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Abstract

This study investigates the impact of gamified learning, specifically through com-
puterised and paper-based board games, compared to conventional teaching meth-
ods on science education for 10-year-old students. We conducted an experimental
design with 574 Malaysian Type Chinese Primary School participants, using pre-
and post-tests, questionnaires, classroom observations, and interviews over three
weeks. Students who engaged in gamified learning with computerised board games
saw a significant improvement in academic performance (mean increase of 55.41%)
and learning motivation compared to the conventional teaching group. Notably, the
computerised board game group displayed the highest academic performance gains.
Social interaction improved in all groups, with the mean score ranks (conventional
teaching: 83.50, paper-based board games: 400.71, computerised board games:
340.29), suggesting gamification’s potential to foster collaborative learning environ-
ments. Learning motivation also improved, with the mean score ranks (conventional
teaching: 83.50, paper-based board games: 409.82, computerised board games:
331.18). The theoretical framework integrates Activity Theory and Social Construc-
tivism, providing a robust foundation for analysing behavioural, cognitive, and moti-
vational aspects. This study extends beyond current research by offering empirical
evidence of the pedagogical impact of computerised and paper-based board games
on science education for 10-year-olds, highlighting the positive influence of innova-
tive teaching methods. The findings suggest a potential transformation in traditional
pedagogical approaches, aligning with the global pursuit of high-quality learning
experiences.
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1 Introduction

1.1 Enhancing science education through gamified learning: national context
and challenges

Declining student engagement and motivation pose significant challenges to con-
temporary education systems. This is reflected in Malaysia, where national poli-
cies like the National Education Policy and the Malaysia Education Blueprint
2013-2025 demonstrate a strong commitment to improving science and technol-
ogy education (Rashid et al., 2021). Despite these efforts, challenges persist, as evi-
denced by declining international rankings in science subjects (Aliyu, 2020; Suhaili
et al., 2020). One key concern is the emphasis on test scores over a deeper under-
standing of science (Phang et al., 2020; Mat & Yusoff, 2019), coupled with tradi-
tional approaches that often fail to engage and motivate students, particularly at the
primary level (Ates, 2024; Melo et al., 2020). This lack of engagement can hinder
the development of critical skills like collaborative learning and social interaction,
negatively impacting student well-being and learning outcomes (Melo et al., 2020).
Furthermore, the teachers’ inability to use digital content effectively from the peda-
gogical aspect can negatively impact the students’ learning and motivation (Bozkurt
& Sharma, 2020; Ferdig et al., 2020).

To address these challenges and enhance student learning experiences, educators
are increasingly exploring innovative approaches like gamification and integrating
game elements into non-game contexts (Christopoulos & Mystakidis, 2023; Kalogi-
annakis et al., 2021). While research suggests positive impacts on academic perfor-
mance (Candan & Basaran, 2023), a comprehensive understanding of its effects on
students’ holistic well-being, including social interaction, remains an ongoing area
of inquiry (Aura et al., 2023).

1.2 Gamification

Gamification, the integration of game elements into non-game contexts, is gain-
ing momentum as a potential solution to these challenges. From the learner’s per-
spective, gamification offers a more immersive and interactive learning experience,
fostering a sense of playfulness, healthy competition, and achievement. This trans-
lates to increased knowledge acquisition, positive attitudes towards learning, and
improved learning behaviours (Chiang et al., 2022). Research suggests that gamifi-
cation can promote active learning, enhance student engagement, and foster intrin-
sic motivation (Lin & Cheng, 2022; Diaz et al., 2024), lead to improved knowledge
retention, deeper understanding of concepts, and better academic performance (Tsai
& Tsai, 2020; Chen et al., 2023a, b; Sun et al., 2023; Alfaro-Ponce et al., 2023).
However, for effective implementation, gamification must be grounded in sound
pedagogical principles (Alt, 2023).

Tsai and Tsai (2020) suggest that research on game-based science learning should
focus on cognitive skills, instructional design, and affective (emotional) influences
rather than solely on scientific knowledge achievement. However, Komalawardhana
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and Panjaburee (2023) highlight that many previous studies focused on cognitive
aspects, with limited exploration of learning behaviour in technology-enhanced per-
sonalised learning experiences.

From the learner’s perspective, gamification offers a more engaging and interac-
tive learning experience, particularly reaching those disengaged in traditional class-
rooms (Arztmann, 2023). By incorporating game elements and mechanics, gamified
learning fosters a sense of playfulness, competition, and achievement, increasing
knowledge, attitudes, and behaviours (Chiang et al., 2022). Research suggests gami-
fication can promote active learning, engagement, and motivation (Lin & Cheng,
2022; Diaz et al., 2024), improved knowledge retention, deeper understanding of
concepts, and better academic performance (Tsai & Tsai, 2020; Chen et al., 2023a,
b; Sun et al., 2023; Alfaro-Ponce et al., 2023) and impacting learner motivation,
engagement, and academic achievement (Zeybek & Saygi, 2024). However, effec-
tive gamification requires a sound pedagogical rationale rather than mere adoption
(Alt, 2023). Fernando and Premadasa (2024) further emphasise that aligning gamifi-
cation aids with students’ characteristics (generational traits).

School environments should be organised to support instruction, fostering social,
emotional, academic, and other traits for a child’s development (Darling-Hammond
et al., 2020). As educational paradigms evolve, technology integration with gamifi-
cation elements emerges, raising concerns about the potential effects on students’
holistic well-being (Melo et al., 2020; Diaz et al., 2024). Understanding this com-
plex relationship between gamification in learning environments and students’ phys-
ical, cognitive, emotional, and social well-being is crucial, aligning with recent calls
for comprehensive studies beyond academic outcomes (Diaz et al., 2024).

While research suggests positive impacts on academic performance and motiva-
tion (Dehghanzadeh et al., 2023; Lin & Cheng, 2022; Lin et al., 2021; Hayati et al.,
2022; Janakiraman et al., 2021), many studies have not comprehensively assessed
social interactions. Our research aims to address this gap, providing evidence
beyond current research and aligning with insights from Melo et al. (2020), Tsai and
Tsai (2020), and Komalawardhana and Panjaburee (2023).

Gamification has become increasingly popular for enhancing the learning expe-
rience, particularly in the science curriculum. Several aspects make it an effective
tool, (1) Deeper engagement: Gamification makes learning more interactive and fun,
leading to increased understanding and retention (Wang & Zheng, 2021); (2) Safe
environment for problem-solving: Students encounter challenging scenarios and
receive immediate feedback, allowing them to learn from mistakes and develop a
deeper understanding (Wang & Zheng, 2021) and (3) Motivation through competi-
tion: Gamification fosters a sense of competition, motivating students to learn and
engage more (Fonseca et al., 2023).

1.3 Board games
Paper-based board games (PBBGs) and computerised board games (CBGs) can

complement conventional teaching (CT) methods and address the prevalent issue
of motivation in science learning. Studies show that gamified learning, regardless
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of format (plugged-in or unplugged), outperforms traditional methods in terms
of student performance (Wang & Zheng, 2021). Furthermore, gamification fos-
ters intrinsic motivation by fulfilling the three fundamental psychological needs:
autonomy, relatedness, and competence (Qiao et al., 2023), and enhances student
achievement through content interaction in online learning environments (Tagkin
& Kilig Cakmak, 2023).

While using digital board games as educational tools represents an innovative
approach, its potential remains underutilised within the educational landscape
(Khoushaini et al., 2022). Existing research on board games primarily focuses on
their practical implications and learning outcomes (Sousa et al., 2023).

This study investigates the pedagogical impact of gamified learning, specifi-
cally through Computerised Board Games (CBGs) and Paper-Based Board Games
(PBBGs), on the academic performance, learning motivation, and social interac-
tion of 10-year-old students in science education. By examining these factors, we
aim to contribute to the ongoing discussion on gamification in educational set-
tings whilst exploring its nuanced effects on student well-being. This research
positions itself at the forefront of understanding how gamified approaches con-
tribute to cognitive development and student well-being beyond solely academic
performance.

The rationale behind introducing PBBGs and CBGs lies in examining the mul-
tifaceted aspects of pedagogy and the diverse pedagogical approaches in science
education. This study seeks to contribute to pedagogical innovation by evaluating
the potential benefits of both plugged-in (CBGs) and unplugged (PBBGs) board
games in enhancing academic performance, motivation, and social interaction.
This aligns with the ongoing discussion on transforming educational practices for
improved learning outcomes.

The following research questions drive our inquiry:

1. Is there a statistically significant difference in academic performance among
10-year-old students learning science using CBG, PBBG and CT (with multime-
dia aids such as PowerPoint)?

2. How do CBG and PBBG influence social interaction among 10-year-old students
in science education?

3. How does the learning motivation among 10-year-old students differ when
exposed to CBG, PBBG, and CT (with multimedia aids such as PowerPoint)?

The remainder of this paper will thoroughly explore our research findings and
their implications. The literature review in the next section synthesises existing
knowledge on collaborative learning, board games, social interaction, and learn-
ing motivation in education (Sect. 2.0). The theoretical framework establishes the
theoretical underpinnings of our research (Sect. 2.6). The methodology section
outlines our research design, participants, data collection procedures, and instru-
ments (Sect. 3.0). We present our results and findings on academic performance,
learning motivation, and social interaction (Sect. 4.0), followed by a detailed
discussion of these findings’ implications (Sect. 5.0, 6.0 and 7.0). The paper
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concludes with recommendations for future research and practical implementa-
tions and a reflection on the study’s limitations (Sect. 8.0).

2 Literature review and theoretical framework

This section explores the theoretical and empirical landscape of gamified learning,
focusing on its potential impact on science education for 10-year-old students. The
review is structured around key themes that contribute to understanding the effec-
tiveness of gamified learning: collaborative learning, social interaction, learning
motivation, and the use of board games (both paper-based and digital).

2.1 Collaborative learning and social interaction

Collaborative learning (CL), where students work together towards shared goals, has
been recognised as an effective teaching strategy (Zhu & Zhang, 2023; Agonafir,
2023). This flexible and adaptable approach can be applied to various disciplines,
including science subjects in contemporary schools. CL encompasses a range of
educational approaches that promote the intellectual engagement of pupils, either
individually or in collaboration with teachers.

CL shows great potential for improving pupils’ learning performance by foster-
ing interaction among them in the classroom (Khan et al., 2021). This approach
fosters critical thinking, communication skills, and collaboration, benefiting lower-
achieving students (Li et al., 2023) and contributing to their learning and develop-
ment (Agonafir, 2023; Novak et al., 2022). Furthermore, CL integrates well with
various methods, including gamified learning, further enhancing learning outcomes
(Qureshi et al., 2023). Technology-integrated (Plugged-in) CL using electronic
devices and game-based learning strategies can facilitate content sharing and col-
laboration (Zhang & Zou, 2022; Adipat et al., 2021). This approach potentially leads
to increased student engagement and teamwork, potentially improving cognitive
abilities (Alfaro-Ponce et al., 2023). By engaging in collaborative problem-solving
and discussions, pupils can deepen their understanding and develop critical thinking
skills, leading to improved learning outcomes.

CL represents a significant departure from the traditional teacher-centred
approach in schools. While teachers may still be present, they are complemented by
pupils’ active discussions and diligent engagement with the learning materials (Arif-
fin, 2021). CL in the classroom offers several advantages. First, CL approaches, such
as social collaboration theme-based project collaboration (Urrea et al., 2022) and
peer activities like peer helping and peer tutoring (Novak et al., 2022), can be effec-
tively applied among pupils in the science classroom. Furthermore, teachers act as
expert facilitators who guide students in constructing their understanding of learning
through scaffolding (Rahma et al., 2020) and create a conducive environment where
pupils can effectively collaborate and learn from one another (de Hei et al., 2020).
This approach empowers pupils to actively participate in their learning, encouraging
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critical thinking and fostering a deeper grasp of scientific concepts through mean-
ingful interactions and problem-solving activities.

Social interaction holds a significant role in the learning process for pupils in the
classroom. Interacting with their peers enables pupils to organise their thoughts,
reflect on their understanding of scientific concepts, and identify gaps in their rea-
soning (Tocaimaza-Hatch & Santo, 2020).

Science teachers play a crucial role in the classroom, requiring them to possess
social skills and facilitate meaningful interactions with their pupils during science
lessons (Hymel & Katz, 2019). However, many teachers do not frequently explore
or employ effective strategies to address the issue of social interaction with pupils
within their educational practices (Azmat & Ahmad, 2022).

Positive social interaction within the classroom influences student preferences,
behaviours, and learning performance (Qureshi et al., 2023). Understanding social
dynamics surrounding CL is crucial for designing effective learning environments
(Li et al., 2023). Positive social interaction, characterised by mutual respect and
meaningful exchange of ideas, fosters understanding and feedback, relying on sup-
portive relationships that enhance communication and collaboration (Eriksson et al.,
2021; Fis Eriimit, 2021; Nordin et al., 2022). This positively impacts class dynam-
ics, emotional well-being, and cognitive development, aiding students in organising
thoughts, encouraging reflection on complex concepts, and nurturing essential social
skills (Perez-Aranda et al., 2023; Li et al., 2023; Alfaro-Ponce et al., 2023; Valiente
et al., 2020).

Overall, CL offers a valuable approach to education. It promotes student engage-
ment, critical thinking, and positive social interaction, ultimately improving learning
outcomes and fostering well-rounded individuals.

2.2 Learning motivation

Learning motivation influences students’ attitudes towards science and ultimately
contributes to their success (Ates, 2024). Dessie et al. (2024) and Sellami et al.
(2023) conducted a study investigating the impact of motivation on students learning
science subjects. Highly motivated students exhibit positive attitudes towards sci-
ence, facilitating knowledge absorption and critical thinking (Stark, 2019). Recog-
nising its multifaceted nature, science educators should create a stimulating learning
environment that enhances students’ interest and understanding (Virata & Castro,
2019; Teppo et al., 2021). Integrating technology into science learning has posi-
tively impacted students’ motivation and acceptance of technology (Lin & Cheng,
2022; Lin et al., 2021).

2.3 Gamification

Gamification has emerged as a promising approach to enhance motivation and
engagement in science education, driven by the transformative power of digi-
tal games (Navarro-Espinosa et al., 2022; Zourmpakis et al., 2023). It leverages
devices like smartphones, tablets, and laptops to extend the pedagogical approach of
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teaching into the digital domain, potentially democratising education (Montiel et al.,
2020), enhancing learning effectiveness (Chen et al., 2023) and increasing students’
motivation (Hou et al., 2023a, b). While research suggests promise, further investi-
gation is needed to understand its long-term impacts on various learning outcomes
across diverse subject areas.

PBBGs with cards, dice, or boards have evolved from parent-child interactions in
Europe and the US (Musick et al., 2021; Gennari et al., 2019) to recognised teaching
tools in Taiwan (Kuo & Hsu, 2020). Studies highlight their effectiveness in increas-
ing motivation (Madariaga et al., 2023), active participation (Diaz et al., 2024), and
fostering collaborative learning environments that reduce anxiety (Hou et al., 2023a,
b). Additionally, research suggests positive impacts on computational thinking skills
when used as an unplugged activity (Zhang et al., 2022; Chen et al., 2023a, b). How-
ever, limitations exist, including a lack of research on academic performance beyond
motivation (Parks, 2023) and a focus on specific skills without examining broader
learning outcomes (Assapun & Thummaphan, 2023). Furthermore, studies highlight
the need for qualitative data (Alejandria et al., 2023) and diverse research instru-
ments to understand PBBGs’ effects comprehensively (Miculob et al., 2022).

On the other hand, CBGs blending technology with gaming mechanics effec-
tively enhance learning performance (Chen et al., 2023a, b; Cook-Chennault et al.,
2022). They improve learning interest, motivation, and behaviour (Janakiraman
et al., 2021), creating a stimulating environment that surpasses traditional technol-
ogy-enhanced learning methods (Gok & Inan, 2021). While CBGs offer advantages
in engagement and interactivity, they may come at the cost of reduced opportunities
for social interaction compared to PBBGs (Yang & Chen, 2023). This highlights the
need for a nuanced understanding of the specific benefits and potential drawbacks of
each type of gamified learning approach.

2.4 Theoretical framework

This research employs a theoretical framework (Fig. 1) that combines Activity
Theory (AT) and Social Constructivism Theory (SCT) to understand the potential
impact of gamified learning, specifically PBBGs and CBGs, on science education
for 10-year-old students.

2.4.1 Activity Theory (AT)

AT highlights how contradictions within activity systems can initially pose chal-
lenges but ultimately become driving forces for learning and development
(Engestrom, 2001). In this context, introducing novel gamified learning approaches
like PBBGs and CBGs may initially create challenges for unfamiliar participants.
However, through guided exploration and engagement with these tools, students
can overcome these challenges and experience “expansive transformations” in their
understanding and approach to science learning (Engestrom, 2001). This framework,
particularly Leontiev’s model with its interconnected levels of activity, action, and
operation (Leontiev, 1981), allows us to analyse the individual cognitive processes
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Fig. 1 Proposed Theoretical Framework of General Concepts

and motivations involved in engaging with gamified learning activities. Our frame-
work focuses on 10-year-old participants engaged in face-to-face discussions using
mobile devices or board games, with the researcher as the teacher, guiding activities
according to cultural norms.

2.4.2 Social Constructivism Theory (SCT)

SCT emphasises the role of social interactions and cultural context in shaping
learning (Vygotsky, 1978; Lameras & Arnab, 2021). Vygotsky’s Zone of Proximal
Development (ZPD) highlights the importance of collaborative learning, suggesting
that interactions with peers or educators trigger internal developmental processes
(Silalahi, 2019). SCT emphasises the role of social context and culture in cognitive
development and learning (Picciano, 2021). Gamified learning, particularly through
collaborative PBBGs and CBGs, can create opportunities for students to interact,
share ideas, and work together within the ZPD, fostering their individual learning
and cognitive development (Rogti, 2024).
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2.4.3 Integrated framework

By merging AT and SCT, this research framework offers a comprehensive lens
for examining the impact of gamified learning on 10-year-olds. While AT focuses
on individual cognitive processes within activity systems, SCT emphasises the
social and cultural aspects of learning. Integrating these perspectives allows us
to explore the individual and collective dimensions of learning within gamified
science education for 10-year-olds. Figure 1 visually represents this integrated
framework, depicting the interplay between individual learners, the gamified
learning environment (including PBBGs and CBGs), and the broader social and
cultural context.

2.4.4 Hypothesis

Hol: There is no significant difference in the change scores (pre-test to post-
test) between the control group (CT) and the two experimental groups (PBBG
and CBG).

Hal: There is a significant difference in the change scores (pre-test to post-
test) between at least one pair of groups (e.g. CT vs. PBBG, CT vs. CBG, or
PBBG vs. CBG).

Ho2: There is no significant difference in the mean scores (social interaction)
between the control group (CT) and the two experimental groups (PBBG and
CBG).

Ha2: There is a significant difference in the mean scores (social interaction)
between at least one pair of groups (e.g. CT vs. PBBG, CT vs. CBG, or PBBG
vs. CBG).

Ho3: There is no significant difference in the mean scores (learning motiva-
tion) between the control group (CT) and the two experimental groups (PBBG
and CBG).

Ha3: There is a significant difference in the mean scores (learning motivation)
between at least one pair of groups (e.g. CT vs. PBBG, CT vs. CBG, or PBBG
vs. CBG).

3 Methodology
3.1 Research design

This study employed a true experimental design (between-group pretest-posttest
design). Three methods were employed: CT with multimedia aids (PowerPoint),
PBBG, and CBG. Each method was implemented over three weeks after regular
school hours, involving 574 participants who underwent a pre-test to establish a
baseline performance.
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3.2 Participants

Five hundred seventy-four participants in this study were 10-year-old students from
national-type Chinese primary schools, selected through purposive sampling. These
students were proficient with electronic devices and screened for positive technol-
ogy and academic attitudes through interviews. Participants represented diverse
backgrounds and received science instruction in Mandarin. Table 1 summarises the
demographic distribution of participants according to gender and teaching methods.

3.3 Research procedure and data collection

The two-month data collection period during the school holidays followed a system-
atic process:

(1) Ethical Clearance: Researchers obtained ethical clearance from Universiti
Malaysia Sarawak to ensure adherence to ethical standards.

(2) Permission from Tuition Centre: Formal approval was obtained from the Prin-
cipal of Damai Tuition Centre, Sibu Tuition Centre.

(3) Participant Recruitment: 10-year-old participants from various National-Type
Chinese Primary Schools were recruited.

(4) Participant Consent: Consent letters were provided to participants and par-
ents, assuring confidentiality.

(5) Teaching Approaches: Three teaching methods were employed for different
groups- CT (n=166), PBBG (rn=205), and CBG (n=204).

(6) Pre-test: A pre-test was administered to establish a baseline performance for
each group.

(7) Science Lessons: Participants underwent three weeks of instruction based on
their groups for three science topics.

(8) Observation: Participants were observed using a hidden camera, with another
teacher as a non-participant observer.

(9) Post-Test: Participants completed a post-test evaluation within 2 h after les-
sons each week, and results were compared to pre-test scores.

(10) Questionnaire and Interviews: All participants completed learning motiva-
tions and social interactions questionnaires. Semi-structured interviews were con-
ducted after PBBG and CBG sessions.

(11) Data Analysis: Data from interviews, post-task walkthroughs, and video
recordings were analysed.

Table 1 Participants

R ’ Teaching methods (Groups) Gender Total
Distribution according to
Gender and Teaching Methods Male Female
CT 57 109 166
PBBG with CL 66 138 204
CBG with CL 63 141 204
Total 186 388 574
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3.4 Instrument and research materials
3.4.1 Pre-test and post-test

The pre-test and post-test questions were meticulously designed to align with Year
4 Science subject requirements following the curriculum and standard guidelines. A
Table of Specifications (TOS) was the foundation for constructing these tests, ensuring
alignment of objectives, instructions, and assessments. The TOS facilitated item distri-
bution across cognitive domains and syllabus components, with weightage allocated as
follows: Knowledge (50%), Understanding (30%), and Thinking (20%).

To validate and enhance the reliability of the tests, two experienced Science teachers
conducted a thorough review and evaluation of all items. Using a 5-point Likert Scale,
Teachers A and B assessed multiple-choice and open-ended questions. Their 107 pre-
test and post-test questions assessment exhibited an impressive agreement of 92.2% or
a Kappa value of 0.922. This Kappa value signifies a robust agreement, falling within
the range of 0.81 to 0.92, signifying robust agreement and affirming the high reliability
and validity of the assessments based on the substantial consensus reached by the two
educators.

3.5 Questionnaire

A questionnaire was employed to gather perceptions on social interactions and learning
motivation. The Learning Motivation section was adapted from Pintrich et al. (1991)
and Sousa et al. (2017), while the Social Interaction section was adapted from Hogberg
et al. (2019). Revisions based on feedback from two experienced science teachers were
made to enhance the questionnaires’s validity. Teacher feedback resulted in modifying
two items related to social interaction, while the remaining twenty-nine items remained
unchanged. The questionnaire items were translated into Mandarin because the instruc-
tions for learning were conducted in Mandarin. To assess the questionnaire’s reliability,
an inter-rater reliability (IRR) test was conducted using Cohen Kappa’s IRR, yielding a
score of 0.968, indicating excellent agreement.

Furthermore, we conducted a reliability test of the adapted questionnaire, which
resulted in a Cronbach’s alpha coefficient of 0.936 for Learning Motivation, signify-
ing excellent agreement between the two experienced science teachers, and 1.000 for
Social Interaction, indicating perfect agreement. These Cronbach’s alpha coefficients
affirm the instrument’s reliability and consistency in assessing social interaction and
learning motivation. Additionally, the p-value for both Learning Motivation and Social
Interaction was less than 0.05, signifying that the agreement levels observed in the reli-
ability test differed significantly from what would be expected by chance.

3.6 Board games
Two versions of board games, PBBG and CBG, were developed using the AGILE

life cycle instructional design by Unger and Novak (2011). These board games
were tailored to align with the learning objectives of the Year 4 science syllabus
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in National-Type Chinese Primary Schools. The innovative design integrates CL,
shifting from traditional teaching to student-centered and material-centered learn-
ing. The AGILE life cycle process involves several critical steps that demand
careful attention during the design and development of PBBG and CBG within
the science classroom. Maintaining a reasonable balance of speed and flexibility
is crucial to achieving optimal outcomes. The articulation of the product’s vision,
specifically for PBBG and CBG, was guided by research questions focused on
academic performance, social interaction, and learning motivation in the science
classroom.

To create an innovative educational board game for 10-year-old participants in
this research, the concept of the commercial board game “Millionaire Monopoly
Game” was analysed. The rules and regulations of the “Millionaire Monopoly
Game” were adapted into the “SciFun board game.” After several iterations, the
PBBG prototype (Fig. 2) and the Score Board (Fig. 3) are finalised. Additionally,
the CBG is depicted in Figs. 4 and 5. The development process aimed to align
with educational goals and create engaging and effective tools for collaborative
learning in the science classroom.

To ensure the effectiveness of PBBG and CBG, rigorous playtesting and valida-
tion involving educators/experts (4 science teachers) and students were conducted.
Both games underwent iterative evaluation, focusing on mechanics, player experi-
ence, and component functionality. Science teachers provided valuable insights on
learning motivation, social interaction, and game strengths/weaknesses. Observa-
tions and feedback from experts and students informed design decisions for both
games. An iterative validation process ensured the games aligned with student pref-
erences and learning objectives. This student-centred and expert validation process
ensured the effectiveness and engagement of both PBBG and CBG as learning tools.

Fig.2 The final version of the
PBBG ““SciFun board game”
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Fig.5 The Scoreboard of the CBG “SciFun board game”
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3.6.1 Understanding the differences between Paper-based Board Games (PBBG)

and Computerized Board Games (CBG)

Both board games aimed to assess their effectiveness in influencing 10-year-old
participants’ academic performance, social interaction, and learning motiva-
tion within a science learning context. However, they differed significantly in
their approach and design. PBBG represent the classic board game format, rely-
ing on physical components to facilitate gameplay. These components typically
include (1) a Game board, A physical surface displaying the playing area, often
marked with squares, grids, or other visual elements guiding player movement;
(2) Pieces: Movable objects representing players or game elements made from
plastic. These pieces physically traverse the game board according to the game’s
rules; (3) Markers: Additional elements used to track progress or information
within the game, such as tokens, dice, or cards; (4) Data columns: PBBG uti-
lise designated areas on the board or separate sheets to record game data, such
as points or scores; and (4) Rulebook: A set of written instructions outlining
the game’s objective, gameplay mechanics, and specific rules governing player
actions, movement, and victory conditions. During PBBG gameplay, players
physically interact with the components, manipulating them on the board accord-
ing to the established rules. This traditional format fosters face-to-face and par-
ticipant communication, potentially impacting social interaction dynamics.
CBG, in contrast, represent a digital adaptation of the traditional board game
experience. They leverage electronic devices, such as computers, tablets, or
smartphones, to deliver the game digitally. This transformation necessitates
translating physical components into their digital counterparts: (1) Game board:
Instead of a physical board, CBG utilise a digital representation displayed on
the electronic device’s screen. This digital board retains the core functional-
ity of the physical board, guiding player movement and interactions within the
game’s virtual space; (2) Components: Physical pieces, markers, and cards are
replaced with digital representations within the CBG interface. Players interact
with these digital elements on the screen, manipulating them according to the
game’s mechanics; and (3) User Interface (UI) elements: CBG incorporate vari-
ous UI elements to facilitate gameplay. These elements might include buttons for
actions, virtual dice rolling mechanisms, and digital scoreboards, all displayed
on the screen and allowing players to interact with the game’s functionalities.
While CBG shares some similarities with PBBG regarding core gameplay
mechanics and objectives, the digital format eliminates the need for physi-
cal components and face-to-face interaction. This distinction presents a unique
opportunity to explore the potential influence of digital elements on learning
motivation, social interaction patterns, and academic performance within the
research context.

In essence, PBBG and CBG offer distinct learning environments. PBBG priori-
tises a hands-on, traditional approach that fosters physical manipulation and face-
to-face interaction. CBG, on the other hand, provides a digital experience, poten-
tially influencing engagement and motivation through interactive Ul elements
and the novelty of the digital format.
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3.7 Classroom observation protocol and analysis

This research utilised a classroom observation protocol adapted from Singh
et al. (2017) to gather data on learning motivation and social interaction features
among 10-year-old participants from National-Type Chinese Primary Schools.
The focus was on observing these features during the implementation of PBBG
and CBG in Science classrooms.

3.7.1 Developing the observation protocol

Before commencing the research, the researcher collaborated with a non-partic-
ipant observer, an experienced teacher with over seven years of experience in
different schools. This collaboration leveraged the concept of “Shared Personal
Practice” within Professional Learning Communities (PLCs) (Hassan et al.,
2022), which facilitates knowledge sharing and professional development. The
teacher provided valuable insights and feedback on the observation technique
while observing the implementation of PBBG and CBG in the Science classroom.

The observation protocol was selected based on its relevance to the research
objectives, specifically its ability to capture learning motivation and social inter-
action features. The inter-rater reliability between the observer and researcher
was perfect, with a 100% agreement or a Kappa value of 1.00. This high level of
agreement strengthens the reliability and validity of the observation data, ulti-
mately reinforcing the study’s findings regarding learning motivation and social
interaction.

3.7.2 Enhancing data collection

A well-established observation protocol was employed to capture detailed data and
gain deeper insights into classroom occurrences. This protocol focused on learning
motivation and social interactions, including learner-learner and researcher-partici-
pant interactions. While the protocol provided examples, it lacked specific details for
robust data analysis. Therefore, video recordings of classroom sessions and feedback
from the non-participant observer were utilised alongside the protocol. These addi-
tional resources allowed for comprehensive observation summaries and facilitated
connections to predetermined standards or indicators.

3.7.3 Data analysis

Following implementing PBBG, CBG, and CL at different times within the sci-
ence classroom, the researchers analysed the observed data, considering its potential
impact on participants’ learning motivation and social interaction. This comprehen-
sive analysis allowed for a well-rounded understanding of the research outcomes.

Several strategies were implemented to guarantee the reliability of classroom
observations:
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(1) Standardised protocol: A well-established protocol provided structure and
consistency in recording data across observation sessions.

(2) Dual coding: Two researchers independently documented observations,
meticulously recording specific behaviours, interactions, and contextual details. This
enhanced the accuracy and replicability of data collection. Any discrepancies were
resolved through consensus discussions.

3.8 Interview protocol and analysis

This research employed individual, semi-structured interviews with ten 10-year-old
participants following the classroom observation phase. These interviews aimed to
gather participant feedback regarding their experiences with the learning environ-
ment. Audio recordings were made for comprehensive data analysis. The researcher
ensured close alignment between the interview questions and the questionnaire
statements, focusing on research objectives related to learning motivation and social
interaction features. Additionally, post-task walkthroughs were conducted.

3.8.1 Developing the interview protocol

The interview protocol comprised 20 questions translated into both English and
Mandarin. Recognising the participants’ age, the researcher simplified the language
to facilitate comprehension. Two Science teachers reviewed and assessed the trans-
lated versions specific to PBBG and CBG implementations, ensuring suitability for
the target audience. Involving experienced Mandarin teachers further enhanced the
interview protocol’s validity and reliability. Their expertise ensured age-appropri-
ate language, facilitating meaningful responses within the study context. Inter-rater
agreement between the science teachers regarding interview questions was assessed
using Cohen’s Kappa test with a 90 % level or Kappa value of 0.90. This outcome
suggests that a very good agreement enhances the reliability and validity of the
interview data and strengthens the credibility of the findings related to learning
motivations and social interaction.

3.8.2 Data analysis

The researcher meticulously recorded participant feedback during interviews. A
suitable transcription method and manual thematic analysis were employed to
ensure accurate and effective analysis. This involved verbatim transcription and sys-
tematic coding of participants’ thoughts directly related to the research questions
(Rahmawati, 2022). Thematic analysis and coding procedures (Lochmiller, 2021)
adhered to Braun & Clark (2006) protocol.

Immediate post-interview transcription served as a preliminary analysis, allowing
the researcher to reflect on emerging themes (Syamsuddin, 2022). Braun and Clark’s
(2006) six-step thematic analysis was followed: (1) familiarisation with the data, (2)
generating initial codes, (3) generating themes, (4) reviewing potential themes, (5)
defining and naming themes, and (6) producing the report.
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Several measures were implemented to enhance the reliability of interview analy-
sis: (1) Rigorous transcription: All interviews were transcribed verbatim by the first
researcher, followed by verification by a second researcher to minimise discrepancies;
(2) Multiple coders: Two researchers independently coded the data using a predeter-
mined coding scheme. Consistency was assessed to identify discrepancies and reach
consensus interpretations. By implementing these comprehensive strategies, this study
aimed to ensure the reliability of interview data, strengthening the validity and trust-
worthiness of the research findings.

Our research employed a true experimental design with pre-and post-tests, ques-
tionnaires, classroom observations, and interviews over three weeks to investigate the
impact of different teaching methods on academic performance, learning motivations
and social interactions. We meticulously developed and validated research instruments
aligned with our objectives. The study adhered to ethical principles and received prior
approval. Participants completed a pre-test, participated in lessons under each condi-
tion, and completed post-tests, questionnaires, and interviews/video recordings. Data
was analysed using appropriate statistical and qualitative methods to ensure validity
and reliability. Finally, we synthesised and presented the findings clearly and concisely
to offer valuable insights into the research objectives.

4 Results

The results section presents the findings following the research questions’ structure.
Each question is addressed in its subsection: (1) Academic Performance: This section
analyses pre-test and post-test scores to answer RQ1, which explores potential differ-
ences in academic performance between students in the CBG, PBBG, and CT (mul-
timedia aids) groups, (2) Social Interaction: RQ2 focuses on how CBG and PBBG
influence students’ social interaction and is divided into three subsections: (i) Social
Interaction Questionnaire, which analyses data from a questionnaire designed to assess
social interaction; (ii) Classroom Observation, which presents findings from direct
classroom observations focusing on social interaction patterns; and (iii) Interview
which analyses data collected through interviews conducted with participants to gain
deeper insights into their social experiences. The final section is (3) Learning Moti-
vation, which addresses RQ3 to investigate differences in learning motivation among
students exposed to the three learning methods. It is further divided into three subsec-
tions: (i) Learning Motivation Questionnaire, which analyses data from a specific ques-
tionnaire designed to measure learning motivation; (ii) Classroom Observation, which
presents findings from observations focusing on aspects related to learning motivation;
and (iii) Interview which analyses interview data to gain a deeper understanding of stu-
dents’ motivational experiences.

@ Springer



Education and Information Technologies

4.1 Academic performance: pre-test and post-test

RQI1: Is there a statistically significant difference in academic performance
among 10-year-old students learning science using CBG, PBBG and CT (with
multimedia aids such as PowerPoint)?

A Shapiro-Wilk normality test showed non-normal distributions (p=0.000)
across all conditions (CT, PBBG, and CBG) for pre-test and post-test scores and
learning topics. Subsequently, non-parametric tests were applied to compare change
scores of learning performance (pre-test to post-test) among these conditions.

The Kruskal-Wallis H test indicated a significant difference among the groups
(x% = 220.075, p<0.001), with mean rank scores of 133.23 (CT), 384.81 (PBBG),
and 315.73 (CBG). The p-value is extremely small (p <0.001), indicating strong evi-
dence against the null hypothesis that no difference exists. Therefore, we reject the
null hypothesis. A post-hoc Dunn’s test (a=0.00033) further indicated significant
differences between CT vs. CBG and PBBG vs. CBG, as summarised in Table 2.

These results prove significant differences in academic performance change
scores between the CT, PBBG, and CBG groups. Specifically, post hoc tests
revealed significant differences between CT vs. CBG and PBBG vs. CBG. Further-
more, PBBG had the highest overall achievement rate compared to CT and CBG,
with a mean score change of (CT: 36.64%, PBBG: 65.10%, and CBG: 65.41%). It
indicates that PBBG consistently outperformed CT and CBG.

4.2 Social interaction

RQ2: How do CBG and PBBG influence social interaction among 10-year-old
students in science education?

4.2.1 Social interaction questionnaire

Data distribution for social interaction was assessed, revealing non-normality
(»p=0.000) across all learning topics and conditions (CT, PBBG, and CBG) based on
the Shapiro-Wilk test. Subsequently, non-parametric tests were conducted to com-
pare social interaction among these conditions. The Kruskal-Wallis H test revealed a
significant difference (x2 = 377.347, p<0.001) among the groups, with mean rank
scores of 83.50 (CT), 400.71 (PBBG), and 340.29 (CBG).

Table 2 Kruskal-Wallis Dunn’s

Post Hoc Test Chi-Square Asymp.
Post Hoc Test results for change Sig
scores between CT, PBBG and (2—t' ailed)
CBG groups

CT vs. PBBG 201.936 0.083

CT vs. CBG 135414 0.000

PBBG vs. CBG 21.012 0.000
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This p-value is less than the significance level of 0.001, signifying a statistically
significant difference in the mean social interaction scores between at least two
groups, indicating strong evidence against the null hypothesis that no difference
exists. Therefore, we reject the null hypothesis. A post-hoc Dunn’s test (a=0.00033)
identified significant differences in mean ranks between CT vs. PBBG, CT vs. CBG,
and PBBG vs. CBG, as summarised in Table 3.

These results prove significant differences in mean social interaction scores
between the CT, PBBG, and CBG groups. Post hoc tests indicate significant differ-
ences between CT vs. PBBG, CT vs. CBG, and PBBG vs. CBG. Moreover, PBBG
outperformed CBG and CT for learning motivation with mean score rank (PBBG:
400.71, CBG: 340.29, and CT: 83.50).

4.2.2 Classroom observation

Classroom observations revealed two key themes:
(1) Researcher-participant interactions with four subthemes.

i. Nature of Researcher-Participant Interactions: This subtheme focused on the
characteristics and dynamics of interactions between researchers and partici-
pants.

ii. Types of Questions: Different questions posed by the researcher during interac-
tions were examined.

iii. Participant Questions: This subtheme focused on the questions raised by the
participants.

iv. Researcher Responses: Examining how the researcher responded to participant
questions and engaged in discussions.

(2) Interactions Among Participants with four subthemes.

i. Opportunities for Participant Interaction: This subtheme explored instances in
which participants had opportunities to interact with each other.
ii. Interaction Styles: Examining the participants’ styles and modes of interaction.
iii. Task Collaboration: Focusing on collaborative efforts among participants while
working on tasks.
iv. Feedback Provision: Analysing how participants provided feedback to each
other.

Table 3 Kruskal-Wallis Dunn’s

Post Hoc Test Chi-Square Asymp.
Post Hoc Test results for Sig
mean social interaction scores (2—t' ailed)
between CT, PBBG and CBG
groups CT vs. PBBG 297.462 0.000
CT vs. CBG 213.946 0.000
PBBG vs. CBG 13.331 0.000
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These themes and subthemes offer a comprehensive understanding of the
nature of interactions within the classroom setting, providing the researcher-par-
ticipant dynamics and peer interactions. Figure 6 summarises these findings.

4.2.3 Interview

This study applied Braun & Clarke’s (2006) Thematic Analysis (TA) process to
explore social interactions among 10-year-old participants using PBBG and CBG
in science classrooms. Due to space limitations, the transcript is not presented
here but is available upon request from the researchers. Based on the TA, four
themes emerged.

Theme 1 (Collaborative Learning): The findings strongly favour collabora-
tive learning when employing PBBG and CBG in the science classroom.
Participants wanted to interact with other group members throughout the
learning process.

Theme 2 (Learning with Friends): Participants preferred using PBBG
or CBG alongside friends for their science learning. This collaborative
approach significantly enriched their educational experiences through social
interaction.

Theme 3 (Active Engagement): Participants, whether utilising PBBG or
CBG, preferred group activities. They actively discussed science-related
questions during gameplay, fostering a conducive environment where they
could learn and master scientific knowledge collectively.

Theme 4 (Group Interaction): Group interaction was prominent in the analy-
sis. Participants consistently and actively communicated with group mem-
bers during PBBG and CBG, facilitating concurrent learning and fostering
positive social interactions.

This TA provides valuable insights into the preferences and behaviours of
10-year-old students engaged in collaborative learning through board games. The
identified themes highlight the significance of social interaction in the learning
process, paving the way for understanding the dynamics at play in science class-
rooms utilising PBBG and CBG.

| l

‘ Interaction between the Researcher and Participants ‘ ‘ Interaction Among Participants ‘

l
l b ! ! lll l

Rese_a{che:- Types of Participant Researcher’s opportunities for Task interaction feedback

participant Collaboration styles provision
interaction

interaction

Fig.6 Themes and Subthemes for Social Interaction analysed using Classroom Observation
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4.3 Learning motivation

RQ3: How does the learning motivation among 10-year-old students differ when
exposed to CBG, PBBG, and CT (with multimedia aids such as PowerPoint)?

4.3.1 Learning motivation questionnaire

A Shapiro-Wilk test for normality was conducted for all learning topics and condi-
tions (CT, PBBG, and CBGQG), revealing non-normality (p =0.000). Non-parametric
tests were subsequently employed to compare learning motivation among these
conditions.

The Kruskal-Wallis H test revealed a significant difference (x2 = 378.20,
p <0.001) among the groups, with mean rank scores of 8§3.50 (CT), 409.82 (PBBG),
and 331.18(CBG). This p-value is less than the significance level of 0.001, signi-
fying a statistically significant difference in the mean learning motivation scores
between at least two groups, indicating strong evidence against the null hypothesis
that no difference exists. Therefore, we reject the null hypothesis. A post-hoc Dunn’s
test (a=0.00033) identified significant differences in mean ranks between CT vs.
PBBG, CT vs. CBG, and PBBG vs. CBG, as presented in Table 4.

These statistical findings highlight significant differences in learning motivation
among students exposed to different teaching methods, emphasising the importance
of considering pedagogical approaches in shaping students’ motivation levels in the
science classroom.

4.3.2 Classroom observation

Observation and reflective notes covered two primary themes:
(1) lesson structure and technology/resource utilisation, with two sub-themes:

(i) Classroom situation at the beginning, middle, and end: Investigating the evolv-
ing dynamics and engagement levels within the classroom at different points
in the lesson, capturing the initial setup, the ongoing activities in the middle
phase, and the conclusion towards the end.

(il) Researcher-participant activities: Analysing the interactions and activities
involving researcher and participants in integrating and utilising technology/
resources, providing insights into their collaborative engagement and the
impact on the learning atmosphere.

Table 4 Kruskal-Wallis Dunn’s

Post Hoc Test Chi-Square Asymp.
Post Hoc Test results for mean Sig
learning motivation scores (2—t' ailed)
between CT, PBBG and CBG
groups CT vs. PBBG 297.462 0.000
CT vs. CBG 287.911 0.000
PBBG vs. CBG 27.578 0.000
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(2) Use of technology/device resources, with five sub-themes:

Integration into the activity: Exploring how technology/resources were seam-
lessly integrated into the learning activity.

(i) Usage method and purpose: Investigate the methods employed and the specific

educational purposes served by using technology/resources.

(ii1) Issues faced by the researcher or participants: Identify and address challenges or

difficulties encountered by the researcher and participants while using technol-
ogy/resources.

(iv) troubleshooting capability: Evaluating the ability to troubleshoot and resolve

issues promptly, ensuring smooth integration and use of technology/resources.

(v) Additional resources/devices employed by the researcher: Examining any sup-

plementary resources or devices introduced to enhance the overall learning expe-
rience.

Figure 7. Themes and Subthemes for Learning Motivation analysed using Class-

room Observation.

4.3.3 Interview

Braun and Clarke’s (2006) TA was employed in this study, revealing seven sig-
nificant themes based on participants’ responses. These interview themes provide
strong insights into the participants’ perspectives and experiences with PBBG and
CBG in the science classroom, emphasising the positive impact on learning, motiva-
tion, and engagement. Due to space constraints, the interview transcript is available
upon request from the researchers.

Theme 1 (Enhanced Learning): Participants reported improved comprehension
of Year 4 science topics using PBBG and CBG.

Theme 2(Positive Material Engagement): PBBG and CBG allowed partici-
pants to engage positively with science materials, facilitating peer interaction
and understanding.

‘ Learning Motivation ‘

| Use of Technology/Devices/Resources |

T |
| | ' } | } !

Classroom Researcher- The possibility of usage method issues faced by
situation at the participant technology, device, or and purpose her or pabili /devices
beginning, activities resources being used as participants employed by the
middle, and end parts of the activity researcher

Fig.7 Summarises these findings
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Theme 3 (Enriching Learning Experience): Collaborative learning with PBBG
and CBG resulted in a more profound understanding and enriched learning
experience.

Theme 4 (Motivated Learning): The board games (PBBG and CBG) motivated
participants through intrinsic and extrinsic incentives, combining fun game-
play with knowledge acquisition.

Theme 5 (Altered Perceptions): Participants perceived board games (PBBG
and CBGQG) as effective tools for science learning, distinguishing them from the
conventional teaching method.

Theme 6 (Application Proficiency): Participants in this study felt proficient in
using board games (PBBG and CBG) to explain content, leading to a clear
understanding and enjoyment of science education.

Theme 7 (Empowering Learning): The board games (PBBG and CBG) suc-
cessfully empowered participants to learn collaboratively, reinforcing their
understanding of science topics.

5 Discussion

Researchers have recognised the importance of technology for science education
(Komalawardhana & Panjaburee, 2023; Kumar et al., 2023) and the impact of gami-
fication on learner motivation, engagement, and academic achievement (Zeybek &
Saygi, 2024). However, limited research has focused on the gamification of science
education (Kalogiannakis et al., 2021) and the multifaceted aspects of science edu-
cation using gamified educational approaches to contribute to cognitive develop-
ment and student well-being (Melo et al., 2020), and this study acknowledges these
limitations by focusing on the pedagogical impact of board games (plugged-in or
unplugged) on academic performance, learning motivation, and social interaction in
10-year-old students. Sousa et al. (2023) also addressed the practical implication of
the pedagogical approach in terms of learning, cognitive and psychological. Build-
ing upon the previous analysis, this section explores how the inherent characteristics
of PBBG, CBG, and CT contribute to their effectiveness in academic performance,
social interaction, and motivation. Our research’s outcomes, relevance, and potential
challenges are summarised below.

5.1 Impact on academic performance and social interaction

Our study revealed no statistically significant differences between PBBG and CT
methods regarding academic performance. However, both PBBG and CBG signifi-
cantly outperformed CT, emphasising the effectiveness of board game methods in
enhancing students’ academic performances. Additionally, both PBBG and CBG
fostered significantly higher levels of social interaction than CT.

Although CBG and PBBG demonstrated significant improvements, there were no
significant differences between PBBG and CT, implying that PBBG can be equally
effective as conventional teaching methods, offering practical benefits for educators
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and students. The engaging and interactive nature of board games can improve
motivation and engagement compared to traditional teaching methods, aligning
with Alejandria et al. (2023), who emphasised the board games (PBBG or CBG) in
enhancing exam results (Miculob et al., 2022), improving grades (Montejo Bernardo
& Fernandez Gonzilez, 2021) and learning achievements (Hou et al., 2023b; Arufe
Giraldez et al., 2022).

Our study emphasises the integral role of social interaction in the educational
experience, revealing significant differences across all groups and highlighting the
positive impact of CBG and PBBG in fostering heightened student social engage-
ment. This is crucial in education, as social interactions can enrich the learning
experience (Assapun & Thummaphan, 2023).

While CBG emerged as an effective tool for improving students’ understanding of
scientific concepts, PBBG demonstrated better educational outcomes than CT. Our
results emphasise the pedagogical potential of CBG and PBBG in education, align-
ing with Dziob’s (2020), highlighting CBG’s advantage in improving knowledge
retention. Additionally, our findings resonate with Tsai et al. (2021) and Meekaew
and Yasri (2020), emphasising the significant impact of board games on various sci-
ence topics. This study provides valuable insights into the pedagogical impact of
CBG and PBBG in enhancing academic performance.

PBBG utilises familiar physical components like boards, pieces, and dice, creat-
ing a sense of comfort and ease of interaction for children. This finding aligns with
the review conducted by Chen et al. (2023a, b) on the impact of unplugged activities
on students’ computational thinking skills. Furthermore, this tangibility of physi-
cal components can enhance engagement and facilitate learning (Cardinot & Fair-
field, 2022). PBBG inherently requires players to interact and communicate face-to-
face, potentially fostering social interaction and teamwork skills (Janakiraman et al.,
2021). This collaborative aspect can encourage positive learning interactions and
enrich the learning experience (Assapun & Thummaphan, 2023).

CBG leverages technology to create engaging and interactive learning expe-
riences through animations, sounds, and dynamic visuals (Candan & Basaran,
2023; Taskin & Cakmak, 2023). Furthermore, this dynamic feedback and adapta-
tion allows them to adapt their learning strategies and improve their understanding.
These features can capture and sustain student attention (Dziob, 2020), leading to
deeper engagement and potentially improved learning outcomes (Lin & Hou, 2022;
Hou et al., 2023b; Arufe Giraldez et al., 2022). CBG can provide immediate and
personalised feedback to students, allowing them to adapt their learning strategies
and improve their understanding.

CBG and PBBG integrate game mechanics like points, badges, and leaderboards,
boosting motivation and engagement (Alsawaier, 2018). These elements can provide
a sense of accomplishment and encourage students to continue learning and striving
for improvement. However, CT can lead to passive learning experiences, failing to
capture students’ attention and engagement (Chan et al., 2023; Deng, 2023). This
lack of engagement can hinder learning outcomes. Also, CT limited individualisa-
tion to cater to individual learning styles and paces, potentially demotivating some
students (Renau, 2023). This one-size-fits-all approach might not be suitable for
learning science.

@ Springer



Education and Information Technologies

There are limitations to implementing PBBG and CBG in the classroom. PBBG
can be challenging to implement in large classrooms due to logistical constraints
and the need for physical resources. At the same time, CBG relies on access to elec-
tronic devices and stable internet connections, which might not be readily available
in all educational settings. While PBBG offers some level of interactive learning,
they might not provide the same level of individualised feedback and adaptation as
digital technologies (Kaimara et al., 2021), and the engaging features of CBG can
become distractions if not carefully designed and managed (Arayapisit et al., 2023).
Also, CBG may encourage social interaction through collaborative gameplay; they
generally offer less face-to-face interaction than PBBG (Hwang et al., 2012; Hou
et al., 2023a, b).

5.2 Fostering learning motivation

Building upon the previous analysis of performance and social interaction, this
section explores how the inherent features of each method (PBBG, CBG, and CT)
can influence learning motivation. Our study significantly emphasises the impact
of learning motivation on the pedagogical outcomes of CBG and PBBG in science
education, revealing significant differences across all groups. These findings are
consistent with earlier studies that demonstrated the influence of PBBG on learning
motivation and engagement (Parks, 2023; Diaz et al., 2024).

The novelty of Board games and inherent fun can spark student engagement and
motivate learning (Diaz et al., 2024). This can lead to a more positive and active
learning experience than traditional lectures (Dessie et al., 2024). Board games often
involve achieving goals and competing with peers, which can motivate students to
learn and perform well. This sense of accomplishment and healthy competition can
foster a desire to participate and master the material. The collaborative aspects of
PBBG can foster a sense of belonging and shared goals, further enhancing motiva-
tion (Lebron et al., 2024). Working together towards a common objective can create
a supportive learning environment and encourage students to support and learn from
each other.

Like PBBG, CBG’s interactive, engaging features, such as animations, sounds,
and dynamic visuals, can intrinsically motivate learners (Kaimara et al., 2022).
These elements can capture and sustain student attention, creating a more immer-
sive and enjoyable learning experience. CBG can provide immediate feedback and
recognition for correct answers and achievements, motivating learners (Chen & Chi,
2022). This reinforcement loop can help students solidify their understanding and
encourage them to remain engaged in learning.

The gamification elements in CBG and PBBG, like points, badges, and leader-
boards, can further incentivise participation and motivate students to learn and pro-
gress (Fonseca et al., 2023). These elements can provide a sense of accomplishment
and recognition, encouraging students to continue learning and strive for improve-
ment. The results resonate with the primary theme of board games as catalysts for
increased enthusiasm and commitment to learning.
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Consequently, our research extends the existing literature, comprehensively
exploring the pedagogical impact of the gamified learning environment in enhanc-
ing motivation, like the outcome of Chen et al. (2023). These outcomes signify the
promise of these innovative pedagogical in various educational settings.

Like academic performance and social interaction, traditional teaching methods
and presentations can be passive learning experiences, failing to capture students’
attention and intrinsic motivation (Chou et al., 2021; Hung et al., 2023). This lack
of engagement can lead to disengagement and hinder learning outcomes. The focus
on teacher-centred instruction can lead to a passive learning experience and limit
opportunities for students to engage with each other. Traditional teaching methods
cannot often cater to individual learning styles and paces, potentially demotivat-
ing some students. This one-size-fits-all approach might not effectively address all
learners’ diverse needs and interests.

6 Conclusion

This study highlights the potential of both PBBG and CBG for enhancing learning
compared to traditional teaching methods. While PBBG offers a familiar and engag-
ing format with positive social interaction aspects, CBG stands out through its abil-
ity to provide dynamic feedback, gamified elements, and potential for personalised
learning, potentially leading to improved academic performance. However, it is cru-
cial to consider the affordances and limitations of each method when designing and
implementing them in educational settings. Both PBBG and CBG increased motiva-
tion compared to CT. The engaging and interactive nature of both PBBG and CBG,
coupled with the element of play and competition, likely contributed to increased
learning motivation compared to the potentially passive nature of CT (Dessie et al.,
2024). The inherent features of PBBG and CBG encourage active participation, pro-
vide opportunities for achievement and recognition, and create a more supportive
and stimulating learning environment, ultimately leading to higher motivation levels
(Diaz et al., 2024).

Also, this study recognises the significance of tailoring pedagogical approaches
to different student generations and employing diverse gamification tools, as advo-
cated by Fernando and Premadasa (2024). Consequently, it compares the effec-
tiveness of computer-based board games (CBGs) and paper-based board games
(PBBGs) against conventional teaching (CT) for 10-year-old students in science
education. The study focuses on three key areas: academic performance, learning
motivation, and social interaction, utilising a true experimental design to address
these questions.

RQI1: Is there a statistically significant difference in academic performance
among 10-year-old students learning science using CBG, PBBG and CT (with

multimedia aids such as PowerPoint)?

Social interaction has a positive implication on academic performance (Qureshi
et al., 2023), and recent studies by Alejandria et al. (2023) and Hou et al. (2023a,
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2023Db) established the efficacy of board games in enhancing academic performance.
Gamification also positively affects behavioural and cognitive engagement, enhanc-
ing students’ achievement (Taskin & Kilic Cakmak, 2023). Our findings resonate
with this, highlighting the substantial and positive impact of CBG and PBBG on
academic performance, surpassing the traditional CT method. This aligns with exist-
ing research, such as Tsai and Tsai (2020), suggesting that games-based science
learning improves students’ science learning compared to other methods. However,
this finding differs from Yang and Chen (2023), who emphasise that CBG increases
engagement over learning.

Similar improvements in academic performance were observed in unplugged and
plugged-in activities, aligning with Yang and Chen (2023) and Hou et al. (2023a,
2023b). These findings support Zhang et al. (2022) and a meta-analysis by Li et al.
(2022) on unplugged activities, showcasing enhanced academic performance with
PBBG and emphasising the pedagogical impact of teaching methods. However,
no significant difference is recorded between game-based groups (plugged-in vs.
unplugged) in science learning (Wang & Zheng, 2021).

RQ2: How do CBG and PBBG influence social interaction among 10-year-old
students in science education?

Our study emphasises the enriching impact of gamification, specifically CBG and
PBBG (plugged-in and unplugged), on social interaction in science education. Note-
worthy differences across all groups highlight the pedagogical effectiveness of board
games in creating interactive and engaging learning environments, fostering collabo-
rative learning, active engagement, and positive group interaction. While consistent
with prior studies showcasing PBBG’s promotion of social interaction (Cardinot &
Fairfield, 2022; Assapun & Thummaphan, 2023), it deviates from Yang and Chen’s
(2023) findings, suggesting reduced social interaction.

The divergence in findings emphasises the need for future investigation to deter-
mine the generalizability of Yang and Chen’s (2023) observations.

RQ3: How does the learning motivation among 10-year-old students differ when
exposed to CBG, PBBG, and CT (with multimedia aids such as PowerPoint)?

Safkolam et al. (2024) posited that inquiry-based learning in science education
can enhance science understanding and motivation. Our study reveals a significant
enhancement in learning motivation across all groups, highlighting the pedagogi-
cal impact of CBG and PBBG on students’ motivation. These board games’ intrin-
sic and extrinsic incentives fostered enthusiasm for learning and a positive attitude
towards acquiring new knowledge. These findings align with previous studies by
Diaz et al. (2024) and Madariaga et al. (2023), underlining the potential of CBG and
PBBG to ignite students’ intrinsic and extrinsic motivation.

Acknowledging the broader implications of gamification, our study explores how
these pedagogical methods may influence academic outcomes and the students’
holistic well-being. While primarily focusing on practical outcomes, such as aca-
demic performance, learning motivation, and social interaction, the study recognises
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the theoretical underpinnings of gamification in education, contributing to the ongo-
ing discourse on its broader implications.

In conclusion, our research emphasises the potential of gamification as a trans-
formative pedagogical approach in education to enhance 10-year-old students’ sci-
ence learning (Christopoulos & Mystakidis, 2023; Dehghanzadeh et al., 2023). This
study explored the use of computer-based board games (CBGs) and paper-based
board games (PBBGs) and their impact on academic performance, learning moti-
vation, and social interaction. The findings suggest that CBGs hold promise for
improving students’ comprehension of scientific concepts. PBBGs and CBGs cre-
ate a more engaging and motivating learning environment than traditional methods
by incorporating novelty, enjoyment, achievement, recognition, collaboration, and
communication. This fosters higher levels of social interaction and potentially leads
to improved learning outcomes.

While both approaches share these benefits, CBGs’ additional gamification ele-
ments might offer further incentivisation and engagement for some learners. Ulti-
mately, the choice of method should be guided by specific learning objectives,
student needs, and the educational context. Encouraging educators, curriculum
designers, and educational technology developers to integrate CBGs, PBBGs, and
collaborative learning (CL) can create engaging and impactful learning experiences,
fostering collaborative skills and a deep understanding of science concepts. These
findings advocate for integrating board games into the modern classroom, aligning
with the Malaysian educational landscape’s commitment to achieving high-quality
international standards.

7 Research implications

Integrating AT and SCT in our theoretical framework represents a unique and inno-
vative approach. This combination leverages the strengths of both theories, creating
a framework that addresses the intricate interplay between human activities, social
interactions, and cognitive development in the context of introducing PBBG and
CBG for science learning.

This study’s exploration of CBG, PBBG, and gamification’s impact on learning
outcomes benefits from the combined theoretical framework of SCT and AT. By
analysing the research results through the lens of SCT and AT, we can gain a deeper
understanding of:

1) Integrating SCT using Vygotsky’s ZPD, emphasising the significance of social
interactions and culture in cognitive development. This inclusive approach
extends beyond AT’s individualistic focus, providing a more comprehensive
framework for analysing collaborative learning and cognitive processes among
10-year-old participants. By analysing how CBG and PBBG, through their collab-
orative elements and shared goals, encourage interaction and knowledge exchange
among students, SCT helps us understand why gamified learning can lead to
improved social interaction and collaborative learning compared to CT. This
supports Agonafir’s (2023) study on collaborative learning’s impact on learning,
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2)

3)

performance, and motivation. Also, Rogti (2024) posited that interactive media
in learning can facilitate communication and collaborative learning.

This study examines the dynamic learning environments fostered by gamification.
Drawing upon Activity Theory (AT), we view learning as a complex interplay
between the learner, the tools (CBG/PBBG), the object (learning objective), the
community (peers, teacher), and the rules (game mechanics). AT helps us analyse
how CBG and PBBG mediate the learning environment, providing insights into
the effectiveness of gamification. By examining how the game mechanics, rules,
and social interactions within the game structure learning activities and facilitate
collaboration, AT reveals how gamified learning differs from traditional class-
room activities in fostering social interaction and collaborative learning. Further-
more, applying AT to introduce innovative technology to 10-year-old participants
highlights potential contradictions and challenges in the learning process. The
concept of “expansive transformation” illustrates how these initial challenges can
lead to positive changes in approach, contributing to the evolving nature of AT.

Our integrated framework offers a comprehensive view for analysing and enhanc-
ing various aspects of human behaviour, cognition, and learning motivation.
Drawing from AT and SCT, this holistic perspective contributes to a more thor-
ough understanding of the dynamics of introducing PBBG and CBG in science
education.

In summary, our theoretical framework combines established theories and

extends and integrates them novelly. The advancements lie in its nuanced under-
standing, integration of multiple perspectives, and applicability to the specific con-
text of introducing digital board games in science education. This integration can
contribute significantly to the broader discourse in educational computing and

pedagogy.

8

Limitations and future work

This study offers valuable insights into the effectiveness of CBG and PBBG in sci-
ence education for 10-year-old students. However, acknowledging the study’s limita-
tions is essential for future research.

Specific Educational Context: We conducted this study using Mandarin in a
specific educational context, potentially limiting the generalisation of findings.
Future research should prioritise diverse educational environments, considering
participants’ cultural differences and socio-economic backgrounds, to offer a more
comprehensive understanding of the applicability of gamification using board
games.

Short-term Impact Assessment: Our study examined the short-term impacts of
CBG and PBBG on academic performance, learning motivation, and social inter-
action. Future work should focus on conducting longitudinal studies to compre-
hensively understand the long-term benefits and sustainability, offering insights

@ Springer



Education and Information Technologies

into the persistence of positive effects over time, as Zourmpakis et al. (2023)
suggested.

Age Group Representation: Our research centred on 10-year-old students, limiting
the generalisability of CBG and PBBG for different age groups. Future investi-
gations should investigate how these methods impact students of various ages,
facilitating age-specific conclusions and insights into developmental considera-
tions.

Integration into Curriculum: Our study highlighted the potential benefits of inte-
grating CBG and PBBG into the curriculum. However, this integration has proven
challenging. Future research should concentrate on establishing a seamless align-
ment with educational standards and providing resources to assist teachers in
implementing these methods effectively, addressing practical challenges.
Equitable Access and Inclusivity: Ensuring equitable access to CBG and PBBG
is crucial. Future works should address accessibility concerns and adapt these
resources for students with varying needs, including those with disabilities. For
instance, Rodriguez-Ferrer et al. (2023) conducted a longitudinal study on gami-
fication and game-based learning for people with dyslexia, reporting improved
academic performance.

Self-Reported Data: Our study relies on self-reported data to assess media use,
introducing potential subjectivity and recall biases, which could lead to inac-
curacies in reporting actual media engagement, as Parry et al. (2021) suggested.
Future research could explore the feasibility of incorporating logged data or
employing a combination of methods to enhance the precision of media use meas-
urements.

Broad Understanding of Games. Our study only focuses on one type of board
game, potentially overlooking the differences between diverse types. Future
research could employ a more diverse approach, considering diverse types of
games (e.g., paper-based versus virtual game environments or Augmented Real-
ity) to provide additional insights into their effects on education. The meta-
analysis conducted by Arztmann et al. (2023) highlights the difference between
paper-based games and virtual game environments, potentially yielding different
effects.

Data availability Data will be made available at a reasonable request.
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