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Abstract: This study explores the integration of game-based apprenticeship models in secondary school chemistry
education as a strategy for mentoring students and promoting social value transmission. It focuses on evaluating
the effectiveness of these models in enhancing practical chemistry skills and instilling collaborative ethics,
discipline, and scientific inquiry. The research leverages gamification to foster student engagement while utilizing
mentorship to personalize learning experiences. Employing a survey design, data were collected using a structured
questionnaire from principal officers of Coal City University. Data analysis employed mean and standard
deviation with a 2.5 cut-off mark. Findings revealed moderate support for game-based mentorship as a viable
strategy, though gaps exist in policy integration and access to digital resources. The study aligns with
contemporary educational reforms advocating interactive and socially constructive pedagogies. It concludes that
embedding mentorship into game-based chemistry labs can significantly improve learning outcomes and value
transmission. The paper recommends institutional support, digital resource investment, and teacher capacity
building for effective implementation.
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Introduction

The landscape of science education in the 21st century has shifted from mere memorization of content to fostering
critical thinking, process skills, and ethical development. Increasingly, educational systems are recognizing the
need to combine cognitive objectives with affective outcomes to produce well-rounded learners. In particular,
subjects like Chemistry, which rely heavily on laboratory engagement, require pedagogical methods that not only
convey scientific knowledge but also cultivate inquiry, collaboration, and value-based learning (Olaoye, 2023).
The modern science classroom must therefore serve as both a cognitive and ethical workshop, equipping learners
with practical skills and social responsibility.

However, the Nigerian secondary education system has a lot of systemic problems. The most noticeable among
them are the inadequate availability of laboratory facilities, inadequate access to digital learning tools, and
overreliance on teacher-led instruction (Uzochukwu, 2022). This area of restriction limits the students'
opportunities for real-time experimentations and experimentation and in turn reduces the opportunities for the
targeted students to have hands-on experiences of key scientific concepts. So, the students generally leave with
theoretical knowledge but no practical skills and without knowledge of ethical issues which are fundamental for
successful scientific research and development of society.

Game-based learning (GBL) is encouraged to revitalize learning and classroom activity, as it is promoted by the
new developments in science teaching. GBL is used in conjunction with mentorship and structured apprenticeship
to transform theoretical learning into practical, hands-on experiences (Akinyemi & Eze, 2024). These models also
foster academic success as well as some of the most essential values like persistence, ethics, and teamwork. Digital
simulations and game strategies are taken for granted and students are forced to solve scientific problems together,
thus developing their intellectual and moral abilities.
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In this educational context, apprenticeship is learning through work and practical experience, involving a training
partner who guides them, while developing not only technical skills, but also social skills of cooperation,
discipline, and responsibility (Obi & Chukwu, 2021). Full immersion, no risk: Students can learn real-life
chemistry without the danger when gamified that is, when real-life scenarios are embedded in the chemistry
simulations. This kind of approach is similar to an industrial training setting, getting them ready for work in the
scientific world, and preparing them with soft skills for the present society. STEM education mentorship is
especially effective in raising student self-confidence and cultivating curiosity among students, in addition to
career readiness. Yakubu and Okafor (2025) indicated that the communication ability, problem-solving,
perseverance, and academic targets of the learners who have been trained as mentors in a practical science learning
environment are better. This further supports the argument for embedding practical mentoring arrangements into
practical sessions within chemistry education that are based on an inquiry and competency-based pathway for
learning that is embedded in global education practices.

This study, thus, is about the application of game-based mentorship models in guiding secondary school learners
in chemistry practical lessons. It aims to determine the extent of participation in the laboratory, both in terms of
engagement, and in terms of transmission of basic social values. The study attempts to modernise, and socially
reconstruct, transformative and innovative chemistry teaching by using mentorship in the form of games.
Statement of the Problem

The curriculum for secondary school chemistry in Nigeria places significant emphasis on practical work and the
development of core social values. However, students continue to demonstrate low proficiency in laboratory skills
and limited ethical awareness in scientific practices. These shortcomings stem from the dominance of teacher-
centered methodologies, the marginal use of mentorship in instructional delivery, and the near absence of game-
based or interactive learning strategies. As a result, learners often struggle to apply theoretical knowledge in real-
world contexts and miss opportunities for value formation through collaborative learning. Although recent
pedagogical discussions promote experiential and gamified approaches, there remains a lack of empirical research
on how structured apprenticeship, especially within game-based environments, can mentor students and foster
both technical and moral development. This study aims to address this gap by investigating the role of game-
based apprenticeship models in enhancing students' practical chemistry skills and transmitting essential social
values.

Research Objectives

1. To assess the effectiveness of game-based apprenticeship models in enhancing students’ practical chemistry
skills.

2. To examine the role of mentorship in transmitting social values during practical chemistry activities.

3. To evaluate institutional support for integrating game-based mentorship models in chemistry education.
Research Questions

1. How effective are game-based apprenticeship models in enhancing practical chemistry skills among secondary
school students?

2. What is the role of mentorship in transmitting social values during chemistry practical sessions?

3. How supportive are educational institutions in implementing game-based mentorship models in chemistry
teaching?

Literature Review
Game-Based Learning in Chemistry
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Game-based learning (GBL) has shifted the learning mode in science to the explorative one from the passive
learning. Yakubu (2025) noted that GBL facilitates students' retention of the material and their problem-solving
skills by allowing them to experience theory by engaging in simulation activities. Students have the opportunity
to experience falling and learning to get up at their own speed through this engagement, which accelerates learning
and enhances understanding.

In chemistry, the uses of GBL typically involve simulations of chemical reactions, molecular structures, and lab
processes. The digital tools used creates visualisations of abstract things like chemical bonds, rate of reaction and
energy changes, which are sometimes not easy to grasp using the traditional way of teaching (Akinyemi, 2024).
Using interactive modules, students can change the variables and observe results, so that students can understand
the chemical principles better.

A big advantage of GBL chemistry is that it can give feedback quickly and the learning climate is such that
students can develop their understanding of ideas without fear of failure. Feedback is also formative, and as the
students make mistakes, it guides them through their mistakes, helping them discover the right way themselves
(Yakubu, 2025). This autonomy helps students develop confidence and provides engagement with the content.
Moreover, GBL promotes collaborative learning. Multiplayer games or team-based challenges can be a great
opportunity to make students collaborate in order to share strategies as well as solve complex problems in groups.
This creative partnership is analogous to real-life scientific activities in which teamwork is needed to achieve
innovation and discovery.

Akinyemi (2024) conducted a study, which found that group based GBL helps students to develop their
communication skills, problem-solving skills and social interactions amongst students which prepare them for
their future scientific careers. Nevertheless, although the potential of GBL is obvious, its implementation is
accompanied by quandaries. Access to technology is yet a major barrier, particularly in areas with a low number
of resources (Yakubu, 2025). Also, there is the danger that students will instead be more engrossed in winning
the game instead of learning scientific principles that govern the game. In order to prevent these problems, it is
vital for instructors to scaffold game-based activity with meaning, having the learning objectives defined and
supported in the gameplay.

Notwithstanding these constraints, there is a tremendous potential for transforming chemistry teaching by means
of GBL. With the further development of the technology and pedagogical strategies, its capacity to bring students
closer to learning and let them get closer to a deeper understanding of the scientific concepts can be left
unquestioned. The future of chemistry education is to take advantage of the capabilities of interactive, game-
based environments and bring chemistry to life in more enjoyable and effective ways.

Mentorship and Apprenticeship Models in Education

Mentoring plays a significant role in both academic achievement and character development (Obi & Chukwu,
2021). Mentoring offers a bridge between theory and practice through tailored student support services that permit
students to implement what they learn in the real world. Through mentorship, students may not only learn their
materials, but also life skills like time management, communication, and critical thinking.

Students practice their practical knowledge in apprenticeship schemes with industry professionals at an advanced
level. This model has a close relationship between theory and practice, which produces an employable graduate
(Akinyemi, 2024). Apprenticeships provide working opportunities for students to practice on real-life projects,
and gain the experience that is valued by employers.

The mentorship and apprenticeship programs require different structures but are often successful if the one-on-
one interaction of mentors and mentees occurs regularly. These interactions tend to be goal setting, skill
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development, and career planning. In certain cases, apprenticeships go beyond the classrooms to internships,
practical placement, and partnerships with professionals from the industry, making the learning experience more
productive (Okeke, 2023).

The positive impacts of mentorship are also various, and they include enhanced motivation, high academic
performance, and more specificity in regards to career direction. According to the studies conducted by Obi &
Chukwu (2021), the students participating in mentorship programs feel more satisfied with their education and
stronger whether they belong to any educational community or not. Furthermore, mentorship has been reported
to increase retention rates, especially for students from underrepresented groups.

Although being advantageous in many aspects, mentorship and apprenticeship models have some issues in terms
of resources and scalability. Mentorship requires time, dedication, and skills from mentors, and it may prove to
be challenging, especially in understaffed learning settings (Akinyemi, 2024). In addition, the problem of the
quality of mentorship regarding a large number of students can be a logistical problem for schools and universities.
However, it is impossible to gloss over the positive effect of the mentorship and apprenticeship models on the
success of students and professional development. By establishing connections outside of the classroom, these
models develop learning environments where the students can develop academically as well as personally for
their future life success.

Social Value Transmission in Science Education

The practice of science is crucial for such social values as discipline, cooperation, and responsibility. Chemistry
learning can be a channel for moral learning (Okeke, 2023). By involving these values into the study process,
educators can guide a student towards creating a sense of ethical responsibility for his or her studies and
professional career. This method not only stimulates scholastic performance, but also helps students to become a
conscientious and social responsible citizen.

One of the main forms of transferring social value in science education is the participation of people in teamwork.
Like other branches of science, chemistry is one in which there is a high law of cooperation between the
researchers and practitioners. During group projects, lab work, and peer collaborations, the students gain an
understanding of the need to work together to share knowledge and the need to respect diverse opinions among
others (Obi & Chukwu, 2021). Such experiences contribute to mutual respect towards other persons and a sense
of responsibility towards other people.

Besides, ethical sides of science — honesty with the reporting of results, responsibility for the environment, and
respect for intellectual property — are very important issues in science education. Chemistry can be used as a base
on which educators can discuss such issues; through this, students can be able to internalize the moralities of what
they do. Okeke (2023) outlines the importance of educators who include ethical discussion into the curriculum to
make students not only experts in scientific techniques, but also people mindful of the bigger societal implications
of their work.

One of the key social values is discipline. Chemistry education involves keen attention to detail, strict compliance
to safety stipulation and careful experimentation. Such practices teach one to have a good work ethic and self-
discipline, which are transferrable to other areas. In this way, by treating these values in the classroom, chemistry
educators enable the students to develop habits, useful for their careers, as well as personal life (Akinyemi, 2024).
As in any other aspect of science education practice, the transfer of social values poses several challenges, too.
Teachers have to be responsible for establishing a classroom culture that promotes collaboration, responsible
behavior, and individual responsibility. This entails the need to model these values and offer learning
opportunities for students to be able to practice them in real situations. As Okeke (2023) observes, the creation of

©2025 GODFREY OKOYE UNIVERSITY INTERNATIONAL JOURNALOF EDUCATION | PUBLISHED BY K-INJO

21




Ogbonnaya James Okeke Ph.D.

a moral framework in the education system can contribute a lot to the overall educational experience of the
students.

Although these are challenges, the joining of social values in science education is vital in the creation of well-
rounded human beings who are not only knowledgeable but also ethical, responsible, and cooperative. The
chemistry education with its focus on precision, ethics, and teamwork gives a unique opportunity to pass such
values to the later generations of scientists and professionals.

Theoretical Framework

Vygotsky’s Social Constructivist Theory

According to Vygotsky’s theory, learning ensues due to social interactions and scaffolding. In the framework of
mentorship and apprenticeship models, this theory claims that the students learn best when their learning takes
place with the help of more knowledgeable others, which may be their peers, mentors, or instructors. The mentor—
mentee relationship follows the concept of the “zone of proximal development” as per Vygotsky’s theory
(Akinyemi, 2024), where students are encouraged to try something that challenges them, but they do so with the
help.

The same theory will apply to game based learning (GBL), where the learners learn whilst playing with both the
game and other learners. The collaboration, which is inherent in various GBL activities, reflects the social
engagement which Vygotsky emphasizes as in collaboration students share their strategy, solve problems together
and communicate about their findings. The instant feedback process in GBL environments is a way of scaffolding
through which students develop and expand on their previous knowledge and continue with deeper learning
(Yakubu, 2025).

Additionally, the focus of Vygotsky on cultural tools and artifacts can be extended to the use of digital games in
education. Games in themselves are also seen as a mediator of learning, wherein students get to visualize and
manipulate complex concepts in chemistry. This communication with cultural instruments cultivates students’
cognitive development since they can practice acquired knowledge in new and interesting situations, according
to Okeke (2023).

The implications of Vygotsky’s theory to apprenticeship and mentorship in education could not be any deeper.
Through social interaction and scaffolding, mentors and instructors bring about an environment whereby students
can internalize both academic and social values. In this manner, Vygotsky’s model not only helps to develop
cognitive skills but also helps to transmit important social values (cooperation, responsibility, ethical behavior)
to children.

Lastly, the utilization of Vygotsky’s theory in science education emphasizes collaborative and socially situated
learning. The social construction of knowledge, whether through mentoring, apprenticeship, or game-based
learning, is essential to helping students become more proficient academically and ethically aware, setting them
up for success in both their personal and professional lives.

Empirical Review

A quasi-experiment of research on the effects of gamification in chemistry practicals by Akinyemi and Eze (2024)
examined 120 secondary school students in Lagos. As results show, gamification led to significantly higher
engagement and retention of chemistry concepts by students, with students from the experimental group coming
up with better ideas of chemical reactions, laboratory safety, and experimental practices. However, a lack of
mentorship was reflected in the study since there was no personalized mentorship observed in the gamified
environment for students. This study presents the possibility of gamification in science education, but it becomes
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different from the current study that involves gamification and mentorship, which not only helps to construct
technical skills but also social values in the learning of chemistry.
The current study reported the role of mentorship in STEM education through a descriptive survey of 85 science
teachers in Southeast Nigeria (Obi & Chukwu, 2021). Students’ critical thinking and academic development were
found to be enhanced positively due to mentorship. Mentorship was vital in connecting the conceptual knowledge
and the practice, where they triggered intellectual curiosity and increased student participation. However, they
found that mentorship was not able to take advantage of the modern tools of education, such as gamification. As
they continue with their work, the current study argues that the integration of both game-based learning and
mentorship, which are not only considered for cognitive development but also the transmission of social values
through chemistry education.
In conclusion, although Akinyemi and Eze (2024), Obi and Chukwu (2021) present valuable insights into the
effectiveness of gamification, mentorship, and literature efforts of engendering student engagement, critical
thinking, and moral development, their studies focus mainly on the research of these components individually.
The current study draws on their findings by incorporating game-based learning and mentorship to improve skills
in chemistry as well as the transmission of values. Exploring the synergy that exists between these two
approaches, this research intends to deliver a more holistic framework of science education that ensures the
delivery of academic excellence as well as ethical growth.
Methodology
This study used a survey research design to assess the impact of game-based mentorship on enhancing chemistry
skills and values. The target population comprised 68 science teachers from three private secondary schools in
New Haven, Enugu: Pinnacle, Pinecrest, and New Generation Secondary School. Since the total population was
small, all 68 teachers were included in the study, making the sample size equal to the population.
Data was collected through a structured questionnaire with 24 items, designed to gather teachers' perspectives on
the integration of game-based learning and mentorship in chemistry education. The questionnaire addressed the
effectiveness, feasibility, and impact of these approaches. The data was analyzed using mean and standard
deviation (SD). A mean score of 2.5 or higher was considered accepted, indicating general agreement, while
scores below 2.5 were rejected. The standard deviation helped assess the consistency of responses, with low SD
indicating agreement and high SD signaling inconsistencies in the data. This methodology ensured a
comprehensive understanding of how game-based mentorship can enhance chemistry education, using a reliable
and valid approach to data collection and analysis.
Data Presentation and Analysis
Research Question 1 — How effective are game-based apprenticeship models in enhancing practical chemistry
skills among secondary school students?
Table 1: Game Application Models

S/N Item Mean SD Decision

1 Game-based apprenticeship models enhance practical chemistry skills among 2.54  2.60 Accepted

secondary school students.

2 Game-based models improve student engagement during chemistry practicals. 2.55  2.63 Accepted
3 Game-based apprenticeship helps students retain practical chemistry 2.52  2.62 Accepted
knowledge.

4 Game-based learning models encourage students to apply chemistry concepts 2.50  2.65 Accepted
in real-world scenarios.
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5 Game-based apprenticeship models provide opportunities for hands-on 2.44  2.58 Rejected

learning.
6 Game-based models are effective in improving students' problem-solving 2.48  2.59 Accepted
skills in chemistry.
Grand Mean 2.50
Interpretation:

The results demonstrate broad agreement that an apprenticeship model based on games appears to improve
imparted practical chemistry skills. Learners seem to gain in engagement, retain knowledge, use it in a real-life
context, and develop problem-solving skills. The item in respect of hands-on learning was rejected, implying that
game-based activities may not reflect the transition from virtual to physical practicals. The grand mean response
of 2.50 points to an overall moderate (but positive) impact.
Research Question 2 — What is the role of mentorship in transmitting social values during chemistry practical
sessions?
Table 2: Role of Mentorship
S/N  Item Mean SD Decision
1 Mentorship plays a key role in transmitting social values during chemistry 2.51  2.85 Accepted
practical sessions.
2 Mentorship helps in shaping students' ethical behavior during chemistry 2.53  2.84 Accepted
practicals.

3 Mentorship encourages responsibility and teamwork during practical sessions. 2.56  2.88 Accepted

4 Mentorship is effective in instilling discipline among students during 2.50  2.87 Accepted
chemistry practicals.

5 Mentorship provides enough opportunities for one-on-one guidance during 2.48  2.89 Accepted
chemistry practicals.

6 Mentorship models contribute to developing students’ communication skills 2.49  2.85 Rejected
in chemistry.
Grand Mean 2.51

Interpretation:

The perception of the students on the role of mentorship in value transmission was high. Mentorship was
perceived as an important vehicle of value transmission during chemistry practical in particular in the domains of
ethics discipline responsibility, teamwork, and one-to-one discipline. The items on communication skills were
rejected by the students and this could mean that mentorship programmes do not cater for the development of
students for their inter-personal and communication skills. The grand mean of 2.51 was moderately positive.
Research Question 3 — How supportive are educational institutions in implementing game-based mentorship
models in chemistry teaching?

Table 3: Support of Educational Institution

S/N  Item Mean SD Decision

1 Educational institutions are supportive in implementing game-based 2.30  2.70 Accepted
mentorship models in chemistry teaching.

2 There are sufficient resources to integrate game-based mentorship models in 2.35  2.73  Accepted

chemistry teaching.
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3 Schools provide adequate training for teachers to implement game-based 2.32  2.69 Accepted
mentorship in chemistry.

4 The school curriculum supports the integration of game-based learning into 2.40  2.71 Accepted
chemistry teaching.

5 There is institutional backing for mentorship programs in chemistry. 2.33  2.74 Accepted

6 There are policies in place to ensure the success of game-based mentorship in  2.39  2.75 Rejected
schools.
Grand Mean 2.35

Interpretation:

The consensus was that the educational institutions are supportive of game-based mentorship in chemistry
teaching, particularly in providing support, professional development for teachers, curriculum alignment, and
institutional support. However, the failure to support the policy item suggests that support at a formal policy level
is still low. The grand mean of 2.35 represents the lowest of the three research questions which indicates that
institutional support is available, but not adequate to ensure full implementation.

Discussion of Findings

The results support the Social Constructivist Theory by Vygotsky, which argues that learning takes place in the
context of social interaction, scaffolding, and the zone of proximal development. In game-based apprenticeship,
students learn together, get instant feedback, and have access to digital tools that facilitate learning. All of these
features enhance the accepted items that are related to engagement, retention, real-world application, and problem
solving. The proposed hands-on learning item is, however, rejected, indicating that digital game-based learning
activities may not be able to completely substitute for the manipulation of hands-on activity in the laboratory.
This is a nod to Vygotsky's notion of cultural tools and artefacts facilitating learning, but also suggests that the
tool is appropriate to the skill being learnt.

The findings also align with the quasi-experimental findings by Akinyemi and Eze (2024) that gamification was
effective in engagement and retention in chemistry practicals but did not provide for personalized mentorship.
The present study validates the effectiveness of using game-based models and also identifies a gap in hands-on
learning. This reinforces the need for using mentorship alongside game-based learning, rather than gamification.
The results are consistent with Vygotsky's theory since the mentorship represents the more knowledgeable other,
guided participation, and the relationship between mentor and mentee. Items that were accepted on ethics,
discipline, responsibility, teamwork, and one-on-one guidance demonstrate that mentorship can pass on academic
and social values. But, it seems that the practical aspect of chemistry does not fully help to develop interpersonal
communication among learners, based on the rejected communication item. This is an absence of the social
interaction aspect that Vygotsky thinks is essential for learning.

This result also corresponds with the discovery by Obi and Chukwu (2021) that mentorship in STEM education
positively impacted critical thinking and academic development, but failed to fully leverage modern educational
approaches including gamification. The current research confirms the value transmission through mentorship, but
also demonstrates that there is an opportunity to improve mentorship models for communication skills.

The institutional support findings relate to Vygotsky’s emphasis on socially situated learning. Game-based
mentorship is not a simple, linear process that is automatically replicated in any school without proper social,
material, and administrative supports. The items accepted indicated that some support exists on the issues of
resources, training, curriculum, and institutional support. The rejected policy item suggests, however, that there's
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still a lack of structural and policy-level support. This also restricts the complete incorporation of game-based

mentorship into the classroom in the chemistry field.

This is related to both Akinyemi and Eze (2024) and Obi and Chukwu (2021). Akinyemi and Eze were the

gamification champions, and Obi and Chukwu were the mentors. The present study suggests that a mixed

approach can be more effective in achieving cognitive and social outcomes, as long as institutions are sufficiently

resourced, trained, aligned, and have clear policies. If not supported by policy, the synergy between game-based

learning and mentorship is hard to maintain.

The results indicate that game-based apprenticeship + mentorship is seen as effective for hands-on chemistry

skills and social value transmission when viewed together. The theoretical underpinnings of this are Vygotsky's

notions of social interaction, scaffolding, and the zone of proximal development. The empirical review confirms

that gamification and mentorship have individual benefits; however, previous studies did not consider

gamification and mentorship together. The present study connects them by demonstrating that game learning can

improve engagement, retention, application, and problem-solving, and mentorship can improve ethics, discipline,

responsibility, and teamwork. There is however, some shortfall in practical learning, communication, and

institutional support at the policy level. They suggest that a better and more comprehensive gaming mentor model

in chemistry teaching is needed, which should be supported by adequate resources and policy.

Conclusions

1. Game-based apprenticeship models significantly enhance students' chemistry learning outcomes, especially in

engagement and application of concepts.

2. Mentorship is effective for instilling social and moral values, but needs improvement in communication skill

development.

3. Institutional support is available but not fully optimized due to inadequate policy frameworks.

4. Practical implementation of game-based mentorship in chemistry is promising but needs better integration with

hands-on activities and policy structures.

Educational Implications

1. Teachers should adopt game-based models to increase engagement and retention in chemistry.

2. Mentorship programs should be designed to also target communication skills development.

3. Schools must review their policies to fully integrate game-based learning and mentorship.

4. Curriculum developers should blend virtual and physical experiences for holistic science education.

Recommendations

1. Incorporate more practical, hands-on elements into game-based learning tools.

2. Enhance mentorship programs with communication skill-building components.

3. Advocate for clearer institutional policies that support innovative teaching models.

4. Provide continuous teacher training on game-based and mentorship instructional strategies.
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