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Abstract According to the self-referent executive processing (S-REF) model, test anxiety
develops from interactions between three systems: executive self-regulation processes, self-
beliefs, and maladaptive situational interactions. Studies have tended to examine one system at
a time, often in conjunction with how test anxiety relates to achievement outcomes. The aim of
this study was to enable a more thorough test of the S-REF model by examining one key
construct from each of these systems simultaneously. These were control (a self-belief
construct), emotional regulation through suppression and reappraisal (an executive process),
and self-handicapping (a maladaptive situational interaction). Relations were examined from
control, emotional regulation, and self-handicapping to cognitive test anxiety (worry), and
subsequent examination performance on a high-stakes test. Data were collected from 273
participants in their final year of secondary education. A structural equation model showed that
higher control was indirectly related to better examination performance through lower worry,
higher reappraisal was indirectly related to worse examination performance through higher
worry, and higher self-handicapping was related to worse examination performance through
lower control and higher worry. These findings suggest that increasing control and reducing
self-handicapping would be key foci for test anxiety interventions to incorporate.
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Self-handicapping

A great many factors are proposed as antecedents of test anxiety including various types of
competence beliefs, study habits and skills, importance of the examination, appraisal of the
evaluative situation, and approach to coping (Lowe et al. 2008; Segool et al. 2014; Zeidner
1998). In the self-referent executive processing model (Zeidner and Matthews 2005), these
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various antecedents are grouped into three systems: executive regulatory functions, self-
beliefs, and maladaptive situational interactions. Empirical examinations of test anxiety
antecedents have typically studied the constructs associated with these processes in isolation
rather than in tandem. As models of test anxiety (e.g., Lowe et al. 2008; Segool et al. 2014;
Zeidner 1998; Zeidner and Matthews 2005) propose antecedents would dynamically interact,
when examined separately, the relevance of some antecedents may become overstated.
Furthermore, although an obvious candidate to investigate as an executive process, studies
have yet to examine relations between emotional regulation and test anxiety.

In the present study, these limitations are addressed by examining one key ante-
cedent from each components of the self-referent executive processing model simul-
taneously in a single analytic model to predict cognitive test anxiety and subsequent
examination performance. The three antecedents examined were control (a self-belief),
self-handicapping (a maladaptive interaction with the situation), and emotional regu-
lation (an executive process). Control is central to various types of competence beliefs
that are relevant to test anxiety (e.g., academic self-efficacy and perceptions of test-
taking skills), hence was chosen as being a key indicator of self-belief processes. Self-
handicapping refers to a variety of behaviours that captures how test anxiety can
impede one’s academic achievement (e.g., strategic withdrawal of effort and avoidance
of engaging in examination practice) and hence was chosen to represent at the breadth
of maladaptive situational interactions. Emotional regulation was chosen primarily as
being the most fundamental executive process in the self-referent executive processing
model and, yet, for test anxiety, as being most under-researched.

Cognitive test anxiety and academic achievement

Test anxiety was defined by Spielberger and Vagg (1995) as a situation-specific trait: that is, a
tendency to respond to situations where one’s performance will be judged or evaluated with
increased worry and emotionality. In non-evaluative situations, highly test anxious persons do
not respond with increased worry and emotionality. Worry refers to the cognitive dimension of
anxiety. This includes self-preoccupied negative and sometimes catastrophic, thoughts
concerning one’s performance, failure, and the consequences of failure (Cassady 2010;
Sarason 1984; Zeidner 2014). Emotionality refers to the affective-physiological dimension
of test anxiety and includes feelings of tension, and anxiety, along with subjective perceptions
of autonomic arousal (Schwarzer 1984; Zeidner 2014).

The salience of test anxiety as a psychoeducational construct of importance is largely
derived from its associations with various measures of academic achievement including school
grades and examination performance (Putwain 2008). A large number of studies, captured in
meta-analyses, have shown small, but statistically significant, negative correlations (rs − 0.21
to − 0.31) between test anxiety, especially the cognitive component, and academic achieve-
ment (Hembree 1988; Chapell et al. 2005; von der Embse et al. 2018). One meta-analysis
showed test anxiety to have the fourth largest effect size (r+ = −.24), after self-efficacy, grade
goals, and effort regulation, of 42 non-cognitive correlates of academic achievement
(Richardson et al. 2012). Importantly, recent studies have shown the negative test anxiety
and achievement association remains when controlling for autoregressive relations with prior
achievement (Putwain et al. 2016; Steinmayr et al. 2016).
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Studies have shown the negative test anxiety and achievement association to be larger for
the cognitive component of test anxiety. Associations with the affective-physiological com-
ponent are equivocal. Some studies report negative associations, albeit smaller than for the
cognitive component, some report null findings, and others positive findings. Accordingly,
many studies that examine associations between test anxiety and academic achievement focus
solely on the cognitive component of test anxiety (e.g., Cassady 2004; Cassady and Johnson
2002; Putwain and Aveyard 2018). As the present study was concerned with test anxiety as a
predictor of examination performance, the current study followed in this tradition and focused
solely on the cognitive component of test anxiety as being the most germane to the aim of the
present study.

The self-referent executive processing model of test anxiety

The self-referent executive processing (S-REF) model of test anxiety (Zeidner and Matthews
2005) comprises of three systems: executive regulatory processes, self-beliefs, and maladap-
tive situational interactions (see Fig. 1). Executive regulatory processes are activated from
situational threat comprising of an evaluative situation. These could be external (e.g., being
notified of a forthcoming examinations) or internal (e.g., plans for how to prepare for a
forthcoming examination). Executive processes control self-regulation of emotion, behaviour,
and cognition and include the following elements: (i) an immediate appraisal of the signifi-
cance of the evaluative situation (i.e., the perceived importance of success or failure), (ii) the
implications of failure, (iii) plans for coping, and (iv), metacognitive beliefs about worry.
Executive regulatory processes draw on self-beliefs concerning one’s academic competence
and motivations. In the short term, test anxious worries can be triggered by accessing negative
self-beliefs (e.g., that one is not competent in the subject being tested) and choosing counter-
productive coping strategies (e.g., rumination, avoidance, or self-blame). Metacognitive beliefs
about worry influence monitoring of one’s internal state and attempts to intensify or suppress
significant thoughts. For instance, a belief that thoughts concerning failure are dangerous
would be likely to result in an attempt to suppress such thoughts.

Over the longer term, test anxiety is maintained by maladaptive situational interactions. For
instance, the test anxious person might make a strategic withdrawal of effort to protect one’s
sense of self-worth (e.g., failure can then be attributed to a lack of effort) or engage in other
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Fig. 1 The self-referent executive processing (S-REF) model of test anxiety (Zeidner and Matthews 2005)
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self-handicapping behaviours, such as avoiding opportunities to improve, practice, or test
one’s skills and knowledge. Such behaviours link back to self-beliefs and reinforce negative
views of one’s competence locking the person becomes into a negative self-perpetuating cycle.
The outcome of higher test anxiety is cognitive interference leading to disrupted task perfor-
mance. Although this element is not elaborated on in the S-REF model, cognitive interference
theories are well established (e.g., Derakshan and Eysenck 2009, 2011; Wine 1971; Sarason
1988) with empirical support (e.g., Dutke and Stöber 2001; Richards et al. 2000; Owens et al.
2008; Putwain et al. 2014).

The various processes proposed in the S-REF model have been well supported by empirical
research. Test anxiety is higher when persons appraise evaluative situations as important but
their own competence beliefs to be poor (e.g., Pekrun et al. 2004; Putwain et al. 2010), use
avoidant approaches to coping (Putwain et al. 2012, 2016; Stöber 2004), and hold avoidant
motivations (e.g., Eum and Rice 2011; Putwain and Symes 2012). Furthermore, test anxiety is
enhanced by metacognitive beliefs (e.g., worry is uncontrollable and low confidence in one’s
cognitive capacities such as memory) and a high degree of metacognitive monitoring (Mat-
thews et al. 1999; O’Carroll and Fisher 2013). Maladaptive situational interactions are shown
in negative correlations shown between exam-related worry and effort (e.g., Komarraju and
Nadler 2013; Pekrun et al. 2004; studies 3 and 6), positive correlations between test anxiety
and procrastination (Gadbois and Sturgeon 2011), helpless attributional style (Bandalos et al.
1995; Cassady 2004), and an attentional bias towards threat stimuli (Putwain et al. 2011).

Although studies have provided support for the three central systems proposed in the S-
REF model (executive processes, self-beliefs, and maladaptive situational interactions), they
are typically examined in isolation rather than in tandem. This may be partly due to the relative
complexity of the S-REF model proposing multiple, and sometimes competing, processes.
One drawback of this approach, however, is that support for S-REF model remains incomplete
and, by not accounting for all three components, may possibly overstate the importance of the
particular element included in particular analysis over those excluded or not studied. This
concern was addressed in the present study by including one key construct from each of the
three systems in the S-REF model. Constructs were chosen as representing the central aspect
of the respective system. From self-beliefs this was control, from maladaptive situational
interactions this was self-handicapping, and from executive processes this was emotional
regulation. Each system was limited to the inclusion of one key construct to avoid
overcomplicating the analytic model.

Control

Self-beliefs in the S-REF model refer to perception of one’s abilities in relation to the
forthcoming evaluative situation. One construct that has relevance to many types of compe-
tence beliefs is perceived control (henceforth referred to as control for brevity). Control is
related, but not identical, to competence beliefs, such as academic self-efficacy, academic self-
concept, and perceptions of study and test-taking skills. Rather, such competence beliefs
provide the basis for a strong sense of control. Moreover, control can be conceptually
differentiated from more generalised competence beliefs by a focus on causal expectancies
and attributions. In an academic context, control refers to a prospective belief that one can
exert a causal influence over learning activities and outcomes, and the retrospective attribution
of academic success or failure to a factor that one can exert a causal influence over (Pekrun
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2006; Pekrun and Perry 2014). For instance, a student who is high in control understands why
their level of effort or the strategy utilised resulted in success or failure (Martin 2002, 2007).
By contrast, those students who are uncertain in control do not understand why they might
have received a good or bad mark for an assessment, or why they could or could not
successfully perform the tasks and activities in their lessons (Connell 1985; Martin 2007).
Consequently, those who are low in control anticipate failure and, in line with the S-REF
model, report higher test anxiety (e.g., Pekrun et al. 2004; Putwain and Aveyard 2018).

Self-handicapping

In the S-REF model, maladaptive person-situation interactions refer to ways that the student
avoids evaluative situations, opportunities to develop their competence that might be evaluated
at a later point, or making an effort to develop their competence that might be evaluated at a
later point. These various forms of maladaptive person-situation interactions are effectively
captured in the construct of self-handicapping. Self-handicapping refers to a repertoire of
behaviours that impede or provide obstacles to one’s academic achievement (Martin 2007;
Martin et al. 2001). These behaviours can include procrastination, deliberately creating
circumstances that will negatively impact on one’s performance (e.g., losing one’s study
materials), strategic withdrawal of effort, and avoiding practicing one’s skills or engaging in
examination preparations. These behaviours protect one’s sense of self-worth from anticipated
failure by deflecting attributions away from a lack of ability (Covington 2009). Although
related to attributions of failure, self-handicapping does not constitute an attributional style
itself, but a behavioural strategy used prior to an examination to pre-empt particular attribu-
tions (Martin et al. 2003). In line with the S-REF model, self-handicapping is positively
associated with test anxiety (Thomas and Gadbois 2007) and fear of failure (Elliot and Church
2003), a cognate construct to that of test anxiety.

Emotional regulation

Executive processes in the S-REF model control self-regulation of emotion, cognition, and
behaviour. Of these three, the most directly relevant to the level and intensity of anxiety is
emotional regulation (Campbell-Sills and Barlow 2007; Cisler et al. 2010. Emotional regula-
tion refers to one’s ability to access, monitor, and control (reduce or increase) emotional
reactions (Gross and Thompson 2007; Thompson 1994). This can include reducing as well as
sustaining the intensity and durations of emotions (Calkins and Hill 2007; Cole et al. 1994).
Gross’ (1998) model of emotional regulation proposes two processes: cognitive reappraisal
and expressive suppression. Cognitive reappraisal involves the optimistic re-evaluation of a
situation to change its emotional impact, and expressive suppression involves the inhibition of
emotionally expressive behaviours. In response to stressful events, reappraisal is associated
with increased positive affect and decreased negative affect (John and Gross 2004). In contrast,
suppression is associated with reduced positive affect while leaving the experience of negative
emotions intact (Gross and John 2003; Srivastava et al. 2009). In line with the S-REF model,
thought suppression is positively associated with test anxiety (Rost and Schermer 1997) and
the anxiety associated with an evaluated speech task (Egloff et al. 2006). Although studies
have yet to establish empirical relations between reappraisal and test anxiety, cognitive
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restructuring is viewed as a credible site of intervention for reducing test anxiety (Brown et al.
2011) and following Gross’ (1998) model might be expected to be related to lower test anxiety.
In the abovementioned speech task, reappraisal was negatively associated with speaking
anxiety (Egloff et al. 2006).

Aim of the current study

Previous studies have highlighted the importance of executive processes, self-beliefs, and
maladaptive situational interactions, in test anxiety (e.g., Komarraju and Nadler 2013;
Matthews et al. 1999; Pekrun et al. 2004). These studies, however, have examined these
systems in isolation whereas, theoretically speaking, these systems are related. In order to
address this limitation, the aim of the current study was to simultaneously examine the three
key systems of the S-REF model, executive processes (emotional regulation), self-belief
(control), and maladaptive situational interactions (self-handicapping), on the cognitive com-
ponent of test anxiety (worry). Worry would then be expected to negatively associate with
examination performance. Thus, a model is proposed where emotional regulation (reappraisal
and suppression), control, and self-handicapping are indirectly related to examination perfor-
mance, mediated by worry (see Fig. 2).

In the S-REF model, self-beliefs (control) and maladaptive situational interactions (self-
handicapping) are related in a bidirectional fashion with executive regulatory processes
(reappraisal and suppression). Accordingly, in the analytic model (see Fig.2), relations between
control and reappraisal/suppression, and between self-handicapping and reappraisal/suppres-
sion, were represented in as covariances. Furthermore, following the S-REF model, the
relation from maladaptive situational interactions (self-handicapping) to self-beliefs (control)
is unidirectional and so is represented in the analytic model as a structural path. Thus, self-
handicapping is related to worry directly or indirectly, via control.

As female persons report higher test anxiety (Putwain 2007; Putwain and Daly 2014), less
use of suppression (Gross and John 2003), and outperform male students in English secondary
education (Bramley et al. 2015), gender was included as a covariate. Furthermore, test anxiety
is higher (Putwain 2007), and examination performance lower, in deprived groups

Control

Reappraisal

Suppression

Handicapping
Self- 

Worry Exam
Performance

Fig. 2 Worry mediates the relations between control, self-handicapping, reappraisal and suppression, and
examination performance. Solid lines represent structural paths (βs), and dashed lines represent correlations (rs)
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(Department for Children, Schools, and Families 2009), and test anxiety is lower in older
students (Putwain 2007), age and free school meals (as a proxy for low income) were also
included as covariates. The following hypotheses were examined:

H1: Worry will be predicted by suppression and self-handicapping (positively) and
control (negatively). It is tentatively suggested that cognitive reappraisal will negatively
predict worry.
H2: Worry will negatively predict examination performance.
H3: Indirect relations between control, self-handicapping, cognitive reappraisal, suppres-
sion, and examination performance will be mediated by worry; an additional indirect
relation between self-handicapping and examination performance will be serially medi-
ated by control and worry.

Method

Participants

Data were collected from 273 participants (male = 120, female = 153), from two English
secondary schools, who were in their final year of compulsory secondary education (year 11).
The mean age of participants in this sample was 15.5 years (SD = 0.50), and n = 40 were
eligible for free school meals (as a proxy for low income). In comparison to other English
schools, student performance on school exit examinations (a fundamental accountability
measure in the English educational system) was slightly better than the English average: the
proportion of students achieving minimum pass grades in five key subjects (English, mathe-
matics, science, one modern foreign language, and one humanities) was 28.5% compared to
the English national average of 21.3%. A small proportion of data was missing (2.1% of the
variables) that were unrelated to substantive study variables or covariates. In subsequent
analyses, missing data were handled using full information maximum likelihood.

Measures

Emotional regulation was measured using the 12-item Emotion Regulation Questionnaire for
Children and Adolescents (Gullone and Taffe 2012). This instrument comprises two scales.
These are cognitive appraisal (eight items) and suppression (four items). Exemplar items
include ‘When I want to feel happier, I think about something different’ (cognitive reappraisal)
and ‘I control my feelings by not showing them’ (suppression). Participants responded to items
on a five-point scale (one = ‘strongly disagree’, five = ‘strongly agree’) such that a higher score
represents greater use of cognitive appraisal or suppression. Internal consistency, stability, and
construct and predictive validity of data collected using this scale have been shown in several
studies (e.g., Gresham and Gullone 2012; Gullone and Taffe 2012). In the present study, the
internal consistency coefficients were acceptable (see Table 1).

Control and self-handicapping were measured using scales from the Motivation and
Engagement Scale (Martin 2007). Each scale comprised of four items (e.g., ‘When I get a
bad mark I’m I am often unsure how to avoid getting that mark again’ for control and ‘Some
students purposely get involved in lots of activities to avoid revising for exams. How true is
this of you?’ for self-handicapping). Participants responded to items on a five-point scale (one

An examination of the self-referent executive processing model of test...



= strongly disagree, five = strongly agree), and scores on the control items were reversed to
facilitate interpretation. Thus, a higher score would represent stronger control beliefs and
greater use of self-handicapping behaviours. The internal consistency, construct, and predictive
validity, of data collected using these scales, have been extensively documented in previous
studies (e.g., Green et al. 2007; Plenty and Heubeck 2013). In the present study, the internal
consistency coefficients were acceptable (see Table 1).

Examination performance was measured using an aggregate of student performance on
General Certificate of Secondary Education (GCSE) examinations in English, mathematics,
and science. GCSE are high-stakes exit examinations taken at the end of compulsory schooling
aged 16 years. Student performance can, and does, influence access to post-compulsory
education and training and entry to the labour market (Maguire 2010; Unwin 2010). GCSE
examinations were marked graded by an external awarding body using an eight-point letter
system (A*, A, B, C, and so on to grade G). Grade C is considered to be a minimum pass
grade. These scores were converted to a numerical equivalent (A* = 8, A = 7, B = 6, C = 5, G
= 1) such that a higher score represented better examination performance. As examinations
were marked and graded by an external awarding body, it is not possible to report the internal
consistency. Previous studies, however, have shown high internal consistency of marking
(Bramley and Dhawan 2011) that corresponds with that of external evaluators (Dhawan and
Branley 2013).

Procedure

Self-report data were collected during a period of the school timetable used for administrative
purposes (in English education, this is referred to as form period) so not to interfere with
students regular instruction. A questionnaire pack, including worry, control, self-handicapping,
and emotional regulation, items presented in a randomised order, demographic questions, and
information about ethics, was administered by trained research assistants and took approxi-
mately 15 min to complete. Questionnaire data were collected in the February of the school
year, approximately 3–4 months before GCSE examinations were taken (during May and
June). For ethical purposes, participants were provided with information about the purpose of
the study, told that participation was voluntary and how to retrospectively withdraw data, and
asked for permission to allow the school to release their GCSE grades in English, mathematics,
and science. To keep data anonmyised, if participants provided permission to release GCSE
grades, they were asked to provide their unique examination candidate number (this is a series
of numbers allocated by the external awarding body) that was used to match questionnaire data
with subsequent examination grades. The project was approved by an institutional ethics

Table 1 Descriptive statistics for control, self-handicapping, suppression, reappraisal, worry, and examination
performance

Range Mean SD α Skewness Kurtosis Factor loadings

Worry 1–4 2.74 0.51 0.71 − 0.05 − 0.54 0.57–0.65
Control 1–5 3.06 0.87 0.76 0.17 − 0.42 0.48–0.73
Self-handicapping 1–5 2.57 0.94 0.78 0.39 − 0.35 0.56–0.80
Suppression 1–5 3.41 0.73 0.72 − 0.63 0.40 0.46–0.66
Reappraisal 1–5 3.16 0.75 0.76 − 0.10 0.09 0.50–0.65
Examination performance 1–8 4.97 1.50 – − 0.30 − 0.02 –
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committee. Written permission to collect data was provided by the head teacher of the
participating schools and individual participants. Passive consent (i.e., opt-out) was provided
by parents/carers of participants.

Results

Descriptive statistics and bivariate correlations

Descriptive statistics for control, self-handicapping, suppression, reappraisal, worry, and
examination performance are shown in Table 1. All variables were normally distributed and
within acceptable limits of skewness and kurtosis (± 1). The internal reliability coefficients
were acceptable (Cronbach’s α ≥ 0.71), and standardised factor loadings, from the measure-
ment model described as follows, were all satisfactory (λ ≥ 0.48). In order to generate latent
bivariate correlations, and check the properties of constructs prior to structural equation
modelling, a measurement model was built and assessed using a confirmatory factor analysis.
The measurement model included worry (six items), control, self-handicapping, and reapprais-
al (four items each), and suppression (eight items), as latent constructs. Examination perfor-
mance was modelled as a single-item latent construct (λ = 0.9, ε = 0.1). Gender (0 = male, 1 =
female), age, and free school meals (0 = no free school meals, 1 = free school meals) were
included as covariates.

The measurement model was assessed using a variety of model fit indices including the root
mean square error of approximation (RMSEA), standardised root mean square residual
(SRMR), comparative fit index (CFI), and Tucker-Lewis index (TLI). Hu and Bentler
(1999) suggest a model fit is indicated by RMSEA < 0.05, SRMR < 0.08, and CFI and TLI
> 0.95; however, such cut-off values should not be applied too strictly when working with real-
life data (Heene et al. 2011). The measurement model, estimated using maximum likelihood in
Mplus v.8 (Muthén and Muthén 2017), showed a largely good fit to the data, χ2 (220) =
273.07, p < .001, CFI = 0.954, TLI = 0.942, RMSEA= 0.030, SRMR= 0.047 and no obvious
source of misspecification, and so, latent bivariate correlations were examined (see Table 2).
Worry was correlated negatively with control and examination performance and positively
with self-handicapping, suppression, and reappraisal. Control was positively correlated with
examination performance and negatively correlated with self-handicapping, suppression, and
reappraisal. Female students reported greater worry and reappraisal and lower control. Older
students reported lower worry.

Structural equation modelling

A structural equation model was built that specified paths from control, self-handicapping,
suppression, and reappraisal, to worry, from self-handicapping to control, and from worry to
examination performance. Gender and age were included as covariates, but not free school
meals, as no statistically bivariate correlations were shown in Table 2. This, theoretically
derived, fully mediated model was tested competitively against an alternative partially medi-
ated model. The partially mediated model included direct paths from control, self-handicap-
ping, suppression, and reappraisal to examination performance. All models were estimated
using maximum likelihood in Mplus v.8 (Muthén and Muthén 2017) and assessed using the
same model fit indices and criteria as the measurement model.
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The fully mediated model showed a largely good fit to the data: χ2 (209) = 263.18, p < .001,
CFI = 0.953, TLI = 0.944, RMSEA= 0.031, SRMR= 0.048. In comparison, the partially me-
diated model, χ2 (205) = 257.08, p < .001, CFI = 0.955, TLI = 0.945, RMSEA = 0.030,
SRMR= 0.047, showed a slight improvement in model fit (ΔCFI = 0.002, ΔTLI = 0.001,
ΔRMSEA= 0.001, andΔSRMR= 0.001) but was not a statistically significant improvement:
Δχ2 (4) = 6.1, p = .19. Given that the partially mediated model did not offer a substantial
advantage, the fully mediated model was preferred as more parsimonious and restrictive of the
two. Model fit indices are reported from this model (see Fig. 3).

Higher control predicted lower (β = − 0.61, p < .001), and reappraisal higher (β = 0.31,
p < .001), worry. Self-handicapping and suppression were not statistically significant predic-
tors of worry (ps > .05). Higher self-handicapping predicted lower control (β = − 0.38,
p < .001) and higher worry predicted lower examination performance (β = − 0.23, p = .002).
Of the covariates included in the model, female students reported lower control (β = − 0.34,

Table 2 Latent bivariate correlations for substantive study variables (control, self-handicapping, suppression,
reappraisal, worry, and examination performance) and covariates (gender, age, and free school meals)

1. 2. 3. 4. 5. 6. 7. 8. 9.

1. Worry – − 0.65*** 0.20* 0.29* 0.46*** − 0.26** 0.27*** − 0.18* − 0.04
2. Control – − 0.35*** − 0.35*** − 0.29*** 0.30*** − 0.34*** − 0.02 0.01
3.

Self--
handicapping

– 0.20* 0.25*** − 0.04 − 0.06 − 0.11 − 0.01

4. Suppression – 0.25* − 0.11 0.13 − 0.03 0.02
5. Reappraisal – − 0.08 0.17* − 0.07 − 0.09
6. Examination

performance
– − 0.02 0.07 0.04

7. Gender – − 0.02 0.05
8. Age – 0.04
9. Free school

meals
–

Gender coded 0 = male, 1 = female. FSM (free school meals) coded 0 = no FSM, 1 = FSM

*p < .05; **p < .01; ***p < .001
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7

.2
6

.2
3

-.1
6

.2
1
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Reappraisal
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Fig. 3 The fully mediated SEM to examine paths from control, self-handicapping, reappraisal, and suppression
to worry and from worry to examination performance. Solid lines represent structural paths (βs), and dashed lines
represent correlations (rs)
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p < .001), and higher reappraisal (β = 0.16, p = .03), and older students reported lower worry
(β = − 0.18, p = .006). Coefficients for all other covariates were not statistically significant
(ps > .05).

Indirect paths were examined by using 1000 bootstrapped draws to create 95% confidence
intervals around the beta estimate. A statistically significant indirect path (at p < .05) is shown
when the confidence intervals do not cross zero. Statistically significant indirect paths were
shown from control to examination performance, via worry (β = 0.14, SE = 0.05, 95% CI
[0.06, 0.22]), reappraisal to examination performance, via worry (β = − 0.07, SE = 0.03, 95%
CI [− 0.02, − 0.12]), and self-handicapping to examination performance via control and worry
(β = − 0.05, SE = 0.02, 95% CI [− 0.02, − 0.09]). Indirect paths from self-handicapping and
suppression to examination performance, via worry, were not statistically significant at p < .05
as 95% CIs crossed zero.

Discussion

The aim of this study was to examine constructs pertaining to the three central systems
proposed in the S-REF model of test anxiety (Zeidner and Matthews 2005) in a single model
to predict cognitive test anxiety (worry) and subsequently examination performance. These
were control, as a key indicator of self-beliefs, self-handicapping as a key indicator of
maladaptive situational interactions, and emotional regulation (reappraisal and suppression)
as a key indicator of executive processes. Results showed that control negatively
predicted,worry (partially supporting H1); however, suppression and self-handicapping were
not related to worry. Although it was tentatively predicted that reappraisal would negatively
predict worry the opposite was found; reappraisal positively predicted worry. Worry negatively
predicted examination performance (supporting H2). Higher control was related to a better
examination performance through reduced worry, higher reappraisal was related to a lower
examination performance through increased worry, and higher self-handicapping was related
to a lower examination performance serially through lower control and higher worry (partly
supporting H3).

It was tentatively predicted that cognitive reappraisal would be negatively related to worry;
however, findings showed the opposite; cognitive reappraisal was positively associated with
worry. This would seem contrary to the theoretical predictions of Gross’ (1998) model,
whereby the situation is optimistically re-evaluated in order to reduce anxiety and the
findings of Egloff et al. (2006) who found speaking anxiety was negative associated with
reappraisal. Studies from the individual differences literature, however, have found trait
anxiety to correlate positively with cognitive reappraisal strategies (Garnefski et al. 2001)
and that high general trait anxiety is only negatively related to particular types of cognitive
reappraisal such as using the situation as a growth opportunity and putting the situation into a
new perspective (Martin and Dahlen 2005). Other types of cognitive reappraisal (acceptance,
positive refocusing, and re-planning) were unrelated to anxiety.

While these findings highlight that the relation between anxiety and cognitive reappraisal is not
unequivocal, it does not explain why positive relations were shown in this study. One possibility is
that it is not which emotional regulation strategies are used but whether such strategies are used
flexibly (Bonanno et al. 2004; Cheng 2001). For instance in circumstances when stressors were
perceived to be controllable, cognitive reappraisal was positively related to distress, and when
stressors were perceived to be uncontrollable, cognitive reappraisal was negatively related to distress
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(Troy et al. 2013). When faced with a situation such as taking compulsory high-stakes school
leaving examinations (like the GCSE examinations that participants in this study faced) where
participants are able to exercise control over their study strategies, effort, and persistence, the most
effective strategies may be problem focused (see Dixon-Gordon et al. (2015)).Optimistic
reappraisals, in themselves, will not change the likelihood of success or failure and so may actually
continue to prompt self-belief processes (i.e., low control or competence beliefs) that result in worry.

An indirect positive association was shown from control to examination performance, via
lower worry, and a negative association from cognitive reappraisal to examination perfor-
mance, via greater worry. It is notable that the SEM including direct paths from antecedents to
examination performance did not offer a statistically superior model fit than the total mediation
model shown in Fig. 1. Although, theoretically (see Martin (2007)), control might be expected
to relate to examination performance via additional mechanisms to that of worry (that would
be represented by a statistically significant direct relationship between control and examination
performance as well as the indirect relationship mediated by worry), this was not the case in
the present sample. In the SEM, when the associations between all antecedents were con-
trolled, self-handicapping and suppression did not show statistically significant relations with
worry and hence no indirect relations with examination performance.

This is a notable finding as when examined in isolation (see rs in Table 2), self-handicapping and
suppression did show statistically significant relationswithworry in linewith previous research (e.g.,
Thomas and Gadbois 2007; Rost and Schermer 1997). Following the S-REF model, where
maladaptive situational interactions help to shape self-beliefs, a statistically significant negative
indirect path was found from higher self-handicapping to lower examination performance mediated
initially via lower control and downstream, by higher worry. With regard to suppression, the likely
reason is the variance shared with control, reappraisal, and self-handicapping. That is, persons who
use suppression as a regulatory strategy also, to some degree, use reappraisal as a regulatory strategy,
have lower perceived control, and usemore self-handicapping behaviours. Once the variance shared
with control, reappraisal, and self-handicapping is accounted for, there is insufficient remaining to
significantly predict control. This does not render suppression as a meaningless predictor of worry.
Rather, its relative contribution is reduced when examined in conjunction with control, reappraisal,
and self-handicapping, thus reinforcing the value of examining multiple components of the S-REF
model simultaneously.

Limitations and suggestions for future research

Although this study is the first to examine the three systems of the S-REF model (self-beliefs,
executive processes, and maladaptive situational interactions) in a single analysis, there are three
notable limitations to highlight. First, control, emotional regulation, and self-handicapping were
measured concurrently with worry. In such cross-sectional designs, there will always be a question
over directionality unless antecedents are separated over time from the mediating variable (Kenny
et al. 1998), in this case worry. This presents a conundrum for researchers examining the S-REF
model where interactions between certain processes (e.g., executive processes and self-beliefs) may
occur sufficiently fast as to, for practical purposes, appear simultaneous. A possible solution would
be for future research to take repeated, situationally sensitive, single-itemmeasurements of salient S-
REF model constructs from individuals to capture dynamic interactions as they unfold over time
(see Murayama et al. (2017)).

Second and related, autoregressive relations with prior achievement or examination perfor-
mance were not controlled for. In such designs, there will always be a question whether the
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relations with subsequent examination performance are an artefact of prior examination
performance or achievement (Little et al. 2007). Thus, a more robust examination of the
associates from the S-REF model to examination performance could examine indirect relations
from self-beliefs, executive processes, and maladaptive situational interactions, through worry,
to examination performance over and above the variance accounted for by prior achievement
or examination performance.

Finally, only one construct related to each of the three processes in the S-REF model was
selected. There are many other constructs, related to these processes, not included in the
present study. Self-beliefs include subject-specific or domain-general competence perceptions,
such as academic self-concept or academic self-efficacy (e.g., Preiss et al. 2006), perceptions
of study and test-taking skills (e.g., Topman et al. 1992), and perfectionism (e.g., Eum and
Rice 2011). Executive processes include appraisals of the personal importance of the forth-
coming examination or test (e.g., Boehme et al. 2017), metacognition (e.g., O’Carroll and
Fisher 2013), and coping (e.g., Stöber 2004). Maladaptive situational interactions include
avoidance behaviours (e.g., Cohen et al. 2008) and attentional bias towards threat (Dong et al.
2017). Future research should consider including such constructs either as alternatives to those
included in the present study or in a more complex examination of the S-REFmodel (or indeed
other test anxiety models) to include carefully chose multiple constructs simultaneously for
each process that combine in a complimentary fashion. Despite these limitations, this study
provides a useful stepping stone to more complex studies in showing how constructs relating
to different systems can be usefully combined in a single analytic model.

Conclusion

The current study examined constructs (emotional regulation, control, and self-handicapping)
related to the three systems of the S-REF model of test anxiety (executive processes, self-
beliefs, and maladaptive situational interactions, respectively) simultaneously in a single
analysis. Control and reappraisal were related to worry and indirectly related to examination
performance. Self-handicapping was indirectly related to worry and subsequently examination
performance, through control. These constructs might, therefore, be useful foci for test anxiety
interventions. However, given that equivocal relations are reported in the literature between
reappraisal and anxiety and the suggestion made in this paper that reappraisal would be
unlikely to change worry without a corresponding change in self-beliefs and maladaptive
situational interactions, it would be prudent to limit this suggestion for intervention foci to
control and self-handicapping only.

Practitioners can ensure that feedback given to students is strategy focused (i.e., makes an
explicit link between the student’s approach to a piece of work and their eventual mark or
grade) to assist the student understanding the link between strategy and outcome. This will
help students to build their understanding of which strategies are effective and their sense of
control over their learning and its outcomes. Practitioners can also help students to reduce
academic self-handicapping by avoiding attributing success or failure, in written or verbal
feedback to ability (i.e., telling a student they are clever following a good piece of work).
Instead, feedback should relate the outcome to effort and strategy (i.e., telling a student that
their approach was effective). Such strategies would help to reduce cognitive test anxiety
(worry) and the negative association with examination performance.

Compliance with ethical standards The project was approved by an institutional ethics committee.
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