th

percentile

> 50t
percentile on
TAQ

None

> 85t

TAS

STABS

TAQ

TAS

STABS



USA

#15 Finger 1977

USA

#16 Horne 1977

USA

#17 Counts 1978

USA

Self-Control Desensitization — Passive
Systematic Desensitization — Active
Systematic Desensitization — Passive
Instructional Control

No Treatment Control

Attention Training

Relaxation Therapy

Attention Training + Relaxation Therapy
Waitlist Control

Systematic Desensitization

Flooding

Modelling

Study Skills Training

No Treatment Control

Electromyographic + Cue Controlled Relaxation

Cue Controlled Relaxation

Attentional Control

Ind.
Ind.
Ind.

Ind.

Group
Group

Group

Group
Group
Group

Group

Ind.

Ind.

Ind.
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8 x 1 h (weekly)

10 x 1 h (weekly)

10 x 1 h (weekly)

8 x 1 h (weekly)

8 x 1 h (twice weekly)
8 x 1 h (twice weekly)

8 x 1 h (twice weekly)

10 x 1 h (twice weekly)
10 x 1 h (twice weekly)
10 x 1 h (twice weekly)
10 x 1 h (twice weekly)
6 x 1 h (thrice weekly)
6 x 1 h (thrice weekly)

6 x 1 h (thrice weekly)

percentile on

TAQ

> 66 AAT-D
percentile on
AAT-D -

AAT-F scores

100 highest TAS
scorers on

TAS (out of

175 screened)

>210on TAS TAS



#18

#19

#20

#21

#22

Gallagher 1978

USA

Lent 1978

USA

Romano 1978

USA

Deffenbacher 1979a

USA

Deffenbacher 1979b

No Treatment Control

Covert Modelling

Imagined Modelling

Waitlist Control

Study Skills Training + Systematic Desensitization
Study Skills Training + Cue Controlled Desensitization
Study Skills Training

No Treatment Control

Electromyographic feedback + Systematic Desensitization
Electromyographic feedback

Systematic Desensitization

Waitlist Control

Systematic Desensitization

Self-Control Relaxation

Waitlist Control

No Treatment Control

Systematic Desensitization

48

Ind.

Ind.

Group
Group

Group

Group

Group

Group

Group

Group

Group

4 x 0.5 h (twice weekly)

4 x 0.5 h (twice weekly)

5x 1 h (weekly)
5x 1 h (weekly)
5x 1 h (weekly)
13 x 0.5 h (twice weekly)
13 x 0.5 h (twice weekly)

13 x 0.5 h (twice weekly)

7 x 1 h (weekly)

7 x 1 h (weekly)

8 x 1 h (twice weekly)

>21on TAS

Top 30% on

TAS & SSHA

> 70"
percentile

on STABS

> 34 on

AAT-D

>250n

TAS

TAS

STABS

AAT-D

TAS

3 weeks

6 weeks

6 weeks

52 weeks

9 weeks



USA

#23 Holahan 1979

USA

#24  Deffenbacher 1980a

USA

#25 Deffenbacher 1980b

USA

#26 Levine 1980

USA

#27  Lurie 1980

Self-Control Desensitization
Waitlist Control

Cognitive Therapy

Anxiety Management Training
Waitlist Control

Anxiety Management Training
No Treatment Control
Anxiety Management Training
Self-Control Desensitization
Waitlist Control

No Treatment Control
Negative Practice

Negative Practice + Homework
Systematic Desensitization
Attentional Control

Waitlist Control

Covert Reinforcement

49

Group

Group

Group

Group

Group

Group

Group
Group
Group

Group

Group

8 x 1 h (twice weekly)

4 x 2 h (weekly)
4 x 2 h (weekly)

6 x 1 h (weekly)
6 x 1 h (weekly)

6 x 1 h (weekly)

6 x 1 h (weekly)
6 x 1 h (weekly)
6 x 1 h (weekly)
6 x 1 h (weekly)

6 x 1 h (twice weekly)

AAT-D

Top 20% on TAS
TAS

Top 10% on AAT-D
AAT-D

> 37 on AAT-D
AAT-D

(Top 5%)

> mean on TAQ
TAQ

> 18 on TAS TAS

6 weeks

52 weeks

6 weeks

64 weeks



#28

#29

#30

#31

USA

Reed 1980

USA

Altmaier 1981

USA

Barabasz 1981

NZ

D’Alelio 1981

USA

Covert Rehersal

Study Skills Training
Attentional Control
Waitlist Control
Biofeedback

Instructional Control

No Treatment Control
Systematic Desensitization
Study Skills Training
Systematic Desensitization + Study Skills Training
No Treatment Control
Rational Emotive Therapy
Study Skills Training

No Treatment Control
Cognitive Therapy — 8
Cognitive Therapy — 4

No Treatment Control

Group
Group

Group

Ind.

Ind.

Group

Group

Group

Group

Group

Group

Group

50

6 x 1 h (twice weekly)
6 x 1 h (twice weekly)

6 x 1 h (twice weekly)

8 x 0.5 h (twice weekly)
8 x 0.5 h (twice weekly)
6 x 1 h (twice weekly)
6 x 1 h (twice weekly)

12 x 1 h (twice weekly)

4 x 1 h (twice weekly)
4 x 1 h (twice weekly)
8 x 1.5 h (weekly)

4 x 1.5 h (weekly)

>31 on AAT-D
AAT-D

>50o0n TAI
TAI

High scorers TAQ
on skin

conductance

> 55 on TAI TAI

12 weeks



#32 Decker 1981

USA

#33 McCordick 1981

USA

#34 Russell 1982

USA

#35 Ricketts 1984

USA

Cognitive-Behavioural Therapy

Study Skills Training

Waitlist Control

Cognitive-Behavioural Therapy + Study Skills Training
Cognitive Therapy + Study Skills Training

Systematic Desensitization + Study Skills Training
Study Skills Training

Waitlist Control

Systematic Desensitization

Cue Controlled Relaxation

Systematic Desensitization + Cue Controlled Relaxation
Attentional Control

No Treatment Control

Progressive Muscle Relaxation

Study Skills Training

Rational Emotive Therapy

Instructional Control

51

Group

Group

Group
Group
Group

Group

Group
Group
Group

Group

Group
Group
Group

Group

4 x 1.5 h (weekly)

4 x 1.5 h (weekly)

15 x 1 h (twice weekly)
15 x 1 h (twice weekly)
15 x 1 h (twice weekly)
1 x 1 h (weekly)

5x 1 h (weekly)

5x 1 h (weekly)

5x 1 h (weekly)

5x 1 h (weekly)
1x1h

1x1h

1x1h

1x1h

< mean of TAS
TAS

None AAT-D
None TAS

> 147 on STABS
STABS

10 weeks



#36

#37

#38

#39

#40

#41

#42

#43

Crowley 1986

USA

Bauman 1994
CAN

Sapp 1996
USA

Maxfield 2000
CAN

Orbach 2007
UK

Raijah 2014
MAL

Saravanan 2014
MAL

Hahm 2016

GER

Cognitive Therapy Group
Cognitive Therapy Ind.

No Treatment Control -

Eye Movement Desensitization Reprogramming Ind.
No Treatment Control Ind.
Relaxation Therapy Ind.
Supportive Counselling Ind.
Eye Movement Desensitization Reprogramming Ind.

Waitlist Control -

Cognitive-Behavioural Therapy Comp.

No Treatment Control -
Progressive Muscle Relaxation + Systematic Desensitization Ind.
No Treatment Control Ind.
Progressive Muscle Relaxation + Systematic Desensitization Ind.
Waitlist Control -
Study Skills Training Group

No Treatment Control -

52

1x6h

6 x 1 h (twice weekly)

1x1h
1x1h
8 x 1 h (weekly)
8 x 1 h (weekly)

1x15h

6 x 0.5 h (weekly)

6 x 1 h (twice weekly)

5 x 1 h (twice weekly)

14 x 1 h (weekly)

>32 on AAT

TAI > 50t

percentile

None

> 50 on TAI

None

None

Score of 30-39

on WTAS

None

TAI

TAI

TAI-W

TAI

TAI

WTAS

WTAS

G-TAI

8 weeks

8 weeks



#44  Reiss 2017 Cognitive-Behavioural Therapy Group 5 x 3 h (weekly) DSM-IV G-TAI 26 weeks
GER Cognitive-Behavioural Therapy + Imagery Re-scripting Group 5 x 3 h (weekly) SCID-I (social

Self-help Group 5 x 3 h (weekly) Ispecific phobia)

Notes.

AAT-D/F = Achievement Anxiety Test — Debilitating/Facilitating; Comp = Computer/internet delivered; DSM-1V = Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition; G-TAI = German language version of TAI; h = hour(s); NR = Not Reported; RTAS = Revised Test Anxiety Scale; SCID-I
= Structured Clinical Interview DSM-1V Axis | Disorders; SSHA = Survey of Study Habits and Attitudes; STABS = Suinn Test Anxiety Behaviour Scale; TA
= Test Anxiety; TAI = Test Anxiety Inventory; TAI-W = TAI — Worry (subscale); TAQ = Test Anxiety Questionnaire; TAS = Test Anxiety Scale; WTAS =

Westside Test Anxiety Scale.
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Ten different test anxiety measures were used across the studies, with the
Achievement Anxiety Test — Debilitating (AAT-D; Alpert & Haber, 1960)
administered most frequently (k = 16). A single test anxiety measure was
administered in 29 studies, with two or more test anxiety measures administered
in 15 studies. There was variation in pre-intervention scores in measures across
studies (e.g., between 30.74 and 41.06 on AAT-D). However, given the wide
range of outcome measures, the lack of normative data, and no diagnostic criteria
for test anxiety, it is difficult to interpret severity of pre-treatment test-anxiety.
Four studies administered a state measure of anxiety in an examination context.
The effect of interventions on improving academic performance was examined
across 17 studies, via students’ GPA scores (k = 11, studies 3, 9, 16, 21, 23-26,
32, 38, 41), examination scores shortly after treatment (k = 4, studies 2, 8, 12,
37), or both (k = 2, studies 14, 33).

Only 27 studies reported the number of male and female participants that
were enrolled. Gender proportion varied considerably, with percentages of
females ranging from 0% to 97% (M = 64.22, SD = 19.28). Only one study (44)
reported the proportion of male and female participants for specific intervention
conditions. Just six studies (14%, studies 8, 17, 19, 40, 42, 44) reported the mean
age of the sample, and only two (5%, studies 40, 44) reported mean age for
specific intervention conditions.

Finally, manuscripts were examined to see: (i) if any adverse events had
been reported, and (ii) if the clinical significance of the results had been
evaluated. No adverse events were reported, nor was the clinical significance of

study results evaluated.
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2.3.3 Risk of bias assessment
Figure 2.2 summarizes the risk of bias assessments across all included

studies.

Figure 2.2. Summary of risk of bias assessments.

Random sequence generation

Allocation concealment

B High risk of bias

Unclear risk of bias

Blinding of outcome

Low risk of bias

Incomplete outcome data -

Selective reporting

As all included trials used psychological and educational interventions,
the blinding of participants items was not included. Overall, 79% of items were
scored as “unclear’ indicating poor quality of reporting. Only two studies
reported how the random sequence was generated (4.5%), and only one study
reported use of allocation concealment (2.3%). Five studies used independent
personnel to assess study outcomes (11.4%). Twenty-seven studies (61.4%) were
considered to have a low risk of bias with regard to incomplete outcome data. No

study referred to a trial protocol. Inter-rater reliability between the independent
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raters (JT and ML) was good (Kappa = 0.67). Complete risk of bias assessments

for each study can be found in Appendix C.

2.3.4 Meta-analyses
2.3.4.1. Categorisation of interventions

Interventions were categorised as follows: (i) BT: anxiety management
training, applied relaxation, biofeedback, covert modelling, covert rehearsal,
covert reinforcement, cue controlled relaxation, electromyographic-based
interventions, eye movement desensitization reprogramming, flooding, imagined
modelling, implosive therapy, negative practice, progressive muscle relaxation,
relaxation therapy, modelling, self-control desensitization, and systematic
desensitization; (ii) CBT: cognitive therapy, cognitive-behavioural therapy
(including with imagery rescripting), attention training, and rational emotive
therapy; and (iii) Control conditions: attentional control, instructional control, no
treatment control, self-help, supportive counselling, and waitlist control. There
were no distinct variations of SST. Combined interventions comprised a form of

BT or CBT plus SST.

2.3.4.2 Efficacy of interventions for reducing test anxiety, at post-treatment
From the 44 studies included, 91 active-to-control group comparisons
were included within the analyses of post-treatment data. A total of 2,209
participants were included in the analyses, with 1,362 participants in active
treatment conditions and 847 participants in control conditions. Overall,
interventions for test anxiety were superior to control conditions in reducing test

anxiety severity (see Figure 3; see also Appendix D, Figure D.1 for annotated
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forest plot, and Figure D.2 for the funnel plot), with an overall standardized
mean effect (Hedges’ g) across all interventions of -0.76 (95% CI -0.93 to -0.58).
As expected, significant homogeneity was indicated (12 = 66%), and therefore a
subgroups analysis was conducted. Combined interventions (g = -1.38, 95% CI -
1.96 t0 -0.81, p < .001, k = 8), BT (g = -0.83, 95% Cls -1.06 to -0.60, k = 59, p <
.001), and CBT (g =-0.58, 95% Cls -0.83 t0 -0.33, p <.001, k = 9) were
significantly superior to control conditions. SST delivered alone (g = 0.02, 95%
Cls -0.25 to 0.28, p = .900, k =10) was not significantly different from control
conditions.

Inspection of the forest plot identified three outliers: two in the BT
subgroup (studies 41-42) and one in the Combined approach (study 8; SD+SST
intervention). Removal of these studies resulted in the overall effect estimate
decreasing to g = -0.64 (95% Cls -0.77 to -0.50), the BT subgroup effect size
changing to g =-0.70 (95% Cls -0.88 to -0.52), and the Combined subgroup

estimate changing to g = -1.14 (95% Cls -1.62 to -0.66).
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Figure 2.3. Forest plot of efficacy of interventions versus control conditions for

reducing test anxiety at post-treatment

Experimental Control Std. Mean Difference Std. Mean Differenc
Study or Subgrou, Mean SD_Total Mean SD_Total Weight v, 95% CI IV, Random, 95% CI
1.1.1 8T
Altmaier 1981 411 7.92 10 54 7.73 3 08% -1.52 [-2.99, -0.05]
Anton 1976 455 8.84 32 4436 11.26 22 1.5% 0.11 [-0.43, 0.66] -1
Bauman 1994 51.33 13.23 15 47 741 15 1.4% 0.39 [-0.33, 1.12] —

229 5.04 10 261 6£.33 2 0.7% -0.57 [-2.11, 0.97] _—

235 7.15 10 26.1 6.33 3 0.9% =0.35 [-1.65, 0.95]
Bedell, 219 8.84 10 261 6£.33 2 07% -0.45 [-1.98, 1.08] _—t
Bedell, 1976 20.7 598 10 26.1 6.33 3 0.9% -0.83 [-2.18, 0.51] -
Chang-Liang 1976 68.45 27.58 20 86.78 31.94 6  1.2% -0.62 [-1.55, 0.31] —
Chang-Liang 1976 79.91 28.98 21 86.78 31.94 6 1.2% -0.23 -1.13, 0.68] — T
Chang-Liang 1976 66.63 26.64 23 86.78 31.94 5 1.1% -0.71 [-1.70, 0.28] —
Counts 1978 242 6.88 10 2415 3.74 10 1.2% 0.01 (-0.87, 0.89] I
Counts 1978 18.8 7.98 10 2415 3.74 10 1.2% -0.82 [-1.74, 0.10] r
Dawley 1973 20917 29.03 12 238 33.78 24 1.4% -0.87 [-1.60, -0.15] —
Deffenbacher 1979a 2277  7.41 15 36.08 6.87 17 1.3% -1.82 [-2.66, -0.98]
Deffenbacher 1979a 23.16 6.68 17 36.08 6.87 18 1.3% -1.86 [-2.67, -1.05]
Deffenbacher 1979b 16.41 6.7 s =282 5.2 5 0.9% -1.77 [-3.11, -0.43] —
Deffenbacher 1979b 2036 7.92 o 282 5.2 5  1.0% -1.03 [-2.21, 0.15] R
Deffenbacher 1980a 24.92 7.89 14 30,72  6.51 16 1.3% -0.83 [-1.60, -0.07] —
Deffenbacher 1980b 284 549 15 3685 563 16 1.3% -1.48 [-2 .29, -0.67] T
Deffenbacher 1980b 29.46 8.03 16 36.85 5.63 15 1.3% =1.03 [-1.79, -0.28) ——
Denney 1977 53.8 2908 13 91,78 2841 10 1.2% -1.25 [-2.17, -0.34) e
Denney 1977 53.8 38.8 8 91.78 28.41 10 1.1% -1.08 [-2.06, -0.10] —_—
Denney 1977 57.3 25 14  ©91.78 28.41 10 1.2% -1.26 [-2.186, -0.36] E—
Denney 1977 51.8 35 11 91.78 28.41 2 1.1% -1.19 [-2.16, -0.22] L
Finger 1977 30.02 693 12 3549 5.4 4 1.0% -0.78 [-1.95, 0.39] —_— 1
Gallagher 1978 202 7.18 12 252 528 24 1.4% -0.82 [-1.54, -0.10] —
Guidry 1975 128.08 2567 12 1655 32.02 24 1.3% -1.22 [-1.97, -0.46] —
Holahan 1979 18.67 7.76 15 23.08 6.05 6 1.1% -0.58 [-1.54, 0.39] e
Horne 1977 189 5.07 20 21.35 4.28 5 1.1% -0.48 [-1.47, 0.51] —
Horne 1977 11.05 507 20 21.35 4.28 5  1.0% -2.02 [-3.17, -0.86) —_—
Horne 1977 17.05  3.01 20 2135 a4.28 5 1.1% -1.27 [-2.33, -0.22] —_—
Kostka 1974 35 17.89 6 2885 2042 6 1.0% 0.30 (-0.85, 1.44] —_—t
Kostka 1974 516 12,18 5 2885 2042 6 0.9% 1.21[-0.14, 2,55] b
Lavine 1980 507 1.2 15 512 1.36 9  1.3% -0.04 [-0.87, 0.79] — 1
Levine 1980 4158 1.41 13 512 138 10 1.2% -0.67 [-1.52, 0.18] o
Levine 1980 478 08 14 512 1.36 9  1.3% -0.31 [-1.16, 0.53] —
Lomont 1971 3256 817 8 3547 661 17 1.3% -0.40 [-1.25, 0.45] —
Lurie 1980 17.33  6.25 6 2557 7.25 5  0.9% -1.12 [-2.45, 0.20] —
Lurie 1980 21.5 4.89 8 2557 7.25 4 09% -0.66 [-1.90, 0.58] —
Manxfield 2000 46.71 1516 7 56 10.14 8  1.1% -0.69 [-1.74, 0.37] e
Meichenbaum 1972 26 4.1 8 30 46 3 0.8% -0.87 [-2.27, 0.53] S e—
Melnick 1976 134.89 28.52 9 163.67 19.97 18 1.2% -1.21 [-2.08, -0.34] —
Mitchell 1970 28.45 3 31 3242 3.87 6 1.2% -1.24 [-2.16, -0.31] e —
Prochaska 1971 2 7.72 13 -1.66 9.73 7 1.2% -0.04 [-0.96, 0.88] ——
Prochaska 1971 023 419 13 -1.66 9.73 8  1.2% 0.20 [-0.68, 1.09] e e—
Prochaska 1971 -3.67 10.23 13 -1.66 9.73 8 1.2% -0.12 [-1.08, 0.69] —
Raijah 2014 0.2 20 388 4 20 1.0% -4.18 [-6.32, -3.03] +——
Reed 1980 28.8 7 9 31.85 598 18 1.3% -0.47 [-1.28, 0.34] —_—
Rickelts 1984 86.54 26.84 13 B7.85 20.786 4 1.0% 0.69 [-0.46, 1.84] —
Romano 1978 109.2 30.11 10 167.8 27.6 3 0.7% -1.84 (-3.38, -0.29) —_—
Romano 1978 127.6 384 10 1678 276 4 09% -1.08 [-2.29, 0.20] —
Romano 1978 116.2 23.33 10 167.8 27.6 3 0.7% -1.99 [-3.57, -0.41) —_—
Russell 1976 7 as9 5 137 3.6 3 0.7% -1.29 [-2.98, 0.39] —
Russell 1976 27 4z 7 137 e 4  09% -0.91 [-2.23, 0.41] R
Russell 1982 82 3.9 10 114 405 6 1.1% -0.77 [-1.82, 0.29] —_—
Russell 1982 2.8 4 g 114 408 7 11% -0.38 [-1.38, 0.62] —
Russell 1982 78 58 6 114 408 7 1.0% -0.68 [-1.81, 0.45] —
Sapp 1996 52.3 8.63 15 48,58 6.4 15 1.4% 0.48 [-0,25, 1.20] 1
Saravanan 2014 19.28 5.56 32 3854 4.29 33 1.3% -3.84 [-4.68, -3.00] +——
Subtotal (95% CI) 771 565 64.9% -0.83 [-1.06, -0.60] -
Heterogeneity: Tau? = 0.55; Chi? = 192.17, df = 58 (P < 0.00001); I? = 70%
Test for overall effect: Z = 7.00 (P < 0.00001)
1.1.2 cBT
Barabasz 1981 3.71 3.2 18 7.81 3.2 9  1.2% -1.24 [-2.12, -0.37) —_—
Crowley 1986 45.91 14.02 31 555 1294 13 1.4% -0.69 [-1.35, -0.02] —
Crowley 1986 47.33  9.84 20 555 12.94 14 1.4% -0.73 [-1.39, -0.08] —
D'Alelio 1981 48 125 18 566 11.5 10 1.3% -0.69 [-1.48, 0.11] —
D'Alelio 1981 425 9.9 17 566 115 10 1.2% -1.30 [-2.17, -0.43] —_—
Decker 1981 21 8.7 o 243 8.2 4 1.0% -0.36 [-1.55, 0.83] S —
Finger 1877 28.84 B.85 11 3549 5.4 4 1.0% -0.76 [-1.95, 0.42] e e—
Finger 1977 2998 3.78 13 3549 5.4 4 0.9% -1.26 [-2.48, -0.04]
Holahan 1979 18.33 5.48 12 2308 6.05 5  1.0% -0.80 [-1.89, 0.29] —_—
Meichenbaum 1972 245 38 8 30 46 2 07% -1.27 [-2.98, 0.44] —
Orbach 2007 47.31  ©9.49 30 54.25 11.31 28 1.5% -0.66 [-1.19, -0.13] —_—
Reiss 2017 56.8 13.08 42 57.03 13.36 24 1.6% =0.02 [-0.52, 0.48] -1
Reiss 2017 56.3 10.52 48 57.03 13.36 24 1.6% -0.06 [-0.55, 0.43] —1
Rickelts 1984 73.4 30.81 15  67.85 20.76 5 1.1% 0.18 (-0.83, 1.20] —T
Subtotal (95% Cl) 301 156  16.9% -0.58 [-0.83, -0.33] -
Heterogeneity: Tau® = 0.06; Chi* = 18.50, df = 13 (P = 0.14); I* = 30%
Test for overall effect: Z = 4.47 (P < 0.00001)
1.1.3 SST
Altmaier 1981 52.54 12.85 11 54 7.73 4 0% -0.12 [-1.26, 1.03] —
Barabasz 1981 5.93 3 18 7.81 3.z 9  1.3% -0.58 [-1.41, 0.22] —_—
Decker 1981 18.1 2.5 8 243 a8z 4  09% -0.63 [-1.87, 0.61] R
Hahm 2016 51.9 9.88 43 48.43 9.9 46 1.6% 0.35 [-0.07, 0.77] e
Horne 1977 221 327 20 2135 428 5 11% 0.21 [-0.77, 1.19] —
Lent 1978 24.9 57 10 26.3 5.6 a9 1.2% -0.24 [-1.14, 0.67] -_T1
Lurie 1980 2637 5.57 8 2557 725 5 1.0% -0.03 [-1.15, 1.09] ]
McCordick 1981 -1.11 457 9 022 435 3 09% -0.27 [-1.58, 1.04] —
Mitchell 1975 32.8 2.4 20 32.2 1.6 4 1.1% 0.25 [-0.83, 1.33] —
Rickelts 1984 60.6 17.91 20 67.85 20.76 4 1.1% -0.38 [-1.46, 0.70] E———
Subtotal (95% CI) 167 93  11.2% 0.02 [-0.25, 0.28] -
Heterogeneity: Tau® = 0.00; Chi* = 6.98, df = 9 (P = 0.64); I = 0%
Test for overall effect: Z = 0.12 (P = 0.90)
1.1.4 Combined
Altmaier 1981 44.36  8.15 11 54 7.73 4  09% -1.13 [-2.36, 0.11] E—
Lent 1978 157 6.9 11 263 56 8  1.1% -1.58 [-2.65, -0.51]
Lent 1978 184 6.6 10 263 5.6 2 1.1% -1.2a [-2.23, -0.23) EE—
McCordick 1981 1.9 as58 10 022 435 2 07% -0.43 [-1.96, 1.10] E——
McCardick 1981 538 4.14 B 022 435 2 07% -1.21 (2,91, 0.48) T —
MeCordick 1981 -6.78 545 9 022 435 2 0.7% -1.20 [-2.85, 0.46] -
Mitchell 1975 30.9 1.5 24 322 1.6 3 09% -0.84 [-2.06, 0.39] —
Mitchell 1975 26 1.8 40 322 1.8 3 0.8% -3.40 [-4.79, -2.00]
Subtotal (95% Cl) 123 33 7.0% -1.38 [-1.96, -0.81] ——
Heterogeneity: Tau® = 0.24; Chi* = 10.76, df = 7 (P = 0.15); I = 35%
Test for overall effect: Z = 4.72 (P < 0.00001)
Total (95% CI) 1362 847 100.0% -0.76 [-0.93, -0.58] >
Heterogeneity: Tau® = 0.43; Chi* = 267.65, df = 90 (P < 0.00001); I* = 66% " +

Test for overall effect: Z = 8.56 (P < 0.00001)

Test for subaroup differences: Chi? = 30.93, df = 3 (P < 0.00001), I¥ = 90.3%
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2.3.4.3 Efficacy of interventions for reducing test anxiety, at follow-up

Fifteen studies reported follow-up data collection. However, data were
only available for 12 studies (studies 1, 4, 6-7, 21-22, 24-25, 32, 38-39, 44), with
three studies not reporting sufficient data to be included in the analyses (studies
18-19, 29). Only data from the first follow-up period (M = 10.0 weeks, SD = 6.8)
was included in analyses (studies 21, 24-25 had a second follow-up period). Data
from 294 participants across 19 treatment arms/conditions and 239 participants
in control conditions were included. Of the active intervention conditions, data
were available for BT (14 conditions, k = 9), CBT (4 conditions, k = 3), and SST
(1 condition, k = 1). Overall, interventions for test anxiety were superior to
control conditions at follow-up (g =-0.97, 95% CI -1.31 to -0.64, p < .001) (see
Figure 2.4 for forest plot; see also Appendix D, Figure D.3 for annotated forest
plot and Figure D.4 for the funnel plot). Significant heterogeneity was indicated
(17 = 64%). Subgroup analysis showed that BT (g = -1.12, 95% CI -1.47 to -0.77,
p <.001, k =9) and CBT (g = -0.40, 95% CI -0.92 to 0.12, p = .007, k = 3) were
superior to control conditions. Estimates for the other subgroups (SST,
Combined) could not be computed due to insufficient data. Inspection of the

forest plot revealed no outliers.
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Figure 2.4. Forest plot of efficacy of interventions versus control conditions for

reducing test anxiety severity (at follow-up).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
21187
Deffenbacher 1978a (1) 2082 708 15 371 BFS 17 54% -2.28[-3.20,-1.37]
Deflenbacher 1979a (2) 268 FTF 17 371 OBFS 18 58% -207 [2.91,-1.23] —
Deflenbacher 1978k (3) 18.08 532 9 2835 3488 5 35% -2.00 [-3.40,-0.60] [ —
Deflenbacher 1978k (4) 16.95 676 3 2835 3488 5 37% -1.81 [-3.16, -0.46] —
Deffenbacher 1980a 2538 695 14 2813 515 15 6.3% -0.60[-1.34,0.14] —
Deffenbacher 1980b (5) 298 B.86 16 3718 545 15 6.3% -0.97 [1.72,-0.27] —
Deffenbacher 1930b (&) 2939 678 15 3718 545 16 B.1% -1.24 [-2.02,-0.46] I
Guidry 1975 108.75 35.94 12 1@0.96 32.37 24 B.1% -1.49[-2.28,-0.71] I
Kostka 1974 (7) 18.47 5033 B 2265 2258 [} 4.5% -0.10[1.23,1.03] T
Kostka 1974 (3 1345 41.8 5 2265 2258 [} 4.2% -0.22 [1.41,0.98] I
axfield 2000 3871 1288 7 4246 1276 8 5.0% -0.20[-1.22,0.81] I
Meichenbaum 1972 27 445 8 a8 49 3 3T7% -0.20F1.53,1.17] I
Mitchell 1870 26.61 418 3 FBE LES 28 7.3% -1.32[1.88,-0.74] I
Sapp 1996 46.83 i.a 19 46352 765 14 B.3% -0.86 [1.61,-0.11] I
Subtotal (95% CI) 179 181 74.2% -1.12 [1.47,-0.77] ’
Heterogeneity: Tau®= 0.23; Chi*= 27.81, df= 13 (P = 0.010); F= 53%
Test for overall effect: Z=6.19 (P = 0.00001)
21.2CBT
Decker 1981 16 8 9 243 8.2 4 4.0% -0.96 [-2.22, 0.30] ——
Meichenbaum 1972 225 35 g a8 449 2 2T% -1.34 [-3.06, 0.38]
Reiss 2017 47.96 1094 43 54.04 13.56 24 TE% -0.81 [-1.00,-0.01] ]
Reiss 2017 55.05 1145 42 5404 13.56 24 TE% 0.08[-0.42 0.58] T
Subtotal (95% CI) 107 54  21.9% -0.40 [-0.92,0.12] e
Heterogeneity: Tau== 0.11; Chi*=5.34, df= 3 (P = 0.15); F= 44%
Testfor overall effect: £=1.52 (P=013)
2.1.3 Educational
Decker 1981 143 103 8 243 82 4 389% -0.95-2.24,0.34] -
Subtotal (95% CI) 8 4 3.9% -0.95[-2.24, 0.34] -.-
Heterogeneity: Mot applicahle
Test for overall effect: 7=1.45 (P =018)
2.1.4 Combined
Subtotal {(95% CI) 0 0 Mot estimable
Heterogeneity: Mot applicahle
Tectfor overall effect: Mot applicable
Total (95% CI) 204 239 100.0%  -0.97 [-1.31, -0.64] &
Heterageneity: Tau®= 0.32; Chi®= 49.38 df= 18 (P < 0.0001); F= 64% 54 52 é j‘

Testfor overall effect: £= 569 (P = 0.00001)

) ) Favours [experimental] Favours [control]
Testfor subgroup differences: Chi*=5.00, df=2 (P=0.08), F=60.0%

2.3.4.4 Efficacy of interventions for reducing in-situ state test anxiety

Data from 10 conditions (k = 3) were analysed (from studies 13, 16, 32).
In total, data from 128 participants across 10 treatment arms/conditions and 36
participants in control conditions were included in the analyses. Overall,
interventions were superior to control conditions in reducing state test anxiety
experienced immediately prior to ‘real world’ examinations (g = -1.20, 95% CI -
1.66 to -0.75, p <.001, k = 3) (see Figure D.5 in Appendix D for annotated firest
plot). Significant heterogeneity was not indicated (1> = 18%). No outliers were

identified from the forest plot (see Appendix Figure D.6 for the funnel plot).
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Figure 2.5. Forest plot of efficacy of interventions versus control conditions for

reducing in-situ (state) test anxiety severity.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 85% CI IV, Random, 95% CI
314 BT
Harne 1877 (1) 1435 447 200 2289 A74 5 12.9% -1.75 [-2.86,-0.64] I —
Harne 1977 {2} 184 277 200 229 579 5 12.0% -2.08 [3.24,-0.92] e —
Harne 1977 {3) 15.2 3.94 200 229 579 9 13.0% -1.72 F2.83,-0.61] -
Russell 1976 (4 66 121 ] 69 9.6 3 Ta% -0.85[-2.53, 0.62] —
Russzell 1876 (5) E23 498 T B9 96 4 10.8% -0.63 [1.90,0.64] .
Subtotal (95% CI) 72 22 55.6% -1.52 [-2.06, -0.97] -
Heterageneity: Tau®= 0.00; Chi*= 3.56, df= 4 (P = 0.47); F= 0%
Testfor overall effect 7= 546 (P = 0.00001)
3.1.2CBT
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity. Mot applicable
Testfar averall effect: Mot applicable
3.1.3 Educational
Horne 1977 1645 3.22 20 229 579 4 13.2% -1.63 F2.73,-0.53] —
MecCardick 1981 6.57 31 9 4575 263 3 9.49% 0.25[-1.06, 1.56] —
Subtotal (95% CI) 29 8 231% 0.73[-2.57,112] o
Heterogeneity: Tau®=1.39; Chi*=4.65, df=1 (P =0.03); F=79%
Testfor overall effect Z=077 (P =0.44)
3.1.4 Combined
MecCardick 1981 4 258 10 5875 263 2 748% -0.62[-2.17,0.82] e
MeCaordick 1981 343 151 9 575 283 2 6.6% -1.27 [2.94, 040] —
MeCaordick 1981 333 3z 8 575 263 2 T1% -0.70 [2.30, 0.90] —
Subtotal (95% CI) 27 6 21.2% -0.85 [-1.77,0.08] e
Heterngeneity Tau®= 0.00; Chi*= 036, df= 2 {(P=084); F= 0%
Testfor averall effect: Z=1.79 (P = 0.07)
Total (95% CI) 128 36 100.0% -1.20 [-1.66, -0.75] L 4
Heterageneity: Tau®=0.10; Chi*=11.04, df=9 (P=0.27);, F=18% 1

Testfor overall effect: Z=5.16 (P = 0.00001)
Testfor subaroup differences: Chif=1.89, df= 2 (P = 0.39), F=0%

\
-4 -
Favours [experimental]

]
Favours [control]

2.3.4.5 Efficacy of interventions for improving academic performance, at post-

treatment

Data from 36 treatment arms (k = 17) were analysed (from studies 2-3, 8-

9,12, 14, 16, 21, 23-26, 32-33, 37-38, 41), which comprised 25 treatment

arms/conditions within the BT category (k = 14), five within Combined (k = 2),

four within SST (k = 4), and two conditions for CBT (k = 2). In total, data from

548 participants across active treatment arms/conditions and 363 participants in

control conditions were included in the analyses (see Figure 2.6, and Appendix D

Figure D.7 for the annotated forest plot, and Figure D.8 for the funnel plot).
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Figure 2.6. Forest plot of efficacy of interventions versus control for improving

academic performance (at post-treatment).

Experimental

Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
411BT

Anton 1976 243 077 32 243 078 22 318% 0.08 [0.47, 0.62] -
Bauman 1934 287 586 15 3032 832 15 32% -0.80 [-1.54,-0.08] —
Deffenbacher 19794 (1) 276 0.56 17 241 066 17 4% 0.56 [0.13,1.24] T
Deffenbacher 1979a (2) 273 0589 15 241 D66 18 33% 0.50 [-0.20,1.19] T
Deffenbacher 19808 307 073 14 26 09 14 32% 0.55 019, 1.20] T
Deflenbacher 1980b 25 073 16 2.03 082 15 3.3% 0.55 017, 1.27] T
Deffenbacher 1980k 247 064 15 203 0892 16 33% 0.54 [-0.18, 1.26] T
Denney 1877 (2) 297 078 14 286 066 10 30% 0.54 [0.29,1.37] T
Denney 1977 (4) 283 074 13 256 066 10 30% 0.45[-0.39,1.29] e
Denney 1977 (3) 255 074 11 256 066 10 28% -0.01 F0.87, 0.84]  —
Denney 1877 (&) 307 053 9 256 066 9 26% 0.81 016, 1.78] —
Holahan 1979 287 075 15 301 0458 6 27% -0.19F1.14,0.76] I
Harne 1877 (7} 309 077 20 2.05 058 a 2.4% 1.36[0.30, 2.42]

Home 1877 (8] 265 079 20 205 058 ] 2.5% 077 F0.24,1.77] T
Home 1977 (9) 215 0.65 20 2058 0458 5  26% 0.15[0.83,1.13] B —
Levine 1980 (10) 289 062 13 29 052 10 3.0% -0.02 [-0.24, 0.81] T
Levine 1980 (11} 276 072 14 28 042 9 30% -0.21 [1.08, 0.63] I
Levine 1980 (12) 283 062 15 28 0452 9 30% -0.02 F0.84, 0.81] b
Lomant 1871 6913 6B.69 8 B5.35 1082 17 2.9% -0.61 [-1.47,0.25] /T
Melnick 1976 69.89 12.55 9 7256 1294 18 1% -0.20 F1.00, 0.60] —
Prochaska 1971 {13) 035 289 13 -0.29  1.87 7 27% 0.24 F0.6Y, 1.16] T
Frochaska 1971 {14) 0.26 17 13 -0.29  1.87 8 2.8% 0.30 [0.59,1.149] -
Prochaska 1971 {15) 045 383 13 -0.28 187 g 28% -0.05 F0.93, 0.83] —
Raijah 2014 28 0.3 20 27 0.3 20 3.5% 0.65[0.02,1.249] —
Sapp 1996 5419 258 15 5463 473 15 33% -0.11 [0.83, 0.60] I
Subtotal (95% CI) 379 200 T75.3% 0.22 [0.05, 0.40]

Heterogeneity Tau?= 0.04; Ghi*= 29.34, df= 24 (P=0.21); F= 18%

Testfor overall effect 2= 246 (P=0.01)

41.2CBT

Decker 1981 1458 0.78 9 178 089 4 21% -0.24 F1.42,0.94] T
Haolahan 1973 288 047 12 301 058 7 27% -0.24 118, 0.69] 1
Subtotal (95% CI) 21 11 4.9% -0.24 [-0.98, 0.49] -
Heterogensity, Tau? = 0.00; Chi*= 0.00, df= 1 (P = 1.003; F= 0%

Testfor overall effect Z=0.65 (F=052)

4.1.3 Educational

Decker 1981 218 0.3 8 1789 089 4 20% 0.67 [-0.58, 1.91] I E—
Horme 1977 2585 08 20 2058 0458 5 26% 0.63 [0.37, 1.63] I
MeCardick 1981 -012 1. 9 -013 0458 2 1.6% 0.01 F1.52,1.54] S —
Mitchell 1975 198 1889 20 16863 2179 12 33% 0.15 [-0.56, 0.87] -1
Subtotal (95% CI) 57 23 9.4% 0.34 [-0.16, 0.84]

Heterogeneity Tau? = 0.00; Ghi*= 1.03, df= 3 (P = 0.783; = 0%

Testfor overall effect Z=1.34 (P=0.18)

4.1.4 Combined

MeCardick 1981 0.2 084 3 -013 0458 3 18% 0.38 [-0.94,1.70] [ —
MeCardick 1981 071 0494 8 -013 048 2 1.5% 0.84 [0.78, 2.46] ]
MeCardick 19681 05 076 10 -013 0458 2 15% 0.78 [-0.78, 2.39] —

Mitchell 19745 a6.9 B 40 16.63 21.79 11 26% 3.60[2.53, 4.49] -
Mitchell 1975 435 6.6 24 18.63 21.79 12 3.0% 1.94[1.10,2.78] —
Subtotal (95% CI) a1 30 10.4% 1.58 [0.41, 2.76] -‘.—
Heterogeneity, Tau?=1.38; Chi*=19.12, df= 4 (P = 0.0007); F= 79%

Testfor overall effect £=2.64 (P = 0.008)

Total (95% CI) 548 363 100.0% 0.37 [0.14, 0.61] L
Heteropeneity: Tau®= 0.30; Chi®= 90.17, df= 35 (P < 0.00001); F=61% _14 52 b é fi

Testfor overall effect £=3.12 (P=0.002)

Testfor subgroup differences: Chif= 6.86, df= 3 (P=0.08), P=56.3%

Favours [contral]

Results from single examinations came from 10 treatment

Favours [experimental]

arms/conditions (k = 4), while GPA results came from 26 treatment

arms/conditions (k = 13). Overall, treatments were superior to control conditions

in improving academic performance producing a small-to-moderate effect (g =

0.37,95% C1 0.14 to 0.61, p = .002, k = 36).
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Significant heterogeneity was indicated (1% = 61%). Subgroups analysis
showed that BT (g = 0.22, 95% CI 0.05 to 0.40, p =.021, k = 13) and Combined
interventions (g = 1.58, 95% CI 0.41 to 2.76, p < 001, k = 2) were superior to
control conditions, but SST (g = 0.34, 95% CI -0.16 t0 0.84, p =.790, k = 4) and
CBT (g =-0.24, 95% CI1 -0.98 to 0.49, p = .520, k = 4) were not significantly
different from control conditions. Inspection of the forest plot revealed one
outlier in the Combined subgroup (systematic desensitization and SST
intervention of Mitchell et al., 1975). Removal of this outlier resulted the overall
effect estimate changing to g = 0.28 (95% Cls 0.11 to 0.46) and the Combined

interventions subgroup effect size changing to g = 1.15 (95% Cls 0.33 to 1.96).

2.3.4.6 Efficacy of interventions for improving academic performance, at follow-
up

Four studies reported follow-up data collection (studies 14, 21, 23, 38).
Only data from the first follow-up period (M = 6.8 weeks, SD = 2.2) was
included (one study had a second follow-up period). It was not possible to
calculate the mean follow-up period as insufficient data was provided. In total
data from 121 participants across nine treatment arms/conditions and 84
participants in control conditions were included in analyses. Of the active
intervention conditions, data were available for BT (8 conditions, k = 4) and CBT
(1 condition, k = 1). Overall, interventions for test anxiety were not significantly
different to control conditions at follow-up (g = 0.23, 95% CI -0.11 t0 0.56, p =
.180) (see Appendix D, Figure D.9 for annotated forest and Figure D.10 for the
funnel plot). Significant heterogeneity was not indicated (1? = 25%). No outliers

were identified.
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Figure 2.7. Forest plot of efficacy of interventions versus control conditions for

improving academic performance (at follow-up).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
51.1BT
Deffenhacher 1874a {1) 2894 045 17 273 063 8 11.4% 0.40[-0.45,1.245] I
Deffenhacher 1979a {2) 233 074 18 273 063 9 11.5% -0.85 [1.39,0.29] -
Denney 1977 (3 253 0594 11 264 062 10 1.3% -013F0.99,0.79] I
Denney 1977 (43 313 038 13 264 062 10 10.9% 0.95[0.07,1.83]  ——
Denney 1977 (5 283 08 14 264 062 1o 12.2% -0.01 [F0.82, 0.80] —_—
Denney 1977 (6 329 061 9 264 062 9 29% 1.01 (0,07, 2.00] —
Holahan 1879 2895 0E6 18 273 073 G 9.6% 0.31 [0.64, 1.26] e —
Sapp 1996 608 737 18 EB1.6 612 18 146% -010[0.82, 0.62] I
Subtotal {95% Cl) 109 77 90.4% 0.20 [-0.17, 0.56] >

Heterogeneity. Tau®= 008, ChiF=1011,df=7 (F=018);F=31%
Testfor overall effect: 7=1.05 (P =0.29)

5.1.2CBT
Holahan 1979 208 054 12 273 073 7 96% 0.54 [0.41,1.50] —_
Subtotal (95% CI) 12 T 96% 0.54 [0.41,1.50] e

Heterogeneity Mot applicable
Testfor overall effect: Z=1.12 (P =0.26)

5.1.3 Educational

Subtotal (95% Cl) 0 0 Not estimable
Heterogeneity. Mot applicable

Testfor overall effect: Mot applicable

5.1.4 Combined

Subtotal {95% Cl) 0 0 Not estimable
Heterogeneity: Mot applicable

Testfor overall effect: Mot applicable
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Heterogeneity Tau®= 0.06; Chi*= 10,63, df= 8 (P= 0.22); F= 25%
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A summary of effect sizes across intervention approaches is in Table 2.3.

2.3.4.7 Moderators of intervention effect

Only moderators of treatment outcome for BT interventions at post-
treatment for test anxiety reduction were examined, as there was insufficient data
to examine moderators for the other treatment approaches (and insufficient data
for all approaches at follow-up). Significant heterogeneity was indicated within
outcomes for specific BT interventions (12 = 70%). The two sample-dependent
moderators — gender, pre-treatment test anxiety severity — had to be dropped the
analyses due to insufficient data. Thus, only format of the intervention (group vs.
individual), dosage (number of treatment hours), and manualization (poor vs.

adequate) were entered into the meta-regression; none were significant
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moderators of treatment outcome. Results from the multiple meta-regression

analyses are presented in Table 2.4.

Table 2.3. Summary of meta-analytic findings (active interventions vs. control

conditions) based upon Hedges’ g.

Test anxiety

Academic performance

Intervention Post Follow-up State Post Follow-up
BT -0.83 -1.15 -1.52 0.22 0.20
(-1.06, -0.60)  (-1.38,-0.91)  (-2.06, -0.97) (0.05,0.40)  (-0.17, -0.56)
CBT -0.58 -0.31 - -0.24 0.54
(-0.83,-0.33)  (-0.64, 0.02) (-0.98,0.49)  (-0.41, 1.50)
SST 0.02 -0.95 -0.73 0.34 -
(-0.25,0.28)  (-2.24,0.34)  (-2.57,1.12) (-0.16, 0.84)
Combined -1.38 - -0.85 1.58 -
(-1.96, -0.81) (-1.77,0.08) (0.41, 2.76)
Overall -0.76 -0.87 -1.20 0.37 0.23
(-0.93,-0.58)  (-1.06,-0.68)  (-1.66, -0.75) (0.14,0.61)  (-0.11, 0.56)
Notes.

Test anxiety: negative effect sizes indicate reduction in test anxiety; positive effect sizes

indicate increase in test anxiety. Academic performance: negative effect sizes indicate

decrease in academic performance; positive effect sizes indicate increase in academic

performance. BT = Behavioural therapy, CBT = Cognitive-behavioural therapy,

Combined = Combined psychotherapy (BT, CBT) and SST; SST= Study Skills

Training.
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Table 2.4. Moderators of outcome at post-treatment for behavioural therapies.

Regression coefficients b SE LL UL z p
Constant -0.28 0.37 -1.01 0.45 -0.75 451
Delivery (group vs. individual) -0.20 0.32 -0.82 0.42 -0.63 527
Dosage (no. of hours) -0.09 0.05 -0.18 0.00 -1.87 .062
Country (USA vs. other) -0.64 0.41 -1.44 0.15 -1.58 114
Manualization (poor vs. adequate) 0.31 0.25 0.21 0.80 1.27 .205

Notes.

R? =5.58%. LL = (95% confidence interval) Lower Limit; UL = (95% confidence interval) Upper Limit. USA = United States of America.
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2.3.4.8 Sensitivity analyses

Sensitivity analyses were planned to evaluate the robustness of the results
by removing studies with a high risk of bias and comparing the results when all
studies are included. However, these analyses could not be conducted as the poor
quality of reporting was such that the overwhelming majority of risk of bias
domains were classified as unclear (see Figure 2.2) and so no RCT could be

considered of high (or low) risk of bias.

2.3.4.9 Assessment of publication bias

Publication bias was explored using data derived from test anxiety
interventions at post-treatment. Inspection of the funnel plot (see Figure 2.8)
revealed minor asymmetry and this was confirmed by Egger’s regression test (z
=-2.11, p =.003). More noticeable from the funnel plot was the absence of
studies with very precise estimates (i.e., that had sufficiently large samples)

included within the analysis.

2.3.5 Quality of evidence

GRADE assessments were made for each intervention subgroup across
five outcomes: reducing test anxiety at (i) post-treatment, (ii) follow-up; (iii)
reducing in-situ or state test anxiety experienced immediately prior to sitting a
real examination; and improving academic performance at (iv) post-treatment,
and (v) follow-up (see Appendix E, online only). For a GRADE assessment to be
made for an intervention approach on any of the above outcomes there must be

evidence from at least two independent studies.
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Figure 2.8. Funnel plot of intervention effects and study precision (standard errors) for

reducing test anxiety severity (at post-treatment).
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The overall quality of evidence was poor, with ‘low quality’ being the
highest grading awarded for any intervention on any outcome. The main reasons
for the low-quality ratings were: (i) potential for risk of bias, indicated by nearly
80% of ratings being scored ‘unclear’, (ii) inconsistency as indicated by I?
scores, and (iii) the relative imprecision of the effect size estimates (i.e.,
relatively large confidence intervals around the effect size estimate). There were
also large gaps in the evidence base for all intervention approaches except for

BTs. For reducing test anxiety at post-treatment, the evidence was rated as ‘low
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quality”’ for all intervention approaches. At post-treatment BT and CBT were
both rated as ‘low quality’, while lack of evidence meant no ratings could be
given to SST and Combined intervention approaches. Evidence for reducing in-
situ or state test anxiety was rated as ‘very low quality’ for BT and SST, but no
ratings could be made for CBT and Combined approaches. With regard to
improving academic performance at post-treatment, evidence for BT, CBT, SST
was rated as ‘low quality’, while evidence for Combined interventions
approaches were rated as ‘very low quality’. For improving academic
performance at follow-up, the evidence for BT was rated as ‘very low quality’;
there was insufficient evidence for the other approaches to award a rating.
Overall, these findings indicate that future studies will very likely have

significant impact on the effect size estimates and their confidence intervals.

2.4. Discussion
2.4.1 Summary of main results

This meta-analysis is the first to systematically examine evidence
regarding the efficacy of interventions for test-anxious university undergraduate
students. The aims of this meta-analysis were to examine the relative efficacy of
interventions for reducing test anxiety and improving academic performance.
The final aim was to also examine possible moderators of intervention effect.
Overall, interventions were superior to control conditions at post-treatment for
reducing test anxiety, with the summary effect size across all interventions (g = -
0.76) indicating a moderate-to-large effect (based upon Cohen’s 1988
guidelines). However, as expected, there was significant heterogeneity between

study outcomes. In a subgroup analysis, combined psychological and SST
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interventions, BT, and CBT were superior to control conditions, but SST
delivered alone was not superior to control conditions. An important question is
whether intervention effects were sustained over follow-up (compared with
control conditions)? Overall, interventions were superior to control conditions at
follow-up, with a large effect size found (g = -0.97). However, the length of the
follow-up period across the 12 studies that reported data was relatively brief (at a
mean of 9.4 weeks) and did not specify when follow-up assessment took place in
relation to the timing of examinations. Only BT was superior to control
conditions at follow-up.

Given test anxiety is a situation-specific form of anxiety, interventions
had a beneficial impact on anxiety experienced immediately before an
examination was investigated (in-situ state anxiety). A large overall effect size
was found (g = -1.20) indicating interventions may help alleviate test anxiety
immediately prior to an examination. However, only the effect size estimate was
based on data from just three studies.

Interventions also improve academic performance. Interventions were
significantly superior control conditions (g = 0.37) at post-treatment. Subgroup
analysis found BT and Combined psychological and educational intervention
approaches superior to control conditions but SST delivered alone was not
superior to control conditions. There was insufficient data available to calculate
an effect for CBT. At follow-up, no significant differences between active
interventions and control conditions were found, though data were derived from
just four studies.

The moderation analysis of BT effect sizes at post-treatment, which

examined delivery format (group vs. individual), dosage (number of contact
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hours), and whether the intervention was manualized, found all were non-
significant predictors. There was insufficient data for moderator analyses to be
conducted for the other interventions and follow-up periods.

Although there were generally large effect sizes for treatments compared
to control conditions, the overall quality of evidence was poor — or insufficient
details were provided by the individual RCTs meaning GRADE assessments
could not be made. Across the intervention approaches, BT had the most
substantive evidential support. However, even within the BT approach there was
high heterogeneity that suggested different levels of efficacy between specific
behavioural treatments. There is less evidence for CBT with moderate post-
treatment effects but limited follow-up data negates assessment of longer-term
effects. SST interventions do not appear effective for reducing test anxiety nor
are particularly effective at improving academic performance. However, SSTs
interventions included were generally poorly described, and it might be that
manualized educational interventions, informed by recent literature in this field
(e.g., retrieval-practice effect; Karpicke & Roediger, 2008) would deliver
superior outcomes. It should also be noted that the primary aim of the SST
interventions here was to decrease test anxiety with improvement in academic
performance a secondary aim, whereas most educational interventions aim to
improve academic performance first with the impact on test anxiety rarely
considered. Combined psychological and SST interventions seem promising.
However, a lack of data meant an effect size could only be calculated at post-

treatment, so the longer-term efficacy of these approaches is unknown.
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2.4.2 Overall completeness and applicability of evidence

Studies included in this review are a partial representation of the studies
conducted and published. Seventy-eight eligible studies were identified. Thirty-
four of these studies could not be included within the meta-analyses as
insufficient data were reported in the study manuscripts and, when contacted,
authors no longer had access to the data. Additionally, publication bias was
indicated by marginal funnel plot asymmetry, suggesting some trials with poorer
outcomes have not been published in peer-reviewed journals. Science is a
collaborative and cumulative endeavour and efforts should be made in the future
to catalogue and preserve such trial data in the future (Goldacre, 2015).

All reviewed studies included university undergraduates only, but
important demographic and clinical information was frequently not reported.
Only 27 of the 44 studies reported the percentage of male and female participants
in their samples, with the ratio of male-to-female participants varying widely,
from 0% (Prochaska, 1971) to 97% (Bauman, 1994). Just one study reported the
proportion of male and female participants for intervention conditions (Reiss et
al., 2017). These figures cast doubt on the representativeness of the samples used
in some studies.

Reporting of the clinical characteristics of study samples was similarly
incomplete. Only 30 of the studies used cut-off criteria, with the other 14 studies
just enrolling self-selected volunteers who responded to advertisements. The
most frequent method was to screen an entire year’s cohort and offer
participation in the trial to those scoring above a cut-score or set percentile.
However, there were large discrepancies in how the cut-offs were applied. For

example, eligible participants could come from the top 50% of scores (Melnick
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& Russell, 1976) to the top 15% (Denney & Rupert, 1977). Only one study
(Reiss et al., 2017) used a structured clinical interview to screen for test anxiety.
Thus, the severity of pre-treatment test anxiety varied widely from study-to-

study.

2.4.3 Quality of evidence

Overall, results should be interpreted with caution due the issues
identified. The principal problem was the poor quality of reporting, with many
details either partially reported or not reported at all. For example, only two
studies reported the flow of participants from recruitment to follow-up periods
(Raijha, 2014; Reiss et al., 2017). Nearly 80% of risk of bias items were scored
as unclear due to insufficient information reported in study manuscripts and
therefore it is not possible to be confident those trials were conducted rigorously.
It also meant it was not possible to identify any high (or low) quality trials. Poor
quality reporting does not necessarily mean methodologically poor trials. Rather,
it means one’s confidence in the estimates obtained is undermined. Most
interventions examined in studies were insufficiently described, with nearly half
of studies (42%) not referencing a manual (or how different components were
combined). Manualization enhances the internal validity of the trial and allows
replicability (Temple et al., 2018).

The review identified 44 studies. No effect size was estimated with
precision for any of the subgroups, with the smallest interval between upper and
lower 95% bounds of the effect size estimate being 0.46 (for BT subgroup for
reducing test anxiety severity at post-treatment). This is a result of the low

statistical power for individual studies, confirmed by visual inspection of the
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funnel plot, where no studies are located at the apex of the funnel (i.e., this is
where studies with small standard errors — indicative of large samples — should
be). To detect an effect size of 0.70, with 80% power, and a of .05, a minimum
of 34 participants are required for each treatment arm (two-side significance).
However, only 5% (8 of 152) treatment arms had 34 or more participants, with a
mean of just 15.8 participants allocated to active conditions.

Another limitation of the studies included was the large number of
different self-rating scales that were used to assess test anxiety severity. This
makes it difficult to compare test anxiety severity. A ‘gold standard’ outcome

measure is needed.

2.4.4 Limitations of this review

There are several limitations to this review. Firstly, the search protocol was
limited to English-language peer-reviewed published studies. Cochrane review
protocols suggest attempting to find all non-published and non-English
documents (Cochrane, 2011), and the inclusion of such studies would have been
preferable.

Secondly, statistical analyses dealt with studies with multiple treatment arms
by dividing the sample size of the control group by the number of treatment
arms. This meant each participant was only included once in each analysis. Other
methods for dealing with this include combining treatment arms that are
conceptually similar. However, as this was the first review of interventions for
test anxiety in university students, and it was felt it was better to show the results
from each treatment arm, rather than obfuscating what was originally examined

by combining interventions. It also decided (a priori) to keep the subgroups
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relatively broad (e.g., BT) as it was anticipated that evidence available for
interventions based upon specific models (e.g., Ellis’ Rational Emotive

Behaviour Therapy) would be limited.

2.4.5. Conclusion

BT is the current first choice intervention for reducing test anxiety and, in
turn, improving academic performance. There is more substantial evidence for
the efficacy of BT immediately following treatment and over the follow-up
period compared to other intervention approaches. However, there was
inconsistency in effects across the various forms of BT interventions making it
difficult to recommend a specific behavioural intervention. Combined
interventions (BT or CBT plus SST) are promising but there is lack of evidence
for longer-term efficacy. CBT appears to be efficacious for reducing test anxiety
severity, but the magnitude of its effects is less than either BT or the Combined
approaches. SST is ineffective in alleviating test anxiety in the short-term and a
lack of data precludes conclusions about its longer-term efficacy, while it does
not appear to significantly improve short-term academic performance. In general,
the interventions evaluated have a greater impact on test anxiety than academic
performance. Moreover, overall confidence in the results should be tempered,
given the relatively small number of included studies, evidence of publication
bias, relatively wide confidence intervals around effect size estimates, and the
poor quality of reporting of individual RCTs.

In summary, findings at post-intervention, and when outliers were
removed, interventions showed medium effects for reducing test anxiety severity

and weak effects for improving academic performance. There was a lack of data
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for follow-up periods and for the effects of interventions on state test anxiety to
be able to draw firm conclusions. The overall quality of evidence was poor.
Higher quality, larger trials are required. These studies should be adequately
powered, include longer follow-ups, and adhere to modern reporting standards.
Additionally, given that test anxiety is a situation-specific disorder, future trials
should also consider when post- and follow-up assessments are made (i.e.,
ideally soon after examinations) so that the effects of interventions are clearer.
This review also highlights a marked drop in the number of trials evaluating
interventions designed to alleviate test anxiety.

In conclusion, existing interventions for test anxiety are not particularly
effective for reducing test anxiety symptoms, nor for improving test and/or
academic performance, especially when outliers are removed, and the quality of
evidence is considered. Moreover, most interventions are based on behavioural
approaches that principally target the somatic anxiety symptoms of test anxiety.
It is also notable that none of the existing interventions specifically attempt to
reduce worry, the primary feature of test anxiety. Interventions that are based on
psychological models that can explain the initiation and persistence of worry,
along with somatic anxiety symptoms, would offer a promising avenue for
improving outcomes. The next chapter will consider such models and evaluate

their suitability for being applied to test anxiety.
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Chapter Three
Alternative approaches to understanding test anxiety: The Intolerance of

Uncertainty model and the Self-Regulatory Executive Function model
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3.1 Introduction

Most interventions included in the meta-analysis (chapter 2) on the
efficacy of psychological treatments for test anxiety were behavioural
approaches (e.g., systematic desensitization). These approaches principally target
the somatic symptoms of test anxiety (i.e., the emotionality component).
However, worry is the central feature of test anxiety. None of the interventions,
including the cognitive-oriented approaches, specifically targeted worry and the
mechanisms that initiate and maintain it. Rather these cognitive approaches seek
to modify dysfunctional attitudes about the self, the world, and the future (Beck,
Emery, & Greenberg, 1985) or challenge irrational beliefs (Ellis, 1957, 1962).
Additionally, none of the other established theoretical models of test anxiety
(Wine, 1971; Sarason, 1988; Speilberger & Vagg, 1995; Zeidner, 1998) that
interventions may be based upon can explain the initiation and maintenance of
worry. Psychological models that can account for worry and anxiety may
improve outcomes in test anxiety reduction and examination performance
improvement.

There are four principal models of worry and anxiety: cognitive
avoidance (Borkovec, 1994; Borkovec, Alcaine, & Behar, 2004), emotional
dysregulation (Mennin et al., 2002; Newman & Llera, 2011), intolerance of
uncertainty (IU; Dugas et al., 1998; Hebert & Dugas, 2019), and the Self-
Regulatory Executive Function (S-REF; Wells & Matthews, 1994, 1996) models.
Each model was initially developed to account for the persistent worry that is the
key feature of Generalized Anxiety Disorder (GAD).

The cognitive avoidance model is based upon behavioural principles,

proposing that worry is acquired through classical conditioning and maintained
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by operant conditioning (Mowrer, 1947). The content of worrisome thinking is
future oriented about events or outcomes that may or may not happen. However,
as fight or flight is not available to a hypothetical future, the cognitive avoidance
model posits that worry is used as an avoidant coping strategy, which is
negatively reinforced as the worst-case scenarios envisioned rarely or never
actually occur. Another means by which worry is reinforced concerns the finding
that worry is mostly verbal-linguistic in nature (Borkovec & Inz, 1990), whilst
negative imagery is more arousing that worry (Borkovec & Hu, 1990). Cognitive
avoidance theory proposes that anxious individuals switch to worry in response
to negative imagery, dampening their arousal, and negatively reinforcing worry,
which is supported empirically (Sibrava & Borkovec, 2006). Cognitive
avoidance theory was highly influential and anxious individuals’ perception of
the usefulness of worry is a common thread among all models. A major issue
with the model is individuals experience significant negative emotion due to
worry (Llera & Newman, 2010), which runs contrary to the idea that worry
enables emotional avoidance. Also, the model does not explain why individuals
with severe worry find their emotions so aversive (Newman & Llary, 2011).
Emotional dysregulation models build upon the ideas of cognitive
avoidance model, accepting worry performs an emotion avoidant function
(Mennin et al., 2002; Newman & Llera, 2011). However, they address the
question why those people with severe worry and anxiety find emotions so
aversive. Emotion dysregulation models propose those with severe worry and
GAD have deficits in emotional functioning, experiencing emotions more
intensely, and difficulties in identifying, understanding emotions, and managing

their emotions. Although GAD patient and analogue samples show greater
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emotional intensity and poor emotional regulation compared to controls (Mennin
et al., 2005; Mennin, McLaughlin, & Flanagan, 2009), no differences have been
found between GAD patients and controls in emotional awareness (Novick-Kline
et al., 2005; Decker et al., 2008).

Though there is empirical support for the cognitive avoidance and
emotional dysregulation models applied to GAD, there is little supporting
evidence for their applicability to other anxiety problems and disorders. The
most prominent models that have been applied to both GAD and other anxiety
problems and disorders are the IU and S-REF models (Boswell et al., 2013;
Sellers et al., 2017). Moreover, both models account for the initiation and
persistence of worry and perseverative thinking. Efficacious interventions based
upon the IU and S-REF models have also been developed and applied to anxiety
disorders (van der Heiden, Muris, & van der Molen, 2012; Normann & Morina,
2018). Therefore, these two models are the best candidates for also accounting
for test anxiety. Descriptions of the IU and S-REF models and the evidence that

supports them are detailed below.

3.2 Intolerance of Uncertainty Model

The 1U model was originally developed to explain the pathological worry
that was the key feature of Generalized Anxiety Disorder (GAD; Dugas et al.,
1998). However, subsequently the IU model has been applied to other emotional
disorders, such as social anxiety disorder (Boelen & Reijntjes, 2009) and
depression (Liao & Wei, 2011). The IU model is now considered a
transdiagnostic model for explaining perseverative thinking (worry, rumination)

and distress in emotional problems and disorders (Boswell, Thompson-Hollands,
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Farchione, & Barlow, 2013; Carleton, 2012, 2016; Mahoney & McEvoy, 2012;
McEvoy & Mahoney, 2012).

The original IU model consisted of four main components: 1U, cognitive
avoidance, positive beliefs about worry, and negative problem orientation (see
Figure 3.1; Dugas et al., 1998). This model has since been updated to also
include maladaptive coping or ‘safety behaviours’ (Herbet & Dugas, 2019) (see
Figure 3.2). IU refers to catastrophic negative beliefs about uncertainty and is
central to the model (Dugas et al., 1998; Hebert & Dugas, 2019). Uncertainty is
defined as an internal state of being unsure or not knowing, rather than
characteristics of situations per se (Shihata et al., 2016). Individuals with high 1U
therefore have a marked tendency to view the chance of negative events or
outcomes as intolerable and threatening, irrespective of the actual probability of
the events occurring (Carleton, Norton, & Asmundson, 2007; Dugas, Gosselin &
Ladouceur, 2001). Examples of IU beliefs are “uncertainty makes life
intolerable”, “uncertainty makes me anxious”, and “uncertainty is dangerous”.
IU is considered non-taxonomic, with the degree of 1U experienced varying
along a continuum (Carlton et al., 2012).

IU acts as a ‘cognitive filter’ that enhances cognitive biases and leads
directly to worry (Carleton et al., 2007; Dugas et al., 2001). Individuals with high
IU are more likely to interpret ambiguous and uncertain situations as threatening,
show facilitated engagement toward threatening stimuli over non-threatening
stimuli, and attempt to remove or reduce uncertainty with worry and via seeking
additional information (Dugas et al., 1998; Ladouceur, Talbot, & Dugas, 1997).
IU runs in the background and therefore affects all other components of the

model (Hebert & Dugas, 2019).
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Figure 3.1. Original Intolerance of Uncertainty model (Dugas et al., 1998).
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The other components of the IU model, positive beliefs about worry,
negative problem orientation, and cognitive avoidance, are posited to contribute
to worry via indirect pathways.

Positive beliefs about worry refer to beliefs that worry is useful for
coping and problem solving, and that worry can help prevent negative events and
outcomes (Dugas et al., 1998). Examples of positive beliefs about worry are
“worrying helps me be prepared” and “worry helps prevent negative events from
happening”. Positive beliefs about worry are maintained by both positive and
negative reinforcement. When a favourable outcome occurs, it is attributed to
worry, i.e., positive reinforcement. However, worry is negatively reinforced
when a feared event or outcome does not occur, and negative reinforcement will

frequently transpire given that worst-case worry scenarios that individuals
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conceive often have little chance of occurring (e.g., a student may think “I will

completely bomb out on this examination” even if they are an ‘A’ grade student).

Figure 3.2. Revised Intolerance of Uncertainty model (Hebert & Dugas, 2019).
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Negative problem orientation refers to dysfunctional attitudes and
negative perceptions of one’s problem-solving abilities (Dugas et al., 1998). As
such, individuals view problems as threats, have little confidence in their ability
to solve the problems, and become easily frustrated in their problem-solving
efforts. Negative problem orientation ultimately leads to limited attempts at
dealing with difficult situations and can exacerbate worry.

Cognitive avoidance refers to the automatic and strategic attempts of
trying to curtail or avoid distressing thoughts and mental images, such as
avoiding or suppressing unwanted mental content, and is drawn from Borkovec
and colleague’s cognitive avoidance theory (Borkovec, Alcaine, & Behar, 2004).
Here, individuals use worry as suppressor of the physiological and emotional

arousal that comes with negative thoughts and mental imagery. This has the
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effect of making the suppressed cognitions implicitly take on greater salience
(i.e., “I suppress it, therefore it must be dangerous”). Worry is reinforced as the
negative outcomes (i.e., physiological arousal associated with the negative
thoughts and imagery) are removed.

The final, and newest component, of the IlU model are safety behaviours
(Hebert & Dugas, 2019). Safety behaviours are maladaptive and unnecessary
coping behaviours that individuals enact to reduce, prevent, or avoid a feared
outcome (Clark & Wells, 1995). Safety behaviours are witnessed most acutely in
individuals with obsessive-compulsive disorder (OCD), in which a thought (e.g.,
thinking an object is dirty) may lead to excessive behaviours (e.g., cleaning and
scrubbing of the object and other things that have been in contacted with that
object) to avoid the feared outcome (e.g., possibility of contamination) (Levy &
Radomsky, 2016).

How would the 1U model apply to test anxiety? Test anxious students
view tests as threatening, primarily because concern over the uncertainty of the
test, their potential performance, and the consequences of poor test performance.
Positive beliefs about the usefulness of worrying, leads to overuse of worry as a
means of coping. If students regard tests as problems, and doubt their ability to
perform, this will also lead to worry. Finally, students may engage in test
irrelevant thinking when attempting to cognitively avoid distressing imagery and

thoughts.

3.2.1 Empirical support for Intolerance of Uncertainty model
There is substantive support for U being linked to worry and emotional

distress. 1U is highly correlated with worry in both clinical and non-clinical
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samples (Dugas et al., 1998; Dugas, Freeston, & Ladouceur, 1997; Dugas et al.,
2001; Ladouceur et al., 1999). Moreover, the relationship between U and worry
IS not due to shared variance with anxiety and depression (Dugas et al., 1997,
Freeston et al., 1994). In experimental studies that manipulate 1U, increasing the
severity of IU leads to corresponding increases in the levels of worry
(Ladouceur, Gosselin, & Dugas, 2000). 1U is a stronger predictor of worry than
positive beliefs about worry, negative problem orientation, and cognitive
avoidance (Dugas et al., 2007). Changes in IU precede changes in worry and
anxiety during 1U-based cognitive-behavioural therapy (Dugas & Ladouceur,
2000; Dugas et al., 2003). Support for the transdiagnostic nature of U can be
found in studies showing that it is associated with a wide range of emotional
issues, including GAD (Dugas et al., 1998; Counsell et al., 2017), social anxiety
disorder (SAD; Boelen & Reijntes, 2009; Counsell et al., 2017), major
depressive disorder (MDD; Liao & Wei, 2011), post-traumatic stress symptoms
(PTSD; Ogleshy et al., 2017), and obsessive-compulsive disorder (OCD; Tolin et
al., 2003).

IU has been linked to biased information processing. High 1U individuals
are more likely to interpret ambiguous and uncertain stimuli as threatening and
are more likely to recall words signifying uncertainty, compared to their low U
peers (Dugas et al., 2005). IU is associated with facilitative engagement towards
uncertainty-related words and threatening visual stimuli, indicating a
hypervigilance to stimuli designating uncertainty (Fergus, Bardeen, & Wu, 2013;
Fergus & Carleton, 2016; Morris et al., 2018).

With regards to the other components of the IU model, there is

substantive support for positive beliefs about worry being associated with worry
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and anxiety (Borkovec, Hazlett-Stevens, & Diaz, 1999; Sun, Zhu, & So, 2017).
Cognitive avoidance leads to the maintenance of elevated levels of worry and
anxiety (Borkovec et al., 2004; Dugas et al., 1998). Negative problem orientation
is associated with worry and GAD (Robichaud & Dugas, 2005a,b). Safety
behaviours, such as avoidance and reassurance seeking, are associated with
anxiety (Beesdo-Baum & Knappe, 2012). Currently, there is no empirical
evidence linking IU with safety behaviours. Examination of components of the
model show IU is most important in predicting worry severity, when partialling
out the contributions of the other variables (Bottesi et al., 2016; Dugas et al.,
2007).

In summary, there is considerable empirical support for central
components of the IU model as applied to worry, anxiety, and emotional

disorders.

3.3 The Self-Regulatory Executive Function (S-REF) model

The S-REF model (Wells & Matthews, 1994, 1996) is a transdiagnostic
model of psychological disorder. This model was developed due to
dissatisfaction with existing psychological models and treatments, such as
Beck’s schema-based therapy (Beck, 1976; Beck, Emery, & Greenberg, 1985).
Schema-based models failed to account for the looming maladaptive thinking
style, and the factors that control this thinking style, that is present across
emotional disorders. Schema-based models like Beck’s assert that cognitive
biases in thinking lead to psychological disorder. Cognitive biases are derived
from dysfunctional attitudes about the self, the world, and the future (e.g., “I am

a failure”). However, there is a conundrum in the Beckian theory in that
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everyone will occasionally have negative thoughts, and sometimes even believe
those thoughts, but not everyone will develop a psychological disorder or
experience sustained distress. The S-REF model answers this conundrum. Here,
persistent emotional disorder is not a consequence of the specific content of
negative thoughts but rather it is due to recurrent and inflexible self-referent
thinking styles that result from maladaptive beliefs about thinking (i.e.,
metacognition). It was the first model to account for cognition and metacognitive
beliefs and processes involved in the top-down or voluntary control of emotional
disorder (Wells, 2009).

The S-REF model specifies a cognitive architecture consisting of three
interacting levels (see Figure 3.3): a low-level of automatic processing, a level of
conscious or ‘online’ thinking and behaviours (i.e., cognitive style), and an
upper-level of stored metacognitive beliefs and plans for processing (i.e., meta-
system) that guide processing towards a self-relevant goal.

The low-level of processing can give rise to negative automatic thoughts
(e.g., “What if I fail?”). For most people, though a negative thought may lead to
some further conceptual processing, this ruminative thinking activity is
terminated, and other goals are re-instated. However, the S-REF model proposes
that for some people a particularly unhelpful style of self-regulation, termed the
cognitive attentional syndrome (CAS), will ensue in response to trigger by a
negative thought. The CAS consists of repetitive self-focused thinking in the
form of worry and rumination, attentional focus on sources of threat, and
unhelpful ways of coping (e.g., avoidance, thought suppression, distraction). This
style of self-regulation has the effect of maintaining an individual’s sense of

threat and distress.
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Figure 3.3. Self-Regulatory Executive Function (S-REF) model (Wells, 2009).
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The CAS primarily arises from metacognitive beliefs and knowledge.
Metacognition is a broad term, encompassing knowledge, monitoring and
regulation of cognitive activity (Flavell, 1979; Nelson & Narens, 1990; Fleur,
Bredeweg, & van den Bos, 2021). A broad range of metacognitive beliefs and
processes have been implicated across psychological disorders (Sun et al., 2017),
including beliefs about: (i) the usefulness of worrying (e.g., “Worrying helps me
cope”), (ii) the uncontrollability and danger of worry (e.g., “When I start
worrying, [ cannot stop”), (iii) one’s memory or ‘cognitive confidence’ (e.g., “I
do not trust my memory”), (iv) the need to control thoughts (e.g., “I should be in
control of my thoughts all of the time”), and (v) cognitive self-consciousness
(e.g., “I pay close attention to the way my minds works”). Negative beliefs about
the uncontrollability and danger of worry are considered central to the S-REF
model, as they have the effect of locking individuals into the CAS, and thereby

perpetuating distress (Wells, 2009).
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The S-REF therefore looks beyond beliefs in the cognitive domain, to
beliefs and processes in the metacognitive domain that are involved the top-down
regulation of thinking and behaviour. This approach implies that modifying
maladaptive metacognitive beliefs will remove the CAS, and therefore eliminate
sustained distress.

Applying the S-REF model to test anxiety, the CAS may manifest itself
as worry about the consequences of failing, active monitoring — of thoughts,
emotions, and the environments — for signs of threat (e.g., ‘scanning’ their body
for signs of anxiety or noticing failures in memory), and maladaptive coping
efforts (e.g., attempting to suppress thoughts about failure). Manifestation and
perpetuation of the CAS will result in test anxiety. Zeidner and Matthews (2005)
sketched out an example of how the S-REF model may manifest itself in test

anxiety (see Figure 3.4 below).
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Figure 3.4. Example S-REF model in test anxiety (Zeidner & Matthews, 2005).

Situational threat
|Evaluation)

Self-knowdedge

MNegative self-beliefs

Dysfunctional plans for processing

fosoidant motivations

Maintenance and elaboration
of maladaptive self-knowledge

F

L 3

Failu

for ¢

Executive processing

Appraisal of filing immediate test
Negative future consequences

Meta-cognitions: heightened attention to worry

and self-referent thoughts
Coping through emotion-focus

Longer-term
feedback

State anxiety
Acube woarry, distress,
and cognitive

F 3

re to meet personal goals
hanging the situation

Negative shart-
term feedback

Performance failure

Maladaptive interaction with situation

Negative feedback from others
Hypervigilance for threat
fvoidance, leading to skill degradation

90

L 3

interference

Awareness of
state disturbance



3.3.1 Empirical evidence supporting the S-REF model

There is substantive empirical support for the central tenants of the S-
REF model. Metacognitive beliefs are highly correlated with worry in non-
clinical (e.g., O’Carroll & Fisher, 2013), mental (Sun et al., 2017), and physical
health populations (e.g., Cook et al., 2015). A large corpus of studies has
demonstrated that the relationship between emotional disorder and metacognitive
beliefs is mediated by the CAS (e.g., Cook et al., 2015; Huntley & Fisher, 2016;
Papageorgiou & Wells, 2003). Moreover, the strength of metacognitive beliefs
moderates the degree of emotional distress experienced (Bailey & Wells, 2015,
2016). Changes in metacognitive beliefs have been shown to precede changes in
distress levels during metacognitive therapy that is based upon the S-REF model
(Hoffart et al., 2018).

The excessive tendency to focus on self-relevant threats is a feature of the
CAS. Attentional bias is broadly defined as the disproportionate allocation of
attentional resource to the selective processing of threat. A great many studies
have demonstrated attentional bias experimentally (see reviews by Bar Haim et
al., 2007; Cisler & Koster, 2010). High-test-anxious students demonstrate
attentional bias towards threatening test-related words (Putwain et al., 2011;
Putwain et al., 2020). Attentional bias has largely been considered automatic in
nature (Bar Haim et al., 2007; Cisler & Koster, 2010). In contrast, however, the
S-REF proposes that attentional bias primarily reflects a voluntary strategy (but
one which may become to feel automatic over time). There are several lines of
supporting evidence for this contention. Studies of priming effects show that
prior presentation of self-relevant material increases interference in both clinical

and non-clinical individuals, and over time periods associated with voluntary
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processing (see review by Abado, Aue, Okon-Singer, 2020). Connectionist
simulation modelling examining automatic versus strategic processing found
support for the strategic threat-monitoring (Matthews & Harley, 1996).
Metacognitive beliefs, and in particular ‘negative beliefs about the
uncontrollability and danger of worry’, are associated with attentional bias in
individuals with health anxiety (Kaur, Butuw, Thewes, 2011).

Coping strategies such as avoidance and self-medication (e.g., alcohol)
are generally accepted to exacerbate and perpetuate psychological distress. Many
coping strategies are metacognitive in nature are represent voluntary and
strategic attempts to deal with unwanted thoughts (Wells, 2009). For example,
individuals may attempt to suppress an unwanted negative thought. However,
thought suppression can result in rebounding and more negative thoughts
(Wegner et al., 1987; Purdon et al., 2005). The lack of effectiveness of strategies
such as thought suppression and worry can lead the individual to feel they cannot
control their thinking and even give raise to metacognitive judgements that
thinking is harmful (Wells, 2009).

Though there is substantive support for the S-REF model as applied to
emotional disorders (Sun et al., 2017; Wells, 2000, 2009), only three studies have
examined the model as applied to test anxiety in university students (Herzer,
Wendt, & Hamm, 2015; Matthews, Hillyard, & Campbell, 1999; Spada et al.,
2006). Metacognitive beliefs are related to maladaptive coping in examinations
(Matthews et al., 1999), mediate the relationship between test anxiety and a
surface approach to studying (Spada et al., 2006), and can help discriminate
between students requesting clinical help for their test anxiety and non-clinical

controls (Herzer et al. 2015). Four other studies examine metacognitive beliefs
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among university students in test anxiety-related constructs, with metacognitive
beliefs associated with evaluation anxiety (Rogaten, Moneta, & Spada, 2017;
Spada et al., 2012), performance test anxiety (O’Carroll & Fisher, 2012), and
state anxiety measured three weeks prior to the students’ examination period
commencing (Spada, Georgiou, & Wells, 2014). The S-REF model has also been
examined as applied to test anxiety in non-university student samples. Greater
endorsement in beliefs about self-control were indirectly linked with better
examination performance via worry, while cognitive reappraisal was indirectly
linked to worse examination via worry, in a sample of high-school students
(Putwain, 2019).

Overall, there is substantive empirical support for the S-REF model as
applied to worry, anxiety, and emotional disorders, but only preliminary support

for its application to test anxiety.

3.4 Summary

In summary, both the IU and S-REF models both propose that repetitive
negative thinking in the form of worry, attention to threat, and maladaptive
coping result in sustained emotional distress and psychological disorder. A key
of point of difference is the IU model proposes beliefs about uncertainty (i.e.,
what individuals think about uncertainty, and therefore beliefs that are in the
cognitive domain) are critical to psychological disorder, whereas the S-REF
model proposes that how a person thinks — and metacognitive beliefs linked to
that thinking style — are of greater importance. There is substantive empirical
support for both models as applied to emotional problems and disorders. Only

two studies have been conducted comparing the relative utility of intolerance of

93



uncertainty and metacognitive beliefs to worry, distress, and emotional disorders.
Negative beliefs about the uncontrollability and danger of worry (and baseline
worry severity), but not IU, predicted worry severity among adult frequent
worriers (Fergus & Wheless, 2018). IU and negative beliefs about the
uncontrollability and danger of worry were differentially associated with
emotional disorder symptoms among university students, with both 1U and
negative beliefs about worry associated with GAD and SAD, IU associated with
OCD and panic disorder, negative beliefs about worry associated the MDD, and
neither associated with PTSD (Penney, Rachor, & Deleurme, 2020).

Prior to competitively testing predictions derived from the IU and S-REF
models, it is first important to ensure the associated primary questionnaires for
assessing metacognitive and 1U beliefs, namely the Metacognitions
Questionnaire — 30 (MCQ-30; Wells & Cartwright-Hatton, 2004) and the
Intolerance of Uncertainty Scale — 12 (1US-12; Carleton et al., 2007), are valid to

use in UK university samples.
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Chapter Four
Assessing metacognitive and intolerance of uncertainty beliefs among university
students and their relationships with test anxiety: Psychometric properties of the
Metacognitions Questionnaire — 30 (MCQ-30) and the Intolerance of Uncertainty

Scale — 12 (IUS-12)
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4.1 Introduction

The intolerance of uncertainty (IU; Dugas et al., 1998; Hebert & Dugas,
2019) and the Self-Regulatory Executive Function (S-REF; Wells & Matthews,
1994, 1996) models are transdiagnostic psychological models of emotional
disorder. There is empirical support for transdiagnostic nature of the IU and S-
REF models across anxiety and mood disorders (see Chapter 3). However,
currently there is little empirical support for the applicability of these models
applied to test anxiety. Prior to examinations of the models in test anxiety it is
first important that the primary questionnaires assessing U and metacognitive
beliefs, the central feature of the IU and S-REF models respectively, are valid for
use among UK university student samples. The Metacognitions Questionnaire —
30 (MCQ-30; Wells & Cartwright-Hatton, 2004) and Intolerance of Uncertainty
Scale — 12 (1US-12; (IUS-12; Carleton, Norton, & Asmundson, 2007) are the
primary self-report questionnaires for assessing metacognitive and 1U
respectively. Both questionnaires are short versions of scales originally
developed to assess metacognitive beliefs (i.e., MCQ-65; Cartwright-Hatton &
Wells, 1997) and U (i.e., IUS-27; Freeston et al., 1994). The MCQ-30 and 1US-

12 are described below.

4.1.1 Metacognitions Questionnaire — 30 (MCQ-30)

The Metacognitions Questionnaire-30 (MCQ-30; Wells & Cartwright-
Hatton, 2004) is the primary self-report measure of metacognitive beliefs. Initial
evaluations of the psychometric properties of the MCQ-30 found a stable five-
factor structure, while concurrent validity was demonstrated between its

subscales and measures of anxiety (Spada, Mohiyeddini, & Wells, 2008; Wells
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& Cartwright-Hatton, 2004). The five metacognitive belief domains of the MCQ-
30 are: (1) ‘positive beliefs about worry’, which measures the extent to which a
person believes worry and other aspects of the CAS are useful (e.g., “Worrying
helps me cope™); (2) ‘negative beliefs about uncontrollability and danger of
worry’ that assess to the extent to which a person believes their worry is
controllable or dangerous to their mental state (e.g., “My worrying thoughts
persist, no matter how I try and stop them”); (3) ‘Cognitive confidence’, which
assess confidence in memory (e.g., “My memory can mislead me at times”); (4)
‘need to control thoughts’, which assess negative beliefs about the consequences
of not controlling one’s thoughts (e.g., “I should be in control of my thoughts all
the time”), and; (5) ‘cognitive self-consciousness’ that assesses the extent to
which a person is aware of and monitors their thoughts (e.g., “I am constantly
aware of my thinking”). The five-factor structure of MCQ-30 has subsequently
been replicated in epilepsy (Fisher, Cook, & Noble, 2016), Obsessive-
Compulsive Disorder (Greotte et al., 2016), and breast cancer (Cook et al., 2014)
populations. Only one study has used the MCQ-30 in test anxiety (Herzer,
Wendt, & Hamm, 2015) and although the MCQ-30 has been used in university
student samples (e.g., Huntley & Fisher, 2016), no study has examined its factor
structure when administered under high stakes conditions (i.e., summative
examinations), and furthermore no study examined the relationships between

MCQ-30 subscales and test anxiety.

4.1.2 Intolerance of Uncertainty Scale — 12 (1US-12)
The 1US-12 assesses individual differences in IU (Carleton, Norton, &

Asmundson, 2007). The 1US-12 was primarily created to address the inconsistent
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factor structure of the original 27-item IUS, in addition to removing some
redundant and Generalized Anxiety Disorder (GAD) specific items in order to
improve generalizability of use of the instrument as a measure of IU (Carleton et
al., 2007). Initial psychometric investigation revealed the IUS-12 to have a stable
two-factor structure, excellent internal consistency, and be highly correlated with
worry and anxiety (Carleton, Norton, & Asmundson, 2007). The two 1US-12
factors were labeled ‘Prospective IU’ and ‘Inhibitory IU’. ‘Prospective IU’ refers
to the desire for predictability and the propensity to actively seek out information
to help reduce uncertainty, while ‘Inhibitory IU’ refers to reticence in the face of
uncertainty (Carleton et al., 2007). ‘Prospective IU’ and ‘Inhibitory IU” were
highly correlated (r =.73), which led Carleton and colleagues to suggest that
either total score or subscales could be computed (Carleton, Norton, &
Asmundson, 2007). However, highly correlated factors does not provide
empirical justification for use of a total score (Reise, Moore, & Haviland, 2010).
Thus, although the two-factor structure of the 1US-12 was initially replicated in
student, clinical, and community samples (Carleton, Collimore, & Asmundson,
2010; Fergus & Wu, 2013), subsequent research applying more sophisticated
bifactor measurement models found the 1US-12 to have a strong and reliable
general 1U factor that explains the majority of common variance, leading to
conclusions that the 1US-12 is essentially a unidimensional instrument and that
total scores should be used (Bottesi, et al., 2019; Hale et al., 2016; Saulnier, et
al., 2019; Shihata, McEvoy, & Mullan, 2018). This is consistent with theoretical
conceptualizations of 1U that views it as a unidimensional construct (Dugas et

al., 1998; Burton & Dugas, 2018). As yet, no study has examined the factor
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structure of the IUS-12 in UK student samples or investigated the relationships

between 1U and test anxiety.

4.1.3 Aims of this study

In summary, the MCQ-30 and 1US-12 have been validated in many
different clinical and non-clinical populations (e.g., Fisher, Cook, & Noble,
2016; Fergus & Wu, 2013). However, the psychometric properties of the MCQ-
30 and 1US-12 among UK university students and the relationships of
metacognitive beliefs and 1U with trait and state test anxiety are yet to be
investigated. The Standards for Educational and Psychological Testing (AERA,
APA, NCME; 2014) state that evidence to support validity is required for each
new usage of an instrument or assessment (i.e., in new contexts or populations of
interest). In this context, validity refers to the evidence that supports the
meaningful interpretation of MCQ-30 and 1US-12 scores (Downing, 2003).
Evidence to support validity of usage can be derived from investigations of
internal structure and relations to other measures or constructs (AERA, APA,
NCME; 2014).

This study has two primary aims: (i) to examine if the previously
published factor structures of the MCQ-30 and 1US-12 are valid in UK university
student samples, and (ii) to examine the concurrent associations between IU and
metacognitive beliefs and test anxiety. To ensure robustness and generalizability
of the findings, factor structures and associations with test anxiety are
investigated in both trait test anxiety that is assessed during term time, and state
test anxiety, assessed immediately prior to summative examinations. The MCQ-

30 factor structure has been found to be invariant across mental and physical
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health samples thus far (e.g., Cook et al., 2014; Fisher et al., 2016; Grotte et al.,
2016), so it is hypothesized that the published five-factor structure will hold here.
Given that IU was conceptualized as a unitary construct and recent empirical
data supports that contention (Bottesi, et al., 2019; Hale et al., 2016; Saulnier et
al., 2019; Shihata, McEvoy, & Mullan, 2018), it is hypothesized that a bifactor
model with a strong general factor will best fit the data. As the aim is to examine
concurrent associations between MCQ-30 and 1US-12 subscales and test anxiety,
no model is specified in advance. However, it is hypothesized that of the
metacognitive belief domains, ‘negative beliefs about uncontrollability and
danger of worry’ will have the largest associations with worry and emotionality
dimensions of test anxiety, as these beliefs are consistently associated with
emotional disorder (e.g., Roussis & Wells, 2006; Wells, 2005; Sun et al., 2017).
It is also hypothesized IU will be significantly associated with both state and trait

test anxiety.

4.2 Method
4.2.1 Participants and procedure

Participants were undergraduate students from the University of
Liverpool. Data were collected by convenience sampling from two different
cohorts. The first cohort (‘trait test anxiety”) consisted of undergraduate students
enrolled across university degree programs who completed the 1US-12, MCQ-30,
and a trait measure of test anxiety, the Test Anxiety Inventory (TAI; Spielberger,
1980), online during term time. The second cohort (‘state test anxiety’) were
undergraduate medical students who completed paper copies of the MCQ-30,

IUS-12 and a state measure of anxiety, the State-Trait Inventory of Cognitive and
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Somatic Anxiety (STICSA-State; Ree et al., 2008), approximately 30 minutes
before their Objective Structured Clinical Examinations (OSCEs). OSCEs are
used in medical training, where students perform a series of clinical tasks while
being observed and evaluated by examiners (Harden, 1988). Participants could
be entered into a prize draw for Amazon vouchers (first prize of £100, four
second prizes of £25). This research was approved by the University’s Ethics

Committee. Informed consent was obtained from all participants.

4.2.2 Measures
4.2.2.1 Metacognitions Questionnaire-30 (MCQ-30; Wells & Cartwright-
Hatton, 2004)

The MCQ-30 has 30 items assessing metacognitive beliefs. The MCQ-30
has five subscales: (i) ‘positive beliefs about worry’ (e.g., “Worrying helps me
cope™); (ii) ‘negative beliefs about uncontrollability and danger of worry’ (e.g.,
“When [ start worrying I cannot stop™); (iii) ‘Cognitive confidence’ (e.g., “I do
not trust my memory”); (iv) ‘need to control thoughts’ (e.g., “If I could not
control my thoughts, I would not be able to function”); and (v) ‘cognitive self-
consciousness’ (“I constantly examine my thoughts™). Items are scored on a 4-
point scale from 1 (“Do not agree”) to 4 (“Agree very much”). Subscale scores
can range from 6-to-24, with higher scores indicate greater conviction in
metacognitive beliefs. The MCQ-30 has sound psychometric properties,
including good internal consistency, test-retest reliability, concurrent validity
with measures of anxiety and depression, and convergent validity with the MCQ-

65 (Spada et al., 2008; Wells & Cartwright-Hatton, 2004).
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4.2.2.2 Intolerance of Uncertainty Scale — 12 (1US-12; Carleton et al., 2007)
The 1US-12 consists of 12 items assessing IU. It has two subscales: (i)
‘Prospective IU’ (e.g., “One should always look ahead so as to avoid surprises™)
and (ii) ‘Inhibitory U’ (e.g., “When it’s time to act, uncertainty paralyses me”).
Items are scored on a 5-point scale from 1 (“Not at all characteristic of me”) to 5
(“Very Characteristic of me”). Total and subscale scores can be computed. Total
scores can range from 12-t0-60, and subscales score can range from 7-to-35 for
‘Prospective 1U’ and 5-to-25 for “Inhibitory 1U’, with higher scores indicating
greater conviction in 1U beliefs. The IUS-12 has sound psychometric properties,
including good internal consistency, test-retest reliability, concurrent validity
with measures of anxiety and depression, and convergent validity with the 1US-

27 (Carleton et al., 2007; Roma & Hope, 2017).

4.2.2.3 Test Anxiety Inventory (TAI; Spielberger, 1980)

The TAI consists of 20 items assessing a student’s typical reactions to
examinations (i.e., trait test anxiety). It has two subscales: (i) Worry (e.g.,
“Thinking about my grade on a course interferes with my work on tests”), and
(i1) Emotionality (e.g., “I feel confident and relaxed while taking tests” [reverse
scored]). Items are scored on a 4-point scale from 1 (“Almost never”) to 4
(“Almost always”). Total or subscales scores can be computed. Total scores
range from 20-to-80. Subscale scores range from 8-to-32. Higher scores
indicating greater test anxiety. The TAI has sound psychometric properties (e.g.,

Everson, Millsap, & Rodriguez, 1991; Spielberger, 1980).
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4.2.2.4 State-Trait Inventory for Cognitive and Somatic Anxiety — State Subscale
(STICSA-S; Ree et al., 2008)

The STICSA-S consists of 21 items assessing an individual’s state
anxiety. It has two subscales: (i) S-Cognitive Anxiety (e.g., “I think the worst
will happen”), and (i1) S-Somatic Anxiety (e.g., “My breathing is fast and
shallow”). Items are scored on a 4-point scale from 1 (“Not at all”) to 4 (“Very
much s0”). Subscale scores range from 10-40 for Cognitive Anxiety and 11-44
for Somatic Anxiety, with higher scores indicating greater state anxiety. The
STICSA-S has good psychometric properties, and the scale has previously been
used to measure state anxiety in examination contexts (Gros et al., 2007; Ree et
al., 2007). For the purpose of this study, S-Cognitive is referred to as S-Worry

and S-Somatic is referred to as S-Emotionality.

4.2.3 Data analytic strategy
4.2.3.1 Examination of the factor structures of the MCQ-30 and 1US-12
Confirmatory Factor Analysis (CFA) examined if the established factor
structures of the MCQ-30 and 1US-12 fitted the data. Fit of alternative models
was explored using Exploratory Factor Analysis (EFA), where models up to and
including five factors were tested for the MCQ-30, and up to a bifactor model
with two factors for the 1US-12. Analyses used the weighted least squares
estimator (WLSMV) recommended for ordinal data. In the correlated-trait
models of two-factors or model, factors are assumed to be inter-correlated and
therefore an oblique rotation (i.e., Geomin) determined optimal factor loadings.
Adequacy of fit for both CFA and EFA models was assessed using three indices

of fit, comprising one incremental and two absolute ‘misfit’ indices. The
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incremental index was the Comparative Fit Index (CFI), where for values > .95
indicate adequate fit (Hu & Bentler, 1999). The two absolute ‘misfit’ indices
were the Root Mean Square Error of Approximation (RMSEA), where values <
.05 indicate good fit and values between 0.5 — 0.8 indicate adequate fit (Browne
& Cudeck, 1992), and the Standardized Root Mean Square Residual (SRMR)
where values of SRMR less than .08 are indicative of good fit (DiStefano, Liu,
Jiang, & Shi, 2018; Hu & Bentler, 1999). Inter-correlations amongst factors were
examined and the internal consistency of each factor was measured using
Cronbach’s alpha.

Given, that IU was conceived as a unitary construct, and recent
evaluations of the IUS-12 factor structure support this (e.g., Bottesi et al., 2019),
additional statistical indices were conducted, consistent with current best practice
(Rodriguez, Reise, & Haviland, 2016), to assess the bifactor model of the 1US-
12. A bifactor model can assess the dimensionality of the instrument and the
reliability of the general (i.e., IU) and specific factors (i.e., Prospective,
Inhibitory). Dimensionality of the 1US-12 within the bifactor model was assessed
with the following indices: Explained Common Variance (ECV), Percent of
Uncontaminated Correlations (PUC), and assessment of standardized factor
loadings for the general and specific factors. ECV and PUC inform whether a
bifactor model with a strong general factor should be modelled as
unidimensional or multidimensional (general and specific factors) in structural
equation modelling (SEM). ECV is the proportion of common variance across
items explained by the general factor relative to the specific factors, where values
greater than .70 indicates support for a strong general factor (Rodriguez et al.,

2016). Additionally, the proportion of common variance explained in each item
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by the general factor is examined by item-explained common variance (I-ECV),
where values greater than .80 suggest items primarily reflect the general factor
(Stucky & Edelen, 2015). PUC is the proportion of covariance terms which
reflect variance from the general dimension and values greater than .70 reflect
unidimensionality (Rodriguez et al., 2016).

Model-based reliability of total and specific factors was assessed using
the following indices: Omega Hierarchical General (wH) and Specific (owHS),
construct reliability (H), and Factor Determinacy (FD). The coefficient oH
represents the proportion of systematic variance that can attributed to the general
factor, while oHS reflects the proportion of systematic variance explained by
specific factors after partitioning out variance attributable to the general factor. If
oH values are greater than .80 then total scores are considered essentially
unidimensional (Rodriguez et al., 2016). Coefficient H represents the proportion
of variance explained by the latent variable (i.e., a unidimensional 1U factor in
this case) relative the variance unexplained by the latent variable. High H values
(> .80) suggest a well-defined latent variable that will be replicable across studies
(Rodriguez et al., 2016). FD represents the correlation between factor scores and
factors, and it is recommended that factor scores are only used for FD greater

than .90 (Gorsuch, 1983 cf. Rodriguez et al., 2016).

4.2.3.2 Descriptive statistics

Inter-correlations between MCQ-30 and IUS-12 and other study variables
were examined. Internal consistency of MCQ-30 and IUS-12 was assessed using
Cronbach’s alpha. Independent t-tests examined gender and year of study

differences in IUS-12 and other study variables.
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4.2.3.3 Examination of concurrent associations between metacognitive beliefs /
IU beliefs, and trait and state test anxiety

Associations between IU/metacognitive beliefs was assessed in trait and
state test anxiety datasets by fitting a structural model in which latent variables
for the test anxiety worry and emotionality dimensions were first regressed onto
MCQ-30 factors, and then regressed onto 1US-12 factor(s). Model fit was
assessed using the same CFIl, RMSEA, and SRMR fit indices described in
section 4.2.3.1.

All analyses were conducted in Mplus version 8 (Muthén & Muthén,

2008-2017).

4.3 Results
4.3.1 Sample characteristics

The participant response rates were 54% (291 out of 541) and 52% (463
out of 882) for the trait and state sample datasets respectively, based upon the
number of students who accessed the study website (for trait sample) or had
access to the study information (state sample). Responders were defined as
participants who supplied sufficient data to be included in data analyses. There
no missing data points in the trait dataset but there were 27 missing data points in
the State dataset (< 0.2% of total data points). Little’s MCAR test confirmed
these data points as missing completely at random (#%(2583) = 2655.44, p =
.157) and expectation-maximization was used to impute values.

Sample characteristics for trait and state datasets are in Table 4.1. In

summary, the mean age of participants in both samples was similar, and both
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samples were constituted of more females than males, and where the largest
ethnic group in both was White British. The demographic composition of the
samples was similar to the university (trait dataset) and School of Medicine (state

dataset) populations from which they were drawn.

4.3.2 Factor Structure of the MCQ-30 and 1US-12
4.3.2.1 Factor structure of the MCQ-30

CFA of the published MCQ-30 correlated traits five-factor solution found
adequate fit of the model to trait data: »2 (395) = 874.05 p <.001, CFI = .92,
RMSEA =.066 (90% Cls .060 - .072), SRMR = 0.08 (see Table 4.2). EFA
confirmed that a correlated traits five-factor model provided the best fit to the
data: »2 (295) = 428.22 p < .001, CFI = .98, RMSEA = .040 (90% Cls .032 -
.048), SRMR = .033 (see Table F.1 in Appendix F for item loadings) and
significantly superior fit to 4-factor or less models (all rescaled 42 difference
tests were significant). Minor discrepancies were observed between the EFA-
derived model and the published five-factor model. Item 3 loaded higher on
‘negative beliefs about uncontrollability and danger of worry’ (factor 1) than its
own factor of ‘cognitive self-consciousness’ (factor 4), and item 27 did not load

highly on any factor.
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Table 4.1. Characteristics of trait (n = 291) and state (n = 463) samples.

Demographic Domains Trait State
Age Mean (SD) 20.78 (3.43) 21.87 (2.52)
n (% of total N)  n (% of total N)
Gender Female 205 (70.4%) 259 (56%)
Male 83 (28.5%) 204 (44%)
Year of study 1 121 (41.6%) -
2 89 (30.6%) 200 (43%)
3 52 (17.9%) 144 (31%)
4 29 (10.0%) 119 (26%)
Ethnicity White (British, Irish, other) 228 (78.4%) 313 (68%)
Chinese 24 (8.2%) 15 (3%)
Indian subcontinent (Indian, Pakistani, 12 (4.1%) 92 (20%)
other)
Black (British, African, Caribbean, other) 10 (3.4%) 12 (3%)
Mixed race 10 (3.4%) 13 (3%)
Other 5 (1.7%) 14 (3%)

Missing data: (trait) Age, n = 2; Gender, n = 3; Year of Study, n = 0; Ethnicity, n = 1;

(state) Age, n = 4; Gender, n = 0; Year of Study, n = 0; Ethnicity, n = 4.
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Table 4.2. MCQ-30 published scale structure and Geomin rotated factor loadings from CFA correlated factors model of trait (n = 280) and state (n = 463) test

anxiety datasets.

Correlated factors model - trait

Correlated factors model - state

MCQ-30 published scale structure and items F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Subscale: Positive beliefs about worry

MCQ-1  Worrying helps me to avoid problems in future 0.72 0.73
MCQ-7 I need to worry in order to remain organized 0.82 0.80
MCQ-10 Worrying helps me get things sorted out in my mind 0.87 0.82
MCQ-19 Worrying helps me cope 0.83 0.78
MCQ-23 Worrying helps me solve problems 0.82 0.80
MCQ-28 I need to worry in order to work well 0.85 0.76
Subscale: Negative beliefs about worry

MCQ-2 My worrying is dangerous for me 0.67 0.68
MCQ-4 | could make myself sick with worrying 0.78 0.74
MCQ-9 My worrying thoughts persist, no matter how I try to stop them 0.85 0.86
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MCQ-11
MCQ-15
MCQ-21
Subscale
MCQ-8

MCQ-14
MCQ-17
MCQ-24
MCQ-26
MCQ-29
Subscale

MCQ-6

MCQ-13

MCQ-20

I cannot ignore my worrying thoughts
My worrying could make me go mad
When | start worrying, | cannot stop
: Cognitive Confidence
I have little confidence in my memory for words and names
My memory can mislead me at times
| have a poor memory
I have little confidence in my memory for places
I do not trust my memory
I have little confidence in my memory for actions
: Need to control thoughts
If | did not control a worrying thought, and then it happened, it
would be my fault
I should be in control of my thoughts all the time

Not being able to control my thoughts is a sign of weakness

0.83

0.81

0.85

0.83

0.64

0.79

0.76

0.85

0.88

0.71

0.60

0.76
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0.85

0.81

0.86

0.84

0.69

0.81

0.82

0.91

0.83

0.73

0.51

0.68



MCQ-22
MCQ-25

MCQ-27

I will be punished for not controlling certain thoughts
It is bad to think certain thoughts

If | could not control my thoughts, 1 would not be able to function

Subscale: Cognitive self-consciousness

0.77

0.61

0.44

0.78

0.64

0.39

MCQ-3  Ithink a lot about my thoughts 0.82 0.77
MCQ-5 | am aware of the way my mind works when | am working through 0.51 0.33
a problem
MCQ-12 I monitor my thoughts 0.60 0.63
MCQ-16 I am constantly aware of my thinking 0.86 0.86
MCQ-18 | pay close attention to the way my mind works 0.74 0.71
MCQ-30 I constantly examine my thoughts 0.85 0.85
Notes.

F1 = ‘Negative beliefs about worry’, F2 = ‘Positive beliefs about worry’, F3 = ‘Cognitive confidence’, F4 = ‘Cognitive self-consciousness’, F5 = ‘Need for

control over thoughts’; Bold = loading > 0.40; Underline = highest loading where item loads > 0.40 on more than one factor.
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For the state dataset, CFA of the MCQ-30 five-factor model found
adequate model fit: 2 (395) = 992.79 p <.001, CFl = .95, RMSEA = .057 (90%
Cls .053 -.062), SRMR = 0.08 (see Table 4.2). EFA confirmed that a five-factor
model again provided the best fit to the data: x2 (295) = 625.27 p <.001, CFl =
.97, RMSEA =.049 (90% Cls .044 - .055), WRMR = .034 (see Table F.1 in
Appendix F for item loadings) and significantly superior fit to 4-factor or less
models (all rescaled »? difference tests were significant). All items loaded on
their expected factors except items 3, 6, 13, and 27. Item 3 loaded highly on its
own factor of ‘cognitive self-consciousness’ (factor 4) but also loaded highly on
‘negative beliefs about uncontrollability and danger of worry’ (factor 1). Items 6,

13, and 27 did not highly on any other factor.

4.3.2.1 Factor Structure of the 1US-12

CFA of unidimensional, correlated factors, and bifactor measurement
models were first examined for trait (Table 4.3) and state test anxiety (Table 4.4).

Model fit statistics for IUS-12 in trait test anxiety dataset revealed all
measurement models fit data adequately. Rescaled »? difference tests found the
bifactor model fit the data significantly better than the correlated factors model
(all rescaled tests z* were significant).

Assessment of the bifactor model in the trait test anxiety sample found a
strong general factor, indicated by higher standardized loadings for all general
factor items compared to specific factors and the general factor explained 82% of
the common variance (ECV) compared to just 8% and 10% explained by
‘Prospective IU’ and ‘Inhibitory IU’ specific factors respectively. The mean I-

ECV value was .81 (range .65 to .99), with 50% of 1US-12 items having I-ECV
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greater than .80, indicating that these items are stronger indicators of the general
factor than their specific factors. The PUC value of .53 indicated the general
factor accounted for approximately half of item correlations. Bifactor reliability
indices support the construct reliability of the general factor (oH = .87, H = .92,
FD = .94).

EFA confirmed that a bi-factor model provided the best fit to the trait test
anxiety data: y2 (42) = 126.34 p < .001, CFI = .98, RMSEA = .079 (90% Cls
.071 - .100), SRMR = .034 (Table F.2 in Appendix F shows item loadings and
statistics). Assessment of the bifactor model found a strong general factor,

indicated by higher standardized loadings for all general factor items compared
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Table 4.3. Standardized factor loadings and confirmatory factor analysis goodness-of-fit indices for measurement models of the Intolerance of Uncertainty

Scale — 12 in trait test anxiety sample.

Unidimensional  Correlated factors model Bifactor model
Item model Inhibitory  Prospective  General Inhibitory  Prospective
3. Uncertainty keeps me from living a full life. 33 .35 .39 =27
6. When it is time to act, uncertainty paralyzes me. .75 .79 .68 49
7. When | am uncertain, I can’t function very well. .75 .80 .70 44
10. The smallest doubt can stop me from acting. .73 7 .69 .35
12. I must get away from all uncertain situations. .76 .81 75 24
1. Unforeseen events upset me greatly. .79 81 .78 19
2. It frustrates me not having all the information | need. .78 .80 12 41
4. One should always look ahead so as to avoid surprises. .62 .63 57 32
5. A small unforeseen event can spoil everything, even with .76 .78 .78 .06
the best of planning.
8. I always want to know what the future has in store for me. g7 .81 .76 27
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9. I can’t stand being taken by surprise.
11. I should be able to organize everything in advance.
Model fit statistics

A (df)

CFI

RMSEA [90% Cl]

WRMR
Bifactor model ancillary statistics

% Explained Common Variance (ECV)

% Omega hierarchical

Construct reliability (H)

Factor Determinacy (FD)

.78

.68

253 (54)

.95

11 (.10 - .13)

.05

.80

.70

172 (53)
97
09 (.07 - .10)

.04

73

.64

0.82

0.87

0.92

0.94

126 (42)
98
.08 (.07-.10)

.03

0.08

0.11

0.13

0.62

33

.29

0.10

0.11

0.45

0.74

Notes.

CFI = Comparative Fit Index; RMSEA = Root mean square error of approximation; WRMR = Weighted Root Mean square Residual.
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Table 4.4. Standardized factor loadings and confirmatory factor analysis goodness-of-fit indices for measurement models of the Intolerance of Uncertainty

Scale — 12 in state test anxiety sample.

Unidimensional

Correlated factors model

Bifactor model

Item model Inhibitory Prospective General Inhibitory Prospective
3. Uncertainty keeps me from living a full life. .65 .64 .70 A7

6. When it is time to act, uncertainty paralyzes me. .79 7 .70 49

7. When | am uncertain, I can’t function very well. .80 .79 .69 .60

10. The smallest doubt can stop me from acting. .78 g7 71 .28

12. I must get away from all uncertain situations. .67 .66 .80 .10

1. Unforeseen events upset me greatly. .30 .29 17 -.08

2. It frustrates me not having all the information | 72 71 .62 .20
need.

4. One should always look ahead so as to avoid .70 .70 .60 45

surprises.
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5. A small unforeseen event can spoil everything,
even with the best of planning.
8. I always want to know what the future has in store
for me.
9. I can’t stand being taken by surprise.
11. I should be able to organize everything in
advance.
Model fit statistics

% (df)

CFlI

RMSEA [90% Cl]

WRMR
Bifactor model ancillary statistics

% Explained Common variance (ECV)

% Omega hierarchical

.67

.80

7

73

465 (54)

.93

13 (.12 -.14)

.06

451 (60)
93
13 (.12 -.14)

.06

117

.67

79

.76

12

81

.70

.79

.61

0.81

0.88

168 (42)
.98
.08 (.07-.09)

.03

0.10

0.10

01

A48

.20

A48

0.10

0.16



Construct reliability (H) - - - 0.93 0.48 0.50

Factor Determinacy (FD) - - - 0.95 0.76 0.81

Notes.

CFI = Comparative Fit Index; RMSEA = Root mean square error of approximation; WRMR = Weighted Root Mean square Residual.
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to specific factors and the general factor explained 82% of the common variance
(ECV), compared to just 8% and 10% explained by ‘Prospective IU’ and
‘Inhibitory IU” specific factors respectively. The mean I-ECV value was .82
(range .66 to .99), with 58% of 1US-12 items having I-ECV greater than .80,
indicating that these items are stronger indicators of the general factor than their
specific factors. The PUC value of .53 indicated the general factor accounted for
approximately half of item correlations. Bifactor reliability indices support the
construct reliability of the general factor (oH = .87, H =.92, FD = .94).

CFA model fit statistics for IUS-12 in state test anxiety dataset also found
all measurement models fit data adequately. Rescaled 4 difference tests found
the bifactor model fit the data significantly better than the correlated factors
model (all rescaled jy’tests were significant). Assessment of the bifactor model
found a strong general factor, indicated by higher standardized loadings for all
general factor items compared to specific factors and the general factor explained
80% of the common variance (ECV) compared to just 10% and 10% explained
by ‘Prospective IU’ and ‘Inhibitory U’ factors respectively. The mean [-ECV
value was .82 (range .56 to .99), with 58% of 1US-12 items having I-ECV greater
than .80, indicating that these items are stronger indicators of the general factor
than their specific factors. The PUC value of .53 indicated the general factor
accounted for approximately half of item correlations. Bifactor reliability indices
support the construct reliability of the general factor (wH = .88, H=.93, FD =
.95).

EFA model fit statistics for IUS-12 in the state test anxiety dataset
confirmed the bifactor model fit the data best (»2 (33) = 127.27 p <.001, CFI =

.99, RMSEA = .071 (90% Cls .064 - .085), SRMR =.033 (Table F.3 in
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Appendix F shows item loadings and statistics). Assessment of the bifactor
model found a strong general factor, indicated by higher standardized loadings
for all general factor items compared to specific factors and the general factor
explained 86% of the common variance (ECV) compared to just 10% and 4%
explained by ‘Prospective IU’ and ‘Inhibitory IU’ factors respectively. The mean
I-ECV value was .87 (range .71 to .99), with 66% of 1US-12 items having I-ECV
greater than .80, indicating that these items are stronger indicators of the general
factor than their specific factors. The PUC value of .55 indicated the general
factor accounted for approximately half of item correlations. Bifactor reliability
indices support the construct reliability of the general factor (oH = .94, H = .94,
FD =.97).

Overall bifactor indices of the IUS-12 in both trait and state test anxiety
samples show that specific factors, despite explaining a small proportion of
variance, do not possess sufficient reliable variance to enable interpretation,
whereas the general factor does have construct reliability. Evidence here supports

deriving only total IUS-12 scores.

4.3.3. Descriptive statistics

Means and standard deviations of the MCQ-30 subscales and
intercorrelations between them are presented in Table 4.5 (derived from CFA
analyses). The majority of intercorrelations were significant, and mostly in the
medium-to-large effect size range based upon Cohen’s (1992) taxonomy, where

.01 is small, .03 is medium, and .05 and above is large.
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Table 4.5. Descriptive data and correlations between Metacognitions Questionnaire-30

and test anxiety measures (Trait = TAI; State = STICSA) subscales

POS NEG CC NC CSsC TA-W TA-E M (SD) Cronbach’s a

Trait

POS - 22%F* - 16** 20%%*k  Z1Rr* 13* 22%*%* 11.99 (4.55) .88
NEG - B4EEE BRRR gQxxx BAREk Blxxx 14,84 (5.09) .87
cC - Blx** 07 ALx** 9% ** - 11.88(4.72) .87
NC - 38x** 40+ 31*** 1251 (3.99) 74
CsC - 20%* 19** 15.94 (4.26) .84
TA-W - 73***  18.53 (6.36) .90
TA-E - 22.64 (6.21) .90
State

POS - BLxxx ZQRRR AfFrx 3hEAR Z7RRx pgExx 11.08 (3.64) .86
NEG - BBxEE BlRRR AQEEx fOFEE gx** 1231 (4.55) .88
cC - A2%** - ZFRAE BORAR ABEEx 11.32(4.28) .88
NC - BB*** - AZEEE 20%** 10,53 (3.21) .70
CsC - A0%* > 31*** 1371 (4.05) .82
TA-W - T 20.72 (6.90) .90
TA-E - 23.29 (6.53) .88

Notes.

MCQ-30 subscales: POS = Positive beliefs about worry; NEG = Negative beliefs about

worry; CC = Cognitive confidence; NC = Need to control thoughts; CSC = Cognitive

self-consciousness; TA-W = Test Anxiety — Worry; TA-E = Test Anxiety —

Emotionality; *** p <.001, ** p < .01, * p < .05.
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Table 4.6. Descriptive data and Pearson’s r correlations between IUS-12 and test

anxiety (Trait = TAI; State = STICSA) subscales.

V] TA-W  TA-E M (SD) Cronbach’s a

Trait

U - A4Fxx - AQ*** 33.23 (10.56) 91
TA-W - T4%*% 1837 (6.42) 91
TA-E - 22.37 (6.29) .90
State

U - BhF*E - 43Fx* 28.71 (9.41) 91
TA-W - TLEE* 20.72 (6.90) .90
TA-E - 23.29 (6.53) .88

Notes.

IU = Intolerance of Uncertainty Scale — 12 total score; TA-W = Test Anxiety — Worry;
TA-E = Test Anxiety — Emotionality; M = mean, SD = standard deviation. * p < .05, **

p < .01, *** p < .001.

Internal consistency was good across MCQ-30 subscales with Cronbach’s
alphas ranging between .82 — .88, except for the ‘Need to control thoughts’
subscale which had acceptable internal consistency of .70 — .74.

Means and standard deviations of the 1US-12 total score and
intercorrelations between them are presented in Table 4.6 (derived from CFA
analyses). U were significantly positively correlated with trait and state test
anxiety (Pearson’s r from .34 to .57). Internal consistency of 1US-12 was

excellent (Cronbach’s alphas of .91) across trait and state datasets.
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Differences in scores due to gender were examined. Given multiple
independent t-tests are conducted, a Bonferroni correction was applied. Here, the
alpha of .05 was divided by 8, the number of tests conducted, to yield a
Bonferroni corrected alpha of .001 (rounded up).

In the ‘trait’ dataset, gender differences were found in trait test anxiety,
with females reporting greater worry (Mremale = 19.22 vS. Mwmale = 16.18; t(281) =
3.68, p <.001) and emotionality (Mremale = 23.64 vS Mmale = 19.11; t(281) = 5.80,
p < .001) but no gender differences in IU were found. No differences were found
in 1U, test anxiety worry and emotionality based on students’ year of study. Age
did not correlate with IUS-12 or any TAI, or STICSA subscale.

In the ‘state’ dataset, gender differences were found in state test anxiety
and 1U, with females reporting greater worry (Mremate = 21.84 vS. Mmale = 19.30;
t(461) = 4.00, p <.001), emotionality (Mremale = 24.67 vS. Mmale = 21.55; t(461) =
5.23, p < .001), MCQ-NEG (M~emale = 13.06 vs. Mmae = 11.35; t(461) = 4.10, p <
.001), MCQ-CC (Mremale = 11.90 vS. Mwae = 10.58; t(461) = 3.33, p = .001) and
IU (MFemate = 29.90 vs. Mmate = 27.20; t(461) = 3.09, p = .002). With regard to
differences in test anxiety and IU scores due to year of study, no significant
differences were found, except for a significant difference in state test anxiety
worry scores (F(2, 460) = 3.71, p = .025), with Year 2 students reporting

significantly less worry than Year 3 students (Muitference = -2.03).

4.3.4 Concurrent associations between metacognitive beliefs / U beliefs and
test anxiety
Prior to examining the relationships between 1U and metacognitive

beliefs and test anxiety in the ‘trait’ and ‘state’ datasets, measurement models of
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the TAI and STICSA-S were examined, with correlated two-factor models for
the TAI (2 (103) = 268.80 p <.001, CFI = .98, RMSEA = .08 (90% Cls .06 -
.09), SRMR =.04) and STICSA (2 (188) = 647.15 p < .001, CFI = .95, RMSEA

=.07 (90% Cls .07 - .08), SRMR =.05) having acceptable fit.

4.3.4.1 Concurrent associations between metacognitive beliefs and trait and
state test anxiety

The relationships between metacognitive beliefs and concurrent test
anxiety worry and emotionality dimensions are shown in Figure 4.1 for the trait
dataset and Figure 4.2 for the state dataset. Gender was included as a covariate of
worry and emotionality in both ‘trait’ and ‘state’ structural models, as gender
differences in test anxiety are well known (Hembree, 1988; Seipp, 1991; von der
Embse et al., 2018). ‘Year of study’ was also included as a covariate of worry in
the ‘state’ model, as a significant difference between year groups was found
suggesting that past examination experience has induced more worry, and so
including for this variable will permit examination of this conjectured
relationship. Again, for simplicity, relationships between gender and year of
study and study variables are not shown in Figures 4.3 and 4.4.

Fit indices indicate acceptable model fit for both trait: »2 (1057) =
1685.27 p <.001, CFI = .94, RMSEA = .046 (90% Cls .042 - .050), SRMR =
0.07), and state datasets: 2 (1302) = 2337.33 p <.001, CFI = .95, RMSEA =
.041 (90% Cls .039 - .044), SRMR = 0.06. As hypothesized, ‘negative beliefs
about uncontrollability and danger of worry’ has the strongest association with
both worry and emotionality dimensions of test anxiety across both conditions.

However, slightly different relationships were observed between models. For the
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trait model, only ‘negative beliefs about uncontrollability and danger of worry’
and ‘cognitive confidence’ were significantly associated with worry. ‘Negative
beliefs about uncontrollability and danger of worry’, ‘positive beliefs about
worry’, and ‘Cognitive confidence’ were all significantly associated with
emotionality. Neither ‘need to control thoughts’ nor ‘cognitive self-
consciousness’ were associated with worry or emotionality. In the state model,
‘negative beliefs about uncontrollability and danger of worry’, ‘positive beliefs
about worry’, and ‘Ccognitive confidence’ were all significantly associated with
both worry and emotionality. ‘Need for control over thoughts’ was also
significantly associated with emotionality but a negative relationship was
observed. No significant relationships between ‘Cognitive self-consciousness’
and worry and emotionality were found. Finally, there was a stronger
relationship between worry and emotionality dimensions in the trait model than

in the state model.

4.3.4.2 Concurrent associations between 1U and trait and state test anxiety

The relationships between IU and test anxiety worry and emotionality are
presented in Figure 4.3 for the trait dataset and Figure 4.4 for the state dataset.
Again, gender was included as a covariate of worry and emotionality in both
‘trait’ and ‘state’ structural models, and ‘Year of study’ was also included as a
covariate of worry in the ‘state’ model. Again, for simplicity, relationships
between gender and year of study and study variables are not shown in Figures

43and 4.4.
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Figure 4.1. Structural equation modeling of the relationships between latent factors of

the MCQ and dimensions of (trait) TA.
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Ellipses indicate latent factors, rectangles indicate observed variables. POS = ‘Positive
beliefs about worry’; NEG = ‘Negative beliefs about worry’; CC = ‘Cognitive
confidence’; NC = ‘Need to control thoughts’; CSC = ‘Cognitive self-consciousness’;
TA-W = Test Anxiety Inventory — Worry; TA-E = Test Anxiety Inventory -
Emotionality. Figures show standardized path coefficients. Dotted lines indicate non-

significant relationships. * p < .05, ** p < .01, *** p < .001.
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Figure 4.2. Structural equation modeling of the relationships between latent factors of

the MCQ and dimensions of (state) TA.
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Ellipses indicate latent factors, rectangles indicate observed variables. POS = ‘Positive
beliefs about worry’; NEG = ‘Negative beliefs about worry’; CC = ‘Cognitive
confidence’; NC = ‘Need to control thoughts’; CSC = ‘Cognitive self-consciousness’; S-
Worry = State (Test Anxiety) — Worry (as measured by STICSA-S Cognitive subscale);
S-Emotionality = State (Test Anxiety) — Emotionality (as measured by STICSA-S
Somatic subscale); STISCA-S = State-Trait Inventory for Cognitive and Somatic
Anxiety — State. Figures show standardized path coefficients. Dotted lines indicate non-

significant relationships. * p < .05, ** p <.01, *** p <.001.
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Fit indices indicated acceptable model fit in the ‘trait’ dataset: y2 (373) =
647.82 p <.001, CFI = .97, RMSEA =.051 (90% Cls .044 - .057), SRMR = .10.
IU was significantly and positively associated with test anxiety worry and
emotionality dimensions. Gender was not significantly associated with worry or
emotionality.

In the ‘state’ dataset, the structural model also had acceptable fit: y2
(554) = 1363.20 p < .001, CFI = .95, RMSEA = .056 (90% Cls .052 - .060),
SRMR = 0.06. IU was significantly and positively associated with test anxiety
worry and emotionality dimensions, with a stronger association with worry
exhibited. Gender was significantly associated with worry (-.10, p <.05) and
emotionality (-.18, p <.05), and ‘year of study’ was significantly and positively

associated with worry (-.08, p < .05).
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Figure 4.3. Structural equation modeling of the relationships between latent factors of

the 1US-12 and dimensions of (trait) test anxiety.
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Ellipses indicate latent factors, rectangles indicate observed variables. U = Intolerance
of Uncertainty Scale — 12; TA = Test Anxiety (Test Anxiety Inventory). Figures show
standardized path coefficients. Dotted lines indicate non-significant relationships. * p <

05, ** p < .01, *** p < .001.
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Figure 4.4. Structural equation modeling of the relationships between latent factors of

the 1US-12 and dimensions of (state) test anxiety.
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Notes.

Ellipses indicate latent factors, rectangles indicate observed variables. U = Intolerance
of Uncertainty Scale — 12; TA = Test Anxiety (as measured by STICSA-S); STISCA-S
= State-Trait Inventory for Cognitive and Somatic Anxiety — State. Figures show
standardized path coefficients. Dotted lines indicate non-significant relationships. * p <

05, ** p < .01, *** p < .001.
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4.4 Discussion

The primary aims of this study were to examine the factor structures of
the 1US-12 and MCQ-30 as applied to test anxiety among university students,
and to examine the concurrent validity between these constructs and the worry
and emotionality dimensions of test anxiety. Firstly, factor analyses supported
the previously published five-factor and bifactor model solutions of the MCQ-30
and 1US-12 respectively. Internal consistencies were all in the acceptable-to-
excellent range, suggesting MCQ-30 subscale items and 1US-12 items are
tapping into their respective latent constructs (e.g., IUS-12 items all measure the
intolerance of uncertainty construct). Overall, the MCQ-30 and IUS-12 factor
structures appear valid in test anxiety. Secondly, in tests of concurrent validity,
structural equation modeling was used to examine relationships between MCQ-
30 subscales and 1US-12 and test anxiety worry and emotionality dimensions.
Both U and metacognitive beliefs were significatively and positively associated
with both trait and state test anxiety, indicating both may represent important

factors in the manifestation of test anxiety.

4.4.1 Metacognitive beliefs and test anxiety

Given the MCQ-30 five-factor structure provided best with the data, the
recommendation would be for users of this scale in university samples should
compute subscale scores and interpret them accordingly.

With regard to relationships between metacognitive beliefs and test
anxiety, ‘negative beliefs about uncontrollability and danger of worry’ had the
strongest association with worry and emotionality dimensions of test anxiety,

across both datasets. ‘Cognitive confidence’ was also significantly associated
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with test anxiety worry and emotionality across both datasets, while ‘positive
beliefs about worry’ was associated with both worry and emotionality in the state
dataset but only associated with emotionality in the trait dataset. This latter result
was surprising as a stronger relationship between ‘positive beliefs about worry’
and the worry dimension of test anxiety, as opposed to emotionality, would be
expected, given that ‘positive beliefs about worry’ leads to selection of worry as
a coping strategy (Wells & Matthews, 1994, 1996). One possible explanation is
that students may be more aware of using worry as a coping strategy in an
examination environment than when they reflect on their test anxiety during term
time. Finally, a negative relationship was found between ‘need to control
thoughts’ and emotionality in the state dataset. This finding is curious and
suggests greater beliefs in the need to control thoughts results in lower somatic
symptoms. However, this may be a result of the lower internal consistency of the
‘need to control thoughts’ factor and lack of significant loadings for some items.
It may also be the case that these beliefs are not viewed negatively by students
and that their perception is that being able to distract oneself from unwanted
thoughts has a useful short-term effect. Overall, and as predicted ‘negative
beliefs about uncontrollability and danger of worry” was the strongest predictor
of test anxiety. ‘Cognitive confidence’ beliefs may also play an important role in
test anxiety, where lack of belief in one’s memory may result in increased

anxiety about one’s ability to perform well in tests.

4.4.2. Intolerance of uncertainty and test anxiety
Given factor analyses of the 1US-12 found a bifactor model provided best

fit to data, with a strong and reliable general IU factor that accounted for the
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majority of variance in total IUS-12 scores, then practically the IUS-12 can be
considered a unidimensional representation of 1U, and users of the instrument in
UK university student contexts should compute total scores. Measurement model
results from this study are consistent with previous studies examining the factor
structure of the 1US-12, which found that a bifactor measurement model provides
best fit (Bottesi et al., 2019; Hale et al., 2016; Saulnier et al., 2019; Shihata et al.,
2018). In the current study, the strong general 1U factor was found to account for
much of the reliable variance in the IUS-12 total score and also account for the
majority of reliable variance of the specific ‘prospective IU’ and ‘inhibitory 1U’
subscale scores too. The weak construct reliability of ‘inhibitory IU” and
‘prospective U’ factors argues against their scoring and interpretation. Thus, the
robustness of a bifactor measurement model was confirmed in UK samples for
the first time, and the 1US-12 factor structure was demonstrated in both trait and
state test anxiety contexts, increasing generalizability of findings, and providing
confidence to researchers in this field who wish to use the scale.

Structural models found IU is significantly associated with both trait and
state test anxiety, with IU showing marginally stronger associations with the test
anxiety worry compared to emotionality dimension. This suggests that IU is an
important factor in test anxiety and that reducing U might effectively alleviate
test anxiety. Gender was not associated with trait test anxiety but was
significantly associated with state test anxiety, and given females reported higher
state anxiety, suggests that females react with greater anxiety in high stakes
examination contexts than males. Year of study was associated with the worry
dimension of test anxiety suggesting prior examination experience influences the

degree of worry in the present examination.
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4.4.3 Limitations of this study

There were several limitations to this study. Sample sizes for the trait
samples were relatively modest which can reduce reliability of estimates. A
cross-sectional design was used whereas prospective designs can elucidate
predictive associations between metacognitive beliefs and test anxiety. Finally,
students find OSCEs more anxiety provoking than other forms of tests (Brand &
Schoonheim-Klein, 2009; Guraya, et al., 2018; Marshall & Jones, 2003;
Nicholson & Forrest, 2009), so different patterns of relationships may be found

in other test contexts.

4.4.4 Conclusions

Both the 1US-12 and MCQ-30 appear valid measures of IU and
metacognitive beliefs respectively among UK university student samples. This
permits increased confidence when interpreting results from the next two studies
that use these questionnaire measures. Moreover, both 1U and metacognitive
beliefs were significantly and positively associated with test anxiety, suggesting
they play a contributory role in its manifestation. However, it may be that one
sets of beliefs plays a more important role in the manifestation of test anxiety
than the other. Therefore, the next step is to examine the comparative

explanatory utility of both models in explaining test anxiety symptom severity.
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Chapter Five
The relative contribution of intolerance of uncertainty and metacognitive beliefs

to test anxiety in university students
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5.1 Introduction

The transdiagnostic intolerance of uncertainty (IU; Dugas et al., 1998;
Hebert & Dugas, 2019) and Self-Regulatory Executive Function (S-REF; Wells
& Matthews, 1994, 1996) models can account for worry and somatic anxiety
symptoms. A key difference in IU and S-REF models is the set of beliefs
considered important to the manifestation of worry and emotional disorder.
Beliefs about uncertainty are emphasized in the IU model, while beliefs about
cognitions — metacognition — are emphasized in the S-REF model. Although
there is empirical support for the U and S-REF models in anxiety disorders such
as Generalized Anxiety Disorder (GAD), there had been scant research done on
their applicability to test anxiety (see Chapter 3). Prior to investigation of the 1U
and S-REF as applied to test anxiety, it was important to establish the validity of
the primary questionnaires assessing 1U and metacognitive beliefs, the
Intolerance of Uncertainty Scale — 12 (1US-12; Carleton et al., 2007) and
Metacognitions Questionnaire — 30 (MCQ-30; Wells & Cartwright-Hatton, 2004)
respectively. 1US-12 and MCQ-30 factors structures were replicated in UK
university student samples and concurrent validity was demonstrated with both
IU and metacogpnitive beliefs significantly and positively associated with test
anxiety (see Chapter 4). However, it may be that one set of beliefs is more
central to test anxiety than the other. For example, 1U and metacognitive beliefs
are differentially associated with emotional disorder symptoms in university
symptoms (Penney, Rachor, & Deleurme, 2020). Understanding the contribution
that both 1U and metacognitive beliefs make to test anxiety will help to develop a
better psychological conceptualization of test anxiety, an important first step

toward the development of an efficacious intervention.

136



5.1.1 Aims and hypotheses of this study

The aim of this study is to examine the relative contribution of
metacognitive beliefs and 1U in test anxiety. Hypotheses are derived from the S-
REF model, which posits that metacognitive beliefs are more important than
beliefs in the ordinary cognitive domain (i.e., IU) in the genesis and maintenance
of emotional disorder (Wells, 2009). For example, metacognitive beliefs have
been shown to contribute to generalized anxiety and major depressive disorder
symptomology over cognitive beliefs (Myers & Wells, 2005; Huntley & Fisher,
2016; Yilmaz, Gencoz, & Wells 2015). The hypotheses are: (i) both IU and
metacognitive beliefs will each make significant unique contributions to test
anxiety, (i) metacognitive beliefs will be able to explain significant additional
variance in test anxiety, over-and-above U, and (iii) that the metacognitive
belief domain of ‘negative beliefs about the uncontrollability and danger of

worry’ will make the largest contribution in the final model.

5.2 Method
5.2.1. Participants and Procedure

A cross-sectional design was used to examine the contributions of 1U and
metacognitive beliefs to students’ trait test anxiety (i.e., their typical reactions to
tests). A convenience sample of students from the University of Liverpool was
recruited. The study was advertised by emails, distributed by departmental
administrators, and an announcement on the university student intranet.
Participants completed online questionnaires on their test anxiety, 1U, and

metacognitive beliefs. Questionnaire order was randomized. Informed consent
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was obtained from all participants. Participation was voluntary. Those who
completed the study had the opportunity to enter a prize draw for Amazon
vouchers. The study was granted ethical approval by the University’s Ethics

Committee.

5.2.2. Measures
5.2.2.1 Test Anxiety Inventory (TAI; Spielberger, 1980).

The TAI has 20-items assessing a student’s typical reactions to
examinations, i.e., trait test anxiety (e.g., “Thinking about my grade in a course
interferes with my work on tests”). Items are scored from 1 (“Almost never”) to 4
(“Almost always”). Total scores are used here and can range from 20-80, with
higher scores indicating greater test anxiety. The TAI has good internal
consistency, convergent validity, and acceptable test-retest reliability
(Spielberger, 1980). Internal consistency of the TAI in this study was excellent

with a Cronbach’s alpha of .93.

5.2.2.2 Intolerance of Uncertainty Scale — 12 (1US-12; Carleton, Norton, &
Asmundson, 2007).

The IUS-12 has 12 items that assess an individual’s IU (e.g., “When I am
uncertain, I cannot function very well”). Items are scored from 1 (“Not at all
characteristic of me”) to 5 (“Entirely characteristic of me”). Total scores range
from 12-60, with higher scores indicating greater IU. The 1US-12 has good
internal consistency, convergent validity, and acceptable test-retest reliability

(Carleton et al., 2007; Hale et al., 2016) and has support for its validity and use
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among UK college student samples (Huntley et al., 2021). Internal consistency of

the IUS-12 in this study was excellent with a Cronbach’s alpha of .90.

5.2.2.3 Metacognitions Questionnaire — 30 (MCQ-30; Wells & Cartwright-
Hatton, 2004).

The MCQ-30 has 30 items that assess metacognitive belief domains. It
has five subscales: (i) ‘positive beliefs about worry’ (e.g., “Worrying helps me to
avoid problems in the future”); (ii) ‘negative beliefs about uncontrollability and
danger of worry’ (e.g., “I cannot ignore my worrying thoughts”); (iii) ‘cognitive
confidence’ (e.g., “I do not trust my memory”); (iv) ‘need to control thoughts’
(e.g., “It is bad to think certain thoughts™); and (v) ‘cognitive self-consciousness’
(e.g., “I think a lot about my thoughts™). Items are scored from 1 (“Do not
agree”) to 4 (“Agree very much”). Subscale scores range from 6-24, with higher
scores indicating greater endorsement of metacognitive beliefs. The MCQ-30 has
good internal consistency, convergent validity, and acceptable test-retest
reliability (Wells & Cartwright-Hatton, 2004), and is valid in UK college student
samples (Huntley et al., 2020). Internal consistency of the subscales in this study

ranged from acceptable-to-good, (Cronbach’s alphas 73 t0.89).

5.2.3 Data Analysis Strategy

Variable data were examined for normality via visual inspection of
histograms, inspection of skewness and kurtosis coefficients, and Kolmogorov-
Smirnov test statistics. Boxplots were inspected to identify univariate outliers.
Independent t-tests examined for gender differences in independent (IUS-12,

MCQ-30) and dependent (TAI) variables. Given multiple independent t-tests are
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conducted, a Bonferroni correction was applied. Here, the alpha of .05 was
divided by 7, the number of tests conducted, to yield a Bonferroni corrected
alpha of .001 (rounded up). Homogeneity of variance between male and female
groups was examined using Levene’s test. Intercorrelations between test anxiety
(TAI), U (1US-12), and metacognitive beliefs (MCQ-30 subscales) were
examined using Pearson’s r.

Hierarchical multiple linear regression analyses tested the hypotheses that
intolerance of uncertainty and metacognitive beliefs would each make significant
independent contributions to test anxiety, but that metacognitive beliefs would
explain additional variance over-and-above intolerance of uncertainty. The entry
method was used enter variables into the regression model, with demographics
(age and gender) entered on Step 1, IU entered on Step 2, and metacognitive
beliefs entered on Step 3. An additional regression analysis was then performed,
in which Steps 2 and 3 were reversed, to examine if IU made an additional
contribution in explaining variance in test anxiety severity over-and-above
metacognitive beliefs. Robust estimation, using bias corrected and accelerated
bootstrapping techniques, which adjust for bias and skewness in the bootstrap
distribution, were used (based upon 5,000 samples).

Regression diagnostics were used to assess model assumptions.
Multicollinearity was examined by inspection of the correlation matrix, variation
inflation factors (VIFs), and tolerance statistics, where correlations greater than
0.8, VIFs greater than 10, and tolerance values less than .2 indicate
multicollinearity (Field, 2009). Autocorrelation was assessed using the Durban-
Watson statistics, where values close to two indicate the assumption of

independent errors is satisfied. The assumption of normally distributed errors
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was assessed through inspection of a histogram of standardized residual errors.
Heteroscedasticity was assessed via plots of standardized residuals against
standardized predicted values. Leverage was evaluated by Mahalanobis
distances, where values greater than 25 in a samples greater than 500 participants
would be problematic (Field, 2009). Influential cases were assessed using Cook’s
distances, where values greater than one indicate problematic cases.

All data analyses were conducted with SPSS 25 (IBM, 2017).

5.3 Results
5.3.1 Sample characteristics

Six-hundred and seventy-five students completed the study from a total
of 1,389 students who viewed the study website. The demographic composition
of the sample is described in Table 5.1. The mean age of the sample was 21.03
years (SD = 3.11). The sample was constituted of female (71.4%) and ‘White

British, Irish, or other’ (81.8%) majorities.
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Table 5.1. Demographic characteristics of sample (n = 675).

Demographic Domains Statistics
Age (years) Mean (SD) 21.03 (3.11)
n (% of total N)
Gender Female 482 (71.4%)
Male 188 (27.9%)
Year of study 1 231 (34.2%)
2 212 (31.4%)
3 153 (22.7%)
4 77 (11.4%)
Ethnicity White (British, Irish, other) 552 (81.8%)
Chinese or Asian 40 (5.9%)
Asian subcontinent (Indian, Pakistani, 33 (4.9%)
other)
Black (British, African, Caribbean, 16 (2.4%)
other)
Mixed race 26 (3.9%)
Arab 4 (0.6%)
Other 2 (0.3%)
Notes.

Missing data for: Age, n = 2; Gender, n = 5; Year of Study, n = 2; Ethnicity, n = 2.
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5.3.2 Descriptive statistics

Data screening showed all variables were normally distributed, except
‘positive beliefs about worry’ and ‘cognitive confidence’, which were slightly
positive skewed. Box plots revealed no univariate outliers.

Descriptive statistics and inter-correlations between trait test anxiety, 1U,
and metacognitive belief scores are shown in Table 5.2. Independent t-tests
found significant differences in scores between genders, with females scoring
higher than males on test anxiety and ‘negative beliefs about uncontrollability
and danger of worry’, but males scoring higher than females on ‘cognitive self-
consciousness’. Levene’s test of homogeneity of variances found significant
differences in variances between males and females on the test anxiety (TAI;
F(668) = 5.30, p =.022), IU (1US-12; F(668) = 3.848, p =.050) and ‘need to
control thoughts’ (MCQ-30-NC; F(668) = 4.40, p = .036), though the ratio
between variances was less than two, and therefore it is safe to assume
homogeneity of variances (Field, 2009).

There were significant positive Pearson’s r correlations between all study
variables, ranging from .12 to .60. Correlations between participant age and the
study variables were examined, finding age was only significantly correlated
with ‘cognitive self-consciousness’ (r = .08, p = .034). Partial correlations found
that all relationships between study variables remained positively correlated
when controlling for gender. Finally, differences in test anxiety, 1U, or
metacognitive belief domain scores based on the year of study a participant was

in were examined; no significant differences were found.
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Table 5.2. Zero-order correlations (upper right quadrant) controlling for gender (lower left quadrant), and descriptive statistics for study variables.

Female Male

(n =482) (n =188) Gender differences
Variable 1. 2. 3. 4, 5. 6. 7. M (SD) M (SD) t-test statistics
1. TAI - ATFE* 19F** STFF* 35%** 33F** 18%** 53.78 (14.71) 45.45 (13.50) t=6.74,p <.001
2.1US-12 ABF** - 33F** .60*** 33F** STF** 34FF* 33.05 (10.40) 31.54 (9.28) t=1.74,p=.083
3. MCQ-POS  .19*** 33F** - 28F** 16%** 32%** BLFx* 12.03 (4.45) 11.81 (4.62) t=0.56,p=.754
4. MCQ-NEG  56***  G0***  28%** . 3xF* BEERE gk 15.20 (5.12) 13.13(5.05)  t=4.71,p<.001
5.MCQ-CC  .36***  3@**x  1g***  3g*xx . B7EFE QR 11.99 (4.96) 11.69 (4.56)  t=0.73,p=.469
6. MCQ-NC 36*** 58*** 33F** S58F** 38*** - L4FFE 11.98 (3.94) 12.49 (3.49) t=-1.58, p=.116
7. MCQ-CSC  .23*** 36%** i Rl 43FF* 13%** A4FE* - 15.28 (4.15) 16.55 (4.24) t=-3.54,p<.001

Note. * p < .05, ** p < .01, *** p <.001, ns = non-significant. TAI = Test Anxiety Inventory; IUS-12 = Intolerance of Uncertainty Scale — 12; MCQ =
Metacognitions Questionnaire — 30; POS = ‘Positive beliefs about worry’; NEG = ‘Negative beliefs about worry’; CC = ‘Cognitive Confidence’; NC = ‘Need

to control thoughts’; CSC = ‘Cognitive self-consciousness’.
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5.3.3 Do IU and metacognitive beliefs contribute to test anxiety?

Hierarchical multiple regression analyses examined if IU and
metacognitive beliefs both contribute to test anxiety, and if metacognitive beliefs
can explain additional variance over-and-above 1U (see Table 5.3 below). On
Step 1, the demographic variables of age and gender explained 6% of variance in
test anxiety severity. On Step 2, IU explained a further 20% of variance. Finally,
on Step 3, metacognitive beliefs added 13% of variance. When Steps 2 and 3
were reversed, metacognitive beliefs explained an additional 32% of variance in
test anxiety severity on Step 2, over age and gender, while IU then explained a
further 2% of variance on Step 3. The final model accounted for 40% of variance
in test anxiety severity (R? = .40), with gender, IU, and the metacognitive belief
domains of ‘negative beliefs about the uncontrollability and worry” and
‘cognitive confidence’ making significant contributions. Regression diagnostics
revealed one multivariate outlier; this case was removed and the regression re-
run, with no changes in the pattern of results found. Regression diagnostics also
revealed no cases exerted undue influences or leverage, residuals were normally
distributed, and no autocorrelation, presence of multicollinearity, or
heteroscedasticity was found.

A test of equality of regression coefficients was used to determine which
belief domain made the largest contribution to the final regression model.
‘negative beliefs about uncontrollability and danger of worry’ made a
significantly greater unique contribution to test severity than 1U (F[1, 672] =
32.45, p =.001) and ‘cognitive confidence’ (F[1, 672] = 35.59, p = .001). There
was no significant difference in the unique contribution of IU and ‘cognitive

confidence’ to test anxiety severity.
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Table 5.3. Statistics for each step of the regression, predicting test anxiety (n = 668)

Model statistics Parameter estimates
Step Variable AR? AF p B b (95% CI BCa) P
1. .06 2260 <.001
Age .00 -0.01 (-0.37, 0.34) 976
Gender -25 -8.33(-10.64,-6.06) <.001
2. 20 181.74 <.001
Age 02 0.09 (-0.25,0.41)  .601
Gender -.22 -7.36 (-9.37,-5.35) <.001
IUS-12 45 0.66 (0.56,0.75) <.001
3. A3 2948 <.001
Age -.01 -0.04 (-0.35, 0.26) 823
Gender -.16 -5.12 (-6.98, -3.18) <.001
IUS-12 18 0.27 (0.15,0.38) <.001
MCQ-30-POS 01 0.03 (-0.20, 0.27) 173
MCQ-30-NEG 42 1.21(0.95,145) <.001
MCQ-30-CC A5 0.46 (0.26,0.67) <.001
MCQ-30-NC -.05 -0.19 (-0.53, 0.15) .255
MCQ-30-CSC -.02 -0.09 (-0.35, 0.18) 526

Notes.

BCa 95% CI = Bias corrected and accelerated 95% confidence intervals; TAI = Test
Anxiety Inventory; IUS = Intolerance of Uncertainty Scale — 12; MCQ =Metacognitions
Questionnaire — 30; POS = Positive beliefs about worry; NEG = Negative beliefs about
the uncontrollability and danger of worry; CC = Cognitive Confidence; NC = Need to

control thoughts; CSC = Cognitive Self-consciousness.

146



5.4 Discussion

This study is the first to examine the relative contributions of 1U and
metacognitive beliefs to test anxiety, in order to develop a better understanding
of test anxiety among university students as a first step towards developing a
new, more efficacious intervention than currently exists. Females reported
significantly greater test anxiety than males, and both 1U and metacognitive
beliefs were significantly positively correlated with test anxiety, even when
controlling for gender. Gender, 1U and the metacognitive belief domains of
‘negative beliefs about the uncontrollability and danger of worry’ and ‘cognitive
confidence’ all made significant unique contributions to test anxiety. Of the
significant independent contributors to test anxiety, ‘negative beliefs about the
uncontrollability and danger of worry’ made the largest unique contribution to
the final regression model.

These results provide empirical support for both the IU and S-REF
models. However, results specify a greater role for maladaptive metacognitive
beliefs in test anxiety. Specifically, after controlling for 1U, metacognitive beliefs
explained an additional 13% of variance of test anxiety severity, but when the
order was reversed, 1U was only able to explain an additional 2% in variance
after metacognitive beliefs were controlled. Moreover, the final regression model
indicated ‘negative beliefs about uncontrollability and danger of worry’, which
lock individuals into cycles of negative thinking, such as worrying about the
consequences of failing a test, and particularly important to test anxiety. If
individuals believe their worry is uncontrollable, they will not attempt to cease it
and reorient towards being focused on the test and will therefore suffer the

consequent damage to their test performance. Therefore, modification of
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‘negative beliefs about uncontrollability and danger of worry” would be
important in alleviating test anxiety. U also contributed to test anxiety, which is
consistent with previous findings (Study 1, Chapter 4). This indicates that
difficulty tolerating the uncertainty of the tests and their consequences is a
significant contributory factor to test anxiety and suggests that students need help
in formulating and enacting effective coping strategies to deal with uncertainty.
Distrust in one’s memory, or ‘cognitive confidence’ was also significantly
associated with test anxiety. This is perhaps not surprisingly given that student’s
often report ‘mind blanks’ in test situations (Galassi, Frierson, & Sharer, 1981a
cf. Zeidner, 1998). Moreover, as anxiety interferes with cognitive performance
(including working memory) and test taking (Angelidis, et al., 2019; Maloney,
Sattizahn, & Beilock, 2014; Moran, 2016; von der Embse et al., 2018), it may
lead highly test anxious individuals to doubt their mental abilities, including their
memory. However, the relationship between subjective confidence in one’s
memory and actual memory performance is tenuous at best (Kurdi et al., 2017).
Interventions for test anxiety should therefore seek to address metacognitive
memory judgements. It is possible that modification of both metacognitive

beliefs and U are needed to reduce the severity of test anxiety.

5.4.1 Limitations of this study

This study has two primary limitations. First, although the sample size
was adequate, there were a relatively high proportion of females (71%), which
may bias findings given that females report greater test anxiety severity than
males. Second, and most importantly, though a cross-sectional design is

appropriate for elucidating unique contributions of 1U and metacognitive beliefs
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in typical test anxiety reactions (i.e., trait test anxiety), prospective designs that
examine if intolerance and metacognitive beliefs are causal predictors of test

anxiety severity in test situations (i.e., ‘state’ test anxiety) are now required.

5.4.2 Conclusions

Overall, both U and metacognitive beliefs are implicated in test anxiety,
and so the U and S-REF models appear applicable to test anxiety. However, as a
cross-sectional design was used in this study, directional inferences on the role of
IU and metacognitive beliefs cannot be drawn. Therefore, it is important to

investigate if IU and metacognitive beliefs can prospectively predict test anxiety.
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Chapter Six
Do intolerance of uncertainty and metacognitive beliefs predict test anxiety in
university students, and does test anxiety mediate their relationship to test

performance?
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6.1 Introduction

The previous study (see Chapter 5) found both intolerance of uncertainty
(1U) and the metacognitive beliefs of ‘negative beliefs about the uncontrollability
and danger of worry’ and ‘cognitive confidence’ were significantly associated
with test anxiety, with ‘negative beliefs about the uncontrollability and danger of
worry’ being most strongly associated. However, the study used a cross-sectional
design so the directionality of effects could not be drawn; whilst it is
hypothesized that 1U or metacognitive beliefs result in test anxiety, it may be that
test anxiety leads to IU or metacognitive beliefs. This study addresses this
limitation by using a prospective research design to examine if IU and
metacognitive beliefs predict test anxiety. Another goal of the current study is to
explore the relationships between these beliefs, test anxiety, and test performance
in an Objective Structured Clinical Examination (OSCE). Objective Structured
Clinical Examinations (OSCEs) are the main form of assessment in
undergraduate medical and dental education (Newble, 2004). In OSCEs, students
demonstrate their clinical skills and underpinning knowledge across a series of
tasks, usually while being observed by an examiner (Gormley, 2011). All
candidates are presented with the same tasks, under the same conditions, and are
assessed using structured marking schemes (Harden & Glesson, 1979; Gormley,
2011). Clinical competencies that may be assessed included: communication and
medical history taking (e.g., gathering information from a patient presenting with
breathing difficulties), physical examination skills (e.g., performing a respiratory
examination), clinical reasoning (e.g., interpreting clinical data, determining
likely diagnosis and management plan), and practical and technical skills (e.g.,

carry out peak flow respiratory function test). Structured assessment in this way
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reduces the bias and lack of reliability of conducting assessments on clinical

placements (Gormley, 2011).

6.1.1 Aims and hypotheses

The aims of this study are twofold: (i) to examine if IU and metacognitive
beliefs prospectively predict test anxiety, and (ii) examine the relationships
between 1U/metacognitive beliefs, test anxiety, and test performance. The
following predictions, derived from the Self-Regulatory Executive Function (S-
REF; Wells & Matthews, 1994, 1996) model are made: (1) both 1U and
metacognitive beliefs will predict test anxiety, (2) metacognitive beliefs will
prospectively contribute to test anxiety over-and-above U, (3) ‘negative beliefs
about the uncontrollability and danger of worry’ will be the strongest predictor of
state test anxiety, and (4) test anxiety will significantly mediate the relationship
between maladaptive metacognitive beliefs and 1U, and test performance. As
past research has shown worry is more strongly associated with test performance
than emotionality (Hembree, 1988; von der Embse et al., 2018), the impact of

both dimensions on test performance was examined.

6.2. Method
6.2.1 Participants and Procedure

Participants were undergraduate medical students at the University of
Liverpool. Students were asked to complete self-report questionnaires at two
time points, approximately three months apart (M = 96 days). At Time 1, during
term time, students completed online questionnaires assessing their IU and

metacognitive beliefs. At Time 2, students completed paper versions of
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guestionnaires assessing their state test anxiety, approximately 30 minutes prior
to sitting their summative OSCE (Time 3). At the University of Liverpool,
students in Years 2 — 4 sit a summative OSCE. Participation was voluntary and
students could withdraw at any time. This study was approved by the University
of Liverpool’s ethics committee. Informed consent was obtained from all

participants.

6.2.2 Measures
6.2.2.1 State-Trait Inventory for Cognitive and Somatic Anxiety — State Subscale
(STICSA-S; Ree et al., 2008).

The STICSA-S consists of 21 items assessing an individual’s state
anxiety. It has two subscales: (i) Cognitive State Anxiety (STICSA-Cog), which
consists of 10 items (e.g., “I think the worst will happen”), and (i1) Somatic State
Anxiety (STICSA-Som), which consists of 11 items (e.g., “My breathing is fast
and shallow”). Participants indicate how much they agree with each statement at
the time of completion on a 4-point scale from 1 (“not at all”) to 4 (“very much
s0”). Scores can range from 21-84, with higher scores indicating greater state
anxiety. Internal consistency of the STICSA-S in this study, as measured by
Cronbach’s alpha, was .94. The STICSA-S has sound psychometric properties
and has previously been used to measure state test anxiety (Gros et al., 2007; Ree

et al., 2008).
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6.2.2.2 Intolerance of Uncertainty Scale — 12 (1US-12; Carleton, Norton, &
Asmundson, 2007).

The 1US-12 consists of 12 items assessing IU (e.g., “When I am
uncertain, I can’t function very well”). Participants indicate how much they agree
with each statement on a 5-point scale from 1 (“Not at all characteristic of me”)
to 5 (“Entirely characteristic of me”). Scores range from 12-60, with higher
scores indicating greater IU. The IUS-12 has sound psychometric properties
(Carleton, Norton, & Asmundson, 2007; Roma & Hope, 2017; Huntley et al.,
2020). Internal consistencies of the IUS-12 subscales in this study, as measured

by Cronbach’s alpha, ranged from .73 to .85.

6.2.2.3 Metacognitions Questionnaire — 30 (MCQ-30; Wells & Cartwright-
Hatton, 2004).

The MCQ-30 consists of 30 items assessing maladaptive metacognitive
beliefs and processes. It has five subscales: (i) ‘positive beliefs about worry’
(e.g., “Worrying helps me cope™); (ii) ‘negative beliefs about uncontrollability
and danger of worry’ (e.g., “When I start worrying, I cannot stop™); (iii)
‘cognitive confidence’ (e.g., “I have a poor memory™); (iv) ‘need to control
thoughts’ (e.g., “I should be in control of my thoughts all the time”); and (v)
‘cognitive self-consciousness’ (e.g., “I monitor my thoughts”). Participants
indicate how much they generally agree with each statement on a 4-point scale
from 1 (“Do not agree”) to 4 (“Agree very much”). Subscale scores range from
6-24, with higher scores indicating greater maladaptive metacognitive beliefs.

The MCQ-30 has sound psychometric properties (Wells & Cartwright-Hatton,
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2004; Huntley et al., 2020). Internal consistencies of the MCQ-30 subscales in

this study, as measured by Cronbach’s alpha, ranged from .69 to .89.

6.2.3 Data analysis strategy

Firstly, variable data were screened. Normality was checked by visual
inspection of histograms and kurtosis and skewness statistics. Box plots were
inspected for outliers.

Differences in scores on dependent and independent variables between
genders were explored using independent t-tests. Given multiple independent t-
tests are conducted, a Bonferroni correction was applied. Here, the alpha of .05
was divided by 7, the number of tests conducted, to yield a Bonferroni corrected
alpha of .001 (rounded up). Associations between 1U, metacognitive beliefs, and
state test anxiety were examined using Pearson’s r correlations.

Hierarchical multiple linear regression analyses were used to test the
main hypotheses that Time 1 U and metacognitive beliefs would predict state
test anxiety, and that metacognitive beliefs would explain additional variance in
Time 2 state test anxiety, after first controlling for gender and Time 1 1U.
Variables were entered in the regression model in the following steps: (1) gender,
(2) Time 1 1U (1US-12), and finally (3) Time 1 metacognitive beliefs.
Additionally, steps 2 and 3 were then reversed to see if the IU explained
additional variance over-and-above maladaptive metacognitive beliefs. The entry
method was used to enter variables into the model. The statistical significance of
R?change Was used to assess if additional variance had been explained.

The following regression diagnostics were used to assess the validity of

the model (see Field, 2009): (i) Pearson’s r correlations, variance inflation
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factors (VIFs), and tolerance statistics assessed multicollinearity, where
correlations greater than 0.8, VIFs greater than 10, and tolerance values less than
.2 indicate multicollinearity; (ii) independent of errors was assessed by the
Durban-Watson statistics, where values between 1 and 3 indicate the assumption
is satisfied; (iii) assumption of normally distributed errors was assessed via
visual inspection of the standardized residual errors histogram; (iv)
heteroscedasticity was assessed via visual inspection of standardized residual-
standardized residual error plot; (v) Mahalanobis were used to assess leverage of
cases, with values greater than 15 problematic in samples of 100; and (v) Cook’s
distances assessed influential cases, with values greater than 1 cause for concern.
A test of equality of regression coefficients was used to examine if ‘Negative
beliefs about the uncontrollability and danger of worry’ made a significantly
larger contribution to the final model than other statistically significant
predictors.

The PROCESS plugin (Hayes, 2018) was used to test the hypotheses that
the test anxiety components of worry and somatic symptoms will mediate the
relationship between the metacognitive/lU beliefs and OSCE performance.
OSCE scores were standardized (M =50, SD = 15) before analyses. The
significance of the indirect relationships between metacognitive beliefs and 1U,
and OSCE performance via worry or somatic symptoms was assessed by Aroian
test statistic (i.e., this statistic tests if the mediator ‘carries’ the effect from the
predictor to the outcome variable). The Aroian test has the advantage over the
traditional Sobel mediation test as it does not make the assumption that the
product of the standard errors between the predictor-mediator and mediator-

outcome variable are vanishingly small (MacKinnon et al., 2002).
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Robust estimation, using bias corrected and accelerated bootstrapping
techniques, which adjust for bias and skewness in the bootstrap distribution, were

used in both regression and mediation analyses (based upon 5,000 samples).

6.3 Results
6.3.1 Sample characteristics

Of the 174 participants who took part in Time 1, 134 (77%) did so again
at Time 2. Of those who completed measures across both time points, 95 (71%)
were female and 38 (29%) were male, with one participant not responding. The
mean age of the sample was 21.12 years (SD = 2.33). With regards to ethnicity,
95 (71%) identified as White, 13 (10%) as from the Asian subcontinent, eight
(6%) as Chinese, seven (5%) as Black, seven (5%) as dual heritage, three (2%) as
being from another ethnic group, and one participant did not respond. The
demographic composition of the sample at Time 2 did not differ markedly from

that of Time 1 (see Table 6.1).

6.3.2 Descriptive statistics

Data screening revealed all variables were normally distributed except
‘positive beliefs about worry’, ‘negative beliefs about the uncontrollability and
danger of worry’, and ‘cognitive confidence’ which were positively skewed.
Inspection of box plots revealed no univariate outliers.

Descriptive statistics and correlations are presented in Table 6.2.
Independent t-tests revealed significant gender differences in scores, with
females reporting significantly greater state test anxiety (Mfemate = 49.91 VS. Mmale

=42.87,1[131] = 2.81, p =.006,), and ‘negative beliefs about uncontrollability
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and danger of worry’ (Mfemale = 14.09 vS. Mmale = 11.37, t[131] = 2.98, p =.003),
while males reported significantly greater ‘cognitive self-consciousness’ (Mfemale
= 14.81 vs. Mmate = 16.26, t[131] = -2.04, p = .044). All correlations were
statistically significant except between ‘cognitive confidence’ and the following
variables: ‘positive beliefs about worry’, and ‘cognitive self-consciousness’, and
also cognitive confidence and IU when controlling for gender. Age did not
significantly correlate with any study variable. One-way ANOVAs found no
significant differences in study variable scores based on the year of study a

participant was in.
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Table 6.1. Sample characteristics at Time 1 (n = 175) and Time 2 (n = 134).

Variable Time 1 Time 2
Age: M (SD) 20.98 (2.37) 21.12 (2.33)
Gender: Female % (n) 72.0% (126) 70.9% (95)
Male % (n) 26.9% (47) 28.4% (38)
Year of study:  Year 2 54.9% (96) 50.7% (68)
Year 3 28.6% (50) 28.4% (38)
Year 4 16.0% (28) 20.1% (27)
Ethnicity: White (British, Irish, other) 74.3% (130) 70.9% (95)
Indian subcontinent 9.7% (17) 9.7% (13)
Chinese or Asian 5.1% (9) 6.0% (8)
Black (British, other) 4.6% (8) 5.2% (7)
Other ethnic group 1.7% (3) 2.2% (3)
Mixed heritage 4.0% (7) 5.2% (7)
Notes.

Missing at Time 1: age, n = 2; gender, n = 3; year of study, n = 1; ethnicity, n = 2;

Missing at Time 2: age, n = 0; gender, n = 1; year of study, n = 1; ethnicity, n = 1.
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Table 6.2. Intercorrelations and descriptive statistics between study variables (n = 133).

Variable 1. 2. 3. 4. 5. 6. 7. Female (n = 95) Male (n =38)  Gender difference
M (SD) M (SD) (t-test)

1. T2 STICSA-S - 33*F** 18* B63*** . 20* 19* 18* 49.91 (12.54) 42.87 (14.24)  2.81**

2. T11US-12 33xrx 3xFx AfFxk 17x BlERx gEx 31.86 (9.23) 30.87 (8.97) 057

3. T1 MCQ-30-POS  .21* RIS 30*** 01 24** 18* 12.43 (4.35) 13.55(5.11)  -1.28

4. T1 MCQ-30-NEG  .61***  44***  35*** . BLFEXE QoxF* RSN Rakakad 14.09 (4.94) 11.37 (4.30) 2.98**

5. T1 MCQ-30-CC 19* A7 .02 B0*F** - 29%* .03 11.28 (4.14) 10.63 (4.61) 0.79

6. TLMCQ-30-NC ~ .22%  52%*% 3%x  fApx**  30%* . 38xHx 11.76 (3.40) 12.42 (3.66)  -0.99

7. T1 MCQ-30-CSC  .23**  31*** .16 37F* .04 TF** - 14.81 (3.55) 16.26 (4.12) -2.04*

Notes.

* p<.05, **p<.01, ***p<.001; T1=Time 1; Time 2; STICSA-S = State-Trait Inventory of Cognitive and Somatic Anxiety — State version; MCQ =
Metacognitions Questionnaire -30; POS = ‘Positive beliefs about worry’; NEG = ‘Negative beliefs about uncontrollability and harm of worry’; CC =

‘Cognitive Confidence’; NC = ‘Need to control thoughts’; CSC = ‘Cognitive Self-Consciousness’; ITUS-12 = Intolerance of Uncertainty Scale — 12.
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6.3.3 Do metacognitive beliefs and intolerance of uncertainty predict (state)
test anxiety?

Hierarchical regressions examined the unique contribution of 1U and
metacognitive beliefs in predicting state test anxiety, as measured by the
STICSA-S (see Table 6.3). On Step 1, gender explained 6% of the variance in
state test anxiety. On Step 2, IU explained an additional 10% of variance.
Finally, on Step 3, maladaptive metacognitive beliefs explained a further 27% of
the variance in state test anxiety. When Steps 2 and 3 were reversed,
metacognitive beliefs explained an additional 36% of variance on Step 2, while
IU did not make a statistically significant contribution on Step 3. In the final
regression model, only ‘negative beliefs about uncontrollability and danger of
worry’ (MCQ-NEG) was a significant independent predictor. The final model
explained 43% of the variance (R? = .43). Regression diagnostics supported the
validity of the final model, with no evidence of multicollinearity, autocorrelation,
or heteroscedasticity found. Moreover, no cases exerted undue influence or
leverage on the model. One multivariate outlier was found; removal of this

outlier did not change the pattern of results.

6.3.4 Does test anxiety mediate the relationship between ‘negative beliefs about
the uncontrollability and danger of worry’ and test performance?

In the mediation analyses, only ‘negative beliefs about the
uncontrollability and danger of worry” was examined as the independent
variable, as it was the only significant predictor of state test anxiety. Independent
t-tests found females reported both greater test anxiety worry (t(131) = 2.67,p =

.009) and somatic symptoms (t(131) = 2.52, p =.013) than males. Female OSCE
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performance did not significantly differ from that of males (t(131) = 0.84,p =
401).

The mediation model found ‘negative beliefs about the uncontrollability
and danger of worry’ significant predicted state test anxiety worry and somatic
symptoms (i.e., emotionality), while only worry significant and negatively
predicted OSCE performance (see Figure 6.1). Tests of the indirect pathways
found a significant indirect pathway between ‘negative beliefs about the
uncontrollability and danger of worry’ and OSCE performance via test anxiety
worry (Aroian = -3.07, p = .002) but not via somatic symptoms (Aroian = 1.19, p

= .235).
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Table 6.3. Hierarchical linear regression, predicting Time 2 state test anxiety (STICSA-

S).
Step Variable AR?> AF p b (95% BCa Cls) p p
1 .06 7.90 .006

Gender -7.04 (-12.11,- -24 .010
1.73)
2 10 16.17 <.001
Gender -6.57 (-11.41,-1.63  -.22 012
T11US-12 0.47 (0.26, 0.68) 32 <.001
3 27 1159 <.001
Gender -1.92 (-6.77,3.12)  -.07 438
T11US-12 0.20 (-0.08, 0.45) 14 154
T1 MCQ-30-POS -0.06 (-0.55,0.39) -.02 791
T1 MCQ-30-NEG 1.67 (1.17, 2.18) .61 <.001
T1 MCQ-30-CC 0.09 (-0.33, 0.48) .03 .669
T1 MCQ-30-NC -0.56 (-1.34,0.22) -.15 150
T1 MCQ-30-CSC .09 (-0.51, 0.64) .02 .780
Notes.

STICSA-S = State-Trait Inventory of Cognitive and Somatic Anxiety — State version;
MCQ = Metacognitions Questionnaire-30; POS = ‘Positive beliefs about worry’; NEG =
‘Negative beliefs about uncontrollability and harm of worry’; CC = ‘Cognitive
Confidence’; NC = ‘Need to control thoughts’; CSC = ‘Cognitive Self-Consciousness’;

IUS-12 = Intolerance of Uncertainty Scale — 12.
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Figure 6.1. Mediation model, examining if test anxiety (STICSA-S) components (Worry, Emotionality) mediate the relationship between MCQ-30 ‘Negative

beliefs about the uncontrollability and harm of worry” and OSCE performance, whilst controlling for gender.

T2 STICSA-S-Worry

T1 MCQ-30-NEG (o | OSCE performance
- - v
okok --" -
56 T2 STICSA-S- .-
Emotionality g

Notes.
* p<.05 **p<.01, ***p<.001; T1=Time 1; T2 = Time 2; MCQ-30 = Metacognitions Questionnaire — 30; NEG = ‘Negative beliefs about the
uncontrollability and danger of worry”; STICSA-S = State-Trait Inventory of Cognitive and Somatic Anxiety — State subscale; OSCE = Objective Structured

Clinical Examination.
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6.4 Discussion

This study is the first to examine the causal role of IU and maladaptive
metacognitive beliefs in test anxiety, and in turn the relationship with test
performance. Both 1U and metacognitive beliefs were significantly and
positively correlated with state test anxiety. However, metacognitive beliefs
explained significant variance (27%) in state test anxiety, after first controlling
for gender and 1U. When the order of entry was reversed U did not explain
additional variance in state test anxiety after controlling for gender and
metacognitive beliefs. In the final regression model, only the metacognitive
belief domain of ‘negative beliefs about the uncontrollability and danger of
worry’ was a significant predictor of state test anxiety, indicating it plays a
causal role in test anxiety. Finally, worry but not somatic symptoms, was a
significant and negatively associated with OSCE performance, and there was a
significant indirect pathway from ‘negative beliefs about the uncontrollability
and danger of worry’ and OSCE performance through the worry component of

state test anxiety.

6.4.1 Intolerance of uncertainty and metacognitive beliefs as predictors of test
anxiety

Findings here show that maladaptive metacognitive beliefs, but not U,
play an important role in the manifestation state test anxiety, and also establish
the direction of relationship between metacognitive beliefs and test anxiety. In
particular, ‘negative beliefs about the uncontrollability and danger of worry’
made the largest contribution in predicting distress (i.e., state test anxiety), a

finding that consistent with previous investigations of metacognitive beliefs in
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mental health populations (Sun, Zhu, & So, 2017). Students with high ‘negative
beliefs about the uncontrollability and danger of worry’ will feel they are unable
to terminate or suspend their worry, which will have the effect of elevating and
maintaining their test anxiety, and therefore interfering with their examination

performance.

6.4.2 The relationship between metacognitive beliefs, test anxiety, and test
performance

This hypothesis is supported by the findings of the mediational analysis
that showed worry led to significantly worse OSCE performance, and that worry
was predicted by ‘negative beliefs about the uncontrollability and danger of
worry’. No significant relationship between somatic anxiety symptoms (i.e.,
emotionality) and OSCE performance was found. These findings add to the long
list of research that shows that worry is the main feature of test anxiety and one
of the key drivers behind poor performance in test situations (Cassady &
Johnson, 2002; von der Embse et al., 2018). This study extends previous findings
to show that ‘negative beliefs about the uncontrollability and danger of worry’ is
a significant driver of worry and therefore should be the target of therapeutic
modification. It also first study and the first to examine the impact of test anxiety

upon OSCE performance.

6.4.3 Limitations of current study
The current study has several limitations. The sample size is relatively
small which may affect the stability of estimates. Sampling bias is indicated

given the majority of the sample was female, and females in this study reported
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greater state test anxiety than males. Future studies should seek to replicate the
findings here, namely worry but not emotionality negatively impacts OSCE
performance, in larger samples. Although the central components of both the 1U
and S-REF models were examined (i.e., IU and metacognitive beliefs
respectively), it may be fruitful in future studies to also assess the other
components of both models (e.g., assessing aspects of the Cognitive Attentional

Syndrome in the S-REF model).

6.4.4. Conclusions

Overall, it appears that metacognitive beliefs, but not 1U, are an important
determinant of test anxiety in university students, and specifically medical
students. Thus, findings here provide support for the S-REF model but not the 1U
model. Moreover, the worry, but not the emotionality dimension, of test anxiety

is associated with poorer OSCE performance.
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Chapter Seven:

General Discussion
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7.1 Introduction and re-orientation to thesis aims

Test anxiety impairs examination performance and is associated with
other mental health problems. It is therefore important to reduce test anxiety.
However, the efficacy of different intervention approaches for test-anxious
university students was not known. Therefore, the first aim of this thesis was to
examine the relative efficacy of interventions for test anxiety compared to
control conditions for (i) reducing test anxiety, and (ii) improving test and
academic performance.

The second overarching aim was to explore the utility of two
transdiagnostic psychological models of emotional disorder, the Intolerance of
Uncertainty (IU) and Self-Regulatory Executive Function (S-REF) models, to
better understand test anxiety. Each model proposed different beliefs that result
in worry and anxiety, with negative beliefs about uncertainty key to the 1U
model, and metacognitive beliefs central to the S-REF model. Although both
models have been extensively evaluated in mental health disorders (Sun et al.,
2017; Shihata et al., 2016), little research had investigated their applicability to
test anxiety. This thesis therefore represents the first systematic investigation of
the comparative utility of the IU and S-REF models to test anxiety. Hypotheses
derived from these models are examined in a series of linked cross-sectional
(studies 2 and 3) and prospective (study 4) empirical studies. The main findings

and implications of these studies are discussed below.
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7.2 How efficacious are existing interventions for test anxious university
students?

Many interventions for treating test-anxious university student had been
evaluated in randomized controlled trials (RCTs). Though two meta-analyses had
examined the efficacy of interventions for test anxiety (Hembree, 1988; Ergene,
2003) they had severe methodological limitations. The primary limitation was
that both meta-analyses either synthesized data from all educational stages (i.e.,
from primary/elementary school up to university level) when examining efficacy
of different intervention approaches (Hembree, 1988; Ergene, 2003) or
synthesized across all intervention approaches for university students (Ergene,
2003). This meant the efficacy of different intervention approaches for test
anxious university was unknown. Therefore, an up-to-date meta-analysis that
conformed to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA; Moher et al., 2009; Page et al., 2020) standards for
methodological and reporting rigour was required (study 1).

Systematic searches located 44 eligible RCTs with sufficient data to be
included in the meta-analyses. Psychological and educational interventions were
significantly superior to control conditions for reducing test anxiety at post-
treatment and follow-up, and for reducing state test anxiety assessed before
examinations. Interventions were also significantly superior to control conditions
for improving academic performance at post-treatment but not at follow-up.
Overall, interventions achieved moderate effects (g = -0.76) for reducing test
anxiety but had weak effects for improving academic performance (g = 0.37).
Despite these largely positive findings, the meta-analytic review highlighted five

key points of concern that suggests that intervention effects are weaker that
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results indicate. First, evidence of publication bias was found, suggesting studies
with less promising results have not been published (i.e., the file-drawer effect).
Second, inspection of the forest plots often led to the identification of outliers.
For example, when examining the efficacy of interventions for reducing test
anxiety at post-treatment, three outliers were identified, and removal of these
studies led the summary effect size (Hedges’ g) reducing substantially, from -
0.76 to -0.64. Third, methodological quality assessments found only 16% of
items were rated as low risk-of-bias. It is well established that poorer conducted
trials produce stronger effect sizes than higher quality trials (Krauss, 2018).
Fourth, sample sizes of the included studies were relatively small (means of 15.8
and 17.1 participants in active and control conditions respectively), and smaller
samples result in greater bias in outcomes (Borenstein et al., 2009). Fifth, firm
conclusions about the longer-term efficacy of interventions cannot be drawn as
only 34% studies had follow-up assessments, and the mean follow-up period was
just 9.4 weeks. Overall, the quality of studies was poor. It is likely then that
effect sizes are inflated, and current interventions achieve moderate effect sizes
at best. Therefore, more efficacious interventions are needed, and ultimately

larger, higher quality RCTs are required to evaluate these new interventions.

7.3 Validity of the MCQ-30 and 1US-12 among UK university students

The meta-analytic review identified the need to develop more efficacious
interventions for test anxiety in university students. It was also apparent that
none of the included interventions were based on models that could explain the
initiation and maintenance of worry, the core feature of test anxiety. Two

prominent models of emotional disorder that can explain worry and anxiety are
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the IU and S-REF models. Before predictions from these two models could be
tested it was important to first establish the validity of the primary measures of
IU and metacognitive beliefs, the Intolerance of Uncertainty Scale — 12 (1US-12)
and the Metacognitions Questionnaire — 30 (MCQ-30). The factor structure and
concurrent associations with both trait and state test anxiety were examined for
both the MCQ-30 and 1US-12 in UK university student samples (Study 2). The
published factor structures of both the MCQ-30 and 1US-12 were confirmed.
Concurrent associations between 1U and metacognitive, and test anxiety were
examined using structural equation modeling. The metacognitive beliefs
‘positive beliefs about worry’, ‘negative beliefs about the uncontrollability and
danger of worry’, and ‘cognitive confidence’ were significantly and positively
associated with both trait and state test anxiety, while ‘need to control thoughts’
was significantly negatively associated with test anxiety in the state sample only.
IU was significantly and positively associated with state and trait test anxiety.
Results suggest that both the MCQ-30 and IUS-12 are valid questionnaires to use

among UK university student samples.

7.4. Testing theoretical predictions derived from the S-REF model

With support for the validity of the MCQ-30 and 1US-12 established,
these questionnaires were subsequently used to test predictions derived from the
S-REF model. The S-REF model proposes that beliefs involved in the regulation
of cognition (i.e., metacognition) are more important to the manifestation of
emotional disorder than beliefs in the cognitive domain (i.e., IU). Four
overarching predictions were tested across the two linked cross-sectional (Study

3) and prospective studies (Study 4):
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Q) IU and metacognitive beliefs will be associated with test
anxiety
(i) Metacognitive beliefs will explain additional variance in test
anxiety over-and-above 1U
(iii)  The metacognitive belief domain ‘negative beliefs about the
uncontrollability and danger of worry’ will be the largest
unique predictor in the final regression models
(iv)  The relationship between ‘negative beliefs about the
uncontrollability and danger of worry’ and test performance
will be mediated by test anxiety
Study-specific findings have been discussed in Chapters 5 and 6. Here, findings
are collated and discussed with respect to the four overarching predictions stated

above.

7.4.1 Current and prospective associations of 1U and metacognitive beliefs with
test anxiety

Both U and metacognitive beliefs were hypothesized to be significantly
associated with test anxiety. This hypothesis was examined cross-sectionally
with trait test anxiety the outcome variable (Study 3, Chapter 5) and
prospectively where state test anxiety was the outcome variable (Study 4,
Chapter 6).

All U and metacognitive beliefs were consistently significantly and
positively correlated with trait and state test anxiety.

Regression modelling found, as predicted, ‘negative beliefs about

uncontrollability and danger of worry’ were most strongly associated with both

173



trait and state test anxiety. ‘Cognitive confidence’ and IU were found to be
significantly associated with trait but not state test anxiety. Neither ‘positive
beliefs about worry’, ‘need to control thoughts’ nor ‘cognitive self-
consciousness’ were associated with trait or state test anxiety.

Overall, findings are consistent with predictions derived from the S-REF
model, which propose that ‘negative beliefs about the uncontrollability and
danger of worry’ maintain and exacerbate distress (i.e., test anxiety in this case).
Findings also suggest that ‘cognitive confidence’ and IU may be implicated in
test anxiety. Students who think their memory is poor may believe they will not
be able to recall learnt information under examination conditions, and therefore
have greater test anxiety. Likewise, uncertainty about the examination (e.g.,
format, difficulty) may also lead to greater test anxiety. However, the case for U
and ‘cognitive confidence’ being critical to the manifestation of test anxiety is
weaker given that evidence for these beliefs is derived from cross-sectional data

only.

7.4.2 Metacognitive beliefs will explain additional variance in test anxiety over-
and-above 1U

In both Studies 3 and 4, a competitive test of the S-REF and 1U models
was conducted using hierarchical multiple linear regressions to examine the
relative contribution of IU and metacognitive beliefs in explaining variance in
test anxiety. Metacognitive beliefs were able to explain a significant amount of
additional variance in test anxiety symptom severity, over-and-above 1U, age,
and gender in both cross-sectional and prospective analyses, findings consistent

with theoretical predictions derived from the S-REF. For example, in test
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anxiety, a student may have the worry about “I am going to fail” but this thought
will naturally decay if it is not engaged with. However, metacognitive beliefs
may lead to student to engage in these types of thoughts. Worry may be initiated
due believing it to be a useful way of coping with anxiety (i.e., positive beliefs
about worry). ‘Negative beliefs about the uncontrollability and danger of worry’
will then ‘lock in’ students to worrisome thinking, elevate distress, and use
precious mental resources that would be best directed towards the examination.

IU may also play a role in test anxiety. Cross-sectionally, 1U explained a
significant, albeit small, amount of variance in test anxiety even after controlling
for metacognitive beliefs. Uncertainty about examinations may act as an initial
trigger for worry. However, prospectively 1U did not explain any significant
additional variance after controlling for metacognitive beliefs. This suggests that
IU may not play a causal role in test anxiety.

Overall, the findings here support predictions of the S-REF model that
metacognitive beliefs are more critical to test anxiety than beliefs in the ordinary
cognitive domain (i.e., beliefs about uncertainty). Put simply, how you think is

more important than what you think in manifestation of test anxiety.

7.4.3 Negative metacognitive beliefs about the uncontrollability and danger of
worry will make the largest unique contribution to test anxiety

‘Negative beliefs about the uncontrollability and danger of worry’ are
considered especially important in the S-REF model, as they perpetuate distress,
and bias efforts to try and control thinking, ultimately leading individuals to feel
they lack control of their self-regulation (Wells, 2009). These beliefs have been

consistently implicated in emotional disorders (Sun et al., 2017). In both final
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regression models (Studies 3 and 4), it was predicted that they would be the
largest unique predictor of test anxiety. This prediction was supported. These
results support the contention that negative beliefs about the uncontrollability
and danger of worry appear key in differentiating highly test anxious from their
less test anxious peers (Herzer et al., 2015). Although many students may worry,
it is only those with high negative beliefs about worry that will struggle to
disengage from worry. Overall, these findings support the notion that ‘negative
beliefs about the uncontrollability and danger of worry’ are particularly
important in the manifestation and perpetuation of distress. Interventions for test
anxious university student should try to reduce the strength of these beliefs if

they are to successfully treat test anxiety.

7.4.4 The relationship between ‘negative beliefs about the uncontrollability and
danger of worry’ and examination performance will be mediated by test
anxiety

‘Negative beliefs about the uncontrollability and danger of worry’ was
found to be the only significant prospective predictor of test anxiety (Study 4). It
was hypothesized that the relationship between examination performance and
‘negative beliefs about the uncontrollability and danger of worry’ would be
mediated by test anxiety. Mediation modelling found there was a significant
indirect effect from ‘negative beliefs about the uncontrollability and danger of
worry’ via the worry dimension but not emotionality dimension of test anxiety,
to examination performance. Consistent with the wider test anxiety literature,
worry was associated with impaired examination performance. Persistent non-

task thinking will ultimately interfere with a student’s ability to successfully
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respond correctly in examinations. OSCEs demand a high cognitive load. For
example, students may be asked to calculate correct drug dosages whilst still
engaging effectively with the patient, all in the presence of an examiner.
Therefore, test anxious students undertaking OSCEs may be particularly at risk

of poorer performance compared to more traditional examination formats.

7.5 Limitations of studies within this thesis

Findings here showed that existing interventions for test anxious students
have limited efficacy and therefore new interventions are required. The empirical
studies here began to illustrate the applicability of two widely used
transdiagnostic models of emotional disorders to test anxiety. Overall, results
offered greater support for the applicability S-REF model in test anxiety than the
IU model, and these findings may inform the development of future interventions
to relieve test anxiety. However, there are several limitations that deserve

attention.

7.5.1 Limitations of the meta-analysis

This meta-analysis was the first to examine the relative efficacy of
different therapeutic approaches (e.g., BT) for treating test anxiety. However, it
may be fruitful in the future to examine the relative efficacy of more specific
interventions (e.g., systematic desensitization). New statistical technigques such as
network meta-analysis have been developed that enable statistical comparisons
of intervention outcomes, even if direct comparisons had not been examined in
RCTs (Efthimiou et al., 2016). However, such statistical techniques are still

developing, as they have been subjected to criticisms that they lead to inflated
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and overconfident statements of relative intervention effects (Efthimiou &
White, 2019).

The meta-analysis included a substantial number of RCTs (k = 44).
However, another 34 RCTs were identified that met eligibility criteria but could
not be included due to insufficient available data. This may bias results of this
meta-analysis as it is likely inadequately reported RCTs may not have been
conducted with the same methodological rigour as better reported RCTSs.
Furthermore, the loss of data from these studies represents a serious loss of
information to the test anxiety literature.

Future RCTs should be conducted and reported to the highest standards to
help ‘sell” the interventions to educators and wellbeing services. These RCTs
should be guided by Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT; Chan et al., 2013) and Consolidated Standards of
Reporting Trials (CONSORT; Moher et al., 2010) guidance for developing a trial
protocol and reporting trial results respectively. These guidance documents are
primarily oriented towards medical clinical trials, so additional factors will need
to be accounted for in the planning of psychological oriented interventions, such
as the production of a therapeutic manual, and checks on therapist competence

and adherence to the intervention protocol (Ost, 2008).

7.5.2 Limitations in empirical studies testing theoretical models

This thesis investigated the key beliefs emphasized by the 1U and S-REF
models. However, as specified in Chapter 3, both models include other
components. Positive worry beliefs, negative problem orientation, cognitive

avoidance, and safety behaviours form part of the IU model (Dugas et al., 1998;
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Hebert & Dugas, 2019), while the cognitive attentional syndrome (CAS), which
consists of perseverative thinking, threat monitoring, and maladaptive coping
efforts, is central to the S-REF model. To gain a fuller understanding of both
models, future research should and model the relationships between all
components, other key variables (e.g., gender), and test anxiety.

Another significant methodological limitation is the cross-sectional
nature of studies 2 and 3. This research design does not permit causal inferences
to be drawn. Thus, although hypotheses imply causality in one direction (i.e., IU
and metacognitive beliefs lead to test anxiety), it may that test anxiety gives rise
to IU and metacognitive beliefs. This is unlikely, given that temporal precedence
of 1IU and metacognitive beliefs to other emotional disorders has been
demonstrated (e.g., Papageorgiou & Wells, 2009), but it cannot be ruled out.
Study 4 addressed this issue by using a prospective research design. Indeed, a
different pattern of results emerged with only ‘negative beliefs about the
uncontrollability and danger of worry’ predicting test anxiety in the prospective
design (Chapter 6) but gender, 1U beliefs, ‘negative beliefs about the
uncontrollability and danger of worry’, and ‘cognitive confidence’ were all
predictors in the cross-sectional design (study 3, Chapter 5).

A further issue is that while trait test anxiety was the outcome in study 3,
state test anxiety was the outcome variable in study 4. It may be that ‘negative
beliefs about the uncontrollability and danger of worry’ were only a significant
predictor in this sample, but the other variables are all important factors in the
general propensity to experience test anxiety (i.e., trait test anxiety). Further
prospective and longitudinal research to examine the causal role of IU and

metacognitive beliefs is now required.
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7.5.3 Sample representativeness

In all datasets there was a predominance of female participants of around
70% of the total samples, representing a respondent bias. It is unclear why this
occurred. Perhaps one reason is that females tend to report greater test anxiety
than males, and it may be that they hoped to gain understanding of their test
anxiety through completion of the study questionnaires. The differential gender
response rates may bias statistical estimates given females report greater test
anxiety severity than males (Hembre, 1988; Seipp & Schwarzer, 1996). It should
be noted that test anxiety study samples do frequently comprise a greater
proportion of females (e.g., Pate et al., 2021; von der Embse, Putwain, & Francis,
2021). Additionally, most participants in the studies were of White British
heritage. To further generalize results found here larger, more representative
samples, and samples from different countries, cultures, and contexts are

required.

7.5.4 Examining the relationships between 1U and metacognitive beliefs and
other putative factors involved in test anxiety and test performance

Several other cognitive and personality-related factors have been linked
to test anxiety, and is important to examine their relationships with IU and
metacognitive beliefs. For example, self-efficacy is significantly positively
associated with university academic performance (Richardson et al., 2010).
Lower self-efficacy is associated with higher test anxiety (e.g., Yerdelen,
McCaffrey, Klassen, 2016), while procrastination is positively associated with

test anxiety (Van Eerde, 2003; Steel, 2007). Therefore, examination of the
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relationships between maladaptive metacognitive beliefs, self-efficacy, and
procrastination, and test anxiety may illuminate if these constructs interact and
whether a temporal causal relationship exists between them (e.g., does
perseverate thinking mediate the relationships between metacognitive beliefs and
procrastination, self-efficacy, and test anxiety?). Overall, it would be expedient
to examine a broader range of variables involved in learning and test anxiety in
future research whilst examining the IU and S-REF models. A more complete
understanding of test anxiety correlates, concomitments, and consequences,

would help identify pertinent outcomes for intervention studies.

7.6 Future research development in higher education settings

There are two broad but overlapping areas for future research. The
Medical Research Council (MRC; Craig et al., 2008; O’Cathain et al., 2019)
offers a framework for the development and evaluation of complex interventions
that is considered best practice. The framework advocates a systematic approach
to the development of interventions. The framework was presented in Chapter 1
but he re-presented here. The framework consists of four phases (Figure 7.1).
Phase 1 involves establishing what is known about current interventions and if
new interventions are needed. If new interventions are needed, then theoretical
models should be identified, applied, and empirically tested. Phase 2 comprises
developing an intervention based upon the theoretical model, examining its
feasibility, and conducting pilot tests (e.g., to check on acceptability of the
treatment and possible side effects). Phase 3 requires formal evaluation of the
intervention, typically via a RCT. Finally, Phase 4 entails the implementation

and evaluation of the intervention into routine practice.
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Figure 7.1. Medical Research Council Framework for developing and evaluating

complex interventions.

Feasibility and piloting

* Testing procedures

= Estimating recruitment and retention
* Determining sample size

Development Evaluation
= ldentifying the evidence base *  Assessing effectiveness
= |dentifying or developing theary * Understanding change process
* Modelling process and outcomes + Assessing cost effectiveness
Implementation
* Dissemination

*  Surveillance and monitoring
*  Long-term follow-up

7.6.1. Further empirical tests of theoretical models of test anxiety

This thesis has fulfilled the most of aims of Phase 1 (development). That
is, the meta-analysis here established what is known about current interventions
and identified the need for more efficacious interventions. The applicability of
two psychological models to test anxiety were then empirically examined.
Findings offered promising support for the S-REF model. However, further
investigation S-REF model is still required. Firstly, there is a need to examine
whether the CAS mediates the relationship between metacognitive beliefs and
test anxiety. Currently, the only all-in-one questionnaire of the CAS is the CAS-1
(Wells, 2009). The CAS-1 consists of non-disorder specific items assesses key
aspects of the CAS. Disorder specific versions of the CAS exist for GAD, PTSD,
OCD, and MDD (Wells, 2009). It is important to have sufficiently specific
measures to accurately examine relationships between psychological constructs
in test anxiety, and therefore a test anxiety specific version of the CAS-1 should

be developed and validated.

182



Secondly, and extending from the recommendation above, further
prospective, and longitudinal, research is required. The time interval between
Time 1 and Time 2 in the prospective study in this thesis was relatively short at
approximately three months. Studies with longer follow-up periods, and at least
three waves of data collection, would permit explication of the temporal
relationships between metacognitive beliefs, CAS processes, and test anxiety.

Thirdly, experimental studies are needed to examine the causal
relationships between metacognitive beliefs and test anxiety. Manipulation of
metacognitive beliefs and resulting change in distress would provide compelling
evidence for the S-REF model. For example, ‘cognitive confidence’ was an
independent predictor of trait test anxiety, suggesting lack of confidence in one’s
memory may be important factor. Studies that examine the associative and casual
relationships between metacognitive beliefs (i.e., cognitive confidence), test
anxiety, working memory capacity, worry, and task performances are needed.
Working memory capacity of high-test-anxious students is impaired compared to
their low-test-anxious peers when doing tasks involving emotional but not
neutral cues (e.g., Dutke & Stober, 2001; Shi, Gao, & Zhou, 2014). An
intervention focusing on enabling students to make an accurate assessment of

their memory abilities could reduce their test anxiety.

7.6.2 Developing interventions to help test anxious university students

Finally, and the goal of these suggested research pathways, is to develop
more ways of helping to support students and treating their test anxiety, such as
developing interventions that can be ultimately integrated into undergraduate

curricula.
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Even if new interventions are developed, it can be challenging to embed
them within routine practice (e.g., May 2011). Normalisation process theory
(NPT), which is routed in sociological theory, can be used to evaluate the
likelihood of successfully integrating complex new interventions into existing
services and organizational infrastructures (May et al., 2007). NPT focuses on
identifying the factors that facilitate or deter the implementation of a new
intervention (May et al., 2007), like a test anxiety intervention in a higher
education for test anxiety in higher education setting. There are four key
concepts in NPT concerning how stakeholders make sense of new interventions,
how they can implement them within their practice, the wider work that must be
undertaken at strategic and organizational levels, and finally the appraisal and
reflections on the implementation of the new intervention. NPT was originally
applied in healthcare settings (e.g., May et al., 2011) but has since also been
applied to education settings (e.g., Giles et al., 2016). Staff in higher education
recognize the importance of test anxiety and express a desire to help but do not
recognize the main symptoms and are also unsure how to help (Connon et al.,
2016). Other common concerns raised by educators about new interventions are
the ease of implementation and the availability of resources, including staffing
(Giles et al., 2016; McGeechan et al., 2018). What then, are the implications for
integrating new interventions for test anxiety into a higher education setting?
There are two major approaches to be considered. The first approach consists of
preventive oriented interventions (which could include redesign of the
curriculum and assessment), whilst the second is to offer support or interventions
to test anxious students. These two approaches are not mutually exclusive. In

either case, an important first step will be to explore the views of the educators,
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and in particular the students, to ensure engagement with any prevention or
intervention programme.

Test anxiety is experienced to at least some degree by all students
(Knappe et al., 2011). Therefore, a universally available intervention such as an
online-delivered programme based upon the S-REF model would have greatest
impact and not place additional burden on teaching staff. Prior to launching such
as intervention, it would be important to pilot it and evaluate its feasibility,
acceptance, and efficacy. Students should still be able to accessible traditional
services for their test anxiety (e.g., face-to-face interventions delivered via
wellbeing services). Here, a test-anxiety tailored intervention based on MCT
could be offered. The availability of an intervention manual would help ensure
consistent delivery. MCT training programmes should also be available to
wellbeing services. How might interventions be integrated into undergraduate
curricula?

Prevention programmes may consist of many facets. For example,
‘learning and assessment’ sessions discussing effective and evidence-based
learning strategies, as well as mental health coping strategies, could be integrated
into the curriculum. Students frequently report tests as being an unfair
assessment of their abilities (Bonaccio & Reeve, 2010). To address these
concerns, two steps could be taken. First, educators may consider multi-modal
assessments, such as a mixture of project work, essay assignments, and
examinations, to gain more complete picture of a student’s ability. Second, it
may be fruitful to explain the examination process in detail to students to
demonstrate the care taken in the selection of questions, their wording and

psychometric qualities (e.g., for multiple choice questions), and how examination
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pass marks are determined. Raising awareness of test anxiety and the avenues
available to get support and treatment (e.g., wellbeing services) could also be
highlighted in these ‘learning and assessment’ sessions mentioned above and as
part of the mental wellbeing weeks that now are commonplace in UK
universities.

Monitoring and identifying students who may need support for test
anxiety can also be achieved via traditional channels, such as through the
academic advisors and pastoral care that universities typically offer. Following
mock or formative examinations, it would be opportune for academic tutors to
discuss learning and test anxiety with their students (even well performing
students) and signpost support (e.g., online interventions) or wellbeing services if
needed.

If traditional face-to-face interventions are offered, they will need to be
delivered in a timely manner to be helpful to students. For example, in a typical
UK university, formative results are often only available from February, with
summative examinations running around June, and Easter in-between. This only
leaves 8-10 weeks available for picking up of referrals, recruitment into an
intervention programme, and the delivery of the intervention itself. University
wellbeing services report being stretched and frequently have waiting lists
(Hubble & Bolton, 2020; Riickert, 2015). Therefore, it is important to identify
test anxious students and their needs early if they are to access support prior to

undertaking important examinations.
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7.7 Concluding remarks

The S-REF model proposes that maladaptive metacognitive beliefs
critical to the initiation and maintenance of emotional disorder. Evidence
presented here supports the role of metacognitive beliefs in test anxiety. Should
future research provide further support for the S-REF model then it may be
fruitful to apply an intervention based on metacognitive therapy (MCT), which is
derived from the S-REF model, to test anxiety. MCT focuses on removing the
CAS, modifying maladaptive metacognitive beliefs, and training students in new
ways of thinking and relating to their thoughts. A generic S-REF model case

formulation has been proposed (see Figure 7.2).

Figure 7.2. Universal S-REF case formulation.

Metacognitive
beliefs

s R

K S selffworldview N

Emation

Here, metacognitive beliefs primarily refer to both positive beliefs about
the use of worry and engaging in threat monitoring and other coping strategies,
and negative beliefs about the uncontrollability and harm of perseverative

thinking. The CAS consists of worry and rumination, threat monitoring, and
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unhelpful coping strategies. Emotions consists of affect (e.g., anxiety) and its
associated physical (e.g., sweating) and behavioural (e.g., restlessness)
symptoms. The self / worldview refers to the content of beliefs or thoughts in the
ordinary cognitive domain (e.g., the world is a dangerous place) that shapes the
content of worry and rumination but is not involved in initiation, continuation, or
termination of those processes. An example of how this formulation may apply
to test anxiety in an OSCE is provided in Figure 7.3. In this example, test anxiety
is amplified and maintained by the CAS through worry about the consequences
of failure, attentional focus on anxiety symptoms and scanning memory for gaps,
as well as maladaptive coping strategies such as thought suppression and

distraction.

Figure 7.3. Example S-REF case formulation for a test-anxious medical student.

*  Worrying helps me cope with tests

+  Monitor for signs of threat will help
me adjust my performance

+ | must control my thinking

+  Monitor my body for signs of anxiety

I

A
lama \
\ failure 7

LY

Worry about performance
Meonitoring facial expression of examiner
uppressing thoughts of failure

Test anxiety
*  Excessive worry that interferes
with test performance
*  Somatic anxiety symptoms
+  Mind blanks due to attentional
resources being utilized

Thus far a specific version of the S-REF model has been adapted to each
specific disorder (e.g., Generalized Anxiety Disorder). It will be necessary to

establish if specific modifications to the generic S-REF model are required for

188



test anxiety, or indeed whether other beliefs such as IU should also be challenged
and modified in an intervention. Interventions that reduce test anxiety will help
students achieve their academic potential. Test anxiety is associated with other
mental health problems such as depression (Akinsola & Nwajei, 2013) so there
may be wider benefits of interventions like MCT. Successful reduction of test
anxiety will improve the examination performance and the mental wellbeing of

students.
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Overview of eligibility criteria:

e Participants: test anxious undergraduate university students

e Interventions: psychological, educational, or pharmacological
interventions

e Comparators: waitlist, pill or psychological placebo, TAU, or other
active psychological, educational, or pharmacological conditions

e Qutcomes: change in self-rated test anxiety scores (primary) and change
in ‘real world” examination scores (secondary)

e Study design: randomized clinical trials (RCT)

Additionally, eligible studies must be:
e Published in a peer-reviewed journal

e Published in English

No restrictions on date will be made.

Databases to be searched: Scopus, Web of knowledge (Science and Social Sciences
Index), Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE,

PsycINFO, Educational Resources Information Center (ERIC).

Additionally, manual searches will be conducted, including reference lists of past
reviews and relevant literature (e.g., published RCT articles, books or book chapters on
the efficacy of test anxiety interventions). Emails will also be sent to the authors of the
previous meta-analytic reviews asking for the list of studies they included in their

analyses.
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Search filter for: SCOPUS

Conducted on:

Step Search Terms No. Records

1 “Test anxiety” OR “Examination anxiety” OR “Test stress”
OR “Examination stress” OR “Test performance” OR
“Examination performance” OR “Evaluation Stress” OR
“Evaluative Stress” OR “Evaluative Anxiety” OR

“Evaluation Anxiety” OR “Test fear” OR “Examination

fear”
2 College student OR University student OR undergraduate
3 Randomi?ed controlled trial OR Controlled clinical trial

OR Clinical trial OR PHASE* Trial OR RCT OR
randomi?ed OR random allocation OR randomly allocated

OR Controlled trial OR placebo OR outcome study

4 Psycho* or behavi* or cogniti* or metacogniti* or
implosive or desensiti* or interpersonal or gestalt or
attenti* or activation* or rational or bibliotherapy or
counsel* or supportive or study skill* or skill focus* or
testwise* or relax™ or training* or nondirective or guided or
imag* or computer* or CBT or pharmaco™* or drug* or

treatment or intervention

5 #1 AND #2 AND #3 AND #4

6 Limit #5: English Language

Notes: Search is to be limited to the Subject Areas: ‘Life Sciences, Health Sciences,
Social Sciences and Humanities’ subject areas, with all document types permissible.

Each set of terms to be searched under the ‘Article, Title, Abstract, Keywords’ heading.
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Search filter for:

SCIENCE INDEX)

Conducted on:

WEB OF KNOWLEDGE (SCIENCE AND SOCIAL

Step

Search Terms

No. Records

1

“Test anxiety” OR “Examination anxiety” OR “Test stress”
OR “Examination stress” OR “Test performance” OR
“Examination performance” OR “Evaluation Stress” OR
“Evaluative Stress” OR “Evaluative Anxiety” OR
“Evaluation Anxiety” OR “Test fear” OR “Examination

fear”

College student OR University student OR undergraduate

Randomi?ed controlled trial OR Controlled clinical trial
OR Clinical trial OR PHASE* Trial OR RCT OR
randomi?ed OR random allocation OR randomly allocated

OR Controlled trial OR placebo OR outcome study

Psycho* or behavi* or cogniti* or metacogniti* or
implosive or desensiti* or interpersonal or gestalt or
attenti* or activation* or rational or bibliotherapy™* or
counsel* or supportive or study skill* or skill focus* or
testwise* or relax™ or training™* or nondirective or guided or
imag* or computer* or CBT or pharmaco* or drug* or

treatment or intervention or study

#1 AND #2 AND #3 AND #4

Limit #5: English Language

Note: Each set of terms is searched under the ‘Topic’ heading.
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Search filter for:

(CENTRAL)

Conducted on:

Cochrane Central Register of Controlled Trials

Step Search Terms No. Records
1 “Test anxiety” OR “Examination anxiety” OR “Test stress”
OR “Examination stress” OR “Test performance” OR
“Examination performance” OR “Evaluation Stress” OR
“Evaluative Stress” OR “Evaluative Anxiety” OR
“Evaluation Anxiety” OR “Test fear” OR “Examination
fear”
2 College student OR University student OR undergraduate
3 #1 AND #2
4 Limit #10: Trials

Notes: (i) no need to use terms for trials as CENTRAL is a repository for them; (ii) no

English language limit; (iii) there is a need to limit by ‘Trials” heading as CENTRAL

will also return protocols and reviews etc. Each set of terms to be searched under the

“Title, Abstract, Keywords” heading.
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Search filter for: Ovid MEDLINE

Conducted on:

Step Search Terms No. Records

1 “Test anxiety” OR “Examination anxiety” OR “Test stress”
OR “Examination stress” OR “Test performance” OR
“Examination performance” OR “Evaluation Stress” OR
“Evaluative Stress” OR “Evaluative Anxiety” OR

“Evaluation Anxiety” OR “Test fear” OR “Examination

fear”
2 College student OR University student OR undergraduate
3 Randomized controlled trial OR Randomised controlled

trial OR Controlled clinical trial OR Clinical trial OR
PHASE* Trial OR RCT OR randomized OR randomised
OR random allocation OR randomly allocated OR

Controlled trial OR placebo OR outcome study

4 Psycho* or behavi* or cogniti* or metacogniti* or
implosive or desensiti* or interpersonal or gestalt or
attenti* or activation* or rational or bibliotherapy™* or
counsel* or supportive or study skill* or skill focus* or
testwise* or relax™ or training™* or nondirective or guided or
imag* or computer* or CBT or pharmaco* or drug* or

treatment or intervention

5 #1 AND #2 AND #3 AND #4

6 Limit #8 to English

Notes: Resources to be searched to include Ovid MEDLINE(R) 1946 To March Week 5

2016; Ovid MEDLINE(R) 1996 to March Week 5 2016; Ovid MEDLINE(R) In-Process
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& Other Non-Indexed Citations April 14, 2016; Ovid MEDLINE(R) Daily Update April
14, 2016. All document types are permissible. Each search step limited to English

language.
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Search filter for: PsycINFO

Conducted on:

Step

Search Terms

No. Records

1

“Test anxiety” OR “Examination anxiety” OR “Test stress”
OR “Examination stress” OR “Test performance” OR
“Examination performance” OR “Evaluation Stress” OR
“Evaluative Stress” OR “Evaluative Anxiety” OR
“Evaluation Anxiety” OR “Test fear” OR “Examination

fear”

College students OR university students OR

undergraduates

Randomi?ed controlled trial OR Controlled clinical trial
OR Clinical trial OR PHASE* Trial OR RCT OR
randomi?ed OR random allocation OR randomly allocated

OR Controlled trial OR placebo OR outcome study

Psycho* or behavi* or cogniti* or metacogniti* or
implosive or desensiti* or interpersonal or gestalt or
attenti* or activation* or rational or bibliotherapy™* or
counsel* or supportive or study skill* or skill focus* or
testwise* or relax™ or training™* or nondirective or guided or
imag* or computer* or CBT or pharmaco* or drug* or

treatment or intervention

#1 AND #2 AND #3 AND #4

Limit #6: English Language
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Search filter for: Educational Resources Information Center

Web: https://eric.ed.gov/

Conducted on:

Step Search Terms No. Records
1 “Test anxiety” (Limit: Peer reviewed only)
2 Limit #1: Descriptor = “Higher Education”

Notes: No advanced search options. Terms to be used adopted to be relatively
‘inclusive’ approach, so that as many potentially relevant records as possible can be

included.
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Appendix B. Full-text screening of articles for potential inclusion into the review
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122.
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135.
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137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Neuderth 2009
Onem 2013
Orbach 2007
Osterhouse 1972
Pham 1999
Pintado 2016
Prezas 1995
Prochaska 1971
Rajiah 2014
Ramirez 2011
Reed 1980

Reed 1974
Register 1991
Richardson 1974
Ricketts 1984
Rodger 2007
Romano 1978
Russell 1982
Russell 1974

Russell 1975

Russell 1973; Russell

1974

Russell 1976
Ruthig 2004
Sapp 1996
Saravanan 2014
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148.  Shu 2011 - N - - - - -

149.  Smith 1973 Y Y Y Y Y Y Y
150.  Snyder 1977 Y Y Y Y Y Y Y
151.  Spies 1979 Y Y Y Y Y Y Y
152.  Suinn 1968 Y Y Y Y Y Y N
153.  Suinn 1973 Y Y Y Y Y Y Y
154.  Tatum 2006 Y Y N Y Y N N
155.  Taylor 1971 Y Y Y Y Y Y Y
156.  Thyer 1981; Himle Y Y Y Y N Y Y

1984

157.  Topp 1989 Y Y Y Y Y Y N
158.  Turan 2010 - N - - - - -

159.  von der Embse 2015 Y Y N N N Y Y
160.  Wachelka 1999 Y Y N Y Y Y Y
161.  Weiner 1975 Y Y N N Y Y Y
162.  Wise 1983 Y Y Y Y Y Y Y
163.  Wise 1986 Y Y N N Y N Y
164.  Yehuda 2005 Y Y Y N Y N Y
165.  Zimmer 1994 Y Y N Y Y Y Y
166.  Kotter 2016 Y Y N N Y Y Y
167.  Miller 2016 Y Y N Y N Y N
168.  Reiss 2017 Y Y Y Y Y Y Y

Notes.

Y = Yes (meets criterion); N = No (does not meet criterion).

The full completed assessments for each of the above can be found in the supplementary
files attached to the published review:

https://www.sciencedirect.com/science/article/abs/pii/S0887618518302032.
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Appendix C: Summary of Risk of Bias assessments.

Study (first author, year)

Random sequence generation

(selection bias)

Allocation concealment

(selection bias)

Blinding of participants and

personnel (performance bias)

Blinding of outcome

assessment (detection bias)

Incomplete outcome

(attrition bias)

Selective reporting

(reporting bias)

=1 Study ID

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mitchell 1970
Lomont 1971
Prochaska 1971
Meichenbaum 1972
Dawley 1973
Kostka 1974
Guidry 1975
Mitchell 1975
Anton 1976
Bedell 1976
Chang-Liang 1976
Melnick 1976
Russell 1976
Denney 1977
Finger 1977
Horne 1977
Counts 1978
Gallagher 1978

Lent 1978
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20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Romano 1978
Deffenbacher
1979a
Deffenbacher
1979b
Holahan 1979
Deffenbacher
1980a
Deffenbacher
1980b

Levine 1980
Lurie 1980
Reed 1980
Altmaier 1981
Barabasz 1981
D’Alelio 1981
Decker 1981
McCordick 1981
Russell 1982
Ricketts 1984
Crowley 1986
Bauman 1994
Sapp 1996
Maxfield 2000
Orbach 2007
Raijah 2014

Saravanan 2014
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43. Hahm 2016 + -

44, Reiss 2017 +

Notes.

+ = high risk of bias; - = low risk of bias; © = unknown risk of bias.
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Appendix D
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Appendix D: Annotated forest and funnel plots.

The following forest and funnel plots are contained with this document (all produced using
Revman):

Figure D.1. Forest plot of intervention vs. control for reducing test anxiety severity (at post-
treatment)

Figure D.2. Funnel plot of intervention vs. control for reducing test anxiety severity (at post-
treatment)

Figure D.3. Forest plot of intervention vs. control for reducing test anxiety severity (at
follow-up)

Figure D.4. Funnel plot of intervention vs. control for reducing test anxiety severity (at
follow-up)

Figure D.5. Forest plot of intervention vs. control for reducing in-situ (state) test anxiety
severity

Figure D.6. Funnel plot of intervention vs. control for reducing in-situ (state) test anxiety
severity

Figure D.7. Forest plot of intervention vs. control for improving academic performance (at
post-treatment)

Figure D.8. Funnel plot of intervention vs. control for improving academic performance (at
post-treatment)

Figure D.9. Forest plot of intervention vs. control for improving academic performance (at
follow-up)

Figure D.10. Funnel plot of intervention vs. control for improving academic performance (at

follow-up)
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Figure D.1. Forest plot of intervention vs. control for reducing test anxiety severity (at post-

treatment)
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Figure D.2. Funnel plot of intervention vs. control for reducing test anxiety severity (at post-

treatment)
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Figure D.3. Forest plot of intervention vs. control for reducing test anxiety severity (at

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

follow-up)
Experimental Control
Study or Subgroup Mean 5D Total Mean 5D Total Weight
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Footnotes

(1)3D

(2) 5CR

(3)5CD

(4)
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Figure D.4. Funnel plot of intervention vs. control for reducing test anxiety severity (at

follow-up)
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Figure D.5. Forest plot of intervention vs. control for reducing in-situ (state) test anxiety

severity

Experimental Control
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Std. Mean Difference
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Figure D.6. Funnel plot of intervention vs. control for reducing in-situ (state) test anxiety

severity
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Figure D.7. Forest plot of intervention vs. control for improving academic performance (at

post-treatment)

Study or Subgroup

Experimental Control

Mean SD Total Mean

50 Total Weight

Std. Mean Difference
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Std. Mean Difference
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0.26 1.7 13 -0.29 187
-0.45 389 13 -0.29 187

249 0.3 20 27 e}
5419 248 15 5463 473

Heterogeneity: Tau®=0.04;, Chi®=29.34 df=24 (P=0.21); F=18%
Test for overall effect £= 2.46 (F=0.01)

41.2CBT
Decker 1981
Holahan 1874
Subtotal (95% Cl)

148 078 9 1789 089
288 047 12 301 0458
21

Heterogeneity: Tau®= 0.00; Chi®=0.00, df=1 (F=1.00); F= 0%
Test for overall effect £= 065 (F=0.52)

4.1.3 Educational
Decker 1981
Horne 1877
McCordick 1981
Mitchell 1975
Subtotal {95% CI)

219 0.3 2 179 089

245 ne 20 205 0458

-012 1.3 9 -013 048

198 1849 20 1663 21.79
57

Heterogeneity: Tau®= 0.00; Chi*=1.03, df =3 {P=0.79); F=0%
Test for overall effect: 2=1.34 (P=0.18)

4.1.4 Combined
McCordick 1981
MeCordick 1981
MeCordick 1981
Mitchell 1975
Mitchell 1975
Subtotal {(95% CI)

0.2 084 9 -013 048
071 0494 g8 -013 048
0.5 076 10 -013 0488
56.5 4 40 1663 21.79

435 6.6 24 1662 21.79

el

Heterogeneity: Tau®=1.38, Chi®=19.12, df= 4 (P = 0.0007); F= 79%
Test for overall effect: Z= 2.64 (P=0.008)

Total (95% CI)

Heterogeneity: Tau®= 0.20; Chi®= 8017, df= 35 (P = 0.00001); F= 61%

542

Test for overall effect 2= 312 (P=0.002)
Test for subgroup differences: Chi®=6.86, df= 3 (P =0.08), F=56.3%

Footnotes
(1) 5CR
(2)sD

(3) SCP-P
(4) SD-A

(5) SD-P

(6) SCD-A
(V) 5D
(8)MOD
(9)FL
(10)SD

(11) NP+HW
(12)
(13) IM

22 38%
15 32%
17 3.4%
18 33%
15  3.2%
15 33%
168 33%
1m0 3.0%
10 3.0%
1m0 29%
9 26%
B 27%
5 24%
5 25%
5 26%
10 3.0%
9 30%
9 30%
17 209%
19 31%
T2T%
8 28%
g 28%
20 35%
15 33%
299 75.3%
4 21%
T2T%
1 4.9%
4 20%
5 26%
2 1.6%
12 33%
23 9.4%
3 1.8%
2 1.5%
2 1.8%
11 26%
12 20%
30 10.4%
363 100.0%
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0.08 [-0.47, 0.62]
-0.80 [-1.54, -0.05]
0.56 [0.13, 1.25]
0.50 [0.20,1.19]
0.55 [-0.18, 1.30]
0.55 [0.17,1.27]
0.54 [-0.18, 1.26]
0.54 [-0.289, 1.37]
0.45 [-0.39, 1.29]
-0.01 [0.57, 0.84]
0.81 [0.18, 1.78]
-0.19 [-1.14, 0.76]
1.36 [0.20, 2.42]
0.77 [0.24,1.77]
0.15 083, 1.13]
-0.02 [0.54, 0.81]
-0.21 [-1.08, 0.63]
-0.02 [0.84, 0.81]
-0.61 [1.47, 0.24]
-0.20 [-1.00, 0.60]
0.24 0.6, 1.16]
0.30 [-0.59, 1.19]
-0.05 [-0.83, 0.83]
0,65 [0.02, 1.29]
-0.11 [-0.83, 0.60]
0.22 [0.05, 0.40]

-0.24 [-1.42, 0.94]
-0.24 [-1.18, 0.69]
-0.24 [-0.98, 0.49]

0.67 [-0.58, 1.91]
0.63 [0.37, 1.683]
0.01 [1.52,1.54]
0.15 [-0.56, 0.87]
0.34 [-0.16, 0.84]

0.38 [0.84, 1.70]
0.84 [-0.78, 2.46]
0.78 [0.78, 2.35]
3.50[2.53, 4.49]
1.84 [1.10, 2.79]
1.58 [0.41, 2.76]

0.37 [0.14, 0.61]

I

*

4 2 ]

Favours [control] Favours [experimental]
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Figure D.8. Funnel plot of intervention vs. control for improving academic performance (at

post-treatment)
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Figure C.9. Forest plot of intervention vs. control for improving academic performance (at

follow-up)

Experimental Control 5td. Mean Difference 5td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
511 BT
Deffenbacher 19794 (1) 284 D45 17 273 063 8 11.4% 0.40 [-0.45,1.25] —_T
Deffenbacher 1979a (2) 233 074 18 273 063 8 11.5% -0.55[-1.39, 0.29] I
Denney 1977 (3) 283 0.94 11 264 062 10 11.3% -0.13[-0.89,0.73] B
Denney 1977 (4) 313 0.38 13 264 062 10 10.9% 0.895 [0.07, 1.83] —
Denney 1977 (5) 263 08 14 264 062 10 12.2% -0.01 [-0.82, 0.80] — —
Denney 1977 (6) 3.28 061 9 264 0B2 9 89% 1.01 [0.01, 2.00] —
Holahan 1974 285 0.BE 15 273 0.73 6 96% 0.31 [0.64, 1.26] —_T
Sapp 1996 609 7.37 18 616 612 18 146% -0.10[-0.82, 0.62] T
Subtotal (95% CI) 109 77T 90.4% 0.20 [-0.17, 0.56] >
Heterogeneity: Tau®= 0.08, Chi*=10.11,df=F (P=0.18); F=31%
Test for overall effect: £=1.05 (P = 0.29)
5.1.2CBT
Holahan 1973 3.08 054 12 273 073 7O96% 0.54 [0.41, 1.50] T
Subtotal (95% CI) 12 7 9.6% 0.54 [-0.41, 1.50] -l
Heterogeneity. Mot applicahle
Test for overall effect: Z=1.12 (P = 0.26)
5.1.3 Educational
Subtotal {95% CI) 0 0 Not estimable
Heterogeneity: Mot applicable
Test for overall effect: Mot applicahle
5.1.4 Combined
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity: Mot applicable
Test for overall effect: Mot applicable
Total {95% CI) 121 84 100.0% 0.23 [-0.11, 0.56]

Heterogeneity: Tau®= 0.06, Chi*=10.63, df=8 (P=0.22), = 25%
Testfor overall effect: Z=1.33(P=018)
Testfor subgroup differences: Chi®= 0448 df=1 (FP=050), F=0%

Foaotnotes
(1) 8CR
(2) 8D
(3)sD-P
(4) SD-A
(5) SCD-P
(6) SCD-A
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Figure D.10. Funnel plot of intervention vs. control for improving academic performance (at

follow-up)
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Appendix E

Summary of main findings using the GRADE Working Group grades of evidence
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Table E.1. Summary of main findings for reducing test anxiety at post-treatment, using GRADE Working Group grades of evidence

Quality assessment Summary of findings Comments
c No. of Study Risk of Inconsistency | Indirectness | Imprecision | Other No of SMD Quality
o

g § studies design bias participants (95% CI) (GRADE)

8 c

g 2 Active | Control

Overall | 44 RCT - - - - - 1362 847 -0.76 - Publication bias

(-0.93, -0.58) found.

% BT 34 RCT Serious @ Serious ® Not serious Not serious None 771 565 -0.83 P00

S

S (-1.06,-0.60) | | ow

g

% CBT 10 RCT Serious @ Not serious Not serious Serious °© None 301 156 -0.58 P00

2
-0.83,-0.33

2 ( ) Low

S

g SST 10 RCT Serious @ Not serious Not serious | Serious © None 167 93 0.02 P00

c

s (-0.25, 0.28) Low

B

E Comb. |4 RCT Serious 2 Not serious Not serious | Serious © None 123 33 -1.38 ®P00
(-1.96, -0.81) Low
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Table E.2. Summary of main findings for reducing test anxiety at follow-up, using GRADE Working Group grades of evidence

Quality assessment Summary of findings Comments

c No. of Study Risk of Inconsistency | Indirectness | Imprecision | Other No of SMD Quality

o
g § studies design bias participants (95% CI) (GRADE)
3 c
g 2 Active | Control

Overall | 12 RCT - - - - - 294 239 -0.87 -

(-1.06, -0.68)
:a BT 10 RCT Serious ? Not serious Not serious | Serious © None 179 181 -1.15 @00 | Follow-up: M =
>
2 -
-1.38,-0.91 9.4(SD=6.4

S ( ) Low ( )
8
> | CBT 3 RCT Serious ? Not serious Not serious | Serious © None 107 54 -0.31 P00
2
g (-0.64, 0.02)
B Low
L
=
< SST 1 RCT - - - - - 8 4 -0.95 -
é (-2.24,0.34)
i3

Comb. | NA NA - - - - - NA NA NA -
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Table E.3. Summary of main findings for reducing ‘in situ’ (state) test anxiety, using GRADE Working Group grades of evidence.

Quality assessment Summary of findings Comments
c No. of Study Risk of Inconsistency | Indirectness | Imprecision | Other No of SMD Quality
o
g § studies design bias participants (95% CI) (GRADE)
3 c
g 2 Active | Control
Overall | 3 RCT - - - - - 128 36 -1.20 -
(-1.66, -0.75)
} BT 3 RCT Serious ? Not serious Not serious | Serious © None 72 22 -1.52 @000
[<5]
X
= -2.06, -0.97
= ( IV, Low
&
% CBT - - - - - - - - - - -
L
=2
P
c
c | SST 2 RCT Serious ? Not serious Not serious | Serious © None 29 8 -0.73 @000
c
o
B -2.57,1.12
3 ( ) V. Low
3
@
Comb. |1 RCT - - - - - 27 6 -0.85 -
(-1.77,0.08)
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Table E.4. Summary of main findings for improving academic performance at post-treatment, using GRADE Working Group grades of evidence

Quality assessment Summary of findings Comments
c No. of Study Risk of Inconsistency | Indirectness | Imprecision | Other No of SMD Quality
o
g § studies design bias participants (95% CI) (GRADE)
3 | =
g 2 Active | Control
Overall | 17 RCT - - - - - 548 363 0.37 -
SR (0.14,0.61)
T
% BT 14 RCT Serious ? Not serious Not serious | Serious © None 379 299 0.22 P00
o 0.05, 0.40
g ( " | Low
8
§ CBT 2 RCT Serious ? Not serious Not serious | Serious © - 21 11 -0.24 @00
£ (-0.98, 0.49)
2 Low
2
S
§ SST 4 RCT Serious * Not serious Not serious | Serious © None 57 23 0.34 ®P00
[}
©
c -0.16, 0.84
= ( ) Low
=
g Comb. |2 RCT Serious ? Serious ° Not serious | Serious © None 91 30 1.58 ®000
o
E (0.41, 2.76)
V. low

305




Table E.5. Summary of main findings for improving academic performance at follow-up, using GRADE Working Group grades of evidence

Quality assessment Summary of findings Comments
c No. of Study Risk of Inconsistency | Indirectness | Imprecision | Other No of SMD Quality
o
g § studies design bias participants (95% ClI) (GRADE)
8 c
g 2 Active | Control
Overall | 4 RCT - - - - - 121 84 0.23 -
,g (-0.11, 0.56)
:
— 1 a 1 1 1 Cc
3 BT 4 RCT Serious Not serious Not serious | Serious None 109 77 0.20 ®000
3] (-0.17, -0.56)
S V. low
IS
S
5 | CBT 1 RCT - - - - - 12 7 0.54 -
o
L
S (-0.41, 1.50)
g
& | SST NA NA - - - - - NA NA NA -
c
5
g
§ Comb. NA NA - - - - - NA NA NA -
o
S
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Key.

GRADE Working Group grades of evidence:

High quality: Further research is unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

Notes

1. Test anxiety was assessed using self-report measures

2. Academic performance assessed via either Grade Point Average (GPA) or examination performance

a = Risk of bias indicated (nearly 80% of items scored as unclear)

b = Substantive heterogeneity indicated (17 > 50%)

¢ = Imprecise estimate (wide 95% confidence intervals, > 0.25) or down-rated owing to lack of trials (< 10) and/or participations (< 500 in active or control)
BT = Behaviour Therapy; Comb = Combined intervention, consisting of psychotherapy (BT or CBT) and ED; CBT = Cognitive-Behavioural Therapy; ED =
Educational Intervention; NA = Not Available; RCT = Randomized Controlled Trial; SA = Suspected strong association between effect size estimate and

publication bias.
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Appendix F

Factor loadings for EFA of MCQ-30 and 1US-12 in trait and state test anxiety datasets
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Table F.1. MCQ-30 published scale structure and Geomin rotated factor loadings from EFA of trait and datasets

EFA loadings for trait data EFA loadings for state data

MCQ-30 published scale structure and items F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Subscale: Positive beliefs about worry

MCQ-1 Worrying helps me to avoid problems in future 0.02 0.64 -0.03 0.12 0.03 0.14 0.63 -0.03 0.12 -0.05
MCQ-7 I need to worry in order to remain organized 0.16 0.81 0.04 -0.18 0.06 0.19 0.77 -0.02 0.03 -0.10
MCQ-10  Worrying helps me get things sorted out in my mind 0.01 0.87 -0.05 0.10 -0.11 0.00 079 0.00 0.06 0.02
MCQ-19  Worrying helps me cope 0.00 0.83 0.01 0.05 -0.10 -0.05 0.77 0.06 -0.03 0.05
MCQ-23  Worrying helps me solve problems -0.17 085 -0.02 0.10 0.00 -0.11 079 0.04  0.00 0.11
MCQ-28 | need to worry in order to work well -0.04 0.86 0.05 -0.07 0.05 0.03 075 0.04 -0.10 0.06
Subscale: Negative beliefs about worry

MCQ-2 My worrying is dangerous for me 050 -0.11 0.00 0.05 0.30 0.64 -0.12 0.04 0.12 0.04
MCQ-4 I could make myself sick with worrying 0.73 -0.05 0.02 0.14 0.04 0.79 0.00 -0.10 0.10 0.00
MCQ-9 My worrying thoughts persist, no matter how I try to stop them 093 -0.02 0.02 0.00 -0.11 086 -001 011 -0.05 -0.01
MCQ-11 | cannot ignore my worrying thoughts 0.83 0.11  -0.08 0.00 0.02 080 006 0.07 -0.04 0.02
MCQ-15 My worrying could make me go mad 045 -0.05 0.15 0.12 0.38 063 -0.02 0.04 0.10 0.18
MCQ-21  When I start worrying, | cannot stop 0.81 0.05 -0.01 -0.15 0.17 0.73 0.06 0.06 -0.08 0.20
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Subscale: Cognitive Confidence

MCQ-8

MCQ-14
MCQ-17
MCQ-24
MCQ-26

MCQ-29

I have little confidence in my memory for words and names 0.20
My memory can mislead me at times -0.05
| have a poor memory 0.06
I have little confidence in my memory for places 0.03
| do not trust my memory -0.07
I have little confidence in my memory for actions -0.01

Subscale: Need to control thoughts

MCQ-6

MCQ-13
MCQ-20
MCQ-22
MCQ-25

MCQ-27

If 1 did not control a worrying thought, and then it happened, it would be 0.16
my fault

I should be in control of my thoughts all the time -0.03
Not being able to control my thoughts is a sign of weakness 0.09
I will be punished for not controlling certain thoughts 0.01
It is bad to think certain thoughts 0.07
If I could not control my thoughts, I would not be able to function 0.09

Subscale: Cognitive self-consciousness

MCQ-3

| think a lot about my thoughts 0.55
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0.03

-0.04

0.02

-0.10

-0.05

0.16

0.23

-0.05

0.05

0.21

0.06

0.12

0.05

0.78

0.69

0.86

0.71

0.86

0.76

0.07

-0.06

-0.01

0.05

-0.05

0.11

0.00

-0.03

0.15

-0.01

-0.03

0.06

-0.03

0.00

0.27

0.11

-0.09

-0.01

0.06

0.40

-0.11

-0.02

-0.16

0.10

0.11

0.15

0.44

0.62

0.68

0.76

0.62

0.21

-0.03

0.14

0.11

-0.01

-0.01

-0.02

0.06

0.37

0.00

0.04

0.11

-0.02

0.08

0.42

-0.01

0.03

-0.07

0.07

0.03

0.07

0.12

-0.04

0.05

-0.01

0.02

0.14

0.01

0.84

0.48

0.91

0.75

0.90

0.68

-0.08

-0.05

-0.02

0.12

0.09

0.00

-0.03

0.02

0.17

0.04

0.08

0.00

0.06

0.09

0.36

0.16

0.01

0.13

0.01

-0.14

0.00

-0.07

0.17

0.08

0.07

0.35

0.34

0.62

0.72

0.57

0.27

-0.10



MCQ-5 I am aware of the way my mind works when | am working through a 0.09 0.05 -0.08 065 -0.20 -0.02 0.10 -0.18 054 -0.07
problem
MCQ-12 | monitor my thoughts -0.06 0.01 -0.07 0.71 0.06 0.01 0.01 -0.04 0.62 0.12
MCQ-16 | am constantly aware of my thinking 0.28 -0.01 0.03 0.68 0.11 0.22 -0.03 0.06 0.63 0.12
MCQ-18 | pay close attention to the way my mind works -0.04 0.09 0.04 084 -0.04 -0.18 0.05 0.13 0.82 0.03
MCQ-30 I constantly examine my thoughts 0.18 0.01 0.06 0.74 0.10 0.09 0.00 0.10 0.75 0.04
Notes.

F1 = ‘Negative beliefs about worry’, F2 = ‘Positive beliefs about worry’, F3 = ‘Cognitive confidence’, F4 = ‘Cognitive self-consciousness’, F5 =

‘Need for control over thoughts’; Bold = loading > 0.40; Underline = highest loading where item loads > 0.40 on more than one factor.
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Table F.2
Standardized factor loadings and exploratory factor analysis goodness-of-fit indices for measurement models of the Intolerance of Uncertainty Scale — 12 in

trait test anxiety sample (n = 288)

Unidimensional Correlated factors Bifactor model
model

Item model Inhibitory Prospective  General Inhibitory Prospective
3. Uncertainty keeps me from living a full life. .33 .35 .39 -.27

6. When it is time to act, uncertainty paralyzes me. 15 .79 .68 49

7. When I am uncertain I can’t function very well. 15 .80 .70 44

10. The smallest doubt can stop me from acting. 73 a7 .69 .35

12. I must get away from all uncertain situations. .76 81 15 24

1. Unforeseen events upset me greatly. .79 81 .78 19

2. It frustrates me not having all the information 1 78 .80 12 41

need.
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4. One should always look ahead so as to avoid
surprises.
5. A small unforeseen event can spoil everything,
even with the best of planning.
8. I always want to know what the future has in store
for me.
9. I can’t stand being taken by surprise.
11. I should be able to organize everything in
advance.
Model fit statistics

2 (df)

CFlI

RMSEA [90% ClI]

WRMR
Bifactor model ancillary statistics

% Explained Common Variance (ECV)

62 63 57
76 78 78
77 81 76
78 .80 73
68 70 64

253 (54) 172 (53)

95 97

11 (.10 - .13) .09 (.07 - .10)
05 .04
- - - 0.82

313

126 (42)
98
.08 (.07-.10)

.03

0.08

.32

.06

27

.33

.29

0.10



% Omega hierarchical - - - 0.87 0.11 0.11
Construct reliability (H) - - - 0.92 0.13 0.45

Factor Determinacy (FD) - - - 0.94 0.62 0.74

Note. CFIl = Comparative Fit Index; RMSEA = Root mean square error of approximation; WRMR = Weighted Root Mean square Residual.
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Table F.3
Standardized factor loadings and exploratory factor analysis goodness-of-fit indices for measurement models of the Intolerance of Uncertainty Scale — 12 in

state test anxiety sample (h = 463)

Unidimensional  Correlated factors model Bifactor model
Item model Inhibitory  Prospective  General Inhibitory  Prospective
3. Uncertainty keeps me from living a full life. .65 .70 .69 .20
6. When it is time to act, uncertainty paralyzes .79 7 74 A7
me.
7. When I am uncertain I can’t function very .80 A7 74 42
well.
10. The smallest doubt can stop me from acting. .78 74 74 19
12. 1 must get away from all uncertain .67 79 .80 -.02
situations.
1. Unforeseen events upset me greatly. .30 12 7 18
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2. It frustrates me not having all the information
| need.
4. One should always look ahead so as to avoid
surprises.
5. A small unforeseen event can spoil
everything, even with the best of planning.
8. I always want to know what the future has in
store for me.
9. I can’t stand being taken by surprise.
11. I should be able to organize everything in
advance.
Model fit statistics

% (df)

CFI

72

.70

.67

.80

A7

73

465 (54)

.93

316

193 (43)

.98

.64

.66

18

.76

.80

.86

.62

.60

81

.70

79

.61

127 (33)

.99

37

27

12

12

-.09

-.04



RMSEA [90% ClI]
WRMR
Bifactor model ancillary statistics
% Explained Common variance (ECV)
% Omega hierarchical
Construct reliability (H)

Factor Determinacy (FD)

13 (12 - .14)

.06

.09 (.08 - .10)

.04

0.86

0.94

0.94

0.97

.07 (.06-.09)

.03

0.04
0.00
0.22

0.64

0.11

0.00

0.49

0.85

Note. CFI = Comparative Fit Index; RMSEA = Root mean square error of approximation; WRMR = Weighted Root Mean square Residual.
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Figure G.1

Ethical approval letter (ethics reference: 201605175)

School of Medicine

Dr Peter Fisher
PSY.ChOI.Oglcal ?uences Faculty of Health and Life Sciences
University of Liverpool Cedar House
Ashton Street
Liverpool
169 3GE
T: 0151 795 4356
F: 0151 794 8763
W: www.liv.ac.uk
2" June 2016 o
Dear Dr Fisher

| am pleased to say we are able to approve the request for ethical approval to undertake your research
project. This is on condition that you abide by the requirements of the Human Tissue Act, and any
other primary legislation that may govern the project.

Ref: 201605175
Pl/Supervisor: Peter Fisher
Title: The relationships between metacognitive beliefs, intolerance of

uncertainty, test anxiety, and examination performance (Anxiety, beliefs,
and exam performance)

First Reviewer: Jayne Garner
Second Reviewer: David Taylor
Date of Approval: 2™ June 2016

The application was APPROVED subject to the following conditions:
Conditions

1 All serious adverse events must be reported to the Sub-Committee within 24 hours of their
occurrence, via the Research Governance Officer (ethics@liv.ac.uk).

2 This approval applies for the duration of the research. If it is proposed to extend the duration
of the study as specified in the application form, IPHS REC should be notified as follows. If it is
proposed to make an amendment to the research, you should notify IP IPHS REC by following
the Notice of Amendment procedure outlined at

http://www.liv.ac.uk/researchethics/amendment%20procedure%209-08.doc

3 If the named PI / Supervisor leaves the employment of the University during the course of this
approval, the approval will lapse. Therefore please contact the Institute’s Research Ethics
Office at iphsrec@liverpool.ac.uk in order to notify them of a change in
Pl/Supervisor.

Best wishes and good luck with the study.

A Fartny
Ann Furlong

ILT Ethics Review Group (Staff) Secretary

E: furlonga@liveprool.ac.uk
1:0151 795 4358
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Figure G.2

Ethical approval letter (ethics reference: 201602153)

ra'd UNIVERSITY OF

& LIVERPOO

School of Medicine

Dr Peter Fisher

Psychological Sciences Faculty of Health and Life Sciences

Cedar House

Waterhouse Ashton Street
Liverpool, tg’;rfgg
L69 3BX
T: 0151 795 4356
F: 0151 794 8763
16" February 2016 W v fv. .Uk
Dear Peter

| am pleased to inform you that the ILT Ethics Review Group (staff) has approved your application for
ethical approval. Details of the approval can be found below:

Ref: 201602153

P1/Supervisor: Peter Fisher

Title: Do metacognitive beliefs or intolerance of uncertainty beliefs predict test
anxiety in undergraduate medical students? (Beliefs about exam anxiety)

First Reviewer: John Smith

Second Reviewer: Ben Shaw

Date of Approval: 16" February 2016

The application was APPROVED subject to the following conditions:
Conditions

1 All serious adverse events must be reported to the Sub-Committee within 24 hours of their
occurrence, via the Research Governance Officer (ethics@liv.ac.uk).

2 This approval applies for the duration of the research. If it is proposed to extend the duration
of the study as specified in the application form, IPHS REC should be notified as follows. If it is
proposed to make an amendment to the research, you should notify IP IPHS REC by following
the Notice of Amendment procedure outlined at
http://www.liv.ac.uk/researchethics/amendment%20procedure%209-08.doc

3 If the named PI / Supervisor leaves the employment of the University during the course of this
approval, the approval will lapse. Therefore please contact the Institute’s Research Ethics
Office at iphsrec@liverpool.ac.uk in order to notify them of a change in
Pl/Supervisor.

Best wishes and good luck with the study.
Ann Furlong

Arex Farbong
ILT Ethics Review Group (Staff) Secretary

E: furlonga@liveprool.ac.uk
10151 795 4358
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