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foster 21st-century skills has not been extensively researched. This
study was conducted using a quasi-experimental method using a
single-group interrupted time-series design, involving 202 seventh-
grade science students who completed adaptability and emotional
engagement questionnaire instruments before and after the
intervention. Data were analyzed using paired t-test and Cohen's d-
effect size to determine the effectiveness of learning interventions
using neuroscience-based board games. The results showed that
neuroscience-based board games significantly increased students'
adaptability (t = 31,72; p < 0,001; d = 2,64). The most significant
increase was in affective adaptability (d = 6,65), followed by
behavioral (d = 2,10) and cognitive (d = 0,19). Students' emotional
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1. INTRODUCTION

Board games serve as a valuable medium that can be seamlessly integrated into the science learning
process. They have gained popularity as an engaging educational tool, as they effectively connect contextual
material with real-world scenarios (Parekh et al., 2021; Robinson et al., 2021). The distinctive design of board
games captures children's attention and fosters interest in various topics. Additionally, the inherent complexity of
systems within board games contributes to the development of critical thinking skills among children (Parekh et
al., 2021). This complexity not only enhances cognitive abilities but also nurtures the development of essential
soft skills (Radzi et al., 2020; Viviers et al., 2016). Given the significant potential of board games, it is crucial to
integrate them into science learning at school, particularly for fostering the development of soft skills.

The effectiveness of board games in enhancing soft skills is holistic, focusing on a broad range of skills
rather than targeting one or two specific areas for development. Generally, the soft skills cultivated through the
learning process with board games encompass communication, teamwork, problem-solving, and decision-making
(Chen et al., 2021; Radzi et al., 2017). Furthermore, board games can be tailored to specifically foster the
development of soft skills that align with the objectives of board game design (Kushairi, 2023). In this study, the
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board games are intentionally crafted to support the growth of adaptability skills while simultaneously increasing
students' emotional engagement with their learning environment. This customization emphasizes both practical
design and the particular soft skills intended for enhancement.

Adaptability skills are increasingly recognized as essential for development today. Traditional teacher-
centered learning often leads students to encounter monotonous situations with clearly defined and predictable
problem parameters. Consequently, when faced with change, students may struggle to think critically in order to
devise solutions (Sirotiak & Sharma, 2019). Developing adaptability in the current educational landscape is crucial
due to the numerous changes affecting the learning environment, which can disrupt the effectiveness of the
learning process (Peng et al., 2019). Moreover, adaptability is closely linked to emotional regulation, which
significantly impacts student satisfaction in the learning experience and contributes to achieving optimal learning
outcomes (Feraco et al., 2022). To ensure the stability and effectiveness of the learning process, it is imperative
to begin fostering students' adaptability.

Students' adaptability is defined as their capacity to mentally and emotionally accept change and failure.
This adaptability is closely tied to emotional independence, enabling students to organize themselves despite
various challenges (Feraco et al., 2022; Zhang et al., 2021). To be effective, the development of adaptability skills
must be accompanied by a focus on emotional skills, as these two aspects are interrelated. Improving adaptability
without considering emotional variables will diminish its effectiveness (Feraco et al., 2022; Zhang et al., 2021).
Therefore, enhancing both adaptability and emotional engagement is crucial, particularly in science learning,
which requires independent thinking. When adaptability is paired with emotional independence, it leads to more
effective science learning.

To enhance adaptability and emotional engagement among students using board games and media, an
appropriate approach is essential. Various strategies can optimize the effectiveness of board games, such as
cooperative learning, which fosters collaboration among students while also encouraging healthy competition (de
Almeida et al., 2021). Another effective method is game-based learning, where board games form the basis of the
educational experience and the teacher acts as a facilitator (Santos, 2023). This research utilizes a neuroscience-
based approach to enhance the use of board games to improve adaptability and emotional engagement.
Neuroscience in education emphasizes learning processes that support brain development (Chang et al., 2022). In
this study, neuroscience principles are applied to board games, taking into account that each child's brain develops
at different stages. By prioritizing brain development, we aim to enhance each child's adaptability skills.

The aim of this research is to analyze changes in students' adaptability skills and emotional engagement,
as well as to explore the impact of gender differences and socio-economic status on these changes during science
learning with neuroscience-based board games. The study will focus on three specific research questions as
follows.

1) In what ways does student adaptability evolve in science learning through the use of neuroscience-based board
game media?

2) How does student emotional engagement shift in science learning when utilizing neuroscience-based board
game media?

3) What impact do gender and socio-economic status have on students' adaptability and emotional engagement in
science learning through neuroscience-based board game media?

Literature Review
Adaptability Skill Theories

Adaptability skills encompass a broad definition, but within the context of 21st-century skills, their
meaning becomes more specific. According to Trilling & Fadel (2009), adaptability refers to an individual's ability
to reassess problems and transform them into opportunities that yield unique solutions and innovations. In the
21st century, the necessary adaptability includes the capacity to handle criticism, setbacks, and even failures.
Owen (2020) emphasized that adaptability is crucial for responding effectively to environmental changes. When
individuals can adjust to rapidly changing situations, their behavioral responses evolve, leading to effective
changes and nuanced managerial responses to those changes.

For students, adaptability skills are essential for swiftly adjusting to rapidly evolving circumstances.
Dorzheeva (2020) noted that adaptability is a complex process that involves varying levels of self-adjustment
including biological, physiological, psychological, and social changes as well as different aspects such as socio-
psychological and socio-pedagogical elements. Adaptability is shaped by an individual’s needs and motivations
when faced with specific situations. More specifically, adaptability in students focuses on psychological and social
dimensions, encompassing their perceptions of themselves and their environment in any given context. A study
by Holliman et al. (2022) revealed that middle school students with strong adaptability skills demonstrated
favorable psychological conditions, effectively mediating their personalities to align with the situations they
encountered. The findings indicate that this personality mediation fosters students' social well-being, resulting in
a positive relationship between extroversion and psychological well-being.
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Adaptability in students is measured using indicators divided into cognitive, affective, and behavioral
domains. Cognitively, adaptability is considered successful when a person's logical way of thinking can change
to adapt to changing situations and is able to find solutions to the changes that occur. Effective adaptability occurs
when someone can emotionally accept change and remain calm when facing change. Finally, the results of the
combination of cognitive and affective will be seen in behavioral adaptability, where a person's behavior shows
changes that adapt to the changed conditions of the situation. Adaptability in students will be considered successful
when students can balance adaptability in each indicator (van Dam & Meulders, 2021).

Regarding academics, adaptability plays an important role for students. In the learning process of middle
school students, adaptability plays a role in the emergence of learning motivation, mediation of independent and
cumulative learning, and positive self-management. The positive adaptability process fosters strong motivation
for learning and self-management, encouraging students to engage in independent learning that suits their needs.
The result of learning personalized to one's needs is improved academic results (She et al., 2023; Suratno et al.,
2020). A study conducted by Stockinger et al. (2021) provides an overview of how differences in adaptability
capacity in uncertain situations result in different reactions. The crisis experience will control the structural
equations of decision-making, positively influencing decision-making in the learning process. The positive
emotions from this hope will then be connected to the atmosphere in the learning process, influencing the final
semester grades.

Emotional Engagement Theories

The implementation of adaptability skills within the school environment encompasses the emotional
responses of students affected by situational changes. These emotional shifts significantly influence how students
connect with the dynamic aspects of their school setting. According to Neuharth-Pritchett and Bub (2022),
emotional engagement is characterized by students’ positive or negative reactions to their learning environment,
which subsequently affects their motivation to engage in the learning process. Wolters and Taylor (2022) further
elaborated that emotional engagement stems from the affective experiences students encounter while participating
in school activities. Such experiences often yield positive responses, including interest, joy, and a sense of
enjoyment within the school environment.

Emotional engagement is considered to be perfectly formed when the emotional engagement indicators are
achieved. In general, students will be emotionally attached to teachers, peers, and the learning environment; these
three aspects are indicators of emotional engagement. In the peer context, emotional bonds form when friends'
emotional presence shapes their responses. For example, such as the existence of oneself who feels accepted or
rejected by a peer play group. Then, an emotional relationship between teacher and student is formed if the student
emotionally needs the teacher. In this case, the presence of a teacher, if it makes students feel comfortable, is
considered to have positively led to emotional engagement. The last is the emotional bond of students towards
school, which is the result of the emotional bond of students with friends and fellow students and with teachers.
The result of the emotional bond that is formed is a form of student ownership of the school so that there will
always be a desire to be involved in school activities (Gunuc & Kuzu, 2015).

One aspect of student involvement in learning is proven through emotional engagement. According to
Gladisia et al. (2022), student involvement in the learning process can be seen from their participation in
behavioral, cognitive, and emotional aspects, which show how students face academic challenges. Wolters &
Taylor (2022), stated that student engagement is highly dependent on emotional and affective aspects, which are
important dimensions in the academic process. Emotional engagement is related to how students' emotions remain
positive, such as maintaining interest and attention to learning (Kumtepe & Ucar, 2021).

Emotional skills between students and the learning environment significantly impact learning outcomes.
Research by Liu et al. (2022) on emotional and cognitive involvement in predicting learning outcomes shows a
relationship between emotional and cognitive aspects and learning outcomes. Deng (2021) found that emotional
engagement, as measured by learning satisfaction, significantly impacts student learning outcomes. Learning
satisfaction also has a positive influence on cognitive engagement and behavioral engagement. Emotions are
involved in learning. Positive emotions are more dominant than negative emotions because they influence
students' learning motivation. Similar research by Estévez et al. (2021) also found that students with high levels
of engagement in emotional, behavioral, and cognitive dimensions showed better learning outcomes than other
students. This is because they are able to manage the learning environment better, choose effective learning
strategies, and do not exhibit deviant behavior during the learning process. This difference is also caused by low
emotional and behavioral engagement, which results in poor management of contextual conditions and learning
environments.

Neuroscience Theories in Education

Neuroscience is a branch of science that studies the nervous system and brain function. In the educational
context, neuroscience examines neurophysiology related to learning behavior, memory ability, focus in learning,
and motivation (Chang et al., 2022). The brain plays an important role in neuroscience learning and is the center
of the learning process (see figure 1). Neuroplasticity, the brain's ability to change, is a major aspect influencing
learning. This aspect involves changes in the brain by creating connections between nerves to complete tasks.
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This relationship becomes effective when it is used consistently, and this process continues throughout learning.
The brain needs to be given time to reflect to speed up information processing. One way to speed up the
connections between nerves is to provide more information about old and new information. This impact creates
repetitive connections between neurons, strengthening learning (Bajaj et al., 2016).

Educational practice
Design for learning

1 Educational research
Educational psychology

Classroom

Behaviour ¥
Psychological science

1
* ~ N
Cognitive neuroscience
Brain & mind
+
+
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Figure 1. Liner Translation Representation in Neuroscience Learning (Lodge et al., 2017)

Each part of the brain has a function that can be optimized in learning using specific methods. Research
by Greipl et al. (2021) discusses the relationship between emotions and learning using games. The results show
that learning using games can activate neural activity related to emotions. Brain responses, especially in the
amygdala, are more active when learning is done through games. According to Goleman (1995), the amygdala is
a part of the brain located close to the limbic ring and adjacent to the brainstem. The amygdala regulates emotions,
and because it is close to the hippocampus, it also plays a role in memory and learning processes. Melvin (2019)
stated that the brain is designed to store information that is considered valuable. When feelings of pleasure or
stress accompany information, the brain produces hormones that bind to those memories. Therefore, in learning,
it is important to prioritize emotions that trigger certain hormones that help information bind better in the brain.

Game media can accommodate brain development while providing emotional development. Research by
Kober et al. (2020) shows that a game-based learning environment makes the frontal brain more active due to the
reward system positively associated with individual motivation. Game-based learning also involves a strong
emotional aspect that improves brain performance. Another study by Greipl et al. (2021) found similar results,
where brain and neural activity increased during gaming due to the reward, emotional, and motivational aspects
it offered. Based on these studies, games have a neuroscience basis in learning because they can improve brain
performance.

Neuroscience in this research is the basis for compiling the board games. Board games are designed to
evolve with the brain's learning needs. Attractive and colorful design is a principle of the neuroscience approach
that is useful for making it easier for the brain to remember and form learning and understanding. Then, in the
concept of neuroscience, learning occurs when neuron connections are formed. These neuronal connections are
formed through repetitive activities, whereas in board games, the game steps are repetitive. This repetitive activity
will trigger understanding due to the formation of neuronal connections. For these neurosynapses to become
stronger, they must be formed in broader relationships through contextual play. So, this board game uses scientific
concepts that are adapted to how scientific concepts are applied in the real world, and the result will be the
formation of an interconnected understanding. The final and most important neuroscience concept is strengthening
understanding through the rewarding process while also building emotional relationships through the competency
process.

2. RESEARCH METHOD
Participants
Table 1. Gender Distribution and Socio-Economic Status of Participants

Participants Gender _ Socio-Economic Status

Female (%) Male (%0) High Class (%) Lower Class (%)
Public school 40 (47,05) 45 (52,95) 29 (34,11) 56 (65,89)
Private school 62 (53) 55 (47) 92 (78,63) 25 (21,37)
Total 102 (50,50) 100 (49,50) 121 (59,90) 81 (40,10)

The participants in this study comprised 202 junior high school students, specifically seventh-graders
enrolled in science lessons focused on Newton's Laws. The students were drawn from two institutions: a public
school and a religious-based private school located in East Java province, Indonesia. Two classes from the public
school and three from the private school took part in the study. At the time of the study, the students were aged
between 13 and 15 years.
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Additionally, the participants came from a range of socio-economic backgrounds and were grouped by
gender. The distribution of these student groups is detailed in Table 1. Students’ backgrounds were classified
according to their socio-economic status, which took into account factors such as the number of dependents in the
family, monthly income, and the stability of their parents' employment. The classification was divided into two
categories: the lower class, which included families with more than five dependents, a monthly income below the
minimum wage, and unstable employment; and the higher class, which encompassed families with three or four
dependents, an income at or above the minimum wage, and stable jobs. Participation in this research was
voluntary, with all participants providing informed consent without any coercion.

Research Design

This research employs a quantitative approach to assess the effectiveness of board games on adaptability
and emotional engagement. A single-group interrupted time-series design, a type of quasi-experimental model,
was utilized, as illustrated in Table 2. The quasi-experimental model is suitable for this study because student
learning can occur naturally, which enhances the validity of the results. The single-group interrupted time-series
design allows for the comparison of pre-test results taken before the treatment with post-test results obtained after
the treatment over a specified period.n and the post-test results after treatment were given for a certain period of
time.

Table 2. Single-Group Interrupted Time-Series Design
Single-Group Interrupted Time-Series Design
Experimental Class X 0] o] X
Time

X = Adaptability and Emotional Engagement Measurement
O = Game Treatment Rails and Ruin: Journey Through The New World

This study included one public school and one private school. In public schools, two classes participated
in this research. In private schools, the total number of classes participating in this research was three classes. The
selection for this class is based on the following criteria: the average science score of students is above 70, the
distribution of student scores is even, and at least 20% of the students in the class have played board games. In
addition to class criteria, teachers who act as game facilitators in this study must also meet specific criteria. The
criteria for teachers in this study were graduates with a bachelor's degree in science education (Physics, Biology,
or Chemistry), who had taught for at least 3 years, and who had or knew about board games. The criteria for the
class and teacher are adjusted to the needs, where both students and teachers must have at least a basic knowledge
of science and a basic knowledge of board games, which is sufficient to understand the basics of the board games
that will be used.

This research method begins with taking a pre-test in the first week of learning. After the pre-test was
taken, the next two weeks were spent learning using board games for 360 minutes, divided into four meetings
over 2 weeks. In each meeting for 2 weeks, students learn science using neuroscience-based board games. Finally,
in the fourth week of learning, participants took a post-test. Students were not informed in advance about the post-
test. The results between the pre-test and post-test were then compared to see if there was any improvement after
the treatment.

Instrument and Data Collection

In this study, one independent instrument and two dependent instruments were utilized. The first dependent
instrument is an adaptability questionnaire derived from Martin's Adaptability Scale (van Dam & Meulders, 2021).
This questionnaire comprises 10 questions that are categorized into three primary aspects: cognitive, behavioral,
and affective. For instance, a statement reflecting cognitive adaptability is, "I am confident that | can tackle
various challenges." For behavioral adaptability, an example statement is, "l am capable of handling new and
unfamiliar situations,” while a statement representing affective adaptability is, "I enjoy situations that involve
change." The research findings were gathered using a Likert scale ranging from 1 to 5, where a score of 1 indicates
"Strongly Disagree™ and a score of 5 signifies "Strongly Agree."

The following dependent instrument is the emotional engagement questionnaire, adapted from the OELE
instrument Analysis (Ningsih, 2022) and the Student Emotional Engagement Scale (Gunuc & Kuzu, 2015). This
questionnaire consists of 22 questions that express students' emotional ties to peers, teachers, and school. One of
the statements in this questionnaire reads: "I feel happy when studying science.” This questionnaire also uses a 5-
point Likert scale.

Board games in this study are an independent instrument. The board game used in this study is Ruin and
Rails: Journey Through The New World, an adventure-themed board game about taking over the world through
the railroad business, as shown in Figure 2, students' use of the Rails & Ruins board games. Ruin and Rails is a
self-custom board game designed to help learn science, especially Newton's laws. In the game, a hexagon puzzle
can be put together to form islands. Players are free to determine the number and size of islands, and then each
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island is connected by railroad tracks. Railway tracks are the sections on which trains run. During the game, the
number of islands and railways can change depending on the game conditions, so the player must always be
prepared for all possibilities.

Figure 2. Board Games Ruin & Rails — Its Use by Students

Neuroscience-based board games Ruin and Rails, meaning it maximizes the performance of groups of
neurons in the brain. Through attractive and colorful designs, players will be more interested and then produce
certain hormone compounds that improve brain performance. Designs with striking colors and images also help
the brain to remember better. In addition, through the competition and reward system, the adaptation process will
be forced, increasing critical thinking skills to find solutions in the game. This entire process occurs throughout
the game, continuously and repeatedly. This process builds connections between neurons in the brain, which in
turn increases brain neuroplasticity.

Data Analysis

In this study, data were collected from 202 participants who engaged in science learning through board
games over a four-week period. To analyze the pre-test and post-test data, we employed paired t-test statistical
analysis. The paired t-test is appropriate in this context, as the research subjects received identical treatment,
allowing us to compare the pre-test and post-test means to determine significant differences between the two
(Reinard, 2006). Additionally, Cohen's d effect size was utilized to assess the magnitude of the effect observed in
the research. Cohen's d is calculated by taking the difference between the average pre-test and post-test scores and
dividing it by the standard deviation. The interpretation of Cohen's d results follows the criteria outlined by
Privitera (2017), as presented in Table 3.

Table 3. Cohen’s d Effect Size Criteria

Cohen’s d Effect Size Interpretation Differences in SD
d=.0-19 Trivial effect <1/5 from s SD
d=.20 Small effect 1/5 from a SD
d=.50 Medium effect 1/2 from a SD

d = .80 or higher Large effect 8/10 from a SD

3. RESULT AND DISCUSSION
Result
Adaptability Improvement

The board game used is a well-customized board game to accommaodate students' adaptability. Changes in
game situations are considered to train adaptability skills, as shown in Table 4. This table will answer the first
problem formulation: "How does student adaptability change in science learning using neuroscience-based board
games media?". Table 4 shows that the statistical analysis increases pre-test to post-test scores. In this study, the
affective adaptability aspect shows the greatest increase, which is related to students' emotional and mental states
during the playing process. Meanwhile, the aspect with the lowest change is the cognitive aspect related to rational
ability.

Table 4. The Effectiveness of Board Games on Students' Adaptability

Aspect of Adaptability Meanp retes;D MI;’;)rs]ttestSD t-value Effect size (Cohen’s d) p-value
Cognitive 8,42 1,98 11,7 1,37 -21.85 0,19 <0,001
Affective 10,78 2,50 15,88 1,80 -24,77 6,65 <0,001
Behavorial 8,59 1,89 12,06 1,29 -25.91 2,10 <0,001
Total 27,79 5,59 39,71 3,05 -31,72 2,64 <0,001

The findings presented in Table 4 indicate that board games can significantly enhance adaptability. The
average adaptability score during the pre-test was 27.79, while the post-test score rose to 39.71, with a t-value of
31.72 and a p-value of less than 0.001. This demonstrates a significant difference between the pre-test and post-
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test results. Additionally, Cohen's d effect size value of 2.64 reflects the considerable impact of board games on
students' adaptability skills, as evidenced by the average scores before and after the intervention.

The analysis reveals that affective adaptability yielded the highest adaptability effect, with a t-value of
24.77, a p-value of less than 0.001, and a d value of 6.65. In contrast, cognitive adaptability exhibited the lowest
adaptability effect, reflected by a t-value of 21.85, a p-value of less than 0.001, and a d value of 0.19. Meanwhile,
behavioral adaptability falls within the medium effect category, with a t-value of 25.91, a p-value of less than
0.001, and a d value of 2.10.
Emotional Engagement Improvement

Based on the results of the affective aspect of adaptability, the study assumes that emotional improvement
will occur significantly. Thus, this will answer the second problem: "How does student emotional engagement
change in science learning using neuroscience-based board games media?". In terms of adaptability, students'
affective aspects have the greatest effect among the other three. Table 5 shows consistent results, namely a rapid
increase in emotional engagement before and after learning using board games.

Table 5. The Effectiveness of Board Games on Students' Emotional Engagement

Pretest Posttest . ,
Emotional Engagement  Mean SD Mean SD t-value  Effect size (Cohen’s d) - p-value
67,41 15,21 90,30 9,99 -18,942 1,77 <0,001

In Table 5, the results of the emotional engagement analysis show a significant increase, as seen from the
pretest and posttest results. The pretest results were found to be 67,41, and the posttest results were 90,30 with the
value of t 18,98, p-value <0,001. This value shows a significant difference between the pretest conditions before
learning treatment using board games and the posttest conditions after learning treatment using board games.

In this study, neuroscience-based board games significantly affected students' emotional engagement. This
is proven by Cohen's d analysis, which shows a large difference effect with a value of 1.77. This value is included
in the large category, so neuroscience-based board games have a significant influence on increasing students’
emotional engagement.

Gender and Socio-Economic Status on Adaptability and Emotional Engagement

Student adaptability is the ability to adjust to changes psychologically. In general, the psychology of male
and female students differs, so they will have different levels of adaptability. Emotions are at their peak during
adolescence, which will have a significant influence. Different emotional conditions in each category will result
in different student adaptability and emotional engagement results. The influence of gender on adaptability and
emotional engagement was analyzed using paired t-test statistical analysis. Table 6 and Figure 4 present the results
of students' adaptability and emotional engagement based on gender. These results will answer the third problem:
"How do gender and socio-economic status influence students' adaptability and emotional engagement in science
learning using neuroscience-based board games media?"

Table 6. Adaptability and Emotional Engagement Based on Gender

Assessment Aspects Mean N Std. Deviasi t df d a
- Female 39,23 12,85 13,7
Adaptability Male 40.22 100 319 -2,47 0 12,6 0,015
Emotional Engagement | crmale  90.74 *8,55 0,98 106 5 329
gag Male 89,69 +11,2 ’ 80
L L3
Figure 3. Comparison of Adaptability and Emotional Engagement Based on Gender
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The role of gender in adaptability, as indicated by the statistical analysis, has a significance value of 0.015,
which is less than 0.05. This suggests that gender does have an impact on students' adaptability. In contrast, the
analysis of gender's influence on emotional engagement yielded a significance value of 0.329, which is greater
than 0.05, leading to the conclusion that there is no significant difference in this area. It's important to note that
statistical analysis results should not be the sole basis for conclusions, as other factors, such as the student's
learning environment, may also play a crucial role.

Furthermore, adaptability and emotional engagement were examined in relation to socio-economic status,
categorized into lower and higher classes. Table 7 and Figure 5 illustrate the findings regarding adaptability and
emotional engagement based on students’ socio-economic class. The impact of socio-economic status on these
factors was assessed using a paired t-test analysis.

Table 7. Adaptability and Emotional Engagement Based on Socio-Economic Status

Assesment Aspects Mean N  Std. Deviasi t df d o
- Higher Class 39,25 +2,607 15,0
Adaptability Lower Class 3891 o +3,102 0,81 g 125 0,419
. Higher Class 91,28 49,533 9,5
Emotional Engagement Lower Class 87.4 +10,753 -2,63 8.1 0,010

Based on a review of the socio-economic status class of students, it can be seen that the adaptability
assessment aspect has a significance value of 0,419 > 0,05, and the emotional engagement aspect has a
significance value of 0,010 < 0,05, so it is stated as significant.

Discussion
Adaptability Improvement Using Neuroscience Board Games

This research examines the effectiveness of using board games to enhance three dimensions of adaptability:
cognitive, affective, and behavioral. Adaptability is an individual's willingness to change and adjust to the tasks
or challenges encountered in social contexts (Kodden, 2020). The study revealed that affective adaptability
showed the greatest improvement among the three dimensions, while behavioral adaptability showed a moderate
increase, and cognitive adaptability showed the least growth. These variations in adaptability levels are attributed
to differences in self-adjustment in response to change. In cognitive adaptability, the response to change relates
to shifts in thought processes. Behavioral adaptability involves changes in actions as a response, whereas affective
adaptability pertains to how individuals emotionally respond to others during adjustment (Zhang et al., 2021).

Various factors cause differences in the level of adaptability in the three aspects of adaptability. In this
study, students aged 13-15 years, in adolescence, played the game with peers. In adolescence, there is an increase
in emotional responsiveness and initiative. The increased emotional responses that continue to occur while playing
board games will bind the students' emotional relationships. While emotionally, students become more proactive
and responsive, cognitively, their development is still immature. This results in a hasty, ineffective decision-
making process (Somerville et al., 2010). This is reflected in the low cognitive adaptation results, where students
still do not dare to make too risky decisions while playing board games. Although emotional adaptability affects
cognitive aspects, successful emotional adaptability will be key in dynamic interpersonal relationships and the
ability to share trust in achieving a goal (Oleszkiewicz et al., 2022). In this case, trust and interpersonal
relationships are formed in the attitudes formed during the game. Emotions formed in a group will influence a
person's attitude because, emotionally, the ability to make decisions will be focused on common goals (van Kleef
et al., 2017). As a result, high emotionality forms an attitude of adaptability to complete the game together but
also decreases cognitive abilities because emotional decisions are prioritized.

Although there are differences in each aspect of adaptability, in general, students' adaptability increases
rapidly from before and after learning to use board games. Students' adaptability increased by 30% compared to
before playing board games. Changes in game situations are thought to train adaptability, especially in providing
responses related to decision-making (Moya-Higueras et al., 2023). During the gameplay, this customized board
game provides many changing situations that occur due to decisions made by other players. As a result, students
will be forced to continue adjusting to the changes.

Emotional Engagement Improvement Using Board Games

Emotional engagement refers to the spectrum of positive and negative reactions individuals have towards
various stimuli, including school, peers, and teachers in the context of this research. For students, emotional
engagement encompasses several complex dimensions, such as enthusiasm, pride, interest, comfort at school, as
well as feelings of boredom, fear, and dissatisfaction. Students experience emotional engagement when they feel
a sense of belonging at school and derive enjoyment from that connection (Gladstone et al., 2022). This study
investigates students' emotional attachment to school in the context of learning through board games. The use of
board games as a learning medium has not been implemented in either school previously; thus, it can serve as a
new source of motivation for students. Furthermore, incorporating board games into the classroom fosters a more
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relaxed learning atmosphere, allowing students to experience joy and comfort, which encourages them to spend
more time engaged in learning activities.

Increasing students' emotional engagement towards school, teachers, and peers cannot be separated from
the learning experiences that students experience. Interactions between students and students, as well as students
and teachers, result in a pleasant experience involving positive emotions. This active experience will then build
psychological perceptions, which are interpreted as students' attachment to school, friends, and teachers. When
students feel valued and supported in their learning environment, this increases their sense of ownership of the
learning process and strengthens their social bonds (Marcus et al., 2021). Meaningful and positive interactions
create an atmosphere conducive to collaborative learning and help build trust and mutual respect. As a result,
students are more motivated to participate in school activities actively, increasing their overall engagement and
enriching their educational experience (Prayogo et al., 2023).

During the learning process, the teacher actively accompanies students in playing, acting as a teacher and
acting as a facilitator in the game so that the teacher plays an active role. This active role increases the interaction
between students and teachers to a more positive and enjoyable level. From a teacher's perspective, using games
allows students to construct their learning process, thereby reducing the teacher's burden and making them more
flexible in teaching. Positive relationships from both parties build quality interactions (UImanen et al., 2016).
High-quality classroom interactions are strongly associated with increased student emotional and behavioral
engagement. A well-run class will provide positive interactions, so students tend to be more emotionally involved,
feel more motivated, and show more positive learning behavior. Effective interactions between teachers and
students create a supportive environment and encourage active participation, increasing student engagement in
teaching and learning (Havik & Westergard, 2020). This process results in students' emotional ties to school,
friends, and teachers increase and develop positively.

Gender and Socio-Economic Status on Adaptability and Emotional Engagement

The findings of this study suggest that male students exhibit greater adaptability compared to female
students; however, there is no definitive theory regarding the impact of gender on adaptability. Various factors
influence self-adjustment regulation, including psychological stability, self-esteem, communication skKills,
behavioral regulation, attitudes toward problem-solving, and group interaction skills. These factors contribute to
an individual's capacity for self-regulation during the learning process (Tatianchenko, 2021). Male students
typically adapt more swiftly to academic and social pressures, demonstrating higher self-confidence in confronting
new challenges. In contrast, female students often encounter emotional barriers that may hinder their adaptability.
They can be more vulnerable to anxiety and social pressure, which may diminish their capacity to adjust to change.
Nonetheless, it is essential to acknowledge that every individual possesses the potential to enhance their
adaptability through appropriate support and effective coping strategies.

Gender is not the main factor in students' adaptability, but several other studies mention the influence of
gender on adaptability skills. Another study found that boys have better adaptability skills because they can assess
the surrounding environment more holistically (Wahono et al., 2025). This assessment results in practical
strategies for dealing with the surrounding environment (Gao et al., 2020). The low adaptability assessment of
female students may be due to the short research time, so the game was over before students could find the right
coping strategy. In contrast to male students who think more rationally when solving challenges, the result is that
they become better at adapting.

Then, students' adaptability is also reviewed based on socio-economic level. Students with higher class
socio-economic status showed better adaptability. Students from higher socio-economic classes often also benefit
from a more stable and structured educational environment. They have better access to well-trained teachers,
additional educational programs, and supportive learning environments. These factors can collectively help hone
students' adaptability skills, as they have fewer economic challenges and more opportunities to focus on their
personal and academic development. On the other hand, students from lower socio-economic classes often face
more challenges, such as a lack of adequate educational resources and social support needed to overcome these
obstacles. Therefore, the role of economic factors in influencing students' adaptability is important to understand
in the context of inclusive and equitable education.

Furthermore, female students showed higher emotional engagement than male students in managing
emotional engagement. This finding is related to how female students can express their emotions towards their
environment compared to male students (Wahono et al, 2021). Female students tend to be more open and
expressive and have better communication skills, which increases their involvement in school activities and social
relationships. In contrast, male students tend to suppress or hide their emotions, which reduces their emotional
engagement. Social and cultural factors also influence this difference, where males are usually forced to be strong
and assertive. So, they will suppress their emotions more to show their strength. Previous research also indicates
that females tend to perform better in interpersonal and emotional domains than males. This interpersonal and
emotional dimension gives females a greater ability to interact with and understand others (Gao et al., 2020).
Additionally, males are also lacking in traditional masculinity systems, where showing emotion and being
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emotionally connected is considered unmanly. This is one of the reasons for low emotional attachment (Galay &
Aizman, 2023).

Students with higher socio-economic status have better emotional engagement than those with lower class
status. This result is due to various factors, such as better access to educational resources, a more supportive
learning environment, and more excellent emotional support from family (Zhu, 2023). Students from higher socio-
economic classes may also have more opportunities to engage in extracurricular activities and enriching learning
experiences, all of which contribute to higher levels of emotional engagement (Wolters & Taylor, 2022). In
neuroscience, emotional connections form when a psychological experience occurs.

The learning process in this study uses simulation as reinforcement. Simulations can effectively transfer
procedural knowledge to real-world tasks and provide opportunities for developing students' higher-order
thinking. Simulations conducted in games provide students with opportunities to practice skills in an environment,
understand the basic concepts underlying the tasks, and engage in critical thinking and problem-solving. This
helps them build the knowledge and skills needed to succeed in a variety of situations (Falloon, 2020). Applied
simulations of science concepts, in addition to strengthening cognitive knowledge, also train students' emotions
when faced with real problems, then build stored knowledge as part of the solution to solving problems. This
knowledge will then become adaptive material in the future.

The analysis conducted on gender and socio-economic status variables provides new insights into how
students' abilities develop not only from within the school but also from outside influences. Gender, in this case,
does not really influence studies related to gender and adaptability, which needs to be studied further. Meanwhile,
the relationship between gender and emotional engagement found a common ground: female students could
connect emotionally better than male students. This finding is because women's emotional expression is more
unrestrained, giving rise to active experiences that connect psychologically. The relationship between adaptability
and emotional engagement with socio-economic status shows that students with higher class status tend to be
better than others. This result is related to the relationship between parents and students, where parents who can
provide full support to their children will produce children who value their worth and believe in their abilities so
that they believe in the decisions they choose.

4. CONCLUSION AND LIMITATION
Conclusion

This study shows that neuroscience-based board games, such as Rails and Ruins: Journey Through the
New World, effectively increase junior high school students' adaptability and emotional engagement in science
learning. Students' adaptability increased significantly, especially in the affective aspect, which showed better
emotional and mental responses during the playing process, although the cognitive aspect showed lower
improvement. Then, students' emotional engagement also increased significantly, with greater emotional
involvement towards teachers, peers, and the learning environment. This study also revealed differences in student
adaptability based on gender, where male students tend to have better adaptability than female students. Male
students may be more accustomed to cognitively challenging games and, therefore, more likely to adapt. In
addition, emotional engagement did not show significant differences between the two genders.

Furthermore, socio-economic status has an influence, where students from higher socio-economic classes
tend to have higher adaptability and emotional engagement than students from lower socio-economic classes. This
finding is possible because students from higher socio-economic classes usually have better access to educational
resources and supportive learning environments, so they are more emotionally and adaptively engaged in learning
using neuroscience-based educational games. The research results in this paper confirm that the use of
neuroscience-based board games can be an effective science learning medium for developing life skills, especially
adaptability and emotional engagement skills.

Limitation

While this study possesses several strengths, it also has some limitations, particularly in its reliance on samples
from public schools and religiously affiliated private schools. Nonetheless, this limitation does not detract from
the research, as these samples effectively represent the conditions found in the field, encompassing both public
and private educational settings. The study suggests that further research is needed to explore the relationship
between high affective adaptability and students' critical thinking skills following the use of neuroscience-based
board games. This research primarily focuses on the impact of board games on students' adaptability and
emotional engagement, without examining their effects on cognitive aspects such as critical thinking skills. The
development of high affective adaptability may reflect emotional independence, which signifies an individual's
ability to autonomously regulate their learning, potentially linking it to cognitive abilities like critical thinking.
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