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Abstract

In the digital era, innovative learning methods are key to increasing student engagement and understanding in
engineering and construction. One of the increasingly emerging approaches is game-based learning (GBL), where
games are used as interactive educational tools. This study explores the effectiveness of Minecraft: Education Edition
in improving academic performance and engagement of students in the Construction Engineering and Management
(CEM) Study Program at a university in Indonesia. This study used a mixed method, namely learning observation
and questionnaire survey of students attending Minecraft-based lecture sessions. The findings of this study are
presented in three main topics, namely the implementation of Minecraft: Education Edition as a learning medium,
the Effectiveness of Minecraft as a Learning Medium for Construction Management, and implementation barriers.
The results of this study are expected to provide insight into best practices in engineering education, especially in
the application of interactive technology to improve learning effectiveness. This study also provides
recommendations for higher education institutions to adopt game-based learning as part of innovative strategies in
engineering learning. With increased student engagement and understanding through game-based simulations,

Minecraft has the potential to be a revolutionary educational tool in the construction discipline.
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1. Introduction

Technology-based learning is increasingly developing, including in the construction discipline. Students from Civil
Engineering, Architecture, and Construction Management study programs often experience challenges in understanding the
concepts of planning, design, and management of construction projects practically. On the other hand, conventional learning
methods based on face-to-face lectures and case studies are sometimes less able to increase student engagement and in-depth

understanding.

Generation Z, who grew up in the digital era, has unique characteristics that affect student engagement and performance
at the undergraduate level. They tend to be more familiar with technology, rely on online learning resources, and prefer
interactive learning methods over traditional approaches [1]. This encourages educational institutions to adopt innovative
strategies such as project-based learning, gamification, and the use of technology, such as virtual reality, as a tool for academic

collaboration [2]. However, challenges such as digital distractions and a lack of time management skills can also affect their
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academic performance. Therefore, an adaptive and technology-based educational approach is needed to improve the

engagement and academic achievement of Generation Z students.

Game-based learning (GBL) has been shown to increase student learning motivation, conceptual understanding, and
engagement [2-3]. One of the games that has the potential to be used in construction education is Minecraft: Education Edition,
which allows students to explore, design, and build virtual structures collaboratively. Therefore, this study focuses on the
application of Minecraft as a learning medium to improve the academic performance and engagement of construction students,

especially in a Construction Engineering and Management (CEM) study program.

This study aims to (1) evaluate the effectiveness of game-based learning using Minecraft in improving the understanding
of construction management and engineering concepts, (2) analyze the impact of Minecraft use on student engagement, and
(3) provide recommendations regarding the implementation of Minecraft as part of the CEM curriculum. This study examines
the use of Minecraft in the context of higher education. Different from previous studies, this research combines a case study
approach through learning observations supplemented by a questionnaire survey to measure student engagement. The case
study was conducted in a university environment in Indonesia, which still lacks research related to game-based learning (GBL).
Thus, this study is expected to contribute by providing new insights into the effectiveness of Minecraft in improving the quality
of learning in the construction discipline. In addition, this study also provides empirical data that can be a basis for educational
institutions in designing innovative learning strategies. Furthermore, this study also supports the adoption of technology in

higher education, especially in the field of construction management.

2. Literature Review

2.1 Game-based learning

Game-based learning (GBL) is a learning method that utilizes game elements to increase engagement and learning
effectiveness. Several studies have shown that GBL can improve students’ memory, motivation, and problem-solving skills
[2]. GBL is a pedagogical approach that integrates game elements into the learning process to increase student engagement
and understanding. It can be done using various methods through visual and auditory stimuli to provide education to students
[4]. According to Koivisto et al. [3] and Septianing et al. [5], GBL can increase learning motivation because it offers a
challenging, fun, and immersive interactive experience. Several studies have shown that the use of games in learning allows
students to experience real-world situations virtually, thereby improving problem-solving and decision-making skills [6]. In
addition, GBL is also considered capable of accommodating various learning styles of students, both visual, auditory, and

kinesthetic, thus creating a more effective and inclusive learning experience [7].

In the context of engineering and construction education, GBL has been applied in various forms, including simulations
and virtual environments. One successful example is the use of Minecraft: Education Edition, which allows students to design
and build structures collaboratively in a digital environment [8]. Research by Sujithra & Banu [2] shows that the use of games
in engineering education can increase student engagement, improve knowledge retention, and help them understand abstract
concepts more easily. In addition, GBL also facilitates project-based learning, where students can develop practical skills
through hands-on exploration and experimentation in the virtual world [9-11]. With this approach, students not only gain

theoretical understanding but also deeper practical experience related to construction design, planning, and management.

The benefits of GBL in engineering education are manifold. In addition to increasing engagement and motivation to learn,
this method also allows students to learn in a safe environment without real consequences for mistakes made [12]. Game-based
learning also supports the development of collaborative, communication, and critical thinking skills [10], which are very
important in the construction industry. However, despite its many benefits, there are challenges in implementing GBL in higher

education. Some of these include limited technological infrastructure, resistance from lecturers who are not familiar with this
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method, and the need for game design that is in line with the curriculum [13]. In addition, the effectiveness of GBL depends
heavily on the balance between educational aspects and game elements so that it is not just entertainment without significant
learning impact. Therefore, research is needed to understand how GBL can be effectively integrated into engineering curricula

(in this study context, focusing on CEM program), and how these obstacles can be overcome.

2.2 Minecraft in engineering and construction education

As technology advances in education, Minecraft: Education Edition has been used as an innovative learning tool across
disciplines, including computer science, and construction [14]. As a simulation and exploration-based platform, Minecraft
allows students to design, build, and manage projects in a virtual environment that closely approximates real-world conditions.
According to research by Ellison and Evans [15], the use of Minecraft in education can increase student engagement,
understanding of spatial and technical concepts, and creative and critical thinking skills. This makes Minecraft a potential

medium for teaching technical and managerial skills in the construction field.

In Civil Engineering and Architecture study programs, Minecraft: Education Edition is used to simulate the design and
construction process of structures. Students can learn the principles of building design, construction materials, and the
environmental impacts of various designs created in the game [16]. With a block system that resembles real-world construction
units, students can explore various construction methods and understand technical aspects such as structural loads, material
efficiency, and spatial layout [17]. In addition, this platform also allows students to work in teams and develop collaborative

skills in completing complex construction projects.

In the field of construction management, Minecraft offers simulations that can be used to understand project management,
construction workflows, and resource management. A study by De Weck et al. [18] showed that simulations in Minecraft can
help students learn the concepts of project planning, task distribution, and data-based decision-making. In this context, students
can be given construction project scenarios with budget and time constraints, so that they can practice managing projects more
realistically. With the collaborative features in Minecraft, students can also experience the dynamics of teamwork and

communication that often occur in real construction projects [16].

Despite its many benefits, challenges in implementing Minecraft as a learning tool in construction study programs remain.
One of the main obstacles is the readiness of lecturers to integrate this game into the curriculum, because it requires technical
understanding in the design of learning simulations. In addition, there is a concern that students may focus more on the game
aspect than on the academic goals to be achieved. Therefore, it is important to design Minecraft-based learning with a clear
structure, including specific learning objectives and appropriate evaluation methods. Thus, the use of Minecraft in construction
education can be more optimal in increasing students’ understanding of the world of construction, both from a technical and

managerial perspective.

2.3 Engagement and performance in game-based learning

Student engagement is closely related to learning outcomes. The engagement model in digital learning involves cognitive,
emotional, and behavioural aspects. Several studies have shown that the use of interactive technology can improve student
engagement and academic outcomes [1, 19]. Student engagement in learning is a key factor contributing to their academic
achievement [10]. Engagement can be categorized into three main aspects: cognitive, affective, and behavioural. Technology-
based learning has been shown to increase student engagement by providing interactive and immersive experiences that are
difficult to achieve with conventional learning methods [5]. In the context of higher education, especially in engineering and
construction, technology can be used to create a more engaging, challenging, and safe learning environment, helping students

understand complex concepts through computer-based simulations and visualizations.
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Game technology has been widely used in education to improve student academic performance. One increasingly popular
approach is game-based learning (GBL), which combines game elements with learning objectives [10]. Research shows that
GBL can improve students’ conceptual understanding, critical thinking skills, and problem-solving abilities [13]. In the field
of construction engineering, simulation-based games such as Minecraft allow students to explore various construction methods,
understand civil engineering principles, and develop collaborative skills in a virtual environment that mimics real-world

conditions [20].

Utilizing game technology in construction education can help students understand the technical and managerial aspects
of construction projects. With game-based simulations, students can visualize the planning and construction of projects in a
safe and flexible environment, without the risk of costs or fatal errors that occur in real-world projects [12]. In addition,
collaborative features in games allow students to work in teams, simulating the communication and coordination challenges
that often occur in the construction industry. By increasing engagement through technology-based learning, construction
students can gain a more effective learning experience, improve their understanding of the material, and develop skills relevant

to industry needs.

3. Method

This study uses a case study approach with observation and questionnaire survey methods. The research design by
combining these two methods can provide a more comprehensive understanding of the game-based learning model applied at
a private university in Jakarta. Several case studies related to learning models with similar research designs in engineering
study programs have been conducted by Patil and Dharwadkar [1], Sujithra and Banu [2], Hansen and Rostiyanti [21], Rahane
et al. [22].

The participants of this study are construction students from a private university in Jakarta, Indonesia, who are taking the
Integrated Construction Project Modeling course. This course is offered in the short semester (July — August 2024), so only
six students participated in this GBL pilot project. This research has received research ethics approval from LPPM Podomoro

University No. LPPM/RE/037.2/24.

The first data collection method is learning observation, which is conducted during several lecture sessions using
Minecraft: Education Edition as a learning medium. In this method, direct observation of student activities during the learning
process will be conducted. Authors will pay attention to student involvement and interaction with various elements in the
game, such as how they collaborate in building structures, completing assigned tasks, and interacting with lecturers and fellow
students. This observation aims to measure the level of student engagement, namely the extent to which they actively

participate and interact in Minecraft-based learning.

The second data collection method is a questionnaire survey, which will be given to students after they have participated
in Minecraft-based learning. This questionnaire is designed to dig deeper into students’ experiences during learning, with a
focus on measuring their engagement and understanding of the material that has been taught. The questions in the questionnaire
will cover various aspects, such as the level of relevance of using Minecraft as a learning tool, the benefits of implementing
Minecraft, and the obstacles that occur during the GBL process. These two data collection methods complement each other in

providing a more holistic picture of the effectiveness of implementing and using Minecraft in learning.

For the questionnaire survey method, data analysis will be carried out quantitatively using descriptive statistical
techniques, namely mean and standard deviation (SD). Mean is a value obtained by adding up all the data in a group and
dividing it by the number of data. The mean describes the middle value that represents the data as a whole. Standard deviation
is a measure that shows how far the data values are spread out or vary from the average. The larger the standard deviation, the

greater the variation or difference between the data and the average. Conversely, the smaller the standard deviation, the denser
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the data is around the average. Descriptive statistical analysis is commonly used to summarize the main characteristics of a

dataset and has been widely used in several previous publications [21, 23].

4. Results and Discussion

4.1 Implementation of Minecraft education

Integrating Minecraft: Education Edition into the CEM curriculum requires careful planning so that learning objectives
can be achieved optimally. Lecturers must design teaching strategies that not only rely on the game aspect but also ensure that
activities in Minecraft are in line with the competencies to be achieved. The first step is to include Minecraft as part of the
Semester Learning Plan (RPS/Rencana Pembelajaran Semester) by determining the appropriate courses, such as Construction
Project Management or Building Engineering. In the RPS, lecturers need to determine specific learning outcomes, such as
understanding the concept of building structures, calculating material requirements, and project management simulations. In
addition, Minecraft can be used as a tool in project-based learning methods, where students are tasked with designing and
building a digital model of a particular construction project. In the case study conducted, GBL with Minecraft was applied to
the Integrated Construction Project Modeling course, with four credits. In the RPS, the General Learning Outcomes are to train
students in decision-making, critical thinking, and being able to communicate effectively. Meanwhile, the Specific Learning

Objectives are:
1. Able to quantify the volume of work in a construction project (quantification).
2. Able to calculate the project budget plan accurately (bill of quantities).
3. Able to develop a construction project schedule plan accurately (scheduling).
4. Able to develop a quality assurance plan.
5. Able to identify and develop a risk management and Health, Safety, and Environment (HSE) plan.

In the learning method, lecturers can adopt a case study and experiment-based approach in Minecraft. Students can be
given a construction project scenario, such as designing an environmentally friendly building or simulating project
management with limited resources. The learning process can be divided into several stages, starting from understanding the
initial concept and exploration in Minecraft to discussion and reflection on the results obtained. Collaboration is also an
important element in the application of Minecraft, where students can work in groups to build projects together, simulating
teamwork like in the real world. Lecturers act as facilitators who guide discussions and provide feedback on the design and

management strategies used by students.
In the case study conducted, the authors/lecturers have set the rules of the game in advance, namely:

1. Cost variance should not be more than £8%. If the remaining budget is greater than 8%, it is overpriced; if it is less

than 8%, it is less effective in using the existing budget. Don’t run out of money, which means you have lost money.
2. A fine (liquidated damage) for late completion of 1%o per day.

3. A fine (liquidated damage) due to work accidents or other preventable incidents of 5%o per incident, and damage due

to incidents must be repaired/restored to its original condition at the contractor’s expense.

During the game, there is a feature that facilitates online interaction between the lecturer as administrator and students
(Fig. 1). Furthermore, the learning process stage is divided into two, namely the planning and design stage, and the
implementation stage. The following is a detailed explanation of the two learning stages that have been explained to the

students.
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Fig. 1 Students can interact simultaneously online with lecturers (facilitators) as administrators

1. Design and planning stage

a) Students design buildings in creative mode; they determine the shape and dimensions of the building and choose

the type of building material.

b) Based on the building design, students do the following:

Calculate the quantity of materials needed to be procured and/or removed from the site (there is cut & fill

work where students need to condition uneven land contours).

Estimate the cost of the construction project to be then submitted to the project owner (played by the lecturer)

as a tender/offer. The estimated costs are direct costs and indirect costs.

» The direct cost of the project is calculated from the price of the material and the equipment in the game.
To plan the direct cost budget for the project, students need to be informed by the lecturer (facilitator)
of the price range for materials and equipment, not a fixed price. The price of materials, equipment,

food, and other items will only be known to students when starting the implementation stage.

» Indirect costs are needed in planning because, in this game, there is a mechanism that makes the player’s
character hungry. Hunger will cause the game character to move more slowly and can reduce the

character's health. For this reason, players need to buy food to keep their characters from starving (Fig.
2).
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Fig. 2 “Hunger bar” which indicates the player character is starting to experience hunger
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*  Estimating the duration (schedule) of the construction project based on the construction method they have
set. There is a day-night cycle mechanism in the game. The game’s duration can be calculated automatically

and compared to the team's schedule plan.

e Developing a quality plan for their construction project and determining inspection milestones with the

Owner (lecturer).

e Planning risk management and HSE from identifying and analyzing to budgeting costs and time for

implementing risk responses. Major risks that can arise in the game include:

» The player character can have an accident, such as falling from a height, when working at a height.
Every time there is an incident of falling from this height, the player’s team is fined according to the
provisions at the beginning. This encourages players to plan safer work methods and budget costs to

buy scaffolding in the game.

» Non-Playable Characters (NPCs) can attack, injure players, and destroy buildings and the environment
around the project. All forms of damage caused by these NPCs are the full responsibility of the team.

If an incident like this occurs, the team must repair the damage, both inside and outside their project.
2. Implementation stage

a) Students submit their project management plan and project budget plan (as a bid estimate). This becomes their

score (Fig. 3).

Fig. 3 The project budget plan submitted by students appears in the form of a “BUDGET” score

on the right side of the screen

b) Students carry out the construction process according to the plans and designs they have made. Building
materials and equipment used for construction can be purchased virtually in the game. The lecturers have created
the material and tool purchasing system. This system allows players (students), when making a purchase, to be
automatically given the purchased material in a certain amount, and their BUDGET score will be reduced

according to the purchase price of the materials and equipment (Fig. 4).

¢) In implementing the project, control and supervision are also run to evaluate the project’s progress.
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Fig. 4 The BUDGET score is automatically reduced, and the player receives the purchased materials automatically

Minecraft-based learning evaluation should cover various aspects, both in terms of conceptual understanding, creativity,
and students’ collaborative skills. Evaluation methods can be carried out through a combination of project-based assessment,
student engagement evaluation, and reflective questionnaires. Lecturers can provide assessment rubrics that include criteria
such as design accuracy to construction principles, efficient use of resources in project simulations, and students’ ability to
work together and complete the challenges given. In addition, students can be asked to compile a report or presentation on
their project in Minecraft, explaining how construction engineering and management concepts are applied in the designs they

have created.

In the case study conducted, the evaluation was carried out in stages, starting from a project-based assessment of the GBL
results, student engagement observations, and reflective questionnaires. Project-based competency assessments are seen from
the budget score and game duration of each student. This budget score reflects the management of the project by students in
overcoming resource limitations and risks that may occur during the implementation of the work. The duration of the game
reflects the student’s time management by paying attention to productivity in the day-nighttime cycle that has been set in the

game.

Evaluation of student engagement is based on two methods, namely direct observation during the learning process and
analysis of student attendance. Direct observation was conducted by observing the level of student participation in discussions,
questions and answers, and learning activities through the interaction features in Minecraft. This participation reflects the level
of student attentiveness to the work. In this case study, all students actively engaged in the interactions. Likewise, the analysis
of student attendance showed that all students attended complete lectures in 16 sessions (Fig. 5).

)
Integrated Construction Project Modeling
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Fig. 5 The full attendance of students shows their enthusiasm for participating in this learning

To ensure the sustainability and effectiveness of Minecraft implementation in learning, lecturers can hold evaluation and
reflection sessions at the end of the semester to assess the advantages and challenges of this method. Input from students
regarding their experiences in using Minecraft can be used as material for improvement for future curriculum refinement. In
addition, collaboration with other faculties or institutions that have successfully implemented game-based learning can be a

source of insight for lecturers in developing more innovative.
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4.2 Effectiveness of Minecraft as a learning medium for construction management

Table 1 presents the relevance of GBL (in this case, Minecraft) to the principles of construction management as measured
by a Likert scale of 1 (totally irrelevant) to 5 (totally relevant). This finding shows a positive response from students regarding
the relevance of GBL to the principles of construction management, considering that all indicators have a mean value above
three. Minecraft, as a game that combines creativity and construction, has a strong relevance to the principles of construction
management. In this game, players are faced with the task of planning, designing, and building structures in a virtual world,
which reflects the real-world construction process. Principles such as careful planning, resource management, time
management, and risk evaluation can be applied in Minecraft. For example, players must take into account the availability of
building materials, manage time to complete the project and plan the design to be efficient and functional. Thus, Minecraft is
not only a game but also a simulation tool that illustrates how the basic principles of construction management can be applied

in a simpler but still relevant context.

Table 1 The relevance of Minecraft-based learning to construction management principles

No Indicators Mean SD
1 Is the GBL relevant to the principles of construction work quantification? 4 0.63
2 Is the GBL relevant to the principles of construction cost management? 4.2 0.98
3 Is the GBL relevant to the principles of construction project scheduling? 4.2 0.40
4 Is the GBL relevant to the principles of construction quality management? 3.6 1.20
5 Is the GBL relevant to the principles of construction risk management and HSE? 3.6 1.02
6 Is the GBL relevant to the principles of integrated construction project management? 4.8 0.40

Table 2 shows the advantages of GBL compared to conventional learning methods. A Likert scale of 1 (strongly disagree)
to 5 (strongly agree) was used to measure it. Regarding the four indicators of GBL advantages that were measured, all received
high positive responses (with a mean value above four). One of the advantages of GBL is the ability to increase student
engagement [16]. In traditional learning systems, such as lectures and text-based learning, students are often passive and less
involved in discussions. By using Minecraft, students become more active in the learning process because they can explore,
interact, and collaborate in a virtual environment that resembles real-world conditions. A study by Sugianto [24] showed that
the use of games in education can increase students’ learning motivation because they feel more emotionally and cognitively

involved in completing the tasks given. This is an advantage of game-based learning, which emphasizes the interactive learning

process [25].
Table 2 The advantages of Minecraft-based Learning
No Indicators Mean SD
1 Does the GBL improve the engagement and interaction between fellow students and 4.8 0.40
lecturers?
2 Does the GBL increase your confidence in working together? 5 0.00
3 Does the GBL improve your ability to make decisions? 4.6 0.49
4 Does the GBL improve your ability to think critically? 4.4 0.80

In addition, Minecraft encourages increased cooperation and communication between students in completing construction
tasks. In conventional learning methods, students usually learn individually or in small groups without any real simulation
experience. With Minecraft, students can collaborate on digital construction projects, where they must design, build, and
manage projects together [16, 18]. This experience not only helps them understand the concept of construction management
but also trains decision-making and critical thinking skills that are very important in the industrial world. This kind of

collaboration simulates real-world conditions, where construction professionals must work in multidisciplinary teams to

complete complex projects.
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Table 3 presents the findings related to the extent to which GBL helps students understand construction management
principles. Perception is measured on a Likert scale of 1 (very unhelpful) to 5 (very helpful), and all seven indicators received
positive responses. In terms of understanding construction concepts, Minecraft offers advantages over conventional methods
that only rely on textbooks or two-dimensional images. With its simulation and exploration features, students can visualize
design, planning, and construction management concepts more concretely. For example, when learning about building
structures, students can directly build models in Minecraft and test various design configurations to see their impact on building
stability. Research by Carbonell-Carrera et al. [20] revealed that game-based learning environments can improve understanding
of spatial and engineering concepts because students can experiment directly without fear of making mistakes that have major

impacts, as is often the case in physical laboratory practices.

Table 3 The helpfulness of Minecraft-based learning in facilitating understanding

No Indicators Mean SD

1 Does the GBL make it easier for you to understand the principles of construction 4.4 0.49
quantification?

2 Does the GBL make it easier for you to understand the principles of construction cost 4.4 0.80
management?

3 Does the GBL make it easier for you to understand the principles of construction 4 0.89
project scheduling?

4 Does the GBL make it easier for you to understand the principles of construction 3.6 1.20
quality management?

5 Does the GBL make it easier for you to understand the principles of construction risk 4.6 0.49
management and HSE?

6 Does the GBL make it easier for you to improve your communication skills within the 5 0.00
project team?

7 Does the GBL make it easier for you to understand the principles of integrated 4.4 0.49
construction project management?

In addition to understanding design and planning, students can also use Minecraft to simulate construction project
management, including resource allocation and work scheduling [18]. In conventional methods, project management concepts
are often only learned through case studies in class, which can feel abstract and less applicable. With Minecraft, students can
experience firsthand how changes in planning can affect project efficiency. In the case study conducted in the MRK study
program, there are arrangements related to risks such as work accidents or damage caused by NPCs. This mechanism can test
resource and risk management strategies in projects that students are working on. In this way, Minecraft not only improves
students’ conceptual understanding but also helps them develop critical thinking and decision-making skills in complex

situations.

With all its advantages, Minecraft-based learning has proven to be more effective than conventional learning methods in
increasing student engagement and understanding in the construction discipline. However, its effectiveness is highly dependent
on the right learning design and the active involvement of lecturers in guiding the learning process. With good planning, the
use of Minecraft in construction engineering and management education can be an innovative solution to produce graduates

who are better prepared to face the challenges of the world of work.

4.3 Implementation barriers

Although GBL offers various benefits in increasing student engagement and understanding, its implementation in higher
education still faces various obstacles. One of the main challenges is the readiness of the technological infrastructure in
educational institutions. Not all universities have adequate facilities, such as computers with high specifications, stable internet
connections, and software licenses needed to run Minecraft: Education Edition or other game platforms. Without good

infrastructure support, the effectiveness of game-based learning can be reduced, especially if students must use their own
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devices that may have technical limitations [26]. This can cause students to be frustrated rather than engaged in learning [18].

Table 4 presents students’ perceptions regarding obstacles in implementing GBL as measured by a Likert scale of 1 (very
obtrusive) to 5 (very unobtrusive). Of the three indicators of obstacles, two received positive responses, which means that they
are not too challenging for students in implementing GBL, namely accessibility and hardware issues. However, for internet
connection disruption, the mean value was 1.2, indicating that this was considered ‘obtrusive’ in the implementation of GBL
during the lecture process. Thus, issues related to internet connection need to be given special attention in the implementation
of GBL in the future.

Table 4 Implementation barriers

No Indicators Mean SD

1 How much are you bothered by the following accessibility issues, such as brightness, 3.8 1.17
sound quality, motion sickness, etc.?

2 How much are you bothered by internet connection issues when they occur? 1.2 0.40

3 Do you often experience hardware issues when playing this construction simulation 4 0.89
game?

In addition to the obstacles from the student perspective, there are also obstacles experienced by the research team as
lecturers who facilitate this GBL. Lecturers’ adaptation to game-based learning methods is a challenge. Many lecturers who
are accustomed to conventional learning methods find it difficult to integrate games into their curriculum. This is due to the
lack of experience in using game technology as a learning tool and limited time to develop materials that are in accordance
with the GBL method. According to Utami et al. [27], the effectiveness of game-based learning is highly dependent on the
ability of educators to design learning activities that are in line with academic objectives, not just relying on the entertainment
aspect of the game itself. Therefore, special training is needed for lecturers so that they can understand how to optimize games

in learning and adjust academic evaluation methods that are in accordance with this new approach [26].

Adaptation to game-based learning by students can also be a challenge that lecturers should consider. Although the current
generation is more familiar with technology, not all students have experience using educational games in an academic context.
Some students may have difficulty understanding the game’s mechanics or feel that the game is too complex compared to
conventional learning methods. Thus, efforts are needed to design a more inclusive GBL by considering student characteristics
[18, 28]. In addition, there is a risk that students focus more on the game aspect than the learning objectives to be achieved.
Marklund & Alklind Taylor [26] argue that without a clear learning structure, game-based learning can be a distraction rather
than an effective tool for improving conceptual understanding. Another challenge is how to assess students’ academic
achievement in game-based learning [26]. In a higher education system that still prioritizes traditional evaluation methods such
as written exams and paper assignments, measuring student success in GBL requires a different approach. Lecturers must
develop assessment rubrics that not only assess the final results of projects created in the game, but also the thinking process,
creativity, and collaborative skills developed during the learning process. The difficulty in adjusting this assessment system
can be an obstacle to the widespread implementation of GBL in higher education. This is something that has not been fully
done by the research team in the case study in the MRK study program because they are still looking for the right way to assess
student abilities according to the competencies to be achieved. This leaves room for improvements in the development of GBL

integration through Minecraft in the future for the research team.

To overcome the various challenges above, a comprehensive strategy is needed, including investment in technological
infrastructure, lecturer training, and a structured learning approach so that games can truly be used as effective educational
tools. With good preparation, game-based learning can be an innovative solution to improving the quality of learning in higher

education, especially in the fields of engineering and construction.
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4.4 Research implications

This study has significant implications for the development of technology-based curricula in higher education, especially
in the fields of engineering and construction. With the increasing digitalization in the construction industry, the integration of
technology in learning has become a necessity that cannot be ignored. The use of Minecraft: Education Edition as a game-
based learning tool shows that technology can increase student engagement and their understanding of design concepts and
construction management. Therefore, higher education institutions need to start designing more adaptive curricula by
incorporating game-based learning elements as part of active learning strategies. Technology-based curricula not only increase

graduates’ competitiveness in the workforce but also prepare them to face the challenges of an increasingly digitalized industry.

In addition, this study opens up opportunities to expand the use of Minecraft to other more specific construction fields.
So far, Minecraft has been used more in teaching basic design and project management, but its potential can be developed for
more complex fields such as structural engineering, drainage system simulation, and sustainability management in construction.
With interactive simulation and visualization features, students can test various scenarios in sustainable construction, such as
calculating energy efficiency in buildings or the environmental impact of materials used through construction waste
management. Thus, Minecraft not only serves as a tool to help understand basic concepts but also as an innovative platform

for exploration and research in various aspects of construction engineering.

Furthermore, the implications of this study can also be applied in improving collaboration-based learning methods. The
construction industry relies heavily on teamwork and effective communication between various parties, including clients,
engineers, architects, and project managers. Through the use of Minecraft, students can practice in a virtual work environment
where they must coordinate the planning, design, and execution of projects. This approach reflects the reality of the
construction industry, where BIM (Building Information Modeling) technology and digital collaborative platforms are
increasingly becoming the standard in modern construction projects. Thus, educational institutions can use these findings to

develop more practical and relevant learning methods to meet today’s industry needs.

Finally, this study also provides insights for policymakers in higher education to further consider the integration of game
technology in learning, not only in the field of construction engineering but also in other disciplines. A technology-based
approach can be a solution to overcome various challenges in conventional learning, such as low student engagement and
difficulty in understanding abstract concepts. With support from universities in the form of technological infrastructure and
training for lecturers, the implementation of game-based learning, such as Minecraft, can be optimized to create a more

interesting, effective, and modern learning experience.

5. Conclusions

Based on the results of this study, Minecraft: Education Edition has great potential as an innovative learning tool in
construction engineering education. Compared to conventional learning methods, game-based learning using Minecraft can
increase student engagement and encourage them to be more active in discussions, exploration, and collaboration. In addition,
the interactive simulation offered by Minecraft helps students understand the concepts of design, planning, and construction
management more effectively. Thus, the implementation of game technology in higher education can be a solution to overcome

various learning challenges, especially in the field of engineering, which requires a visual and practical approach.

However, the implementation of Minecraft in learning still faces several obstacles, including infrastructure readiness,
lecturer and student adaptation, and an evaluation system that is in accordance with the game-based learning method. Therefore,
support is needed from educational institutions to develop a more structured technology-based curriculum. Training for
lecturers in designing and managing game-based learning is also a key factor, so that this method can be implemented

effectively and sustainably. In addition, periodic evaluation of the effectiveness of Minecraft-based learning must be carried
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out to ensure that this technology really has a positive impact on student understanding and skills.

Through a case study on a CEM study program at a private university in Jakarta, this study can be a reference for lecturers
in designing and integrating Minecraft: Education Edition in construction project management learning. The results of
observations and reflections show the effectiveness of using Minecraft as a learning medium that increases student motivation
and engagement. As a suggestion for further research and development, it is necessary to explore the application of Minecraft
in more specific aspects of construction engineering, such as structural engineering, sustainability-based project simulations,
and integration with Building Information Modeling (BIM) technology. In addition, further studies can focus on how the game-
based learning approach can be applied in various other engineering disciplines and how to develop a more comprehensive
evaluation method to assess the success of game-based learning, such as Minecraft. With more in-depth research, the use of
Minecraft and similar technologies can continue to develop as an innovative learning strategy that is relevant to the needs of

modern construction education.

References

[1] S. S. Patil and N. V. Dharwadkar, “Improving Students Engagement Through Active Learning Strategies: Case Study
Based Active Review Sessions and Skillathon,” Journal of Engineering Education Transformations, vol. 33, no. 0, p. 340,
Jan. 2020, doi: 10.16920/jeet/2020/v33i10/150186.

[2] T. Sujithra and N. M. M. Banu, “Gaming Pedagogy for Effective Learning in Engineering Colleges,” Journal of
Engineering Education Transformations, vol. 35, no. 2, pp. 149-155, 2021.

[3] J.-M. Koivisto, T. Buure, J. Engblom, K. Rosqvist, and E. Haavisto, “The Effectiveness of Simulation Game on Nursing
Students’ Surgical Nursing Knowledge—A Quasi-Experimental Study,” Teaching and Learning in Nursing, vol. 19, no.
1, pp. €22—¢29, Jan. 2024, doi: 10.1016/j.teln.2023.08.006.

[4] M. Peddle, “Simulation Gaming in Nurse Education: Entertainment or Learning?,” Nurse Education Today, Jan. 2011,
doi: 10.1016/j.nedt.2010.12.009.

[5] L. Septianing, L. Melati, N. D. Cantika, and W. Destiani, “Pengaruh Penerapan Game Based Learning Terhadap Motivasi
Belajar Siswa Sekolah Dasar,” Khatulistiwa: Jurnal Pendidikan dan Sosial Humaniora, vol. 4, no. 1, pp. 94—103, Jan.
2024, doi: 10.55606/khatulistiwa.v4i1.2722.

[6] S. Sen, E. Usta, and H. Bozdemir, “The Effect of Mobile Virtual Reality on Operating Room Nursing Education,”
Teaching and Learning in Nursing, vol. 17, no. 2, pp. 199-202, Apr. 2022, doi: 10.1016/j.teln.2022.01.008.

[7] J. M. Rodriguez-Ferrer, A. Manzano-Leon, and J. M. Aguilar-Parra, “Game-Based Learning and Service-Learning to
Teach Inclusive Education in Higher Education,” International Journal of Environmental Research and Public Health, vol.
20, no. 4, p. 3285, Feb. 2023, doi: 10.3390/ijerph20043285.

[8] U. Saricam and M. Yildirim, “The Effects of Digital Game-Based STEM Activities on Students’ Interests in STEM Fields
and Scientific Creativity: Minecraft Case,” International Journal of Technology in Education and Science, vol. 5, no. 2,
pp. 166-192, Mar. 2021, doi: 10.46328/ijtes.136.

[9] S. Havola, E. Haavisto, H. Mékinen, J. Engblom, and J.-M. Koivisto, “The Effects of Computer-Based Simulation Game
and Virtual Reality Simulation in Nursing Students’ Self-Evaluated Clinical Reasoning Skills,” CIN: Computers,
Informatics, Nursing, vol. 39, no. 11, pp. 725-735, Nov. 2021, doi: 10.1097/CIN.0000000000000748.

[10] W. Huang, X. Li, and J. Shang, “Gamified Project-Based Learning: A Systematic Review of the Research Landscape,”
Sustainability, vol. 15, no. 2, p. 940, Jan. 2023, doi: 10.3390/su15020940.

[11] K. Khulug, D. Kuswandi, and Y. Soepriyanto, ‘“Project-Based Learning Dengan Pendekatan Gamifikasi: Untuk
Pembelajaran yang Menarik dan Efektif,” JKTP: Jurnal Kajian Teknologi Pendidikan, vol. 6, no. 2, p. 072, May 2023,
doi: 10.17977/um038v6i122023p072.

[12] J. Tay, S. Safiena, T. Lan, M. S. Lim, and Y. M. Goh, “Design for Safety Training for Construction Professionals: A
Digital Game-Based Learning Approach,” Safety Science, vol. 177, p. 106588, Sep. 2024, doi:
10.1016/j.s5¢1.2024.106588.

[13] G. Lampropoulos, “Educational Benefits of Digital Game-Based Learning: K-12 Teachers’ Perspectives and Attitudes,”
Advances in Mobile Learning Educational Research, vol. 3, no. 2, pp. 805-817, Aug. 2023, doi:
10.25082/AMLER.2023.02.008.



70 PRESUNIVE Civil Engineering Journal, vol. 3, no. 2, October 2025, pp. 57-70

[14] J. Sajben, N. Klimova, and G. Lovaszova, “Minecraft: Education Edition as a Game-Based Learning in Slovakia,” in
EDULEARN20 Proceedings (12th International Conference on Education and New Learning Technologies), Jul. 2020,
pp. 7686-7693, doi: 10.21125/edulearn.2020.1946.

[15] T. L. Ellison and J. N. Evans, “Minecraft, Teachers, Parents, and Learning: What They Need to Know and Understand,”
School Community Journal, vol. 26, no. 2, pp. 25-43, 2016.

[16] R. Marchiori, S. Song, J. Moon, and S. Khorshid, “Crafting an Approach to Cultivate Engineering Competencies for
Undergraduate Students in Construction Engineering with Minecraft,” in 2023 ASEE Annual Conference & Exposition
Proceedings, ASEE Conferences, 2023, doi: 10.18260/1-2--42779.

[17] M. C. Green, C. Salge, and J. Togelius, “Organic Building Generation in Minecraft,” in Proceedings of the 14th
International Conference on the Foundations of Digital Games, New York, NY, USA: ACM, Aug. 2019, pp. 1-7, doi:
10.1145/3337722.3341846.

[18] O. L. De Weck, M. Feiler, K. Tan-Tiongco, R. S. Rahaman, and C. De Weck, “Minecraft Design Build: Teaching
Teamwork and Project Planning in a Virtual World,” in ASEE Annual Conference & Exposition, Minneapolis, Jun. 2022,
pp. 1-21.

[19] D. A. Isabelle, “Gamification of Entrepreneurship Education,” Decision Sciences Journal of Innovative Education, vol.
18, no. 2, pp. 203-223, Apr. 2020, doi: 10.1111/dsji.12203.

[20] C. Carbonell-Carrera, A. J. Jaeger, J. L. Saorin, D. Melian, and J. de la Torre-Cantero, “Minecraft as a Block Building
Approach for Developing Spatial Skills,” Entertainment Computing, vol. 38, p. 100427, May 2021, doi:
10.1016/j.entcom.2021.100427.

[21] S. Hansen and S. F. Rostiyanti, “Creating a Practical Transdisciplinary Learning in Teaching Construction
Entrepreneurship,” Journal of Engineering Education Transformations, vol. 38, no. 2, pp. 72-84, Oct. 2024, doi:
10.16920/jeet/2024/v38i2/24191.

[22] P. Rahane, M. Shelar, M. Panchbhai, and S. Kale, “Exploring the Impact of Video-Based Assignments on Students’
Knowledge Retention and Insights from Qualitative Analysis,” Journal of Engineering Education Transformations, vol.
38, no. 3, pp. 115-125, Jan. 2025, doi: 10.16920/jeet/2024/v38i3/24248.

[23] A. Karim, M. Campbell, and M. Hasan, “A New Method of Integrating Project-Based and Work-Integrated Learning in
Postgraduate Engineering Study,” Curriculum Journal, vol. 31, no. 1, pp. 157-173, Mar. 2020, doi:
10.1080/09585176.2019.1659839.

[24] H. Sugianto, “Game-Based Learning in Enhancing Learning Motivation,” International Journal of Instructional
Technology, vol. 2, no. 1, pp. 22-33, Jan. 2023, doi: 10.33650/1jit.v2i1.9324.

[25] S. Adipat, K. Laksana, K. Busayanon, A. Ausawasowan, and B. Adipat, “Engaging Students in the Learning Process with
Game-Based Learning: The Fundamental Concepts,” International Journal of Technology in Education, vol. 4, no. 3, pp.
542-552, Jul. 2021, doi: 10.46328/ijte.169.

[26] B. B. Marklund and A. S. Alklind Taylor, “Educational Games in Practice: The Challenges Involved in Conducting a
Game-Based Curriculum,” The Electronic Journal of e-Learning, vol. 14, no. 2, pp. 122-135, 2016.

[27] Q. Utami, K. C. Islami, M. A. Sari, and R. Yusup, “Efektivitas Strategi Pembelajaran Berbasis Game-Based Learning
Dalam Meningkatkan Hasil Belajar Siswa Pada Pembelajaran Tematik Kelas V SDN Tonjong 2 Kota Sukabumi,” MESIR:
Journal of Management Education Social Sciences Information and Religion, vol. 1, no. 2, pp. 552-561, Aug. 2024, doi:
10.57235/mesir.v1i2.3038.

[28] R. Tahir and A. I. Wang, “Evaluating the Effectiveness of Game-Based Learning for Teaching Refugee Children Arabic
Using the Integrated LEAGUE-GQM Approach,” Behaviour & Information Technology, vol. 43, no. 1, pp. 110138, Jan.
2024, doi: 10.1080/0144929X.2022.2156386.



