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Abstract. A common type of performance anxiety is the so-called “exam anx-
iety”, in which students can experience physical and emotional reactions before
or during the exam due to the testing situation. If exam anxiety was already quite
prevalent in students’ lives, one could expect that this condition got even worse
due to the COVID-19 pandemic. Besides all the worrying factors that COVID-19
brought to the general population, students had to rapidly adapt to the reality of
online exam modalities – introducing extra sources of stress. Therefore, our aim
is to model the differences between online and offline modalities in the emotion
regulation processes to overcome exam anxiety. To model these processes, we
used a second-order adaptive network model. We employed reappraisal, since it is
considered the most effective emotion regulation strategy to deal with this type of
anxiety. We showed that, even though the reappraisal processes take place and the
exam anxiety is regulated, the exam anxiety levels are higher in the online exams
than in the offline exams.

Keywords: Second-order adaptive · Network model · Exam anxiety · Emotion
regulation · Reappraisal

1 Introduction

Anxiety is an emotion that accompanies everyone throughout their lives, in different
moments and to different extents, and by some psychologists is considered as “being at
the root of what it means to be human” [1, 2]. It can be triggered by distinct current,
upcoming or also past events. Researchers distinguish between various types of anxiety
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depending on the context it refers to, for example classroom anxiety, public speaking
anxiety, workplace-related anxiety, exam anxiety. In this work, we focus on the latter one
and examine how the specifics of the context – online or offline examinationmode – could
affect the experienced levels of anxiety.

The experienced levels of anxiety depend additionally on whether an individual is
able to employ processes that can help decrease his/her/their emotion levels. In the
psychological literature, such processes are referred to as emotion regulation [3].

Examples of the most widely discussed emotion regulation strategies are accep-
tance, avoidance, problem solving or reappraisal. These emotion regulation strategies
are extremely important for human mental functioning as it is often argued that the
impairment or lack of ability to employ them when faced with stressful situations can
explain the existence of the so-called distress disorders – generalized anxiety disorder or
depression [4]. Typically, these strategies are used on a daily basis by everyone at least
to a certain extent, consciously or subconsciously, in each anxiety-inducing situation.
To the best of our knowledge, however, emotion regulation models have not been used
in the context of modeling the differences between anxiety levels in online and offline
exams and thus we aim to fill this gap by addressing these processes in our research.

To study the anxiety-relatedmental processes in the online and offline exams context,
we construct a computational model which takes into account the differences between
anxiety-related states that become activated in a specific (online or offline exam) context.
We also model the emotion regulation process in regard to two anxiety conditions:
concerning having a stable examination environment and concerning the new exam
formula with a different type of questions. Finally, we add two adaptation levels to
the model, what helps us make the model more realistic by making the connection
strength between anxiety and emotion regulation control states, as well as the speed of
its development, adaptive.

2 Background

Examanxiety is a type of performance anxiety [5, 6] that is defined byZeidner in his book
as a “set of phenomenological, physiological, and behavioral responses that accompany
concern about possible negative consequences or loss of competence on an exam or
similar evaluative situation” [7]. This type of anxiety is experienced by many students
and it tends to happen when the student perceives either the test performance or the
testing situation as a threat [8]. As a consequence, the student believes that his/her/their
intellectual, motivational, and social capabilities are not enough to cope with the test
[7]. Exam anxiety has also been referred to as test anxiety, exam stress or test stress.

There are different factors that impact exam anxiety, such as fear of failure, lack
of preparation, poor test history, high pressure, and perfectionism. Besides all of this,
the COVID-19 pandemic brought more stressful factors that are added to the ones just
mentioned. Not just people increased their level of anxiety due to concerns related to
their health and economic situation, students have classes and are assessed in a novel
scenario to which they are not used. Moreover, adjusting to the new required routine
can be challenging. Even before the COVID-19 pandemic, online assessment has been
gaining followers. In fact, it can be more convenient to schedule, it saves time grading
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and entering grades (can even be automatic), and it costs less than paper and pencil exams
[9]. Moreover, Stowell & Bennett (2010) [10] reported that students that normally had
high levels of exam anxiety in the classroom had reduced exam anxiety during online
exams, while students with low classroom anxiety had higher anxiety during online
exams.Nonetheless, changing the paradigm fromoffline exams (exams in the classroom)
to online exams requires time and resources for adaptation – which was something not
possible to achieve during theCOVID-19pandemic. Inmany cases, online examsbecame
mandatory and the process of converting the assessment methodologies was accelerated.
To cope with this new reality, both students and instructors had to learn fast how to use
these platforms, which introduced an extra source of stress.

A low level of test-related anxiety is beneficial to students, since it makes themmore
aware and alert. However, an overall state of anxiety has negative consequences on the
well-being of students and also on their performance. Exam anxiety has a mental and
physical impact, that can be reflected in many symptoms, such as: loss of sleep, appetite
and hair, nervousness, fear, irritability, headaches, inability to concentrate, and craving
for food (before the exam); as well as confusion, panic, mental blocks, fainting, and
feeling too hot or too cold (during the exam) [5]. Also, Akinsola & Nwajei (2013) [11]
reported a coexistence of exam anxiety with depression. This further affects students
exam performance and their grades, as established by Putwain (2008) [12] and Segool
et al. (2013) [13]. These examples of consequences are already enough to understand
that strategies are needed to reduce the anxiety level to a state in which it can be healthy
and positively-stimulating.

Many strategies to reduce exam anxiety that can be adopted and combined can
be found in Mashayekh & Hashemi (2011) [5]. Improving self-image and motivation,
keeping a healthy lifestyle, and taking test samples are good examples of practices that
can be performed to help students to decrease their felt exam anxiety. Even though these
strategies are general and not specific to the COVID-19 situation, they can be helpful
in that context too. Nonetheless, since COVID-19 forced the implementation of online
assessments, our goal here is to assess the differences in exam anxiety for online and
offline exams. Therefore, the emotion regulation strategies adopted in this work will
take the differences between these two modalities into consideration and these general
strategies will not be considered.

Emotion regulation refers to the ability to effectively control which emotions indi-
viduals have, when they have them, and how they experience or express these emotions
[14]. Processes to regulate emotions are either automatic or controlled, conscious or
unconscious, and can affect different parts in the emotion process. Although the defini-
tion of emotion is ambiguous, here we consider that emotions can be the abbreviation for
“emotional episodes” since they are multicomponential processes that evolve in time.
Therefore, emotion regulationmechanisms cause changes in the emotion dynamics.With
this in mind, there is the need to adopt models that are able to reflect these dynamical
changes.

According to Gross (2013) [3], emotion regulation has three core features: the goal
(what the individual is trying to accomplish), the strategy (which processes are engaged
to achieve that goal), and the outcome (the consequences of trying to reach that goal using
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that strategy). In this work, we are focused on the strategies to regulate emotions. What-
ever the goal is, there are different ways to achieve it and can be categorized as adaptive
(associated with greater wellbeing or fewer symptoms) or maladaptive (associated with
psychological symptoms and other negative outcomes) [15].

Maladaptive strategies include, for instance, suppression (the attempt to hide, inhibit
or reduce ongoing emotion-expressive behavior [16, 17] which happens once an emotion
is already taking place [18]) and rumination (the repetitive thinking about the thoughts
and feelings about the event [19]. Both processes give the individual the feeling that
they are solving the process, but actually trigger more negative emotions [20]. On the
other hand, adaptive strategies can include, for instance, putting an event into perspec-
tive: diminishing the meaning of the event [19] or reappraisal (the attempt to reinter-
pret an emotion-eliciting situation, altering its meaning and its emotional impact [17]).
Reappraisal can be employed even before the emotion takes place and therefore is able
to modify the entire dynamics of the emotional process before the response has been
completely generated [18]. In fact, individuals can change their exam anxiety through
reappraisal. Brady et al. (2018) [21] suggested that a way to do it would be to reinterpret
the role of anxiety – instead of considering this state as harmful, students should try to
see it as neutral or beneficial. Due to the believed effect of reappraisal in controlling
exam anxiety, this emotion regulation technique is commonly employed during cogni-
tive therapy [22, 23]. Strain & D’Mello (2011) [24] concluded that reappraisal is an
effective strategy for emotion regulation during learning, which was also beneficial for
the learning process.

Moreover, it can be argued that even though certain strategies, such as distraction,
can be effective in high-intensity negative situations [25], they cannot be effective in
the learning context, especially if it is the only strategy used. For instance, if students
exclusively apply the strategy (distraction) before the exam, it can happen that they will
not have enough time to study everything and, once they realize this, they get too anxious
to study more (worsening the process) and they will be even more anxious during the
exam. If students decide to exclusively apply the strategy during the exam, it is easy to
understand that either they do not finish the exam in time, or at a certain point they will
realize that they do not have enough time to finish it, affecting their performance at the
rest of the exam. For these reasons, reappraisal is the only strategy that is going to be
considered here. It is important to note that reappraisal can be cognitively demanding
and therefore, to be effective, it should not happen too late in the emotional process.

3 The Adaptive Network Modeling Approach Used

In this work, the adaptive modeling approach from [26] is applied for designing and
simulating a dynamic process of multiple orders of adaptation. By extracting states and
causal relationships between them for a certain mental or social process, the network
model is built. The linkages could be manipulated further by adding extra states to
the network, which are called self-model states or reification states. Given the initial
value for all states, the states activations will change with time. The network structure
characteristics for this approach are described as follows:
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Connectivity characteristics: a connection weight ωX,Y represents the connection
strength from state X to state Y.
Aggregation characteristics: for each state Y a combination function cY (..) is used to
aggregate the multiple incoming impacts.
Timing characteristics: ηY represents the speed factor of state Y which controls the
timing of the impact on Y.

These three types of network characteristics provide the standard numerical
representation of the network model in difference equation format:

Y (t + �t) = Y (t) + ηY [cY (ωX1,Y Xk(t), . . . ,ωXk ,Y Xk(t)) − Y (t)]�t (1)

where Y is any given state that has incoming connections from states X1,…, Xk . The
characteristics for all states are specified in a standard table format called role matrices,
which allows us to simulate the process automatically in the software environment.

Using the notion of self-modeling network (also called reified network) introduced
in [26], any network characteristic can be made adaptive by adding a (self-model) state
to the network that represents the value of this characteristic. This will be applied here to
obtain a second-order adaptive network in which for some states X and Y: (1) first-order
self-model statesWX,Y are included in the network that represent the value of connection
weight ωX,Y , and (2) second-order self-model statesHWX,Y are included in the network
that represent the value of the speed factor of WX,Y (learning rate).

4 The Second-Order Adaptive Network Model

The knowledge from the background literature (Sect. 2) and themodeling approach from
Sect. 3 were combined into an adaptive mental network model for exam-related anxiety
regulation. The connectivity of the multi-levelled model is 3D-visualized in Fig. 1 with
the detailed explanation of states in the Table 1.

This model simulates the process of activating and regulating the anxiety before and
during the exam. In the base level, the two exam states are introduced (X1 – on_ex, X2
– off_ex) for specifying the two modalities of exam: online and offline. Each modality
causes different issues/problems and then leads to different levels of anxiety. The states
from X3 to X9 states are potential issues that students might encounter before the exam,
while the during-exam issues are represented by the states from X10 to X16. Some of
these potential problems might be triggered only by online or offline exam (e.g., the
Internet problem during the exam X10 can only be caused by an online exam) or by both
(e.g., the difficulty of checking course materials before the exam X3 would be introduced
by both online and offline settings with different levels of impact).

After the “issues states”, four states about the way students feel are created, which
are the expected difficulties for exam performance (X17), the expected difficulties for
technical performance (X18), the feeling of being demoralized (X19) and the difficulties
to be focused (X20). It is necessary to mention that the first two states would affect the
latter two due to the fact that the mental states before the exam influence the feelings
during the exam, especially in the early stage of the exam. Finally, the exam anxiety
level (X21) is integrated based on these four states.
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Fig. 1. Overview of the self-modeling network architecture for exam-related anxiety regulation
with the base level (lower plane, pink), the first reification level (middle plane, blue), and the
second reification level (upper plane, purple).

Since we are applying reappraisal as a strategy of emotion regulation (as mentioned
before in Sect. 2.2), there are two pairs of states that are belief states – X5 and X6,
X12 and X13 – indicating two opposite beliefs about the environment and the type of
questions, respectively. The negative states in each pair will be influenced (suppressed)
by the corresponding control states (X22 and X23), so that the student is able to regulate
the emotion by reappraisal. These two control states are triggered by the level of exam
anxiety (X21). The states were chosen based on a conducted survey that reported the
views and difficulties of students during online exam modalities as consequence of the
COVID-19 pandemic [27]. We took this study into consideration, but grouped some
difficulties that were related to each other (about technical difficulties, for instance). To
make the comparison possible, we also added states that are just influenced by offline
modalities and therefore were not included in the referred survey.

The second level describes first-order network adaptation at the first reification level,
which demonstrates the Hebbian learning process for anxiety regulation taking place
before and during the exam. By changing the W-states, which provides the self-model
representation for the connection weights in the base level, the student learns the ability
of switching from negative to positive interpretation over time.

The third level describes a second-order adaptation, which controls the speed of the
first-order learning at the first reification level. H-states are used for these self-model
states. Here, by adapting the speed factor for the first-order adaptation, the student could
further gain the ability of reappraisal by adjusting the speed.

Some connections in this model have negative values, indicating that the source
state negatively impacts the target state. Those connections are colored as dark-red in
Fig. 1. The combination functions used in this model are listed in Table 2. When only
one incoming connection exists, the identity function is used. By contrast, the advanced
logistic function alogisticwas chosen to combinemultiple effects for the nodes. There are
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two parameters for alogistic: the steepness σ and the threshold τ. With the application
of Hebbian learning, Hebbian learning function hebb is used in this work with the
persistence factor μ accordingly.

Figure 2 demonstrates the role matrices of this multi-leveled network model. Matrix
mb represents the incoming base connections, which are either between states at the
same level, or from lower states to higher states. Notice that even though arrows from
higher states to lower states exist in Fig. 1 (e.g., the pink/red arrows from H-states to
W-states), those arrows do not indicate the base connectivity but the connectivity based
on reification for a specific role; they are specified in the matrix for that role instead.

Table 1. Overview of the states of the multi-level network model.
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Table 2. The combination functions used in the introduced network model

Notation Formula Parameters
Identity id(V) V
Advanced  
logistic 
sum

alogisticσ,τ(V1, …,Vk)
(1+e-στ)

Steepness σ > 0 
Excitability threshold τ

Hebbian 
learning hebbμ(V1, V1, W) V1V2 (1-W) + μ W

V1,V2 activation levels of the connected 
states; W activation level of the self-
model state for the connection weight 
μ persistence factor 

On the right-top corner of Fig. 2, matrix mcw shows the connection weights which
has values within [−1, 1]. Two weights here are not fixed numbers but considered as
adaptive – the two states we adapt through Hebbian learning; this is where the related
downward connections are specified. Inmatrixmcfw, the combination functionsweights
are shown, with only W-states applying the hebb function. Matrix mcfp presents the
combination function parameters for all states, where the two negative belief states are
applied with lower thresholds than others to model the reappraisal process. Besides, the
steepness for X19 (feeling demoralized), X20 (difficulty of being focused) and X21 (exam
anxiety) are down-adjusted to imitate the gradually increasing progress of anxiety level
during the exam stages. In the right-bottom corner, the matrices of speed factors (matrix
msv) and the initial values (iv) are displayed. The current values are given under the
online setting. To switch to offline setting, the initial value of X1 should be set as 0, and
X2 set as 1.

5 Simulation Results

In this section, we present some of the simulation results for the introduced model of
context-dependent exam anxiety. We show separate simulations for offline and online
exams and discuss the differences in anxiety-inducing processes in these two contexts.
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Fig. 2. Role matrices for connectivity, aggregation and timing characteristics of the network
model.

Figure 3 and Fig. 4 show the simulations with two adaptation levels for online and
offline exams, respectively. For the online modality (Fig. 3), the values of the control
state for emotional regulation related to environment reaches a maximum value of 0.74.
The speed modification makes the values of self-model state X24 grow slower than if we
consider a model without the speed adaptation. The anxiety level reaches a maximum
value of 0.87. When it comes to the second emotion regulation process, again the values
of the control state X23 grow slow at first. However, the growth picks up speed.

For offline exams (Fig. 4), just the control stateX23 takes place. This because students
are used to the classroom environment and, since the negative belief X6 never reaches
high values, the control state X22 does not need to happen. The anxiety level (X21) is
much lower than in the online scenario.
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Fig. 3. Simulation results for online exam using emotion regulation processes.

Fig. 4. Simulation results for offline exam using emotion regulation processes.

6 Conclusion and Future Directions

This work uses a multi-order adaptive network model to study the differences in emotion
regulation for exam-related anxiety between twomodalities of exams–online andoffline.
As an emotion regulation strategy, we applied reappraisal processes, since they represent
a commonly employed strategy to deal with learning-related anxiety [21]. In here, our
general comparisons were conducted in a way in which the timeline did not represent the
exactmoments inwhich the different states happened. The chronological order is correct,
but the pre-exam period is “compressed”. For the purpose of this paper and comparison,
we considered this approach to be satisfactory. However, if we would like to precisely
define the time intervals in which the pre-exam states and the during exam states happen
and understand how that affects the overall exam anxiety, we can add two extra context
states – pre exam (X28) and during exam (X29) – that just are activated during the time
periods in which they occur. We checked this (for a non-adaptive scenario) and that
seems to work well.
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If one compares our models with non-adaptive models, it might seem that the adap-
tive models should achieve lower values of exam anxiety (X21). Nonetheless, the two
adaptation levels were not added with this purpose, but to make the model resemble a
real-life situation more closely. This is because the learning speed of reappraisal is not
constant. As expected, we could see that the emotion regulation processes promoted
by the control states X22 and X23 were influenced by the introduction of the two reifi-
cation levels, also affecting the beliefs related to the way students perceived the exam
environment (X5 and X6) and the difficulties related to the type of questions (X12 and
X13).

It is important to mention that in the scope of this work, we just considered the
reappraisal regarding these two variables. Nonetheless, different kinds of beliefs can be
taken into account in the future. We argue so because emotion regulation processes are
highly subjective and a certain individual could, for instance, regulate his/her/their belief
about the duration of the exam, seeing it no longer as a negative factor that introduces
pressure, but as a positive factor that allows him/her/them to have extra time to rest.
For our simulation, however, we applied emotion regulation process to two beliefs we
considered the most likely to become regulated by an average individual.

In the future, we would like to simulate how the process would look like for a person
already suffering from anxiety. We expect the anxiety levels to increase more. Based
on preliminary results, it was already possible to see that the reappraisal processes may
not manage to significantly reduce the perceived anxiety. Furthermore, the coexistence
of other mental health disorders, such as depression or attention deficit hyperactivity
disorder could also be included in the model, altering for instance the parameters of
the states related to feeling demoralized and to have difficulties in getting focused,
respectively.
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