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ABSTRACT

Aim/Purpose The objective of this study was to identify the elements of learning analytics and
the characteristics that digital escape rooms should have in order to promote
the development of computational thinking in challenging environments.

Background In the present and future of education, developing computational thinking is
strategic for the digital age, serving as a bridge between technology and prob-
lem-solving. There is an opportunity to look for new ways to promote compu-
tational thinking because people have difficulty abstracting real problems and
applying decomposition methods, design patterns, and algorithmic thinking in
various complex contexts.

Methodology The ADDIE framework (analysis, design, development, implementation, and
evaluation) was applied to develop an escape room with learning analytics and
challenges focused on Sustainable Development Goal 7 (Affordable and Clean
Energy). The application was carried out with 119 participants from the science
club.
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Digital Escape Rooms

Contribution This research provides practical specifications for developing digital escape
rooms that implement learning analytics. This study is of great value to academ-
ics, developers, and decision-makers interested in developing training activities
that promote high-level skills for dealing with complexity.

Findings The physical and logical models created can guide the implementation of re-
quirements and database creation when developing educational digital escape
rooms. A timeline, event history analysis, and a method examining the sequence
of discrete states can measure computational thinking development and identify
other high-level competencies in educational digital escape rooms. Essential fea-
tures of web-based educational digital escape rooms include an adaptive design
for optimal visualization and interaction, accessibility across a variety of devices,
easy navigation, and challenges that include puzzles and time-limited problems.

Recommendations  Suggestions for practitioners who want to enhance high-level competencies in-

for Practitioners clude: (a) employ challenge-based strategies like an educational digital escape
room, (b) gradually increase the difficulty of challenges to monitor competency
development, (c) control the time students spend solving puzzles, and (d) con-
tinuously evaluate the strengths and weaknesses of the educational digital escape
room for ongoing improvement.

Recommendations  Researchers who want to develop high-level competencies through educational

for Researchers digital escape rooms should consider timelines, event history analysis, and a
method that scrutinizes the students’ sequence of discrete states while answer-
ing questions, which allows effective progress tracking,.

Impact on Society ~ This study contributes to open education by creating quality open educational
resources for the development of high-level competencies.

Future Research Future research could expand the analysis to include qualitative data, population
samples from clubs in other countries, and educational digital escape rooms tar-
geting other sustainable development goals.

Keywords complex thinking, educational innovation, higher education, computational
thinking, escape rooms, sustainable development objectives

INTRODUCTION

Computational thinking (CT) is considered a higher-level competency, comprising four abilities: ab-
straction, decomposition, pattern recognition, and algorithmic thinking. The primary role of CT is
problem-solving. It has been the focus of several research projects. Jou et al. (2023) used the creative
problem-solving method to improve the CT of engineering students and found that this method pro-
motes motor skills, but they did not explore the deep interaction processes. Abdul et al. (2022)
demonstrated that augmented reality can improve CT, visualization, and geometry skills. Neverthe-
less, the method did not incorporate an analysis of the data derived from user interactions with the
application. CT increases students’ interest, satisfaction, flow state, acceptance of technology, and
digital self-efficacy (Hooshyar et al., 2021). Liao et al. (2022) concluded that CT enhances the think-
ing and logic competencies for problem solving and aids the student in interacting across domains.
They used quantitative surveys for the study, but this evaluated only perceptions. It is important to
develop CT to look for appropriate strategies like educational digital escape rooms (EDER).

EDERs are a valuable opportunity to develop CT and foster other competencies. EDERs have
proven to be an effective and engaging way to teach 21st century skills. For Lopez-Pernas et al.
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(2019a), the utilization of gamified environments has been demonstrated to promote teamwork, lead-
ership, creative thinking, and communication among students. Through a literature review, Taraldsen
et al. (2022) determined that most studies related to EDERs have focused on their implementation,
use, setting, curriculum, 21st-century skills, and motivation. The study also highlights the need for
structured and transparent data collection and analysis research methods. EDER is suitable for pro-
cessing, testing, and formative assessing scientific knowledge and skills because the students think
hard using multiple thinking skills (Veldkamp et al., 2021). They allow the incorporation of new as-
sessment tools for information gathering, leading to the adoption of new ways of understanding and
developing distance learning (Makri et al., 2021). They can generate positive feelings about the acqui-
sition of knowledge and skills (Sanchez-Ruiz et al., 2022). This research shows the development of an
EDER implemented in the Science Clubs program, highlighting the use of learning analytics for
monitoring the performance of participants.

Science Clubs are an opportunity to implement EDERs propetly. Science Clubs offer free extracur-
ricular Science, Technology, Engineering, and Mathematics (STEM) training to high school students
and university undergraduates with scientific vocations (Clubes de Ciencia México, 2023). They are
suitable environments for collaborative scientific activities with peers and professionals from differ-
ent areas (Martin-Garcfa et al., 2024). Some Science Clubs have focused on activities that develop CT
and complex thinking skills. For example, they have used programming to analyze hyperspectral im-
ages, software projects to exemplify the augmentation of human senses, and activities where partici-
pants do programming in Python and other computer languages (Science Clubs International, 2023).
However, before this research, EDERs were not used in Science Clubs International programs.

In this research, an EDER focused on the challenges related to Sustainable Development Goal
(SDG) 7, Affordable and Clean Energy, was developed. SDG 7 seeks to ensure universal access to
clean energy. There are 17 SDGs; they constitute a United Nations action plan to end poverty, fight
inequality, and address climate change by 2030 (United Nations, 2025). The member states of the
United Nations are responsible for carrying out actions to achieve the 17 SDGs. Other EDERs have
addressed issues related to SDG 7, but none have used CT as a high-level competency. Ouariachi and
Wim (2020) suggest that EREDs in climate change education can facilitate experiential learning,
problem-solving, critical thinking skills, and a sense of collaboration. Reinkemeyer et al. (2022) argue
that more research is needed to determine the effectiveness of EREDs. This research addresses this
gap and aims to determine how EDERs in Science Clubs Mexico 2023 can assess participants’ CT
development, using learning analytics for monitoring their learning.

This research was part of the E4C&CT Ecosystem for Scaling Up Computational Thinking and Rea-
soning for Complexity, a project coordinated by the Scaling Complex Thinking for All Research
Group (2022), which seeks to create a digital ecosystem for developing CT skills using personalized
learning tools. For this purpose, an EDER entitled Save the Planet was developed. The research
question was: How does the implementation of learning analytics in EDER, focused on SDG-related
issues, support the development of CT in Science Club programs? The sub-question was: What
should be the characteristics of escape rooms aiming to develop CT competencies to address SDG-
related issues?

This article is structured as follows. First, a literature review of research on EDER, CT, and complex
thinking in science clubs is discussed. Then, the materials and methods, including ethical factors, are
presented, followed by the results. Finally, the discussion and conclusions are offered, including im-
plications for practice, research, and possible future studies.

LITERATURE REVIEW

Educational escape rooms

An EDER is an engaging and innovative educational tool designed to present challenges students
must solve, fostering problem-solving skills across various domains. Despite EDERs’ recent intro-
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duction, they develop critical competencies adaptable to online, in-person, or hybrid learning envi-
ronments. These competencies encompass communication, critical and analytical thinking, and team-
work through integrating information and communication technologies (ICT) with the elements,
structures, and rules of games in educational contexts, offering the advantage of low-risk implemen-
tation (Bellés-Calvera, 2022; Helbing et al., 2023). Compared to traditional methods, in subjects such
as mathematics, EDERs improve performance, motivation, autonomy, and decrease anxiety (Saleh,
2023; Stohlmann, 2023). In STEM education, EDERs have diminished the perceived complexities
associated with these disciplines (Sidekerskiené & Damasevicius, 2023). According to Lépez-Pernas
et al. (2022), these environments led to significant improvements in student engagement and learning
outcomes, particularly in programming courses. Dunne (2023) supports this, emphasizing their role
in fostering active engagement. The iterative process of designing, piloting, evaluating, and redesign-
ing is crucial for maximizing their educational value (Morrell et al., 2020). Their flexibility facilitates
meeting diverse educational demands, exemplified by their application for enhancing CT skills.

The application of EDERs in engineering has yielded positive results; however, it remains an area
ripe for further study. Lopez-Pernas et al. (2019b) implemented EDERs in teaching programming in
higher education and found that students preferred these resources over traditional laboratory ses-
sions. Another notable study by Borrego et al. (2017) showed positive results in improving learning
and increasing motivation in Computer Networks and Information and Security subjects. EDERs
have been used in remote Software Engineering Fundamentals courses, demonstrating their effec-
tiveness and the interest they generate among students (Gordillo et al., 2019). This underscores the
applicability of EDERs in engineering, a challenging STEM area.

Computational and complex thinking

Research on CT emphasizes its role in problem-solving, with a significant portion leveraging technol-
ogy to enhance learning outcomes. Deng et al. (2023) devised a framework that integrates suitable
technological environments, content design, and methodological applications to support the develop-
ment of CT. Similarly, Liu et al. (2023) proposed a model that correlates learning engagement with
CT, deducing that both emotional and cognitive engagement have a significant impact on the devel-
opment of CT in smart classroom settings. Furthermore, Boom et al. (2022) explored CT as a broad
problem-solving skill within computer programming tasks, discovering that applying CT processes
improves programming quality. These studies indicate that CT is gaining recognition as an increas-
ingly important competency.

Another high-level competency that is gaining recognition for its usefulness in problem solving is
complex thinking. The development of complex thinking allows people to increase their ability to ad-
dress the problems and challenges of their environment, regardless of the discipline they practice
(Medina-Vidal et al., 2023). In science education, complex thinking has gained relevance (Molnar et
al., 2024). Various techniques, such as game-based learning, have been used to develop it because
there is evidence that it fosters students’ resilience, creativity, and motivation (Henderson, 2022).
Complex thinking may be able to cope with situations characterized by uncertainty, emergence, and
incompleteness of knowledge because it provides a broad systemic approach to address ill-defined,
ill-structured, and unpredictable problems (Sigahi et al., 2023). The significance of this competence
has prompted the exploration of various methodologies for its development

Science club programs

Activities within non-formal programs, such as science clubs, can foster the development of high-
level competencies such as complex thinking. This form of thinking enables individuals to solve
problems by integrating innovative, scientific, critical, and systemic skills (Cruz-Sandoval et al., 2023).
Complex thinking allows for managing uncertainty based on what has been learned and studied
(Baena-Rojas et al., 2022). In addition, it enables solutions to complex social problems to be pro-
posed in different environments (Ramirez-Montoya et al., 2021). Science clubs offer an environment
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where students can learn with a deep understanding and strengthen collaboration, teamwork, leader-
ship, and communication skills (Magaji et al., 2022; Sewry et al., 2023). Science clubs can disseminate
knowledge to a broader audience, mitigating inequalities.

Designing inclusive activities to narrow knowledge gaps is crucial to achieve this. Buenestado-
Fernandez et al. (2023) noted that STEM majors in a science club attributed inequalities in science
fields to biological and psychological factors. These clubs offer platforms for exploring scientific
concepts, conducting experiments, and discussing similar interests with peers. Participation in science
clubs develops critical thinking skills and scientific knowledge and fosters a passion for STEM fields
(Clubes de Ciencia México, 2023). Science clubs are a complementary pathway for engaging students
in interactive learning outside the traditional classroom. The extracurricular science clubs under
discussion have involved communities from two countries, the United States and Mexico, with high-
impact formative trajectory work over the last decade.

MATERIALS AND METHODS

The E4C&CT Ecosystem for Scaling Up Computational Thinking and Reasoning for Complexity
project involved developing a dedicated web platform to facilitate user interaction with EDER activi-
ties. The EDER Save the Planet was developed using the ADDIE framework, which is practically
synonymous with the generic instructional system development process that contemplates the phases
of analysis, design, development, implementation, and evaluation (Molenda, 2003). ADDIE is a
framework to which various instructional design models adhere (Allen, 2017). In this case, it was se-
lected due to its simplicity and flexibility for iterations between phases, and not exactly a linear struc-
ture.

ANALYSIS

In the analysis phase, the Canvas model, designed by Molina Espinosa et al. (n.d.), was used. This
model considers: (a) learning objective, (b) competence, (c) SGD, (d) strategy, () components and
points of interest, (f) interaction, (g) potential risks, (h) evidence of learning, (i) evaluation instrument
to be used, and (j) lifelong learning.

The considerations of Doherty et al. (2023) were also taken into account. The objectives and the
topic were identified, and the roles to develop the ERED were two software developers, an expert in
instructional design, a CT expert, and an expert in serious games, who were part of the E4C&CT
Ecosystem for Scaling Up Computational Thinking and Reasoning for Complexity project. The se-
lection of the host where the EDER was hosted was the responsibility of the software developers,
while the CT expert and the expert in serious games carried out the design of the puzzles and prob-
lems. Analytical techniques and questionnaires were used for the evaluation. The development pro-
cess is detailed below.

DESIGN

Designed with a responsive layout, the platform ensures optimal viewing and interaction across mul-
tiple devices, including PCs, tablets, and smartphones, thus providing users with diverse technologi-
cal accessibility.

Upon entering the platform, participants are greeted with the home page interface shown in Figure 1.
This initial screen is designed to be intuitive and easy to use, guiding users to begin their escape room
experience. The content and initiation of the escape room’s educational challenges are activated
through a highly visible “Go” button. This design element is crucial to streamlining access to the es-
cape room activities, ensuring that participants can easily navigate to the engaging and educational
content prepared for them.
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Figure 1. Escape rooms interface

Each button in Figure 1 contains the fundamental elements of each escape room: a series of
challenges involving puzzles and problems that must be solved within a set time limit. The four sub-
competencies of CT, woven into each activity, occupy a central place in the EDERs. This strategic
design choice aims to immerse students in a captivating and educational context, with puzzles and
tasks meticulously tailored to the learning objectives. By engaging in thematic issues associated with
the SDGs, students can deploy their knowledge and skills to foster critical thinking and problem-
solving, which are vital elements of complex thinking.

DEVELOPMENT

Figure 2 illustrates the educational platform’s physical layout and infrastructure of the escape rooms.
This representation is crucial for understanding the platform’s tangible aspects, including hardware
requirements, spatial organization, and user interaction mechanisms. The physical setup plays a piv-
otal role in facilitating an immersive and engaging user experience, which is essential for the effective
delivery of educational content.

The implications of this physical representation for both practice and research are substantial. For
practitioners, understanding the physical requirements and layout can inform the development of
similar educational platforms, ensuring they are accessible and user-friendly. Physical representation
also offers insights into optimizing physical spaces to enhance learning outcomes. For researchers,
Figure 2 provides a foundation for studying the impact of physical environments on learning effi-
ciency, engagement levels, and user satisfaction in digital learning contexts.

The insights gained from the physical representation of the platform could lead to innovations in ed-
ucational technology design. Educators and technologists can develop more refined approaches to
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creating educational spaces that support interactive and immersive learning expetiences by evaluating
the effectiveness of different physical setups.

=

Client

Internet

Firewall

Server Internet
Web Site

Database

Figure 2. Physical diagram of the platform

Figure 3 presents the logical diagram of the platform, which illustrates the architecture of the data-
base design, including the various fields and records that comprise the system. The fields that store
the answers to the questions are identified with the letter “r”. This diagram is fundamental to under-
standing how data is structured, stored, and accessed within the platform, revealing the underlying
mechanisms that support user interactions, content delivery, and progress tracking.

The logical structure depicted in Figure 3 has significant implications for the practical application of
educational platforms and future research. It provides a model for developing robust, scalable, and
efficient digital learning environments. By detailing the database design, Figure 3 enables developers
to replicate or enhance this structure in future projects, ensuring data integrity and optimized perfor-
mance. For researchers, the logic diagram is a critical resource for analyzing the effectiveness of data
management strategies in educational settings, which can lead to advances in educational software
development.

Future uses of the information in Figure 3 could include refining database architectures for educa-
tional platforms and improving their scalability and adaptability. As educational technology evolves,
the principles outlined in the logic diagram can serve as the basis for creating more sophisticated,
user-centered learning management systems, thus advancing the field of digital education.
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IMPLEMENTATION

A total of 119 students from 37 educational institutions in 16 Mexican states: Aguascalientes, Baja
California, Chiapas, Chihuahua, Mexico City, Coahuila, Durango, Guadalajara, Hidalgo, Jalisco,
Nuevo Leén, Oaxaca, Puebla, Veracruz, Yucatan, and Zacatecas utilized the platform, showing its
broad reach and applicability. A total of 36 men, 58 women, and 25 individuals who opted for anony-
mous data were included in the study. The sampling method was non-probabilistic; for convenience,
this sampling was used because the invitation to participate in the research was extended to all at-
tendees of the 2023 edition of Science Clubs in Mexico, which provided an appropriate approach for
the researchers (Palinkas et al., 2015).

The answers to the quizzes and problems were stored in four tables of the logical diagram of the
platform (Figure 3). Each response was stored in a different record. To resolve the challenges, it was
necessary to use the components of CT. All challenges were aligned with the theme related to SDG
7. For learning analytics purposes, the platform that hosted the EDER “Save the Planet” was de-
signed to provide detailed records of each learner’s interactions.

Selecting the “Save the Planet” escape room on the platform leads the participants to develop the ac-
tivity shown in Figure 4. The EDER is structured around four distinct challenges, each exploring a
specific aspect of environmental science and policy. “Solar Energy” is the focus of the first challenge,
which includes 23 questions to test and enhance participants’ knowledge of renewable energy
sources. The second challenge addresses “Climate Change” through 26 questions and aims to im-
prove awareness about the causes and impacts of global warming. The third challenge focuses on
“Electromobility,” with 26 questions exploring electric vehicles’ significance in reducing carbon foot-
prints. The final fourth challenge, with 26 questions, examines the “Effects of Temperature In-
crease,” focusing learners on the profound environmental and societal consequences of rising global
temperatures.

Challenge 1
Solar Energy

Solar power generation is a great altemative
for affordable, reliable, sustainable and
modemn energy generation for all, which
constitutes Goal 7 of the UN Sustainable

Development Goals.

Figure 4. One of the four challenges in the “Save the Planet” escape room

Figure 5 shows an example of one of the activities designed to help students identify their undet-
standing of pattern recognition, decomposition, abstraction, and algorithmic thinking, which are CT
competencies. The questions were designed for an expert group in CT. Students earned 1 point for
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each correctly answered item. In cases of incorrect answers, students could respond again before ad-
vancing to the next activity. The evaluation scale allowed scoring from 0 to 10 points. Correctly an-

swering the questions led to the final objective of the escape room: finding the code to save planet
Earth.

The data collected through a web platform with the EDER activities and challenges described in the
previous section were stored in a database to analyze the degree of CT mastery developed by the stu-
dents.

96

112

132

256 (correct)

onmpe

Figure 5. Item example in the Save Planet Earth EDER

EVALUATION

For assessing mastery in CT, students from science clubs were invited to participate in the field tests.
Activities were organized around four key areas to determine the students’ degree of mastery of CT:
pattern recognition, decomposition, abstraction, and algorithmic thinking. Figure 6 examines the
methods for assessing student performance in science club activities. Initially, the figure highlights
tracking students’ answer accuracy and response times, which yields a comprehensive picture of their
learning efficiency and engagement. Significantly, this analysis distinguishes between correct and in-
correct responses, meticulously noting the time dedicated to each question and pinpointing the spe-
cific skills impacted by errors. It introduces a dynamic metric: the response effectiveness percentage.
This measure, which adjusts in real-time based on a student’s overall performance in the challenges,
provides a layered insight into their comprehension and skill acquisition. The measurement of time
taken by participants to complete the challenges enables the differentiation of their performance. Ini-
tially, this allows for the evaluation of quizzes in terms of difficulty, as well as the classification of
students and the subsequent design of personalized educational practices.

Concerning the practical implications of this analytical framework, it is clear that the insights gar-
nered are significant. Educators and facilitators equipped with this data are positioned to customize
teedback, accurately identify areas of difficulty, and adapt educational content to bridge knowledge
gaps. Simultaneously, this detailed analysis acts as a mirror for students, reflecting their learning jour-
ney’s highs and lows and facilitating a deeper self-awareness regarding their academic strengths and
areas needing improvement. The importance of such a data-driven approach is magnified within the
research domain. Figure 6 serves as a testament to the power of analytics in enriching our compre-
hension of educational dynamics and student outcomes.

10
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Figure 6. Sample timeline analysis of activity responses of Science Club students

The potential for the methodologies illustrated in Figure 6 to revolutionize personalized learning is
immense. With the continuous evolution of educational technologies, integrating sophisticated real-
time analytics and adaptive learning frameworks based on comprehensive data analysis is expected to
gain momentum. Such advancements promise to transform educational practices, making them more
effective and profoundly engaging. They pave the way for creating highly responsive learning envi-
ronments that are attuned to each learner’s individual needs, marking a significant leap forward in the
quest to personalize education.

ETHICAL FACTORS

This research was approved by the institutional ethics committee of the Tecnolégico de Monterrey
with approval number: Tecnolégico de Monterrey-1FE-2024-001. All participants provided their con-
sent for the use of their data in this research. Participation in the study was voluntary. To ensure data
confidentiality, the input records were anonymized in compliance with data privacy regulations.

RESULTS

Table 1 showcases the innovative approach of learning analytics taken in the research to gather data
on student interactions within the EDER activities conducted as part of the science club initiative.
Leveraging cloud computing and a purpose-built web application, the research team implemented an
observation plan designed to capture the nuanced dynamics of student engagement and response
patterns. The centerpiece of this data collection effort is the event history analysis, which scrutinizes
the sequence of discrete states a student navigates while answering questions. This analysis highlights
the students’ “episodes” or response durations, framing each moment of engagement as a distinct
state of attention.

The implications of such a detailed and technologically advanced data collection method are multi-
faceted; it equips educators and researchers with a granular view of learning behaviors, enabling them
to pinpoint areas where students might struggle or excel. This level of insight is invaluable for tailor-

11
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ing educational content and strategies to meet students’ needs more effectively. In the realm of re-
search, Table 1’s data serves as a robust foundation for exploring the efficacy of escape room-based
learning, providing a consistent and comprehensive dataset for analysis.

Table 1. Example of data collection for each EDER event,
showing the details of how one of the students responded

Challenge | Activity | CT sub-competency Date 22)6 Answer | Evaluation
Pattern
1 1 . 31/07/2023 21 D Correct
recognition
1 2 Decomposition 31/07/2023 | 402 B Correct
1 3 Abstraction 31/07/2023 75 Solar Correct
1 4 Algorithmic thinking | 31/07/2023 22 A Correct
Pattern
2 1 recognition 31/07/2023 17 B Correct
2 2 Decomposition 31/07/2023 60 C Correct
2 3 Abstraction 31/07/2023 46 B Correct
2 4 Algorithmic thinking | 31/07/2023 13 B Incorrect
2 4 Algorithmic thinking | 31/07/2023 1 A Correct
3 2 Decomposition 31/07/2023 | 114 D Incorrect
Pattern
3 1 recognition 31/07/2023 33 C Correct
3 2 Decomposition 31/07/2023 10 B Correct
3 3 Abstraction 31/07/2023 26 C Incorrect
3 3 Abstraction 31/07/2023 11 E Correct
3 4 Algorithmic thinking | 31/07/2023 85 E Incorrect
3 4 Algorithmic thinking | 31/07/2023 | 12 B Incorrect
3 4 Algorithmic thinking | 31/07/2023 | 30 G Correct
Pattern
4 1 recognition 31/07/2023 42 B Correct
4 2 Decomposition 31/07/2023 12 B Correct
4 3 Abstraction 31/07/2023 64 E Incorrect
4 3 Abstraction 31/07/2023 12 C Correct
4 4 Algorithmic thinking | 31/07/2023 24 A Incorrect
4 4 Algorithmic thinking | 31/07/2023 8 E Incorrect
4 4 Algorithmic thinking | 31/07/2023 1 C Correct
4 4 Algorithmic thinking | 31/07/2023 4 C Correct

The methodologies and data presented in Table 1 hold significant promise for enhancing educational
practices and research. The detailed tracking and analysis of student performance during EDER ac-
tivities open avenues for developing more adaptive and responsive educational technologies. By un-
derstanding students’ specific states of attention and learning progressions, future educational tools
and activities can be designed to optimize learning outcomes, making education more personalized
and effective. As such, Table 1 represents a snapshot of student performance and a stepping stone
toward the future of interactive and engaged learning.

ANALYSIS OF STUDENT PERFORMANCE IN THE ESCAPE ROOM

Figure 6 gives a thorough visual representation of a student’s participation in the “Save the Planet”
EDER, illustrating the dynamic process of interaction that the web application has recorded. Using
event history analysis, Figure 6 tracks the evolution of the student’s responses over time, focusing

12



Tenorio-Sepulveda, Argiielles-Cruz, Hernandez-Lopez, & Ramirez-Montoya

specifically on the transitions between different states of engagement and the rates at which these
transitions occur. This analytical approach is adept at uncovering patterns in time-dependent behav-
iors, making it a powerful tool for assessing the development of CT skills among participants. By me-
ticulously evaluating the duration students take to answer each question, the analysis aims to quantify
their proficiency in CT, offering insights into their learning progression and mastery of the subject.

[I|I]T|I|I|||||||||\|||||||||||||||||||l|||I|I|I|I|I|I||||||||

t(sec)
0 100 200 300 400 500 600 700 &00 900 1000 1100 1200 1300 1400 1500
Incorrect answer at second 643, and is answered 13 seconds later
T T TR T T T T
| | | | | | I Il | I I | t{sec)
600 650
*— incorrect answer @ sec 657 i #*— incorrect answer @ sec 851
Xy 114 26 97 “ee
||§\|||||||||||||‘||||||||||1|||g||||||||||\||||||||||[|]x|r||]
' ‘ t(sec
650 700 750 800 850 900 950 1000 (sec)

— End of 4" Challenge @ sec 1145

I 1#* Challenge answered in 520 seconds

['|1|'|I|I|'|'II|"IIT[I!III‘llll 2" Challenge answered in 137 seconds
1000 1100 31 Challenge answered in 321 seconds
4th Challenge answered in 167 seconds

Figure 6. Event history analysis for one of the
science club participants in the “Save the Planet” EDER

The implications of Figure 6 for educational practice and research are significant. For practitioners,
such detailed analysis provides a deeper understanding of how students interact with learning mate-
rial, highlighting areas where interventions may be necessary to support skill development. This can
lead to designing more effective educational strategies and customizing learning experiences to better
meet individual students’ needs. For researchers, the application of event history analysis in educa-
tional settings opens new avenues for exploring the dynamics of learning processes, particularly in
game-based learning environments like escape rooms. This approach enriches understanding of how
students develop critical thinking and problem-solving skills and contributes to the broader field of
educational technology by offering methodological innovations.

The approaches shown in Figure 6 can improve the efficacy and personalization of learning experi-
ences. With the advancement of educational technologies, educators may customize learning environ-
ments to meet the individual learning paths of each student by incorporating advanced data analysis
techniques like event history analysis as standard practice. By moving toward more adaptive, data-
driven teaching strategies, learning may become more efficient, effective, and tailored to the needs of
each student, raising the bar for the quality of education.

PERFORMANCE ACROSS DIFFERENT CHALLENGES

Figure 7 charts the progression of participants’ performance across different challenges within the
EDER, revealing a notable descending trend in success rates as participants advance through the se-
ries of challenges. This information was obtained from the answers to the quizzes and problems
stored in the EDER logic diagram (Figure 3). The initial challenge sees participants achieving a high
success rate, with performance diminishing as they proceed to subsequent challenges, culminating in
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the lowest performance in Challenge 4. An overall performance rate of 74.19% across the entire es-
cape room experience quantifies this pattern, with individual challenges showing varying degrees of
success, from 92.31% in Challenge 1 to 54.01% in Challenge 4.

6 Performance by Challenge (2023-07-31)

80

60

40

20

0
1 2 3 4

Challenge Number

Percentage Correct (%)

Figure 7. Performance for each challenge: Challenge 1 had 92.31% correct answers;
Challenge 2, 86.81%; Challenge 3, 75.00%; and Challenge 4, 54.01%

Figure 7’s implications for educational practice and research are manifold. For educational practice,
this trend of diminishing performance could signal to educators and curriculum designers the need to
recalibrate challenge difficulty or integrate additional support mechanisms in subsequent challenges
to better align with participants’ skill levels. This trend may also suggest diversifying instructional
strategies to maintain or enhance engagement and learning outcomes throughout the EDER experi-
ence. Por research, the observed performance trend offers fertile ground for investigating the factors
contributing to varying difficulty levels and their impact on learning outcomes. This could include
exploring the cognitive load associated with each challenge, the alignment of challenge content with
participant knowledge, and the effect of increasing difficulty on motivation.

Looking ahead, the insights from Figure 7 could inform the design of future educational escape
rooms and similar interactive learning environments. By understanding the relationship between chal-
lenge difficulty and participant performance, educators and designers can create more balanced and
compelling learning experiences that cater to a wide range of learner abilities. Additionally, this data
can contribute to developing adaptive learning technologies that adjust challenge levels in real-time
based on participant performance, thereby optimizing learning outcomes and engagement. In this
way, the information shown in Figure 7 provides a snapshot of current participant performance
trends and serves as a guidepost for the evolution of interactive and personalized learning experi-
ences.

Finally, the box plot in Figure 8 represents how much time participants spent on EDER activities.
These data were obtained from the platform’s monitoring of participants’ activities. The graphical
representation offers a comprehensive overview of the time distribution, emphasizing that most ac-
tivities were completed within 100 seconds, except for a few notable outliers that were longer. These

14



Tenorio-Sepulveda, Argiielles-Cruz, Hernandez-Lopez, & Ramirez-Montoya

represent cases in which participants may have encountered demanding tasks or exhibited a higher
level of engagement with the material, resulting in the need for extra time to finish.

Distribution of Time Spent on Each Activity (2023-07-31)

HHE B B LB AR 1% LR +

0 100 200 300 400 500
Time ({Seconds)

Figure 8. Distribution of time spent on the activities

The implications of Figure 8 for educational practice and research are significant. Understanding the
time distribution can help educators gauge the difficulty and pace of activities in escape rooms or
similar interactive learning environments. Identifying the activities that consistently take the most
time can indicate the need for adjustments in teaching, either by simplifying overly complex tasks or
by providing additional resources and support to learners. For researchers, the amount of time spent
engaging in activities can be a crucial indicator of the cognitive load of various tasks on the brain and
the efficacy of instructional design.

The data in Figure 8 could be leveraged in further iterations to improve the design and execution of
educational activities on various learning platforms. Educators and designers can more effectively
match challenges to the learner’s abilities by analyzing the time spent on tasks, ensuring a balanced
and engaging educational experience. Furthermore, incorporating adaptive algorithms that adjust task
difficulty based on time metrics could personalize learning experiences, ensuring learners remain en-
gaged without feeling overwhelmed or bored. Thus, Figure 8 sheds light on current participation pat-
terns and provides a model for developing more responsive and adaptive educational tools.

DISCUSSION

Examining participants’ progress through an EDER is beneficial, as it helps identity potential diffi-
culties with specific objects or puzzles. Table 1, which displays tracking data from the platform, aids
in assessing each learner’s performance and the complexity of the challenges. The balance between
complex puzzles, especially those that include academic content, and easier ones drives students’ pro-
gress and motivates them to complete the escape room (Borrego et al., 2017). The tracking provided
by EDER Save the Planet addresses the necessity for EDERs to monitor participant interactions in
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order to facilitate the enhancement of learning experiences through the use of analytics (Lopez-Pet-
nas et al., 2019b). Properly applied, EDERs enable effective monitoring of student CT development.

The EDERSs present a fertile field where learning analytics can be applied to evolve these educational
resources. Figure 6 illustrates the CT domain via the time students spend answering items in the four
challenges. Event history analysis and sequence mining, expressed in timelines, are novel methods for
monitoring individual student progress and comparing it with group data (Lépez-Pernas et al., 2022).
This coincides with Makri et al. (2021), who state that EDERs strengthen the collection of data from
participants by incorporating new tools. In this field, this research contributes by addressing the need
for transparent data collection methods outlined by Taraldsen et al. (2022). Learning analytics are ef-
fective in measuring student progress in an EDER.

Gradually increasing challenge difficulty is vital in identifying strengths and weaknesses in student
competency development. Figure 7 shows performance decreases as students advance through an
EDER, possibly due to the complexity of the challenges; however, this should be reviewed in depth
because it could be caused by stress or another motivational factor. This observation provides in-
sights into areas beyond CT that require strengthening. EDERSs also offer opportunities to address
STEM education challenges, encouraging students to think creatively and logically (Sidekerskiené &
Damasevicius, 2023). These results confirm the findings of Ouariachi and Wim (2020), who deter-
mined that EDERSs are capable of addressing hard skills and increasing their knowledge, in this case,
CT. In consequence, CT can also serve as a catalyst for the development of other competencies (Jou
et al., 2023). This approach develops CT and enhances other transferable skills, providing a more ho-
listic open education experience.

Time management is crucial in analyzing the effectiveness of escape rooms. Figure 8 uses time to un-
derstand and classify students’ activities. Setting time limits for solving exercises can add a motiva-
tional factor to an EDER (Saleh, 2023). According to Lopez-Pernas et al. (2019a), there is no correla-
tion between completion time and increased knowledge. Knowing how long it takes participants to
complete activities can help instructors better engage struggling learners and determine which chal-
lenges are most appropriate (Helbing et al., 2023). Intervention designs should consider the average
time needed to resolve activities to mitigate students’ stress.

CONCLUSION

The principal question of the research was “How does the implementation of learning analytics in
EDER, focused on SDG-related issues, support the development of CT in Science Club programs?”
This research found that timeline, event history analysis, and a method that scrutinizes the student’s
sequence of discrete states while answering questions allow effective progress tracking,

The study achieved its objective by demonstrating that event history analysis applied to an EDER
could measure the CT development of participants in Science Clubs. Moreover, it contributed to
identifying other competencies required by users. Suggestions for enhancing high-level competencies
include: (a) employ challenge-based strategies like an EDER, (b) gradually increase the difficulty of
challenges to monitor competency development, (c) control the time students spend solving puzzles,
and (d) continuously evaluate the strengths and weaknesses of the EDER for ongoing improvement.
This approach contributes to open education by creating quality open educational resources. This re-
search provides practical specifications to those developing an EDER. The physical model shown in
Figure 2 guides the implementation requirements, the logical model (Figure 3) aids in the database
creation, and both elements are indispensable in the development of these educational tools.

Regarding the question “What should be the characteristics of escape rooms aiming to develop CT
competencies to address SDG-related issues?”, this research identified the essential characteristics to
be: (a) a responsive design layout for optimal viewing and interaction, (b) accessibility through a
range of devices, (c) easy navigation, (d) challenges involving puzzles and time-limited problems, (e)
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the four sub-competencies of CT embedded in the activities, and (f) focusing the problems on the
SDGs.

With respect to the internal design, the logical model that stores the data should be structured using
tables to manage user information, including identifiers and credentials. These are essential for per-
sonalizing the learning experience and for detailed analysis. The database should store detailed rec-
ords of challenges, questions, and user interactions. This allows tracking metrics, such as correct an-
swers, interaction times, and overall user engagement. There should be mechanisms for scoring and
providing educational multimedia content associated with each challenge to enhance the database
turther. Enabling the system to handle increasing amounts of data and user interactions efficiently is
crucial for scalability. The database must be designed with optimized queries and properly indexed to
ensure fast data retrieval and system responsiveness. Measures are needed to ensure system robust-
ness, data integrity, security, and recovery. The database structure is vital for engaging digital escape
rooms that offer insights into student learning outcomes.

The main limitation of this study concerns the data. Participating minors opted for anonymity, result-
ing in incomplete demographic data collection. Also, the study was limited to a single country. How-
ever, the potential offered by science clubs (in this case, in two countries) opens up an incredible op-
portunity to further enhance high-skill CT and complex thinking competencies. Another limitation is
the absence of a baseline on the level of CT competency for each student before participating. This
provides a guideline for future research involving the use of the escape room with more time for the
application of instruments. Other future research could expand the analysis to include qualitative data
to measure the participants’ experience in the use of the EDER, population samples from clubs in
other countries to identify if there are any differences derived from cultural aspects, pre-test y pos-
test application could complement the effectiveness of the EDERSs in assessing competencies, finally
EDERs could be designed to cover topics from other SDGs.
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