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Summary

Summary

The current dissertation is based on three related Research Papers, in which different
dimensions of assessing anxiety in learning and achievement situations, namely trait and
state self-report assessments of anxiety (Paper I), the different anxiety components (Paper II)
and physiological measures of anxiety (Paper III) are examined and compared with each
other concerning their results. The first study investigated the discrepancy between
generalized trait and situation-specific state self-report measures of anxiety in mathematics
in a sample of students with high and low achievement levels. Previous studies have revealed
that trait anxiety measures are typically rated higher than state measures. In addition, the
academic self-concept has been identified to play a moderating role in the so-called trait-state
discrepancy, with a higher academic self-concept leading to a lower discrepancy (i.e., less
overestimation of trait anxiety when state assessments reflect actual experience). Therefore,
it was predicted in this study that high achievers, due to their higher academic self-concept
in mathematics, exhibit a smaller trait-state discrepancy in anxiety than students with low
achievement levels. The results were in line with this hypothesis and demonstrated that high
achievers even underestimated their anxiety when judging it from a trait as compared to a
state perspective. Taken together, this study shows that state and trait self-report measures
of anxiety can yield different results and that even high achievers experience some anxiety in
class.

The second study investigated the different components of test anxiety (i.e., cognitive,
affective, physiological, and motivational components) using an intra-individual approach.
The first aim of this study was to examine the relative impact of the different components of
anxiety in the mediating mechanism that connects control, anxiety and performance - as
proposed by the control-value theory. Thereby it sought to identify which component should
be primarily addressed by anxiety interventions and instructional techniques in order to
improve students” performance. A second aim of this study was to uncover which anxiety
component underlies the commonly used and very convenient single-item anxiety measures.
In line with the expectations, the anxiety components indeed differed in their relative impact
on test performance, with the cognitive component being central for this outcome.
Furthermore, results indicated that behind a single-item anxiety measure we most likely find
the affective anxiety component and thus, not the component most relevant for performance.

Therefore, it is important to consider and differentiate between the anxiety components and
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select the assessment method based on the research question at hand.

The third study used the methodological approach of a systematic review to
investigate the relationship between traditional self-report measures of test anxiety with
another type of measure, namely physiological measurement. This assessment method has
gained increased attention in pedagogical psychological research in recent years. Results of
the systematic review showed that in line with theoretical considerations, self-report
measures of test anxiety and physiological measures (e.g., cardiovascular measures,
electrodermal measures, cortisol sampling) were significantly correlated in the majority of
the reviewed studies. The correlations were moderate, suggesting that although the two
measures overlap, they should not be used interchangeably. In conclusion, each of these
measures provides information about a person’s anxiety and applying both of the two
measures might contribute to a better measurement and thus also a better understanding of
this often detrimental emotion. Furthermore, variables that can influence the relation
between self-report and physiological measures were identified (e.g., sampling rate, choice
of physiological measure and the way the data is analyzed) and are discussed with regard to
a successful assessment of physiological data in future research.

Taken together, from the results of these three Research Papers it can be concluded
that it is important to distinguish between different ways of assessing anxiety and to select
the assessment method according to the research focus. Besides its implications for research,
the present thesis provides novel perspectives on how to successfully influence anxiety in

learning and achievement situations.
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Zusammenf assung

Die vorliegende Dissertation basiert auf drei verwandten Forschungsarbeiten, in denen
verschiedene Dimensionen der Erfassung von Angst in Lern- und Leistungssituationen,
namlich Trait- und State-Selbstberichtsmafie von Angst (Paper I), die verschiedenen
Angstkomponenten (Paper II) und physiologische Messungen von Angst (Paper III),
differenziert betrachtet und hinsichtlich ihrer Forschungsergebnisse miteinander verglichen
werden. Die erste Studie untersuchte die Diskrepanz zwischen generalisierten Trait- und
situationsspezifischen State Selbstberichtsmaflen von Angst im Fach Mathematik in einer
Stichprobe von Schiilerinnen und Schiilern mit hohem und niedrigem Leistungsniveau.
Friihere Studien haben gezeigt, dass Trait-Mafie zur Erfassung von Angst typischerweise zu
hoheren Angstwerten fithren als State Mafle. Dariiber hinaus wurde festgestellt, dass das
akademische Selbstkonzept eine moderierende Rolle in der sogenannten Trait-State-
Diskrepanz spielt, wobei ein hoheres akademisches Selbstkonzept zu einer geringeren
Diskrepanz fiihrte (d. h. weniger Uberschitzung der Trait-Angst, wenn State Mafle das
tatsdachliche Erleben widerspiegeln). Daher wurde in dieser Studie angenommen, dass
Schiilerinnen und Schiiler mit hohem Leistungsniveau aufgrund ihres hoheren
akademischen Selbstkonzepts im Fach Mathematik eine geringere Trait-State-Diskrepanz der
Angst aufweisen als Schiilerinnen und Schiiler mit niedrigerem Leistungsniveau. Die
Ergebnisse entsprachen dieser Hypothese und zeigten, dass Hochleistende ihre Angst sogar
unterschétzten, wenn sie sie aus einer Trait- im Vergleich zu einer State-Perspektive
beurteilten. Zusammenfassend zeigte diese Studie, dass Trait- und State-Selbstberichtsmafie
von Angst unterschiedliche Ergebnisse liefern konnen und dass selbst Hochleistende im
Unterricht ein gewisses Maf$ an Angst erleben.

Die zweite Studie untersuchte die verschiedenen Komponenten der Priifungsangst
(d.h. kognitive, affektive, physiologische und motivationale Komponenten) mit einem
intraindividuellen Ansatz. Das erste Ziel dieser Studie war es, den relativen Einfluss der
verschiedenen Angstkomponenten zu untersuchen in dem von der Kontroll-Wert-Theorie
postulierten Vermittlungsmechanismus, der Kontrolle, Angst und Leistung miteinander
verbindet. Dadurch sollte die Komponente identifiziert werden, die in erster Linie durch
Angstinterventionen und Unterrichtstechniken angesprochen werden sollte, um die Leistung
der Schiilerinnen und Schiiler zu verbessern. Ein zweites Ziel dieser Studie war es,

herauszufinden, welche Angstkomponente den héufig verwendeten und sehr praktischen
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Einzelitem-Angstmessungen zugrunde liegt. Wie erwartet unterschieden sich die
Angstkomponenten tatsachlich in ihrem relativen Einfluss auf die Priifungsleistung, wobei
die kognitive Komponente hierfiir von zentraler Bedeutung war. Dariiber hinaus deuteten
die Ergebnisse darauf hin, dass wir hinter einem Einzelitem hochstwahrscheinlich die
affektive Komponente und damit nicht die fiir die Leistung zentrale Komponente finden.
Daher ist es wichtig, die Komponenten entsprechend zu berticksichtigen und zwischen ihnen
zu differenzieren und die Erhebungsmethode anhand der jeweils vorliegenden
Forschungsfrage auszuwahlen.

Die dritte Studie verwendet den methodischen Ansatz eines systematischen Reviews,
um den Zusammenhang zwischen traditionellen Selbstberichtsmafsen von Priifungsangst
und einer weiteren Erhebungsmethode, nadmlich physiologischen Messungen, zu
untersuchen. Diese MafSe haben in den letzten Jahren in der padagogisch psychologischen
Forschung zunehmend an Aufmerksamkeit gewonnen. In Ubereinstimmung mit
theoretischen Uberlegungen, zeigten die Ergebnisse des systematischen Reviews, dass
Selbstberichtsmafie von Priifungsangst und physiologische Mafie (z.B. kardiovaskulare
Messungen, elektrodermale Messungen, und Cortisolproben) in der Mehrheit der
untersuchten Studien signifikant korreliert waren. Die Korrelationen waren moderat, was
darauf hindeutet, dass sich die beiden Messungen zwar iiberschneiden, aber nicht
austauschbar verwendet werden sollten. Zusammenfassend lésst sich sagen, dass jede dieser
Erhebungsmethoden Informationen iiber die Angst einer Person liefert und die Anwendung
beider Methoden zu einer besseren Messung und damit auch zu einem besseren Verstiandnis
dieser oftmals nachteiligen Emotion beitragen konnte. Dariiber hinaus wurden Aspekte
identifiziert, die den Zusammenhang zwischen Selbstberichtsmafien und physiologischen
Messungen beeinflussen konnen (z.B. die Samplingrate, die Wahl des physiologischen MafSses
und die Art und Weise der Datenanalyse); diese werden im Hinblick auf eine erfolgreiche
Erhebung physiologischer Parameter in zukiinftigen Studien diskutiert.

Zusammenfassend ladsst sich aus den Ergebnissen dieser drei Forschungsarbeiten
schlussfolgern, dass es wichtig ist, zwischen verschiedenen Methoden zur Erhebung von
Angst zu differenzieren und die Methode entsprechend dem Forschungsschwerpunkt
auszuwahlen. Neben den Implikationen fiir die Forschung bietet die vorliegende Arbeit auch
neue Perspektiven, wie man Angst in Lern- und Leistungssituationen erfolgreich

beeinflussen kann.
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Synopsis

1 Synopsis

1.1. Introduction and Overview

In recent decades, there has been an increase in the use of various methods to investigate the
complex emotion of anxiety in learning and achievement situations (Harley, 2015; Pekrun &
Linnenbrink-Garcia, 2014). However, many fundamental questions either have remained
unanswered or need to be taken up again in view of new empirical studies and an increasing
interest in new methods of measuring anxiety, such as physiological measurements (D'Mello
& Calvo, 2013). These questions include: Are there differences between different self-report
measures of anxiety? Is a differentiated component-specific assessment of anxiety relevant? Is more
perceived anxiety also reflected in higher physiological arousal, for example a faster heartbeat?

Across three related Research Papers, the present dissertation addresses these
questions and compares different dimensions of assessing anxiety in educational settings,
namely trait and state self-report assessments of anxiety (Paper I), the different anxiety
components (Paper II), and physiological measures of anxiety (Paper III). The aim of this
synopsis is to give a short outline of the three included studies and to discuss the three papers
in a common framework, showing how each of them contributes to the overarching topic of
the present thesis. I will therefore proceed as follows:

In the first section, I will give an overview of anxiety in learning and achievement
situations and introduce two different self-report measures of anxiety, namely trait and state
measures along with outlining their advantages and disadvantages. Thereby I provide the
theoretical framework for the first Research Paper that examined the discrepancy between trait
and state self-report measures of anxiety in a sample of students with high vs. low achievement levels.

In the second section, I will focus on another dimension that can be considered when
assessing anxiety, especially when examining its antecedents and effects on performance -
namely taking the different components of anxiety (i.e., cognitive, affective, physiological, and
motivational components) into account. This was the focus of the second study, which used
an intra-individual approach to examine the different test anxiety components in order to
determine which of the anxiety components is most important in the mediating mechanism that
connects control antecedents and performance. Thereby we aimed at identifying the component

that should be primarily addressed by anxiety interventions and instructional techniques that
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focus on improving students’ performance. The second goal of this study was to explore
which component of anxiety underlies the convenient and often used single-item measures
of anxiety.

In the third section, I will turn to the third Research Paper, which addresses a further
dimension of anxiety assessment, namely physiological measurement — which has become
increasingly popular in educational research in recent year (D'Mello & Calvo, 2013). In detail,
this Paper examined the relation between self-report measures of test anxiety and physiological
arousal using the methodological approach of a systematic review to provide a research basis
on the relationship between self-report and physiological measures and get more grip on
how to apply them successfully in educational settings.

Figure 1 provides a graphical overview of the relations between the study variables
of the three Research Papers. The synopsis closes with a summary of the results of the three
studies and a general discussion that points out implications for research and practice, as well
as strengths and limitations of the present research and sketches promising directions for
future research. The three introduced studies are then presented separately in the style of
self-contained manuscripts with the common repeating structure (introduction, theoretical

framework, methods section, results and discussion) in the following chapters 2-4.

(Test) Anxiety

Inter-Individual Level Trait
N\

Achievement = | D
Level \ / e
Academic

Self-Concept
\
State
Intra-Individual Level cognitive
affective
physiological
/ motivational \

Control > Performance

@

Figure 1. Overview of relations between variables of the three research projects.
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1.2. Anxiety in Learning and Achievement Situations

Anxiety is an emotion that is familiar to all of us and that can be seen as the most common
source of emotional distress in the school context (Cassady, 2010; Cassady & Johnson, 2002;
Goetz & Hall, 2013). Two very prevalent forms of anxiety are math anxiety and test anxiety
(Jain & Dowson, 2009; Zeidner, 2014). Math anxiety refers to the aversive feelings of tension,
concern, mental disorganization, and bodily symptoms that are evoked in situations
involving mathematics such as mathematical computations, problem-solving, and
assessment (Ashcraft, 2002; Ashcraft, Krause, & Hopko, 2007). It is conceptually related to
test anxiety through a common theme of concerns about evaluation (e.g., Rosen & Maguire,
1990). Test anxiety is evoked when a person believes that her or his intellectual, motivational,
and social capabilities do not meet the demands of the test or evaluative situation (Reeve,
Bonaccio, & Charles, 2008). It can be experienced before, during and after an examination or
some other test situation (Zeidner, 2007, 2014).

Because of its prevalence (test anxiety: 25 to 40% of the population; Zeidner, 2014) and
various debilitating effects (e.g., deficits in information processing and retrieval, low
performance, low self-esteem and lower well-being; Cassady, 2004; Enright, Baldo, & Wykes,
2000; Eysenck, Derakshan, Santos, & Calvo, 2007; Hembree, 1990; OECD, 2016; Seipp, 1991;
Van Yperen, 2007), knowledge about the detrimental and complex emotion of anxiety is
crucial - not only for researchers, but also for teachers and educators (Zeidner & Matthews,
2011). For example, for planning an anxiety free lesson or designing tests, and for developing,
planning and evaluating interventions (Astleitner, 2000; Zeidner, 2007, 2014). In order to gain
this knowledge, a very important aspect for researchers is the measurement of anxiety
(Cipora, Artemenko, & Nuerk, 2019).

1.3. Assessing Anxiety via Trait and State Self-Report
Measures
There are different ways to assess anxiety. The most prominent and widely used ways of

measurement are self-report measures (Larsen & Prizmic-Larsen, 2006). They can be further

divided into so-called trait and state assessment methods (Zuckerman & Spielberger, 2015).

1.3.1. Trait Self-Report Measures of Anxiety

Trait self-report assessments of anxiety have a long-standing history in the research
literature (Wilhelm, Perrez, & Pawlik, 2012). They are regarded to assess habitual anxiety

without referring to a specific situation and require a recall of this emotion via generalized
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self-reports (Kaplan, Dalal, & Luchman, 2013; Schutz & Davis, 2000)'. Trait self-report
assessments typically involve paper-pencil questionnaires in which subjects respond to items
like “How much anxiety do you usually experience in mathematics class?” and are usually of cross-
sectional nature (i.e., they are only assessed at one point of time). Thus, the researcher’s focus
is generally on comparisons across people (Kaplan et al., 2013). The advantages of trait
measures of anxiety are that they offer quick and cost-effective assessments of self-observed

thoughts and emotional experiences (Wilhelm & Grossman, 2010).

1.3.2. State Self-Report Measures of Anxiety

In contrast to trait self-report measures, state self-report measures of anxiety examine
momentary anxiety as it is experienced in a specific situation (e.g., Eid, Schneider, &
Schwenkmezger, 1999; Karner & Kogler, 2016). In this case, participants are asked to indicate
their anxiety over a short time interval (e.g., during the past lesson, during the past test, or at
the current moment). An example item would be: “How much anxiety are you experiencing right
now?”. Usually researchers are interested in multiple repeated measures of state anxiety,
where the focus is on within-person comparisons across time that allow for intra-individual
analyses (Molenaar & Campbell, 2009). This can be achieved with so-called experience
sampling methods (Hektner, Schmidt, & Csikszentmihalyi, 2007; Shiffman, Stone, & Hufford,
2008; Trull & Ebner-Priemer, 2009), in which participants complete repeated surveys in near
real-time in a natural setting (e.g., at multiple time points during a school day, a lesson, or a
test). Such assessments can either be conducted by using electronic devices that send multiple
random reminders to fill in a short electronic questionnaire during a lesson (e.g., ambulatory
psychological assessment; Trull & Ebner-Priemer, 2009) or by filling in a short paper-pencil
questionnaire after each lesson (i.e., kind of a diary as used in the study byBecker, Keller,
Goetz, Frenzel, & Taxer, 2015).

The idea of differentiating traits and states by asking students about their anxiety “in
general” versus “at the moment” is closely related to the approach of Spielberger’s State-
Trait-Anxiety-Inventory (Spielberger, Gorsuch, & Lushene, 1970), but actually goes back to
Zuckerman (1960). Existing studies on anxiety have predominately used the less costly and
more convenient trait assessment method (Wilhelm et al., 2012). In more recent research,
momentary assessments of anxiety in ecologically valid achievement and learning situations
(i.e., state anxiety) are becoming increasingly popular (e.g., Ahmed, van der Werf, Minnaert,
& Kuyper, 2010; Goetz et al., 2012; Pekrun & Biihner, 2014).

!t has to be clarified that the concept of “trait anxiety” or “trait anxiousness” could suggest a general and almost
pathological proneness or vulnerability to anxiety, regardless of the nature of threat (Endler & Kocovski, 2001).
However, the present dissertation uses a methodologically centered definition of “trait anxiety”. When referring
to “trait anxiety” or “trait measures of anxiety” in the following sections, what is meant is that anxiety is assessed
via generalized self-reports (Amelang, Bartussek, Stemmler, & Hagemann, 2006). When discussing state anxiety
or state assessments, these terms refer to anxiety as assessed directly in a specific context (i.e., perceived anxiety
in mathematics class at the time the questionnaire is completed).
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1.3.3. The Discrepancy Between Trait and State Self-Report

Measures

Previous studies found that there is a discrepancy in the intensity rating of the two
above mentioned measures, in such a way that trait self-report measures in comparison to
scores obtained by multiple state assessments, are generally rated higher (e.g., Barrett, 1997;
Ben-Zeev, McHugo, Xie, Dobbins, & Young, 2012; Wilson & Gilbert, 2005). This has also been
termed intensity bias by Buehler and McFarland (2001).

Robinson and Clore (2002) explain this discrepancy between trait and state measures
in their accessibility model of emotional self-report. Their model proposes that when using
momentary or online self-reports to assess anxiety (i.e., like in state self-report measures of
anxiety), the direct experiential information is accessible to the student. Thus, state self-report
measures of anxiety only require the student to recall experiences that just occurred. When
self-reports become more distant from the actual events they are intended to cover, such as
in trait self-report measures of anxiety, students have to recall or summarize memories about
their anxiety that are not readily available. Thus, they may not attempt to recall single
episodes or events in which they experienced anxiety. Instead, they answer the questionnaire
based on their memory and their beliefs about how they or others typically feel in such
circumstances (i.e., using semantic knowledge; Kahneman, 2011). Robinson and Clore (2002)
postulate that this in turn causes trait measures to be strongly influenced by subjective beliefs.
In contrast, due to their temporal proximity to the situation, state measures are less
susceptible to such a bias (Kahneman, 2011; Wilhelm & Grossman, 2010). Therefore, state
measures of momentary emotions that are more dependent on contextual and environmental
factors are considered to evaluate actual emotions, while trait measures are regarded to rather
reflect and individual’s beliefs about emotions (Robinson & Clore, 2002). With respect to the
so-called trait-state discrepancy, this would mean that the discrepancy (i.e., higher intensity
rating of trait self-reports) arises due to the overestimation of anxiety as assessed with trait
self-report measures. This raises the question of whether it is appropriate to draw conclusions
about anxiety as assessed with state measures from anxiety assessed with trait measures and
vice versa, and calls for comparing the two self-report measures by applying both a trait as
well as a state approach to assess students’ anxiety.

There are limited studies that have already embarked on this path (e.g., Bieg, Goetz,
& Lipnevich, 2014; Bieg, Goetz, Wolter, & Hall, 2015; Goetz, Bieg, Liidtke, Pekrun, & Hall,
2013; Nett, Bieg, & Keller, 2017). Studies investigating the discrepancy between trait and state
self-report measures of anxiety in girls and boys found that girls only reported higher trait
but not state anxiety than boys (Goetz et al., 2013). In addition, they found that the trait-state
discrepancy in anxiety was smaller in students with higher academic self-concepts (Bieg et
al., 2014; Goetz et al., 2013).

The academic self-concept is an identity related subjective belief that can be defined as
a mental representation of abilities and competencies a person has (Nagengast & Marsh,

2012). It is seen as a crucial antecedent of emotions according to the control-value theory of
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achievement emotions (Pekrun, 2006). With regard to the trait-state discrepancy a smaller
discrepancy (i.e., due to a higher academic self-concept) would mean less overestimation of
trait anxiety and thus can be viewed as a more realistic evaluation of one’s anxiety.
Consequently, students with a high academic self-concept should evaluate their anxiety more
realistically than students with a low academic self-concept.

High achievers (i.e., students with high achievement levels) can in general be expected
to have high academic self-concepts (Bailey, 1971). Yet, until now, there is no knowledge
about how the trait-state discrepancy in anxiety looks like in such students with very high
achievement levels. A meta-analysis by Ma (1999) found that for high achieving students’
anxiety levels seem to be relatively unproblematic, because high achievers tend to be less
anxious about mathematics than their low achieving peers. However, the majority of the
studies on mathematics anxiety have been based on the assessment of trait anxiety with trait
self-report measures, and little is known whether this also holds true for actual state anxiety
measures, or in other words whether trait measures of anxiety are able to validly gauge what

high achieving students actually feel in the classroom.

1.3.4. Research Questions of Research Paper I

In response to this lack of research, the first study of the present dissertation examined
the discrepancy between trait and state assessments of anxiety in a group of high and low
achieving students and further investigated academic self-concept as a predictor of the trait-
state discrepancy. The study was conducted with N =237 high school students (grades 9 and
10) from Germany and was using a multi-method approach with traditional questionnaires
(i.e., to assess trait mathematics anxiety) and experience sampling (i.e., diaries) during
multiple real-life mathematics lessons to assess students’ state (i.e., momentary) anxiety in
mathematics. This rendered it possible to evaluate whether findings from previous studies
assessing high achieving students’ trait anxiety hold true when actual state anxiety measures
are also assessed.

The study addressed the following research questions:

(1) Do high achievers experience less trait as well as state anxiety in mathematics
than low achievers?

(2) Do high achievers exhibit a smaller trait-state discrepancy?

3) Given that high achievers exhibit a smaller trait-state discrepancy, is this due

to their higher academic self-concept in mathematics?

Based on previous findings that have shown that academic achievement (Ma, 1999) is
negatively related to trait mathematics anxiety, along with the assumption that high
achievers have higher control experience in class, which according to the control-value theory
(Pekrun, 2006) should result in high achievers also experiencing less state anxiety than low
achievers, it was assumed that high achievers report lower levels of both trait and state
anxiety. Moreover, since high achievers can be expected to have very high academic self-
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concepts, it was assumed that they would less strongly overestimate their trait anxiety (i.e.,
smaller trait-state discrepancy) in comparison to low achievers. In more technical terms, we
expected achievement group (i.e., high vs. low achievers) to moderate the trait-state
discrepancy in mathematics anxiety and assumed that the academic self-concept partially

mediates this relationship (i.e., mediated moderation, see Figure 1).

1.4. Assessing the Different Components of Anxiety

Another aspect of measuring anxiety is taking the different components of anxiety into
account. Although emotions, and more specifically anxiety, in the academic context are
generally defined as multidimensional constructs in which different components are
distinguished (e.g., cognitive, affective, motivational, physiological, behavioral-expressive
components; Pekrun et al., 2004; Pekrun, Goetz, Titz, & Perry, 2002; Pekrun & Linnenbrink-
Garcia, 2014; Reeve, 2014; Shuman & Scherer, 2014), in empirical studies this multi-
componential nature of anxiety is often neglected. As a consequence, anxiety is usually
assessed and examined relatively undifferentiated as a one-dimensional construct, for
example by building sum scores or by using single-item measures (e.g., “How much anxiety
are you experiencing right now?”), which do not clearly indicate whether one, some, or all
components of anxiety are perceived (Shuman, Clark-Polner, Meuleman, Sander, & Scherer,
2017). Regarding test anxiety, researchers often make only a rather rough differentiation
between “worry” and “emotionality” components (Zeidner, 2007). Worry can be described
as cognitive concerns especially about the consequences of failure and emotionality refers to
the affective arousal experience (Liebert & Morris, 1967). However, the dichotomous
distinction between worry and emotionality is nowadays replaced by a finer distinction
between the components (e.g., Hodapp & Benson, 1997; Matthews, Hillyard, & Campbell,
1999; Pekrun & Biihner, 2014; Sarason, 1984; Scherer, 1984, 2009).

1.4.1. Four Components of Anxiety

A common distinction of the emotional components, which is also reflected in
emotion questionnaires such as the Achievement Emotions Questionnaire (AEQ; Pekrun,
Goetz, Frenzel, Barchfeld, & Perry, 2011), is the differentiation between four components?
(Pekrun & Biihner, 2014; Pekrun et al., 2004; Scherer, 2009). Regarding the emotion of anxiety
they can be described by intrusive thoughts and worries (i.e., cognitive component), a feeling

2 Sometimes a fifth component, namely the behavioral-expressive component, is included (Pekrun & Biihner,
2014). It describes the accompanying facial expressions and body postures and is the component from which
individuals can draw conclusions about the emotional experiences of others. However, this component is not part
of the typical anxiety questionnaires such as the Achievement Emotions Questionnaire (AEQ; Pekrun et al., 2011),
as it is not easily accessible with self-report measures. Often, this component is indirectly assessed, for example
via observation (Harley, 2015)).
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of nervousness (i.e., affective component — often also referred to as the component that describes
the core feeling of an emotion), increased physiological arousal such as higher heart rate or
sweating (i.e., physiological component), and an urge to withdraw from the situation (i.e.,
motivational component; Pekrun et al., 2011; Pekrun et al., 2004; Zeidner, 2014; Zeidner &
Matthews, 2005). These four components are theoretically distinct, yet related (Zeidner,
2014).

1.4.2. Control Antecedents and Achievement Effects of the

Anxiety Components

Especially in theories that explain antecedents and effects of academic emotions, this
multi-component perspective of anxiety is often neglected and the components are not
considered separately. Knowledge on the causes (i.e., antecedents) and effects of the
individual components may proof helpful, for example to develop and apply component-
focused strategies to reduce anxiety according to their effect intensities (Zeidner, 2014). One
of the most prominent theories in the educational context that deals with the antecedents and
effects of emotions is the control-value theory (Pekrun, 2006), which has already been briefly
touched upon before. This theory refers to control as a central antecedent of anxiety and lower
performance as a major effect of anxiety.?

Control can be described as the cognitive appraisal of the possibility to personally
influence activities and outcomes and may include perceptions such as competence beliefs
and causal attributions (Goetz, Pekrun, Hall, & Haag, 2006; Pekrun & Stephens, 2010). It is
assumed that perceived control is positively associated with positive emotions and
negatively related to negative emotions (Pekrun, 2006). The control-value theory states that
increased anxiety especially arises in achievement situations that a student perceives to be
important, such as a test (i.e., high value) and when the student experiences a loss of control
or insufficient control over the achievement activities or outcomes (Pekrun, 2006; Scherer,
Schorr, & Johnstone, 2001). This increased anxiety is in turn associated with decreased
performance. Thus, this relationship can be described as a mediation: anxiety mediates the
relationship between control and performance. In detail, anxiety resulting from perceived lack of
control reduces cognitive resources and the use of flexible learning and test-taking strategies
and self-regulation (Pekrun, 2006). Subsequently, increased anxiety has negative effects on
performance (Pekrun, Elliot, & Maier, 2009).

A large number of empirical findings consistently confirm Pekrun’s assumptions
about the relationship between control, anxiety and performance (Frenzel, Pekrun, & Goetz,
2007; Goetz et al., 2006; Hembree, 1988; Lee, 2009; Perry, Hladkyj, Pekrun, & Pelletier, 2001).

3 Value appraisals, as already reflected in the name of the control-value theory, are also important antecedents of
anxiety (Pekrun, 2006). The focus of the present dissertation, however, was on control appraisals.
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These studies were mainly based on trait assessments of anxiety, but there is also some
supporting evidence for state assessments (e.g., Ahmed et al., 2010).

However, although some previous findings indicate that the anxiety components
might differ regarding their antecedents and effects (e.g., Cassady & Johnson, 2002; Keogh,
Bond, French, Richards, & Davis, 2004; Liebert & Morris, 1967; Mcllroy, 2000; Morris &
Liebert, 1970; Putwain, 2007; Putwain, Connors, & Symes, 2010; Seipp, 1991), it remains
unclear whether all of the anxiety components are equally important in this proposed
mediating mechanism connecting control, anxiety and performance at school, since no study
that examined this relation has differentiated between the components thus far (see Figure
1). Therefore, it seems reasonable to explicitly investigate the different anxiety components

in the framework of the control-value theory.

1.4.3. Research Questions of Research Paper II

Against this background, the aim of the second study in the current dissertation was
to investigate the relative impact the anxiety components have in the above described
mediating mechanism that connects control and performance, and to identify the component
that is central in this respect (i.e., has the strongest impact on students’ performance).
Furthermore, as the control-value theory describes intra-individual processes (i.e., within-
person associations; Pekrun, 2006), we aimed at complementing findings from traditional
inter-individual studies (i.e., studies that are only looking at between-person associations) by
applying an intra-individual real-time approach (Murayama et al., 2017). In this way, it was
possible to gain insight into the intra-individual functioning of the control-anxiety
components-performance relation-ship. Particularly, we were examining this relationship in
a sample of N = 137 German 8th graders, when students were writing a math exam using
multiple within-person measurements (i.e., state assessments) of the study variables. Since
anxiety, as previously stated, is usually examined relatively undifferentiated and in more
recent studies for practical reasons, is even assessed only with single-itern measures (Ashcraft,
2002; Csikszentmihalyi & Larson, 2014; Goetz et al., 2013; Schimmack, 2003; Tong et al., 2007),
the second goal of the study was to investigate which anxiety component is hidden behind
such an undifferentiated measure of anxiety. Such measures have clear advantages because
they are less intrusive and easier to administer (especially in large-scale assessments), and
previous research suggested that they could be sufficient for adequately measuring
subjective experiences such as anxiety (Ainley & Patrick, 2006; Ashcraft, 2002; Gogol et al.,
2014; Nufiez-Pefia, Guilera, & Sudrez-Pellicioni, 2014). In the case of test anxiety however,
these single-item measures are only able to gauge anxiety as an overall construct
(Diamantopoulos, Sarstedt, Fuchs, Wilczynski, & Kaiser, 2012) and little is known what
anxiety component such measures actually tap into. In combination with our first research
question, answering this question may help future research in deciding whether and how
differentiated anxiety should be assessed depending on the research question and the

conclusions they want to draw.
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Our study was guided by the following research questions:

(1) a) Is the effect of control and performance mediated by the test anxiety
components (see Figure 1)?
b) Does control affect all anxiety components in similar ways?
c) Do the different anxiety components affect performance in the same way?
(2) What anxiety component is mainly assessed with single-item self-report

measures of test anxiety?

It was hypothesized that anxiety mediates the relationship between control and
performance and that the anxiety components vary in the strength of their mediating effects.
Since according to the control-value theory control is a cognitive appraisal, we assumed that
it has the strongest negative effect on the cognitive anxiety component (Pekrun, 2006). Based
on information-processing models that state that thinking about negative consequences of
one’s performance takes up a lot of cognitive resources, and building on previous research
that found strong associations between performance deficits and high levels of worry and
cognitive interference, it was assumed that the cognitive anxiety component has the strongest
effect on performance as well as the strongest mediating effect (Naveh-Benjamin, 1991; Van
Yperen, 2007; Zeidner & Matthews, 2011). Furthermore, it was assumed that when students
are asked about their anxiety with a single-item, their answer will most likely be associated
with the affective anxiety component — as this is according to most models the key anxiety
component (Scherer, 1984, 2005).

1.5. Assessing Anxiety Using Physiological Measures

Based on theoretical considerations in Paper II of the current dissertation, for a more complete
picture of anxiety and its antecedents and effects it might be important to take the different
components into account. However, as reflected in the theoretical assumptions of Paper I,
trait self-report measures can be biased (e.g., by memory biases, or subjective beliefs;
Robinson & Clore, 2002) and even state measures of anxiety can be influenced by certain
factors, such as the willingness and capability to report about feelings (Kaplan et al., 2013).
For example, a state self-report measure could surprise students if they are engaged in deep
concentration and are not expecting the questionnaire to pop up. Alternatively, students may
feel bored by having to repeatedly complete the questionnaire if they are administered too
closely together or they may be frustrated because of the repeated interruption (Harley, 2015).
In addition, self-reports can only capture the subjective experience of a student. These
limitations of self-report measures call for applying measures that are less susceptible to such
biases and cannot be masked or controlled by the individual, such as for example physiological
measures of arousal, in order to obtain a more objective and therefore also more complete
assessment of anxiety (Podsakoff, 2003). This is especially promising when examining the
physiological component of test anxiety, as increased levels of physiological arousal can be
continuously assessed in real-life testing situations through physiological measures such as
10
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heart rate or skin conductance levels (Betancourt, Dethorne, Karahalios, & Kim, 2017; Harley,
2015; Zeidner & Matthews, 2011).

1.5.1. The Physiological Response to Anxiety

Strong emotional arousal, such as that associated with stress, and more specifically,
test anxiety, activates two primary biological systems. The first is the autonomic nervous
system which is responsible for modulating peripheral function and consists of sympathetic
and parasympathetic branches that are generally associated with activation and relaxation,
respectively (Mauss & Robinson, 2009). The second system is the adrenocortical system,
which is activated via the hypothalamic-pituitary-adrenal (HPA) axis. This system is
responsible for regulating the hormone cortisol, often referred to as the classical stress
hormone (Lundberg, 2005).

Since the body’s responses to stress are numerous (e.g., increased pulse and heart rate,
heightened blood pressure, scanty secretion of salivary glands, increased sweating, cold and
clammy hands, ...), there are several different physiological measures to assess physiological
arousal (Gatchel, Baum, & Krantz, 1989; Zeidner & Matthews, 2011). The focus in the third
Paper of the current dissertation was therefore only on measures that are typically and
currently used to examine anxiety (Hodges, 2015). These are cardiovascular measures such
as heart rate (HR), heart rate variability (HRV) and blood pressure (BP); electrodermal
activity measures (EDA; Boucsein, 2012) such as skin conductance (SC) or skin resistance
(SR); endocrine measures such as cortisol sampling, and pH level in saliva which recently has
gained increased attention (Marques, Silverman, & Sternberg, 2010).

Interest in physiological measures to complement traditional self-report measures of
emotions has grown immensely over the last five years (D'Mello & Calvo, 2013). However,
interpreting findings obtain from these measures in relation to existing educational research
and theories remains a challenge in the field of educational psychology (Kreibig, 2010;
Kreibig & Gendolla, 2014; Mauss, Levenson, McCarter, Wilhelm, & Gross, 2005; Mauss &
Robinson, 2009). In particular, when attempting to measure psychological constructs like
(test) anxiety, one needs not only to show that the measurement is reliable, but also that the
measurement of the construct is valid (e.g., by showing that different measures of the same
construct are related; Cipora et al.,, 2019). Since heightened physiological arousal is one
component of test anxiety (Zeidner & Matthews, 2005), it is reasonable to assume that
students’ objectively measurable level of physiological arousal during test taking (i.e., as
assessed with physiological measures) and their level of self-reported test anxiety (i.e., often
including the subjective experience of all components) would converge. However, empirical
findings investigating this relationship are mixed and ambiguous (e.g., Mauss et al., 2005;
Tryon, 1980; Zeidner, 1998; Zeidner & Matthews, 2011).
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1.5.2. Research Questions of Research Paper III

To yield a more coherent picture of the relationship between self-report and
physiological measures, and to gain further insight of their similarities and differences, the
systematic review of the present dissertation investigated whether higher self-reported test
anxiety is associated with objectively measurable increased physiological arousal. To our
knowledge, no review has systematically examined or quantified this relation. As such, this
review aims to systematically integrate the existing evidence.

Furthermore, another goal of the review was to identify aspects that potentially
influence the relationship between self-report measures of test anxiety and physiological
measures (e.g., study design and setting, sample characteristics or the assessment and
analysis of physiological data). This may help future research to apply them successfully in
educational contexts.

Finally, some researchers (e.g., Morris, Davis, & Hutchings, 1981) state that
physiological indices provide information concerning the emotionality component of anxiety
but little information about the worry component. They assumed that the inconsistent
findings on the correlations between self-report and physiological measures may be partly
due to combining emotionality and worry in the same self-report measures. Therefore, we
were additionally aiming to find out whether the relationship between physiological arousal
and the emotionality components of test anxiety is different from the relationship between
physiological arousal and the worry component.

Thus, the following research questions drove our systematic review:

(1) Is self-reported test anxiety positively associated with objectively measurable
physiological arousal (and can we quantify this relation)?

(2) Are there methodological variables that moderate this relation (e.g., study
design, setting, sample characteristics, assessment and analysis of
physiological data)?

3) Are there differential relations between worry and emotionality components
of test anxiety, on the one hand and physiological arousal, on the other?

To answer these questions, a systematic review of the literature in PsycINFO,
PubMed, and ERIC databases was conducted to identify all studies addressing the
relationship between self-reported test anxiety and physiological arousal applying
cardiovascular measures (e.g., heart rate), electrodermal measures (e.g., skin conductance),

cortisol sampling, or saliva pH.
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1.6. General Discussion

The aim of the present dissertation was to gain insight into the structural similarities and
differences of the described assessment methods of anxiety in learning and achievement
situations. The following general discussion will answer the general questions of the
introduction by combining the results and the implications of the three included studies.
First, the main findings of each research project of my dissertation are briefly summarized and
discussed, and several implications for research and practice are drawn, many of them already
detailed in the three Research Papers. In the subsequent section, general strengths and
limitations of the three Research Papers are addressed, and I will sketch potential directions for
future research. The last section closes with an overall conclusion that can be drawn from the

presented findings.

1.6.1. Summary of Main Findings and Implications for Research

Paper I: Trait and state self-report measures of anxiety

Research Paper I examined the discrepancy between trait and state self-report
measures of anxiety in mathematics in high versus low achieving students while also taking
into account their academic self-concept in mathematics — a subjective belief previously
shown to play a role in explaining this discrepancy. The goal of this study was to investigate
whether findings from trait measures hold true when also applying state anxiety measures.
The findings showed that high achievers experienced less trait as well as less state anxiety in
mathematics class than low achievers, which was consistent with the theoretical assumptions
and our hypotheses. Thus, overall high achievers seem to be rather on the low end of the
anxiety continuum. However, results also showed that multiple state assessments of self-
reported anxiety in mathematics yield different results than single trait assessments,
especially in students with different achievement levels and different levels of academic self-
concept. In more detail, low achievers rated their trait anxiety significantly higher than their
state anxiety (i.e.,, they overestimated their trait anxiety), which is consistent with the
intensity bias in emotional self-reports (Buehler & McFarland, 2001). Yet, even though the
trait-state discrepancy in anxiety was lower in high achievers, surprisingly unlike low
achievers high achieving students due to their higher academic self-concepts experienced
more anxiety (i.e., as assessed with state measures) than we would have expected from their
trait self-reports (i.e., they underestimated their trait anxiety). Given that state assessments
are regarded to reflect actual emotional experience more validly than trait assessments of
anxiety (Robinson & Clore, 2002), our findings imply that, even though high achievers appear
well adapted to the classroom environment due to lower levels of trait and state anxiety than
low achievers, they actually experience more anxiety in mathematics class than they are

aware of (i.e., as reported in trait self-report measures). Thus, by applying fine-grained state
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assessments, we get a more realistic picture of the anxiety students experience in class.
Additionally, this indicates that when using trait anxiety measures as a proxy for students’
actual anxiety, one has to always bear in mind the effects of other variables, such as academic
achievement and academic self-concept, which can influence self-reported trait anxiety in
either direction (i.e., over- or underestimation of trait anxiety).

While our study shows that trait assessments, in contrast to state assessments, are
unable to measure the students” actual momentary anxiety and cannot capture situational
fluctuations, they were found to be relevant in other studies: If one is interested in more distal
outcomes, empirical evidence suggests that trait measures of emotions might be a better
choice, because they are more predictive for future behavior and decision making, such as
career choice and presumably other outcomes which are based on students” expectations and
beliefs (Amelang et al., 2006; Conner & Barrett, 2012; Kihlstrom, Beer, & Klein, 2003; Krannich
et al., 2019; Levine, Lench, & Safer, 2009; Robinson & Sedikides, 2009; Wirtz, Kruger, Scollon,
& Diener, 2004). In conclusion, and in response to the first question posed in the introductory
section, trait assessments and state assessments are both valuable but they indeed capture different
facets of a construct and should be selected based on the outcome variable researchers want to

examine.

Paper II: Component-specific assessment of self-reported anxiety

Research Paper II went one step beyond and examined the relative importance of the
different components of state anxiety (i.e., cognitive, affective, physiological, and
motivational components) during a mathematics test in the framework of the control-value
theory by using an intra-individual approach (i.e., multiple state measurements of the anxiety
components, control and performance). The second goal of this study was to investigate
which anxiety component underlies the frequently used single-item measures of test anxiety.

As expected, the results of the study suggest that the different anxiety components
indeed differed with regard to their control antecedents and effects on performance. In more
detail, control was negatively related to all anxiety components but the associations varied in
strength. In addition, the components differed in their relative impact on performance, with
the cognitive component being central for this outcome. In line with the hypotheses, we
found a relationship between control and performance mediated via the cognitive test
anxiety component (i.e., significant indirect effect): lower control went along with an increase
on the cognitive anxiety component, which in turn resulted in lower performance. These
findings support the assumptions of the control-value theory and thereby additionally show
that this theory on intra-individual relations indeed also holds true when examining it on an
intra-individual level (Goetz et al., 2006). Since the cognitive component is the only
component for which we found such a mediating effect (i.e., significant indirect effect), our
results suggest that the cognitive anxiety component is most important in this mediating

mechanism.
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Moreover, consistent with the expectations, results revealed that with a relatively
undifferentiated measure of anxiety, namely with a single-item, we most likely assess the
affective anxiety component. As stated earlier, the affective component is usually regarded
as the core anxiety component in multi-componential models of anxiety (Scherer, 1984). Our
results thus confirm that single-item measures are capable of gauging this key component of
the anxiety construct. Since this component seems to be so saliently represented in a student’s
mind when asked about her or his subjective anxiety with single-items, one could further
speculate that this component might be important for factors other than performance (e.g.,
well-being, school attendance or self-esteem; Diener, 2000; Wigfield, Battle, Keller, & Eccles,
2002). This underlines that the focus should not only be on the cognitive anxiety component
and that it is required to examine the affective component more closely with regard to its
effects on other variables than performance in future studies. The same could apply to the
physiological and motivational anxiety components, which have been understudied thus far
and for which we also did not find a significant indirect effect on performance in the current
study. However, this does not mean that they are not important for other factors.

Taken together, it is crucial for researchers to realize that when using single-item self-
report anxiety measures such as “How much anxiety are you experiencing right now?”, they are
most likely working with a predominantly affective measure. Therefore, when examining
performance outcomes in the context of the control-value theory, assessing anxiety with a
single-item measures that is focusing predominantly on the affective anxiety component
might not be sufficient. In this case, items that largely tap into the cognitive component
appear to be more appropriate as they are a better predictor for performance. However, for
investigating more distal outcomes, single-item measures that capture the affective
component, or other multiple-item measures that capture the physiological and motivational
anxiety components could ultimately be a good choice. Therefore, researchers should
carefully choose which measure of anxiety they are using, depending on their particular
research question at hand and the implications they want to draw. In conclusion, to answer
the second question posed in the introduction of this synopsis, a differentiated component-
specific assessment of anxiety is not only relevant but highly important and inevitable for certain
research questions.

Paper III: Self-report and physiological measures of test anxiety

Research Paper III synthesized research on the relationship between self-report
measures of test anxiety and physiological measures - another dimension which can be
considered when conducting research on anxiety - by systematically reviewing studies that
applied both measures. Furthermore, the systematic review aimed at finding out whether the
relationship between physiological arousal and the emotionality component of test anxiety is
different from the relationship between physiological arousal and the worry component.

The systematic literature search yielded 193 articles and a structured study selection
process resulted in 27 eligible articles with 29 studies. The majority of the reviewed studies
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(i.e., 21 studies, 72 %) found significant positive correlations between self-reported test
anxiety levels and at least one measure of physiological arousal (mean significant correlation
across all measures: r risiersz = .32). These results are promising as they are generally consistent
with theoretical concepts and support the assumption that higher self-reported test anxiety
is associated with objectively measurable higher physiological arousal. Thus, it can be said
that more perceived anxiety is often also reflected in higher physiological arousal, for example a faster
heartbeat — which answers the third question from the introduction.

Furthermore, results from nine studies that reported differential results for the two
test anxiety components, showed that, for the most part, correlations were stronger between
the physiological measure and the emotionality component. This is in line with theoretical
assumptions as the items for the emotionality component more strongly tap into aspects of
physiological arousal than the items of the worry component (Deffenbacher & Hazaleus,
1985; King, Ollendick, & Prins, 2000; Spielberger & Vagg, 1995).

The overall only medium significant correlation (ranging from r = .19 to r = .51)
indicates that the two measures do not completely overlap. Consequently, although the two
measures are related, they should not be used interchangeably. This supports theoretical
considerations, since physiological measures are assumed to only tap into the physiological
component of test anxiety whereas self-report assessments usually represent all test anxiety
components as subjectively experienced (i.e., also cognitive, affective, motivational, and
behavioral components; Pekrun et al., 2011; Wilhelm & Roth, 2001). However, knowing that
self-report measures can be strongly biased by subjective beliefs (as seen by the results from
Paper I) and that they are more likely to capture the affective component of anxiety because
they assess subjective experience that are represented in the conscious mind (Pekrun &
Biihner, 2014), one could conclude that using physiological in addition to self-report
measures is highly relevant and a promising enterprise. Together, they might provide
additional information, especially about the physiological test anxiety component, that
cannot be assessed with self-reports alone (Wilhelm & Roth, 2001). This implies for
educational research that in order to capture the complex construct of test anxiety as objective
and detailed as possible it is important to use both measures.

Additionally, we identified methodological aspects that could provide an explanation
for the apparent divergence in the studies from the current review that did not find significant
results (N = 8 studies) as well as for the relatively low convergence in the studies that found
significant correlations. This leads to several implications and recommendations for future
research. For instance, when applying physiological measures in future research, the study
setting and sample characteristics should be carefully selected and the choice of physiological
indices should be well grounded. Additionally, researchers should statistically consider
influencing variables such as previous food intake or drug use (such as alcohol or smoking;
e.g., Conley & Lehman, 2012) as moderators in their research designs. Moreover, as
correlations seemed to emerge more often in the interaction of subject and task (i.e., during a

test), it seems to be important to look at within-person associations between self-report and
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physiological measures across time (i.e,, multiple measurement points), rather than only

looking at between-person associations at a single time point.

Summary of research implications

Taken together, the findings of the present dissertation in general show that a more
granular assessment of anxiety is vital. Furthermore, across all three Papers, this dissertation
highlights, that it is not only important that the assessment of anxiety is fine-grained, but it
also indicates that anxiety should be assessed with a combination of different measures (e.g.,
self-report in combination with physiological measures) and that these measures (or their
combination) should be selected thoroughly based on theoretical considerations and the
research question at hand. In this way, we might get the most comprehensive assessment of

anxiety.

1.6.2. Practical Implications

A particular focus in two of the three research papers (i.e., Paper I and II) was on
applied research questions. Thus, several implications for educational practice can also be

derived.

Anxiety - An underestimated emotion in high achievers?

A first implication can be drawn from research Paper I that showed that high
achievers underestimated their trait anxiety and experienced more anxiety in class than we
would have expected from their trait anxiety ratings. Since high levels of trait anxiety are
negatively related to well-being, motivation and learning behavior (OECD, 2016; Pekrun et
al., 2002) on the one hand, it could be advantageous for them to believe that they experience
less anxiety in mathematics class than they really felt (i.e.,, when taking state anxiety as the
reference point). Moreover, an optimistic view about one’s own emotions and a positive self-
image could also help students handle difficult situations, as it can buffer against potential
setbacks such as failing a test (Levine et al., 2009). Hence, this underestimation of trait anxiety
in comparison to actual state anxiety levels due to their high academic self-concepts could be
adaptive and favorable regarding high achievers’ future academic choices, resiliency or
general mental health (Levine et al., 2009; Taylor & Brown, 1994; Wirtz et al., 2004). Another
explanation for the negative trait-state discrepancy would be that high achievers have better
coping skills to deal with their state anxiety and do not interpret it as threatening in the
situation, but rather as motivating. This is also consistent with the direct positive effect of the
affective anxiety component on performance we found in Paper II. In detail, the results from
Paper II suggest that higher state anxiety (i.e., on the affective anxiety component) during a
mathematics test could be beneficial for performance. This could have resulted from a
positive interpretation of the experienced nervousness during the test that might have

motivated the students to work hard on the test. Consequently, it is questionable if this
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negative trait-state discrepancy in high achievers should be diminished as it could be
considered a healthy coping mechanism.

On the other hand, this misperception of their actual anxiety (i.e., underestimating
how much anxiety they really experience in mathematics class) could also have detrimental
effects for high achievers in the long run. Particularly, this overconfidence may lead high
achievers to overestimate their abilities, which is related to risky decision-making and could
negatively impact their academic performance (Johnson & Fowler, 2011; Kahneman & Riis,
2005). Especially, in very threatening situations, high achievers might be overwhelmed by
their sudden feelings of anxiety and then could lack the coping skills to adequately deal with
them.

Whichever interpretation is correct, as classrooms become more and more
heterogeneous (e.g., Grohlich, Scharenberg, & Bos, 2009; Krannich et al., 2019), especially
with respect to different achievement levels, it is crucial for teachers to remember that not
only low achieving students, but also high achievers experience a certain amount of anxiety
in class. A vital responsibility of teachers and educational practitioners is to address and
reduce this anxiety. In this respect, it is necessary that teachers have excellent diagnostic
competencies to enable them to recognize the individual needs of their students and provide
both low and high achievers with adequate coping skills (Ohle & McElvany, 2015).

Selecting appropriate anxiety interventions

The results of Paper II showed that such coping skills and anxiety interventions
should be carefully selected and that it is important to distinguish between the different
components of anxiety because they differed in their relative impact on performance. As
previously stated, the cognitive component had the strongest effect in the control-anxiety-
performance relationship, which is consistent with the control-value theory and information
processing models of anxiety (e.g., Naveh-Benjamin, 1991; Schwarzer & Jerusalem, 1992). In
order to increase students” performance, it is therefore important to apply strategies that can
especially target the cognitive component of anxiety. Likewise, also research on challenge
and threat suggests that the interpretation of a situation as threatening and uncontrollable
goes along with increased cognitive anxiety and is detrimental for performance (Moore, Vine,
Wilson, & Freeman, 2012), while reinterpreting it as a challenge that can be met and overcome
is related to more positive emotions and ultimately better performance. Such a positive
interpretation can be achieved, for example, with cognitive reappraisal strategies that aim at
changing how one thinks about the situation or about one’s capacity to manage the demands
it poses (Gross & Thompson, 2007). Consequently, this can increase students” perceptions of
control and decreases the cognitive component of anxiety.

With regard to the positive direct effect of the affective component on performance
(i.e., higher affective anxiety was related to increased performance in our mediation model),
which has been briefly discussed previously, the findings imply that it could also be helpful

to tell students that nervousness during a test is not always harmful for performance but
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rather the thoughts (i.e., cognitive anxiety component) about the consequences of failing can
lead to performance decrements (Jamieson, Mendes, & Nock, 2013). However, this effect has
to be further investigated in future studies, as eventually also other mechanisms could
operate behind this relationship.

Furthermore, the findings of Paper II indicated that, since the affective component
seems to be most saliently represented in a student’s mind when asked about her or his
subjective anxiety with single-items, it is reasonable to assume that it may be connected to
factors other than performance, such as psychological well-being, school attendance, self-
esteem, sleeping problems, or other stress related physical ailments (Austin, Partridge,
Bitner, & Wadlington, 1995; Damer & Melendres, 2011; Huberty, 2010; Jamieson, Nock, &
Mendes, 2013; OECD, 2016; Salend, 2012). All these factors can have consequences especially
in the long run, for example for future career choice or mental and physical health (Diener,
2000; Wigfield et al.,, 2002). Therefore, the affective anxiety component should not be
neglected by interventions and it should be more closely examined with regard to its effects

on other variables than performance in future studies.

Increasing subjective control

Another practical implication that can be drawn is based on the findings about the
experience of control in both empirical Papers. Control appraisals are very important as
subjective beliefs about control (i.e., operationalized as academic self-concept) as shown by
Paper I, or in concrete situations as shown by Paper II (i.e., control appraisals while taking a
test). Paper I found that the academic self-concept influences the way students evaluate their
anxiety (i.e., lower academic self-concept was related to higher anxiety) but also influences
the extent to which students remember or forecast their anxiety (i.e., higher academic self-
concept was associated with a lower or even negative trait-state discrepancy). Accordingly,
also Paper II found that control affects all of the four anxiety components in the same
direction (i.e., lower control was associated with increased anxiety; negative direct effect) and
only the sizes of these effects differed. Thus, teaching practices that influence control
appraisals in concrete situations as well as programs to influence long-term subjective beliefs,
such as the academic self-concept, can be valuable in the classroom and will also contribute
to shaping a positive test-taking environment that leads to performance facilitation and more
tavorable responses (Dresel & Haugwitz, 2006, 2008; Hall, Perry, Chippertfield, Clifton, &
Haynes, 2006; Moore et al., 2012; Moore, Vine, Wilson, & Freeman, 2014). There are many
suggestions on how to influence students’ control appraisals. For example, right at the
beginning of a test, the task could be framed in a manner consistent with challenge, as this
has the potential to increase perceived control (Feinberg & Aiello, 2010). Furthermore, control
appraisals can be influenced by providing transparency, autonomy support, and feedback
during learning and test-taking (Pekrun, 2006), or by teaching students strategies such as
cognitive-reappraisal or attributional retaining which they can apply in a test situation (e.g.,
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Davies, 2010; Denny & Ochsner, 2014; Jamieson, Mendes, et al., 2013; Jamieson, Nock, &
Mendes, 2012; Ruthig, Perry, Hall, & Hladkyj, 2004).

A general overall implication that can be drawn from the two empirical studies is that
it may proof very helpful for teachers and educators to have background knowledge about
the importance of students’ anxiety and its antecedents and effects as well as about
possibilities for successfully influencing them. Especially instructions and teaching

techniques that foster a state of control seem to be of high relevance.

1.6.3. General Strengths, Limitations, and Considerations

The strengths and limitations and the consequent considerations of this dissertation
are to be discussed in the following. A special focus is thereby placed on the advantages and
disadvantages of the study designs, instruments, data analyses techniques, data abstraction,

and the generalizability of the results.

Study design

An important strength of this dissertation pertains to the study designs of the two
empirical studies. Anxiety and its antecedents and effects were assessed on a trait level via
traditional trait-based questionnaires (Paper I), and on a state level via experience-sampling
with diaries filled in at the end of each lesson (Paper I) or via state questionnaires during a
mathematics test (Paper II). As both studies employed the experience-sampling method with
multiple assessments on momentary experiences in realistic learning and assessment
environments (i.e., in class and during a test) the study findings have high ecological validity
(e.g., Csikszentmihalyi & Larson, 1992, 2014; Goetz, Bieg, & Hall, 2016; Hektner et al., 2007).
Since understanding psychological processes in the real world is a key driver to answering
applied research questions and most importantly to constructing intervention programs
(Jones & Johnston, 2011), researchers should be encouraged to use this method more
frequently - not only to assess the construct of anxiety, but also other constructs such as

motivation or well-being.

Instruments

Furthermore, it should be highlighted that in both empirical Papers we used well-
established instruments that contained multiple items to assess-trait and state mathematics
anxiety and academic self-concept (Paper I) and the different test anxiety components (Paper
IT), which is a clear strength of these studies. In order to keep the state assessments during
the mathematics test less intrusive and as short as possible and because we did not assume
that there are different components of control, we used a single-item to assess state control
appraisals in Paper II. Moreover, research has shown that it is reasonable to use single-item
measures when long scales are not applicable (Gogol et al., 2014; Nagy, 2002; Wanous &
Hudy, 2001), and we knew from previous studies (e.g., Bieg, Goetz, & Hubbard, 2013) that
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single state items that were used to assess control, had very high item-scale correlations.
Nevertheless, this may be viewed as a potential shortcoming and future research could

consider also assessing state control experience with multiple items.

Data analyses techniques

Another strength of the two empirical studies pertains to the analyses. In both Papers
an intra-individual perspective was taken and multilevel regression models that are
accounting for the nested data structure were used. This seemed vital as all data sets were
structured with multiple measurement points per student (and students being nested in
classes) and especially in the data of Paper II there was high inter-individual variance, as well
as variance within students from task to task (see Figure 7 in Paper II).

The advantage of the hierarchical linear analytic approach we used in Paper I is the
unbiased estimation of standard errors, accounting for different numbers of measurement
points. Furthermore, it is a sophisticated way to account for the discrepancy between trait
and state measures of anxiety (Raudenbush, Bryk, Cheong, Congdon, & du Toit, 2011;
Raudenbush & Bryk, 2002) and we could also include potential mediators and moderators of
the trait-state discrepancy, such as achievement level and academic self-concept (for a similar
approach see Bieg et al., 2014).

An important benefit of the intra-individual approach we used in Paper Il is that, as
one of the first studies, we could investigate the control-anxiety-performance relationship on
an intra-individual level. The control-value theory actually refers to within-person
functioning, but the majority of emotion research is based on between-person comparisons
instead of manipulating or assessing variations within an individual (Hamaker, 2012;
Voelkle, Brose, Schmiedek, & Lindenberger, 2014). In this way, with our approach we could
contribute to closing a long-standing research gap and proof that the control-value theory
holds true on an intra-individual level. Since it can sometimes be critical to draw conclusions
from inter-individual analyses on intra-individual functioning, researchers should be
encouraged to use intra-individual analytical approaches more often (Molenaar, 2004;
Molenaar & Campbell, 2009; Murayama et al., 2017). Despite these encouraging findings, a
point open to critique is that from a methodological point of view, although the sample size
in the second study was sufficient for conducting intra-individual analyses, yet, is was still
comparably small, which may have influenced the statistical power of the study (Maas &
Hox, 2005). Future investigators could ensure a high number of participants in their studies
to increase the power. A further point worth mentioning in this respect is that although we
used multiple measurement points to assess state anxiety in Paper I and II, especially in Paper
II, the analyses would have benefited from more measurement points. However, conducting
more state assessments can be intrusive (Goetz, Frenzel, Stoeger, & Hall, 2010) and the
number of assessments was restricted by the timeframe the schools provided for the data
collection. Future studies could try to optimize the research design and thereby increase the

number of state assessments, which would allow for running even more complex intra-
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individual models, like for example cross-lagged models (Bringmann, Ferrer, Hamaker,
Borsboom, & Tuerlinckx, 2018; Hamaker, Ceulemans, Grasman, & Tuerlinckx, 2015;

Hamaker & Wichers, 2017; Schuurman, Ferrer, de Boer-Sonnenschein, & Hamaker, 2016).

Data abstraction

In the last Research Paper, the systematic review, we not only qualitatively
summarized the selected research articles, but also systematically investigated the
relationship between self-report and physiological measures and determined a correlation
between the two assessment methods. This is a clear strength of this Paper, as such a
correlation index is important for future research in order to know the size of the correlation
coefficients they can expect between the two measures. In addition, the systematic review
addressed potential influencing variables of the relationship between the self-report and
physiological measures. In particular, the studies that found non-significant correlations
proved very informative, since future research can learn from them and can consider and
control the factors thus identified when applying physiological measures in their studies.
Moreover, the current review may be a pioneering step towards the development of

guidelines for the application of physiological measures in educational settings.

Generalizability

Our sample of high school students in both empirical studies (Paper I and II) was
relatively selective as we examined students from grades 8 to 10 in the top track of the
German school system (i.e., “Gymnasium”; about one-third of a student cohort attend this
school track; Federal Statistical Office, 2015). However, for Paper I we needed to be selective
to ensure that we received a sample of students with high achievement levels. Regarding
Paper 1II, although we do not assume that the selection of the sample may have limited the
generalizability of the findings, since from a theoretical perspective, the proposed structural
relations should be universal across different samples and different age groups, it would be
interesting to investigate these effects in students from different school types and with
different age groups. Furthermore, although the focus on mathematics in both empirical
studies allowed us to draw conclusions related to this field as a very relevant STEM (science,
technology, engineering, and math) domain, the exploration of a possible trait-state
discrepancy as well as the examination of the control-anxiety-performance relationship in
other subject domains than mathematics is indicated as well.

Summary

Taken together, the two empirical studies conducted in the present dissertation
benefit from novel research designs that utilized repeated state assessments in ecologically
valid settings, which allow for intra-individual analyses. Likewise, the systematic review has
a clear strength as it is the first Paper that provided a correlation between self-report and
physiological measures and thereby can help to advance physiological research in education
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and provide a deeper understanding of the complex and mostly detrimental emotion of test

anxiety. Yet, the research Papers in the current dissertation are not without their limitations.

1.6.4. Future Directions

In the following section I want to continue with some potential routes for future
research based on the findings as well as the identified strengths and limitations of the

current dissertation.

Beyond academic self-concept and control

The results of the present study concerning achievement level as a moderator of the
trait-state discrepancy and the academic self-concept as a mediator of this relationship allow
researchers to roughly estimate the extent to which trait and state anxiety assessments
resemble each other when a students” performance level and self-concept is known. In this
respect, the academic self-concept in mathematics, due to its high explanatory power in Paper
1(65.3%), seems to play a major role. However, further identifying moderating and mediating
variables of the trait-state discrepancy beyond academic self-concept in future research, such
as perceived value, gender stereotypes, or interest in mathematics may contribute to our
understanding of how reliable a trait assessment is for actual state assessments when
additional variables are also available.

Likewise, identifying such additional variables seems to be important for the
relationship between control, the anxiety components and performance in Paper II. Although
in this Paper, we found a partial mediation of the relationship between control and
performance via the cognitive anxiety component, there was a direct positive effect of control
on performance. This effect could be explained in part by other variables that might play an
additional mediating role (e.g., other emotions or variables such as self-efficacy or value) and
thus corresponds with assumptions of the control-value theory. Especially subjective value
appraisals might be very important, because they are a central variable in the control-value
theory, in such a way that they interact with control antecedents (Pekrun, 2006). Therefore,
our results suggest that it is not only necessary to regulate anxiety, but also to consider
additional variables during test taking, as they might affect performance as well (Goetz,
Preckel, Pekrun, & Hall, 2007). Such variables should be incorporated in future research

designs.

Complimentary methods to self-report measures

The two empirical studies conducted in the present dissertation used multiple
methods to assess students” anxiety and its antecedents and effects in the classroom and
during a mathematics exam. Yet, all methods relied on self-reports, which can be rather
intrusive, especially in situations such as a test (Pekrun & Biihner, 2014). As indicated by the

results of Paper III, future research could benefit from recent advancements in technology,
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allowing for ambulatory assessment of physiological indices. This is also a reoccurring issue
on many conferences.

By combining self-reports with continuous physiological measurement, for example
during an exam, we might be able to expand our knowledge of the mechanisms underlying
test anxiety in ways not possible using self-report measures alone. In the long run, this more
ecologically valid, more objective and detailed assessment might also aid the design of
effective theory-led interventions (Jones & Johnston, 2011).

Furthermore, by additionally enriching this data with data from observational
techniques (e.g., Donker, Van Gog, & Mainhard, 2018; Trull & Ebner-Priemer, 2014), or data
from automated facial coding with software such as “Facereader” or “FACET” (D'Mello,
Dieterle, & Duckworth, 2017, D'Mello & Graesser, 2010; Frenzel, Marx, Pekrun, Reck, &
Miiller, 2019; Harley, 2015; Lewinski, den Uyl, & Butler, 2014; Littlewort et al., 2011; Taub,
2018), we could objectively assess an additional component of anxiety, namely the
behavioral-expressive component, which is otherwise not readily accessible via self-report
(Harley, 2015). Furthermore, such methodological triangulations can increase the validity
and reliability of the findings (D'Mello & Calvo, 2013; Kantor, Endler, Heslegrave, &
Kocovski, 2001; Onwuegbuzie, Johnson, & Collins, 2010).

Although beyond the scope of the systematic review in the current dissertation,
considerable progress has also been made in elucidating the various brain systems that
control the physiological response to anxiety. These include the limbic system in the medial
temporal lobe, in particular the amygdala, as well as higher-level cortical brain activity
(Barrett & Wager, 2006; Caprara & Cervone, 2000; Immordino-Yang, Christodoulou, Pekrun,
& Linnenbrink-Garcia, 2014). Examining these brain systems could also be a route for future
research and further enrich our understanding of the underlying mechanisms of anxiety.

Another interesting approach that goes beyond mere self-reports is to investigate and
measure anxiety and other emotions by mapping them in the body. The studies by
Nummenmaa, Hari, Hietanen, and Glerean (2018) and Nummenmaa, Glerean, Hari, and
Hietanen (2014) used such a topographic approach in which participants reported where they
experienced a certain emotion in the body and found that different emotions were associated
with culturally universal, topographically distinct bodily sensations.

Cross-cultural research

Another avenue for future research would be to examine cultural differences
regarding the trait-state discrepancy in anxiety (Paper I). Eventually, other cultures exhibit
an even higher or lower trait-state discrepancy in mathematics anxiety because in their
culture it is not common to admit that one is generally anxious in mathematics. This could
apply for instance to Eastern societies (i.e., Asian countries), as they were found to suppress
their emotions more often because this is more socially and positively evaluated by others,
as compared to people from Western cultures (Butler, Lee, & Gross, 2007; De Leersnyder,
Boiger, & Mesquita, 2013; Ma, Tamir, & Miyamoto, 2018; Qu & Telzer, 2017). Cultural
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differences would also be worth investigating with regard to test anxiety (Bodas & Ollendick,
2005) and especially the role of the anxiety components in the mediating mechanism that
connects control and performance (Paper II). Perhaps for students with other cultural
backgrounds, another component of anxiety is more relevant for performance, or there may
also be differences between cultures when it comes to the intensity at which the different

components are rated.

Gender differences

An important aspect that unfortunately is still an issue in educational contexts, is
gender differences (Else-Quest, Hyde, & Linn, 2010; Maloney, Waechter, Risko, & Fugelsang,
2012). Although, we did not find any gender differences in state anxiety in mathematics class
in Paper I, in Paper II we found differences between female students in state test anxiety and
control experiences, but not in performance. This is in line with earlier findings reporting
gender discrepancies in emotional experiences, even though girls and boys had achieved at
similar levels in mathematics (e.g., Frenzel et al., 2007; Goetz et al., 2013; OECD, 2004; meta-
analysis by Seipp, 1991). Hence, our results demonstrate that there still remains a gap
between female and male students in terms of competence beliefs and emotions in
mathematics tests. Future work could more closely examine these effects, in particular with
regard to interventions that aim at closing this long-standing gender gap. Since regrettably,
women are severely underrepresented in STEM fields and one factor that has been implicated
in female students” avoidance of careers in these fields is math anxiety (Chipman, Krantz, &
Silver, 1992), this is especially important with regard to the subjects of mathematics and

science.

Emotional contagion of anxiety

Finally, as anxiety does not only develop within a student, but it can also be
“transmitted” to other students or it can be influenced by other emotions of the surrounding
persons (Hartel & Page, 2009), another route for future research would be to investigate
emotional contagion of anxiety. This is especially interesting in a classroom setting where, in
addition to the classmates’” emotions, the teachers’ emotions might also contribute to the
anxiety students experience in class (Becker, Goetz, Morger, & Ranellucci, 2014; Frenzel,
Becker-Kurz, Pekrun, Goetz, & Liidtke, 2018; Frenzel, Goetz, Liidtke, Pekrun, & Sutton, 2009).

1.6.5. Conclusion

Starting with a general (i.e., trait) assessment of anxiety, followed by a more situation
specific (i.e., state) and more differential (i.e., component-specific) assessment, up to a more
objective and often continuous (i.e., physiological) measurement, the present dissertation
compared different methods to assess anxiety in educational settings and highlighted their
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similarity and differences. This procedure resulted in a very fine grained and complete
picture of anxiety as experienced in educational settings.

The results from the two empirical studies in the present dissertation confirm that
trait and state conceptualizations of anxiety are different regarding their intensity ratings
(Paper I) and that the assessment method employed is highly important with regard to the
conclusions one wants to make. The same applies to the different components of anxiety,
which differ with regard to their control antecedents and effects on performance (Paper II).
Although it may seem trivial at first, these differentiations have not been explicit enough in
the past. Furthermore, the results of the present dissertation emphasize that anxiety can be
influenced. With regard to performance, for state anxiety this could be done by altering
students” control during a test or in class and for trait anxiety this could be done by
influencing students’ control beliefs (i.e., academic self-concept). Concerning variables other
than performance, the results point to the fact, that it might be prolific to more closely
examining the other anxiety components. The systematic review indicates that there is a
substantial relationship between self-reported test anxiety and physiological arousal as
assessed with physiological measures (which might also depend on methodological aspects),
but the moderate correlations suggest that applying both measures may add to a better
understanding of this complex emotion. Thus, overall, although it can be quite labor-
intensive, the findings from the present dissertation support the continued use of self-report
measures while combining them with physiological measurement to gain a more complete
view of anxiety in educational settings.

As a conclusion, the present dissertation underpins the notion that “The person’s
subjective sense of being anxious depends on a complex integration of the different components of
anxiety, depending on the individual” (Zeidner & Matthews, 2011, p. 19) and emphasizes the
fact that the assessment method adopted to capture this emotion is of vast importance. It will
ideally stimulate researchers to consider using physiological measures in combination with
self-report measures in classroom-based settings. Most importantly, it will hopefully also
encourage them to clearly distinguish between trait and state self-report measures of anxiety,
as well as the different components and their assessments in future studies, and to choose
appropriate methodological approaches guided by the research question under investigation
- Since One Measure Can’t Capture It All.
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Experiencing More Mathematics Anxiety Than Expected?
Contrasting Trait and State Anxiety in High Achieving

Students

2.1. Abstract

This study examined mathematics anxiety among high and low achieving
students (N = 237, grades 9 and 10) by contrasting trait (habitual) and state
(momentary) assessments of anxiety. Previous studies have found that trait
anxiety measures are typically rated higher than state measures. Furthermore,
the academic self-concept has been identified to play a moderating role in the
trait-state discrepancy, with higher academic self-concept leading to a lower
discrepancy (i.e., less overestimation of trait anxiety if state assessments reflect
actual experience). Therefore, we assumed that high achievers who were
expected to have high academic self-concepts would exhibit a smaller trait-state
discrepancy than low achievers. Results confirmed these assumptions and
revealed that high achievers even underestimated their trait anxiety.

Implications are discussed.

Keywords: state; trait; intensity bias; anxiety; academic self-concept; high

achievers
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2.2. Introduction

In comparison to low achievers, high achievers generally face fewer problems at school. One
widespread problem in the school context is anxiety, which is a detrimental emotion in the
classroom particularly in the domain of mathematics (Goetz & Hall, 2013). A meta-analysis
by Ma (1999) on math anxiety and its scholastic outcomes found that high achievers tend to
be less anxious about mathematics than their low achieving peers. However, when
comparing different levels of anxiety, it is important to distinguish between different
assessment methods.

Students’ class-related anxiety can be assessed using either trait or state assessment
methods. Trait measures examine habitual anxiety, whereas state measures examine
momentarily experienced anxiety in real-life situations (Spielberger et al., 1970). Existing
studies on mathematics anxiety have predominately used the less costly and more convenient
trait assessment method (Wilhelm et al., 2012). However, in comparison to scores obtained
by multiple state assessments, which are regarded as reflecting actual emotions as they are
experienced (Robinson & Clore, 2002), trait assessments of emotions are generally
overestimated (Buehler & McFarland, 2001). It has been argued that the discrepancy between
trait and state measures of emotions (i.e., overestimation of trait emotions) results from trait
measures being recall based, which causes them to be strongly influenced by subjective
beliefs (Robinson & Clore, 2002). Thus, trait measures are often believed to not reflect actual
emotions (Robinson & Clore, 2002). This raises the question of whether trait measures of
anxiety are able to validly gauge what students actually feel in the classroom and calls for
applying a state as well as a trait approach to assess students” emotions.

Therefore, the aim of the present study was to compare the discrepancy between trait
and state assessments of mathematics anxiety among the particular groups of high and low
achievers. Thus, we assessed students’” momentary mathematics anxiety during real-life
mathematics class with a state-based measure and compared these ratings with the students’
trait mathematics anxiety ratings. This rendered it possible to evaluate whether findings from
previous studies assessing high achieving students’ trait anxiety hold true when actual state

anxiety measures are also assessed.

2.3. The Trait-State Discrepancy in Anxiety and the Role of
Academic Self-Concept

The discrepancy between trait and state self-reports of emotion (referred to from here on as
the trait-state discrepancy) reflects the observation that trait emotions are usually
overestimated in comparison to state emotions (also termed sometimes as intensity bias;
Buehler & McFarland, 2001). In their accessibility model of emotional self-report, Robinson and
Clore (2002) postulated that subjective beliefs play an important role in the trait-state
discrepancy. Their model proposes that trait measures, which examine habitual emotions,

29



Research Paper I

are strongly influenced by subjective beliefs because they are recall based. Whereas subjective
beliefs are less impactful for state measures of emotions because they assess emotions as they
are experienced. Therefore, state measures of momentary emotions are considered to
evaluate actual emotions, while trait measures reflect individual’s beliefs about emotions
(Robinson & Clore, 2002).

Concerning the trait-state discrepancy in anxiety, previous studies have found that
academic self-concept, which is an identity related-subjective belief, influences the extent trait
anxiety measures are overestimated in comparison to state anxiety measures (Bieg et al., 2014;
Goetz et al., 2013). The academic self-concept is a mental representation of the abilities and
competencies a person has (Nagengast & Marsh, 2012) and can be defined as an evaluative
self-perception that is formed through experience with and interpretation of one’s school
environment (Marsh & Craven, 1997). Specifically, studies have found that the trait-state
discrepancy for anxiety (i.e. the overestimation of trait anxiety) is smaller for students with
higher academic self-concepts (Bieg et al., 2014; Goetz et al., 2013). This smaller trait-state
discrepancy in students with higher academic self-concepts implies that these students show
a lower overestimation of trait in comparison to state anxiety levels. Since state measures are
assumed to assess actual emotions, a smaller trait-state discrepancy in emotional self-reports
can be viewed as a more realistic evaluation of trait anxiety because it is less overestimated.
Thus, students with a high academic self-concept should evaluate their anxiety more
realistically than students with a low academic self-concept. Research comparing the
academic self-concepts of high and low achieving students has shown that high achieving
students report higher levels of academic self-concept (Bailey, 1971). Therefore, we assumed
that high achievers, who are also expected to have high academic self-concepts, would have
a smaller trait-state discrepancy in mathematics anxiety (i.e., less overestimation of trait

anxiety), meaning that they would evaluate their anxiety more realistically.

2.4. The Present Research

The aim of the present study was to examine the trait-state discrepancy in mathematics
anxiety among high and low achievers, and to further investigate academic self-concept as a
predictor of the trait-state discrepancy. Prior studies have shown that academic achievement
(Ma, 1999) is negatively related to trait mathematics anxiety. Furthermore, high achievers can
be assumed to have higher subjective control appraisals in classroom situations than low
achievers, which as assumed by the control-value theory (Pekrun, 2006) should result in high
achievers also experiencing less state anxiety than low achievers. Therefore, we assumed that
high achievers would experience less trait as well as state mathematics anxiety than low
achievers (Hypothesis 1). Furthermore, since previous studies have found a discrepancy
between ratings of trait and state mathematics anxiety, which was smaller in students with a
higher academic self-concept in mathematics (Bieg et al., 2014; Goetz et al., 2013), we expected

high achievers to have a smaller trait-state discrepancy in mathematics anxiety than low
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achievers. This smaller discrepancy was expected to be due to a large extent to high achievers
having a higher mathematics self-concept than low achievers. In more technical terms, we
expected achievement group (high vs. low achievers) to moderate the trait-state discrepancy
in mathematics anxiety (Hypothesis 2). Furthermore, we expected mathematics self-concept
to partially mediate the relationship between the achievement groups (high vs. low
achievers) and the trait-state discrepancy (Hypothesis 3; i.e., mediated moderation; Preacher,
Rucker, & Hayes, 2007). Figure 2 is a graphical depiction of our expectations for the high
achieving students.

Hi1 ) Trait
High
Achievement
- State
H2 Trait
High - /I\ Di
iscrepancy
Achievement J
State
H3 Trait
High -) N

Achievement /7\i/ Discrepancy

Figure 2. Graphical depiction of the expected results for the high achieving students
(hypotheses 1 to 3).

Note. H = hypothesis, ACSC = academic self-concept.

2.5. Methods

2.5.1. Sample

The present study was part of a large research project that examined students’
emotions in mathematics using both trait and state assessment methods. For the current

study, a subsample of N =237 high and low achieving students (from 43 classes at 21 schools;
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47% female, Mage = 15.71 years, SD = (.78) was retained from an initial sample consisting of N
= 828 students (50.6% female). The students were in the ninth (57.4 %) and tenth (42.6 %)
grades and attended the top track of the German education system (i.e.,, Gymnasium;
approximately one third of the total student cohort in Germany attend this track; Federal
Statistical Office [Statistisches Bundesamt], 2015).

For the present study the high and low achievement groups were defined using
students’ self-reported midterm mathematics grades. Grades in the German school system
range from 1, very good, to 6, insufficient, with higher numbers representing poorer
performance. Midterm grades additionally differentiate within grades by applying 0.25
gradations (e.g., grade 1 is subdivided in grades 1, 1.25, 1.5 and 1.75). In this study high
achievers were defined as students whose mathematics grades were better than good (i.e., <
2). Low achievers were defined as students whose mathematics grades were sufficient or
worse (grades 4 to 6). Based on this definition, N =116 students (14 % of the entire sample, 55
% female) were labeled as high achievers and N =121 students (14.6 % of the entire sample,
49 % female) were labeled as low achievers. Since we were only interested in the two extreme
groups of high and low achievers, students with a good or satisfactory academic performance

(grades 2 to 3.75) were excluded from the present analyses.

2.5.2. Procedure

After students consented to participate in the study, trait mathematics anxiety,
mathematics self-concept and demographic data were assessed using a paper-and-pencil
questionnaire that was administered by trained researchers. The state assessment phase
began directly after the trait assessment of anxiety and lasted for 3 weeks. State mathematics
anxiety was assessed via a personal diary that was designed as a short questionnaire to be
filled out by each student after each mathematics lesson. Students who made fewer than three
diary entries were excluded from the analyses. In total, this resulted in N = 1,687 state
assessments (diary entries) with an average of 7.12 (SD =2.40; range: 3 to 14) state assessments
per student.

2.5.3. Study Measures

Trait and state mathematics anxiety

Since we wanted to compare levels of mathematics anxiety as assessed by trait versus
state measures, we used parallel item wording and an identical answer format for both
assessment types. Trait and state mathematics anxiety were each assessed with two items.
Trait anxiety items were developed for a study that analyzed learning and achievement in
mathematics (PALMA; Goetz, 2004; Pekrun, Goetz, & Frenzel, 2006). The trait anxiety items

included: “When thinking of mathematics classes, I am worried” and “I usually experience
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anxiety in mathematics classes”. The sample specific internal consistency of this 2-item scale
was a = .63. The parallel item wordings for the state anxiety items were as follows: “In this
mathematics class I was worried” and “In this mathematics class I experienced anxiety” (the
reliability of this 2-item scale was a = .75). Responses were made on a 5-point Likert-type

scale ranging from 1, strongly disagree, to 5, strongly agree.

Assessment of mathematics self-concept

The academic self-concept in the domain of mathematics was assessed via three items
(the reliability of this 3-item scale was a = .94) adapted from Marsh’s Self-Description
Questionnaire (German version, Kunter et al., 2002; sample item: “I have always done well
in mathematics”; SDQ; Marsh, 1990). Responses were made on a 5-point Likert-type scale

ranging from 1, strongly disagree, to 5, strongly agree.

2.5.4. Data Analysis

Comparison of mean levels

As a first step, we conducted f-tests to compare high and low achievers’ trait anxiety,

state anxiety and academic self-concepts. Effect sizes are reported as Cohen’s d (Cohen, 1988).

Hierarchical Linear Regression

Similar to previous research (e.g., Bieg et al., 2014; Goetz et al., 2013), we used a
multilevel, intra-individual modeling approach to evaluate our hypotheses. This analyses
method was chosen to account for the nested structure of the data (multiple measurement
points per student and students from different classes) and because there were different
numbers of state assessment measurement points per student. Our three-level multilevel
analyses (measurement points nested within students and students nested within
classrooms) were conducted using Hierarchical Linear Modeling software (Version 7.01;
Raudenbush et al., 2011).

Level 1 (measures within students). Since we were interested in the discrepancy between
students’ trait and state mathematics anxiety ratings (i.e., trait-state discrepancy), students’
anxiety scores served as the outcome variable in all the hierarchical linear regression models.
We formed this outcome variable by including the one trait anxiety score and several state
anxiety scores of each student into one variable. Thereby, the outcome variable comprised of
two types of measures (one trait and several state measures) for each person. Including the
combined variable in the analyses is only meaningful when a dichotomous independent
variable, in the present analyses labeled as “State/Trait” (uncentered), is simultaneously
introduced on Level 1. In this dichotomous variable the state measures were coded as 0 and
the trait measures were coded as 1. This coding scheme allowed the state and trait measures
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of anxiety to be separated in the analyses and the trait-state discrepancy in anxiety to be
examined. 1. Due to the coding of this variable, the intercept value (yon) in all of our models
represents the overall state anxiety mean when other linear terms are also coded as 0. The
effect of the State/Trait variable (y100) can be interpreted as the difference between trait and
state anxiety scores with positive values indicating that trait scores were higher than state

scores (trait-state discrepancy).

Level 2 (student level). Two Level 2 variables were included in the respective models, each
as a predictor of the intercept and slope of the State/Trait variable. These Level 2 variables
were “High/Low Achievers” (0 = high, 1 =1low, uncentered) and “Mathematics Self-concept”

(z score standardized across students).

Cross-level interactions Level 1-Level 2. To analyze the effect of achievement group
(High/Low Achievers) on the discrepancy between trait and state anxiety scores, a cross-level
multiplicative interaction term was included in the respective models to predict the slope,
namely State/Trait x High/Low Achievers (yi10). To analyze the effect of academic self-concept
in mathematics on the trait-state discrepancy, an additional interaction term was included,

namely State/Trait x Mathematics Self-Concept (y120).

Level 3 (class level). The different classes (N =43) in which students were nested constituted
the third level. This level took the clustering of students within classes when estimating

standard errors into account.

Calculated Models

In order to test the study hypotheses as illustrated in Figure 1, the models described
below were calculated, each of which was constructed as a slopes-as-outcome model
(Raudenbush & Bryk, 2002). The mixed model regression equations for the three models were

as follows:
Model 1

Yix[Anxiety measures i of student j in class k] = yoo + yio(State/Trait) + yoo(High/Low

Achievers) + y1o(State/Trait*High/Low Achievers) + roji+rijx (State/Trait) +uoo + eij

In Model 1 we investigated whether high achievers have lower state anxiety than low
achievers (Hypothesis 1) by examining the effect of achievement group (High/Low Achievers;
Yoi0) on state anxiety. In this model a significant positive effect of achievement group indicates
that low achievers have significantly higher state anxiety ratings than high achievers. This
model also investigated whether high achievers showed a smaller trait-state discrepancy than
low achievers (Hypothesis 2) by examining the effect of the State/Trait x High/Low Achievers
interaction (y10). A significant positive effect of this interaction indicates that low achievers

have a significantly larger trait-state discrepancy than high achievers.
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Model 2

Yix[ Anxiety measures i of student j in class k] = yooo + y100(State/Trait) + yoo(Mathematics Self-

concept) + yizo(State/Trait*Mathematics Self-concept) + roj+ rij (State/Trait) +uook + eij

In Model 2 we investigated whether mathematics self-concept could predict the discrepancy
between trait and state anxiety scores by examining the effect of the State/Trait x Mathematics
Self-concept interaction (yi0). A significant negative effect of this interaction indicates that
higher levels of mathematics self-concept correspond with a smaller trait-state discrepancy

in mathematics anxiety.
Model 3

Yir[Anxiety measures i of student j in class k] = yoo + yioo(State/Trait) + yoo(High/Low
Achievers) + vyoo(Mathematics Self-concept) + vyuo(State/Trait*High/Low Achievers) +

v120(State/Trait*Mathematics Self-concept) + roj+ rijx (State/Trait) +uook+ eijr

Model 3 examined mathematics self-concept as a possible mediator of the trait-state
discrepancy in mathematics anxiety among high versus low achievers (Hypothesis 3). In this
model, achievement group (High/Low Achievers) and mathematics self-concept were both
included as predictors of the trait-state discrepancy (y11o, y120). With this model we were able
to see whether the effect of achievement group (High/Low Achievers) on the trait-state
discrepancy (Y1), as tested by Model 1, was reduced when mathematics self-concept was
included in the model (mediated moderation).

To fully meet the criteria of mediated moderation as postulated by Preacher, Rucker,
and Hayes (2007), we additionally tested whether achievement level predicted mathematics
self-concept (mediator). Since these variables are both within person variables we examined
the Spearman correlation between mathematics self-concept and achievement because

achievement was measured on an ordinal scale.

2.6. Results

2.6.1. Comparison of Mean Levels

Table 1 provides an overview of the mean level comparisons. T tests revealed that, as
anticipated, high and low achievers significantly differed in their trait and state anxiety levels
and mathematics self-concepts. Specifically, high achievers reported less trait and state
anxiety and higher mathematics self-concepts than low achievers. The effect sizes were
medium to large. These results partly confirmed Hypothesis 1, in which we assumed that high
achievers would report lower levels of trait anxiety than low achievers. Since trait anxiety
was assessed with a single measurement point per student, we were able to use a ¢ test to

examine the prediction made in Hypothesis 1 regarding trait anxiety. However, the prediction

35



Research Paper I

that high achievers would experience less state anxiety than low achievers (the second part
of Hypothesis 1) could not be tested with a t test due to the differing number of state anxiety
assessments per student. So, we used Model 1 to further test the predictions made in

Hypothesis 1.

Table 1. Descriptive statistics, mean-level differences, and related effect sizes of key study

variables
High Low

Achievers Achievers

(N=116) (N=121)
Measure M SD M SD T(df) Cohen’s d
Trait Anxiety 1.36 0.61 238 1.07  #191.96) =-9.12*** -0.79
State Anxiety 1.53 0.55 192 058 £(235) = -5.31*** -0.37
Mathematics Self-concept ~ 4.51 0.68 1.79  0.67 £(235) = 30.97*** 2.34

Note. Positive t values reflect higher scores for high achievers than for low achievers. For multi-item
measures, item means were used to calculate scale values. * p <.05, ** p < .01, *** p <.001.

2.6.2. Hierarchical Linear Regression

The results of the hierarchical linear regressions, including the regression coefficients

and the variance components, as well as the explanatory power, are depicted in Table 2.

Model 1

In Model 1 the coefficient for the intercept (yooo) is interpreted as the mean state anxiety score
for high achievers (yoo = 1.53). Results showed that the effect of achievement group
(High/Low Achievers; yo0) on anxiety scores was significant (y010=0.36, p <.001). This effect
corresponds to the t tests results and can be interpreted as state anxiety scores being
significantly lower in high achievers than in low achievers, which supports our first
hypothesis. Analyses further revealed that the coefficient for the State/Trait variable (y100) was
significant (y10=-0.17, p <.05) and revealed that trait anxiety was lower than state anxiety in
high achievers. This means that high achievers even underestimated their anxiety when
judging it from a trait rather than a state perspective. Since this result was unexpected we
examined it further with post-hoc analyses, which are described in the last paragraph of the
results section.

The effect of the State/Trait x High/Low Achievers interaction (y110) was significant
(y10=0.64, p < .001) and revealed that the discrepancy between trait and state mathematics
anxiety was higher for low achievers, as was proposed in Hypothesis 2. Hence, achievement

level moderated the trait-state discrepancy in anxiety.

36



Research Paper I

Model 2

In this model the intercept coefficient (yon) is interpreted as the mean state anxiety score for
a student with a mean mathematics self-concept score (mathematics self-concept was z-
standardized). The effect of the State/Trait x Mathematics Self-concept (y120) interaction was
significant (y120=-0.34, p < .001). This effect showed that higher levels of mathematics self-

concept correspond with smaller trait-state discrepancies in mathematics anxiety.

Model 3

In Model 3 the effect of the State/Trait x Mathematics Self-concept (yi20) interaction was
significant (y120=-0.30, p <.001) and the effect of achievement group (High/Low Achievers)
on the trait-state discrepancy (y10) was no longer significant. In this model the moderating
effect of achievement group (High/Low Achievers) on the trait-state discrepancy (y110) found
in Model 1 was reduced and no longer significant when the State/Trait x Mathematics Self-
concept interaction term (y120) was included.

The results of the Spearman correlation analyses showed that achievement and academic self-
concept were significantly correlated, with higher achievement accompanied by higher levels
of self-concept (r = -.82, p <.01; negative correlation due to higher grades indicating lower
achievement in the German grading system).* Therefore, academic self-concept met the
criteria to be a mediator between achievement group and the trait-state discrepancy.

Along with the reduced effect of the State/Trait x High/Low Achievers (yio)
coefficient when the State/Trait x Mathematics Self-concept (yi0) interaction was added in
Model 3, this shows that the moderating effect of achievement group (High/Low Achievers)
on the trait-state discrepancy in mathematics anxiety (as found in Model 1) was mediated by
academic self-concept. Thus, the described pattern is a mediated moderation (Preacher et al.,
2007). Our results therefore support the assumption that achievement group moderates the
trait-state discrepancy in mathematics anxiety (Hypothesis 2) and that the academic self-
concept in the domain of mathematics mediates the relationship between achievement group
and the trait state-discrepancy in mathematics anxiety (Hypothesis 3).

# The correlation between achievement and academic self-concept was quite high (r =-.82) which was mainly due
to only comparing the two extreme groups (high vs. low achievers). As assumed, the Pearson correlation between
achievement level and academic self-concept in the whole sample (with the whole range of grades and levels of
self-concept) was lower (r = -.75, p < .01). The size of this correlation as related to the whole sample was in line
with findings from numerous previous studies and meta-analyses (e.g., Goetz et al., 2013; Méller, Pohlmann,
Koller, & Marsh, 2009; Valentine, DuBois, & Cooper, 2004).
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Table 2. Results of models predicting mathematics anxiety

Level and predictor Model 1 Model 2 Model 3

Level 1

Intercept (yooo) 1.53%** 1.70%** 1.85%**
(.05) (.04) (.10)

State/Trait Anxiety (y100) -0.17* 0.13* 0.08
(.07) (.06) (11)

Level 2

High/Low Achievers (yow) 0.36*** -0.31
(.09) (.19)

Mathematics Self-concept (yo20) -0.23%** -0.36***

(.04) (.09)

Cross-level interactions L1-L2

State/Trait Anxiety x High/Low Achievers (y110) 0.64** 0.10
(.09) (.15)

State/Trait Anxiety x Mathematics Self-concept

(y120) -0.34%** -0.30%**

(.05) (.09)

Variance components

Within-student (L1) variance (0?) 0.437 0.437 0.437

Intercept (L2) variance (o) 0.233 0.210 0.203

Slope (L2) variance (ti1) 0.182 0.165 0.165

Intercept-slope (L2) covariance (tor) -0.063 -0.089 -0.088

Intercept (L3) variance 0.019 0.023 0.027

Explanatory power 0.617 0.653 0.653

Note. Description of variables: State/Trait (0 = state, 1 = trait); High/Low Achievers (0 = high achievers,
1 = low achievers); Mathematics Self-concept: z-standardized scale; L = Level; N1 = 1924 (measures
within students), Ni2 = 237 (measures between students), Nis = 43 (measures between classes).
Explanatory power refers to the proportion of slope variance explained by the L2 predictors. The slope

variance of the model in which no cross-level interactions are included was t11 = 0.475. Standard errors

are in parentheses. * p <.05, ** p <.01, ** p <.001.>

5In the above analyses gender was not analyzed as a possible moderator because gender differences in anxiety
were not the main concern of the present study. However, as gender has been found to play a role in trait
mathematic anxiety, but not in state mathematic anxiety (Goetz et al., 2013), we also calculated all models with
gender as an additional variable. Results in these models revealed no significant effects of gender above and
beyond the effects of self-concept, and therefore, left the conclusions of the study unaffected.
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2.6.3. Post-Hoc Analyses

Model 1 revealed that high achievers unlike low achievers did not overestimate their
anxiety, but rather underestimated their trait anxiety. Since these results were surprising and
unanticipated, we examined the distribution of the values for the trait-state discrepancy in
high and low achievers (see Figure 3). To calculate these values, we subtracted students’
mean trait anxiety scores from their mean state anxiety scores. Therefore, positive trait-state
discrepancy values reflected an overestimation of trait anxiety, whereas negative values
reflected an underestimation of trait anxiety. As depicted in Figure 3, the majority of high
achievers underestimated their anxiety in the trait approach, whereas the majority of low

achievers overestimated their trait anxiety.

40 -
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low achievers
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Figure 3. Distribution of high and low achievers’ trait-state discrepancy in mathematics

anxiety.

Note. The figure shows the distribution of the trait-state discrepancy in mathematics anxiety for high
and low achievers. The x-axis depicts the difference between trait and state anxiety measures with
higher numbers indicating a stronger trait-state discrepancy. To calculate these values, we subtracted
students’ mean trait anxiety scores from their aggregated state anxiety scores. For simplification we
applied 0.5 gradations to group the trait-state discrepancy values. Negative values on the trait-state
discrepancy (i.e., trait anxiety was rated lower than state anxiety) are depicted on the left side of the x-
axis (negative numbers), whereas positive values on the trait-state discrepancy (i.e., trait anxiety was
rated higher than state anxiety) are depicted on the right side of the x-axis. The y-axis depicts the
frequencies (i.e., the percentage (%) of students) in the respective groups (high vs. low achievers) for
the different trait-state discrepancies.

2.7. Discussion

The aim of the present study was to examine the trait-state discrepancy in mathematics

anxiety among high and low achieving students while also taking into account their academic
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self-concepts in mathematics — an identity-related subjective belief previously shown to play
a role in explaining the trait-state discrepancy in students” emotions (Goetz et al., 2013). We
examined whether high achievers show a smaller trait-state discrepancy in mathematics
anxiety in comparison to low achievers because as expected they have higher academic self-
concepts in the domain of mathematics. If state anxiety reflects actual anxiety (Robinson &
Clore, 2002), this would imply that high achievers estimate their anxiety more realistically in
comparison to low achievers.

Consistent with previous research (Ma, 1999) and supporting our first hypothesis, we
found that high achievers reported lower levels of trait anxiety than low achievers. Extending
previous research on trait anxiety, we also found that high achievers reported lower levels of
state mathematics anxiety than low achievers. Furthermore, we found a discrepancy between
trait and state self-reports of anxiety. The majority of low achievers rated their trait anxiety
significantly higher than their state anxiety, which means that they overestimated their trait
anxiety (e.g., Bieg et al., 2014). This finding supports the intensity bias in emotional self-reports
(Buehler & McFarland, 2001). However, contrary to previous findings and our initial
expectations, we did not find an overestimation of trait anxiety among high achievers. Even
though the trait-state discrepancy in mathematics anxiety was lower in high achievers than
in low achievers, as assumed in our second hypothesis, we actually found that the majority
of high achievers rated their trait mathematics anxiety significantly lower than their actual
state mathematics anxiety. This means that high achievers underestimated their trait anxiety
in comparison to their actual state anxiety levels. Furthermore, in support of our assumption
(Hypothesis 3) we found that the relationship between the trait-state discrepancy in
mathematics anxiety and achievement group is mediated by academic self-concept. Higher
levels of academic self-concept in mathematics corresponded with a smaller trait-state
discrepancy in mathematics anxiety. Specifically, we found that high achievers with high
mathematics self-concepts not only showed a smaller trait-state discrepancy in mathematics
anxiety than low achievers, but also had negative trait-state discrepancy values. This finding
demonstrates the influence that academic self-concept has on the trait-state discrepancy — it
can even lead to an underestimation of trait anxiety in high achievers (i.e., negative values on

the trait-state discrepancy).®

¢ Based on these findings we were interested in the value of the mathematics self-concept in which the intensity
of trait and state anxiety was estimated equally or in other words at which point the values of the trait-state
discrepancy turned from positive (overestimation of trait anxiety) to negative (underestimation of trait anxiety).
We called this turning point the “flip threshold”. To find this turning point we conducted post-hoc analyses which
revealed that the majority of students in our sample with a mathematics self-concept of 3.81 (range 1 to 5) or
higher showed negative values on the trait-state discrepancy in anxiety, meaning higher values for state than for
trait anxiety. Therefore, in our sample we expected the so-called “flip threshold” to be at a mathematics self-
concept level of 3.81. Results further revealed that only high achievers were in this group (85 % of the high
achievers), which confirms past findings that a high academic self-concept seems to be closely related to high
academic achievement (Bailey, 1971). All the high achievers with a mathematics self-concept of 3.81 or lower
(15 %) had positive values on the trait-state discrepancy, which indicates higher values for trait as compared to
state anxiety.
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If state anxiety indeed reflects actual experiences of anxiety more validly than trait
anxiety (Robinson & Clore, 2002), our findings imply that even though high achievers appear
well adapted to the classroom environment due to lower levels of trait and state anxiety than
low achievers, they actually experience more anxiety in mathematics class than they are
aware of (i.e., as reported in trait self-report measures). Therefore, when using trait anxiety
measures as a proxy for student’s actual anxiety, one has to always bear in mind the effects
of other variables, such as academic achievement and academic self-concept, which can
influence self-reported trait anxiety in either direction (i.e., overestimation or
underestimation of trait anxiety).

The underestimation of trait anxiety could impact high achievers in multiple ways.
On the one hand, it could be advantageous for high achievers to believe they experience less
anxiety in mathematics class than they really felt because high levels of trait anxiety is
negatively related to well-being, motivation and learning behavior (Pekrun et al., 2002). So
this misperception of their actual anxiety (i.e., underestimation of trait anxiety in comparison
to actual state anxiety levels) due to their high academic self-concepts could therefore result
in conducive effects for high achiever’s future academic choices, resiliency or general mental
health (Taylor & Brown, 1994; Wirtz et al., 2004).

On the other hand, underestimating how much anxiety they really experience in
mathematics class could in the long run also have detrimental effects for high achievers.
Specifically, this overconfidence (i.e., believing they are less anxious than they actually are)
may lead high achievers to overestimate their abilities. Overestimating one’s abilities is
related to risky decision-making (Johnson & Fowler, 2011), which could in turn negatively
impact students” academic performance — specifically if the situation turns out to be highly
threatening. This could result in high achievers being overwhelmed by their sudden feelings
of anxiety and lacking the coping skills to deal with them. Therefore, it is important for
teachers to remember that high achievers also experience anxiety while in class and they
should address this anxiety by providing both low and high achievers with adequate coping
skills.

Consistent with prior research (e.g., Goetz et al., 2013), our findings demonstrate that
academic self-concept in the domain of mathematics, due to its high explanatory power (65.3
%), plays an important role in the discrepancy between trait and state mathematics anxiety.
However, additional variables such as the perceived value of mathematics and interest in
mathematics might also influence the trait-state discrepancy in mathematics anxiety, and
should therefore also be investigated.

In his meta-analysis on math anxiety and performance, Hembree (1990) found that
math anxiety peaks in grades 9 to 10. Therefore, our sample only included 9t and 10 grade
students in mathematics classes. Future research should extend our study and explore
whether our findings generalize to different age groups. Furthermore, the exploration of a
possible trait-state discrepancy in other subject domains than mathematics is indicated as

well.
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In summary, our results were in line with previous studies concerning the role of
academic self-concept in explaining the trait-state discrepancy. We found that achievement
group moderates the trait-state discrepancy in mathematics anxiety and that this relationship
is mediated by academic self-concept. High achievers exhibited a smaller trait-state
discrepancy than low achievers because of their higher academic self-concepts. However,
unlike low achievers, high achievers underestimated their trait anxiety and actually
experienced more state anxiety than would have been expected based on their self-reported
trait anxiety measures. Since state measures are believed to reflect actual anxiety, this study
shows that math anxiety is a widespread emotion in classrooms — even among high achieving

students — that deserves our attention.
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Test Anxiety Components: An Intra-Individual Approach

Testing their Control Antecedents and Effects on Performance

3.1. Abstract

Although anxiety constitutes of multiple components, including cognitive,
affective, motivational, and physiological, and some findings suggest that there
might be differences regarding their control antecedents and effects on
performance, previous studies have largely neglected to examine these
components separately and for reasons of convenience often assessed test
anxiety as a unified construct using a single-item.

Therefore, this study investigated the different test anxiety components with
the goal to: (1) examine the relative impact of the anxiety components in the
mediating mechanism that connects control and performance - as proposed by
Pekrun’s control-value theory, and (2) determine which specific anxiety
component is underlying common single-item anxiety measures.

The research questions were investigated using an intra-individual approach in
a sample of N=137 German 8th graders during a mathematics exam.

As expected, control was negatively related to all anxiety components, but
associations varied in strength. Additionally, the components differed in their
relative impact on performance, with the cognitive component being central for
this outcome. Furthermore, common single-item measures seem to assess
specifically the affective component, and thus not the component most relevant
for test performance. Consequently, our study strongly recommends to
distinguish between the anxiety components depending on the research

question at hand.

Keywords: test anxiety; components; performance; antecedents; control-value

theory; intra-individual
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3.2. Introduction

Anxiety, and especially test anxiety is a prevalent emotion in school (prevalence 25 to 40 %;
Zeidner, 2014) and one of the most powerful obstacles to learning in an educational setting
(Enright et al., 2000). Therefore, a deeper understanding of test anxiety’s nature is important,
especially in educational psychology, to develop effective anxiety interventions or
instructional techniques that can help students deal with this detrimental emotion
(Astleitner, 2000; Zeidner, 2007, 2014). The control-value theory (CVT) refers to control
(appraisals) as a central antecedent and lower performance as a major consequence of anxiety
(Goetz et al., 2006). Although in the research literature anxiety is typically conceptualized as
constituting of multiple components (i.e., cognitive, affective, motivational, and
physiological components), empirical knowledge about the antecedents and effects of
individual anxiety components is relatively scarce (Scherer, 2009; Zeidner, 2007). This may
result from anxiety being usually assessed and examined relatively undifferentiated as an
overall construct (i.e., by building a sum score, or by using single-item measures) or by only
roughly differentiating between worry and emotionality components (Zeidner, 2007). Thus,
it remains unclear whether all of the anxiety components are equally important in the
mediating mechanism proposed by the CVT that connects control, anxiety (components) and
test performance. A more detailed understanding about the relative importance of the
different components in this model may prove helpful to identify which anxiety components
should be addressed to increase students” performance — a very important outcome at school
(Hembree, 1990) and to gain a better understanding about how strongly the different
components depend on control appraisal antecedents.

The goal of the present study was twofold. First, we investigated the individual
anxiety components based on assumptions of the CVT to examine the relative impact that
antecedent appraisals of control have on the individual anxiety components and which of the
anxiety components has the strongest impact on student’s performance (i.e., mediation). As
the CVT describes intra-individual processes (i.e., processes within a person), we applied an
intra-individual real time approach (Murayama et al., 2017). Particularly, we examined the
within-person association of control appraisal, anxiety components (cognitive, affective
physiological, and motivational) and performance during a real-life math exam.

Because anxiety is, despite its componential nature, usually examined as a relatively
undifferentiated construct and in more recent studies, mostly for practical and economic
reasons, it is assessed using single-item measures (Ashcraft, 2002; Csikszentmihalyi &
Larson, 2014; Goetz et al., 2013; Schimmack, 2003; Tong et al., 2007), the second goal of the
current study was to investigate which anxiety component is hidden behind such
undifferentiated measures of test anxiety. In other words, we wanted to explore which
anxiety component affects student reports when we ask them about their anxiety with single-
item measures of anxiety. In combination with our first research questions, this may help
future research in deciding whether and how differentiated anxiety should be assessed

depending on the conclusions the researchers want to draw.
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3.3. Anxiety and its Components

Early research conceptualized test-related anxiety as a single, unidimensional construct
(Mandler & Sarason, 1952). However, nowadays it is usually conceived as consisting of
multiple components (Pekrun et al., 2004; Scherer, 2009; Zeidner, 2014). Liebert and Morris
(1967) were the first to introduce the distinction between the “worry” and “emotionality”
components of anxiety. The worry component has been defined as a cognitive concern about
one’s performance (e.g., thinking about the potential consequences of failure during
examinations and tests), as well as doubts about one’s ability to perform adequately.
Emotionality refers to negative experiences, such as negative arousal and unease (e.g., feeling
nervous, sweaty palms, or generally upset feelings) that may occur during a stressful
academic event (Morris & Liebert, 1970). Recently, researchers have adopted a multiple
component rather than dichotomous view of anxiety (e.g., Hodapp & Benson, 1997; Sarason,
1984; Scherer, 2009). Contemporary definitions conceptualize anxiety as an unpleasant
emotional state or feeling with cognitive, affective, physiological, and motivational
components (Matthews et al., 1999; Pekrun et al., 2004; Scherer, 1984; Zeidner, 2014). These
components are theoretically distinct, yet related and can be described by intrusive thoughts
(i.e., cognitive component), a feeling of nervousness (i.e., affective component), increased
physiological arousal (such as higher heart rate or sweating; i.e., physiological component),
and an urge to withdraw from the situation (i.e., motivational component; e.g., Pekrun et al.,
2011; Pekrun et al., 2004; Zeidner, 2014; Zeidner & Matthews, 2005).

3.4. Control Antecedents and Achievement Effects of

Anxiety and its Components

Pekrun’s control-value theory (2006) is a prominent and well acknowledged appraisal theory
in the educational context that deals with the antecedents and effects of emotions. It refers to
control (appraisals) as a central antecedent and lower performance as a major effect of anxiety
in achievement situations (Pekrun, 2006). Control can be described as the cognitive appraisal
of the possibility to personally influence activities and outcomes and may include perceptions
such as competency beliefs and causal attributions (Goetz et al., 2006; Pekrun & Stephens,
2010). The CVT suggests that an increase in anxiety occurs for achievement situations that a
student perceives to be important, such as a test (i.e.,, high value) and when the student
experiences a loss of control or insufficient control over the achievement activities or
outcomes (i.e., negative control appraisals; Pekrun, 2006; Scherer et al., 2001). This increased
anxiety is in turn is associated with decreased performance (i.e., anxiety mediates the
relationship between control and performance). In detail, anxiety resulting from perceived
lack of control reduces cognitive resources and the use of flexible strategies and self-
regulation (Pekrun, 2006). Subsequently, increased anxiety has negative effects on

performance (Pekrun et al., 2009). In accordance with Pekrun's assumptions, a large number
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of empirical findings consistently demonstrate that a perceived lack of control (i.e., low
control appraisals such as low self-concept of ability, self-efficacy expectations, and academic
control beliefs) is closely related to increased (test) anxiety (e.g., Frenzel et al., 2007; Goetz et
al., 2006, Hembree, 1988; Pekrun et al., 2004; Perry et al., 2001) and that anxiety and more
specifically test anxiety is associated with lower performance (Hembree, 1988, 1990; Lee,
2009; Ma, 1999; Seipp, 1991).

So far, it remains unclear whether all of anxiety components are equally important in
this proposed mediating mechanism that connects control and performance at school, as the
multi-component view of anxiety is still largely neglected in many empirical studies.
Regarding control antecedents, until now, to our knowledge there is no study that has
examined control appraisals and their relation to the individual anxiety components.
However, as control is a cognitive appraisal, it is reasonable to expect that it has the strongest
effect on the cognitive anxiety component (Goetz et al., 2006). Investigations of the effect of
different anxiety components on performance, with the exception of findings from research
that differentiated between worry and emotionality (e.g., Liebert & Morris, 1967), are also
scarce. In this research, worry showed stronger negative correlations with performance than
emotionality (Cassady & Johnson, 2002; Deffenbacher, 1977; meta-analysis: Seipp, 1991). In
research by Mcllroy (2000) that used a four-component model differentiating between worry,
test-irrelevant thinking, tension and bodily symptoms it was found that in addition to worry,
the test irrelevant thinking and tension components were also negatively related to
performance. Keogh et al. (2004), however, reported that only the worry component was
significant. Putwain et al. (2010) found that bodily symptoms (i.e.,, the physiological
component), in addition to worry, were significantly negatively related to achievement. In
contrast to this finding, some evidence points to a positive relation between physiological
arousal and performance in athletes, where increased physiological arousal can sometimes
positively impact performance (e.g., Burton, 1988; Parfitt, Hardy, & Pates, 1995). Given these
inconsistencies, the current study aimed to take a closer look at the anxiety components in
two ways: by investigating their relation with control appraisals — one of its most important
antecedents, and by examining their effects on performance —a major outcome at school (e.g.,
Pekrun, 2006; Scherer, 2001).

3.5. Assessing Test Anxiety

Single-items versus multiple items

An important aspect when examining test anxiety is the differentiation between
multiple item measures and general, single-item measures of anxiety. With the emergence of
authentic studies that make use of repeated measurements of the same construct (i.e.,
experience sampling) single-item measures (e.g., “How much anxiety are you experiencing
right now?”) have become more popular (Ashcraft, 2002; Csikszentmihalyi & Larson, 2014;
Goetz et al., 2013; Nett, Goetz, & Hall, 2011; Schimmack, 2003; Tong et al., 2007). Such
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measures have practical and economic advantages because they are less intrusive and easier
to administer (especially in large scale assessments), and previous research suggested that
they can be sufficient for adequately measuring subjective experiences such as anxiety (e.g.,
Ainley & Patrick, 2006; Ashcraft, 2002; Gogol et al., 2014; Nagy, 2002; Ntuihez-Pefia et al., 2014).
In the case of test anxiety, however, these single-item measures are only able to gauge anxiety
as a global and undifferentiated construct (Diamantopoulos et al., 2012) and little is known
which anxiety components such measures actually tap into (i.e., what component of anxiety
do students consider when we ask them about their anxiety). As in most theoretical models,
the affective component is seen as the key anxiety component (Scherer, 1984) it can therefore
be assumed that single-item anxiety measures are closely associated with the affective
component. More knowledge about undifferentiated single-item measures can be helpful
when interpreting results and drawing implications from studies that are applying single-
item anxiety measures. Moreover, we can determine which anxiety component is most likely

in students” minds when they are asked about their test anxiety.

Trait versus state assessments

A further distinction that can be made when assessing anxiety are so called trait and
state assessments of anxiety. In most studies on test anxiety the measure is not directly
connected to specific test situations (i.e., participants have to indicate how they typically or
generally feel in exams) and represents therefore a trait test anxiety measure (e.g., TAQ,
Mandler & Sarason, 1952; TAS, Sarason, 1978; TAI, Spielberger & Gonzalez, 1980; a typical
sample item “How much anxiety are you generally experiencing in exams?”). Because of low
ecological validity, this is not an ideal design when interested in the connection between
anxiety and performance. Furthermore, such trait measures can be considered biased, for
instance by memory effects and generalized subjective beliefs (Buehler & McFarland, 2001;
Fredrickson & Kahneman, 1993; Goetz et al., 2013; Robinson & Clore, 2002).

So called state test anxiety scores obtained by multiple (state) assessments examine
students momentarily experienced anxiety in a specific situation and reduce these effects
because of the better proximity in terms of time (i.e., real time) and space of the assessment
(e.g., in the school context during a test; Barrett, 1997; Wilhelm & Grossman, 2010). A typical
sample item for these state anxiety measures would be “How much anxiety are you
experiencing right now?”. Furthermore, repeated state assessments allow for analyzing the
control, anxiety, performance relationship on an intra-individual level (Murayama et al.,
2017). This is more in line with CVT, which in fact describes intra-individual functioning, that
is, within-person relationships between appraisals, emotions and performance (e.g., Goetz et
al., 2006; Pekrun et al., 2009). Understanding the intra-individual functioning is also highly
relevant when designing interventions for anxiety (Murayama et al., 2017). However, only a
few studies have taken an intra-individual approach (Ahmed et al., 2010; Bieg et al., 2013).
As findings indicate that between-person relations (i.e., inter-individual approaches) can

sometimes be different from within-person relations and do not necessarily reflect internal
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psychological processes (i.e., intra-individual functioning; e.g., Hox, Moerbeek, & Van de
Schoot, 2017; Kenny, Bolger, & Kashy, 2002; Molenaar & Campbell, 2009), in the current study
we investigated the relationship between control experience, anxiety components, and
performance in a specific situation (i.e., when students are writing a math exam) on an intra-
individual level (i.e., how control experience within a person is related to the anxiety
experienced and how this relates to performance) using state measures at multiple points in

time.

3.6. The Present Study

An overall goal of the present intra-individual study was to examine the relative importance
of four different components of test related anxiety in mathematics (i.e., cognitive, affective,
physiological, and motivational) in the mediating mechanism that connects control and test
performance. Furthermore, we were investigating what anxiety component is hidden behind
more frequently used single-item measures of test anxiety. Our study was guided by the

following research questions:

(1) a) Is the effect of control on performance mediated by the test anxiety
components (Figure 4, ab)?
b) Does control affect the anxiety components in similar ways (Figure 4, a)?
¢) Do the different anxiety components affect performance in similar ways
(Figure 4, b)?
(2) What anxiety component is mainly assessed with single-item self-report

measures of test anxiety?

Hypothesis 1

Based on the described theoretical assumptions we hypothesized that low levels of
control are associated with increased test anxiety and that increased anxiety is associated
with decreased performance. However, it was also expected that the different anxiety
components vary with regard to their antecedents and effects. In more detail, we
hypothesized that anxiety mediates the relationship between control and performance and
that the anxiety components vary in the strength of their mediating effects (i.e., indirect
effects; Figure 4). According to the CVT, control is a cognitive appraisal and one would expect
that it has the strongest effect on the cognitive anxiety component (i.e., negative relationship;
Goetz et al., 2006; Pekrun, 2006). From studies using inter-individual approaches and the
worry and emotionality distinction, we know that the worry component seems to play a
bigger role for performance than the emotionality component (Cassady & Johnson, 2002;
Liebert & Morris, 1967; Morris & Liebert, 1970). Therefore, we assumed that the cognitive
component has the strongest effect on performance as well as the strongest mediating effect
in our intra-individual approach. In all instances, mediation is expected to be partial rather

than complete, because other mediational processes, such as test emotions other than anxiety
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(e.g., joy, pride, anger) or study or test-taking strategies, are likely to be operative as well
(Elliot, McGregor, & Gable, 1999; Goetz et al., 2006; Pekrun et al., 2004).

Hypothesis 2

Regarding research question two, we assumed that when students are asked about
their anxiety with a single-item, their answer will most likely be related to the affective
anxiety component because this component is according to most models the key anxiety
component (Scherer, 1984, 2005).

Control ' > Performance

Anxiety components

N

~N

Cognitive
a \ 2 b
Affective
Physiological
Motivational

Figure 4. Hypothesized mediation.

Note. It was hypothesized that lower control is associated with lower performance (c) as well as with
higher anxiety (i.e., all four components) (a). Furthermore, it was expected that the anxiety components
mediate the relationship between control and performance (ab) and the components vary in the
strength of their mediating effects.

3.7. Methods

3.7.1. Sample

The sample of the present study consisted of N = 137 high school students (from 6
classes at 3 schools, Mage=13.82, SD = 0.55, 44.5 % female). The students went to eighth grade
and attended the highest track of the German school system (i.e., Gymnasium; approximately
one third of the total student cohort in Germany attend this track; Federal Statistical Office,
2015).
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3.7.2. Ethics Statement

Data collection, data protection and ethical issues of the present study were handled
according to the guidelines of the German Association for Psychology (Deutsche Gesellschaft
fiir Psychologie, (DGPs), 2016) and the American Psychological Association (2010).
Participation was voluntarily and informed consent was received by both students and
parents. All participants, the students” parents, the principals, and teachers were informed
about the study’s purpose, duration, and procedure. Written confirmation of participation

was also provided by the parents and principals. All data was completely anonymized.

3.7.3. Procedure

After students and parents consented to participate in the study, the study started
with a general assessment of students’” cognitions, motivation, and emotions in mathematics
and demographic data using a paper-and-pencil questionnaire that was administered by
trained researchers. Approximately one week later, this general assessment was followed by
the state assessments during a mathematics exam specifically developed for the current

study.

Procedure during the mathematics exam

The exam was a written mathematics test designed in cooperation with a mathematics
teacher. It included tasks adapted from the VERAS8 exam — a standardized exam all students
from 8th grade all over Germany have to take at the same time of the school year (developed
by the Institute for Educational Quality Improvement; IQB, Berlin, Germany). We chose an
exam that is very similar to an authentic exam to ensure ecological validity. An actual exam
could not be used for ethical considerations and to ensure consistency between exams across
all participating classes. This was essential to allow for reliably comparisons between the
tasks within the exam and the emotional reactions to these tasks. The mathematics exam
consisted of six task-blocks and task difficulty varied within the exam to create variation in
students” appraisals of control (i.e., we induced the feeling of losing control by difficult tasks,
to examine whether loss of control goes along with increased anxiety). Each of the six task-
blocks had to be solved within five minutes. After these five minutes, students had to hand
in the task sheet and fill in the short state-questionnaire (i.e., paper-pencil questionnaire).
Following the completion of the questions, students started the next task-block. Thus, there
were six measurement points of all state study variables per student. In total, the exam lasted
approximately 60 minutes. To incentivize students to take the exam seriously, a monetary
prize was awarded to the class with the highest performance (most points). Therefore, the
performance of each student, not only the high performing students, contributed to the

overall class performance and therefore to winning the prize.
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3.7.4. Measures

Assessment of performance

The tasks in the math exam were corrected following the recommendations from the
Institute for Educational Quality Improvement (IQB). Student’s performance in each task-
block served as performance measure in our analysis. We used the percentage of correctly
solved tasks per task-block in our analysis. The performance measure was highly correlated
with students’ grades in mathematics (for exact values see Descriptive statistics and

correlations).

Assessment of state control and state anxiety components via questionnaire

All items in the questionnaires always referred to the student’s experience during the

previous task (i.e., “During this task I....”).

Assessment of control. Control was assessed with one item adapted from the Perceived
Academic Control Scale (PAS; Perry & Hamm, 2017; Perry et al., 2001). A five-point Likert
scale was used ranging from 1 (strongly disagree) to 5 (strongly agree; “During this task I had a
great deal of control”).

Assessment of the anxiety components. The anxiety components (cognitive, affective,
physiological, and motivational component) were assessed using three items for each
component adapted from the Achievement Emotions Questionnaire (AEQ; Pekrun et al.,
2011). As for subjective control, answers were given on a five-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree). Example items: “During this task: ...I worried whether I
will perform poorly (cognitive); ...I was very nervous (affective); ...my heart was beating faster
(physiological); ...I was so anxious that I'd rather be anywhere else (motivational).” The sample-
specific internal consistency across all six measurement points of these three item scales were
a = .84 for the cognitive, a = .89 for the affective, a = .83 for the physiological, and a = .89 for
the motivational component. The sample specific internal consistencies per task were all
higher than .80.

Single-item measure to assess students’ anxiety over the course of the exam

The single-item anxiety measure was assessed at the end of the exam in such a way
that students were asked to draw a profile of the course of their anxiety during the exam. In
this profile they indicated their anxiety for each task as well as their anxiety 30 minutes before
the exam, at the beginning of the exam (i.e., when receiving the instructions), at the end of
the exam (i.e., after handing in the final task), and right now (i.e., when filling in the last
questionnaire). The scale was ranging from 0 (no anxiety at all) to 5 (very strong anxiety). For

an example, see Figure 5. In the present study we were only interested in the anxiety values
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during the six tasks, as we wanted to compare them with what the students reported on the

different anxiety components after each task (see Assessment of the anxiety components).

Anxiety profile
In the following figure, please try to draw the course of your anxiety over the period of this math
exam. (0 = no anxiety at all; 5 = very strong anxiety)
A

5

4

3

2

1

O T T T T T T T T 1

30 min at the during during during during during during at the now

before beginning | task 1 task 2 task 3 task 4 task 5 task 6 end of

the exam  of the the exam
exam

Figure 5. Anxiety profile.

Note. Single-item measure to assess students’” anxiety over the course of the exam. The six tasks we
are interested in in the current study are highlighted with a box.

3.7.5. Data Analyses

Our analyses were conducted with Mplus 7.11 (Muthén & Muthén, 1998-2017) and
missing data was handled with full information maximum likelihood procedures (Rubin,
1976).

Hypothesis 1

Mediation analysis with “type = complex” was conducted to examine the
hypothesized mediation on the intra-individual level and to account for the three-level nested
data structure (multiple measurement points (6) of state anxiety, subjective control and task
performance nested within student; students nested in different classes). In our model we
tested the following effects: The direct effect of control on performance (c, see Figure 4) and
the indirect effects of control on performance via the different anxiety components (i.e.,
cognitive, affective, physiological, and motivational component). Moreover, we report the
direct effects of control on the anxiety components (a) as well as the direct effects of the

components on performance (b). Additionally, we controlled for gender in our analysis as
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some studies indicated that there might be gender differences in test anxiety (i.e., female
students were found to be more test anxious but there was no performance difference
between girls and boys; Hembree, 1988; Zeidner, 1990) and in control experience in
mathematics (i.e., female students were found to have lower control in mathematics; Frenzel
et al., 2007; Hyde, Fennema, Ryan, Frost, & Hopp, 1990). For all indirect effects, we used the
“model indirect” option of Mplus to calculate unstandardized and standardized effects
(Muthén & Muthén, 1998-2017).

Hypothesis 2

To test the second hypothesis, we built an intra-individual regression model with
“type = complex” in which we included the anxiety components as predictors for single-item
anxiety measure (i.e., outcome) as indicated in the anxiety profiles the students were
drawing. This renders it possible to find out which of the anxiety component is the strongest
predictor for the single-item anxiety measure (i.e., which component is more closely related

to the single-item as indicated in the anxiety profiles).

3.8. Results

3.8.1. Descriptive Statistics and Correlations

Mean scores and standard deviations of the test anxiety components, control, and
performance for each task of the exam (i.e., between-person) are depicted in Table 3. Figure
6 shows the means of the test anxiety components and control per task and across persons. It
can be seen that more difficult tasks (i.e., tasks 2, 3, 5, 6 in comparison to tasks 1 and 4) are
associated with less control and more anxiety (especially the cognitive anxiety component).

Table 4 shows the correlations between the anxiety components, control and
performance across tasks (i.e., multiple measurement points) along with the respective means
and standard deviations. All anxiety components were significantly and positively correlated
with each other (all ps <.01) with the affective and physiological components showing the
strongest correlation (r =.74). All anxiety components significantly and negatively correlated
with subjective control (all ps < .01). Furthermore, the anxiety components significantly
negatively correlated with performance, with the cognitive component showing the strongest
negative correlation (r = -.25, p < .01). Subjective control also significantly and positively
correlated with performance (r = .30, p <.01).

The correlations between the performance measure (i.e., total performance in the
math exam) and student’s grades in their last math exam, in their last mid-term school report
and in their school report were r = .58, r =.52, and r = .61, respectively. All correlations were
significant (all ps <.01) and in the expected directions (i.e., better grades were associated with
better performance). There were no significant gender differences in any of the performance

measures.
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Figure 6. Control and anxiety components per task.

Note. Means of anxiety components (cognitive, affective, physiological, motivational), and control per
task.

3.8.2. Hypothesis 1: Control-Anxiety Components-Performance
Mediation

To test our first hypothesis, we looked at the indirect effects of control on performance
via the different anxiety components (i.e., mediation). For an overview of all relations of this
mediation model, as well as direct, indirect, and total effects and the respective regression
coefficients see Table 5. The results of our model show that control was significantly
negatively associated with all anxiety components, with the cognitive component showing
the strongest effect (b = -0.37, SE = 0.05, p <.001). This effect was significantly different from
the effects of the other components as indicated by the results of a scaled difference chi-square
test (p < .001; Bryant & Satorra, 2013). Mediation analyses further revealed a significant
positive direct effect (c) of control on performance (b = 0.24, SE = 0.04, p < .001) and a
significant indirect effect via the cognitive anxiety component (b = 0.09, SE = 0.02, p <.001).
Specifically, control had a negative effect on the cognitive component (a), which in turn had
negative effects on performance (b) (i.e., positive indirect effect). In sum, the cognitive
component partially mediated the relationship between control and performance.

There was a significant negative effect of the cognitive component on performance (b
= -0.25, SE = 0.04, p < .001; see Table 5). This means that higher anxiety measured by the
cognitive component is associated with poorer performance. However, there was a

significant positive direct effect of the affective anxiety component on performance when
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controlling for the effects of control and the effects of the other anxiety components (b =0.12,
SE = 0.06, p < .05; i.e,, higher affective anxiety is associated with better performance). The

effects of the motivational and physiological did not reach significance.

Effects of gender

Results revealed a significant effect of the gender covariate on control (b =-0.15, SE =
0.06, p <. 05), that is female students experienced significantly less control than male students.
Furthermore, there was an effect of gender on the cognitive component (b =0.21, SE = 0.06, p
< .001). Specifically, with the same levels of control female students reported significantly

higher values on the cognitive anxiety component than male students.

3.8.3. Hypothesis 2: Single-Item Anxiety Measure

The results from the regression model with the anxiety components predicting the
single-item anxiety measure are depicted in Table 6. Results show that the affective anxiety
component was, as expected, the strongest predictor for the single-item anxiety measure (b =
0.43, SE=0.08, p <.001; correlation with single-item anxiety measure: r = .47; when controlling
for the effects of the other components) followed by the physiological component (b = 0.21,
SE = 0.09, p < .05; correlation with single-item anxiety measure: r = .23). The cognitive and
motivational components were not significant predictors for the single-item measure. Thus,
in line with hypothesis 2, results show that when students are asked to report their anxiety
experienced during a test with a single-item measure (i.e., when drawing a profile of the
course of their anxiety) their answer is mostly associated with the affective anxiety

component.
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Table 3. Mean scores and standard deviations of the study variables per task

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6
M SD M SD M SD M SD M SD M SD
Cognitive 1.94 0.98 2.20 1.05 2.35 1.02 1.81 .83 1.76 0.91 2.07 1.07
Affective 1.91 0.96 1.98 0.98 1.96 1.05 1.68 93 1.66 0.87 1.71 0.98
Physiological 1.65 0.86 1.72 0.90 1.70 0.93 1.56 .87 1.55 0.83 1.60 0.86
Motivational 1.25 0.53 1.35 0.76 1.34 0.81 1.28 74 1.25 0.67 1.26 0.67
Control 3.75 1.08 3.10 0.97 2.98 1.08 3.55 1.08 3.66 1.05 3.37 1.16
Performance  80.47  19.45 28.52 15.16 10.68 13.28 77.74 13.18 68.75 16.86 47.01 22.90
Anxiety (SIP) 1.24 1.32 1.60 1.41 1.59 1.30 1.51 1.32 1.43 1.26 1.36 1.41
Note. N =137. SIP = Single-item from the anxiety profiles.
Table 4. Mean scores, standard deviations, and correlations between the study variables across all tasks and persons
1 2 3 4 5 6

1. Cognitive Component -
2. Affective Component 65%* -
3. Physiological Component 53** T4 -
4. Motivational Component 50%* 69%* 65%* --
5. Control -.40%* -.29%* -.29%* =31 --
6. Performance (in %) -.25%* -.08* -.07% -.08* 30** --
Mean 2.02 1.81 1.63 1.29 3.40 52.19
SD 1.00 0.97 0.88 0.70 1.10 31.09

Note. N = between 819 and 822 (resulting from 6 measurement points per student and N =137 students). Pure descriptive values without control for nesting of

data within persons (i.e., no type is complex). * p <.05, ** p <.01.
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Table 5. Total, direct, and indirect effects of the proposed multilevel mediation model

Standardized Standard errors
coefficients

Control

Total Performance on Control 297 .03
Total Indirect Performance on Control .05%** .01
Indirect Performance on Control via Cognitive 09*** .02
Indirect Performance on Control via Affective -.03 .02
Indirect Performance on Control via Physiological -.01 .01
Indirect Performance on Control via Motivational .003 .01
Direct Cognitive on Control - 37 .05
on Gender 2% .06
Direct Affective on Control - 28%%* .06
on Gender .10 .07
Direct Physiological on Control -.28%%* .06
on Gender .07 .08
Direct Motivational on Control -.26%** .05
on Gender .02 .07
Direct Performance on Control 24%** .04
Control on Gender -.15% .06
Anxiety components

Direct Performance on Cognitive - 25%%% .04
Direct Performance on Affective 2% .06
Direct Performance on Physiological .05 .05
Direct Performance on Motivational -.01 .04

Note. All regression coefficients are standardized; Gender: male = 0, female = 1; standard errors are
displayed in brackets; *p <.05; **p < .01; ***p < .001.

Table 6. Results from the regression model with the anxiety components predicting the

single-item anxiety measure (i.e., as indicated in the anxiety profiles)

Single-item measure of anxiety

Standardized Standardized
Standard errors

Components coefficients correlation with
single-item
Cognitive 01 .06 01
Affective A3 .08 A7
Physiological 21% .09 .23%
Motivational .05 .07 .05

Note. All regression coefficients and correlations are standardized. Standard errors are displayed in
brackets; *p <.05; **p < .01; **p <.001.
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3.9. Discussion

3.9.1. Summary of the Study

The present study examined four test anxiety components (i.e., cognitive, affective,
physiological, and motivational components) in a sample of 8" graders and had two major
goals. Based on assumptions of the CVT, the first goal was to investigate which of the anxiety
components is the most important mediating mechanism that explains the relationship
between control appraisals and students’ performance (i.e., has the strongest impact on
students” performance). To draw upon previous findings from inter-individual studies and
ensure high ecological validity, we examined this relationship during an authentic exam
situation using multiple within person state measurements of these variables and analyzing
this relationship on an intra-individual level (Murayama et al., 2017). In order to inform
future research, decide whether and how to differentiate anxiety, the second goal of the study
was to investigate which anxiety component is hidden behind a single-item measures of test

anxiety.

3.9.2. Discussion and Implications of the Findings

Which anxiety component is most central in the mediating mechanism that
connects control and performance (Hypothesis 1)?

In order to determine which component is the most important predictor of
performance, we examined the relationship between control, anxiety components and
performance. As expected, we found a relationship between control and performance
mediated via the cognitive test anxiety component (i.e., significant indirect effect). More
specifically, lower levels of control were associated with an increase in the cognitive anxiety
component, which in turn resulted in lower performance. These findings support the
assumptions of the CVT and show that this theory on intra-individual relations indeed also
holds true when examining it on an intra-individual level (Goetz et al., 2006). As the cognitive
component is the only component for which we found such a mediating effect, our results
further suggest that this component appears to be the most important for explaining the
relationship between control and performance. These findings are consistent with the CVT
and with information processing models of anxiety (e.g., Naveh-Benjamin, 1991; Schwarzer
& Jerusalem, 1992) which state that thinking about negative consequences of one’s
performance (cognitive component) consumes cognitive resources, which may interfere with
optimal performance. Therefore, our findings suggest that this component should be the
main focus of instructional techniques and anxiety interventions that are aimed at increasing

student performance.
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Furthermore, we found that appraisals of control affect all four anxiety components
in the same direction (i.e., lower control was associated with increased anxiety; negative
direct effect). However, the sizes of the effects differed. Control showed the strongest
association with the cognitive anxiety component. The strengths of the size of the effects of
control on the affective, physiological, and motivational components were similar. This
finding is in line with the assumptions of our study that as control is a cognitive appraisal,
therefore it is probably more closely related to the cognitive anxiety component (Goetz et al.,
2006). In this respect, it may prove helpful that practitioners implement appropriate strategies
during learning and test-taking that serve to enhance perceptions of control and thereby
indirectly target the cognitive anxiety component.

Moreover, our results showed that the individual anxiety components differed in
their relative impact on performance. As previously stated, the cognitive component had the
strongest effect. Although there was no significant indirect effect of control on performance
via the affective anxiety component, we found a direct positive effect of the affective
component on performance (i.e.,, higher affective anxiety was associated with increased
performance). This effect requires further investigation as mechanisms not included in our
statistical model may explain this relationship. One possibility is that there could be a
moderating effect of extrinsic motivation on the relationship between the affective anxiety
component and performance, which would explain the positive relationship. For example,
students that work hard and know a lot but are nervous about tests, might work harder
because they are nervous. In other words, their experience of anxiety motivates them to work
hard on the exam, which leads to better exam performance. Thus, our finding implies that it
can be helpful to tell students that nervousness during a test is not always harmful for
performance but rather the thoughts (i.e., cognitive anxiety component) about the
consequences of failing can lead to poorer performance. Finally, we found a direct positive
effect of control on performance and thus, as expected, we found a partial mediation. This
effect could in part be explained by other variables (e.g., other emotions, or constructs like
self-efficacy) that might play an additional mediating role between control and performance
and also corresponds with assumptions of the CVT. Therefore, our results suggest that it is
not only necessary to regulate anxiety but also to look at other variables during test taking as
they might have effects on performance as well (Goetz et al., 2007).

In sum, as expected and also in line with hypothesis 1, the results of the study suggest
that the components of anxiety indeed differ with regard to their control antecedents and
achievement effects. For anxiety interventions, these findings imply that interventions must
be carefully selected and that it is important to distinguish between the components of
anxiety. In addition, the results suggest that to increase students’ performance strategies that
target the cognitive anxiety component might be the most effective. This can be achieved for
example with cognitive reappraisal strategies that aim at changing how one thinks about the
situation or about one’s capacity to manage the demands of the situation (Gross & Thompson,
2007) and consequently, increase student’s perceptions of control and decrease the cognitive

component of anxiety.
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In addition to providing evidence that supported our first hypotheses, our findings
demonstrated further interesting results regarding the effects of gender that although they were
not the main focus of the current study will be briefly discussed here. Female students
experienced significantly less control than male students which is in line with findings from
Arch (1987) who found that in test situations females were more likely to rate themselves as
less capable and confident in their abilities and felt more uncomfortable (i.e., less in control)
than male students. Furthermore, with the same levels of control, female students reported
significantly higher levels of the cognitive component of anxiety than male students, but we
could not find differences in exam performance between females and males. This is in line
with earlier findings reporting gender discrepancies in emotional experiences even though
girls and boys had achieved at similar levels in mathematics (e.g., OECD, 2004; meta-analysis:
Seipp, 1991). Hence, our results show gender equity in terms of performance. However, there
still remains a gap in terms of competence beliefs and emotions in mathematics tests which
could be closed by promoting positive affect (e.g., by interventions that address students’

competence beliefs) and preventing anxiety in girls (Goetz et al., 2013).

What anxiety component affects undifferentiated single-item measures
(Hypothesis 2)?

Also consistent with our expectations, our findings concerning the single-item
measure of anxiety showed that students will most likely report their affective anxiety when
assessing anxiety with a single-item. This is in line with the multi-componential model of
anxiety (Scherer, 1984) in which the affective component is seen as the core anxiety
component and therefore confirms that single-item measures are able to gauge this key
component of the anxiety construct. Furthermore, the findings indicate that this component
might be very important, as is seems to be most saliently represented in a student’s mind
when asked about her or his subjective anxiety with single-items. Although, as shown by our
first research question, the affective component did not show a significant indirect effect on
achievement in our mediation model and therefore does not seem to be the most relevant
component for performance. It may, however, be closely related to other factors such as
psychological well-being, school attendance, self-esteem, or other stress related physical
ailments (Austin et al., 1995; Damer & Melendres, 2011; Huberty, 2010; OECD, 2016; Salend,
2012). All these factors can also be negatively affected by test anxiety and should be taken
seriously as they might have long term consequences, for example for future career choice or
mental and physical health (Diener, 2000; Wigtfield et al., 2002). Therefore, the affective
anxiety component should not be neglected in interventions or by researchers. Rather it
should be more closely examined with regard to its effects on variables other than
performance in future studies. The same is true for the physiological and motivational
anxiety components for which we also did not find a significant indirect effect on
performance in the current study — which however does not mean that they are not important

for other factors.
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In sum, it is crucial for researchers to realize that when using single-item self-report
anxiety measures they are most likely working with a predominantly affective measure.
Therefore, they should carefully choose which measure of anxiety they are using depending
on their research question and the conclusions they want to draw. When examining
performance outcomes in the context of the CVT, assessing anxiety with a single-item
measure that is focusing predominantly on the affective component might not be sufficient.
In this case, items that largely tap into the cognitive component might be more adequate as
they are a better predictor for performance. However, for investigations of more distal
outcomes, single-item measures that examine the affective component, or other multiple item
measures that examine the physiological and motivational test anxiety components could

eventually be a good choice.

3.9.3. Strengths, Limitations, and Future Directions

This study was one of the first studies that looked at the antecedents and effects of the
anxiety components on an intra-individual level. Our approach offered a higher level of
ecological validity than in most test anxiety studies, as the measures were taken directly in
the evaluative situation at multiple time points. Second, the investigation of the relationship
in a realistic assessment environment allows for greater confidence in the approximation of
the relative impact of the anxiety components on high school students performance. Thus,
the results of this investigation may be more credible to the reality of test anxiety than in
experimental settings in a lab environment. Third, in our data there was high inter-individual
variance as well as variance within students from task to task (see Figure 7), which suggests
that analyzing the relationship between control, anxiety components and performance on an
intra-individual level (i.e., as done in the present study) might be more adequate than only
looking at between-person associations. Thus, this once again underpins the importance of
conducting intra-individual analyses when looking at intra-individual relationships such as
those postulated by the CVT.

Our study also has some limitations, which suggests a number of directions for future
research. First, the data of this study are based on student’s self-reports. It would be
interesting to investigate if, what these students think they feel about their physiological
arousal, corresponds to their actual physiological arousal (e.g., heart rate or skin
conductance) and how this relates to their performance. Furthermore, our sample of high
school students was relatively selective as we examined students in the top track of the
German school system. Hence, it would be interesting to investigate these mediational effects
in students from lower school tracks or in students with another cultural background to
confirm the generalizability of these findings. Furthermore, although we assessed students’
anxiety during a test situation, for ethical reasons students did not receive grades for their
test performance. Therefore, one might argue that our test situation was artificial too, which

could have impacted the results. Finally, we investigated students’ test anxiety in one specific
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domain, namely mathematics. Although our theoretical approach implies that the
relationship between control, anxiety components and performance is the same in other
subject areas as well, the results of the present study cannot be generalized beyond the
domain of mathematics. Future research should also focus on other domains, for example, by
investigating the relationship when students are working on an achievement test in language
classes (i.e., English or French).

Despite these limitations, our study provides additional evidence that emotions are
complex constructs by using an elaborate intra-individual real-time approach. Additionally,
it proposes that extending research on the antecedents and effects of different test anxiety
components on an intra-individual level may contribute to the development of more effective
anxiety interventions and thereby facilitate not only learning and academic achievement, but
also critical developmental outcomes including career choice, health and psychological well-

being.

Cognitive Anxiety Component
Affective Anxiety Component

Physiological Anxiety Component
Motivational Anxiety Component

Control Control

Figure 7. State control (x-axis) and state anxiety cognitive, affective, physiological, and
motivational components (y-axis).

Note. Within-person relationship between state anxiety (i.e., separate for each component) and state

control (i.e., six measurement points per person). Each colored line represents one student. It can be
seen that there is high inter- and intra-individual variance.
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4.1. Abstract

66

Test anxiety is a widespread and mostly detrimental emotion in learning and
achievement settings. Thus, it is a construct of high interest for researchers and
its measurement is an important issue. So far, test anxiety has typically been
assessed using self-report measures. However, physiological measures (e.g.,
heart rate or skin conductance level) have gained increasing attention in
educational research as in contrast to frequently used self-report measures, they
allow for an objective and often also continuous assessment of students’
physiological arousal (i.e., the physiological component of test anxiety) in real-
life situations, such as a test. Although, theoretically one would assume
convergence between traditional self-report measures of test anxiety and
objective physiological measures, empirical evidence is scarce and findings are
mixed. To gain a more coherent picture of the relationship between these
measures, the present systematic review investigates whether higher self-
reported test anxiety is associated with objectively measurable increased
physiological arousal. A systematic literature search yielded 193 articles and a
structured selection process resulted in 27 eligible articles with 29 studies that
met the specified criteria and provided sufficient information about the
relationship under investigation. In line with theoretical models, in 21 out of the
final 29 studies there was a significant positive relationship between self-
reported test anxiety and physiological arousal. The strengths of these
correlations were small to large (mean correlation: r riskers - = .32; range of mean
correlations: .19 to .51). Influencing aspects of the relation between these two
measures are discussed along with implications for the assessment of

physiological data in future classroom-based research.

Keywords: physiological measures; assessment; test anxiety; self-report;

systematic review
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4.2. Introduction

In educational research, there is a growing interest in using physiological measures of affect
(e.g., cardiovascular measures such as heart rate measurement, electrodermal measures or
saliva samples) to complement traditional self-report measures of emotion (D'Mello & Calvo,
2013). However, the reliability of these measures, which assess physiological arousal as a
proxy for emotional processes, are still questioned, and interpreting findings obtained from
these measures in relation to existing educational research and theory remains a challenge in
educational psychology (Kreibig, 2010; Mauss et al., 2005; Mauss & Robinson, 2009). Therefore,
the purpose of the present review is to address these issues by reviewing and synthesizing
research findings on the relationship between physiological measures of test anxiety - one of
the most prominent emotions in the academic context - and self-report measures, which
traditionally have been considered as benchmarks for assessing emotions (Larsen & Prizmic-
Larsen, 2006).

Test anxiety has been extensively investigated since the early 1950s (Mandler &
Sarason, 1952). To date there are more than 2,000 published studies on this often detrimental
emotion (e.g., Hembree, 1988, McDonald, 2001; Zeidner, 2014). A primary indicator of test
anxiety is heightened levels of physiological arousal. It can be unobtrusively assessed through
physiological measures, such as cardiovascular measures (e.g., heart rate) or electrodermal
measures (e.g., skin conductance response). Physiological responses associated with anxiety
are also difficult to suppress or control. Therefore, physiological measures represent an
objective way of assessing students” arousal in testing situations (Harley, 2015; Houtveen & de
Geus, 2009; Wilhelm & Grossman, 2010).

Nevertheless, efforts to measure test anxiety has typically relied on self-report
measures, which can be influenced by factors such as social desirability or subjective beliefs
(Goetz et al., 2013; Kaplan et al., 2013; Pekrun & Biihner, 2014; Robinson & Clore, 2002).
Therefore, it is possible that self-report assessments of test anxiety might not accurately reflect
the “true” level of test anxiety.

Since heightened physiological arousal is one component of test anxiety (Zeidner,
1998), it is reasonable to assume that students’ objectively measurable level of physiological
arousal during test taking and level of self-reported test anxiety (i.e., often including the
subjective experience of all components) would converge (i.e., a certain degree of overlap). For
instance, when test anxious students are asked about their feelings while taking a test, they
should report both high levels of anxiety and perceptions of high physiological arousal (e.g.,
a faster heart beat). However, empirical findings investigating relations between self-report
measures of anxiety and physiological measures are mixed (e.g., Mauss et al., 2005; Mauss &
Robinson, 2009). Knowledge about the relationship between these measures might contribute
a deeper understanding of test anxiety’s nature, which is an important research theme,
especially in educational psychology (Campbell, 1986; Van Yperen, 2007; Zeidner, 2014). In the
long run, this understanding might also help guiding the development and implementation
of test anxiety interventions.
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The aim of the current review is to yield a more coherent picture of the relationship
between these two measures of test anxiety in school and academic contexts and to identify
possible moderating variables between them by systematically investigating whether self-
reported test anxiety is associated with objectively measurable physiological arousal (e.g.,
heart rate, blood pressure, or cortisol level).

We start with defining test anxiety and its components. We then describe the two
assessment methods discussed in this review in detail and point out advantages and
disadvantages of each method followed by a description of the research questions of the
current review. Next, we provide a systematic review of empirical findings on the relationship
between these self-report and physiological measures of anxiety. The last section summarizes
the findings and discusses possible moderator variables (i.e., in terms of study design and
setting or sampling rate of physiological measure) influencing the relation between the two
measures as well as methodological and practical implications for the assessment of

physiological data in future research in educational psychology.

4.3. Concept and Assessment of Test Anxiety

4.3.1. Test Anxiety and its Components

Test anxiety is a specific type of anxiety that can be experienced before, during and
after an examination or other test situations (Beidel & Turner, 1988; Zeidner, 2014). It is usually
conceptualized as comprising multiple theoretically distinct, yet correlated components
(Pekrun et al., 2004; Zeidner, 2014). Liebert and Morris (1967) first introduced the distinction
between the “worry” (cognitive) and “emotionality” (affective) components of test anxiety.
The worry component has been defined as a cognitive concern about one’s performance (e.g.,
thinking about the potential consequences of failure in examinations and tests, as well as
doubts about one’s ability to perform adequately). Emotionality refers to negative affective
and physiological experiences, such as arousal and unease (e.g., nervous stomach, muscle
tension, sweaty palms, or generally upset feelings) that may occur during the stressful testing
situation (King et al., 2000; Morris & Liebert, 1970). In more recent studies, researchers have
moved from a dichotomous view to a multi-component view of emotions and more
specifically test anxiety (Pekrun et al., 2002; Shuman & Scherer, 2014; Zeidner & Matthews,
2005) often including affective, cognitive, physiological, motivational, and behavioral
components (Matthews et al. 1999; Pekrun et al., 2004; Scherer, 1984).

4.3.2. Assessing Test Anxiety

Test anxiety can be assessed through multiple measures (Zeidner & Matthews, 2005)
including self-report measures, behavioral measures (e.g., detection and classification of facial
expressions), neuroscientific measures (e.g., fMRI), and physiological measures (e.g., heart rate
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or skin conductance). This review focuses on two types of test anxiety measures, self-report as
the traditionally used measures, and physiological measures as emerging measures in the field

of educational psychology, which are described in detail in the following paragraphs.

Self-report measures

Self-report measures are the most common measures to assess achievement emotions
such as test anxiety (Larsen & Prizmic-Larsen, 2006). These measures ask individuals to report
their typical or habitual level of test anxiety (i.e., trait test anxiety) or their current level of test
anxiety (i.e., state test anxiety). Trait test anxiety measures are the most popular type of self-
report measures. One of the most frequently used self-report instruments is the Test Anxiety
Inventory (TAIL Spielberger et al., 1980; Szafranski, Barrera, & Norton, 2012). Trait test anxiety
measures typically involves paper-pencil questionnaires (e.g., a typical sample item would be
“Even when I am well prepared for a test I feel very anxious about it”; TAS, Sarason 1978). It is
common for these measures to assess both the cognitive component (also referred to as worry)
and the affective component of test anxiety (also referred to as emotionality; Morris et al.,
1981). Worry is assessed with items about being concerned about one’s achievement or the
consequences of failure, whereas the emotionality component is assessed with items about the
emotional distress experience (e.g., nervousness or tension) or self-perceived arousal in terms
of reactions of one’s autonomic nervous system (Spielberger et al., 1980). The advantages of
trait measures of anxiety are that they offer quick and cost-effective assessments of self-
observed thoughts and emotional experiences (Wilhelm & Grossman, 2010). However, these
measures can be biased, for instance by memory effects and by subjective beliefs (Buehler &
McFarland, 2001; Fredrickson & Kahneman, 1993; Goetz et al., 2013; Robinson & Clore, 2002).

State test anxiety measures examine students momentarily experienced anxiety in a
test situation (e.g., via ambulatory psychological assessment; a typical sample item could be
“How much anxiety are you experiencing right now?”). These state assessments of anxiety are less
susceptible to bias due to closer temporal proximity to the test (i.e., real time or “online self-
reports”) and because they are situated in the testing situation (i.e., real life e.g., in the school
context during a test; Wilhelm & Grossman, 2010). However, during tests it can be difficult for
students to report their current emotional state (e.g., because of high cognitive load during a
test; Putwain, 2007; Wilhelm & Grossman, 2010). Moreover, there are concerns that even these
“online self-reports” are also susceptible to bias. For example, individual differences in the
awareness of and willingness (i.e., response tendencies or social desirability) to report on
emotional states can influence responding (Mauss & Robinson, 2009). Therefore, researchers
often emphasize the need to use measures that are less susceptible to such biases (Podsakoff,
2003).

Physiological measures

The above mentioned limitations of self-report measures call for applying
physiological measures of emotions (Houtveen & de Geus, 2009; Wilhelm & Roth, 2001).
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Physiological channels (e.g., heart rate, cortisol sampling or skin conductance) are difficult for
individuals to mask or control which creates the possibility of more objectively gauging
individuals’ arousal in testing situations (Harley, 2015; Houtveen & de Geus, 2009; Scollon,
Prieto, & Diener, 2009). There are two primary biological systems that become active in a
coordinated effort to respond to stress and, by extension, test anxiety. The first is the
autonomic nervous system which is responsible for modulating peripheral function and
consists of sympathetic and parasympathetic branches, which are generally associated with
activation and relaxation, respectively (Mauss & Robinson, 2009). In response to stress, the
autonomic nervous system reacts by making the body ready for action, including increasing
heart rate and vasodilation. However, it should be noted that different emotions (e.g., anxiety
and excitement) can have the same physiological signatures and that as the autonomic nervous
system serves a general-purpose, its activity is not exclusively a function of emotional
responding, but rather encompasses a wide variety of other functions such as homeostasis (i.e.,
keeping the body's internal environment in balance) and digestion (Cacioppo, Berntson,
Larsen, Poehlmann, & Ito, 2000). The second system is the adrenocortical system which is
activated via the hypothalamic-pituitary-adrenal (HPA) axis. This system is responsible for
regulating the hormone cortisol, which is often referred to as the classical stress hormone
(Lundberg, 2005). Physiological measures of arousal measure the body’s above-mentioned
response to stress.

As the body’s responses to stress are numerous, there are several physiological
measures to examine test anxiety. For the present review, we selected the measures that are
typically and currently used (Hodges, 2015; Zeidner & Matthews, 2011). These are
cardiovascular measures, such as heart rate (HR), heart rate variability (HRV) and blood pressure
(BP); electrodermal activity measures (i.e., often also referred to as electrodermal activity,
EDA; Boucsein, 2012), such as skin conductance (SC) or skin resistance (SR); and endocrine
measures, such as cortisol sampling (Kantor et al., 2001; Martin, 1961). Recently, measures of pH
level in saliva has gained increased attention (Marques et al., 2010) as there is evidence of an
association between saliva pH and anxiety (Morse, Schacterle, Furst, Esposito, & Zaydenburg,
1982). We therefore decided to additionally include this measure in our review. In the next
paragraphs we describe each of these measures in more detail.

Heart rate (HR) is a cardiovascular measure (i.e., response of the blood circulatory
system) and refers to the number of heart beats per time interval (e.g., beat per minute, bpm;
Hugdahl, 1995). The normal resting adult heart rate is between 60 and 100 bpm (Avram et al.,
2018; Spodick, 1993). Heart rate provides non-invasive information about modulation of heart
rate by the autonomic nervous system (McCraty, Atkinson, Tiller, Rein, & Watkins, 1995) and
is sometimes assumed to directly reflect anxious arousal (i.e., the higher the heart rate, the
more anxiety; Calvo & Miguel-Tobal, 1998). However, measuring heart rate also has some
limitations as it does not only increase due to emotional states but also with increased mental
work load at the beginning of a task or with increased physical activity (Myrtek, Dieterle, &
Briigner, 1990; Saito & Nakamura, 1995). Therefore, in emotion research heart rate change
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scores or so called additional heart rate is often used, which is defined as heart rate acceleration
without a corresponding increase of physical activity (Turner, Carroll, Hanson, & Sims, 1988).

Heart rate variability (HRV) is commonly described by the normally occurring variation
of the time interval between heartbeats and is expressed by the interbeat interval (IBI; Shaffer,
McCraty, & Zerr, 2014). IBI are fluctuations in heart rate that result from complex interactions
among a number of different physiological systems. Interest in the relationship between heart
rate variability and negative emotional reactions has increased after findings that suggest that
heart rate variability is associated with perceived stress (Sloan et al., 1994). An optimal level
of heart rate variability within a person is presumed to reflect healthy function, adaptability,
and resilience (McCraty & Zayas, 2014). While very high heart rate variability (i.e., too much
instability; e.g., arrhythmias) can be detrimental to efficient physiological functioning, low
heart rate variability (i.e., too little variation) may be a risk factor for cardiac events (e.g., heart
attack, stroke) and can predict the development of hypertension (i.e., high blood pressure),
because it reflects reduced regulatory capacity to respond to physiological challenges such as
stress and exercise (Berntson, Norman, Hawkley, & Cacioppo, 2008; Bigger et al., 1992;
Matthews, Salomon, Brady, & Allen, 2003; Singh et al., 1998).

Blood pressure (BP) is measured in millimeters of mercury (mmHg) and is multiply
determined: by the amount of blood pumped by the heart and by how easily blood flows
through arteries (Obrist, 1976). Systolic blood pressure (SBP) refers to the amount of pressure
exerted against arterial walls when the heart is contracting (i.e., maximum during one heart
beat). Diastolic blood pressure (DBP) describes the amount of pressure exerted against arterial
walls between heart beats (i.e., minimum between two heart beats; Hugdahl, 1995). Temporary
increases in blood pressure and heart rate provide an indication of the activation of the
sympathetic nervous system, which helps supply the body with resources to fight an
immediate stressor. With age, blood pressure reactivity to stressful events typically increases
(Uchino, Berg, Smith, Pearce, & Skinner, 2006; Uchino, Holt-Lunstad, Bloor, & Campo, 2005).
Therefore, it can be important to consider age as a factor that can potentially influences the
association between anxiety and physiological response.

Skin conductance (SC) and skin resistance (SR) are electrodermal parameters (i.e., sweat
gland responses). They are often also referred to as electrodermal activity (EDA; Boucsein,
2012). Electrodermal activity varies with the state of sweat glands in the skin. If the
sympathetic branch of the autonomic nervous system is highly aroused, then sweat gland
activity also increases, which in turn increases skin conductance. In this way, increases in skin
conductance (measured in microsiemens, uS) have been found to be correlated with emotional
states (Carlson, 2013). It is useful to differentiate between tonic skin conductance level (SCL)
and short-duration (i.e., phasic) skin conductance responses (SCRs). Skin resistance (SR) is an
inverse index of skin conductance (i.e., for test anxiety one would expect that the higher the
SR the less test anxiety). Electrodermal activity can be most reliably and validly recorded on
the palm of the non-dominant hand, however temperature and humidity can affect EDA
measurements, which can lead to inconsistent results (Boucsein, 2012). In comparison to heart

rate responses electrodermal responses are relatively slow. They appear after a stimulus with
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a delay of approximately one to three seconds. This shows the complexity of determining a
relationship between electrodermal activity and other physiological measures (Martin, 1961).

Cortisol can be sampled from the blood, the urine and the saliva and is expressed in
micrograms per deciliter (i.e.,, mcg/dL). Additionally, in the case of chronic stress it can be
found in the hair (Meyer & Novak, 2012). Salivary cortisol levels are highly correlated with
free serum cortisol levels (Dorn, Lucke, Loucks, & Berga, 2007). Levels of cortisol follow a
diurnal rhythm, which means they are usually high in the morning and then decrease
throughout the day. An increased release of cortisol activated via the hypothalamus pituitary
adrenal axis is often associated with the experience of academic stress during examinations
(Dickerson & Kemeny, 2004). In addition, caffeine consumption, eating patterns, physical
activity or sleep patterns can also affect the release of cortisol (Bouma, Riese, Ormel, Verhulst,
& Oldehinkel, 2009; Liu et al., 2017; Pollard, 1995; Schwartz, Granger, Susman, Gunnar, &
Laird, 1998).

PH level in saliva has gained increased interest and has recently been suggested as a
possible useful biomarker indicating psychological stress levels (Marques et al., 2010). The
regulation of saliva volume and its composition is regulated by the sympathetic and
parasympathetic nervous system. Under stress this may lead to a lower rate of secretion of the
salivary glands in the mouth (often expressed by dry mouth) in reaction to stress, which in
turn leads to increased acidity and a decrease in oral pH (Humphrey & Williamson, 2001). The

advantage of this measure is that it is inexpensive, noninvasive and relatively easy to collect.

4.4. Research Questions

As noted, from a theoretical perspective, one would assume convergence between self-
reported test anxiety (i.e., including the subjective experience of all components) and the above
described physiological measures since heightened physiological arousal is one component of
test anxiety (Zeidner & Matthews, 2005). Furthermore, prominent models of stress (Selye,
1976) would also suggest a relationship between emotional self-reports and physiological
reactions to exams. To our knowledge, no review has systematically looked at this relation or
has quantified the relation. As such, this review aims to systematically integrate the existing
evidence. Furthermore, we want to identify aspects that potentially influence the relationship
between self-report measures of test anxiety and physiological measures (e.g., study design
and setting, sample characteristics or the assessment and analysis of physiological data).
Finally, some researchers (e.g., Morris et al., 1981) state that physiological indices provide
information concerning the emotionality component of anxiety but little information about the
worry component. They assumed that the inconsistent findings on the relations between
physiological and self-report measures may be partly due to combining emotionality and
worry in the same self-report measures. Therefore, we additionally address the question

whether the relationship between physiological arousal and the emotionality component of
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self-reported test anxiety is different from the relationship between physiological arousal and
the worry component.

Thus, we aim to answer the following research questions:

(1) Is self-reported test anxiety positively related to objectively measurable
physiological arousal (and can we quantify this relation)?

(2) Are there methodological variables that moderate this relation (e.g., study
design, setting, sample characteristics, assessment and analysis of physiological
data)?

3) Are there differential relations between the worry and emotionality
components of test anxiety, on the one hand, and physiological arousal, on the

other?

4,5. Methods

4.5.1. Search Strategy

We conducted a comprehensive literature search in PsycINFO, PubMed, and ERIC
databases to identify studies addressing the relationship between trait or state self-reported
test anxiety and measures of physiological arousal. The physiological measures included
cardiovascular measures, electrodermal measures, cortisol sampling, and saliva pH. No date

restrictions were placed on any searches.

4.5.2. Inclusion Criteria, Screening, and Coding

Eligible studies were those that were published in peer-reviewed journals and reported
findings on the relationship between test anxiety in school or academic contexts (e.g.,
elementary school, high school, university) and the above-mentioned physiological measures.
In the first phase of the literature search, studies were preselected using the search terms “test
anxiety” OR “exam anxiety” OR “examination anxiety” AND “[PHYSIOLOGICAL MEASURE,
e.g., heart rate]”. The search terms had to appear either in the title, the keywords or the abstract
of the study. The exact search terms are listed in Table 7. Next, the results from the initial
search results were screened for peer-reviewed empirical studies (e.g., no theoretical work)
published in English (see Figure 8).

In the second phase, the full texts of the remaining articles were retrieved. Then the
abstracts and method sections of these studies were screened and only studies that used at
least one self-report measure of test anxiety and one kind of physiological measure (i.e., as
defined by the search terms) were included for a detailed review. To be eligible for inclusion,
the self-report measure needed to be either a test anxiety questionnaire (i.e., mostly trait test
anxiety questionnaires like the Test Anxiety Scale; TAS, Sarason 1978; or the Test Anxiety
Inventory; TAI, Spielberger et al., 1980) or state anxiety items that asked about test anxiety
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immediately in the context of an exam (i.e., exam-related anxiety before, during or after an
exam) or other testing situation, for example in a lab setting (e.g., intelligence test or
problem/anagram solving test). Social-evaluative situations (e.g., public speaking) that did not
involve a test instruction were not considered for the current review. The same applied for
trait measures of general anxiety that were not administered within the context of an exam or
testing situation.

In the last step of the second phase, after detailed review of the results, only studies
were retained that fulfilled the following criteria: (1) they reported about non-significant or
significant relationships between self-reported test anxiety and physiological measures, or (2)
they explicitly reported correlation coefficients, or (3) they gave sufficient statistical
information to enable us to calculate these correlations. Intervention studies were only
included when they reported results for the pretreatment period or for the control group.
Results of the treatment group were not included in this review because the effects of the
intervention may have confounded the relations. Similarly, in studies that used experimental
designs (e.g., designs that involved classical conditioning to induce increased arousal) where
the relationship between self-reported test anxiety and physiological measures could not be
disentangled from the effects of the experimental paradigm, were not included. Moreover,
studies including participants with a clinical diagnosis, for example an anxiety disorder, were
excluded from the current review because test anxiety could not be disentangled from the
clinical diagnosis.

In the third phase reference lists of the identified publications were screened for further
studies meeting the specified criteria. The procedure of the literature search is depicted in
Figure 8.

Table 7. Search terms

PHYSIOLOGICAL MEASURE
Physiology
Physiological arousal

Autonomic nervous system

“TEST ANXIETY” Cardiac
OR Cardiovascular
“EXAM ANXIETY” Heart rate
AND
OR Pulse
“EXAMINATION Blood pressure
ANXIETY” Electrodermal

Skin conductance

Skin resistance

Cortisol

Saliva pH

74



Research Paper III

193 articles

initial search

61 articles excluded

38 dissertations / conference

paper / not published in
Phase I a peer reviewed journal

6 not in English

17 no study: e.g., reviews or

theoretical work

111 articles excluded
56 did not use a

physiological measure

132 full-text articles

retrieved

16 did not assess test
anxiety with a
validated
questionnaire

15 intervention studies
that did not report

differential results for

the control group
18 studies that did not

report correlations

Phase 11

between self-report
and physiological
measures or studies

where it was not

possible to calculate

hi lati . .
the correlations 21 articles with

22 studies included

6 studies with an

experimental

paradigm

6 articles with 7 studies

Phase III included after tracing the

reference lists

27 articles with 29 studies

included in the systematic review

Figure 8. Procedure and results of the literature search.
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4.5.3. Data Coding and Synthesis

Studies included for review were coded for the variables identified a priori (for a full
description of the variables, see A1 and A2 in the Appendix). Any inconsistencies in the study
selection process were resolved by discussion between the first author and the coauthors.

Due to the limited comparability of the data and studies (e.g., heterogeneity among
results and methodologies in the studies because of variations in sample size or use of different
physiological and self-report measures), it was difficult to conduct a formal meta-analysis.
Therefore, we decided to qualitatively summarize the studies. However, we also provide a
quantification of the relationship between self-reported test anxiety and physiological
measures. Statistically, correlations allow for a meaningful integration of findings across
studies with correlational as well as (quasi-)experimental designs in which groups are
compared (Schmidt & Hunter, 2015). Therefore, for significant effects, correlation coefficients
and effect sizes d were determined. They were either extracted from the primary studies (e.g.,
Pearson’s r in studies with a correlational design) or calculated from descriptive and inferential
statistics (e.g., from a t or F value in group-based studies). Where studies yielded multiple
effect sizes for a given relation, all were extracted.

A mean standardized correlation coefficient across all studies that found significant
correlations was calculated separately for each physiological measure. This was done by a
Fisher’s z transformation of the raw correlation coefficients accounting for the different sample
sizes of the studies. Furthermore, to provide a correlation across all measures, a mean
correlation coefficient across all studies and across all physiological measures was also
calculated using the method mentioned above. Additionally, in the same way we calculated a
mean correlation coefficient that also included the results of the studies that found non-
significant correlations whenever these results were available. If studies reported results from
more than one physiological measure, mean correlations and effect sizes from these measures
were calculated. The magnitude of the correlations was interpreted according to Cohen (1988).
Correlation coefficients of .10 are considered as small, those of .30 are medium, and those of

.50 as large.

4.6. Results

4.6.1. Results from the Systematic Literature Search

The initial literature search was concluded on February 27, 2017 and resulted in 193
studies with publication dates ranging from 1957 to 2016. The majority of studies (188) were
found with the search word “test anxiety”. The synonyms “exam anxiety” and “examination
anxiety” only yielded five additional relevant studies. We then screened these studies and
excluded 61 studies not meeting the eligibility requirements of the first phase (e.g., 38 studies

were not published in a peer-reviewed journal; see Figure 8 for details about these exclusions).
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As depicted in Figure 8, we evaluated the remaining 132 studies in the second phase
and excluded 111 studies for not meeting the eligibility requirements of this phase. For
example, we excluded 56 studies that did not use a physiological measure and 16 studies that
did not assess test anxiety but rather other constructs related to test anxiety such as stress
during public speaking or math anxiety. There was a total of 22 studies from 21 articles with
publication dates ranging from 1957 to 2014 that met the specified criteria and were included
for review.

In the third phase, we screened the reference lists of these studies which led to the
inclusion of six additional articles reporting seven studies. Thus, our systematic literature
search resulted in 27 articles with 29 studies. The selected studies and the study characteristics
are depicted in Tables Al and A2 in the Appendix.

4.6.2. Characteristics of the Selected Studies

Samples

Participants in the selected studies were primarily college or university students (23
out of 29 studies) among them mostly were psychology undergraduates (16 studies) who were
for the most part from the United States. Only six studies included younger age groups (i.e.,
under 16 years old, e.g., elementary school or high school students). The mean age of
participants across studies was M = 20.86 years (SD = 6.73, median = 21.5, range from 7 to 43
years). However, in more than half of the studies (55 %) the exact age of the participants was
not reported. The average sample size was N = 58.38 (SD = 35.76, median = 56). However, it
should be noted that there was broad range between N =6 and N =171 in terms of sample size

across studies.

Study setting and design

Approximately half of the studies (i.e., 15 out of 29 studies) were laboratory studies
and used an experimental test anxiety elicitation paradigm. These experimental test situations
involved tasks like anagrams or other problem-solving tasks (six studies), general aptitude
tests (six studies), vocabulary tests (two studies) or psychology tests (one study). Most of the
real-life studies (i.e., 10 out of 14 studies) were conducted within the context of a psychology
course exam for undergraduate students. Two studies were conducted in the context of a
medical exam. Other real-life settings were a mock French exam and a nursing exam. None of
the naturalistic studies assessed self-reported test anxiety during the test, instead it was
assessed before or after the test or with a trait test anxiety inventory. However, one study used
a video-based interview to retrospectively assess self-reported test anxiety that participants
experienced during the test (Spangler, Pekrun, Kramer, & Hofmann, 2002; study 2). For more
details about the study setting and design, see Tables A3 and A4 in the Appendix. Most of the
reviewed studies focused on test anxiety and performance outcomes (15 studies), other
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common variables of interest were coping styles (four studies) or general anxiety (five studies).

One study looked at treatment effects (McGlynn, Bichajian, Giesen, Rullan, & Pulver, 1981).

Assessment of self-reported test anxiety

Most of the reviewed studies used trait self-report measures of test anxiety (i.e., 21 out
of 29 studies). Among these measures, the Test Anxiety Scale (TAS; Sarason 1978) or the child
version of this scale (TASC; Sarason et al. 1958) were the most common measures (i.e., 11 out
of 29). The second most frequently employed measure was the Test Anxiety Questionnaire
(TAQ; Mandler & Sarason, 1952), which was used in five studies. The Test Anxiety Inventory
(TAL Spielberger et al., 1980) was used in three studies. Two studies used other trait test
anxiety questionnaires. From the studies that applied trait measures there was one study that
used a combination of two trait measures to assess test anxiety, and there were four studies in
which additionally to the trait test anxiety measure the researchers applied a state measure.
The remaining studies used state anxiety items before a test or exam (eight studies). More

details can be retrieved from Table A5 in the Appendix.

Assessment of physiological parameters

Multiple physiological measures were used in 14 out of 29 studies but only 10 of these
studies applied a combination of two measures that were considered for the current review.
The other four studies used a combination of additional measures (not considered for the
review) as described below. Cardiovascular measures were the most commonly used
measures: 21 studies assessed heart rate or heart rate variability and four studies assessed
blood pressure. Seven studies applied electrodermal measures, five studies used cortisol
sampling and two studies assessed saliva pH. Additional measures that were employed but
not considered for the current review (e.g., as they are not regarded as a typical indicator of
test anxiety or because they are no longer in use or were not successfully assessed in these
studies) were respiration rate (three studies) or FPV (finger pulse volume), testosterone,
prolactin, LH, skin and urinary pH, and sIgA (secretory immunoglobulin; one study each).
The majority of the studies used well-established devices to assess physiological arousal;

however, in four of the reviewed studies participants counted their own heart beats.

Ways of comparing self-report and physiological measures

In 14 studies samples were split into high and low test anxious groups based on a
general index of self-reported test anxiety as indicated by their sum score on a test anxiety
scale. Thus, these studies only compared physiological arousal between high and low test
anxiety groups. Eleven studies used a continuous assessment of test anxiety and correlated the
scores on the test anxiety scales with physiological arousal without grouping participants.
Four studies used both categorical and continuous measures.

Twelve studies differentiated between the worry and emotionality components of test
anxiety, but only nine of these studies reported separate results on the components’ correlation
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with physiological measures. The other three studies only compared total scores of test anxiety
with physiological measures.

4.6.3. Correlations between Self-Report and Physiological
Measures

Correlation coefficients for different physiological measures

Table 8 shows the correlation coefficients (with and without being Fisher’s z-
transformed) for the significant relations between self-reported test anxiety and the different
kinds of measures. In the second column we noted how many studies found significant
correlations out of the total number of studies that used the respective measure. Note that

multiple measures were used in 14 out of 29 studies.

Table 8. Correlation coefficients for different physiological measures

Physiological measure Number of Total number

studies with  of studies that

significant used this g ! Fters
results measure

Electrodermal measures 4 7 0.37 0.34
Heart rate/ heart rate variability 13 21 0.34 0.31
Blood pressure 2 4 0.32 0.27
Cortisol 2 5 0.38 0.38
Saliva pH 2 2 0.39 0.37

Note. Multiple measures were used in 14 out of 29 studies. The mean correlations were calculated based
on the significant correlations.

Correlation coefficients across all physiological measures

Results revealed that 21 studies found significant positive correlations between self-
reported test anxiety and at least one measure of physiological arousal. The mean correlation
across these studies with significant correlations was  risiers-= 0.32 (range: 0.19 to 0.51), and the
mean effect size was d = 0.76 (range: 0.39 to 1.01). Seven of the reviewed studies did not find
significant correlations, and in one study low anxious students were found to be more aroused
than high anxious students. The mean correlation across all studies including these non-
significant correlations was r risers = 0.29 (range: -0.12 to 0.51), and the mean effect size was d
= (.65 (range: -0.24 to 1.01). However, it has to be noted that four from the eight studies that
found non-significant correlations did not report their results (for details see Table A2 in the
Appendix) and therefore could not be included into this mean correlation coefficient. We

noted that the different strengths of correlations can be explained by different aspects of the
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reviewed studies like the study setting or the sample size. We will address these aspects and

their proposed effect on the convergence between the two measures in the discussion section.

Correlation coefficients for different test anxiety components

In total, nine of the 29 reviewed studies differentiated between the worry and
emotionality components of test anxiety and reported differential results for the two
components. Only one study (Herbert, Moore, De La Riva, & Watts, 1986) did not find
significant results between either worry and serum cortisol or emotionality and serum cortisol.
From the remaining eight studies (Cohen and Khalaila 2014; study 1 and 2 by Conley &
Lehman, 2012; Deffenbacher, 1986; Deffenbacher & Hazaleus, 1985; Endler & Magnusson,
1977; Kantor et al., 2001; study 1 and 2 by Morris & Liebert, 1970), six studies found higher
correlations between the emotionality component of test anxiety and physiological measures.
Only two studies found higher correlations between the worry component and the
physiological measure. The exact values of the correlations can be seen in Table 9. In most of
these studies it was not reported if the correlations for worry and emotionality were

significantly different from each other.

Table 9. Correlations between test anxiety components and physiological measures

Author Physiological Worry Emotionality
measure
r d r d
Conley and Lehman (2012) SBP 0.25* 0.53 0.14 0.28
Deffenbacher (1986) HR 0.14 0.28 0.17* 0.34
Deffenbacher and Hazaleus (1985) HR 0.20 0.41 0.26* 0.54
Morris and Liebert (1970) HR 0.29 0.60 0.34* 0.71
HR change? 0.15 0.30 0.27*  0.56
Morris and Liebert (1970) HR n.s.b - 0.24* 0.49
Cohen and Khalaila (2014) SpH 0.11 0.22 0.33 0.49
Endler and Magnusson (1977)¢ HR 0.56** 1.33 0.38**  0.81
Kantor et al. (2001) HR 0.41* 0.84 0.53**  1.18

Note. Abbreviations and full names: Physiological parameters: HR = Heart rate; SBP = Systolic blood
pressure; SpH = Saliva pH. n.s. = in this study physiological measure did not correlate significantly with
the component. Bold = this correlation was higher. *p <.05; **p <.01.

a worry and emotionality were not significantly different for HR. However, HR change scores
significantly correlated with emotionality (r = 0.27) but not worry.

b correlation coefficient was not mentioned in this study.

¢in this study the worry component was called cognitive component and the emotionality component
was called physiological component.
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4.7. Discussion

The present investigation was intended to synthesize past research findings on the
relationship between self-report measures of test anxiety and physiological measures in order
to help advance physiological research in education and provide a deeper understanding of
this widespread emotion. In the following sections we discuss the results of our review and

implications for future research.

4.7.1. Relationship between Self-Reported Test Anxiety and
Objectively Measurable Physiological Arousal

The majority of the reviewed studies (i.e., 21 studies, 72 %) found significant positive
correlations between self-reported test anxiety and at least one measure of physiological
arousal (mean significant correlation across all measures: 7 risiersz = .32; mean correlation across
all measures including also the non-significant correlations 7 Fisters - = .29). Thus, the results of
the present review are generally consistent with theoretical concepts and support the
assumption that higher self-reported test anxiety is associated with higher physiological
arousal. The size and range of the observed significant correlations (from r = .19 to r = .51)
indicate that the two types of measures do not completely overlap. This is in line with
theoretical assumptions, as physiological measures are assumed to only tap into the
physiological component of test anxiety, whereas self-report assessments usually represent all
test anxiety components as subjectively experienced (i.e., also cognitive, affective,
motivational, and behavioral components; Pekrun et al., 2011; Wilhelm & Roth, 2001). From
the significant but moderate relationship between self-report and physiological measures, one
could further conclude that using physiological in addition to self-report measures is highly
relevant because they might add information about the physiological component of test
anxiety that is not accessible with self-report alone (Wilhelm & Roth, 2001). Thus, this result
also provides support for the view that in order to get the most comprehensive assessment of
test anxiety, different kinds of test anxiety measures should be used (e.g., Allen, Elias, &
Zlotlow, 1980; Kantor et al., 2001; Zeidner & Matthews, 2011).

4.7.2. Aspects That Are Potential Moderators of the Relationship

As our results suggest, a substantial relationship between test anxiety and
physiological arousal in the majority of the reviewed studies, we now want to more closely
look at aspects that might influence this relationship. We first start discussing aspects of the
studies with non-significant or contradictory results that may explain the apparent divergence
in findings and draw implications and considerations for future research. This will be followed

by a detailed discussion of the studies with significant results.
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Studies with non-significant or contradictory results

Seven of the reviewed studies (24 %) did not find significant correlations between self-
reported test anxiety and objectively measurable physiological arousal, and in one study low
anxious students (i.e.,, as classified by self-report measures) were found to be more
physiologically aroused than high anxious students. These contradictory and non-significant

findings of the reviewed studies are very informative.

Study setting. We noted that more than half of the studies with non-significant or
contradictory results were conducted within a lab setting (five from eight studies). These
laboratory experimental approaches have distinct advantages. For example, because of the
constrained lab environment physiological measurements contain relatively few artifacts from
participant’s movement or technical problems (Houtveen & de Geus, 2009). Moreover,
conducting a study in a lab avoids difficulties associated with the lack of portable,
sophisticated equipment and additionally allows for precise control over the task (Wilhelm &
Grossman, 2010). However, a major disadvantage is that laboratory studies are often
conducted under artificial conditions and lack ecological validity and therefore often personal
relevance for the participants (Houtveen & de Geus, 2009). Furthermore, it might be the case
that subjects are simply excited about the lab or the experiment and not necessarily test
anxious. In this case, increased physiological arousal in laboratory settings could also be
interpreted as an indicator of activation due to positive interest (i.e., approach motivation) in
the task or a positive interest or excitement cued off by the complex experimental setup that
participants face in a lab (Schlosberg, 1954).

Thus, elevated physiological arousal may merely be an artifact of the laboratory
situation and not necessarily an indicator of anxiety. This is also supported by a review of
Johnston, Anastasiades, and Wood (1990) who compared cardiovascular responses in the
laboratory to those under natural conditions and found that approximately half of the
reviewed studies reported contradictory findings. Zanstra and Johnston (2011) published a
review on the extent to which responses to laboratory and natural realistic stressors are
comparable. They found that responses obtained in real life are often larger than those
obtained in the laboratory and that subjective ratings of stress, emotion and cognitive
determinants in real life also relate to real- life cardiovascular responses. This calls for
determining the relation between self-reported test anxiety and physiological arousal under

more natural conditions (i.e., real-life assessment).

Sample characteristics. The three naturalistic studies with non-significant results also showed
methodological problems that could in part explain the non-significant findings. Two of the
three studies had problems of sample size. One study used a mock exam and had a relatively
small sample size (N = 23) and a mostly female sample. The authors (Daly, Chamberlain, &
Spalding, 2011) stated that their work can be seen more like a pilot study, that the results need
to be tested in a larger sample under more naturalistic conditions, and that their sample (high
performers) might have been generally less anxious about taking a test. The second real-life study
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(Herbert et al., 1986) looked at the cortisol response of male medicine students before a major
medicine exam. This is also a very special sample as medical students from the UK are most
likely used to taking such exams and are probably also high-achieving students. Moreover,
because the participants were all male, the findings of this study (i.e., non-significant
relationship) are not necessarily generalizable to other samples (e.g., female participants).

The lab study had the smallest sample size (N = 6). This study found the contradictory
result of low test anxious students being more physiologically aroused (i.e., higher HR) than
high anxious students (Hollandsworth, Glazeski, Kirkland, Jones, & Van Norman, 1979). The
small size of the sample reduces the generalizability of these results.

Assessment and analysis of physiological data. The third naturalistic study with non-
significant results (Huwe, Hennig, & Netter, 1998) had a larger sample size (N = 58) but also
showed some major methodological problems as heart rate was counted manually by the
experimenter (i.e., not with a sophisticated device). However, this study found that heart rate
and cortisol response at least tended to be higher in high test anxious students than in low test
anxious students — although this difference did not reach significance.

Another methodological issue of one of the studies with non-significant results
(Glazeski, Hollandsworth, & Jones, 1986) was the use of a single arousal index calculated from
three different measures (heart rate, skin conductance and respiration) averaged across the
whole test situation. In detail, Glazeski et al. (1986) used a single score of arousal for each
participant which they computed from mean scores on three different measures administered
during test taking. Later, based on these single scores, they additionally subdivided their
sample into groups with high, moderate and low arousal. They did not find any differences
between high and low test anxiety participants in arousal group membership (N = 15 for each
group). By averaging and merging the different physiological measures, the authors might
have simply overseen the relations between different physiological parameters and test
anxiety. As mentioned, different physiological measures have different temporal resolutions, and
there may be systematic differences between parameters representing different physiological
systems. Therefore, it is problematic to combine them (Martin, 1961). This shows that the
selection of physiological measures should be well grounded and that the different sampling
rates (i.e., temporal resolutions) and links to different physiological systems should be taken

into account when using more than one measure.

Studies with significant results

From the studies with significant results we also found some interesting aspects that
might have had an influence on the correlations and that might explain the relatively high
variance of the correlations coefficients and thereby help to guide the development of future
studies. These aspects concern mostly the assessment and analysis of physiological data.

Sophisticated devices. The manner physiological arousal was assessed seemed to play an

important role for the magnitude of convergence in the significant studies as well. Correlations
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were lower or as mentioned above even nonexistent like in the study by Huwe et al. (1998)
when physiological assessment was poor (e.g., when heart rate was measured manually). For
example, in four studies (Deffenbacher, 1986; Deffenbacher & Hazaleus, 1985; study 1 and 2
by Morris & Liebert, 1970) participants had to count their own heart beats, which yielded low
correlations (mean r Fisers = = 0.23; range: 0.19 to 0.30) as compared with the results from
sophisticated devices like heart rate monitors (mean r riswers - = 0.38; range: 0.26 to 0.51). As also
mentioned by the authors of one of these studies (Morris & Liebert, 1970), a main reason is that
participants or even experimenters often fail to obtain a satisfactory count, which leads to
missing or unreliable data. This implies that it is highly important to use technologically

adequate devices rather than manual counting.

Detailed assessment of physiological data. Another explanation for the high variance of the
correlation coefficients might be that some studies included two assessments, one during
baseline (i.e., as a control condition) and a second during stress conditions (e.g., Deffenbacher,
1986; Deffenbacher & Hazaleus, 1985; Morris & Liebert, 1970), or reported a single mean score
to reflect the level of arousal over the entire session. Other studies included multiple assessments
(i.e,, went more into detail) and investigated parameters under baseline, anticipation, stress,
and recovery or even looked at variability of changes in physiological arousal within these
phases. Correlations were generally higher with these more fine-grained assessments. For
example, Montgomery (1977) focused on the anticipatory cardiac response and took a detailed
look at the waveforms. He found relatively high correlations between heart rate and test
anxiety as well as a greater heart rate slowing in low test anxious subjects. Raphelson (1957)
first found that low test anxious subjects initially (in their null period, i.e., baseline) had higher
skin conductance levels than high test anxious (other factors than anxiety might have played
a role here). However, when looking at variation during the actual task, high test anxious
participants’” skin conductance increased and low test anxious participants” skin conductance
decreased during the task. Beidel (1988) looked at such variation during a test using heart rate
and Spangler et al. (2002) used cortisol sampling and looked at response patterns and found
similar response patterns in their studies.

Harleston, Smith, and Arey (1965) also found that the low test anxious group showed
a slight drop in heart rate during a test while the high test anxious group sustained the highest
increase in heart rate during the test. Furthermore, they found that the relation between
anxiety and arousal was significant only during the test when working on the task. If these
researchers had only looked at group differences of absolute values at a single point of time
(e.g., at baseline) without inspecting change over time, they would have missed important
information and may not have found any substantial association between self-report and
physiological measures. Significant correlations seemed to emerge more often when
participants interacted with the task (i.e., during the test). Furthermore, it seems to be
important to consider within-person associations between self-report and physiological
measures across time (e.g., Spangler et al. (2002) rather than only considering between-person

associations at a single time point (Mauss & Robinson, 2009).
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Influencing factors that should be controlled. Additionally, the correlations can be affected
by variables like previous food intake or drug use (such as alcohol or smoking). Conley and
Lehman (2012) included several covariates (i.e., smoking, activity level, food, alcohol and
caffeine) in their data analysis. They found that these factors influenced their results in
different ways. Specifically, cigarette use and more strenuous physical activity during
ambulatory assessment led to elevated heart rate, diastolic blood pressure and systolic blood
pressure; food consumption led to elevated systolic blood pressure and heart rate; alcohol
consumption led to elevated heart rate; whereas caffeine had no influence. Controlling these
variables is especially relevant for studies that use cortisol or other saliva samples as the results
of these measures can be strongly biased by such factors (Hansen, Garde, & Persson, 2008;
Pollard, 1995). This can be seen clearly in the study by Cohen and Khalaila (2014) which only
found correlations in the predicted directions for emotionality and pH when they controlled

for the degree of physical activity per week and habitual smoking.

Specific characteristics of different physiological measures. We also found differences
between the different physiological measures (see Table 4). Saliva pH, cortisol and
electrodermal measures generally yielded higher correlations than heart rate and blood
pressure measurements (i.e., cardiovascular measures). This can be explained by the fact that
some of these measures may be more specific to emotional arousal, like electrodermal activity
which is known to be solely controlled by the sympathetic nervous system (e.g., Setz et al,,
2010). On the other hand, some measures such as heart rate scores do not only increase during
sympathetic activation but also show increased values when cognitive load is high or during
general activation or physical activity (Myrtek et al.,, 1990; Saito & Nakamura, 1995). For
example, McGlynn et al. (1981) found a correlation between test anxiety and skin conductance
but no correlation with heart rate. This shows that it is important to keep in mind that the
different measures might provide different indices of arousal and are not necessarily
correlated with each other. Moreover, they may also vary in the strength of their association
with emotions (Kreibig, 2010).

Appropriate data analysis. A final important point is the way the data is analyzed. As
mentioned earlier, there might be an intra-individual (i.e., within-person) relationship
between physiological and self-report measures that cannot be accounted for when using a
between-persons approach and only considering inter-individual differences. Conley and
Lehman (2012) accounted for these intra-individual processes by using hierarchical linear
regression modelling, based on multiple blood pressure readings for each participant (i.e.,
high sampling rate) along with self-reports at each blood pressure reading. In future work it

could be worthwhile to apply more of such intra-individual approaches.
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4.7.3. Worry and Emotionality

The third goal of the current review was to find out whether the relationship between
the emotionality component of test anxiety and physiological arousal is different from the
relationship for the worry component. Although valid instruments (such as the TAI) that
include items for both components were used in most of the reviewed studies, only nine
studies differentiated between the two components and reported differential results. Only one
of these studies (Herbert et al., 1986) did not find significant relations between either worry
and serum cortisol nor emotionality and serum cortisol. From the remaining eight studies, six
studies found higher correlations between the emotional component and physiological
measures. Of the remaining two studies, one study (Conley & Lehman, 2012) found that only
worry predicted elevations in SBP. The other study (Endler & Magnusson, 1977) also found
higher correlations for worry and HR, but the correlations for the emotionality component also
reached significance.

However, most of these studies did not report whether the differences between the
correlations were significant. Liebert and Morris (1967) tested the differences in correlations
for significance and found that the correlations between emotionality and heart rate and worry
and heart rate did not significantly differ. They explain this due to the fact that the correlations
they found were much smaller than expected, which might have resulted from poor
physiological assessment (i.e., participants had to count their own pulse rates).

In sum, in comparison to the worry component, the emotionality component seems to
be more closely related to physiological arousal. The stronger association between
emotionality and physiological arousal is in line with theoretical assumptions, as the self-
report items for the emotionality component more strongly tap into aspects of physiological
arousal than the items for the worry component (Deffenbacher & Hazaleus, 1985; King et al.,
2000; Spielberger & Vagg, 1995). The medium size of the correlation coefficients in these
studies also is not very surprising as perceptions of physiological arousal (i.e., as partly
reflected in emotionality items) are not necessarily strongly correlated with actual autonomic
reactivity as assed with objective physiological measures (Hodges, 2015). By implication,
physiological measures can provide additional information (especially about the physiological
test anxiety component) that cannot be assessed with self-reports alone.

Surprisingly all eight studies with significant results that were differentiating between
the worry and emotionality components only used cardiovascular measures (six studies used
heart rate and one study used blood pressure measurements) and saliva pH (one study).
Moreover, we identified a lack of research on electrodermal activity and cortisol and their

relation to the worry and emotionality components. Future work could close this research gap.

4.7.4. Strengths and Limitations of the Current Review

Due to the heterogeneity of the included studies, we chose to perform a systematic

review rather than a meta-analysis. The advantage of a systematic literature review is that a
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broader and more complete picture can be gained because the review can be more inclusive
than in a formal meta-analysis. Thus, we could include samples with different demographic
backgrounds (e.g., different age groups) and physiological and self-report measures without
a restrictive focus on only a few comparable dimensions. For example, only one specific
sample or physiological parameter. This was done to provide ideas for generating hypotheses
and future directions for applying physiological measures in the field of educational
psychology.

There are several limitations of the present review that should be considered when
interpreting the findings and can be used to derive directions for future research. One
limitation is that the research discussed in this review was obtained from articles that were
published in English and in peer-reviewed journals. Therefore, this review does not include
findings and information provided by unpublished studies (e.g., unpublished dissertations)
or articles published in other languages. Future work could take this limitation into account.
Another point is that the number of studies in our review was limited because we did not
include studies that looked at constructs that appear similar to test anxiety like for example,
exam stress or social evaluative stress. This was done because stress is a broader construct that
can include anxiety but does not always do so (e.g., positive stress; Jamieson et al., 2012;
Putwain, 2007; Selye, 1976, 1976). Therefore, we only included studies of which we were sure

that they did indeed assess test anxiety (i.e., with a test anxiety questionnaire).

4.7.5. Conclusion, Educational Significance, and Future Directions

In sum, we found mostly positive associations between self-reported and physiological
measures of test anxiety. The results of this review are promising and in line with theoretical
assumptions. Knowing that self-report measures can be strongly biased by subjective beliefs
(Robinson & Clore, 2002) and are more likely to capture the affective or cognitive components
of anxiety as they assess subjective experience that are represented in the conscious mind
(Pekrun & Biihner, 2014), the results of our review suggest that physiological measures can
provide objective information about test anxiety, especially about the physiological
component of test anxiety that is difficult to capture through self-reports. For research in
educational psychology, this implies that is important to use both types of measures in order
to capture the complex construct of test anxiety as objective and detailed as possible.

In most of the reviewed studies, the samples included students (i.e., 23 from 29 studies),
especially students in psychology (i.e., 16 studies). This is a general problem of studies in this
field. The selectiveness of samples limits the conclusions and inferences for educational
research that can be drawn (Gordon, Slade, & Schmitt, 1986; Shen et al., 2011). This calls for
applying these measures in classroom-based research to get results that are not only specific
to a psychology students sample and additionally have high ecological validity. By
continuously assessing students” physiological arousal (for example during an exam), we
might be able to expand our knowledge of the mechanisms underlying test anxiety in ways

not possible using self-report measures alone. This more ecologically valid, more objective and
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detailed assessment might in the long run also help to improve interventions targeting test
anxiety (e.g., cognitive test anxiety treatment and relaxation techniques).

Moreover, as there are studies that question the debilitative aspects of physiological
arousal in testing situations (Glazeski et al., 1986), by using both types of measures it would
be possible to identify whether it is the interpretation of physiological arousal (i.e., self-
reported physiological test anxiety component) or the arousal as assessed by objective
physiological measures that influences student’s performance, and to investigate which
direction this influence takes (Mandler & Kremen, 1958). As this review also shows that
psychophysiological results seem to be influenced by different aspects of the methodology
used, future research could statistically consider these influencing variables as moderators in
their research designs. Furthermore, when applying physiological measures, the study design,
setting, sample characteristics, data assessment and data analysis should be carefully selected.

Finally, as our results suggest that each of the two measures (i.e., self-report and
physiological measures) provides information about a person’s test anxiety and much of the
information provided by each measure might be specific to a particular component of test
anxiety, in future research, besides physiological measures, studies should also include
additional measures of test anxiety like behavioral measures to get a more comprehensive
assessment and a more complete picture of the different components of this widespread and

mostly detrimental emotion (Larsen & Prizmic-Larsen, 2006; Zeidner & Matthews, 2011).
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4.8. Appendix Tables

Table A 1. Description of the study variables

Variables

Description

Authors, Year, Country, Journal

Sample size,
Gender ratio (f/m),

Sample size of the study (N),

Proportion female/male subjects (N),

Age, Age in years: Mean (Maug); Standard deviation (SD); Range,

Characteristics, Sample characteristics: i.e.,, UPSY, HS, ES, USO,

Cont. or G Assessment: Continuous (Cont.) i.e., without grouping or Grouping (G) i.e., into HTA/LTA

Setting (L/RL), Setting (i.e., lab vs real life): L / RL; T: study that involves a treatment. Only results from the pretreatment are reported.
Design, Design: e.g., experimental anxiety induction (Exp.); exam, test,

Area Area: e.g., language, problem solving

Self-report measure of test anxiety,

Test anxiety components (Y/N)

Inventory to assess test anxiety: Note: studies sometimes used other measures to examine other constructs as well (e.g., depression,
general anxiety). Only the self-report measure for test anxiety are mentioned here.

Distinction between the test anxiety components (Y/N)

Physiological measure(s),
Assessment,

Measurement schedule

Physiological Measure(s): if in (i.e., + respiration) this measure was not considered for the current review, no results are reported
Assessment of Physiology: device and site,

Physiology measurement schedule. Anticipation: After subjects received the instructions but did not start with the test yet

Significant measures,
Correlation,

Effect size

Measures that yielded significant results, correlation with self-report measure and effect size.
When it is not further mentioned: HTA had higher arousal (as expected): For SR this means lower values for HTA. For HRV this
means greater variability for LTA. For pH this means pH sores tend to acidity in HTA.

Measures not significant

Measures where no significant correlation was found.

Baseline (Y/N/NN)
Increase (Y/N/NN)

Significant (sign. / not sign. / Sign. NN)

Baseline: Was there a BL assessment (Y/N/NN)? It is also noted when BL was used to calculate change/range corrected scores,
Increase (y/n/NN): was there an increase from BL,

Significant (sign. / not sign. / Sign. NN): Information about the significance of the increase from BL.

(Mean) significant Corr.,
Effect size

(Mean) significant correlation: when there was more than one significant correlation a mean score was calculated,

Effect size.

o Note. All abbreviations (in alphabetical order) can be retrieved from the Note in Table A2.
O
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2 Table A 2. Studies in systematic review

No. Authors, Sample size, Setting (L/RL)  Self-reported test Physiological measure(s), = Measures Measures  Baseline (Y/N/NN), (Mean)
Year, Gender ratio (f/m), Design, anxiety measure, Assessment, significant, not Increase (Y/N/NN), sign.
Country, Age, Area Test anxiety Measurement schedule Correlation, significant Significant (Sign./ Corr.,
Journal Characteristics, components (Y/N) Effect size not sign./Sign. NN) Effect

Cont. or G size
1 Beidel N=50 L TASC BP + HR HR change SBP Y r=0.36
(23/27) Exp. (grouping) BP: automatic higherin HTAin =~ DBP BL to calculate d=0.79
1988 Mige=9.1;8-12 2 tasks: Before exp. electrosphygmomanometer both tasks change scores
ES Vocabulary test HR: pulse-rate monitor r=0.36
USA G: 25/25 +oral reading N Non-dominant arm d=0.79 NN
based on TASC session (measured during adaptation,
Journal of BL, vocabulary test, oral
Abnormal reading)
Psychology
2 Calvo & N =56 L TAI HR + SR HR Y mean
Miguel-Tobal (36/20) Exp. (grouping) HR: photoelectric finger higher in HTA in r=0.30
Mage=21.0; SD=2.2 2 aptitude tasks Before exp. pulse transducer anticipation phase Y d=0.62
1998 UPSY (motor skills + (middle finger of non- r=037
G:28/28 linguis-tic N dominant hand) d=0.80 Sign.
Spain based on TAI ability) in front SR: electrodes SR for HR + SC
of a camera (thenar and hypothenar) lower in HTA in
Motivation with ego-threat (measured during adaptation, — anticipation
and Emotion instructions in BL, anticipation, tasks, r=0.22
writing recovery) d=045
3 Cohen & N=68 RL TAI Salivary pH T1 saliva PH and  T1 saliva Y r=0.33
Khalaila (51/32) Nursing studies one hour before Saliva samples T2 emotionality PHand T2  + control variables: d=0.69
Mage=21.9, SD=3.0, Exam (T1) vs exam (T1) and 3 =-033 worry physical activity,
2014 19 - 36 non exam months post-exam (Measured at T1 and T2, i.e., d=0.69 smoking
UsoO period (T2) (T2) BL) corr. with-
Israel Cont. out control Y
Y variables:  pH decrease from
Journal of worry emotionality No Cort. BL
Psychosoma- (from TAI) between pH
tic Research and TAI Sign.
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16

Conley & N=99 RL TAI short BP + HR SBP DBP N mean
Lehman (65/34) Most stressful ambulatory blood pressure  higher in HTA HR but intra- r=0.23
Mage =21 events of the Y monitors r=0.20 individual analysis d =0.47
2012 UPSY day (e.g., Worry (Ambulatory assessment over 4 d =0.41 and covariates
Cont. and writing an Emotionality days both at times with and during acute (alcohol, smoking,
USA G:low, mean, high exam)=acute (8 items each) without academic stressor, academic stressors alcohol, food,
based on TAI academic from TAI short reports at each time of BP SBP and higher caffeine)
Stress and stressor reading, online survey at the ~ worry:
Health vs. anticipated end of the day) r=0.25
academic d=0.53
stressors
Deffenbacher N=171 RL TAS HR HR N Mean
(114/57) Psychology 5 weeks before Participants count own higher in HTA r=0.19
1986 Mige=NN exam exam pulse rate Group d=0.39
UPSY Non-dominant wrist r=0.26
USA Cont. and State test anxiety:  (measured by participants d=0.54
G: 42/52 STAR themselves immediately upon ~ Cont. (TAS)
Cognitive based on TAS after exam completion of the exam for a r=0.20
Therapy and 15-second period) d=0.40
Research Y Worry
State worry and r=0.14
emotionality d=0.28
(from STAR) Emotionality
r=0.17
d=0.34
Deffenbacher N =129 L TAS HR HR HR when Y Mean
& (65/64) Exp. carried out before exp. Participants count own higher in HTA grouping  Prepulse rate as BL r=0.24
Hazaleus Moage = NN in a classroom pulse rate wrist Cont. (TAS) d=0.5
UPSY General State test anxiety:  (measured by participants r=0.26 NN
1985 Cont. and aptitude test STAR themselves for a 15-second d=0.54
G: 66/63 After exp. period before the exp. (i.e., BL) Worry
USA based on TAS and immediately after the exp.) r=0.20
Y d=0.41
Cognitive State worry and Emotionality
Therapy and emotionality r=0.27
Research (from STAR) d=0.56
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6

Endler & N =56 RL State exam anxiety: HR HR - Y Mean
Magnusson (NN) Psychology BRQ device not mentioned and HR one week after r=0.51
Moage= NN exam before exam (measured before exam, and one BRQ total score exam as BL d=1.19
1977 UPSY week later (i.e., BL)) r=0.59
Cont. Y d=144 Y
Canada Cognitive BRQ Cognitive Sign.
Physiological r=10.56
Canadian (from BRQ) d=1.33
Journal of BRQ
Behavioural Physiological
Science r=10.38
d=0.81
Harleston, N=42 L TAQ modified HR HR change Y Mean
Smith, & (42/0) Exp. 2 months before the Photocell amplifier-recorder higher in HTA Pretest r=0.31
Arey Mage = NN Anagram exp. unit whole task as BL, d=0.64
UPSY solving right hand (thumb) r=0.31 BL to calculate
1965 G:13HTA/ 14 N (measured during pretest, d=0.65 change scores
MTA/ 15 LTA anagram-solving and posttest)  first 5 min of task
USA based on TAQ r=0.30 NN
d=0.63
Journal of
Personality
and Social
Psychology
Holroyd, N=72 L TAS HR, HRV + SC/SR HRV HR Y r=0.26
Westbrook, (72/0) Exp. (grouping) SC/SR: active electrode non- greater variability =~ SC/SR Pretest d=0.55
Wolf, & Mage=NN Stroop task, Before exp. dominant hand (thenar) in LTA during all as BL
Badhorn UPSY Anagram task HR/HRV: electrodes assessment periods
G: 36/36 State test anxiety: non-dominant (forearm and r=0.26 Y
1978 based on TAS STAI-State opposite leg) d =0.545
(measured during pretest, Sign. NN
USA N stroop task and anagram-
solving)
Journal of
Abnormal

Psychology
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10  Kantor, N=17 RL State exam anxiety: HR HR - Y Mean
Endler, (13/4) Class seminar ~ EMAS-State Ambulatory heart rate state exam anxiety r=0.47
Heslegrave, & Medianag=26,24-43 presentation prior to presenting  recorder; total score Y d =1.00
Kokovski UPSY (students in a seminar electrodes attached to upper r=0.46

Cont. received a sternum and fifth left rib d=098 Sign. NN
2001 grade) Y (measured cont. during BL and Emotionality
Worry seminar presentation) r=0.53
Canada Emotionality d=1.18
(from EMAS-State) Worry
Current r=041
Psychology d=0.84
11 Kissel & N=96 L TAQ SC SC - Y r=0.28
Littig (NN) Exp. (grouping) electrodes higher in HTA BL used as a control d =0.59
Mage=NN Perceptual specific to testing ~ non-dominant hand under induced variable
1962 UPSY reasoning test:  situation (1. and 3. finger) failure
G: 48/48 Line drawing (measured during rest period, —1=0.28 NN
USA based on TAQ problems N 1-min. BL, tasks) d=0.59
(unsolvable:
Journal of induced failure)
Abnormal and
Social
Psychology

12 McGlynn, N=47 L+T TAS + SC+HR SC HR Y Mean
Bichajian, (20/27) Exp. PSRSQ SC: electrodes higher in HTA HR: habituation as  r=10.49
Giesen, Moage =NN Psychology test (grouping) non-dominant hand during BL d=112
Rullan, & UPSY (HTA: potential (index and 3. finger) pretreatment
Pulver G: 38/9 therapy offered N HR: photoelectric pulse- Anticipation: SC: range corrected

based on TASand LTA: study of pickup r=0.49 scores
1981 palmar sweating test-taking non-dominant hand d=1.142
item on the PSRSQ behavior) (2. finger) Pretreatment test- NN
USA (pretreatment: measured taking:
during habituation, r=0.48
Psychological anticipation, and test) d=1.086
Reports
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13 Montgomery N =48 L TAS HR (+Respiration) HR change Y r=0.43
(0/48) Exp. (grouping) HR: silver electrodes Left higher in HTA in BL to calculate d=0.97
1977 Mage=NN (evaluative and right anterolateral lower anticipatory phase change scores
UPSY stress vs. no N ribs of the evaluative
USA G:24/24 stress) Respiration: not reliably stress condition NN
based on TAS: Anagram obtained r=043
Psycho- 12/12 (evaluative solving (measured during BL and d=097
physiology stress condition) anticipation)
12/12 (no stress)
14 Morris & N=95 RL TAQ HR HR and HR change Y Mean
Liebert (NN) Psychology before the exam Participants count own emotionality and worry Normal class HR as r=10.30
Mage = NN exam (i-e., after HR pulse rate r=0.34 BL (to calculate HR d =0.63
1970 UPSY assessment) wrist d=0.71 change scores)
Cont. (measured during 4 times for ~ worry
USA Y 15 sec. before normal class and 1= 0.29 NN
Worry before a regular course d=0.60
Journal of Emotionality examination) HR change and
Consulting (from TAQ) emotionality
and Clinical r=0.27
Psychology d=0.56
15 Morris & N=91 RL TAQ HR HR change HR Y r=0.24
Liebert (NN) Sociology- Before the exam Participants count own and emotionality BL to calculate d=0.49
Mage=NN psychology Groups: before HR  pulse rate when TAQ was HR change change scores
1970 HS final exam assessment vs. after wrist administered first and worry
Cont. HR assessment (Measured before the exam: r=0.24 and NN
USA either before TAQ d=049 emotionalit
Y administration or after TAQ y
Journal of Worry administration; BL collected when HR
Consulting Emotionality one month after the exam) was
and Clinical (from TAQ) assessed
Psychology first
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16 Raphelson, N=25 L TAQ SC (+Respiration) SC Y r=0.47

(0/25) Exp. After the test SC: electrode r=047 BL to calculate SC ~ d =1.07

1957 Mage=NN, 18 =25  Test instruction: (grouping) left hand d=1.07
UusoO Intellectual and (palm and wrist)

USA G: 8/8 + (8 MTA) motor abilities N Respiration: pneumograph, Difference in the NN
based on TAQ no data reported direction of the

The Journal of (measured during null period  trend of SC: HTA

Abnormal and (i.e., BL), anticipation, test, and increased, LTA

Social posttest) decreased

Psychology

17 Sandin & N=32 RL State anxiety: Saliva pH Saliva pH Y r=0.45

Chorot (32/0) Psychology ECAE (+ Skin and urinary pH) change and Mean of BL1+2to  d=1.01
Mage=228,20-25  Comprehensive 85Q-a Saliva samples ECAE (exam) calculate change
1985 UPSY oral exam 15 days before pH meter r=0.56 scores
Cont. exam (BL1), (measured during BL1, d=131
Spain immediately before immediately before exam 85Q-a (exam) Y
exam, 15 days after and BL2) r=0.34 pH decrease from
Psycho- exam (BL2) d=0.70 BL
physiology
Y but no results Sign.

18  Smith, N=62 L State exam anxiety HR (+ FPV) HR in interview Y r=0.34
Houston, (31/31) (Exp.) 3 times: baseline, Physiograph and state exam d=0.71
Zurawski Mage=NN Instruction: after instruction Non-dominant middle anxiety in Y

uso Intelligence (i.e., anticipation),  finger anticipation: higher in stress
1984 Cont. interview (stress after interview (measured during BL, r=0.34 condition
condition) vs. anticipation period and d=0.71
USA listening and N interview) Sign.
speaking (no-
Psycho- stress condition)
physiology
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19  Spangler, N =40 RL Trait exam anxiety Cortisol Cortisol Gand 15 - Y Mean
Pekrun, (24/16) Final oral exam (12 items; see TEQ) Saliva samples salivettes min.) after the + controlled for r=0.38
Kramer, & Mage =253, SD=2.5, in psychology 4 months before the (measured in the morning of =~ exam and trait circadian d=0.82
Hofmann 22-32 exam the exam, immediately before ~ exam anxiety differences in

uso (grouping) the exam, as well as 5 and 15 1r=0.49 cortisol level
2002 Cont. and min after the exam and in the  d=1.1
G: by median of State test anxiety  morning of an exam freeday ~ r=0.45 Y?
Germany trait exam anxiety (Schmitz and (i.e., BL)) d=0.99 anticipatory cortisol
to look at the Skinner, 1993)) Cortisol after the response to the
Anxiety, cortisol response immediately before exam and exam
Stress, & and after the exam state anxiety
Coping (asked for anxiety before the exam: NN
during and after r=0.28
the exam) d=0.57
during the exam:
Y in the trait r=0.30
measure; but no d=0.62
results reported Cortisol response
and trait exam
anxiety:
During: HTA
increase, LTA
decrease
After: HTA higher

20  Spangler, N=26 RL State test anxiety = Cortisol Cortisol - Y Mean
Kramer, (15/11) Oral during the exam:  Saliva samples in the morning and morning cortisol of r=0.37
Pekrun, & Mage=252,22-31  psychology Event sampling (measured in the morning of ~ test anxiety: an exam free day d=0.77
Hofmann uso exam with a video-based  the exam, immediately before 1 =0.34

G: Low, medium, videotaped semi-structured the exam, as well as 15 min d=0.7 Y?
2002 high frequency of interview after the exam and in the before exam and anticipatory
state test anxiety (grouping) morning of an exam free day)  test anxiety: response in HTA
Germany r=0.40 NN
N d=0.84
Anxiety,
Stress, &

Coping
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21  Zhang, N =064 RL State anxiety: SAS HR + BP HR IA higher in - Y Mean
Su, (33/31) Medicine on the first day of  Auscultatory blood pressure HTA Pre-review period  r=0.42
Peng, Mage=20.0,SD=0.1 Exam the exam period readings, r=0.44 as BL d=0.91
Yang, & UMS (Pre-review, Cuff around right upper d=0.97
Cheng G: 20/44 review, exam arm SBP IA higher in Y

based on SAS period) N (measured during pre-review ~ HTA Increase from BL
2011 (scores over 50) (i.e., BL), review and exam r=0.36
period) d=0.76 Sign.
China DBP IA higher in
HTA

Clinical and r=0.45

Experimental d=0.99

Hypertension in exam period

22 Beidel, N=62 L TASC HR + BP - HR +SBP+ Y NS
Turner, & (NN) (Exp.) (grouping) automated BP/HR monitor DBP: no r=NN
Trager Mage=10 vocabulary test Before exp. to Non-dominant arm difference = NN d=NN

ES +reading aloud identify children BP: controlled for weight. between
1994 G: 36/26 before an with HTA and LTA (measured at 2min intervals HTA and
based on TASC audience (initial sample N = during BL, test-taking, reading LTA
USA 195) aloud)
Journal of N
Anxiety
Disorders

23 Daly, N=23 RL TAS and CTA HR - HR Y NS
Chamberlain, (21/2) Pilot study one week before Suunto heart rate Memory r=0.08 NS r=0.08
& Mage =17.31; SD = Mock French exam Belt Y d=0.16
Spalding 0.47;16-19 A-level exam Chest

SEC (UK college) Y but no results (measured in 10-second Sign.
2011 Cont. Worry intervals during BL,
Emotionality immediately before and during
UK (from CTA and the exam)
TAS)
Educational
Research
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24  Darley & N =20 L TASC HR HR change Y NS
Katz (0/20) Exp. after experiments  EKG electrodes across both  Before experiment r=NN
Mage = NN Mental task Wrist and ankle groupsdid Y d=NN
1973 HS 5% grade testgroup(N= N (measured cont. during BL and not correlate Sign.
Cont. 10) vs. game during and after the with TASC  Increase from BL in
USA instruction experimental manipulations) scores test group
group (N=10)
Child
Development
25  Glazeski, N=30 L Trait exam anxiety HR + SR + Respiration Single Y NS
Hollands- (28/2) Exp. (AAT) (= only a single combined arousal r=NN
worth, & Mige=NN Problem (grouping) arousal index was used) index Y d=NN
Jones UPSY + USO solving: Before exp. HR: Silver electrodes (combi-
(business) Mental ability Standard Lead II placement nation of Sign.
1986 G: 15/15 test N SR: Finger-tip electrodes HR, SR and
based on upper and (non-dominant hand) respiration):
USA lower 10% of AAT Respiration: Velcro chest No differ-
difference score band ence be-
Educational & scores (measured during BL and test) tween HTA
Psychological and LTA
Research groups
26  Herbert, N =38 RL State anxiety: STAI Cortisol Cortisol Y NS
Moore, (0/38) Medicine X, worry, (+ Testosterone + (serum) BL to calculate Mean
De La Riva, & Mage=NN before major emotionality Prolactin + LH) and change r=-0.07
Watts UMS medicine exam 3 weeks before (= Serum from venous blood state anxiety d=-0.14
Cont. BL) and (measured 3 weeks before the r=-0.05NS,
1986 immediately before exam (BL) and immediately worry Y
exam before exam) r=-0.03 NS, Increase from BL to
UK emotion- exam
Y ality
Biological Worry =-0.13NS Sign.
Psychology Emotionality
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27  Hollands- N=6 L TAS HR + SR (+ Respiration) HR (and Y NS
worth, (6/0) (Exp.) (grouping) HR: Silver electrodes, respiration): r=NN
Glazeski, Moge= NN Mental ability/  Before exp., Standard Lead II placement LTA higher NN/ not sign. d=NN
Kirkland, UPSY scholastic N =6 selected from SR: Electrodes, thenar and arousal than inconsistent
Jones, & G:3/3 aptitude test N =239 students hypothenar, non-dominant HTA during
Van Norman based on TAS (videotaped) based on extreme  hand BL, test & as

scores TAS and average  (measured at 1 min intervals test began;
1979 GAS scores. during BL, test instruction, SRR: incon-
+ interview to anticipatory period and test) sistent :

USA validate TAS scores HTA highly

aroused but
Cognitive N 2 of the 3
Therapy and LTA as well
Research

28  Huwe, N =58 RL State exam anxiety: HR + Salivary Cortisol Cortisol Y NS
Hennig, & (36/22) Psychology oral STAI - State (+slgA secretory r=0.23NS, Four weeks after Mean
Netter Mage=24.81,SD= examination (grouping) immunoglobulin) HR exam r=0.23

3.82 (video-taped) immediately before HR: manually by r=0.23 NS, d=047
1998 UPSY the exam experimenter: Palpitation of correlations Y

G:29/29 right radial artery go in the
Germany based on STAI N Salivary cortisol (+slgA): expected Sign.

collected by salivettes directions

Anxiety, (measured immediately before
Stress & and after the exam)
Coping

29  Tennes & N=70 L TASC Cortisol Cortisol Y NS

Kreye (32/38) standardized adapted version urine samples, and TASC r=-0.12
Muge=7.7,7-9 achievement (grouping) (2hr collections at the same scores Y d=-0.24
1985 ES 2nd grade test one week after time each day, once a month on (cont.)
Cont. + + classroom achievement test normal school days and on days r=-0.12NS, Sign.
USA G: median split observation on of achievement tests) Cortisol increase from
based on TASC normal school N and normal days to test
Psycho- scores days (RL) Controlled for age, gender, HTA/LTA day
somatic and weight. groups
Medicine
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Table A 2. Studies in systematic review

Note. Results for the worry and emotionality components are printed in italics.

Abbreviations (in alphabetical order): AAT = Achievement Anxiety Test (Alpert & Haber, 1960); BL
=baseline; BP = Blood pressure; BRQ = Behavioral Reactions Questionnaire (Endler & Okada, 1975);
CTA = Cognitive Test Anxiety Scale (Cassady & Johnson, 2002); DBP = diastolic blood pressure; ECAE
= Anxiety State Behavioral Scale (Chorot & Sandin, 1985); EMAS = Endler Multidimensional Anxiety
Scales (Endler, Edwards, & Vitelli, 1991); ES = Elementary school; EWL = Adjective checklist on
emotional states (Janke, Debus, & 1978); Exp. = Experiment; f = female; FPV = finger pulse volume; GAS
= General Anxiety Scale (Sarason, 1972); HR = Heart rate; HRV = Heart rate variability; HS = High
school; HTA = High test anxious; IA = increase amplitudes; L = Laboratory; LTA = Low test anxious; m
= male; MTA = Medium test anxious; N = No; NN = not mentioned; PSRSQ = Perceived Somatic
Reactions to Stress Questionnaire (Stern & Higgins, 1969); RL =real life; SAS = Zung Self-Rating Anxiety
Scale (Zung, 1976); SBP = systolic blood pressure; SC = Skin conductance; SEC = Secondary school
students; SR = skin resistance; STAI = State-Trait Anxiety Inventory (Spielberger et al., 1970); STAR =
State Test Anxiety Report (Deffenbacher & Hazaleus, 1985); T = treatment; TAI = Test Anxiety Inventory
(Spielberger et al., 1980); TAQ = Test Anxiety questionnaire (Mandler & Sarason, 1952) modified by
Harleston (1962); TAS = Test Anxiety Scale (Sarason, 1972); TASC = Test Anxiety Scale for Children
(Sarason et al., 1958); TAI short = Test Anxiety Inventory short form (Taylor & Deane, 2002); TEQ =
Test Emotions Questionnaire (Pekrun et al., 2004); UMS = University Medicine students; UPSY =
University Psychology students; USO = University students (other than Psychology) Y = Yes; 85Q-a =
Eight State Questionnaire Anxiety (Curran & Cattell, 1976).
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Table A 3. Sample characteristics

Characteristics Numb?r of Study No.
studies
College or Psychology students 16 2,4,5,6,7,8,9,10,11, 12,13, 14,
university 17, 25, 27,28
students: Medicine students 3 18, 21, 26
Other students 4 3,16,19, 20
Elementary school or high school students 6 1,15, 22,23,29
Note. Study No. can be retrieved from Table A2.
Table A 4. Study design and setting
Design Numb?r of Study No.
studies
Lab studies with ~ Problem solving task 6 8,9,11,13, 24, 25
experimental General aptitude test 6 2,5,6,16,18, 29
paradigms: Vocabulary test 2 1,22
Psychology test 1 12
Real-life studies: Psychology exam 10 4,5,7,10, 14, 15,17, 19, 20, 28
Medicine exam 2 21, 26
French exam 1 23
Nursing exam 1 3
Note. Study No. can be retrieved from Table 3.
Table A 5. Self-report test anxiety measures
Measure Number of studies Study No.
TAS 7 12,13, 27
+ trait measure (1) 23
+ state measure (3) 56,9
TASC 4 1,22,24,29
TAQ 5 8, 11,14, 15,16
TAI 3 2,3,4
Other trait test anxiety 2 25
measures + state measure (1) 19
State anxiety before a test 8 7,10, 17, 18, 20, 21, 26, 28

Note. Study No. can be retrieved from Table 3.
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