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Among Cognitive Test Anxiety,
Motivation, and Self-Regulation
Through Curvilinear Analyses

Jerrell C. Cassady* and W. Holmes Finch

Department of Educational Psychology, Ball State University, Muncie, IN, United States

Student motivational profiles and self-regulated learning strategies are significant
influences on overall academic success in university settings. Test anxiety has
been repeatedly linked to maladaptive learning strategies and ineffective motivational
frameworks. However, the results in the field have been inconsistent with respect to the
precise interactions among these variables. This study employed anonymous responses
from a group of volunteer students in a mid-sized Midwestern United States university,
serving a primarily Caucasian and female population with an average age of 20 years.
Adopting a curvilinear analytic design, this study attempted to examine the relationships
among these common domains of inquiry into student thriving. The results of this study
provide insights examining under which conditions cognitive test anxiety is most likely
to be heightened or diminished. The results demonstrated that levels of test anxiety
were greatest when (a) learners adopted primarily extrinsic or primarily intrinsic goal
orientations, (b) academic tasks where the outcome was uncertain, (c) learners adopted
passive learning strategies, and (d) learning strategies were more personally involved (as
opposed to externalized study behaviors). Our results add to the field by identifying
curvilinear models provide greater utility in identifying the relationships among these
critical emotional and cognitive factors in academic settings. Furthermore, we advocate
for employing identification and intervention strategies that recognize individually specific
profiles of interactions among test anxiety, motivation, and self-regulation to promote
more optimal success in supporting learners in university settings.

Keywords: cognitive test anxiety, self-regulated learning, motivation, goals, expectancy

INTRODUCTION

In contemporary educational settings, the success and thriving of students is of critical concern to
university leaders as rates of retention and graduation are challenged across all sectors (Cheslock
and Kroc, 2012). With more students gaining access to post-secondary education, the initial
readiness to perform in university curricula has been demonstrated to be more varied than in

Frontiers in Psychology | www.frontiersin.org 1

June 2020 | Volume 11 | Article 1141


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2020.01141
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2020.01141
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2020.01141&domain=pdf&date_stamp=2020-06-15
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.01141/full
http://loop.frontiersin.org/people/122917/overview
http://loop.frontiersin.org/people/22411/overview
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Cassady and Finch

Curvilinear Cognitive Test Anxiety Relationships

any prior generation. To that effect, support mechanisms have
been increasingly proposed to support those students in meeting
the challenges they face in academic, emotional, and financial
domains (Heller and Cassady, 2017). While we recognize all
these domains promote challenges to optimal performance, our
attention centers on the impact of negative affective experiences
triggered by stressors in academic settings (e.g., Pekrun, 2006;
Putwain, 2007). Research in the field illustrates between 20 and
45% of students experience debilitating emotional states (e.g.,
anxiety, depression) that impact their performance in universities
(Kessler et al., 2005). A related finding in this domain is
that these indicators of academic anxieties in college campuses
are good indicators of students who currently experience or
are at heightened risk to develop anxiety and/or depression
(Cassady et al., 2019).

These growing trends in the field have largely driven our work,
which involves three primary goals in this domain: (a) effectively
identify students at-risk for maladaptive affective experiences
such as test anxiety, (b) isolate contributing factors that promote
deleterious performance due to test anxiety, and (c) promote
intervention efforts that can support thriving. Over the course
of 25 years of research in this domain, attention to cognitive test
anxiety and academic behaviors has repeatedly demonstrated that
elevated levels of test anxiety are clearly related to key issues in
university success such as motivation and study skills. However,
recent trends in the field pointing to moderating variables have
sparked renewed interest in reviewing the hypothesis that test
anxiety may have some facilitative or functional aspects. To
that end, our attention has turned to examining more nuanced
relationships among motivation, self-regulation, and test anxiety.

Test Anxiety

Test anxiety influences learners in academic settings through
the beliefs, behaviors, and eventual performance differences
noted for people with varied levels of experienced affective
response in evaluative settings (Cassady, 2010). Research has
demonstrated that learners adopt failure accepting and task
avoidance motivational sets (Zeidner and Matthews, 2005), are
prone to cognitive distractions during both test preparation and
test performance phases, and have difficulty with self-regulatory
skills such as organization, time management, attentional control,
and effective study strategies (Bar-Tal et al., 1999; Eysenck et al,,
2007; Cassady, 2010). There are at least two dimensions of
test anxiety: emotionality (or physiological) and cognitive test
anxiety (or worry; Liebert and Morris, 1967), with more recent
models attempting to validate a third aspect (social; Lowe et al.,
2008). However, the findings focused on social test anxiety have
not effectively determined if social aspects of test anxiety are a
clearly distinct factor, or a significantly important environmental
influence that promotes test anxiety in the other two domains.
The emotionality component of test anxiety is generally
context-specific and is commonly identified through heightened
physiological arousal (e.g., heart rate, nausea, agitation; Cassady,
2010). The worry component, or cognitive test anxiety, is
characterized by poor processing efficiency (i.e., cognitive
overload), unproductive cognitive distractions, and perseveration
on fear of failure (Rojas and Furlan, 2017). While most models of

test anxiety identify that cognitive test anxiety and emotionality
are related, interact with one another, and may best be explained
through an additive relationship (Zohar, 1998), the data generally
support the conclusion that cognitive test anxiety is more directly
related to performance decrements (Hembree, 1988; Cassady,
2004) and stable over time (Cassady, 2001).

Several accounts for the mechanism through which cognitive
test anxiety drives down performance have been identified,
pointing to reduced working memory capacity (Mowbray, 2012),
inability to organize cognitive information effectively (Naveh-
Benjamin et al., 1987; Bar-Tal et al., 1999), and perseveration
on negative self-thoughts or engaging in avoidance strategies
that limit cognitive resources available to engage in the task at
hand (Sarason, 1986; Raffety et al., 1997; O’Carroll and Fisher,
2013). The Attentional Control Theory (ACT; Eysenck et al.,
2007) provides an effective model that provides a comprehensive
explanatory framework for these findings to date. One of the
key premises offered in ACT is that when test anxiety is
heightened, learners overload their cognitive resources through
an inability to inhibit distracting thoughts (e.g., worry over
fear of failure). This leads to cognitive overload due to the
increase in extraneous processing (e.g., Mayer, 2014), limiting the
ability to engage in goal-directed cognition (e.g., effective study
strategies, focus during tests). Another strong prediction offered
by ACT is that the negative impact on learner performance
is primarily an operation of reduced processing efficiency, not
processing efficacy (Eysenck and Calvo, 1992). That is, ACT does
not presume that individuals with test anxiety are necessarily
incapable of activating effective coping strategies or cognitive
operations. Wong et al. (2013) provided compelling support for
this efficiency proposal, illustrating that as basic cognitive tasks
became more challenging, significant differences in time taken
to respond (but not actual performance) were noted between
learners with high and low levels of trait anxiety.

The standard approach to analyzing outcomes in test anxiety
research has relied heavily on basic linear models of analyses.
However, one of the earliest (and most durable) conceptions
for stress and anxiety is the Yerkes-Dodson Law (Yerkes and
Dodson, 1908), which proposed that there is an optimal point
of arousal (or stress) at which performance is maximized - but
once that threshold is crossed, performance outcomes decline
rapidly. One justification for the focus on linear effects is that
“anxiety” is a maladaptive level of “stress,” so the Yerkes-Dodson
threshold has already been crossed and any degree of anxiety
is maladaptive. However, this overlooks the broad tendency
in the field to explain differential influences for students with
“levels” of anxiety (e.g., Thomas et al,, 2017a). Moreover, the
results have been clear that there are interactions in student
outcomes that would be missed without attention to interactions
or non-linear trends. For instance, Mattarella-Micke et al. (2011)
demonstrated that the influence of cortisol (a measure generally
indicating high stress) on performance was only understood
when examining the interactive relationships among working
memory and math anxiety in those tasks. Similarly, Stowell et al.
(2008) found that explaining the influence of cortisol, test anxiety,
and coping strategies on course performance and affective states
was only possible when examining moderation effects of the
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coping mechanisms in the specific context. These trends are
even more variable in contexts that openly identify aspects of
“facilitative anxiety,” which are levels or behaviors connected to
anxiety over examinations that do not drive a negative affective
experience (Raffety et al,, 1997). Taken together, the research
suggest that much of the research in the field may have missed
the nuance of the relationships among test anxiety, motivational
variables, student behaviors, and performance.

Self-Regulated Learning

Self-regulated learning strategies are a collection of cognitive
and behavioral strategies that promote optimal success by
ensuring that learning activities are strategic and targeted
planning, self-monitoring, and effortful control over cognitive
processes in directing efforts toward attaining achievement
goals (Zimmerman, 2002; Schunk and Zimmerman, 2003).
The value of SRL has become increasingly important in
educational contexts as students have been progressively
expected to engage in more self-directed learning experiences
in educational settings - that is, as instruction becomes less
teacher-centered (Bjork et al., 2013). To illustrate the power
of SRL in contemporary settings, Duckworth and Seligman
(2005) demonstrate that self-discipline (i.e., monitoring and
maintaining effort control) was twice as effective in predicting
academic performance than IQ. Kitsantas and Zimmerman
(2009) also showed that SRL mediated the positive relationship
between homework activity and achievement, demonstrating that
actively monitoring and controlling the independent learning
experiences was necessary to explain the performance gains.
While the evidence is strong that effective use of self-regulated
learning strategies and effective learning techniques can promote
positive outcomes, it has also become evident that students
often fail to engage in quality strategies due to their perceived
utility, lack of skill practice, or simple preference for less
effective methods (e.g., Dunlosky et al., 2013). While the bulk
of attention in the SRL domain has targeted cognitive and
metacognitive control, Pintrich (2004) argued effectively that
effective models need to also take into consideration learners’
regulation of affect, behavior, and the context within which
they are operating.

Following Pintrich (2004) call for attention to the broader
regulatory functions involved in self-regulation, the Emotional
Information Processing model (Cassady and Boseck, 2008;
Cassady and Thomas, 2020) proposed an iterative process
for (a) encoding and interpreting internal and external cues
in academic settings, (b) developing and evaluating goals to
respond to the perceived context, and (c) implementing solutions
to achieve established goals. Central to this model is the
recognition that the learner’s representation of stressors in
academic settings dictates the goals established, appraisal of
the likelihood of managing those stressors, and the coping
mechanisms that will be adopted to manage the context in an
effort to reduce the level of perceived threat. Similarly, Gross
(1998, 2015) Process Model for emotion regulation identified
there are two broad approaches learners employ to manage
perceived stress or threat in academic settings: (a) activate
proactive or problem-focused coping strategies that aim to

improve success directly, or (b) change the emotional set or
mitigate the severity of the emotional response through emotion
regulation strategies.

The operationalization of effective SRL in response to
stressors can generally be identified by examining the coping
strategies learners employ when navigating the stressful or
threatening academic context. Lazarus and Folkman (1987)
foundational Transactional Stress and Coping model and more
recent conceptualizations such as the Self-Referent Executive
Processing model (Wells and Matthews, 1996; Putwain, 2019)
demonstrated that the individual’s appraisal of perceived stressors
or threats as well as their metacognitive knowledge regarding
potential coping strategies determine the probable strategies
that would be employed. The research that has followed in
this line has classified three broad forms of coping. Problem-
focused, or adaptive, coping are those strategies that are focused
on promoting positive study behaviors or actively pursuing
strategies that will promote competency in the domain where
perceived ability is in question (e.g., Zeidner and Saklofske, 1996).
Examinations of the interactions among active coping strategies
and academic buoyancy demonstrate that the maladaptive
outcomes associated with high test anxiety are significantly
reduced when students engage in effective test preparation coping
strategies and maintain a higher degree of buoyancy (Putwain
et al., 2016). Avoidance strategies are coping mechanisms such
as procrastination, withdrawal, or self-handicapping that remove
the learner from the context that promotes the stress (Kalechstein
et al, 1989; Cassady and Thomas, 2020). Finally, emotion-
focused coping strategies target the appraisal of the event itself,
attempting to reduce the perceived threat through strategies such
as cognitive reappraisal (Brady et al., 2018).

A key debate in the field centers on the utility of the
activation of emotion-focused coping strategies. Several studies
have demonstrated that learners who rely on strategies that
primarily focus on emotion-focused or avoidance coping are
maladaptive when compared to problem-focused (or adaptive)
coping strategies (Thomas et al., 2017a,b). However, some
studies have demonstrated that emotion-focused and avoidance
coping strategies can support learners by moderating the
influence of cognitive test anxiety (or worry) leading to positive
outcomes in affect response (Stowell et al, 2008) and even
performance (Brady et al., 2018). However, the positive effects
of avoidant or emotional coping strategies are seldom simple
effects, revealing their potential is achieved through interactions
with other personological and environmental factors (e.g., de la
Fuente et al., 2019). Referring back to the EIP framework, our
synthesis of the data in the field argues that coping strategies
(adaptive, avoidant, emotional) all have potential proactive
influence, provided the strategies collectively enable the learner
to represent the academic situation as less threatening as well
as engage in positive strategies that increase their cognitive
and behavioral engagement toward meeting the external needs
imposed (Cassady and Thomas, 2020).

Achievement Motivation
Closely related to the concept of self-regulated learning is
the broad domain of achievement motivation. There are
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many viable models of motivation in the academic context
that have been used to explain volitional control effectively,
including Weiner (2018) attribution theory, Deci and Ryan
(2012) Self-Determination Theory, and Wigfield and Eccles
(2002) Expectancy-Value Theory (EVT). Across these models,
two primary motivational constructs are central to most
treatments of test anxiety, self-regulated learning, and success
in university settings. The first motivation theme is the learner’s
expectancy for success in the given context. The likelihood that
a learner will perform well on a given task, and perform well
over a period of time, is greatly enhanced by the belief in
their ability to be successful, or self-efficacy (Bandura, 1977;
Wigfield and Eccles, 2002). A second general influence on
motivation is the underlying impetus that learners focus on
when determining perceived value for achieving success in the
task. A simplified method for pursuing this second domain
includes examining the goal orientations individuals adopt, that
is working to achieve success for purposes of satisfying extrinsic
or intrinsic interests. It should be stated that although our
attention in this study aligns with the EVT model primarily,
motivational researchers with preference for SDT models or
attribution theories have clearly and effectively explained these
constructs from their own perspectives (Wigfield and Eccles,
2002; Weiner, 2018).

Expectancy for Success

Bandura (1977) and Bandura and Schunk (1981) work on self-
efficacy has been instrumental in demonstrating that learners’
beliefs in their ability to successfully complete a task is
instrumental in determining positive academic behaviors and
is strongly tied to performance. Simply stated, when students
believe they possess the talent and tools necessary to complete
a task, they adopt more proactive and adaptive strategies to
achieve success. However, when they believe that the task
is beyond their skills or abilities, there is a considerable
lack of motivational drive to pursue success. Within the
framework of this investigation, the data demonstrate that
higher levels of self-efficacy are associated with reductions
in test anxiety (Brandmo et al, 2019). In cases where
the appraisal of either personal attributes or the learning
environment suggest to students that success is not likely,
motivation to engage in positive academic strategies or SRL
wanes (Gorges and Goke, 2015).

Using this framework, researchers have demonstrated strong
relationships among expectancy for success and proactive
coping, persistence in the face of failure, academic interest,
and performance (Bandura and Schunk, 1981; Durik et al,
2015). While the data have been clear in identifying the
positive influence of high expectancy ratings (e.g., self-efficacy,
confidence, control; Putwain and Aveyard, 2018), Weiner
(2018) has also identified that attention to the attributional
set of the learner is critical. Specifically, if the expectation for
successful performance is based merely on ability, adequate
preparation may suffer when compared to attributional styles
that presume success is attainable due to diligent effort. In
line with this domain of explaining the influence of expectancy
for success is the perception of control over the outcomes of

an examination, with evidence that higher perceived control
led to greater performance particularly when test worry was
low to moderate (Putwain and Aveyard, 2018). This line of
work has demonstrated further that the impact of perceived
control was less instrumental at high levels of worry (Putwain
and Aveyard), but additional work has demonstrated that
promoting perceptions of control over the situation can also
reduce the overall levels of cognitive test anxiety components
(Putwain and Prescod, 2018).

Goal orientation

There has also been a considerable amount of research examining
the influence of achievement goal orientation on learner
outcomes (Schunk, 1990; Brandmo et al., 2019). A common
theme in research on learners’ motivational approaches to
learning from a goal orientation perspective tends to cast
dimensional or dichotomous accounts for “types” of goal
setting. A dominant orientation toward examining achievement
motivation goals focuses on the purpose of the learning
experience (from the perspective of the learner). Mastery-
focused (or learning) goals have a primary orientation to
successfully mastering the content faced by the learner.
Conversely, performance goals tend to be focused on the
learner demonstrating competence or success in relation to
a set standard or in comparison to peers (Shim et al,
2011). Early discussions on mastery vs. performance goal
structures often suggested a qualitatively superior status for
mastery goals, leading to greater enjoyment, persistence, and
eventual long-term success. Research on goal orientations
has demonstrated that in general, performance goals are
positively related to test anxiety, perhaps exacerbating the
situational threat imposed by exam situations (Brandmo
et al., 2019). However, continued work in the field has
demonstrated that the context matters, demonstrating that
performance goals (both approach and avoidance) can be
adaptive strategies to promote positive motivational impulses
(Brady et al., 2018).

An alternative (but similar) orientation to explaining goal
structures focuses on explaining where the primary drive
for achieving the goal comes from, and the underlying
affective responses to those differentially sourced goals (Pekrun,
2006). Extrinsic goal orientation represents those goals that
are established primarily to achieve an externally imposed
criterion or satisfaction (e.g., grades, peer approval, access to
resources). Conversely, intrinsic goal orientations are those
goals that are adopted primarily to satisfy internal needs
(e.g., satisfaction, personal growth, skill development; Deci and
Ryan, 2012). While educators have been repeatedly coached
to prefer intrinsic goal orientations, the research is also
mixed in this classification system - essentially generating
the conclusion that contextual variations lend themselves to
different “optimal” goal orientations, and that the efficacy of
those goal orientations are mediated through coping strategies
(Brdar et al., 2006).

Our synthesis of the research on these broad motivational
constructs highlights once again the importance of person x
context interactions (Cassady and Thomas, 2020). Essentially,
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we argue that reliance on simplified representations of goal
orientations (e.g., “intrinsic goals are better than extrinsic”) as
well as expectancy frameworks (e.g., “high self-efficacy is always
good”) fail to capture the nuances among diverse learners as well
as the experiences of individual learners across multiple settings.

CURRENT STUDY

While the data in this field has consistently demonstrated
connections among these motivational and self-regulatory
processes and test anxiety, we have noted a considerable
gap in the literature regarding the examination of non-linear
relationships. That is, primarily linear relationships have been
reported in the literature despite the widely known Yerkes-
Dodson law of arousal and performance that is established on
findings over 100 years old (Yerkes and Dodson, 1908), which
asserted a curvilinear relationship between arousal (stress) and
performance. Optimal levels of performance occurred when
arousal (stress) was moderate. This explanation is the source of
several coping and self-regulation explanations for behavioral
exhibition in academic settings related to balancing the level of
“pressure” to induce quality performance in academic settings.
However, test anxiety research is primarily based on findings
centered on linear relationships (Cassady, 2010). Studies that
have explored moderation effects among these variables (e.g.,
Owens et al., 2012) as well as those that identify contexts
in which some degree of test anxiety is facilitative (e.g.,
Raffety et al., 1997; Eysenck et al., 2007) has prompted our
attention to examining non-linear relationships among test
anxiety, self-regulation, and motivation in a university setting.
To the point, our investigation was focused on exploring
potential non-linear effects in an attempt to determine if
we can identify levels of test anxiety that may serve as
activating or facilitative impulses in university settings, and
more importantly when that level of test anxiety reaches a
tipping point and becomes an entirely negative influence on the
learning experience.

MATERIALS AND METHODS

This study examined curvilinear relationships among cognitive
test anxiety, self-regulation, and motivation (as measured by
the Motivated Strategies for Learning Questionnaire, MSLQ)
in a university sample (n = 298). Participants were enrolled
in undergraduate courses in developmental psychology and
educational psychology at a mid-sized university in the
Midwestern United States. All participants were volunteers, and
participation in this survey study was one option of several to
satisfy a course requirement. The study protocol and procedures
were reviewed and approved as “exempt’ by the University
Institutional Review Board in accordance with federal guidelines
(approval identification number BSU-447466-1). The nature of
the data collection process precluded directly identifying gender,
race, or age of the students, but prior studies on this population as
well as aggregate demographic data on the classes involved in the

recruitment indicate that the sample is predominantly Caucasian,
female, average age of 20 years, and from the Midwestern
United States, consistent with the programs served by the courses.
Analyses of the submitted responses demonstrated that fewer
than 1% of the observations contained missing values, therefore
listwise deletion was employed.

Measures

Motivated Strategies for Learning Questionnaire
(MSLQ)

The MSLQ is an 81-item questionnaire addressing student self-
reported motivational profiles as well as use of self-regulated
learning strategies in academic settings (Pintrich et al.,, 1991).
Students respond to each item after identifying a class or topic of
focus - orienting their responses to a specific task for the duration
of the scale. Responses are offered on a 7-point Likert-type scale
with the extremes marked by “not at all true of me” or “very true
of me.”

Fifteen subscales were generated in the original MSLQ
and broadly represent motivation and learning strategies. The
subscales identified as Motivation used in this study include
five of the original six offered by Pintrich et al. (1991). In
this study, the “Test Anxiety” factor was removed due to
the interest in examining test anxiety as a separate variable
in the main analyses, leaving (a) internal goal orientation,
(b) external goal orientation, (c) task value, (d) control over
learning beliefs, and (e) self-efficacy. The nine learning strategies
subscales are (a) time and study environment, (b) effort
regulation, (c) peer learning, (d) help seeking, (e) rehearsal,
(f) elaboration, (g) critical thinking, (h) organization, and (i)
metacognitive self-regulation. Pintrich et al. (1991) reported
acceptable psychometrics for the 15 scales, with internal
consistency estimates across the 15 subscales exceeding a
Cronbach’s alpha value of 0.70 on average. Several attempts to
generate differential factor structures for the MSLQ subscales
(e.g., Cho and Summers, 2012) have revealed no clear agreement
in an optimal factor structure that supersedes the initial solution
offered in the factor analytic work with the original scale.
However, there have been no prior attempts to examine the
MSLQ through a multidimensional scaling approach as has been
employed in our study.

The Cognitive Test Anxiety Scale-Revised (CTAR)

The Cognitive Test Anxiety Scale was originally developed by
Cassady and Johnson (2002) as a measure of the cognitive
dimension of trait test anxiety, building upon the traditional
construct of “worry” in classic representations of test anxiety
(Liebert and Morris, 1967; Sarason, 1986). Items in the scale
address various aspects of the cognitive test anxiety structure
(e.g., worry about doing well on tests, tend to freeze up on
tests, forget facts I really know, don’t seem to have much
control over my test scores; see Cassady and Finch, 2014,
for full scale). Scale validation studies with the original CTAS
repeatedly demonstrated problems with the use of “reverse-
coded” items in that version (Cassady and Finch, 2014;
Thomas et al, 2017a), leading to the creation of a 25-item
revised version (CTAR). The CTAR involves no reverse-coded
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items and was also modified to include items that identify
cognitive aspects of test anxiety during all three phases of
the learning-testing cycle. Validation studies with the CTAR
have demonstrated that the CTAR maintains strong construct
validity when compared to other validated measures of test
anxiety and related anxiety disorders (Cassady and Finch,
2014, 2015; Cassady et al, 2019), and the current sample
demonstrated strong internal consistency for the items once
again, a = 0.970.

Analyses

The initial analysis involved the exploration of the dimensional
structure of the two domains of the MSLQ (5 motivation
subscales; 9  self-regulation subscales) using unfolding
multidimensional scaling model (UMSM; Armstrong et al,
2014). UMSMs are a special case of multidimensional scaling,
which is a statistical technique designed to reduce dimensionality
in a set of variables. Statistical distance values among the
variables are calculated, and the resulting weights can then
be applied to the variables in order to create scale scores.
Variables that are in relatively close in proximity will have
similar weights, and those with the largest weights provide
primary definition of the resulting scale scores. In the case
of the UMSMs used in this study, the R (Version 3.6.0; R
Core Team, 2019) smacof library version 2.0 was used to fit
the models. The maximum number of iterations was set at
10,000, the lambda (penalty strength) and omega (penalty
width) parameters were set to 0.5 and 0.1, respectively, and
finally the convergence criterion was 0.000001. Viable two-
dimensional representations of both the motivation and
self-regulation subscales resulted, yielding four dimensional
variables representing students’ responses.

Using these four dimensional variables, we explored linear
and curvilinear relationships with test anxiety using Generalized
Additive Models (GAM; Hastie and Tibshirani, 1990). GAMs
are modeling tools that employ splines to estimate relationships
among variables. Splines allow for fitting non-linear complex
non-linear relationships between variables. GAMs extend the
spline paradigm by identifying the degree of non-linearity that
optimizes model fit to the data. For this study, the gam function
in the mgcv (version 1.8-31) R library was used for this purpose.
A thin plate spline was used in fitting the model, with the
generalized cross validation (GCV) score serving to identify
the optimal model. The GAMs provided information regarding
relationships between each of the dimensional factors and test
anxiety. The goal of this analysis was to ascertain the nature
of relationships between self-regulation and goal orientation,
respectively, with test anxiety, as a way of understanding
factors that drive learners’ emotional and cognitive responses
to academic challenges or threats. A priori hypotheses for the
findings of this study included (a) exploration of the structure of
the MSLQ would provide a dimensional solution that supported
a new and validated approach to represent student motivation
and self-regulated learning; and (b) curvilinear modeling would
provide superior fit for explaining the relationships among test
anxiety and motivational factors (as measured by the MSLQ) as
well as self-regulated learning strategies.

RESULTS

Unfolding Multidimensional Scaling

The results of the unfolding model demonstrated that for the
motivational variables in the MSLQ (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Task Value, Self-Efficacy for Learning
and Performance, Control of Learning Beliefs) two dimensions
were detected (Figure 1). The two variables generated that
represent the motivational subscales provide dimensional data
on “Goal Orientation” and “Expectancy for Success.” Low levels
of Goal Orientation (GO) were associated with endorsement
of externalized or extrinsic locus of goal construction, whereas
high levels demonstrate learners’ affiliation with intrinsic goal
orientations. This dimension aligns with a representation of
performance (low values) and mastery goal structures. The
Expectancy dimensional variable is a simple representation of
the learners’ perceived likelihood for success on the target task.
High values represent high self-esteem, control over learning
outcomes, and confidence in the projected outcome.

With respect to the Self-Regulated Learning components of
the MSLQ, an unfolding model was also used, revealing two
clear dimensions for those variables (Figure 2), representing
“Personal Responsibility for Learning” and “Active Engagement
of Learning Strategies.” Personal Responsibility (PR) is focused
on the degree to which the self-regulated learning strategy or
study skill captured by the MSLQ subscales requires externally
supported as opposed to independent self-regulation strategies.
This dimension is in line with the SRL vs. ERL framework, with
low values on the dimensional variable representing external or
social influences in the learning task and high values aligned
with strategies and activities that are independent learning
approaches. The second self-regulation dimensional variable
characterizes the level of Active Learning Engagement (AE) in
the learning strategies assessed by the MSLQ. Low values on
this dimension represent the more passive learning activities
(organizing materials, rote repetition) and high values on
the scale are associated with deeply engaged active learning
approaches (effort control, elaborative rehearsal).

Generalized Additive Modeling

Using the four dimensional variables discerned from the
unfolding model described above as predictor variables, we
explored relationships among cognitive test anxiety and the
motivational and self-regulated learning dimensions using
Generalized Additive Models (GAMs), with the purpose of
ascertaining whether curvilinear functions were present. The
resulting GAMs are described below in turn.

Cognitive Test Anxiety and Goal Orientation (GO)

The results of the GAM exploring the relationship between CTA
and the GO dimensional variable demonstrated a statistically
significant curvilinear relationship between GO and CTA
[F(5.75, 6.94) = 451, p < 0.0001]. The curve in Figure 3
demonstrated that heightened levels of test anxiety (y-axis)
were present for individuals who reported predominantly
extrinsic or intrinsic goal orientations, as illustrated by the
heightened anxiety noted on the outer extreme values on
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FIGURE 1 | Unfolding model results for MSLQ motivation scales. M1, intrinsic goal orientation; M2, extrinsic goal orientation; M3, task value; M4, self efficacy for
learning and performance; M5, control of learning beliefs.

the x-axis. Reported cognitive test anxiety was lowest for
individuals with more even mixtures of goal orientations (mid-
level on the x-axis). More specifically, the lowest reliably
predicted point of anxiety occurs when the mixture between
extrinsic and intrinsic goal orientation tendencies slightly
favor the intrinsic category. The curvilinear relationship
for GO explained approximately 10% of the variance in
reported test anxiety.

Cognitive Test Anxiety and Expectancy of Success

The GAM curve for the model relating CTA and the Expectancy
dimension appears in Figure 4. This non-linear relationship
was statistically significant [F(3.63, 4.57) = 7.12, p < 0.0001],
representing an “inverted U” pattern. Test anxiety (y-axis)
was highest when expected success (x-axis) was just below
the center point, which is more precisely conveyed as the
point of greatest uncertainty. Conversely, lower levels of test
anxiety were noted when performance outcomes were at either
extreme of the x-axis. As such, when success predictions
were highly certain (either for success or failure), students

reported the lowest degree of cognitive test anxiety. This
relationship explained approximately 11% of the variance
in test anxiety.

Cognitive Test Anxiety and Active Learning
Engagement

There was not a statistically significant curvilinear relationship
between cognitive test anxiety and the Active Learning
dimension. However, there was a significant inverse linear
relationship between these two variables [F(;, 1) = 11.62,
p < 0.0001]. As can be seen in Figure 5, increasing levels
of engagement in active learning strategies were directly
associated with lower cognitive test anxiety. This relationship
accounted for approximately 4% of the variation in cognitive
test anxiety scores.

Cognitive Test Anxiety and Personal Responsibility
for Learning

The final dimension vyielded by the multidimensional
scaling, Personal Responsibility for Learning (PRL), had a
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FIGURE 2 | Unfolding model results for MSLQ self-regulated learning scales. M7, rehearsal; M8, elaboration; M9, organization; M10, critical thinking; M11,
metacognitive self-regulation; M12, time and study environment; M13, effort regulation; M14, peer learning; M15, help seeking.

statistically significant curvilinear relationship with CTA
[F(4.12, 5.14) = 2.46, p = 0.03]. Figure 6 shows that lower
values on the x-axis were associated with lower levels of
cognitive test anxiety. In practice, this means that students
with a greater reliance or use of socially oriented learning
activities tended to have lower levels of CTA. As levels
of PRL increased, the level of reported cognitive test
anxiety also increased, but overall values of CTA were
moderate and stable overall after the first increase noted.
This result suggests that above a certain threshold of
using socially engaged strategies (e.g., help seeking, peer
study activities) there was not a clear direct relationship
between PRL and elevated levels test anxiety. However,
below that threshold cognitive test anxiety was relatively
lower, suggesting that higher reliance on the low-personally
responsible activities (cf, socially engaged strategies) or low
use of self-regulated strategies high on the PRL dimension
are associated with lower test anxiety. This non-linear

relationship accounted for approximately 5% of the variation in
cognitive test anxiety.

DISCUSSION

The results of this study provided several insights to the
fields of test anxiety and learner outcomes, both in theoretical
and practical domains. First, the use of multidimensional
scaling to review the data from the MSLQ provides a new
approach to represent this commonly used scale in the
literature, offering an alternative representation to examine
motivational and self-regulatory constructs measured on
Pintrich et al. (1991) classic measurement device. From a
practical approach to the exploration of test anxiety, the
data in this study also confirm our presumption that a high
reliance on linear models of examining the relationships
among test anxiety and learners experiences may have
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FIGURE 6 | GAM Curve Relating Cognitive Test Anxiety (y-axis) and the
Personal Responsibility for Learning Activities Dimension (x-axis).

suppressed overall comprehension of the test anxiety
construct. Finally, the results of the GAMs elucidate more
nuanced relationships among test anxiety and motivation and
study behaviors.

Dimensional Representation for the

MSLQ

Over the last 30 years, several attempts to identify a factorial
structure that is universally accepted for the MSLQ have been
offered. No clear consensus has been achieved in these efforts,

leaving most researchers to rely upon ill-fitting solutions
or referring to the separate subscales specifically in their
investigations. Composite scores for the Motivation domain
items separate from the Self-Regulated Learning domain
are often used, but typically preclude strong theoretical
tests because the subscales that form the composite scores
often represent contradictory orientations that do not
combine clearly to create an overall “motivation” score
(e.g., Extrinsic and Intrinsic Goal Orientations cannot be
added to create a conceptual outcome). The dimensional
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variables that were articulated in the multidimensional
scaling analyses provided remarkably clear theoretical
consistency with the overall intent of the MSLQ, as reported
by Pintrich et al. (1991).

The analysis of the motivational variables used in this
analysis revealed a clear two-dimensional representation for
the five constructs measured in the MSLQ, providing what
we interpreted as a Goal Orientation axis and an Expectancy
axis. These two broad constructs are encompassed within all
leading theories of motivation, and suggest that the MSLQ
motivation scales can inform understanding of motivational
goal theories (e.g., Shim et al., 2011; Deci and Ryan, 2012)
as well as an expectancy-value orientations (Wigfield and
Eccles, 2002). It is conceivable to represent the 2-dimensional
solution as a simple expectancy-value model, where the Goal
Orientation dimension representing value, with high value
represented by Intrinsic Goal Orientation. However, we have
avoided the potential conflation of value and goal orientation
with the limited data available to explore this relationship
directly. Furthermore, the MSLQ was not explicitly designed
for EVT, and stretching conclusions to fit this model seem
unwarranted at this point.

Curvilinear Relationships and Test

Anxiety

Our primary goal in this study was to expand the literature by
exploring the potential for better identifying the relationships
among test anxiety and motivational and self-regulated learning
constructs. Eysenck et al. (2007) provided a clear call for
correcting a long-standing failure of cognitive models for test
anxiety to account for conditions in which learners with high
levels of test anxiety perform at high levels. Similarly, researchers
examining moderation effects among cognitive and emotional
constructs in academic settings (e.g., Stowell et al., 2008; Owens
etal., 2012) have demonstrated that studies limiting their analyses
to simple effects often overlook variations due to moderating
effects or variations across contexts.

While the data provide clear evidence of curvilinear effects,
its important to clarify that traditional methods employed
with this data set would have generated significant values
and meaningful results. Simple linear effects were significant,
but inferior overall in the reported outcomes. Striking a
regression line for the “best fit” on a linear scale would
indeed generate a line, but the nuance missed that is
seen with curvilinear analyses would have masked the true
relationships. We anticipate that examination of curvilinear
effects in future studies on test anxiety (and related measures)
will provide greater precision in isolating the debilitating
and facilitative effects of emotional constructs within the
academic arenas.

Goal Orientation

The significant curvilinear relationship between Goal Orientation
and Test Anxiety indicated heightened levels of test anxiety for
students who tended to report extreme levels of extrinsic or
intrinsic goal orientations. When there were more moderate
levels of GO, which indicates a mixed representation for extrinsic

and intrinsic goals — as well as a high “task value” orientation in
the MDSM - cognitive test anxiety levels were lowest. Compared
to recent work with goal orientation that generally indicates that
performance goals tend to be overly maladaptive (e.g., Brandmo
etal., 2019), these findings demonstrate that a moderate mixture
of performance and mastery goals may be more adaptive with
respect to test anxiety.

Expectancy for Success

The significant “inverted U” pattern observed between
Expectancy for Success and Cognitive Test Anxiety was
reminiscent of the classic Yerkes-Dodson curve (1908). In
this case, the curvilinear relationship exposes an intimate
relationship between cognitive test anxiety and uncertainty.
When learners are able to reliably predict their performance
outcomes, the degree of anxiety was suppressed. Overall,
this finding is the most significant theoretical contribution
to the test anxiety literature, lending confirmatory empirical
evidence to multiple theoretical accounts for test anxiety
simultaneously by examining the data in this non-linear
approach. In addition, it provides an advancement in the
explanation of how these various representations may be fostered
and lead to sub-optimal performances.

The value of this curvilinear analysis is the isolation on the
key issue in the expectancy-test anxiety relationship. Traditional
representations examining linear models conclude that high self-
efficacy is associated with lower test anxiety. However, the data in
this model suggests that relationship may have been misleading.
While it is true that higher self-efficacy tends to be related
to higher performance — and lower test anxiety - the data in
this case suggest that when it comes to test anxiety, low levels
of self-efficacy would not necessarily produce high degrees of
anxiety. What has been most clear in these analyses is that the
critical issue that tends to drive anxiety upward most readily
is a sense of uncertainty or low confidence levels in predicting
outcomes. In this way, we see a connection with the findings
demonstrating that low levels of perceived control or predicted
outcomes for forthcoming evaluative events are likely to be
associated with increased test anxiety (e.g., Putwain and Aveyard,
2018; Putwain and Prescod, 2018).

Personal Responsibility
A weak statistically significant effect was identified for the
Personal Responsibility dimension, which identifies the degree
to which learning behaviors or study skills require independent
personal engagement. Cognitive test anxiety increased, then
plateaued after reaching a critical level of personal responsibility,
indicating that those learners who infrequently endorse engaging
in individually driven learning activities or frequently employed
externalized learning support activities had the lowest levels
of cognitive test anxiety. This finding may demonstrate that
socially dependent learning strategies provide an “escape”
function that allows release from anxiety, consistent with
Stowell et al. (2008) findings.

The plateau effect observed with test anxiety once level of
personal responsibility reached a critical level may better explain
previous findings related to test anxiety and study strategies.
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There has been ample evidence that students with high-test
anxiety engage in various study support strategies, but the
divergence when compared to low-test anxious learners is in
the quality of chosen strategies (Cassady, 2004; Putwain et al.,
2016). Students with high levels of test anxiety are known to
employ less efficient processing when engaged in cognitive tasks
(Eysenck et al., 2007), primarily presumed to be due to an
interference with optimal cognitive functioning (Eysenck and
Calvo, 1992; Mattarella-Micke et al., 2011). In contexts where
time is not pressed (and sufficient cognitive resources can be
tapped), it is possible for learners with academic anxieties to
overcome these limitations by extending time on task, resulting
in satisfactory performance (Cassady and Johnson, 2002; Owens
et al, 2012; Wong et al., 2013). However, in most academic
settings, time is a factor and inefficiency will impair overall
performance. Furthermore, this extended time of engaging in
study occurs within a context of heightened anxiety, promoting
a cumulative negative effect for overall affect, increasing the risk
for experiencing maladaptive outcomes such as depression and
anxiety (Cassady et al., 2019).

Active Learning Engagement

There was no curvilinear pattern observed between cognitive test
anxiety and the Active Learning dimensional variable. Rather, the
data demonstrated a clear and strong inverse linear relationship,
demonstrating that as learners were more likely to endorse active
learning behaviors, their degree of test anxiety declined. This
pattern is once again consistent with research identifying students
with high levels of test anxiety are more likely to engage in passive
or avoidant coping strategies (e.g., procrastination; Kalechstein
et al., 1989; Zeidner and Matthews, 2005), as well as employing
more surface-level strategies and engage in repetitive processing
that tend to be less effective in promoting deep understanding
and learning (Cassady, 2004). Intervention efforts in this domain
are promising, provided positive study strategies (e.g., Dunlosky
et al., 2013) can be adopted. Several studies have demonstrated
that explicit training efforts with test anxious learners can be
effective provided the strategies are within their cognitive skill
set, the learners recognize the potential for the coping strategy to
be successful, and the learners are able to simultaneously manage
the other components of test anxiety during the study activities
(Lowe et al., 2008; Mowbray, 2012).

CONCLUSION

The results of this study continue to refine our understanding of
the potential to interrupt the deleterious effects of test anxiety on
learners’ experiences in academic domains. Specifically, within a
framework consistent with the EIP (Cassady and Thomas, 2020),
we propose that the results show promise for future work in both
identifying and treating academic anxieties with a more fine-
grained approach. Classic studies on effective interventions for
those with test anxiety often resulted in weak or moderate effects
(e.g., Hembree, 1988; von der Embse et al, 2018). However,
we believe this was often due to an over-simplified approach
to intervention, where a single intervention was applied to all

learners who presented with elevated test anxiety. This approach
overlooked the variety of test anxiety profiles (e.g., Zeidner and
Matthews, 2005), precluding an individual-specific intervention
strategy that would likely have greater utility in practical settings.

Using a multiple domain approach to examining challenges
faced by specific learners with test anxiety provides greater
promise - identifying interventions that will directly support the
learner in the domain(s) where they struggle. That is, we advocate
for examining learners’ perceptions of the events (degree
of perceived threat and perceived competence to succeed),
reviewing the goal structures that have been adopted for the
learning event, and identifying specific coping strategies that
support optimal performance in meeting those situation-specific
goals. While our results demonstrate trend data suggesting
that anxiety will peak in situations where the outcome is
uncertain, passive learning strategies are adopted, or polarized
goal orientations are adopted, truly effective interventions for
individual learners will only be achieved when unique profiles are
examined and addressed (see de la Fuente et al., 2019, for related
perspectives). We see great promise for individual successes in
mitigating negative effects associated with test anxiety when
these greater levels of refined attention to unique patterns of
motivation and self-regulation strategies are used to specify
direct interventions.

While the results of this study clearly supported our initial
hypotheses that examining relationships among motivational and
self-regulated learning dimensions measured by the MSLQ would
be better achieved with attention to curvilinear relationships,
there are limitations to the current study that require attention in
future studies. First, the conditions of our data collection method
in this study precluded specific demographic information from
individual participants. We know that future studies will add to
this literature with the ability to examine differential patterns
based on gender, race, prior academic skills, and other variables
in the field that have proven instructive. Second, the current
study resulted in a dynamic solution for the dimensional scaling
of the MSLQ. Repeated examinations with the MSLQ have
revealed several competing explanations for representing the
structure of the underlying constructs, and our study adds to
that list. However, the dimensional analysis results would need
to be re-run in future studies to estimate those representations
of the dimensions in the MSLQ, as there is no simple
translation generated in this procedure. Continued attention to
a dimensional representation of the MSLQ is recommended
to provide an alternative solution for representing motivation
and self-regulated learning in students. Finally, the population
from which this sample was drawn was a predominantly female,
Caucasian, and from the Midwestern United States. Continued
examination of these constructs in more diverse samples would
be important for greater generalization.
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