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ABSTRACT: Game development-based learning (GDBL) has been shown to promote student 

ownership in the learning process; critical thinking and logical reasoning; creativity in a more inclusive 

learning environment; leadership, teamwork and communication skills. This paper describes a new 

active learning GDBL curriculum that was developed to improve students’ knowledge of geotechnical 
principles, professional skills, and attitudes. The module designed for the laboratory portion of an 

undergraduate soil mechanics/geotechnical engineering course consists of various activities over the 

course of the semester. It includes eleven video lectures with a series of worksheets for group activities 

that lead students through the process of creating their own game. They are provided with an opportunity 

to get constructive feedback through a community game-night. This feedback is incorporated into the 

final game that they present and play at the end of the semester. Assessment results indicated that this 

curriculum module was successful in developing communication and goal-setting skills. Additionally, 

students noted that they enjoyed the fun aspects associated with the GDBL curriculum module in an 

otherwise very technical course. Finally, although this curriculum module was implemented in the soil 

mechanics laboratory, it can be adopted to any class at any institution.  

Keywords: Game development-based learning, Soil mechanics/geotechnical engineering, Professional 

skills, Teamwork, Communication 

1 Introduction 

The COVID-19 global pandemic significantly disrupted traditional teaching and learning methods 

promoting a rapid shift to online and hybrid learning environments. While these adaptions ensured 

instructional continuity, research indicates that they negatively impacted student engagement, learning 

outcomes, teamwork dynamics and the development of essential professional skills (Wu & Teets, 2021; 

Marinoni et al., 2020; Zamborová et al., 2021; Kamysbayeva et al., 2021). Although in-person classes 

have resumed, classroom attendance and engagement has not returned to pre-pandemic levels 

highlighting the need for innovative pedagogical approaches that actively involve students in their 

learning process (Williams, 2022; Almendingen et al., 2021).  

Game development-based learning (GDBL) presents a promising strategy for fostering student 

engagement, enhancing creativity, and strengthening both technical and professional competencies. 

Prior studies have demonstrated the potential of game-based learning (GBL), in which gaming elements 

are incorporated in the classroom, to improve cognitive skills, motivation and social interactions (Aldrich, 

2004, 2009; Egenfeldt-Nielsen, 2007; Gee, 2003). Most of GBL research has focused on students 

playing games rather than designing them, with particular emphasis on software-based game 

development in computer science education (Comber et al., 2019; Opalli & Cagiltay, 2018). The 

constructivist learning theory suggests that students benefit more from actively creating educational 

tools, such as games, than from passive participation (Baytak et al., 2011; Marlow, 2012; Pertelín-

Ricárdez & Sacristán, 2015). This approach promotes deeper understanding, critical thinking, and 
teamwork skills.  



Ajmera et al. 

- 2 - 

Gaming in the classroom has been shown to increase retention, motivation and cognitive abilities while 

providing an opportunity to experiment and develop a deeper understanding of course material 

(Lawrence et al., 1975; Krause et al., 2015; Koster, 2013; Juul, 2013; Gentile & Gentile, 2021; Tang & 

Chang, 2013). Granic et al. (2014) categorized the benefits of playing games into cognitive, motivational, 

emotional and social engagement components. Increased cognitive skills include faster and more 

accurate attention allocation, higher spatial resolution in visual processing, and enhanced mental 

rotation abilities (Uttal et al., 2013; Green & Bavelier, 2012). Games may also provide immediate 

feedback reinforcing student persistence and achievement (Dweck & Molden, 2005; Sweetser & Wyeth, 

2005).  

Despite the well-documented advantages of GDBL, there remains a gap in its application to non-

computer science disciplines such as civil and geotechnical engineering. Addressing this gap, this study 

introduces a novel GDBL curriculum module specifically designed for undergraduate soil 

mechanics/geotechnical engineering courses. The curriculum integrates active learning strategies by 

requiring students to collaborate in teams to design, prototype, and refine educational games 

(Deshpande & Huang, 2011; Veshosky & Johanne, 1991) centered on core geotechnical engineering 

concepts. 

The goal of the project is to improve the technical knowledge of the students as well as their professional 

skills and attitudes by engaging them in designing and implementing a game and creating enjoyable 

learning environment. The research was guided by the following empirical questions: 

1. Learning outcomes: Is GDBL associated with an increase in the mastery and application of 

technical course concepts for the students? 

2. Professional skills: What do group members report about the engineering professional skills of 

themselves and of their teammates over the course of the semester? 

3. Motivation and engagement: What do students report about their interest/enjoyment, perceived 

competence, effort, and value/usefulness of technical content that uses the GBDL? 

This paper details the structure and implementation of the GDBL curriculum module in a geotechnical 

engineering course which includes a series of video lectures, guided worksheets, and a community 

game-night for iterative feedback. By engaging in game development, students reinforced their technical 

knowledge while simultaneously developing essential professional skills in communication, teamwork, 

and leadership. Assessment results are not provided in this paper and are available in Sabrowsky et al. 

(2024) and Rutherford et al. (2025). These results indicate that this GDBL curriculum can enhance 

student engagement and professional skill development demonstrating its potential for broader adaption 

in engineering education and beyond. This research contributes to the ongoing efforts to modernize 

engineering education through interactive, student-centered learning methodologies. The findings 

provide valuable insights into the effectiveness of GDBL in fostering deeper learning and increasing 

student motivation (Sabrowsky et al., 2024; Rutherford et al., 2025), while this paper provides a scalable 

model that can be adapted across various STEM disciplines.  

2 Implementation overview 

The GDBL curriculum implemented at Iowa State University (ISU) was structured using the principles 

of Universal Design for Learning (UDL), a framework that promotes inclusivity by ensuring that students 

engage with the material through multiple methods. UDL supports diverse learning styles by 

incorporating choice, collaboration, and self-reflection, while also fostering essential professional skills 

such as goal-setting and problem-solving. The implementation occurred in the CE 360 (now, CE 3600) 

- Geotechnical Engineering course, which is the undergraduate introduction course in soil mechanics at 

ISU. Implementations of the GDBL curriculum occurred in three semesters across five to six sections 

per semester allowing for the refined curriculum presented in this paper. Across the three semesters, 

CE 360 was taught by five different instructors including all of the geotechnical engineering faculty at 

ISU as well as a graduate student who served as the instructor of record during one semester.  

Students collaborated in teams to design educational games centered on fundamental geotechnical 

concepts. Over each of the semesters, teams worked through the process of developing a playable 

prototype of a serious geotechnical engineering game, which they presented and played at the end of 

the semester. A serious game is defined as a game that is developed for more than just fun and 

enjoyment. Rather, it focuses on real-world problems and often includes learning or training. To support 
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the game-design process, instructors provided instructional videos on game design and mechanics, 

selection of game types, and the integration of dramatic and formal game elements. The final 

presentations of their developed game prototypes by the students covered key aspects of the game 

mechanics, content relevance, and the connection to geotechnical engineering principles. The course 

concluded with a game-play session during which the students played and evaluated the other games 

developed by their classmates.   

The student team formation process began by encouraging them to explore three geotechnical 

engineering topics of personal interest broadening their understanding beyond classroom materials. 

This approach aimed to develop their ability to research and synthesize information independently. 

Student teams were formed based on common topic interests, while also ensuring diversity and avoiding 

the isolation of underrepresented students. Additional considerations included work habits, scheduling 

preferences, and the availability for group meetings. These details were collected through an initial 

student survey.  

The incorporation of the GDBL curriculum into CE 360 did not replace any of the existing technical 

content. Rather, it was strategically integrated into the available class time. Downtime in laboratory 

sessions was repurposed for game development activities. For example, any unused time during the 

experimental work was redirected for team discussions and GDBL activities. Additionally, the unused 

lab session at the end of the semester was allocated to game testing and refinement. An outline of the 

various GDBL activities during the sixteen-week semester at ISU is shown in Table 1. At ISU, Week 16 

is finals week with no laboratory session. Details of the various activities will be summarized in later 

sections of this paper.  

Table 1. GDBL curriculum activities by week in a typical semester of CE 360 at ISU 

Week Activities 

1 
Demographic survey; Activity 1.1 (video): Games that I play; Activity 1.2 (video): Games vs play; 

Activity 1.3 (video): Motivation for playing games; Activity 1.4 (video): Types of games 

2 Group work on game design brainstorming, conceptualization, prototyping and testing 

3 
Team knowledge, skills and ability test questionnaire and learning climate question surveys; Activity 

2.1 (video): Formal elements of games; Group work on game design brainstorming, 
conceptualization, prototyping and testing 

4 
Activity 2.2 (video): System dynamics; Group work on game design brainstorming, 

conceptualization, prototyping and testing 

5 
Activity 2.3 (video): Dramatic elements of games; Activity 2.4 (video): Designing a game; Group 

work on game design brainstorming, conceptualization, prototyping and testing 

6 Group work on game design brainstorming, conceptualization, prototyping, and testing 

7 
Team knowledge, skills and ability test questionnaire survey; Group work on game design 

brainstorming, conceptualization, prototyping and testing 

8 Group work on prototyping and designing a questionnaire for testing 

9 Group work on prototyping and designing a questionnaire for testing 

10 Group work on prototyping and designing a questionnaire for testing 

11 Group work on prototyping and designing a questionnaire for testing 

12 Group work on prototyping and designing a questionnaire for testing 

13 Testing and playing games 

14 Intrinsic motivation inventory survey; Testing and playing games 

15 
Team knowledge, skills and ability test questionnaire survey; Group reflections; Games due; Game 

play and testing results presentation 

 

Students developed physical geotechnical engineering game prototypes, iterating the received feedback 

in their designs. The iterative game design process followed the spiral model in Boehm (1986, 1988), 

which emphasizes continuous improvement through cycles of prototyping, testing and modification. 

Initial prototypes were tested within teams before being evaluated by classmates. At least one iteration 

was required, though many teams opted for additional refinements to enhance gameplay and 

educational effectiveness. Through this iterative, hands-on process, students reinforced their 

understanding of geotechnical concepts while simultaneously strengthening teamwork, communication, 

and critical thinking skills. From the implementation of GDBL curriculum into the course, it was clear that 
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the course fostered an engaging and interactive learning environment that encouraged creativity and 

active participation. 

Pilot testing of the curriculum allowed challenges during implementation to be addressed in subsequent 

semesters. For example, during the pilot semester, groups did not begin working on games in earnest 

until shortly before the due date, despite engaging with the GDBL curriculum from the start of the 

semester. As such, instructors increased the messaging about the project early in the semester to 

promote progress. Additionally, the majority of groups during the pilot semester created Jeopardy-style 

trivia games, which test knowledge of course content among the players, but do not teach course 

content to game players as intended by the proposed GBDL curriculum. In subsequent semesters, 

students were provided with more examples of other types of games, which increased the variation of 

game types.     

3 Video lectures and activity worksheets 

Towards the beginning of the semester, the students watched a series of video lectures that better 

prepared them to actively participate in the game-development process. Table 2 provides the titles of 

the each of the eleven videos that the students watched along with the associated durations. They were 

asked to watch these videos individually as part of their pre-laboratory assignment. As seen from Table 

2, the videos ranged in length from about 8 min to 25 min. On average, they were about 14 min in length. 

These videos provided the necessary background for the students to complete the associated activity 

worksheets as a group during the laboratory session. These worksheets were added to the GDBL 

curriculum after the first semester of implementation as a way to facilitate groupwork and team 

conversations around the contents of the videos.  

Table 2. Pre-laboratory video lecture and duration 

Video Title Duration 

1 Introduction 9 min 56 sec 

2 Play vs game definitions 15 min 51 sec 

3 Types of games Part 1 7 min 38 sec 

4 Types of games Part 2 14 min 41 sec 

5 Formal elements of games Part 1 24 min 42 sec 

6 Formal elements of games Part 2 14 min 37 sec 

7 Dramatic elements of games 11 min 42 sec 

8 Prototyping Part 1 15 min 39 sec 

9 Prototyping Part 2 9 min 24 sec 

10 Activity diagram 18 min 6 sec 

11 Iterations and prototyping 9 min 30 sec 

 

After watching the first video, the students completed a worksheet in class that contained three 

questions: (1) What are some games that you play? List at least three games for each team member; 

(2) Why do you like these games? Discuss among your team and list at least five reasons; and (3) What 

are your favorite and least favorite aspects/parts of a game? Discuss among your team and list at least 

five reasons. The goal of this activity was to initiate conversations among the team members about the 

games they play, what they enjoy and what they do not in order to start the brainstorming process about 

the type of game that they would like to develop as it relates to a geotechnical engineering concept.  

The second worksheet was associated with the second video (Table 2). In this worksheet, students were 

asked to think about the differences between a game and play. This worksheet had the following three 

prompts: (1) How do you define “play?” What are some characteristics of play? What is the opposite of 

play?; (2) What are “games?” What are the characteristics of a game?; and (3) What are the differences 
between “playing” and “gaming?” 
The class had two video lectures associated with the different types of games. The third worksheet was 

assigned as part of the group work after the fourth video was assigned in the pre-laboratory preparation 
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lectures. The worksheet required students to think about the different games that they were familiar with 

and to begin classifying them into different types. Specifically, the teams were asked to name at least 

one game for each of the types of games listed. This list included: (1) digital vs. non-digital, (2) single 

player vs. multiplayer, and (3) competitive vs. cooperative. 

Students completed the fourth worksheet after watching the two video lectures associated with the 

formal elements of games. The prompt for this worksheet asked students to work together to identify 

the formal elements of two of their favorite games. In particular, they were requested to focus on the 

following formal elements: (1) Players (number, type, who are they, audience, age range, education 

level, etc.), (2) Player’s interaction with the game (single player vs. game, multiple players vs. game, 
competitive against players, cooperative, team competition, etc.), (3) Player roles, (4) Player’s play style 
(achievers, explorers, socializers and killers), and (5) Objectives that players try to accomplish within 

the rules of the game.  

The first four worksheets focused on introducing students to the various components associated with 

game development and to start thinking about how the materials about game design they studied can 

be applied to the games that they are familiar with. In the fifth worksheet, students begin to implement 

these components towards the game that they will be developing for the GDBL curriculum assignment. 

Specifically, the fifth worksheet was related to the brainstorming sessions that help the teams quickly 

decide on the important aspects of the game. The prompt for this worksheet asked students to sketch a 

mind-map of their game prototype including its formal elements. They were required to include the 

following formal elements in the mind-map: 

• Players: Who, number of players, roles, play style, and interaction patterns; 

• Rules: Define objects, concepts, restricting actions and determining effects; 

• Objectives: Capture, chase, race, alignment, rescue or escape, forbidden act, construction, 
exploration, solution and/or outwit; 

• Resources: Lives, units, health, currency, actions, power-ups, inventory, special terrain, and/or 

time; 

• Conflict: Obstacles, opponents and dilemmas; and 

• Boundaries: Physical, conceptual and/or emotional. 

Specific details about these formal elements were previously discussed in pre-laboratory videos (Table 

2). The brainstorming session and worksheet were aided by the contents presented in the two videos 

associated with prototyping. This worksheet was accomplished as the in-class group activity after both 

prototyping videos have been completed. 

A new worksheet was added after the second implementation of the GBDL curriculum at ISU to foster 

greater creativity and highlighted the fact that there are no wrong ideas. This worksheet, the sixth in the 

curriculum, was focused on reverse brainstorming. First, the team selected one of the six scenarios 

presented. These scenarios were: 

1. How can we design the most cost-effective and stable foundation for the next tallest building in 

the world in an area that has challenging soil conditions (for example, an expansive clay or in a 

swamp)? 

2. What are some new ways that we can prevent landslides of natural and manmade slopes? 

3. How would you design an earthquake-resistant dam? 

4. What advancements can be made in the collection and analyses of geotechnical data for site 

characterization? 

5. What can we do as a profession to adapt (or become immune) to the challenges posed by 

climate change? 

6. What new technologies or strategies could make mining (or large-scale excavation projects say 

under a famous landmark) in challenging geotechnical conditions safe from failure? 

This worksheet had four phases. In the first phase, students were given five minutes to brainstorm 

individual ideas on a sheet of paper. The team then had fifteen minutes to come together to discuss and 

refine (modify or combine) their ideas to turn them into a list of creative, practical and feasible solutions. 

During the third phase, students spent five minutes to evaluate the list of refined ideas and choose a 

few of the best feasible solutions. The last phase was a five-minute report in which the students share 

their plan with their classmates.  

The seventh worksheet was related to prototyping. However, instead of a focus on the game that they 

were developing for this curriculum, this worksheet concentrated on the design of a questionnaire to 
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measure the learning outcomes of their game during the play sessions. The prompt for this worksheet 

read: “One of the goals of designing a geotechnical engineering game is for the players to learn a 

concept from this class. What are at least five questions that players will answer before and after playing 

to game? How will you know if they have learned the concept? Are your questions short answer, multiple 

choice, Likert-scale or other?” 
The eighth and final worksheet for the GDBL curriculum was related to describing the game and its rules 

for the prototyping work undertaken by the team. The students were asked to provide: (1) the name of 

the game, (2) goal of the game, (3) the premise/story using three to five sentences, (4) players including 

the number, age range, etc., (5) formal elements of the game, and (6) dramatic elements of the game. 

In addition, they were given the following directions associated with the description of the rules for the 

game: “Draft the rules of the game (who starts, how are turns taken, what is the game play, how to win, 
how does the game end, etc.). You will need to be able to explain how to play your game to someone 

who has never played it before.” 

4 Grading rubrics 

The videos in Table 2 were posted to the learning management site at ISU – Canvas – for the students 

to view prior to coming the associated lab sessions. Each video had a short multiple-choice question at 

the end of the video that the students were required to answer based on the contents of the video. This 

question was merely intended as motivation for the students to watch the video to completion. The 

students had an unlimited number of attempts to answer the question correctly, which gave them points 

in the class participation category for the course syllabus.  

Worksheets were collected at the end of each associated lab session but were not graded. The intent 

of the worksheets was to facilitate groupwork and prompt them to think collectively about various aspects 

of the game-development project. These worksheets were added after the first (pilot) implementation of 

the GDBL curriculum in CE 360, after the instructors observed that students waited until the last minute 

to begin prototyping their game with very little team interaction about the videos until that point.  

Students were asked to ensure that their final presentations included the following: (1) name of the 

game, (2) goal of the game, (3) premise/story, (4) players, (5) formal elements of the game, (6) dramatic 

elements of the game, (7) details of how they made changes to the first prototype after either the 

community game play session or the team game play prior to the final submission, (8) instructions on 

how to play the game, and (9) an explanation of how their game would contribute to a building a more 

diverse engineering workforce while creating a more equitable and inclusive environment. Final 

presentations were graded by the instructor of the CE 360 course in which the GDBL curriculum was 

implemented. No special rubrics or guidelines were provided to the instructors to complete the grading 

of the final presentations.  

5 Example games developed at ISU 

The games developed by the CE 360 students in the implementations at ISU varied substantially. Some 

of the games had very playful elements with very little technical content. On the opposite end of the 

spectrum, some of the games focused heavily on the technical content with little elements of playfulness. 

The following is a brief list of example games (in no particular order) that were developed to demonstrate 

the spectrum of game prototypes created.  

• Variations of Jeopardy in which students selected four to six different categories associated with 
modules in the CE 360 course with four to six questions of increasing difficulty in each category.  

• Variations of Jenga in which questions were added to the blocks that the players must answer 

correct to score points with the winner having the greatest number of points when the tower 

falls. 

• Variations of Twister in which the player must answer a question correctly or be penalized by 
placing or moving a limb to the color associated with their turn.  

• Variations of Candyland in which the players must reach the end of the board by advancing 

through the answering of correct questions.  
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• Variations of Heads Up in which the one player guesses as many terms as possible from cards 
visible to the other player who provides clues to the guesser.  

• Variations of Beer Pong in which cups on the opposite end of the table are eliminated when the 

person tossing the ping pong ball answers the associated question correctly. 

The spectrum of games covered contents from all of the modules that were associated with the CE 360 

class at ISU. This list of topics included: (1) the historical perspective of geotechnical engineering, (2) 

rock cycle, (3) particle size distributions, (4) soil consistency, (5) engineering classification, (6) subsoil 

exploration, (7) weight-volume relationships, (8) compaction, (9) permeability and seepage, (10) in-situ 

stresses, (11) compressibility, (12) shear strength, (13) lateral earth pressures, (14) slope stability, (15) 

bearing capacity, and (16) geosynthetics. 

6 Outcomes from implementation in CE 360 at ISU 

The main results from survey and learning outcomes from the implementations of the GDBL curriculum 

in CE 360 at ISU are available in Sabrowsky et al. (2024) and Rutherford et al. (2025). The main focus 

of this paper is on presenting the key elements of the curriculum and its implementation in the course. 

However, some of the major outcomes are presented here to provide context towards the benefits of 

the incorporation of the GDBL curriculum for the students involved.  

An increase in the effort that the students perceived by adding the GDBL activities to the curriculum 

were found to correspond to an increase in their communication (t(48) = 2.462, p = 0.02) and problem-

solving skills (t(48) = 2.404, p = 0.02; as reported in Rutherford et al., 2025). Interestingly, there were 

no statistically significant reported increases in the enjoyment among the students in the tasks that they 

were assigned. Conflict resolution among the students was found to be related to increased valuing of 

the GBDL activities ((t(48) = 3.513, p <.01, as reported in Rutherford et al., 2025). Conflict resolution 

was not found to have a statistically significant relationship with enjoyment of the task. Similarly, neither 

time-management abilities nor goal-setting skills predicted students’ enjoyment of the GBDL activities, 

but both were statistically significant predictors of other dimensions of motivation, including reported 

effort (t(48) = 2.661, p = 0.01) and reported valuing of the activities (t(48) = 2.146, p = 0.04), as presented 

in Rutherford et al. (2025).  

Descriptive analysis of interviews conducted with a convenience sample of participants (N = 17 

volunteers) added insight to these results. When asked why they believed their instructors assigned the 

GDBL project, all students indicated a belief that the project was intended to improve teamwork skills, 

which they agreed were integral to careers in engineering. No participant suggested that the project was 

designed to promote deep learning of the course concepts through active learning. When asked to 

describe how their teams worked together and what each teammate contributed to the final project, 

nearly all participants’ descriptions of their team dynamics focused on interpersonal skills like 
organization (e.g., acquiring materials), goal-setting (keeping the project on-track), time management 

(making productive use of team work time), and conflict resolution (e.g., bringing the team to a 

consensus regarding the game design) rather than knowledge of course concepts. 

7 Limitations from prior implementations 

While the GDBL curriculum implemented in CE 360 at ISU demonstrated promising outcomes in student 

engagement and learning, several limitations should be acknowledged. First, the study was conducted 

within a single institution, limiting the generalizability of the findings to other universities with different 

student demographics, institutional structures, or instructional approaches. The curriculum was 

implemented across three semesters with five different instructors in multiple sections, allowing for 

iterative refinements. However, the lack of cross-institutional validation presents a constraint on 

assessing the broader applicability of the GDBL curriculum.  

The integration of the GDBL curriculum in CE 360 relied on repurposing available laboratory time to 

ensure that none of the existing technical content was replaced. While this approach warranted that 

essential course material remained intact, it also constrained the amount of time students could dedicate 

to the game development. Thus, the effectiveness of the curriculum may vary in courses where 

laboratory downtime is minimal or where additional instructional time is not available.  



Ajmera et al. 

- 8 - 

Another limitation relates to the team formation and group dynamics. Although efforts were made to 

ensure diversity in team composition and to align students based on shared interests in geotechnical 

engineering topics, scheduling preferences, and work habits, disparities in effort and engagement levels 

within teams may have affected learning outcomes. Unequal contributions by the team members may 

influence the overall experience, potentially impacting the development of both technical and 

professional skills from the GDBL curriculum. 

At ISU, CE 360 is typically the first introduction to geotechnical engineering and soil mechanics concepts 

for the students. Thus, they are still learning about the various aspects of field. In addition, while students 

were provided with instructional videos and structured guidance on game design, they undoubtedly had 

varying levels of familiarity with game mechanics. Learning of both soil mechanics and game mechanics 

may have affected the quality and complexity of the developed prototypes. Some students may have 

struggled with the effective integration of geotechnical engineering concepts into their game designs. 

Finally, the time provided to the students to develop their games was limited to the time available in 

laboratory sessions after they completed the traditional geotechnical engineering experiments in CE 

350. As a result, students may not have had sufficient time to brainstorm alternative game mechanics. 

This could influence the depth of learning that could be achieved through the GDBL curriculum. 

Despite the limitations discussed above, the GDBL curriculum demonstrated its potential as an 

innovative pedagogical tool for geotechnical engineering education. Addressing these constraints in 

future implementations – such as expanding the study to multiple institutions and optimizing team 

dynamics – could further enhance its effectiveness and scalability.  

8 Concluding remarks 

The implementation of the GDBL curriculum in CE 360 at ISU demonstrated the potential of game 

development-based learning to enhance student engagement, foster teamwork, and reinforce technical 

competencies in geotechnical engineering education. By actively participating in the game development 

process, students not only gained a deeper understanding of geotechnical concepts but also developed 

essential professional skills such as communication, problem-solving, and conflict resolution. These 

findings align with prior research suggesting that constructivist learning approaches, particularly those 

that encourage active student involvement, contribute to improved learning outcomes and motivation. 

Despite the promising results, several limitations must be acknowledged. The study was conducted at 

a single institution, limiting the generalizability of the findings. Additionally, while the integration of GDBL 

into the curriculum was carefully designed to avoid displacing core technical content, the approach relied 

on repurposing laboratory downtime to the game development, which may not be feasible in all 

educational settings. Furthermore, while students reported increased effort and motivation in the game 

development process, no statistically significant improvement in their enjoyment of the tasks was 

observed. Future research should explore strategies to enhance student enjoyment while maintaining 

the educational rigor of the curriculum. 

Future studies should explore the implementation of GDBL curriculum in diverse institutional settings to 

access its generalizability and scalability. Research is also needed to evaluate the impact of different 

team formation strategies and the associated impacts on collaboration, engagement, enjoyment and 

learning outcomes. Longitudinal research to evaluate the retention of technical content and professional 

skill development over time may also be valuable.  

In conclusion, this study provides a scalable and innovative pedagogical model that can be adapted 

beyond geotechnical engineering to enhance student engagement and learning outcomes across STEM 

education. By leveraging the principles of active learning and game design, GDBL represents a 

promising avenue for modernizing engineering education and fostering deeper student involvement in 

the learning process. 
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