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Abstract 

Escape rooms have emerged as innovative educational tools in various disciplines, including 

engineering education, due to their potential to engage students in active learning and problem-

solving. This paper explores the application of escape rooms as an educational tool in 

engineering education, with a specific focus on a Chemical Engineering Escape Room developed 

for implementation at the 2024 ASEE Midwest Section Conference. The Chemical Engineering 

Escape Room was conceptualized to provide participants with an immersive learning experience 

while reinforcing key concepts in chemical engineering. A significant aspect of its development 

involved the use of MATLAB for programming virtual riddles and clues, enhancing practicality, 

portability and reducing implementation costs. To guide participants through the game and 

ensure educational outcomes were met, learning tools in the form of educational brochures were 

created. These brochures outlined the flow of the escape room and provided succinct 

explanations of the core educational concepts embedded within the puzzles. Post-activity 

questionaries were designed to evaluate the effectiveness of chemical engineering escape rooms 

as an alternative pedagogic method. This data will be collected at the 2024 ASEE Midwest 

Section Conference, and the results would be discussed in a separate manuscript. Hence, this 

study serves as the foundation of our work in the future, highlighting the versatility of escape 

rooms across various engineering concepts. Therefore, the goal is to establish Chemical 

Engineering Escape Rooms as an example of a collaborative and creative approach to 

engineering education, leveraging gamification and immersive storytelling to enhance learning 

experiences outside traditional classroom settings. The integration of virtual programming and 

educational brochures underscores the adaptability and scalability of escape rooms as tools for 

promoting active learning and knowledge retention among engineering students. 
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Introduction 

In recent years, the field of engineering education has seen a growing interest in innovative 

teaching methods that can enhance student engagement, promote active learning, and develop 

critical thinking skills. The immersive nature of escape rooms engages participants in active 

learning, problem-solving, and teamwork, making them conducive to fostering critical thinking 

skills and knowledge retention [1], [2]. Among these methods, educational escape rooms have 

emerged as a promising tool, capturing the attention of educators and researchers alike [3]. This 

paper explores the implementation of escape rooms as an educational tool in engineering 
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education, with a particular focus on a Chemical Engineering Escape Room developed for the 

2024 ASEE Midwest section conference.  

Educational escape rooms are immersive, game-based learning experiences where participants 

solve a series of puzzles and challenges within a time limit to achieve a specific goal, typically 

"escaping" a themed room [4]. In the context of engineering education, these experiences have 

been shown to offer numerous advantages. Borrego et al. [5] demonstrated that escape rooms can 

significantly increase student motivation and engagement in computer science courses. Similarly, 

Fotaris and Mastoras [1] observed improvements in problem-solving, critical thinking, and 

teamwork skills among engineering students who participated in educational escape rooms. 

The integration of escape rooms into engineering curricula is particularly noteworthy for 

disciplines like chemical engineering, where theoretical concepts can be complex and abstract. 

By embedding these concepts into puzzles and challenges, escape rooms provide students with 

hands-on experiences that bridge the gap between theory and practice [6]. This approach not 

only reinforces learning but also promotes critical thinking and problem-solving skills essential 

for engineering professionals [7].  

The application of escape rooms in chemical engineering education has gained traction in recent 

years. Dietrich [8] pioneered the use of an escape room to teach the Leblanc process, 

demonstrating its effectiveness in enhancing student understanding of complex chemical 

processes. In a similar direction, Herrera et al. [9] created a digital escape game for teaching 

chemical engineering to first-year students, highlighting the potential of virtual formats in this 

field. 

The versatility of escape rooms in teaching various engineering subjects has been well-

documented across disciplines. In computer science, Otemaier et al. [10] successfully used an 

escape room to teach mathematical logic, while Magreñán et al. [11] implemented a digital 

escape room setting for teaching calculus. 

Despite these advantages, the implementation of educational escape rooms is not without 

challenges. Veldkamp et al. [12] discussed the time and resource constraints faced by educators 

when developing and running these activities. Additionally, Taraldsen et al. [13]  emphasized the 

importance of balancing entertainment and educational value in puzzle design, a crucial 

consideration for effective implementation. 

Specific to the domain  of engineering, Tejado et al. [14] developed an escape room focused on 

process control, demonstrating its effectiveness in improving student engagement and 

understanding of complex concepts. Similarly, de la Flor et al. [15] created an educational lab-

escape room for teaching heat transfer concepts in chemical engineering, highlighting the 

potential of this approach in addressing interdisciplinary topics. While traditional escape rooms 

require physical setups, recent advancements have facilitated the development of virtual escape 

rooms, leveraging technologies such as MATLAB for programming riddles and clues. This 

virtual approach enhances flexibility, scalability, and cost-effectiveness, making escape rooms 

more accessible to educational institutions with limited resources [16]. 
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Responding to the challenges and building upon the existing body of research, we have 

developed a Chemical Engineering Escape Room that leverages virtual elements programmed in 

MATLAB. This approach aims to create a more practical and cost-effective solution while 

maintaining the engaging aspects of traditional escape rooms. Our design integrates educational 

brochures to provide participants with game flow guidance and concise explanations of the 

underlying engineering principles, addressing the need for clear educational objectives [17]. 

The escape room will be implemented at the upcoming 2024 ASEE Midwest section conference, 

where we plan to gather data gauging its effectiveness through a post-activity questionnaire. 

However, the analysis of learning outcomes will be addressed in a separate manuscript, as the 

scope of this paper primarily focuses on the conceptualization, design, and integration of the 

escape room as an educational tool within the field of chemical engineering. 

By combining the proven benefits of educational escape rooms with a novel virtual approach, 

our study aims to contribute to the growing body of knowledge on innovative teaching methods 

in chemical engineering education. We seek to demonstrate how technology can be leveraged to 

create relatively simple, engaging, cost-effective, and scalable educational experiences that foster 

the development of crucial engineering skills. 

Methods  

Literature Review:  

• Conducted a comprehensive review of peer-reviewed articles on educational escape 

rooms in engineering and STEM fields. 

• Analyzed benefits, challenges, and best practices in implementing educational escape 

rooms. 

Chemical Engineering Escape Room Development:  

• Designed a virtual escape room focusing on key chemical engineering concepts. 

• Programmed riddles and clues using MATLAB to ensure practicality and cost-

effectiveness. 

• Created educational brochures to guide participants through the game flow and provide 

brief descriptions of key learning concepts. 

Implementation:  

• Deployed  the escape room at the ASEE Midwest section conference. 

• Participants included engineering students and educators. 

Assessment:  

• Developed post-activity questionnaire to measure the learning outcomes. 

• The questionnaire covered questions related to content, pedagogy as well as the overall 

feedback of the learning experience. 
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Data Analysis:  

• Data collected through administering the scale will be analyzed to understand the overall 

effectiveness of escape rooms as a learning method for teaching chemical engineering 

concepts.  

• Specific insights will be discussed in our future work, in terms of content and pedagogy, 

to determine the value of escape rooms in contributing towards learning chemical 

engineering concepts. 

It is important to highlight that the application of the post-activity questionnaire and data 

collection will be executed at the upcoming 2024 ASEE Midwest Section Conference. Therefore, 

the data analysis section will be discussed in future work. 

Results 

Comprehensive Review of Educational Escape Rooms in Engineering and STEM Fields  

Educational escape rooms have gained significant attention in recent years as an innovative 

teaching tool in engineering and STEM fields. This review synthesizes findings from peer-

reviewed articles, analyzing the benefits, challenges, and best practices in implementing 

educational escape rooms. 

Benefits: 

1. Enhanced Engagement and Motivation: Numerous studies have reported increased 

student engagement and motivation when using escape rooms in engineering education. 

Vörös and Sárközi [3] found that physics escape rooms significantly improved student 

motivation. Similarly, Borrego et al. [5] observed heightened engagement in computer 

science courses utilizing escape room activities. 

2. Improved Problem-Solving and Critical Thinking Skills: Escape rooms have been shown 

to enhance problem-solving and critical thinking abilities. Fotaris and Mastoras [1] 

reported substantial improvements in these skills among engineering students 

participating in educational escape rooms. López-Pernas et al. [18] corroborated these 

findings in their study of computer engineering students. 

3. Teamwork and Communication Skills Development: The collaborative nature of escape 

rooms fosters teamwork and communication skills. Hermanns et al. [19] noted improved 

collaboration among students in their pharmacy education escape room, a finding that can 

be extrapolated to engineering contexts. 

4. Knowledge Retention: Studies have indicated that escape rooms can lead to better 

knowledge retention. Eukel et al. [20] found that pharmacy students who participated in 

an educational escape room demonstrated superior knowledge retention compared to 

those who received traditional lectures. 

5. Interdisciplinary Learning: Escape rooms offer opportunities for interdisciplinary 

learning. Dietrich [8] successfully used an escape room to teach chemical engineering 

principles, demonstrating how these activities can integrate multiple STEM concepts. 

However, our study is distinct in terms of implementation and design. First, we are 

implementing our study with college students and educators instead of working with high 
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school students. Second, Dietrich [8] worked with paper-based puzzles, termed as 

“enigmas” and high school students were supposed to solve one after the other to 

proceed. Instead of paper-based puzzles, we are incorporating adaptable technology to 

make the escape room flexible, portable and immensely easy to set up and finally, we are 

extending our study to observe whether we can teach other concepts, besides Leblanc 

Process which is the concept covered by Dietrich [8], through the application of escape 

room as an alternative pedagogic method. 

Challenges: 

1. Time and Resource Constraints: Developing and implementing escape rooms can be 

time-consuming and resource intensive. Veldkamp et al. [12]  highlighted these 

constraints as significant challenges for educators. 

2. Balancing Entertainment and Education: Maintaining an appropriate balance between 

entertainment and educational content is crucial. Makri et al. [17] emphasized the 

importance of careful design to ensure that learning objectives are not overshadowed by 

game elements. 

3. Scalability: Escape rooms typically work best with small groups, which can be 

challenging in large class settings. Taraldsen et al. [13]  noted this as a potential 

drawback in their review. 

4. Assessment Difficulties: Developing standardized assessment methods for escape room 

activities can be challenging. Gómez-Urquiza et al. [21]  discussed this limitation in the 

context of nursing education, but it applies equally to engineering fields. 

Best Practices: 

1. Aligning with Learning Objectives: Nicholson [4]stressed the importance of aligning 

puzzle design with specific learning objectives to maximize educational value. 

2. Incorporating Feedback Mechanisms: Incorporating immediate feedback within the 

escape room experience can enhance learning. Clarke et al. [22] demonstrated the 

effectiveness of this approach in their educational escape room framework. 

3. Utilizing Technology: Leveraging technology can enhance the escape room experience 

and make implementation more feasible. Magreñán et al. [11]developed a digital escape 

game for engineering degrees that showcased the potential of technology in this context. 

4. Providing Clear Instructions and Goals: Clear instructions and well-defined goals are 

essential for a successful educational escape room. Tejado [14] emphasized this in their 

process control escape room for engineering students. 

5. Post-Activity Debriefing: Conducting thorough debriefing sessions after the escape room 

activity helps reinforce learning. De la Flor et al. [15] incorporated this practice in their 

heat transfer-focused escape room for chemical engineering education. 

Thus, educational escape rooms offer numerous benefits for engineering and STEM education, 

including enhanced engagement, improved problem-solving skills, and better knowledge 

retention. However, challenges such as resource constraints and scalability need to be addressed. 

By following best practices like aligning puzzles with learning objectives and incorporating 

technology, educators can maximize the effectiveness of these innovative teaching tools. 
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Escape Room Design 

Objective: 

The primary goal of this Chemical Engineering Escape Room is to identify a toxic compound 

being released in the room and stop its release within a 30-minute time limit. Participants must 

solve a series of riddles and games that incorporate key chemical engineering concepts. 

Escape Room Structure: 

The escape room consists of five main activities that involve all the key concepts. An explanation 

of each activity will be given below. In addition, screenshots of the game applications 

programmed for the activities will be presented in the appendices of the document.   

 
Figure 1. Starting graphical interface of the escape room.   

 

1. Finding the Secret Chemical Compounds 

• Setting: Digital display with a water-filled tank with temperature control 

• Task: Reveal hidden chemical formulas written on the inner wall of the tank 

• Key Concept: Thermodynamics and phase changes 

• Solution: Increase water temperature above 100°C to cause liquid-to-gas phase change 

for water under pressure condition of 1 atm 

• Outcome: Reveal formulas for NaCl, CO, HO, HCl 

 

2. Forming Compounds 

• Setting: Digital display with 5 Erlenmeyer flasks 

• Task: Combine flasks to form the compounds discovered in step 1 

• Key Concept: Atomic numbers and chemical element identification 

• Process: Match flasks (labeled with atomic numbers) to form two-element compounds 

• Outcome: Each correct combination lights a bulb with a unique color 
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3. Identifying the Toxic Chemical 

• Setting: Digital display with color picker boxes to assign the colors of the compounds 

previously found 

• Task: Assign the colors from step 2 to the respective compounds to identify the toxic 

substance 

• Key Concept: Safety Square (NFPA 704: Standard System for the Identification of the 

Hazards of Materials for Emergency Response) 

• Outcome: Find the identity of the toxic gas been released 

 

4. Locating the Key to Stop the Release 

• Setting: A digital display with a text box asking for the name of the toxic compound, a 

locker physically located in the room containing a secret object (gallon of water) 

• Task: Input toxic compound name and health hazard level to reveal a numeric code 

• Key Concept: Archimedes' principle and buoyant force 

• Process: Use water from the locker to float a Styrofoam ball located out of reach at the 

bottom of a long cylinder located in the room 

• Outcome: Retrieve final key message (PV=nRT) from inside the floating Styrofoam ball 

 

5. Stopping the Release 

• Setting: A digital display with an ideal gas law problem 

• Task: Input the final key message, the ideal gas law equation and the answer for a simple 

related problem to stop the toxic release 

• Key Concept: Ideal gas law 

• Outcome: Completion of the escape room 

 

Time Constraint: 

Participants have 30 minutes to complete all tasks before toxic levels reach the maximum 

allowed limit. 

Additional Components: 

1. Game Flow Brochure: Provides clues and guides participants through the escape room 

2. Educational Brochure: Explains key concepts involved in each step  

 

Brochures are included in the appendix section of the manuscript. 

 

Key Concepts 

Fundamental chemical engineering concepts such as the laws of thermodynamics, atomic 

structure, toxic compound identification, Archimedes' principle, and the ideal gas law form the 

cornerstone of the discipline. Thermodynamics governs energy transfer and chemical reactions, 

while atomic structure underlies material properties and chemical behavior. Toxic compound 

identification is crucial for safety and environmental protection in chemical processes. 
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Archimedes' principle, fundamental to fluid mechanics, has applications in various engineering 

designs. The ideal gas law (PV=nRT) provides a foundation for understanding gas behavior in 

numerous processes. These interconnected concepts, among others, are essential for process 

design, optimization, and safety in chemical engineering. They enable engineers to predict and 

control chemical reactions, design efficient systems, ensure safe handling of materials, and 

understand complex fluid and gas behaviors. By incorporating these principles into an escape 

room scenario, participants engage with these crucial concepts in a practical, hands-on manner, 

reinforcing their theoretical knowledge and demonstrating the real-world relevance of these 

fundamental ideas in chemical engineering. 

While the escape room incorporates relatively complex chemical engineering concepts, the 

puzzles are designed with a lower level of difficulty to accommodate a diverse audience. This 

approach ensures accessibility for a wide range of participants, from high school seniors to 

college students across various disciplines. The riddles and challenges introduce these core 

concepts in a simplified manner, allowing participants to engage with the material regardless of 

their prior knowledge in chemical engineering. This design choice aims to spark interest in 

chemical engineering principles among younger students while reinforcing basic concepts for 

those with more advanced studies, creating an inclusive and educational experience for all 

participants. 

 
Figure 2. Chemical engineering key concepts involved in the escape room.   

Assessment  

Quantitative and qualitative methods have their own merits to measure the learning outcomes. 

The quantitative methods are strong in working towards studying large groups of people and 

obtaining insights that can assist in obtaining generalized patterns that can then be extended to a 

bigger group of people. On the other hand, qualitative methods have their strength in obtaining 

detailed and deep understanding of a certain group of people that might or might not be extended 

to other groups of people. Incorporating both methods can be useful as the individual strengths of 

the methods are combined [23]. However, the design of the assessment needs to be chosen based 
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upon the purpose of the research [24]. Our purpose is to understand the effectiveness of escape 

room as an approach towards learning chemical engineering concepts that can then be extended 

to a wider range of students, educators and pedagogic experts that are present in the domain of 

chemical engineering. Aligning with the purpose, we have designed a quantitative scale (SPEER) 

to measure the effectiveness of escape rooms as a learning method. The scale is designed as an 

instrument to obtain reports from students, educators present and participating in the ASEE 

Midwest Section conference.  

As highlighted in the literature, the use of escape room as a learning tool is focused towards 

either making the concepts easy to understand [1],[5] or making the process of learning the 

concepts easier [6], [8]. This understanding becomes the foundation of our scale. Therefore, the 

items created in the scale (SPEER) are categorized into content, pedagogy and finally, the overall 

experience of using escape room as a learning approach. Hence, the organization of SPEER is 

done in a way that one scale represents each of the three domains and there are subscales 

composed from the items within the three higher order scales. Our goal was to have fewer than 

twenty items, a measure as short as possible while still maintaining high reliability [25]. Items 

are written in a Likert-type format [26], statements catering to content, pedagogy and the overall 

experience by a five-answer option scale ranging from 5 (strongly agree) to 1 (strongly disagree). 

Items are only written in one direction and in order to avoid confusion, no item will be reverse 

scored. Along with the Likert-type format, a space was created to become aware of aspects that 

might not be covered owing to the objective, quantitative nature of SPEER. 

The scale was constructed following validated item-writing rules for attitude scales [27]. Items 

were composed after going through multiple steps like reading the literature on escape rooms, 

trying to create the categories as clear as possible, vetting potential items with fellow researcher 

and wording the items to maintain high comprehensibility and clarity [28]. Attempt was made to 

create items that are consistent with the literature present on escape room used as a learning 

approach present to teach chemical engineering concepts effectively [1], [5], [6], [8], [14]. 

Finally, the group, to whom the scale would be given, additional efforts would be made so that 

they understand the items and interpret the terminology used in a way consistent with the 

researcher’s intent. The design incorporates the flexibility of five options that would allow for 

adequate variability to produce reliable results [27]. Finally, the open space present in the scale 

offers the possibility for the group to add if there were confusions in comprehending and 

understanding the scale adding to the reliability of SPEER. 

Conclusion and Future Work 

The comprehensive literature review conducted in this study confirms the multiple benefits of 

incorporating escape rooms in engineering education. These benefits include enhanced student 

engagement, improved problem-solving skills, and increased knowledge retention across various 

engineering disciplines. Our Chemical Engineering Escape Room, developed for the 2024 ASEE 

Midwest section conference, builds upon these findings while addressing some of the key 

challenges identified in previous research. By utilizing virtual methods programmed in 

MATLAB, we have created a more practicable and cost-effective solution that maintains the 

engaging aspects of traditional escape rooms. The integration of educational brochures as part of 

the experience further enhances the learning process, providing participants with clear guidance 

and reinforcing key chemical engineering concepts. This approach allows students to learn 
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fundamental principles in a dynamic and enjoyable manner, potentially increasing their 

motivation and interest in the subject. The virtual nature of our escape room also offers greater 

versatility for application across different engineering disciplines, as it simplifies implementation 

and reduces resource requirements. This adaptability could lead to wider adoption of educational 

escape rooms in various STEM fields. 

As future work, we plan to analyze the data collected from questionnaire administered to escape 

room participants at the conference. This analysis aims to quantitatively demonstrate the learning 

outcomes and effectiveness of our approach. The results of this study will provide valuable 

insights into the impact of virtual escape rooms on students learning in chemical engineering 

education and may inform future developments in this innovative teaching methodology. 

Additionally, we intend to explore the potential for adapting our virtual escape room model to 

other engineering disciplines, further investigating its versatility and effectiveness across 

different educational contexts. 
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Appendix I: Graphical interface of the escape room applications. 

 

  

 

 

A) 

B) 
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Figure 3. First section of the escape room: Finding the secret chemical compounds. A) Starting 

application. B)  Setting the temperature conditions at the ebullition point of water (100°C). C) 

Finding the secret message. 

 

C) 

A) 
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Figure 4. Second section of the escape room: Forming compounds. A) Starting application. B)  

Combining the two elements (according to their atomic numbers) to form the compounds and get 

the respective color key codes.  

 

B) 

A) 
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Figure 5. Third section of the escape room: Identifying the toxic chemical. A) Starting 

application. B)  Identification of the toxic gas after introducing the correct color code for each 

compound. C) Instructions window.  

B) 

C) 
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A) 

B) 
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Figure 6. Fourth section of the escape room: Locating the key code to stop the release. A) 

Starting application. B)  Getting the numerical key code for the next section after introducing the 

name of the toxic compound. C) Clue window.  

 

C) 

A) 
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Figure 7. Fifth section of the escape room: Stopping the release. A) Starting application. B)  

Clue window. C) Escape room completion message after correctly solving the problem applying 

the key concept (ideal gas law).  

 

B) 

C) 
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Appendix II: Escape room brochures. 

 

Figure 8. Game flow brochure. 

 

Figure 9. Educational brochure. 
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Appendix III: Questionnaire. 

Scale for Pedagogic Experience of the Escape Rooms (SPEER): 

A. Content Strongly 

agree 

Agree Neutral Disagree Strongly 

Disagree 

1. I learned more of atomic 

number and chemical element 

identification because of 

escape room. 

     

2. The escape room covered the 

concept of phase change well. 
     

3. Safety square become easy to 

understand because of escape 

room. 

     

4. I know more of Archimedes’ 

Principle because of escape 

room. 

     

5. The escape room covered the 

concept Ideal Gas Law well. 

     

6. The escape room motivated me 

further to learn about other 

chemical engineering 

concepts. 

     

7. The escape room allowed me 

to apply theoretical knowledge 

in a more practical way. 

     

B. Pedagogy Strongly 

agree 

Agree Neutral Disagree Strongly 

Disagree 

1. The activities of the escape 

room were engaging and 

appropriately challenging. 

     

2. The educational tools (like 

brochure, clues etc.) and 

colourful graphics were 

helpful in solving puzzles 

     

3. The sequence of activities was 

appropriately designed to 

reach the end of the escape 

room. 

     

4. The time constraints added to 

the thrill and excitement of the 

escape room. 

     

C. Overall Experience Strongly 

agree 
Agree Neutral Disagree Strongly 

Disagree 
1. The overall experience of 

escape room helped me 
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develop important skills (like 

communication, teamwork, 

critical thinking etc.) 

2. I found the experience 

participative and interactive. 

     

3. I would recommend escape 

room as an educational tool to 

other students. 

     

4. I would like to participate in 

another educational escape 

room in the future. 

     

 

Feedback, Suggestions and Comments 

 

 

 

 


