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ABSTRACT: Summative lab assessments probe student mastery over concepts, but
conventional ones often result in decreased student engagement and confidence. If
conventional summative lab assessments are replaced by accessible gamified evaluations,
such as online escape rooms, this leads to improved student engagement and confidence. In
this work, we adapted two sustainability themed online escape room activities to increase
student engagement and confidence in data analyses in Integrated Chemistry I (CHEM
381) over three semesters at CSU, Chico. Over 89.7% of students earned full credit.
Further, 80.0% of the written comments included positive feedback. After the online escape
room assessments, 60.0% of the students rated their confidence as “high” or “very high” in
all categories assessed, compared to 25.6% before the experience. Students found that the
online escape room assessments were more engaging than the traditional assessment and
increased their confidence as they worked toward solving two sustainability crises and
competed for the quickest time to complete the escape rooms.
KEYWORDS: Undergraduate/General, Distance Learning/Self Instruction, Internet/Web-Based Learning, Laboratory Instruction,
Collaborative/Cooperative Learning, Humor/Puzzles/Games

■ INTRODUCTION
Throughout academia, conventional assessments (e.g., essays,
midterms, finals) are often used to measure student learning.
However, gamified assessments may increase student engage-
ment and confidence.1,2 Instructors have recently introduced
escape rooms into the classroom to encourage students to
work through puzzles and solve a specific goal within a given
timeframe, typically under an hour. Several works3−6 found
that escape rooms promote social interaction and communi-
cation.7,8 Further, students reported learning gains,7 increased
motivation,9,10 and a more positive learning experience11

through a gamified escape room.5,14,15

During the pandemic, virtual activities such as online escape
rooms23−27 and augmented reality activities29,30 became
necessary to enhance learning and retention. Previous
chemistry instructors adopted various platforms, such as
Google Forms12 and WhatsApp,13,21 to conduct virtual escape
room activities and evaluate student understanding in different
chemistry subdisciplines. To address misconceptions in general
chemistry while improving learning motivation and increasing
student engagement, Cai designed a Harry Potter themed
online escape room.22 Similarly, Vergne and co-workers
evaluated student understanding of fundamental organic
chemistry in a chocolate factory themed digital escape
room.20 To help pharmacy students learn the complex topic
of stereochemistry, Abdul Rahim found that the students
became more engaged when participating in online escape
rooms to solve puzzles rather than listening to a traditional

lecture.16 Lopez-Pernas et al. noted that while in-person and
remote educational escape rooms improved students’ knowl-
edge in computer programming, in-person escape room
participation yielded slightly higher postactivity test scores
compared to the remote versions.24 Interestingly, unlike the
previous studies, another involved undergraduates designing
their own digital escape rooms with peers in an introductory
ecology course, leading to increased engagement.17

However, this work differs from previous ones in several
ways. First, these escape rooms center on sustainability themes,
such as solar energy conversion and water decontamination.
The students were tasked with finding experimental methods
to build the most efficient solar cell18,19 along with water
filtration materials20 to prevent environmental crises. Second,
the students require intradisciplinary knowledge to solve the
puzzles in the escape rooms created for this work. They relied
on combining prior knowledge in general, organic, inorganic,
physical, analytical, and materials chemistry to be successful in
data analyses. Specifically, the students needed to interpret
various data types, such as X-ray diffraction (XRD), scanning
electron microscopy (SEM), ultraviolet−visible (UV−vis)
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spectroscopy, Fourier transform infrared (FT-IR) spectrosco-
py, steady-state fluorescence spectroscopy, adsorption data,
and electrical characterization. We previously evaluated
individual student’s skills acquisition through questions
(Supporting Information) in the final paper written by each
student.18,20 Third, the online escape rooms created in this
work target data analyses in the upper division integrated
undergraduate chemistry laboratory (CHEM 381) at CSU,
Chico. Since in-person learning opportunities were minimal
during the pandemic, gaining valuable exposure to different
data analyses was essential to chemistry students’ educational
and professional development.
In this work, we designed two accessible online escape room

activities to increase student engagement and confidence in
data analyses in the CHEM 381 course at CSU, Chico. These
online escape rooms were administered utilizing user-friendly
Google Forms and moderated in an online-learning environ-
ment using Zoom breakout rooms. To increase accessibility to
more students, these escape rooms were executed remotely
without any use of paper. To increase engagement, the puzzles
involve answering questions to solve a sustainability themed
crisis in under an hour. To evaluate changes in student
confidence, students self-rated their confidence levels in each
form of data analysis before and after the online activity. The
questions in the online escape rooms are all based on
laboratory projects18,20 during the CHEM 381 course. These
questions are also modular in rigor, question type, and
concepts tested. Consequently, the online escape rooms can be
adapted for high school and all levels of undergraduate
chemistry classes.

■ METHODOLOGY

Virtual Escape Room
For a semester-long course, students virtually participated in
two laboratory projects18,20 in an upper-level integrated
chemistry laboratory course (CHEM 381) at CSU, Chico.
CHEM 381 is designed for chemistry and biochemistry majors
to apply concepts and techniques from their inorganic,
physical, and analytical chemistry courses into research-based
projects. For each laboratory project, students spent 7−8
weeks familiarizing themselves with analyzing structural (X-ray
diffraction, XRD), morphological (scanning electron micros-
copy, SEM), spectroscopic (UV−vis absorption spectroscopy,
UV−vis), elemental composition (energy dispersive X-ray
spectroscopy, EDXS), and performance metric data (efficiency,
η; adsorption capacity, qt) of the nanomaterials). At the
conclusion of each project, a virtual escape room activity was
used to assess the student’s proficiency at interpreting data of
each type (Table S1).
Designing the Digital Escape Room
Designing the digital escape room includes the following:

• Goals:

(1) Increase accessibility of assessments to more
students.

(2) Increase student engagement through the activity.
(3) Increase students’ confidence levels in data
analyses relevant to this course.

• Sustainability Themes:

(1) Lab 1. Renewable Energy Crisis

(2) Lab 2. Water Decontamination Crisis
• Player Control: Players cannot advance to the next
puzzle until they enter the correct numerical or textual
answer to solve the current puzzle they are in.

• Group Size: Three students per group maximizes the
amount of work each player is required to complete
during the escape room.

• Time Constraint: Triads of students will have 60 min to
complete the virtual escape room puzzles. Students who
do not complete the puzzles within the hour only earn
the percentage of total points based on the number of
puzzles completed.

• Difficulty: Players must have knowledge of under-
graduate-level general, inorganic, organic, physical,
analytical, and materials chemistry. Players in this
study were composed of majors-level biochemistry and
chemistry students.

• Feedback: Feedback was collected immediately after the
students’ game experience through surveys and verbal
responses.

Implementation of Online Escape Room
In total, 90 students virtually participated in this study over
three semesters. Specifically, 14 triads of students completed
the energy crisis escape room, while 16 triads of students
completed the water decontamination escape room. Once
students were randomly divided into Zoom breakout rooms to
form these triads, a predesigned Google Form escape room
was released to each student simultaneously (Figures S4 and
S6). Each room consisted of a data type which emphasized
understanding of structure−property relationships (Supporting
Information). The data that students analyzed included the
following: room 1, relating absorption spectra to structure of
materials; room 2, confirming crystal structure via XRD
patterns; room 3, relating morphology (size, density, shape) of
nanomaterials with electron microscopy images; room 4,
correlating elemental composition to spectroscopy signals;
room 5, quantifying performance of each nanomaterial. As
each section of the Google Form was completed with correct
answers, the groups moved forward to the next section or
“room” (Figure S8). Incorrect answers prevented groups from
advancing to the next section or “room” (Figure S9). Full
points were earned by triads of students by completing the five
rooms of the escape room within 60 min; if students
completed one room, they earned 20% of the total points.
Thus, if all five rooms were successfully completed, students
earned 100% of the points. Groups competed for completing
the escape rooms in the shortest time, which resulted in
additional excitement and incentive for the students. Times
were calculated from the start time to the finish time at which
the groups submitted their Google Form, i.e., successfully
completed the assigned escape room activities.
Modifications
The escape room was adapted to apply to the second
experiment performed during the semester. Students had
synthesized metal−organic frameworks (MOFs) for use in
water decontamination of dyes and oils.28,29 The second
escape room consisted of a water decontamination crisis that
needed to be solved (Figure S6). First, characterization of the
MOFs needed to be completed to proceed through the escape
room, including analysis using powder X-ray diffraction,
scanning electron microscopy, energy dispersive X-ray spec-
troscopy, and Fourier transform infrared data. To complete the
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escape room, the students were required to determine the
adsorption capacity of dyes compared to oils. While given the
same amount of time and same size groups, the escape room
questions were easily changed to meet the needs of the new
project assessment.

■ RESULTS AND DISCUSSION
Of the groups, 85.7% completed the energy crisis escape room
in under 1 h, and 93.7% of groups completed the water
decontamination crisis escape room within the 1 h time limit
(Figure 1). Students earned credit based on the completion;

therefore, an average of 89.7% of the groups that participated
received full credit. The completion times can be indicative of
the difficulty of the escape room. The above results show that
the escape rooms were made with adequate difficulty for the
students of the upper division integrated chemistry laboratory.
If needed, the amount of time required to complete the escape
room could easily be adjusted to meet the level of the

demographic by changing the questions within the Google
Form. For example, a fill in the blank could be changed to
multiple choice.
Group completion times decreased after prior exposure to

the escape rooms. Approximately 35.7% of students completed
the energy crisis escape room within 40 min, compared to
75.0% of students in the water decontamination escape room.
After exposure to the first virtual escape room activity, the
students were more prepared for the expectations of the
second virtual escape room activity. They gained familiarity
with using the Google Form application as well as the types of
questions they would encounter. Students were also better able
to build the skills of data analysis throughout the semester.
Thus, they were more experienced with the analyses that they
solved within the escape rooms.
It was noted that students had commented that solving an

efficiency equation had taken them a long time to complete.
This could have been a factor in the length of time that the
students had taken to complete the energy crisis escape room
as there was not an energy efficiency equation within the water
decontamination escape room.
To monitor how students felt about the escape rooms, a

short discussion was held once each was finished (Figure 2).
The discussion consisted of short yes/no questions, but it also
allowed students to give feedback for how the escape rooms
could be improved in the future. Overall, 80.0% of the
comments included positive feedback, while 8.10% of students
experienced a specific challenge of spending most of their time
solving a “long efficiency equation”. The remainder of the
feedback reflected the technical issues experienced, such as
caps-sensitivity issues for answers entered into each field of the
Google Form.
In order to assess student confidence in specific lab

techniques used in this course, students completed the same
survey comparing self-assessed confidence levels before and
after the escape room was completed (Figure S7). The
students did not receive practice escape room questions and so
did not know what kind of questions to expect before the
activity. These are captured as more blue colors, denoting low
confidence levels in Figure 3a. After working through and
completing the questions in the online escape rooms, the
students’ confidence levels increased, as shown by the
appearance of more green colors (i.e., higher confidence
levels) in Figure 3b.
Compared to the 25.6% of students who were confident or

very confident in all lab techniques assessed in the energy crisis
escape room, 60.0% of the students rated their confidence this
way after the escape room in all techniques except current

Figure 1. Group completion times of (a) energy crisis escape room
and (b) water decontamination crisis escape room.

Figure 2. Student feedback on escape rooms.
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density−voltage mapping. This is consistent with findings in
Figure 2, since 8.1% of students indicated that the efficiency
calculation took a long time to complete. Factors that may
have an impact on the confidence levels of students could be
previous analytical experience from other chemistry courses.
For example, UV−vis spectroscopy is used in lower division
chemistry courses, as well as organic chemistry courses and
quantitative analysis courses, as opposed to X-ray diffraction
and current density−voltage mapping, to which they have not
been exposed prior to the CHEM 381 course.

■ CONCLUSION
In summary, online escape rooms using Google Forms are an
accessible method for assessing students’ proficiency of data
analysis in a majors-level chemistry laboratory at CSU, Chico.
During the escape room, students were engaged, since an
average of 89.7% completed the online activities in under 60
min, and 80.0% of the written comments about the activity
were positive. Since many of the groups completed the entire
escape rooms in under 60 min, the difficulty of the escape
rooms was adequate for our participants at CSU, Chico. The

students wrote that they welcomed participating in the online
escape rooms again and found that the escape rooms were
more fun than the traditional exam. It helped that students
worked toward solving sustainability themed crises and
competed for the shortest time to complete the escape
rooms. After the activity, 60.0% of the students rated their
confidence as “high” or “very high” in all categories assessed,
compared to 25.6% before the experience.
These online escape rooms benefit from being highly

adaptable. First, since students are returning to in-person
classes, the online escape rooms can be adapted in a classroom
setting. Students can be split into breakout rooms on their
devices through Zoom and work together as a group to
complete the escape room while in the classroom. This can
increase student interaction and lead to increased student
performance. Furthermore, the difficulty and time of
completion may be modified to meet the demographic of the
targeted students of other future work. For example, escape
rooms using Google Forms can also be modified to meet the
abilities of lower division courses or secondary school students.
These escape rooms evaluated the student’s ability to interpret

Figure 3. Student confidence levels (a) before and (b) after energy crisis escape room.
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data, but it could also be applied to other fields of chemistry.
As we have adjusted from an energy crisis themed escape room
to a water decontamination themed escape room, we changed
the types of analyses that students completed to reflect the
knowledge they had gained from the water decontamination
data analysis.

■ LIMITATIONS
The activity could benefit from more control variables planned
during the experimental setup. Future implementation of
Escapp,30 a web platform that allows teachers to conduct
remote and face-to-face escape rooms, would allow for a
deeper quantitative analysis. This platform allows for teachers
to obtain various learning analytics such as progress graphs that
show the puzzles each group solves and the moment in which
each one was completed. This would be useful information to
understand which topics are more challenging than others.
Escapp also provides a hint chart which shows the number of
hints provided to each team for each puzzle. Monitoring the
hints would allow teachers to understand which specific topics
students struggle with the most.
Another limitation to the study included technological

challenges with Google Forms. Some groups experienced
difficulties with caps-sensitivity issues and using the incorrect
number of decimal places, which slowed their progress. This
could be improved in the future by changing the Google Form
settings to be less sensitive prior to the escape room being
conducted. Clarifying the number of decimal points before
completing the escape room would have saved students time
with numerical answers.
Finally, this study can be improved by evaluating the effect

of the online escape room activities on teamwork skills and
stress levels on students. By administering surveys pre- and
post-activity to the students, researchers can further investigate
essential teamwork skills such as active listening, cooperation,
conflict resolution, coordination, creativity, feedback, and
problem solving. To assess stress levels on students, a Likert
scale questionnaire ranging from 1 “no stress” to 5 “extreme
stress” before and after the activity can be implemented.
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