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Abstract

The teaching of logistical and operational concepts such as production line balancing can be significantly enhanced
through the useof interactive simulation games. This work presents the application of Zombie Attack, a game
developed in the FlexSim platform, as a didactic tool for introducing and practicing production line balancing in
educational settings. In the game, players manage a factory that produces energy cells to keep zombies away from a
surviving human city. The challenge involves aligning resources such as operators, machines, and internal transport
to maintain an efficient production flow, avoiding delays, bottlenecks, and losses due to product deterioration. The
game promotes hands-on learning of key concepts such as production pacing, workstation sizing, efficient resource
allocation, and decision-making under financial constraints. This playful and engaging environment simulates real-
world production imbalance scenarios, making it a powerful support tool for teaching production engineering,
logistics, and operations.
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1. Introduction

Line balancing is a critical concept in production systems, involving the allocation of tasks and resources to ensure
smooth workflow and minimal bottlenecks. Traditional teaching approaches often fail to convey the dynamic and
interconnected nature of modern production lines. To address this gap, educational games and simulations have
emerged as valuable tools in engineering education. Zombie Attack was developed as a pedagogical simulation game
to teach production line balancing within an engaging and imaginative context: surviving a zombie apocalypse by
maintaining the continuous production of energy cells. These cells are the only known deterrent against the undead,
who now crave energy instead of brains. Students must manage a production facility under pressure, ensuring a
constant flow of viable products while facing constraints in resources, deterioration of output quality, and random
disruptions.

1.1 Objectives

This paper aims to: Present the design and educational application of the Zombie Attack simulation game;
Demonstrate how the game introduces and reinforces production line balancing concepts; Analyze the learning
outcomes from applying the game in an educational setting; Provide insights into how gamified simulations enhance
student engagement and understanding.

2. Literature Review

The contemporary educational scenario faces the challenge of adapting to new technological realities and the demands
of a constantly changing job market. Conventional teaching methodologies, often focused on the passive transmission
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of content and the use of conservative resources, are insufficient to develop the skills and capabilities needed by
today's professionals. In Higher Education Institutions (HEIs), where professional training is paramount, the need for
innovative approaches that promote active participation, critical thinking and the practical application of knowledge
becomes even more evident. In this context, active methodologies have gained prominence, aiming to place the learner
as the protagonist of their learning process through discovery, investigation or problem-solving. These approaches
promote a more humanistic and collaborative environment, where learning is more meaningful and knowledge is
actively constructed, as opposed to traditional methods that start from theory to practice. In line with active
methodologies, the use of playful and technological resources has shown promise in making the teaching-learning
process more interactive and engaging. Among these tools, business games, serious games and gamification stand out.

Business games and serious games are teaching approaches that use simulations or game elements for educational
purposes, not just for entertainment. They can generate a series of benefits in the teaching-learning process, such as
learning content, developing skills and strategies, and improving cognitive and intellectual capacity. In virtual or
simulated environments, players are involved in narratives that reproduce real processes and environments, learning
through experimentation. Serious games, for example, can improve awareness of specific content and help change
attitudes and perspectives. Their objectives, ultimately, aim to improve learning outcomes. Some games can simulate
professional practices, helping students to think and act like professionals in areas such as engineering.

The use of business or company simulation games can bring significant benefits to the teaching of subjects in the
Production Engineering course. Research indicates that games and related terms are closely linked to the teaching-
learning process, with terms such as competence, leverage and experience indicating the objectives of the application
of games. The application of games can occur in the classroom, case studies in companies or bibliographical research.
The use of games in the academic and business environment can aggregate knowledge and stimulate competitiveness
with a focus on results. However, research on academic articles at the National Meeting of Production Engineering
(ENEGEP) between 2014 and 2019 revealed that, although the theme business game(s) has the largest number of
publications (15 articles), serious games (1 article) and gamification (5 articles, including some already present in the
business games theme) are still less explored in comparison. This lack of publications on the use of games in the
teaching of Production Engineering may be related to the lack of promotion in the use of new active and playful
methodologies.

Gamification is another related term that has emerged in this context, defined as the use of game design elements in
non-game contexts to engage and motivate people. Unlike simulators, gamification uses game mechanisms to
stimulate learning and make teaching more interesting and engaging. It can be a complementary or alternative form
of learning, being applied after students have gained theoretical understanding. Gamification has grown in the business
and educational sectors because it develops pleasure in activities. Its insertion in the academic context is driven by the
culture of the new generation, which seeks more attractive ways to retain attention, such as simulating real-world
situations adapted to the language of students. Gamification can involve students in solving real problems, helping
them to give meaning to what they study. Examples of applications include the analysis of lean culture supported by
gamification elements and the application of gamification in teaching to explore gaps in the literature or study theories
used.

Simulation-based learning has become increasingly prominent in engineering education, allowing students to interact
with realistic environments and scenarios that encourage critical thinking and problem-solving. Simulations enhance
understanding of manufacturing dynamics by visually representing operational complexities, helping students
understand abstract concepts such as productivity and takt time.

Gamification further amplifies this effect, increasing motivation and engagement. Gamification elements such as
points, challenges, and narrative context enhance cognitive and affective learning outcomes. In the context of
manufacturing engineering education, these elements can lead to a more intuitive understanding of process balancing
and flow efficiency.

The application of simulation software such as FlexSim in academia is increasing. FlexSim allows users to model
discrete-event systems and perform performance analyses, making it well-suited for teaching concepts such as
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queueing theory, scheduling, and capacity planning. For example, simulation tools are useful in developing students’
skills to model real-world industrial systems.

Line balancing, in particular, has been explored through a variety of educational strategies, including interactive tools
and workshops. It advocates experiential learning models that allow students to engage in trial-and-error scenarios,
reinforcing theoretical foundations with practical challenges.

The combination of simulation and gamification—as implemented in Zombie Attack—creates an experiential
platform that mirrors complex manufacturing challenges, bridging the gap between academic theory and practical
application.

3. Methods

Zombie Attack was developed by FlexSim using FlexSim software, a discrete event simulation software widely used
in academic and industrial settings. The game is available on the FlexSim website at:
https://www .flexsim.com/general/zombie-simulation-game/. The game simulates a simplified but realistic production
environment, where players manage a factory responsible for producing energy cells that protect a surviving human
city from zombie attacks (Figure 1).

Figure 1. View of the game

The game scenario includes four workstations, each representing a stage of the production process. Players must
allocate operators, manage machine scheduling, and control internal transport systems (e.g. conveyors or forklifts) to
maintain a stable production flow. Each workstation has a time and processing capacity constraint, requiring careful
planning to avoid bottlenecks (Figure 2).
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Figure 2. Workstations

The game was implemented in the undergraduate course in Production Engineering. Students worked in teams of 3 to
5 members, with each session lasting approximately 15 minutes. They were presented with a base scenario and then
faced successive rounds with additional complexity, such as resource constraints, random interruptions, and demand
fluctuations.

After each round, students participated in teacher-facilitated debriefing sessions. These discussions encouraged critical
thinking and reflection on decision-making, resource allocation, and the impact of imbalances on production
efficiency.

5. Results and Discussion

The implementation of Zombie Attack yielded both qualitative and quantitative results. A group of 40 first-semester
manufacturing engineering students in 2024 participated in the activity. Data was collected through post-activity
surveys and performance assessments. A comparison of pre- and post-activity assessments showed an improvement
in understanding bottlenecks, resource leveling, and productivity optimization.

During the game, students naturally engaged in collaborative decision-making, applying techniques such as task
reallocation and buffer optimization. Instructors observed an increase in participation, especially among students who
previously struggled with the theoretical content. These results are in line with other studies that claim that gamified
simulations improve both cognitive understanding and student engagement in engineering education.

6. Conclusion

This paper presented Zombie Attack, a gamified simulation developed in FlexSim to teach key concepts of production
line balancing. The game places students in a fictional, yet operationally realistic scenario, where they must manage
a factory under pressure, align production resources, and maintain output quality to survive a zombie apocalypse.

The educational benefits observed through classroom application suggest that the game effectively enhances student
engagement and comprehension. By integrating core production engineering principles into an interactive and playful

environment, the simulation promotes active learning, critical thinking, and systems-based problem solving.

All objectives outlined in this study were successfully met: the game design was described, its didactic purpose was
illustrated, and its educational potential was demonstrated through observed improvements in student participation
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and understanding. The simulation also contributes uniquely to the growing field of gamification in engineering
education, offering a replicable and adaptable model for teaching production concepts.

Future work may include the collection of quantitative data to formally assess learning gains and the development of
variants of the game to explore other operations management topics, such as inventory control, scheduling, or quality
assurance.
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