
Paper ID #36891

Say Yes to the Stress: Escape Rooms in Civil Engineering Classrooms

Major Brett Rocha, United States Military Academy

MAJ Brett Rocha is a second year instructor at the US Military Academy in the Department of Civil and
Mechanical Engineering. She received her B.S. in Civil Engineering from USMA in 2012, her M.S. in
Engineering Management from Missouri University of Science and Technology in 2016, and her M.S. in
Civil Engineering from University of Central Florida in 2021. She teaches mechanics of materials, design
of steel structures, and design of concrete structures.

Dr. Kevin Francis McMullen, United States Military Academy

Kevin McMullen is an Assistant Professor in the Department of Civil and Mechanical Engineering at the
United States Military Academy, West Point, NY. He received his B.S. and Ph.D. in Civil Engineering
from the University of Connecticut. His research interest areas include bridge engineering, protective
structures, and engineering education.

Capt. Michael Rocha, United States Military Academy

CPT Michael Rocha is a second year instructor at the United States Military Academy in the Department
of Mathematical Sciences. He received his B.S. in Mathematical Sciences with Honors from USMA in
2012 and his M.S. in Statistics and Data Science from University of Central Florida in 2021. He teaches
probability and statistics.

©American Society for Engineering Education, 2023



Say Yes to the Stress: Escape rooms in Civil Engineering Classrooms 

Abstract 

Over the last two decades, escape rooms have emerged as a social and team building activity. 
Participants must work in a team to solve complex puzzles by finding clues within the event 
space. These puzzles can range from word finds, math problems, riddles, or identifying clues. 
Escape rooms vary in difficulty. They should be difficult enough where they cannot be solved by 
a single participant, but easy enough that they can be solved in less than an hour. Recently, 
educators have explored implementing escape rooms as an active learning activity for secondary 
and higher education. Multiple studies have been conducted in STEM classes. The goal of this 
study was to investigate the use of escape rooms in civil engineering courses to improve 
students’ ability to solve an ill-defined problem and connect clues to the course content. The 
escape rooms required students to work as a team, communicate their solutions effectively, and 
increase their engagement and interest with the course material. Two different escape rooms 
have been developed and implemented: one in a mechanics of materials course and one in a 
design of reinforced concrete structures course. Both escape rooms were implemented as end of 
course review session where students were tasked with solving multiple linked, but separate 
puzzles on cumulative course topics. These puzzles assessed whether the students could identify 
the type of problem and key information and solve the problem by connecting the clues to course 
concepts. The escape room activity was assessed based on student survey feedback, instructor 
feedback, and student performance on the final examination. While participation in the escape 
room did not have a significant impact on the students’ performance, the students found the 
escape room to be an engaging activity which encourage teamwork and collaboration as well as 
review of the course material. Upon completion of the escape room, students had identified 
concepts that they needed to review prior to the final examination. This paper presents the 
design, creation, execution, and results of an escape room activity implemented in these two civil 
engineering courses. 

Introduction 

Escape rooms are an interactive game where teams work together to solve puzzles in order to 
collect clues to ultimately escape the room (or solve the final puzzle) [1]. Escape rooms typically 
have a fixed time limit, which increases the unpredictability of success and can encourage 
additional engagement and active participation [2], [3]. Participants typically complete escape 
rooms as social or team building activities. Escape rooms have three primary formats: single 
room, multi-room, and escape room in a box. The single room and multi-room escape rooms are 
typically developed by commercial companies where the participants enter the room and are 
completely engulfed in the escape room experience with clues scattered throughout the event 
space [4]. An escape room in a box is where all the clues and pieces needed to solve the puzzles 
are provided to the participants in a single box, but the participants need to solve puzzles to 
unlock certain clues [5].  

When creating an escape room, there are three design paths; linear, open, and multi linear [6]. 
The linear design requires teams to solve the puzzles in a sequential order where the solution of 
one puzzle leads to the next until the final puzzle is solved. Open path design allows numerous 



puzzles to be worked on simultaneously with no specific order, but all puzzles need to be solved 
to have all the clues needed to solve the final puzzle. Multi-linear has numerous paths that will 
intersect allowing for different avenues to get to the same end state. 

Large in-person commercial escape room companies have purchased or rented large venues such 
as warehouses or malls to build customized escape rooms [4]. These locations typically have one 
to over ten unique escape rooms for customers to choose from. The escape rooms typically vary 
in difficulty level and number of participants. Escape room difficulty is typically rated from 1-5 
based on the average escape rate for the room measure as the percentage of participants who 
successfully complete the final puzzle. The average escape rate for most escape rooms is 41% 
[7]. Mystery Room is an escape room franchise with twenty-five locations in ten states. Mystery 
Room reports a 46%, 53%, and 64% escape rate for their level-1 novice rooms and 25%, 28%, 
and 34% for their level-4 expert rooms[4]. The number of participants can range from 2 to 
approximately 10 participants. The size of the groups directly impacts the level of participation 
required for each participant [8].  

The escape room in a box has been developed by game manufacturers such as Escape the Crate 
[5]. This company has a subscription service that send an escape room monthly to its subscribers. 
The manufacturer describes their escape rooms as “very linear” due to the fact that all clues are 
included in the box. A lengthy search of escape rates for escape rooms in a box did not return 
any results more than likely because this would require the participants to self-report their 
success or failure at completion of the escape room.  

Design of escape rooms must begin with an engaging and entertaining theme to engulf the 
participants in the activity. A good theme takes the players to a different place and causes them 
to lose track of time [6]. This is an important aspect of escape room design is encouraging 
engagement from all players [3]. Creating a balance between requiring creative and critical 
thinking is essential. The puzzles should be difficult enough to keep all players engaged, but not 
so difficult that the players become discouraged or overly stressed [6], [9]. However, the ability 
to involve choice in the participants decision making can increase their level of engagement as 
they recognize that their choices can influence the results [10], [11]. Another key element about 
escape rooms is they commonly involve numerical combination locks, which require the 
participants to use clues to identify the code to unlock the next puzzle. This provides the 
participant with additional motivation to “escape”.  

Educational escape rooms have been utilized in primary, secondary, and higher education [1], 
[12]. Escape rooms have been developed for chemistry [13], engineering [14]–[16], computer 
science [17], medicine [18], nursing [19], and pharmacy classes [20], [21]. However, the authors 
review of the literature did not find any escape rooms developed for civil engineering education. 
The authors also identified that many of the studies on gamification of classroom activities lack 
substantial assessment of student outcomes [22]. Most existing literature assesses students’ 
attitude towards learning.  

The goal of this study was to design, implement and assess two unique escape rooms in civil 
engineering courses: Mechanics of Materials (MC364) and Design of Reinforced Concrete 
Structures (CE483). The research question that this paper sought to answer was: did 



participation in the escape room improve students’ ability to achieve the course objectives? This 
paper will present an overview of the design of the two escape rooms and an assessment of the 
escape room based on student performance on a final exam and student feedback.  

Design of Escape Room 

While both escape rooms were designed to test concepts from civil engineering courses, the two 
escape rooms had completely different designs. The differences in the design of the escape 
rooms ranged from the type of escape room, the organization of the puzzles, the resources 
available to the students, the size of the teams, and the backstory or theme of the escape room.  

The Mechanics of Materials escape room was designed as an escape room in a box with a linear 
path. As described in the introduction, the design was based on commercially available escape 
room in a box where all clues and materials needed to solve the puzzles were included in a single 
package. The package used for this escape room was a locked backpack as shown in Figure 1a . 
At the start of the escape room, the students were provided with the backpack and a folder 
containing the first puzzle, an equation reference card, and a material properties table from the 
5th Edition of Mechanics of Materials by Timothy Philpot [23]. In total, the linear path included 
five puzzles. Students were required to solve each puzzle in sequence to successfully meet the 
objective of the escape room. A set of clear guidelines were provided to the students at the start 
of the escape room regarding rules and key assumptions as shown in Figure 1b. The built in 
structure of a linear path makes it easier for players to solve the escape room [6]. 

A fictional scenario was developed where the students were required to navigate a steam tunnel 
in search of a boiler room to increase the heat in the building where they would be taking their 
final exam. Each of the five puzzles were tied into the theme leading the students to the next 
challenge that needed to be overcome to seize the opportunity to get final exams cancelled. The 
students were given 75 minutes to solve the five puzzles. The five puzzles covered key course 
concepts of torsional analysis, statically indeterminate axially members, flexural loading, stress 
transformation, thin-walled pressure vessels, and failure theories. The five puzzles and all clues 
provided are shown in Figure 1c.  

The Mechanics of Materials escape room was executed on the final day of class for the semester 
as a course review exercise. The escape room was delivered in two out of nine sections of the 
course. The students in the sections chosen for the escape room experience were not told before 
arriving to class that they would be executing an escape room. The sections were broken down 
into three teams consisting of six students. Throughout the semester the students worked in 
three-person lab groups. Two lab groups were combined to form six-person teams that would 
execute the escape room. The students were authorized to use the textbook and class notes to 
complete the puzzles but were given everything that was required to solve the puzzles in the 
provided folder and backpack. An image of the students participating in the MC364 escape room 
are shown in Figure 1d and 1e.  



 
(a) 

  
(b) 

 
(c) 

 
(d) 

 
(e) 

Figure 1: The MC364 Escape Room – a) Image of supplies initially provided to the students, b) 
Image of rules slide, c) Overview of all puzzles, d) Image of students participating in the escape 

room, e) Image of instructor providing hints to the student teams. 



The Design of Reinforced Concrete escape room was a full scale escape room with multiple 
rooms the students were required to navigate through. The escape room was executed on a single 
floor of a building with three rooms with cypher locks and a loading dock. Figure 2b shows an 
image of the locked door with a cypher lock. The students had a choice in selecting a path to 
solve the escape room. The players had to unlock the three rooms in order to gather all the clues 
needed to solve the final puzzle. One of the rooms contained two puzzles and each of the other 
two rooms contained one puzzle. The puzzles required the students to search the room for clues 
to determine what course concept was needed to solve the puzzle. Unlike the Mechanics of 
Materials escape room, the students were not provided with everything needed to solve the 
puzzles. The student’s personal copy of the Building Code Requirements for Structural Concrete 
(ACI 318-19) was needed to solve the puzzles [24]. This reference was used throughout the 
entire course and the students were expected to bring it to every lesson. In total, the open path 
design required the students to solve six puzzles to win the escape room.  

The theme of the CE483 escape room aimed to introduce the students to forensic engineering 
and engineering ethics in addition to reviewing course concepts. The escape room was themed as 
a case study of the Harbour Cay Condominium collapse [25]. The students were given 90 
minutes to determine who was at fault for the collapse. The results of the investigation conducted 
by the National Bureau of Standards were used to create puzzles to assess the students’ ability to 
achieve the course objectives [25]. However, the numbers were changed to facilitate appropriate 
codes for the combination locks, but the puzzles followed the storyline. The six course concepts 
covered were moment envelopes, detailing reinforcement, punching shear, nominal moment 
capacity, development length, and material properties.  

The CE483 escape room was intended as a course review activity but was executed during the 
final lab period for the course, which was five lessons before the end of the course. The students 
were not notified before arrival to the lab period that they would be executing an escape room. 
Upon arrival at the loading dock, they were instructed to gather with their lab groups, which they 
worked in throughout the semester. The lab groups each consisted of four students. Each lab 
group was assigned a table with their initial briefcase, which contained the clues for the first 
puzzle as shown in Figure 2a. At the start of the lab period, a prerecorded video introduced the 
scenario and set the stage for the escape room as shown in Figure 2c. The relatively small 
enrollment allowed for four teams of four students in both sections. The students were authorized 
to use the course textbook and any class notes to complete the escape room. Figure 2d shows the 
students participating in the escape room. After completion of the escape room, all teams, 
regardless of if the successfully escaped or not, took team photos as shown in Figure 2e and 2f, 
similar to those taken after a commercial escape room.  



(a) 
 

(b) 

(c) 
 

(d) 

(e) (f) 
Figure 2: The CE483 Escape Room – a) Image of initial brief case with clues provided to the 

students, b) Image of room door with cypher lock, c) Image of scenario presented to students on 
Harbour Cay Condominium Collapse [25], d) Image of teams participating in the escape room, e) 

Image of a team after they escape, f) Image of a team who did not escape. 

 

While the MC364 and CE483 escape rooms were designed differently, there were similarities 
between the two experiences. At the start of both escape rooms, the students were provided with 
some general rules and simplifying instructions. These were presented as a bulleted list on a 
PowerPoint slide that remained available throughout the execution of the escape room as shown 



in Figure 1b. During the execution of the escape room, the teams could request three hints from 
the instructor as shown in Figure 1e. Opportunity to receive hints is essential to prevent 
stagnation of the game [22]. The escape room in a box concept was much easier for the instructor 
to monitor as all students were in one room and were required to work on the puzzles in 
sequential order [26]. The full-scale, multi-room escape room required the instructor to 
constantly move between the three rooms and the loading dock to monitor the students’ 
performance and be available to provide hints. Additionally, both the escape room in a box and 
the full-scale escape room required approximately forty hours to build and prepare by the 
instructor. A portion of the preparation for the execution was to complete a trial run of the escape 
room with other instructors. It took a single instructor sixty minutes to complete the MC364 
escape room. Two instructors completed the CE483 escape room in 65 minutes. The trial run 
was essential to ensure clarity of the clues, difficulty of the puzzles, and time required to 
complete.  

Results & Discussion 

Before assessing whether the educational escape room was effective in reviewing course 
material, the quality of the escape room should be assessed. Upon completion of the escape 
rooms, the authors evaluated the escape rate and student feedback to measure the quality of the 
two escape rooms. The escape rate for the educational escape room was compared to the escape 
rate for a commercial escape room. The escape rate for the MC364 escape room was 50% across 
six teams. The escape rate for the CE483 escape room was 75% across the eight teams. The 
MC364 escape room was on par with the escape rate for a level one, novice escape room. 
However, and the high escape rate for the design of reinforced concrete escape room indicates 
that 90-minute time limit provided the students too much time to solve the puzzles. For the six 
teams that successfully escaped the average completion time was 70-minutes.  

The second metric was a survey of the students after completing the escape room. The goal of 
the survey was to understand the students’ familiarity with escape rooms and identify areas of 
strength and areas for improvement. Ten students completed the survey for MC364 and twenty-
five completed the survey in CE483. The first question asked how many students had 
participated in an escape room previously which resulted in almost an even split for both courses 
as seen in Figure 3. For those who had participated in an escape room previously, there was a 
follow-on open-ended question asking if they felt the escape room was similar to a commercial 
escape room. Unanimously, the students stated that the two were similar. The survey also asked 
the students to rate the difficulty and length of the puzzles using a Likert scale. For the MC364 
escape room all students thought the puzzles were appropriately difficult, and for the CE483 
escape room 96% of students thought the puzzles were appropriately difficult as shown in Figure 
4. The escape rate and the students survey responses indicated that the escape room had a high-
quality design.  



 
Figure 3: Students Reported Prior Escape Room Experience 

 
Figure 4: Students Opinions on Escape Room Quality 

After assessing the quality of the escape room, the authors assessed the students’ ability to 
achieve the student outcomes through performance on the final examination. The students were 
divided in to a control group, those who did not complete the escape room, and an experimental 
group, those who completed the escape room. A two-sample t-test was conducted on the average 
grades on the final exam. For the MC364 escape room, the control group was the seven sections 
of the course that conducted the traditional course review lesson without an escape room. For the 
CE483 escape room, the control group was the data from the previous semester course offering. 
Table 1 shows the observed difference, the calculated t-statistics, and p-values for the overall 
final exam grade as well as individual question topics for the mechanics of materials final exam. 
Overall, the results indicated no significant differences in test performances between the two 
groups except for questions 4 and 7, which covered statically indeterminant beams (p-value = 
0.0013) and combined loading (0.0175), respectively. The significance in question 4 
performance looks to be from a second population with abnormally low performance; the general 
behavior of most of the samples behave in a similar manner. Students who participated in the 
escape room averaged 5% better on the combined loading question. It is interesting that the 



experimental group performed better on the combined loading question as this was not a topic 
that was addressed in the escape room review activity. Table 2 shows the observed difference, 
the calculated t-statistics, and p-values for the overall final exam grade as well as individual 
question analysis for CE483. Overall, the results indicated no significant differences in test 
performances between the two groups in either overall performance or for any individual 
question.  

Table 1 Mechanics of Materials T-Test Results 

 
Table 2 Design of Reinforced Concrete T-Test Results 

 
A Least Squares Linear Regression was used to analyze association of escape room group with 
performance on the final exam after controlling for variation in prior academic performance 
among cadets. To control for variation in academic performance, the student performance on 
midterm examinations was accounted for in the analysis. Overall findings for MC364 indicated 
the three midterm exams had significant association and predictive power on final exam 
performance, but that participation in the escape room had no significant difference in final exam 
score after accounting for prior academic performance. The results, shown in the Table 3 below, 
compare the basic model with an interactive model. For CE483, incoming GPA had a significant 
association with final exam performance when controlling for other factors, whereas no other 
factor was statistically significant when controlling for Incoming GPA. This could indicate that, 
as an advanced course, understanding of previous concepts is a better indicator of overall 
performance than any single graded event in the class leading up to the final exam. Ultimately, 

Difference T-Statistic P-Value
Final Exam: 0.002 0.098 0.922
Indeterminant Axial -0.003 -0.045 0.963
Torsion Analysis 0.0153 0.567 0.572
Flexural Analysis -0.002 -0.073 0.942
Indeterminant Bending -0.085 -3.286 0.001
Stress Transformation -0.025 -1.607 0.11
Thin-Walled Pressure Vessel -0.054 -1.589 0.114
Combined Loading -0.049 -2.405 0.017

Difference T-Statistic P-Value
Final Exam: -0.007 -0.273 0.786
Short Answer -0.048 -1.769 0.082
Materials -0.046 -1.052 0.296
Flexure -0.029 -0.945 0.348
Shear -0.033 0.54 0.591
Development Length -0.043 -1.568 0.121
Deflections 0.0151 1.618 0.110
Columns 0.006 0.098 0.922
Footings 0.061 1.615 0.111



there is no evidence in this sample that participating in an escape room review session had any 
impact on final exam performance. 

Table 3 Mechanics of Materials Linear Regression Results for Association with Final Exam 
Grades 

 

 
Table 4 Design of Reinfroced Concrete Linear Regression Results for Association with Final 

Exam Grades 

 



These findings indicate that escape rooms on their own did not significantly improve 
performance on the final exam. However, statistically significant interactions in our complex 
model might indicate that the escape room exercise enhanced prior laboratory work recollection, 
something that should be explored in future research with a broader sample. 

While there is no statistical significance that can be seen in the students’ final exam grades, there 
is still value in executing the escape room as a course review exercise, which is demonstrated 
through student feedback. Looking at the word clouds shown in Figure 5, multiple students 
mentioned team aspects. 80% of students who participated in the escape room either agreed or 
strongly agreed that the escape room required teamwork to be completed. ABET’s 5th student 
outcome states that students should “have the ability to function effectively on a team [27].” 
Figure 6 shows the students perceived the escape room as a good method for preparation for the 
final exam and as a valuable team building activity. In additional to the educational outcomes, 
the student feedback also indicated that the escape room was a “fun” and “engaging” activity, 
which may inspire the students to pursue further learning. Figure 7 shows that overwhelmingly 
students found the escape room to be a “fun” (MC364) and “engaging” (CE483) activity.  

 
(a) 

 
(b) 



Figure 5: Visualization of Open-Ended Survey Responses: (a) Mechanics of Materials and (b) 
Design of Reinforced Concrete 

 
Figure 6: Student Survey Results on Teamwork and Course Review 

 
Figure 7: Student Survey Results on the Amusement of the Escape Rooms 

Conclusion  

The goal of this study was to investigate the impacts of implementing an escape room activity as 
a course end review. The use of educational escape rooms was an out of the box method for 
conducting an end of course review. The competitive nature of the game encouraged engagement 
frommore students compared to a simple problem-solving session. While both an escape room 
and a problem-solving session require students to work problems centered on the course 
concepts, the puzzles and limited time that are tied to the escape room provides additional 
motivation for the students. 

The research question that this paper sought to answer was: did participation in the escape room 
improve students’ ability to achieve the course objectives? Based on the student performance on 
the final exam, the escape room did not have a statistically significant effect on the students’ 
grade. However, the authors acknowledge that confounding factors may have influenced the data 
as a result of the small sample size. Collection of additional data may improve the analysis. 
Although there was no effect on final exam scores, there were still benefits to the use of the 



escape room which included teamwork and the enjoyment of the students. The lack of step-by-
step instructions in completing the escape rooms required students to identify connections and 
potentially try multiple approaches to solve the puzzle. The complexity of the puzzles, combined 
with the time requirement increased the level of teamwork observed. With a small group of four 
to six students, an educational escape room was found to be an outstanding activity for team 
building. Additionally, the overall experience was found to be more memorable for the students. 
The fun, engaging, and collaborative nature of the escape room has the potential to inspire the 
students to seek additional learning opportunities.  

The escape rooms presented in this paper will continue to be used in both the Mechanics of 
Materials and Design or Reinforced Concrete Structures courses. This will allow for additional 
data to be collected to assess if the educational escape rooms are an effective end of course 
review. Additionally, in the next course offering of Design of Reinforced Concrete Structures, a 
portion of the students will have completed both the escape rooms (MC364 and CE483). This 
will provide an opportunity to analyze if there is an advantage to having experience completing 
multiple educational escape rooms.  
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