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Abstract

Games have shown successful intervention outcomes and can be used to
complement the treatment of anxiety disorders. However, current serious game
solutions are designed to be task-based rather than story-based. We present
ReWIND, a serious role-playing game (RPG) applying cognitive behavioral
therapy (CBT) to design anxiety-relevant storylines and game mechanics.
ReWIND advances state-of-the-art mental health games by seamlessly
integrating CBT elements and strategies into the game’s storytelling so players
can learn how CBT is applied in anxiety scenarios as they play through the
game. Our goal is to examine the effectiveness of ReWIND in improving
cognitive emotion regulation and anxiety disorders. Through a randomized
controlled trial, 40 participants were recruited, of whom half were randomly
assigned to play ReWIND while the others worked on a non-game task.
Anxiety and cognitive emotion regulation levels were measured before and
after the interventions. Our findings show ReWIND significantly reduces the
severity level of anxiety symptoms and trait anxiety levels and increases
perceived control of anxiety better than the non-game task. ReWIND also
obtained positive ratings for its usability and practicality in real life, helping
participants to cope better with anxiety disorders.

1. Introduction

Serious games have great potential for expansion in various fields, including mental health [1].
With current technological advancement in video game development, the integration between
game and healthcare treatment has shown to yield positive results [2], [3]. Serious games for
mental health interventions are promising, thus bolstering the feasibility of developing a
serious game for therapeutic purposes [4]. However, it is essential to devise non-invasive
strategies to support the treatment of people suffering from mental illnesses. Otherwise, the
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strategies may be perceived as coercive and cause an opposite effect during the therapy
sessions. Hence, a better understanding of the efficacy of game intervention leveraging
cognitive behavioral therapy (CBT) is important in introducing a better way to tackle issues in
the mental health domain.

Specifically, we have chosen to focus on anxiety disorders as they are a common type of
mental disorder, are highly prevalent among mental diseases, and inflict a significant burden
on patients [5], [6]. Anxiety disorders can be caused by a number of psychosocial factors,
including early adversity, stress, trauma, and genetic vulnerability, all of which can be present
as neurobiological and cognitive dysfunctions [7]. With the widespread use and acceptance of
digital technologies, it is worthwhile to investigate how game interventions may facilitate
therapeutic processes for addressing anxiety-related issues affecting decision-making,
behaviors, and quality of life. Existing studies have explored game solutions for specific
anxiety disorders such as agoraphobia [8], social anxiety disorder (SAD) [9], post-traumatic
stress disorder (PTSD) [10], and certain specific phobias [11], but the absence of a dedicated
serious game intervention that seeks to improve the overall cognitive emotional regulation
processes and anxiety level is the motivation of our study.

Existing gamification solutions [12] and serious games [2] for improving mental health and
well-being lack a seamless infusion of cognitive-behavioral therapeutic theories into the
gameplay due to the task-driven design. However, task-driven game solutions usually focus on
extrinsic motivation such as collecting points, which is not enough to change negative thoughts
and drive health behavioral changes [3], [13]. In this paper, we present the design of a serious
game, ReWIND, focusing on game mechanics that make it an enjoyable and engaging game
while infusing CBT elements into the gameplay and stories to improve cognitive emotion
regulation and anxiety level. Role-playing game (RPG) is a game genre that naturally
incorporates decision-making elements for the purpose of developing behavioral, social, and
even language skills [14]. These elements are leveraged in ReWIND to guide individuals with
anxiety disorders to change the way they perceive their surroundings using functional and
rational means. Through the game’s structural flow and storyline, we attempt to simulate real -
life situations and lead players to think more clearly and thoroughly whenever they encounter
similar occurrences in real life. By practicing ways of developing positive thought patterns
towards the issues faced under negative stimuli through play, players’ cognitive emotion
regulation and anxiety disorders could be improved in real life.

Our main goal is to evaluate the overall performance of ReWIND particularly in the
implementation of our CBT-game framework used to guide the design of RPG-style game
mechanics and storylines in concert with therapeutic content. We tested several hypotheses
with respect to ReWIND’s capacity to reduce participants’ anxiety symptoms and improve their
cognitive emotion regulation. This study contributes to the development of a complementary
and non-intrusive therapeutic solution that assumes the form of a game with more meaningful
and anxiety-relevant content and gameplay. Specifically, we show how CBT elements can be
incorporated into gaming dynamics to improve cognitive emotion regulation and anxiety
disorders in participants showing moderate to high anxiety.

2. Related Work

Prior studies on gamification and serious games for mental health treatment predominantly
target children and adolescents with an age group ranging from 7 to 19 years old. For example,
Treasure Hunt [15], [16] is designed for the age group 8 to 13, SmartCAT2.0 [17] for 9 to 14,
and SPARX [18] for 12 to 19. Existing research studies focus on game designs that are geared
towards younger populations. As a result, existing therapeutic games targeting anxiety may not
appeal to or be as effective for adults.
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Furthermore, most existing game-based solutions narrowly target only one specific type of
anxiety disorder such as SAD [9], [19], and specific phobia [11] including agoraphobia [8],
which can limit the game’s relevance to a broader population with anxiety disorders. Some
games also do not focus solely on anxiety (e.g., Dojo [20] targets externalizing and anxiety
problems while Pesky gNATSs [21], [22] targets depression and anxiety). Meanwhile, ReWIND
focuses on anxiety alone but increases the breadth of coverage within the anxiety space to cater
for anxiety disorders at a more general level or can be extended to cover more than one specific
type of anxiety disorder.

CBT, a mixture of cognitive and behavioral intervention strategies, has been proven to be
effective in the treatment of anxiety disorders [23], but has only been introduced into games as
a series of tasks in previous studies [8], [9], [17], [24]. In other words, CBT elements are not
connected seamlessly with each other within the game flow or storyline. Instead, the CBT
elements are delivered separately and one at a time to players. For example, the first task in the
game introduces players to cognitive distortion before moving on to the second task, which
introduces effective coping strategies. Both tasks are carried out in separate sessions, thus CBT
is not delivered in its entirety when players go through the game during each session. As such,
players may struggle to understand the more holistic view of CBT and how each element is
related to each other. This is due to the nature of gamification being partially game-based [25]
or the serious game is designed to be task-driven in the first place.

There has not been any research on using CBT in games with story-driven settings to help
people with anxiety disorders. One probable reason is the difficulty of integrating session-
based CBT content into a story-based design. The challenge lies in creating standardized,
anxiety-relevant scenarios while incorporating CBT elements, especially when the scenarios
must reflect a wide range of symptoms experienced by individuals with anxiety disorders. This
is the challenge we have undertaken in our study with the desigh of ReWIND.

In terms of CBT game evaluation, the most common measures include pre- and post-tests
on anxiety symptoms and game usability, particularly satisfaction in playing the game. Only
SmartCAT 2.0 [17] included more specific learning measures to assess the acquisition of four
CBT skills. Dojo [20] and Pesky gNATS [21], [22] also included behavioral measures focusing
on externalizing and internalizing behaviors. In our study, we adopted the common pre- and
post-test design on the assessment of anxiety scales but also included cognitive emotion
regulation measures to gauge the efficacy of ReWIND.

3. ReWIND: A story-based CBT serious game

ReWIND is a CBT-based serious game in the role-playing game (RPG) genre designed
specifically to improve cognitive emotion regulations and anxiety disorders in patients through
psychoeducation. The use of RPGs for both healthcare and educational purposes has been
supported by various studies [26], [27]. As ReWIND is designed for young adults, we created
a three-dimensional (3D) virtual world enriched with anxiety-relevant stories in which the
players explore through a third-person perspective (i.e., role-play). The 3D virtual world
affords a greater level of immersion and a sense of “actually being there”, thus providing a
more vivid experience in challenging players to change distorted beliefs through the character’s
actions and consequences in role-play scenarios [27], [28]. ReWIND is a PC game developed
with Unity Game Engine 2019 LTS. We have chosen PC as the platform for ReWIND as PC
games remain the most accessible and widely used in anxiety reduction interventions [29],
particularly among young adults our game targets.

The overarching story revolves around the virtual character named Lucas, a pathfinder
who travels around the game world and encounters six quest givers (Alisa, Ben, Lars, Elizabeth,
Louisa and Roman) in need of help to overcome anxiety-inducing hardships. Players play the
role of Lucas and assist quest givers in resolving their problems to complete each quest in the
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game. In the first encounter, a quest giver explains to Lucas the problem he or she faces,
including the distorted beliefs and the consequences (Figure 1a). By completing a series of
interactions with other non-playing characters (NPCs) as well as tasks such as item gathering
(collect items requested by an NPC) and maze-solving (reach the end of the maze), players
learn a set of CBT strategies in the process of disputing the distorted beliefs of the quest givers
through Lucas’ perspective (Figure 1b and Figure 1c). Upon the completion of a quest, players
observe the new effect of successful disputation along with a summary (Figure 1d).

Main Menu

(c) (d)
Figure 1. Players learn various CBT strategies by playing through each quest in ReWIND
through Lucas’ perspective

ReWIND attempts to stimulate the player’s cognition in different situations through anxiety -
relevant sub-stories embedded within a quest in the game and to think more critically through
Lucas’ perspective. Each sub-story is designed as a game scenario or quest anchored on Ellis’
ABCDE model [30] of activating event (A), belief (B), consequence (C), disputation (D), and
effect (E), a CBT model based on the Rational-Emotive Behavior Therapy (REBT) framework,
to simulate situations where individuals with anxiety disorders might find hard to overcome.
The game scenarios were remodeled after actual experiences and symptoms described in
anxiety posts on mental health forums. We selected anxiety posts in which the writers either
catastrophized, kept ruminating, or exhibited a lack of refocus on planning about an activating
event (A), leading to irrational beliefs (B) that trigger anxiety. Catastrophizing [31], [32],
rumination [33]-[35] and a lack of refocus on planning [36], [37] are three cognitive emotion
regulation (CER) deficits common in anxiety disorders. As a result of the irrational beliefs, the
negative impact on daily functioning serves as a reference for the corresponding consequences
(C). The A, B, and C are materialized as a series of dialogs between Lucas and the quest givers.
We consistently used dialogs to showcase the interactions between game characters to avoid
introducing too much variability in the storytelling. ReWIND then teaches the player how to
identify and dispute (D) the irrational beliefs through the incorporation of two CBT coping
strategies, a decision-making question within the storyline and game mechanics in each quest.
The following five CBT coping strategies, including two mindfulness trainings consistent with
general CBT principles [38], are introduced in ReWIND.
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a. Behavioral experiment: A CBT technique that involves patients planning out
experiments and testing out their anxious thoughts and fears [39]. In Alisa’s quest
revolving around health fear shown in Figure 2, Dr. Gwen introduces behavioral
experiment to Alisa by asking her to test the validity of her health fear through a series
of information gathering activities designed to collect evidence to invalidate her
irrational beliefs, including examining the outcome of a body scan reflecting her actual
healthy condition.

b. Cognitive restructuring: A CBT technique aimed at reshaping negative or faulty
thoughts, evaluations, and beliefs that cause psychological disturbance into more
positive and supportive ones [40], [41]. The cognitive restructuring process is reflected
in Elizabeth’s quest shown in Figure 3, in which Elizabeth goes through a maze and
reshapes her cognitive distortion caused by fear arising from relationship conflicts. She
is exposed to different questioning and problem-examining processes that eventually
generate alternatives that bring about cognitive changes.

c. Problem-solving: Problem-solving is an approach used in CBT focusing on internal
thought processes as one mechanism of change, starting with identifying the general
orientation, followed by problem definition, alternative generation, decision-making,
and lastly outcome verification [42]-[44]. Roman’s quest centering around work stress
incorporates problem-solving into the storyline shown in Figure 4. Roman is told to
ask his colleagues for suggestions to improve his work performance, whereby he is
exposed to different problems he struggles with and alternatives to those problems. The
guest event ends with him making his decision after verifying the outcome.

d. Relaxation: Breathing exercises are another CBT technique that can help patients relax
the body while at the same time developing the good habit of prioritizing a short time
for daily relaxation [39]. Figure 5 shows how breathing exercise is introduced in the
form of meditation under the waterfall (takigyo) in the storyline after Master Yamato
has heard about Lars’ fear of being at death’s door. Players are encouraged to follow
the instructions and perform the breathing exercise together with the character.

e. Mindfulness practice: Mindfulness, being part of the third wave of CBT approaches,
is defined as recognizing what is happening in the present moment and focusing our
attention on the task at hand [45]-[47]. In Louisa’s quest on handling study stress, the
player is introduced to mindfulness practice by engaging in the task of collecting
specific rocks while observing the process as illustrated in Figure 6.

Finally, each quest ends with a positive effect (E) that reinforces the intended CBT impact.
As the game progresses, players can observe the disputation (D) process and the effect of each
guest, a process that consequently facilitates effective cognitive emotion regulation skills that
may help improve anxiety disorders. The A, B, C and E are weaved into the storyline of a quest
to provide contextual information vital to drive gameplay focused on D.

All six quests were designed with and verified by two psychology experts who are part of
the research team and went through multiple rounds of playtesting. One key feature that makes
ReWIND stand out from existing anxiety serious games is the built-in flexibility for players to
explore the quests in any desired order in the 3D virtual world without following a strict
sequential order or level. ReWIND was designed from scratch, including the virtual world, 3D
models, game characters, animations, visual artwork, narratives and dialogs.
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In addition, other game mechanics shown in Figure 7 have been designed to increase the
playability of ReWIND. For example, the quest system serves as a bridge between the
therapeutic content and the player, the decision-making dialog provides opportunities for the
players to practice spontaneous decision-making skills, the Emotivate Bar visualizes emotional
changes of the quest givers, the navigation system provides clues for orientation, and the in-
game incentive system motivates players to explore the game world and keep playing.
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Figure 7. The Emotivate Bar is visibly shown at the top of the game and the fluorescent circular arrow
around the character controlled by the player provides navigation clues

4. Methodology

The aim of this study is to evaluate the effectiveness of ReWIND in improving cognitive
emotion regulation and anxiety measures. In this study, a randomized controlled trial (RCT) as
shown in Figure 8 was conducted. Participants who met the screening criteria were recruited
and divided into two groups. The first group played the game, ReWIND (treatment group)
while the second group worked on a non-game task (control group). Four instruments related
to anxiety disorders and cognitive emotion regulation strategies (CERS) were used to measure
the participant’s condition before and after the intervention. Meanwhile, the game usability

questionnaire was given only after the intervention.

Pre-test

1. Beck Anxiety Inventory (BAI)
- measure the severity level of
anxiety symptoms

2. State-Trait Anxiety Inventory -
short version (STAI-5)
- measure both state anxiety level
and trait anxiety level

3. Cognitive Emotion Regulation
Questionnaire — short version
(CERQ-short)

- measure the cognitive emotion

regulation strategies score

4. Anxiety Control Questionnaire

(Acq)

- measure the perceived control of
anxiety

Interventions

Treatment Group

(ReWIND) n =20

- play ReWIND, a serious game that
implements CBT elements in the
game mechanics

- Anxiety-relatable storylines
remodeled from real-life incidents

- decision-making elements
intergrated in the dialogue system

- Psychoeducation on proper
disputation methods based on
Ellis” ABCDE-model.

Control Group

(Non-game task) n = 20

- read materials about CBT,
cognitive emotion regulation, and

scenarios remodeled from real-life

incidents

Figure 8. Experimental design for ReWIND

41 Hypotheses

Post-test

1. Beck Anxiety Inventory (BAI)
- measure the severity level of
anxiety symptoms

2. State-Trait Anxiety Inventory -
short version (STAI-5)
- measure both state anxiety level
and trait anxiety level

3. Cognitive Emotion Regulation
Questionnaire - short version
(CERQ-short)

- measure the cognitive emotion

regulation strategies score

4, Anxiety Control Questionnaire

(aca)

- measure the perceived control of
anxiety

5. Game Usability

- evaluate the usability of ReWIND
compared to the non-interactive
task

Seven hypotheses shown in Table 1 were posited to investigate the effect of ReWIND on
different constructs related to anxiety and cognitive emotion regulation. As for game usability,
we compared ReWIND’s aesthetics, relevance to real life and anxiety, fun, challenge, and
satisfaction against the non-game task.
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Table 1. Seven hypotheses posited in the study

Constructs Hypotheses

H1: ReWIND would lead to a greater decrease in the severity
level of anxiety symptoms than the non-game task.

H2: ReWIND would lead to a greater decrease in state anxiety
than the non-game task.

H3: ReWIND would lead to a greater decrease in trait anxiety
than the non-game task.

H4: ReWIND would lead to a greater increase in perceived
control of anxiety than the non-game task.

H5: ReWIND would lead to a greater decrease in rumination
level than the non-game task.

Cognitive emotion H6: ReWIND would lead to a greater decrease in catastrophizing
regulation constructs level than the non-game task.

H7: ReWIND would lead to a greater increase in the level of
refocus on planning than the non-game task.

Anxiety constructs

4.2 Measures

We measured anxiety through the severity of anxiety symptoms, state and trait anxiety levels,
and perceived control of anxiety. Cognitive emotion regulation was measured through the
frequency of participants engaging in three specific CERS (i.e., rumination, catastrophizing,
and lack of refocus on planning) when they encountered negative events. For game usability,
we focused on measuring aspects related to the game content and playability.

4.2.1  Severity level of anxiety symptoms

The Beck Anxiety Inventory (BAI) [48] is a self-report scale for anxiety with a focus on
physical symptomatology. It consists of 21 items, including 13 items describing physiological
symptoms, 5 items for cognitive aspects of anxiety, and 3 items for physical and cognitive
connotation [49]. Each item is rated on a 4-point scale: 0 = “Not at all”, 1 = “Mildly, but it
didn’t bother me much”, 2 = “Moderately - it wasn’t pleasant at times”, and 3 = “Severely - it
bothered me a lot”. BAI yields one overall score indicating anxiety severity based on the
symptoms experienced.

4.2.2 State and trait anxiety level

The short version of Spielberger State-Trait Anxiety Inventory (STAI-5) [50] was administered
to assess both the state anxiety level and trait anxiety level of participants during the pre-test
and post-test. State anxiety refers to the transitory emotional reaction to adverse events,
whereas trait anxiety refers to the personality trait that predisposes people to manifest anxiety
in threatening situations [51]-[53]. STAI-5 consists of two subscales: S-Anxiety subscale
(STAIS-5) and T-Anxiety subscale (STAIT-5), whereby both sections contain 5 items each for
different measurements. Participants are asked to rate how they feel at the current moment for
STAIS-5 and how they generally feel about STAIT-5. Each item is rated on a 4-point scale: 1
= “Not at all”, 2 = “Somewhat”, 3 = “Moderately so”, and 4 = “Very much so”. It is sensitive
to treatment effects and can test different aspects of anxiety, which is suitable for treatment
outcome studies.

4.2.3 Cognitive emotion regulation strategies (CERS)

The Cognitive Emotion Regulation Questionnaire — short version (CERQ-short) [54] was
administered to evaluate the cognitive emotion regulation strategies participants used in
response to the experience of negative events. CERQ-short has 18-items in total and consists
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of nine conceptually distinct subscales: (1) self-blame, (2) other-blame, (3) rumination, (4)
catastrophizing, (5) putting into perspective, (6) positive refocusing, (7) positive reappraisal,
(8) acceptance, and (9) refocus on planning. Based on our findings, individuals with anxiety
disorders are more likely to have cognitive emotion regulation deficits in three cognitive
aspects: rumination, catastrophizing, and lack of refocus on planning. Hence, we only
considered subscales 3, 4, and 9 for the analysis. Each item is measured on a 5-point Likert
scale ranging from 1 (almost never) to 5 (almost always), and the individual subscale scores
are obtained by summing the scores belonging to that subscale.

4.2.4  Perceived control of anxiety

The Anxiety Control Questionnaire (ACQ) [55] was administered to evaluate participants’
perceived control of anxiety. The game scenarios in ReWIND were designed to help players
rethink or rewire their thoughts about negative events and what they can do when they
encounter negative events that would lead to more positive outcomes. As such, ACQ can be
used to measure the perceived ability to control anxiety-inducing situations in participants.
ACQ is a 30-item measurement consisting of 16 items for the event subscale and 14 items for
the reaction subscale. Each item is measured on a 6-point Likert scale ranging from 0 (strongly
disagree) to 5 (strongly agree), and the final score is obtained by summing the scores for both
subscales. Following the state-of-the-art [56], the scale was used as a single measure regardless
the existence of two possible factors in the scale: perceived control over internal emotional
reactions and perceived control over external events.

4.2.5 Game usability
The six measures in our game usability questionnaire were adapted from MEEGA+ [57]. We
selected only six usability measures similar to a prior study in evaluating the appeal of an
anxiety game [58] but put a greater emphasis on story content relevance. The questions in our
game usability questionnaire were reframed to fit both our story-based game and non-game
contexts and reviewed by a game expert in the research team. We also ran through the usability
questions in our initial game pilot tests with university student volunteers (i.e., playtesters) to
ensure the questions were clearly comprehensible and understood. All participants were asked
to evaluate the task performed in the intervention (applies to both treatment and control group)
only in the post-test. The usability evaluation consists of 6 questions with different aspects
rated on a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree):

a. Aesthetics: The task is nice and appealing.

b. Relevance (real life): The content in the task is applicable in real life.

c. Fun: The task is interesting enough to make me feel enjoyable during the therapeutic

process.

d. Relevance (anxiety): The content in the task is anxiety relatable.

e. Challenge: Itis hard to go through all contents in the task.

f. Satisfaction: The task helps me cope better with my condition.

4.3 Participants

We targeted participants 18 years old or older from institutes of higher learning.
Advertisements for the experimental study were posted on Facebook to recruit potential
participants after obtaining ethical clearance from the USM Human Research Ethnics
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Committee (JEPeM)! (Code: USM/JEPeM/21060492). Emails were also sent to university
student mailing lists to reach out to a larger pool of potential participants. Those who expressed
interest to participate in the experimental study were instructed to complete a screening
guestionnaire containing all items from BAI and STAI-5. Participants in both groups were told
the study aimed to examine how CBT elements could be used in to educate players with anxiety
to better handle negative emotions and were not informed of any specific expectations about
anxiety to reduce the risk of priming. Participants were initially asked to provide informed
consent to participate in the study and demographic information.

Participants who fulfilled the following criteria were accepted for the experimental study:
(1) age of 18 or above, (2) able to understand and communicate in English, (3) willing and able
to provide informed consent to participate in the experimental study, (4) have a total score of
22 or higher (moderate to severe anxiety) for BAIl and (5) have a total score of 9.5 above for
the S-Anxiety subscale or 13.5 above for the T-Anxiety subscale in STAI-5. Then, all qualified
participants (i.e., participants showing moderate to high anxiety) were assigned to the treatment
group and control group (n = 20 per group) using stratified random sampling. We used gender
as the strata to ensure that the treatment and control groups have balanced numbers of male
and female participants. In addition, pre-test screening results were also taken into
consideration when dividing the groups to ensure that the experimental study commenced with
both groups having a similar initial condition.

We estimated our target sample size based on previous studies related to CBT treatment for
individuals with anxiety disorders [7], [59] using the statistical power analysis program
G*Power 3 [60]. Studies have shown that CBT intervention has a medium to large effect size
in anxiety disorders, hence we perform the computation with the following criteria; ANOVA
repeated measures and within-between interaction with the effect size f = 0.25, alpha = 0.05,
power = 0.85, number of groups = 2, and number of measurements = 2. The result indicated
that a sample size of 19 participants for each group is required for the experimental study,
leading to a total sample size of 38 participants. An adjustment has been made to round the
number of participants per group to the nearest tenth, which resulted in the final sample size of
40 participants (2 extra participants to prepare for non-response and missing data).

The 40 participants who took part in the experimental study included 17 males (47.5%) and
23 females (57.5%). All participants were university students in Malaysia who were at least 18
years old. Participants were from various ethnic groups, including Malay (n = 13; 32.5%),
Chinese (n = 21; 52.5%), Indian (n = 5; 12.5%), and Dusun (n = 1; 2.5%). A total of 11 female
and 9 male participants were assigned to the treatment group, who played ReWIND during the
intervention sessions. On the other hand, the control group, consisting of 12 female and 8 male
participants, was assigned the non-game task. All participants from both groups completed all
sessions without any dropout.

4.4 Experimental procedure

The intervention sessions were held throughout December 2021, and each session lasted from
30 minutes to 1 hour. For the treatment group, participants were required to attend three
sessions in total. To avoid causing mental fatigue, we limited participants to play through only

1 USM Human Research Ethics Committee: https://jepem.kk.usm.my
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two game scenarios in each session under the observation of a researcher. To complete all six
game scenarios, we scheduled three sessions with each participant in the treatment group.
Meanwhile, there were only two sessions for participants in the control group due to the nature
of the intervention. In the first session of the control group, we collected pre-test measures and
assigned the non-game task in which participants could complete without any observation by
the researcher. The second session was scheduled with the control participants to verify the
completion of the non-game task and collect post-test measurements. Both groups completed
all sessions within two weeks. Due to the COVID-19 pandemic, we tried to avoid face-to-face
sessions with participants. As an alternative, all intervention sessions for both treatment and
control groups were conducted online.

4.4.1  ReWIND (experimental group)

ReWIND is a CBT-based serious game assigned to participants in the experimental group
during the intervention. The game controls consist of keyboard and mouse inputs to make it
possible for participants to easily access the game remotely during the experiment. During the
intervention sessions, participants were granted temporary remote-control access via Zoom
Meeting to play the game. In other words, participants did not have to install the game on their
own devices and were able to access the game as long as they were equipped with Internet
connectivity. We went with such an arrangement to ensure the game ran smoothly without
being affected by the differing hardware specifications of the participants’ devices. Participants
were given a short briefing about the gameplay and took the pre-test at the beginning of the
first session, while the post-test questionnaire was administered in the third session (i.e., the
last session for the treatment group). All sessions were supervised by a researcher to prepare
for any unexpected adverse reaction. Participants were given clear instructions about the task
at the beginning of every session. We attempted to control external factors by checking with
participants to ensure the Internet connection was stable, asking participants to play ReWIND
in a quiet environment, and observing participant readiness to work on the session task. Each
session was recorded with the participant’s consent. We also encouraged all participants to
voice their thoughts (i.e., think aloud) while playing ReWIND and offered assistance as we
observed their progress through the screen sharing feature.

4.4.2 Non-game task (control group)

The control group was assigned the non-game task instead of playing the game, whereby
participants were asked to read the written materials without any interactive element. The
reading material consisted of two parts. Part 1 introduced readers to cognitive behavioral
therapy and emotion regulation deficits in the cognitive aspect. Part 2 described six different
scenarios people with anxiety disorders are likely to encounter. An excerpt of a scenario is
shown in Figure 9. All scenarios in writing shared similar content with game scenarios in
ReWIND, including the storyline, portrayed characters, and coping strategies introduced.
Participants took the pre-test at the beginning of the first session and the post-test at the end of
the second session, which was also the last session for the control group. Given the nature of
the task, participants were able to complete the reading task within the allocated duration of
two weeks.
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Scenario 1 - Alisa (Health Fear)

Alisa had her gallbladder surgery half a year ago. Since then, she has been overly sensitive to
abnormalities around her body and always feels uneasy. When Lucas talks to her for the first time, she is
nervous and upset about her condition. According to her description, she is experiencing breathing
difficulty, tightened chest, and aches around her body. She believes that the surgery that she had
previously is the cause of her bad experiences, and there is no stopping her from piling up negative

thoughts. To resolve her problem, Lucas brings her to Dr. Gwen for a check-up.

Dr. Gwen starts off by assessing Alisa’s situation and identifying her core belief. Then, Dr. Gwen suggests
the

Alisa do a quick experiment to clear her doubts about her health. The experiment is knowr
behavioral experiment, which is designed to test out Alisa’s prediction about the gallbladder surgery being

the cause. Alisa is required to get her body scanned, and a detailed report will be generated upon

completion. In addition, Dr. Gwen wants her to accept the result readily regardless of the outcome.

Figure 9. Excerpt of the reading material used in the non-game task

4.5 Strategy of analyses

During the screening process, all participants were required to fill out both BAIl and STAI-5.
Both BAI and STAI-5 from the screening questionnaire were also included as part of the pre-
test measurements along with CERQ-short and ACQ from the pre-test questionnaire. At the
end of the last session for both interventions, all measurements (i.e., BAI, STAI-5, CERQ-
short, ACQ, and Game Usability) were collected as post-test results. The mixed-design analysis
of variance (ANOVA) model was used to compare the mean differences between ReWIND and
the non-game task to observe any statistical difference in terms of interaction between the two
interventions at different time points (pre-test and post-test). The analysis was performed using
SPSS and the results were used to identify whether our hypotheses were sufficiently supported.

5. Results

5.1 Anxiety

Table 2 presents the means, standard deviations and F-values of the interaction between
intervention types and time periods for all anxiety measurements taken during the pre-test and
post-test in both treatment and control groups. Given that gender was used as the strata when
dividing the groups, we did not control gender as a covariate in the analysis. In terms of anxiety
related constructs, there is a statistically significant interaction between intervention types and
time periods for BAI (F(1,38) = 6.746, p < 0.05), STAIT-5 (F(1,38) = 4.562, p < 0.05), and
ACQ (F(1,38) =8.031, p <0.05), which indicates a greater decrease in severity level of anxiety
symptoms and trait anxiety level, and a greater increase in perceived control of anxiety
compared to the non-game task. However, there is no statistically significant interaction
between intervention types and time periods for STAIS-5, with F(1,38) = 2.512 and p = 0.121.
Even though the STAIS-5 scores started at a similar point, the drop in state anxiety level is
similar for both intervention types, implying that the score difference between both
interventions is negligible.

Table 2. Means, standard deviations, and p-values of all anxiety-related measurements

Pre-test \ Post-test Evalue (df
Mean (SD) "va dléf)( b
ReWIND Non-game task ReWIND Non-game task

Anxiety
BAI 24.05 (11.067) 21.70 (9.494) | 13.20(8.883) | 18.80(9.556) | 6.746 (1,38)*
STAIS-5 11.50 (3.517) 11.35 (3.924) 8.15 (3.588) 9.70 (3.757) 2.512 (1,38)
STAIT-5 14.80 (3.412) 13.75 (2.954) | 10.70 (3.130) | 12.15(3.558) | 4.562 (1,38)*
ACQ 70.15 (17.282) | 70.55 (12.322) | 84.90 (20.290) | 74.15 (15.742) | 8.031 (1,38)*

Note: * =p < 0.05
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5.2 CERS

Table 3 presents the means, standard deviations and F-values of the interaction between
intervention types and time periods for the CERS-related measurements taken during the pre-
test and post-test in both treatment and control groups. In terms of CERS, improvement in mean
scores is observed for all three CERS between pre- and post-test conditions for ReWIND but
there is no statistically significant interaction between intervention types and time periods for
rumination (F(1,38) = 1.079, p = 0.306), refocus on planning (F(1,38) = 3.138, p =0.085), and
catastrophizing (F(1,38) = 0.503, p = 0.482) scores. This shows that playing ReWIND does not
lead to a significant difference in rumination or catastrophizing compared to the non-game task.
The refocus on planning score after playing ReWIND is also not significantly higher compared
to completing the non-game task. However, participants show improvement in refocus on
planning after playing ReWIND while the contrary is observed with the non-game task.

Table 3. Means, standard deviations, and p-values of all CERS-related measurements

Pre-test \ Post-test Evalue (df
Mean (SD) "va dl]ize)( b
ReWIND Non-game task| ReWIND |Non-game task
CERS
Rumination 7.85 (1.755) 8.05 (1.276) 5.85 (2.159) 6.65 (1.981) 1.079 (1,38)
Refocus on 7.70 (2.342) 7.90 (1.252) 8.35(2.134) 7.55 (1.538) 3.138(1,38)
planning
Catastrophizing 6.60 (1.930) 6.35(1.981) 5.10 (2.553) 5.25 (2.023) 0.503 (1,38)

5.3 Game usability

Table 4 presents the means and standard deviations of six different evaluation items with
different aspects related to game design to examine the usability and applicability of ReWIND
compared to the non-game task.

Table 4. Means and standard deviations of game usability evaluation items

Question ReWIND Non-game task

Mean SD Mean SD

[Aesthetics] The task is nice and appealing. 4.75 0.55 4.20 0.70

[Relevance (_real Ilfe)] The: contents in the 485 037 490 0.31

task are applicable in real life.

[Fun] The task is interesting enough to make

me feel enjoyable during the therapeutic 4.65 0.59 4.20 0.83

process.

[Relevance _(anX|ety)] The contents in the 475 055 465 0.59

task are anxiety relatable.

[Challen_ge] It is hard to go through all 1.50 061 165 0.99

contents in the task.

[S_atlsfactlon]_ The task helps me cope better 440 068 430 0.66

with my condition.

The first aspect considered is the aesthetics of ReWIND compared to the non-game task.
ReWIND (M =4.75, SD = 0.55) is rated more appealing than the non-game task (M = 4.20, SD
= 0.70), which is aligned with our expectations and design goals. However, ReWIND has a
slightly lower score than the non-game task in terms of relevance to real life, with M = 4.85,
SD = 0.37 against M = 4.90, SD = 0.31. As for fun, ReWIND, with M = 4.65, SD = 0.59, is a
more interesting and enjoyable therapeutic solution compared to the non-game task (M = 4.20,
SD = 0.83). While both interventions deliver contents that are relatable to anxiety, ReWIND
(M =4.75, SD = 0.55) is rated higher than the non-game task (M = 4.65, SD =0.59). In addition,
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both interventions have similar challenge ratings, with ReWIND (M = 1.50, SD = 0.61) being
slightly easier to go through than the non-game task (M = 1.65, SD = 0.99). Finally, ReWIND
(M =4.40, SD = 0.68) achieved slightly higher satisfaction in helping participants cope better
with their conditions than the non-game task (M = 4.30, SD = 0.66).

6. Discussion

The impact of game interventions on the participant’s well-being has always been a matter of
concern [61]. In this study, we are not attempting to establish a preventive measure for anxiety
disorders. Rather, we are focusing on pre- to post-test changes and short-term effects in anxiety
and cognitive emotion regulation. Consistent with the results from prior RCTs on CBT games
for anxiety [18], [58] and other studies with no control group [15], [17], [20], our results
indicate that ReWIND can effectively reduce the severity level of anxiety symptoms. Prior
studies [18] have demonstrated that CBT delivered through a game yielded significant
improvement in anxiety symptoms compared to the normal treatment control, but the between-
group difference was not observed when one group played an anxiety game while another group
played a commercial game [58]. Our study further adds empirical evidence that delivering CBT
through a story-based game can achieve better results than a non-game task (control),
suggesting that using a game purposefully to deliver therapeutic content can lead to positive
psychological changes. On the other hand, the non-game task had little to no effect on reducing
the severity level of anxiety symptoms, possibly owing to the lack of engaging and playful
elements to help internalize the CBT strategies.

All participants experienced significant improvement in the state anxiety level regardless of
the intervention type during the study, but there was only a negligible difference in the
performance between ReWIND and the non-game task. State anxiety refers to the transitory
emotional reaction to adverse events, such as apprehension, dread, and tension [52], [53]. As
the reactions are more transient in nature, individuals usually do not engage in thorough
thinking about how to react to these events. This could be the reason why neither intervention
showed any significant difference as the CBT elements in the game focused on changing
irrational beliefs or cognitive distortions. ReWIND yielded a significant difference in reducing
the trait anxiety level than the non-game task. Trait anxiety is a personality trait that
predisposes people to manifest anxiety in threatening situations [51], [52]. The fact that games
are visual mediums allows ReWIND to simulate real-life situations that are commonly
encountered by those with anxiety disorders. Furthermore, ReWIND provides practical
solutions to allow participants to think more clearly and thoroughly through similar
occurrences in real life. Meanwhile, the non-game task requires participants to imagine the
scenarios without any visual support, which may be the primary reason for the lower efficacy
than ReWIND.

In terms of CERS, ReWIND is more effective in improving rumination, catastrophizing and
refocus on planning than the non-game task but the difference is not statistically significant.
As such, we can conclude that the results show no difference in the improvement of cognitive
emotion regulation deficits between participants who played ReWIND and those who did the
non-game task. Despite the lack of group differences, it is important to note that participants
from both intervention conditions experienced a significant reduction in rumination and
catastrophizing scores pre- and post-test (within-subject effect). Similar within-subject effect
is not observed for refocus on planning as both interventions show no significant difference in
the pre- and post-test scores. One possible reason is that the expected cognitive changes require
a longer duration and more therapeutic sessions for any real effect to manifest in the
participants. A CBT treatment program usually consists of 10 to 15 sessions with each session
lasting about 45 minutes to an hour [62]. Sessions are normally held once a week or at most
every two weeks. Other studies on anxiety games have also persisted for up to three months
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with higher participant attrition [18], [22]. Our study lasted only for one month, which is
equivalent to only four sessions of a full-course CBT with no attrition. Therefore, it is
reasonable to deduce that the duration of exposure to the game may influence its efficacy and
that extending the duration or increasing the number of game sessions would be beneficial in
producing more satisfactory results. ReWIND is not intended to replace CBT treatment
programs but rather to serve as a complementary and non-intrusive therapeutic solution in the
form of a game. Another possible reason for observing no significant difference in the
performance between both interventions could be attributed to the stories being narrated in the
form of text regardless of the intervention type. The scenarios in ReWIND are presented
through dialog, whereas written narration is used in the non-game task. More creative strategies
(e.g., adding visual cutscenes, voice lines, and sound effects) could potentially increase the
dramatic effect of the story in ReWIND and improve its performance over the non-game task.

ReWIND is designed with a psychoeducational purpose veiled in interesting game
mechanics, animated 3D characters and environments, anxiety-relevant stories and in-game
incentives. Based on our usability results, ReWIND manages to captivate participants with its
artful design. The interactivity afforded by games allows ReWIND to deliver a more fun
experience than the non-game task, and the immersive experience makes it easy for participants
to follow the anxiety relatable stories. Games are primarily visual media, thus allowing
participants to immerse themselves in the storyline more easily by letting them experience the
game world directly. Finally, the playful elements of ReWIND help participants simulate better
coping with their situations as the CBT strategies can be delivered in a more engaging manner.
ReWIND scores almost at par with the non-game task scores in terms of content relevance. The
stories used in both interventions are similar. Only the mode of how the stories were delivered
is different (i.e., game versus text). Evidently, participants find the stories designed using the
ABCDE model to be applicable in real life regardless of the intervention condition.

Our study, which was conducted fully online during the COVID-19 pandemic, also shows
that online delivery with minimal supervision to complement CBT treatment and
psychoeducation is effective and offers low threshold to access. As ReWIND is designed for
young adults, it is feasible for patients to play the game without the physical presence of a
therapist unlike CBT games targeting young children [22], [58]. Our findings further reinforce
that games have practical implications in making anxiety psychoeducation and long-term care
delivery more cost-effective and accessible to a larger population.

7. Conclusion

In this paper, we introduced and showed the effectiveness of our psychoeducational serious
game, ReWIND, to address the lack of a therapeutic serious game solution dedicated to
improving cognitive emotion regulation and anxiety disorders. ReWIND advances state-of-the-
art mental health games by seamlessly integrating CBT elements and strategies into the game’s
storytelling so players can learn how CBT can be applied in anxiety scenarios as they play
through the game. ReWIND presents an alternative design, that is, a complete story-driven
setting to weave CBT elements into the narrative and gameplay as opposed to existing games
delivering CBT in the form of a series of tasks to complete. Various game mechanics have been
designed to simulate how CBT strategies can be applied to help reduce anxiety and negative
emotional states in players. More importantly, ReWIND is a proof-of-concept balancing the
science of CBT in a fun and relaxing way to improve cognitive emotion regulation and anxiety
disorders. Although results from the study are promising, the game scenarios so far only cover
three common anxiety disorders (generalized anxiety disorder, panic disorder and
hypochondriasis). It would be premature to assume that ReWIND, which has been shown to be
effective for a few general types of anxiety disorders, would have the same effect on all types
of anxiety disorders or other mental disorders with anxiety as part of the symptoms. Further
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investigation is required to validate whether ReWIND works for a wider variety of anxiety
disorders. In addition, the duration of the intervention sessions may not be extensive enough
as the study only lasted for one month, which could subsequently limit the performance of
ReWIND. It would be interesting to observe if different results are observed given a longer
duration of the experimental study and on a larger sample. Another limitation can be attributed
to participants’ self-report measures. Some of the most common symptoms among those who
potentially have anxiety disorders include overthinking and overemphasizing their conditions,
and that might have caused inaccurate measurements during the pre-test and post-test. Having
psychology experts provide the ratings on a participant’s condition or verify the participant
ratings during the pre-test and post-test assessments could be viable solutions in future work.
Other future directions could also include adding artificial intelligence (Al) to the game such
as enabling players to engage in more natural conversations with non-playing characters
(NPCs) in the game to find out more about the CBT strategies and other relevant psychological
concepts. This can expand the game's ability to provide more dynamic psychoeducational
content.

Acknowledgments

This research was funded by Ministry of Higher Education Malaysia for Transdisciplinary
Research Grant Scheme with Project Code: TRGS/1/2020/USM/02/4/2 and L'Oréal-UNESCO
for Women in Science Malaysia Fellowship: 304/PKOMP/650943/L117. We would like to
express our heartfelt gratitude to the following psychology experts from Universiti Sains
Malaysia for their valuable feedback on this research study: Dr. Azizah Othman, Dr. Mohamed
Faiz Mohamed Mustafar and Dr. Nurul lIzzah Shari. We would also like to thank Dr. Teh Je
Sen and other playtesters who volunteered to provide feedback in the initial version of
ReWIND. Finally, we are grateful to all the participants who have committed time and effort
to complete the study.

Conflicts of interest

The authors report there are no competing interests to declare.

References

[1] E.Ong, “Can Digital Games Serve as Potential Intervention or Suicide Risk?,” International Journal of
Serious Games, vol. 7, no. 1, Art. no. 1, 2020, doi: 10.17083/ijsg.v7i1.303.

[2] A. Abd-alrazaq et al., “The Effectiveness of Serious Games in Alleviating Anxiety: Systematic Review
and Meta-analysis,” JMIR Serious Games, vol. 10, no. 1, p. €29137, 2022, doi: 10.2196/29137.

[3] D.Johnson, S. Deterding, K.-A. Kuhn, A. Staneva, S. Stoyanov, and L. Hides, “Gamification for Health
and Wellbeing: A Systematic Review of the Literature,” Internet Interventions, vol. 6, pp. 89-106, 2016, doi:
10.1016/j.invent.2016.10.002.

[4] H. M. Lau, J. H. Smit, T. M. Fleming, and H. Riper, “Serious Games for Mental Health: Are They
Accessible, Feasible, and Effective? A Systematic Review and Meta-Analysis,” Frontiers in Psychiatry, vol.
7, p. 209, 2017, doi: 10.3389/fpsyt.2016.00209.

[5] R. C. Kessler, M. Petukhova, N. A. Sampson, A. M. Zaslavsky, and H.-U. Wittchen, “Twelve-month
and Lifetime Prevalence and Lifetime Morbid Risk of Anxiety and Mood Disorders in the United States,”
International Journal of Methods in Psychiatric Research, vol. 21, no. 3, pp. 169-184, 2012, doi:
10.1002/mpr.1359.

62 International Journal of Serious Games | Volume 10, Issue 3, September 2023



Heng et al.

[6] N.E.Mohamad, S. M. Sidik, M. Akhtari-Zavare, and N. A. Gani, “The Prevalence Risk of Anxiety and
its Associated Factors among University Students in Malaysia: A National Cross-sectional Study,” BMC
Public Health, vol. 21, no. 1, p. 438, 2021, doi: 10.1186/s12889-021-10440-5.

[71 B.Bandelow, S. Michaelis, and D. Wedekind, “Treatment of Anxiety Disorders,” Dialogues in Clinical
Neuroscience, vol. 19, no. 2, pp. 93-107, 2017, doi: 10.31887/DCNS.2017.19.2/bbandelow.

[8] M. Christoforou, J. A. Séez Fonseca, and E. Tsakanikos, “Two Novel Cognitive Behavioral Therapy-
Based Mobile Apps for Agoraphobia: Randomized Controlled Trial,” Journal of Medical Internet Research,
vol. 19, no. 11, p. €398, 2017, doi: 10.2196/jmir.7747.

[91 A. Miloff, A. Marklund, and P. Carlbring, “The Challenger App for Social Anxiety Disorder: New
Advances in Mobile Psychological Treatment,” Internet Interventions, vol. 2, no. 4, pp. 382-391, 2015, doi:
10.1016/j.invent.2015.08.001.

[10] D. G. Walshe, E. J. Lewis, S. I. Kim, K. O’Sullivan, and B. K. Wiederhold, “Exploring the Use of
Computer Games and Virtual Reality in Exposure Therapy for Fear of Driving Following A Motor Vehicle
Accident,” Cyberpsychology & Behavior: The Impact of the Internet, Multimedia and Virtual Reality on
Behavior and Society, vol. 6, no. 3, pp. 329-34, 2003, doi: 10.1089/109493103322011641.

[11] S. S. Sharmili and R. Kanagaraj, “Live Beyond Fear: A Virtual Reality Serious Game Platform to
Overcome Phobias,” in 2020 5th International Conference on Devices, Circuits and Systems (ICDCS), pp.
336-339, 2020, doi: 10.1109/1CDCS48716.2020.243592.

[12] V. W. S. Cheng, T. Davenport, D. Johnson, K. Vella, and I. B. Hickie, “Gamification in Apps and
Technologies for Improving Mental Health and Well-Being: Systematic Review,” JMIR Mental Health, vol.
6, no. 6, pp. e13717-e13717, 2019, doi: 10.2196/13717.

[13] A. Ahtinen et al., “Mobile Mental Wellness Training for Stress Management: Feasibility and Design
Implications Based on a One-Month Field Study,” JMIR mHealth and uHealth, vol. 1, no. 2, p. €2596, 2013,
doi: 10.2196/mhealth.2596.

[14] M. Wesselow and S. Stoll-Kleemann, “Role-playing Games in Natural Resource Management and
Research: Lessons Learned from Theory and Practice,” The Geographical Journal, vol. 184, no. 3, pp. 298—
309, 2018, doi: 10.1111/ge0j.12248.

[15] V. Brezinka, “Treasure Hunt - A Serious Game to Support Psychotherapeutic Treatment of Children,”
Studies in Health Technology and Informatics, vol. 136, pp. 71-6, 2008, doi: 10.3233/978-1-58603-864-9-
71.

[16] V. Brezinka, “Computer Games Supporting Cognitive Behaviour Therapy in Children,” Clinical Child
Psychology and Psychiatry, vol. 19, no. 1, pp. 100-10, 2014, doi: 10.1177/1359104512468288.

[17] J. S. Silk et al., “Using A Smartphone App and Clinician Portal to Enhance Brief Cognitive Behavioral
Therapy for Childhood Anxiety Disorders,” Behavior Therapy, vol. 51, no. 1, pp. 69-84, 2020, doi:
10.1016/j.beth.2019.05.002.

[18] S. N. Merry, K. Stasiak, M. Shepherd, C. Frampton, T. M. Fleming, and M. F. Lucassen, “The
Effectiveness of SPARX, a Computerised Self Help Intervention for Adolescents Seeking Help for
Depression: Randomised Controlled Non-Inferiority Trial,” BMJ, vol. 344, p. 2598, 2012, doi:
10.1136/bmj.e2598.

[19] J. Boettcher et al., “Adding A Smartphone App to Internet-Based Self-Help for Social Anxiety: A
Randomized Controlled Trial,” Computers in Human Behavior, vol. 87, pp. 98-108, 2018, doi:
10.1016/j.chb.2018.04.052.

[20] A. A. Schuurmans, K. S. Nijhof, I. P. Vermaes, R. C. Engels, and I. Granic, “A Pilot Study Evaluating
‘Dojo,” a Videogame Intervention for Youths with Externalizing and Anxiety Problems,” Games for Health
Journal, vol. 4, no. 5, pp. 401-8, 2015, doi: 10.1089/g4h.2014.0138.

[21] D. Coyle, G. O’ Reilly, H. van der Meulen, C. Tunney, P. Cooney, and C. Jackman, “Pesky gNATSs:
Using Games to Support Mental Health Interventions for Adolescents,” in The ACM SIGCHI Annual
Symposium on Computer-Human Interaction in Play (CHI Play 2017), Amsterdam, The Netherlands, 2017.
doi: 10.2196/12430.

[22] D. McCashin, D. Coyle, and G. O’Reilly, “Pesky gNATSs for Children Experiencing Low Mood and
Anxiety — A Pragmatic Randomised Controlled Trial of Technology-assisted CBT in Primary Care,” Internet
Interventions, vol. 27, p. 100489, Mar. 2022, doi: 10.1016/j.invent.2021.100489.

[23] C. Otte, “Cognitive Behavioral Therapy in Anxiety Disorders: Current State of the Evidence,”
Dialogues in Clinical Neuroscience, vol. 13, no. 4, pp. 413-421, 2011, doi: 10.31887/DCNS.2011.13.4/cotte.

International Journal of Serious Games | Volume 10, Issue 3, September 2023 63



[24] A. M. Roepke, S. R. Jaffee, O. M. Riffle, J. McGonigal, R. Broome, and B. Maxwell, “Randomized
Controlled Trial of SuperBetter, A Smartphone-Based/Internet-Based Self-Help Tool to Reduce Depressive
Symptoms,” Games for Health Journal, vol. 4, no. 3, pp. 235-246, 2015, doi: 10.1089/g4h.2014.0046.

[25] S. Deterding, M. Sicart, L. Nacke, K. O’Hara, and D. Dixon, “Gamification: Using Game Design
Elements in Non-Gaming Contexts,” in CHI ’11 Extended Abstracts on Human Factors in Computing
Systems (CHI EA ’11). New York, NY, USA, pp. 2425-2428, 2011, doi: 10.1145/1979742.1979575.

[26] S. L. Bowman, The Functions of Role-Playing Games: How Participants Create Community, Solve
Problems and Explore Identity. McFarland, 2010.

[27] M. Varrette et al., “Exploring the Efficacy of Cognitive Behavioral Therapy and Role-Playing Games
as an Intervention for Adults with Social Anxiety,” Social Work with Groups, vol. 46, no. 2, pp. 140-156,
2023, doi: 10.1080/01609513.2022.2146029.

[28] V. Maratou, E. Chatzidaki, and M. Xenos, “Enhance Learning on Software Project Management
Through a Role-Play Game in a Virtual World,” Interactive Learning Environments, vol. 24, no. 4, pp. 897—
915, 2016, doi: 10.1080/10494820.2014.937345.

[29] F. Pallavicini, A. Pepe, and F. Mantovani, “Commercial Off-The-Shelf Video Games for Reducing
Stress and Anxiety: Systematic Review,” JMIR Mental Health, vol. 8, no. 8, p. €28150, 2021, doi:
10.2196/28150.

[30] D. David, S. J. Lynn, and A. Ellis, Rational and Irrational Beliefs: Research, Theory, and Clinical
Practice. Oxford University Press, 2010.

[31] S. M. Chan, S. K. Chan, and W. W. Kwok, “Ruminative and Catastrophizing Cognitive Styles Mediate
the Association Between Daily Hassles and High Anxiety in Hong Kong Adolescents,” Child Psychiatry &
Human Development, vol. 46, no. 1, pp. 57-66, 2015, doi: 10.1007/s10578-014-0451-9.

[32] N. Garnefski and V. Kraaij, “Specificity of Relations Between Adolescents’ Cognitive Emotion
Regulation Strategies and Symptoms of Depression and Anxiety,” Cognition and Emotion, vol. 32, no. 7, pp.
1401-1408, 2018, doi: 10.1080/02699931.2016.1232698.

[33] O. H. Mowrer, “On the Dual Nature of Learning—A Re-Interpretation of ‘Conditioning” and ‘Problem-
Solving,”” Harvard Educational Review, vol. 17, pp. 102-148, 1947.

[34] A. Wells and C. Papageorgiou, “Worry and Incubation of Intrusive Images Following Stress,”
Behaviour Research and Therapy, vol. 33, no. 5, pp. 579-583, 1995, doi: 10.1016/0005-7967(94)00087-Z.
[35] K. A. McLaughlin, M. L. Hatzenbuehler, D. S. Mennin, and S. Nolen-Hoeksema, “Emotion
Dysregulation and Adolescent Psychopathology: A Prospective Study,” Behaviour Research and Therapy,
vol. 49, no. 9, pp. 544-554, 2011, doi: 10.1016/j.brat.2011.06.003.

[36] C. Suveg, D. Morelen, G. A. Brewer, and K. Thomassin, “The Emotion Dysregulation Model of
Anxiety: A Preliminary Path Analytic Examination,” Journal of Anxiety Disorders, vol. 24, no. 8, pp. 924—
930, 2010, doi: 10.1016/j.janxdis.2010.06.018.

[37] L. Sacchi and E. Dan-Glauser, “Never Too Late to Plan: ‘Refocus on Planning’ as an Effective Way to
Lower Symptoms and Difficulties in Emotion Regulation During the COVID-19 First Lockdown,” Emotion,
2021, doi: 10.1037/em00001039.

[38] S. G. Hofmann and A. F. Gomez, “Mindfulness-Based Interventions for Anxiety and Depression,”
Psychiatric Clinics, vol. 40, no. 4, pp. 739-749, 2017, doi: 10.1016/j.psc.2017.08.008.

[39] E. I. Foreman and C. Pollard, Cognitive Behavioural Therapy (CBT): Your Toolkit to Modify Mood,
Overcome Obstructions and Improve Your Life. Icon Books, 2016.

[40] A.T. Beck, G. Emery, and R. L. Greenberg, Anxiety Disorders and Phobias: A Cognitive Perspective.
in Anxiety Disorders and Phobias: A Cognitive Perspective. Basic Books, 2005.

[41] D. A. Clark, “Cognitive Restructuring,” The Wiley Handbook of Cognitive Behavioral Therapy, pp. 1-
22, 2013, doi: 10.1002/9781118528563.whcbt02.

[42] T. J. D’Zurilla and M. R. Goldfried, “Problem Solving and Behavior Modification,” Journal of
Abnormal Psychology, vol. 78, pp. 107-126, 1971, doi: 10.1037/h0031360.

[43] C. L. Benjamin et al., “History of Cognitive-Behavioral Therapy in Youth,” Child and Adolescent
Psychiatric Clinics, vol. 20, no. 2, pp. 179-189, 2011, doi: 10.1016/j.chc.2011.01.011.

[44] A. Wenzel, K. S. Dobson, and P. A. Hays, Cognitive Behavioral Therapy Techniques and Strategies.
American Psychological Association, 2016, doi: 10.1037/14936-000.

[45] S. G. Hofmann, A. T. Sawyer, and A. Fang, “The Empirical Status of the ‘New Wave’ of Cognitive
Behavioral Therapy,” Psychiatric Clinics, vol. 33, no. 3, pp. 701-710, 2010, doi: 10.1016/j.psc.2010.04.006.

64 International Journal of Serious Games | Volume 10, Issue 3, September 2023



Heng et al.

[46] S. C. Hayes and S. G. Hofmann, “The Third Wave of Cognitive Behavioral Therapy and the Rise of
Process-based Care,” World Psychiatry, vol. 16, no. 3, pp. 245-246, 2017, doi: 10.1002/wps.20442.

[47] C. Germer, “What is Mindfulness,” Insight Journal, vol. 22, no. 3, pp. 24-29, 2004.

[48] A. T. Beck, N. Epstein, G. Brown, and R. A. Steer, “An Inventory for Measuring Clinical Anxiety:
Psychometric Properties,” Journal of Consulting and Clinical Psychology, vol. 56, no. 6, p. 893, 1988, doi:
10.1037/0022-006X.56.6.893.

[49] T. Fydrich, D. Dowdall, and D. L. Chambless, “Reliability and Validity of the Beck Anxiety Inventory,”
Journal of Anxiety Disorders, vol. 6, no. 1, pp. 55-61, 1992, doi: 10.1016/0887-6185(92)90026-4.

[50] A. N. Zsido, S. A. Teleki, K. Csokasi, S. Rozsa, and S. A. Bandi, “Development of the Short Version
of the Spielberger State-Trait Anxiety Inventory,” Psychiatry Research, vol. 291, p. 113223, 2020, doi:
10.1016/j.psychres.2020.113223.

[51] N. S. Endler and N. L. Kocovski, “State and Trait Anxiety Revisited,” Journal of Anxiety Disorders,
vol. 15, no. 3, pp. 231-245, 2001, doi: 10.1016/S0887-6185(01)00060-3.

[52] A. C. Michalos, Encyclopedia of Quality of Life and Well-Being Research. Springer, 2014, doi:
10.1007/978-94-007-0753-5.

[53] F. Saviola, E. Pappaianni, A. Monti, A. Grecucci, J. Jovicich, and N. De Pisapia, “Trait and State
Anxiety Are Mapped Differently in the Human Brain,” Scientific Reports, vol. 10, no. 1, p. 11112, 2020, doi:
10.1038/s41598-020-68008-z.

[54] N. Garnefski and V. Kraaij, “Cognitive Emotion Regulation Questionnaire - Development of a Short
18-item Version (CERQ-short),” Personality and Individual Differences, vol. 41, no. 6, pp. 1045-1053, 2006,
doi: 10.1016/j.paid.2006.04.010.

[55] R. M. Rapee, M. G. Craske, T. A. Brown, and D. H. Barlow, “Measurement of Perceived Control Over
Anxiety-Related Events,” Behavior Therapy, vol. 27, no. 2, pp. 279-293, 1996, doi: 10.1016/S0005-
7894(96)80018-9.

[56] J. Osma, J. R. Barrada, A. Garcia-Palacios, M. Navarro-Haro, and A. Aguilar, “Internal Structure and
Clinical Utility of the Anxiety Control Questionnaire-Revised (ACQ-R) Spanish Version,” The Spanish
Journal of Psychology, vol. 19, p. E63, Oct. 2016, doi: 10.1017/sjp.2016.69.

[57] G. Petriand C. G. von Wangenheim, “MEEGA+: A Method for the Evaluation of the Quality of Games
for Computing Education,” in Proceedings of SBGames, Rio de Janeiro, Brazil, pp. 1384-1387, 2019.

[58] E. A. Schoneveld, M. Malmberg, A. Lichtwarck-Aschoff, G. P. Verheijen, R. C. M. E. Engels, and I.
Granic, “A Neurofeedback Video Game (MindLight) to Prevent Anxiety in Children: A Randomized
Controlled Trial,” Computers in Human Behavior, vol. 63, pp. 321-333, 2016, doi:
10.1016/j.chb.2016.05.005.

[59] J. K. Carpenter, L. A. Andrews, S. M. Witcraft, M. B. Powers, J. A. J. Smits, and S. G. Hofmann,
“Cognitive Behavioral Therapy for Anxiety and Related Disorders: A Meta-Analysis of Randomized
Placebo-Controlled Trials,” Depression and Anxiety, vol. 35, no. 6, pp. 502-514, 2018, doi:
10.1002/da.22728.

[60] F. Faul, E. Erdfelder, A.-G. Lang, and A. Buchner, “G*Power 3: A Flexible Statistical Power Analysis
Program for the Social, Behavioral, and Biomedical Sciences,” Behavior Research Methods, vol. 39, no. 2,
pp. 175-191, 2007, doi: 10.3758/BF03193146.

[61] R. M. Ryan, C. S. Rigby, and A. Przybylski, “The Motivational Pull of Video Games: A Self-
Determination Theory Approach,” Motivation and Emotion, vol. 30, no. 4, pp. 344-360, 2006, doi:
10.1007/s11031-006-9051-8.

[62] K. Manassis et al., “Group and Individual Cognitive-Behavioral Therapy for Childhood Anxiety
Disorders: A Randomized Trial,” Journal of the American Academy of Child & Adolescent Psychiatry, vol.
41, no. 12, pp. 1423-1430, 2002, doi: 10.1097/00004583-200212000-00013.

International Journal of Serious Games | Volume 10, Issue 3, September 2023 65



