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Abstract

Circular economy learning fosters competencies in sustainable resource management and
environmental protection, which have been recognized by the OECD (Organization for
Economic Cooperation and Development) to be essential for cross-curricular training
and higher education. However, implementing gamification techniques through mobile
applications remains challenging, as their effectiveness depends on students’ willingness to
adopt them. This study evaluated acceptance of a gamified mobile application for circular
economy learning among university students in Peru, analyzing the relationships between
the constructs of the Technology Acceptance Model (TAM). A quantitative correlational
case study involving 76 students was conducted. The results showed a moderate-to-
high acceptance rate of 73.69%, with significant correlations identified between the TAM
constructs. This study contributes to closing gaps in empirical evidence on the acceptance of
technology for sustainability education in diverse contexts. Future studies should integrate
generative artificial intelligence into gamified apps to deliver personalized feedback and
employ learning analytics tools for progress tracking, supporting global efforts toward
SGD 4 (Quality Education) and SDG 12 (Responsible Production and Consumption) for the
transition to circular economies.

Keywords: sustainable development goals; quality education; interactive technologies;
user adoption; behavioral intention

1. Introduction
Over the last decade, the digital transformation in education has experienced signif-

icant growth, driven by policies that seek to respond to the needs of new pedagogical
demands in university training [1]. This process has placed higher education in a scenario
of unprecedented change, where the integration of digital technologies has progressively
modified traditional teaching–learning methods [2]. The incorporation of Information and
Communication Technologies (ICT) has been consolidated as an essential component to im-
prove educational quality and reduce gaps in access to knowledge [3], in turn strengthening
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pedagogical and educational management processes through more dynamic and interactive
environments [4]. However, this advance also poses challenges for university institutions,
which must adapt their training strategies to new technological environments [5]. The
integration of digital tools has opened up opportunities for more personalized and collabo-
rative learning experiences, contributing to student-centered training [6] and aligning with
a global trend that seeks to redefine university education in a highly digitalized society [7].

In this context, active learning has gained special relevance, promoting reflective
and critical participation of students through the integration of theoretical and practical
content supported by digital resources [8]. Likewise, the incorporation of the digital
economy in higher education has facilitated access to information and favored more flexible
and efficient teaching processes [9]. In this way, university education plays a key role
in the development of competencies associated with the circular economy, integrating
scientific and technical training with ethical and sustainable values to face contemporary
environmental and social challenges [10]. The methodological application of the circular
economy in teaching has been shown to enhance environmental awareness and strengthen
conceptual and attitudinal competencies oriented towards sustainability [11], preparing
students to implement responsible practices in their professional lives [12].

In this process of educational transformation, mobile learning has emerged as a key
strategy to offer flexible and personalized training experiences, integrating applications
and digital platforms in the teaching-learning process [13]. To guarantee its effectiveness, it
is necessary to consider the educational context, the competencies to be developed, and
the needs of the students, such that its use transcends the simple transmission of content
and promotes active and collaborative learning [14,15]. Several studies have indicated
that digital tools favor autonomy and academic motivation, facilitating the integration
of content related to sustainable resource management and responsible production in
different disciplines [16].

In particular, the m-learning model has made it possible to link theory with practice
in real contexts, strengthening professional competencies and promoting the understand-
ing of socioeconomic and environmental problems [17]. This approach, supported by
academic innovation, is presented as a fundamental pillar for raising awareness among stu-
dents about sustainability—especially regarding the responsible management of resources
and e-waste—through accessible information and integrated pedagogical practices [18,19].
Additionally, the incorporation of emerging technologies such as Big Data, artificial in-
telligence, or gamification in educational management offers new opportunities to opti-
mize processes and move towards teaching models that promote the circular economy
and sustainability [20,21].

Gamification, understood as an innovative methodological strategy that incorpo-
rates game dynamics and mechanics into the teaching-learning process, seeks to increase
students’ motivation, participation, and commitment to more active and meaningful
learning [22,23]. Recent research has shown that the integration of challenges, rewards, and
feedback in digital educational environments enhances the acquisition of theoretical and
practical skills [24,25]. Furthermore, the application of gamification in higher education
has been shown to improve both academic performance and student motivation, especially
when adapted to the predominant learning styles [26,27]. It has also emerged as an effec-
tive strategy to promote collaborative and participatory learning in virtual environments,
integrating playful dynamics that favor students’ autonomy and commitment to active
learning [28,29].

Finally, the TAM argues that the adoption of a technology depends on its perceived
usefulness (PU) and perceived ease of use (PEOU), as determining variables of attitude
toward use (ATU) and behavioral intention to use (BIU) [30–32]. This model has established
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itself as a benchmark for understanding technology adoption in academic settings, given
that these perceptions influence students’ attitudes and intentions to incorporate digital
applications into their learning [33,34]. The literature has shown that perceived usefulness
has a significant impact on behavioral intention to use, and is even the most influential
factor in the adoption of mobile applications in fields such as education [35,36]. Similarly,
empirical studies have confirmed that the constructs of the TAM present positive and
significant correlations, validating its ability to predict the acceptance and adoption of
educational technologies in different training contexts [37,38].

In this sense, the main objective of this study is to evaluate the level of acceptance
and the interrelationships between the TAM constructs in the context of a gamified mobile
application designed to teach the fundamentals of the circular economy. The focus is limited
to users’ perceptions of the tool’s usefulness and ease of use, without inferring actual
learning improvements or educational outcomes, which fall beyond this perceptual and
correlational analysis. Thus, the research adopts an exploratory–correlational quantitative
approach in a limited case study design, without a control group or causality assessment,
to examine acceptance perceptions via TAM. The purpose is not to evaluate causality
or intervention effects on cognitive performance, but rather to examine perceptions of
acceptance through the TAM constructs. This was applied to 76 undergraduate students
from the Professional School of Economics at a Peruvian public university, representative of
a typical demographic profile of young adults in emerging higher education programs. This
sample provides contextual insights into local technology adoption patterns, emphasizing
interpretive depth over generalizability. The article is structured as follows: Section 2
presents the theoretical and conceptual framework; Section 3 details the methodological
design and development process of the gamified mobile application; Section 4 presents the
results of perception and correlational analysis; and Sections 5–7 address the discussion,
conclusions, and limitations of the study. Table 1 details the research questions (RQ), focus
of action, and specific objectives that guided the development of the study, reinforcing the
alignment between the design and perceptual purposes.

Table 1. Research questions, focus of action and objectives of the study.

RQ Focus of Action Objective

RQ1: What is the level of acceptance
of the gamified mobile application for
learning about the circular economy?

Student acceptance of the gamified
mobile application.

To identify the level of student
acceptance of the use of the gamified
mobile application for learning about
the circular economy.

RQ2: To what extent are the
relationships proposed in the TAM
that explain the acceptance of the
gamified mobile application fulfilled?

Statistical validation of the
relationships between the constructs

of the TAM.

Statistically validate the relationships
between the constructs of the TAM
regarding the gamified mobile
application.

2. Conceptual Framework
2.1. Circular Economy

The circular economy is presented as an alternative to the conventional linear model,
prioritizing the reduction, reuse, and recycling of resources to promote development that
balances environmental and economic dimensions [39,40]. This approach drives more effi-
cient production and consumption systems by extending the useful life of materials through
maintenance, repair, and reuse, which reduces dependence on scarce resources [41,42]. It
also promotes resource regeneration and waste minimization through collaboration be-
tween social, industrial, and governmental actors, serving as a foundation for a sustainable
economic model [43,44].
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2.2. Gamification in Higher Education

Gamification, by introducing playful elements into non-recreational academic environ-
ments, has proven effective in increasing student motivation and engagement, facilitating
the adoption of sustainable practices in higher education [45]. The application of challenges,
levels, and rewards in university contexts stimulates active participation and strengthens
essential skills to address social and environmental challenges [46]. As an innovative
pedagogical methodology, it fosters responsible attitudes towards the environment, en-
riching environmental and social awareness in learning processes [47]. Furthermore, its
use in non-recreational educational settings enhances student interest and promotes the
integration of sustainable values into academic training [48]. The combination of digital
skills and sustainable principles through this strategy is key to preparing students to face
the environmental and technological challenges of the 21st century [49]. In this context, the
implementation of this technology in circular economy programs stimulates experiential
learning and active participation, training professionals who are capable of designing
circular business models [50].

2.3. Sustainable Education SDG 4 and SDG 12

The Sustainable Development Goals (SDGs), defined by the United Nations in 2015,
were established as 17 global goals aimed at building an equitable and sustainable fu-
ture by 2023, covering areas such as education, responsible consumption, and climate
action [51]. SDG 4 seeks to ensure inclusive, equitable, and quality education, position-
ing lifelong learning as a pillar of sustainable development [52], while SDG 12 focuses
on promoting sustainable production and consumption patterns, reducing the pressure
on natural resources [53]. In higher education, the inclusion of sustainability and social
responsibility principles in curricula plays a central role in advancing these goals, guiding
teaching towards conscious consumption and sustainable production [54,55]. This edu-
cational approach integrates social, economic, and environmental dimensions, allowing
students to understand and apply these global goals in the context of educational quality
and environmental responsibility [56,57]. In this sense, the use of technologies stands out
as a strategic resource, improving the accessibility and quality of education (SDG 4) while
also promoting pedagogical practices that reinforce sustainable patterns of production and
consumption (SDG 12) [58].

2.4. Synthesis and Relevance to the Study

The convergence of the circular economy, gamification, and SDGs 4 and 12 offers a
theoretical framework for addressing sustainability in higher education based on emerging
technologies. In the context of this study, the integration of these dimensions through a
gamified mobile application for university students in Peru aligns with the promotion of
circular practices, inclusive learning, and responsible consumption, providing a basis for
evaluating its acceptance and effectiveness.

3. Materials and Methods
This section delineates the specific methodological guidelines and key aspects that

development and evaluation of the gamified mobile application, tailored to the Peruvian
higher education context. It outlines the sequential phases of the research process, em-
phasizing tool selections for accessibility and alignment with exploratory objectives in
sustainability education, while ensuring ethical compliance through informed consent
in a classroom setting. In Figure 1 show the methodological framework of this research,
depicting educational and technological components and their interrelations.
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Figure 1. Methodological framework of this research, representing the educational and technological
components and their interrelations. Note: Android™ (version 2024.3.2, Google LLC, Mountain View,
CA, USA), Kotlin™ (version 2.1.0, JetBrains s.r.o., Prague, Czech Republic), Jetpack Compose™ (via
BoM (Bill of Materials) version 2025.08.00, Google LLC, Mountain View, CA, USA), and Crashlytics™
(version 20.0.0, Google LLC Mountain View, CA, USA) are trademarks, and Firebase® storage
(version 22.0.0, Google LLC, Mountain View, CA, USA). SPSS™ (version 25.0, IBM Corporation,
Armonk, NY, USA). All brand names are used for academic and illustrative purposes only and do not
imply endorsement.

The study was structured in five sequential phases, each aligned with a specific
methodological step. Phase 1 (Conceptualization) encompassed the theoretical alignment
between the Technology Acceptance Model (TAM) and gamification principles for circular
economy education, focusing on the constructs of PU, PEOU, and BIU. Phase 2 (App and
Gamified Module Design) focused on the pedagogical and gamified design of the mobile
app. It involved the development of interactive 2D modules in Android Studio (Kotlin
with Jetpack Compose), leveraging Jetpack Compose to build a responsive user interface
integrating question-based activities, word matching, and drag-and-drop mechanics to
promote engagement and motivation in line with the SDG 12 learning paths. These features
were supported by Firebase Analytics for user experience metrics and Firebase Crashlytics
for stability and debugging.

Phase 3 (Frontend and Cloud Integration) emphasized the system’s technical archi-
tecture and data management, implemented under the Model-View-ViewModel (MVVM)
structure, with Firebase Firestore (version 26.0.1, Google LLC, Mountain View, CA, USA)
for real-time data synchronization and Firebase Authentication (version 24.0.1, Google LLC,
Mountain View, CA, USA) for secure role management between students and instructors.

Phase 4 (Classroom Implementation and Survey) consisted of the in-class administra-
tion of a 13-item Likert-scale questionnaire (n = 76), with full informed consent, to measure
perceptions related to TAM constructs using both paper and digital formats. Finally, Phase
5 (Analysis and Validation) applied correlation analysis in SPSS to examine associations
between TAM variables (PU–PEOU–ATU–BIU), adopting an exploratory and non-causal
approach, consistent with the correlational design of the study.

Based on the Phase 5 correlations of the SPSS (version 25.0, IBM Corporation, Ar-
monk, NY, USA) statistical software described in the methodological phases, the present
research employed an association-based analysis rather than structural equation model-
ing (SEM/PLS-SEM). This choice aligns with the exploratory design, which prioritizes
examining relationships over demonstrating causality. This approach is consistent with
previous TAM-based research in small samples (n < 100), which often applies inferential
or association techniques rather than causal modeling. For example, in [59], technology
acceptance in flipped learning was examined with 84 participants using nonparametric
inference; in [60], TAM constructs were validated using correlations and Pearson regression
in a sample of 77 students in AR learning contexts. Furthermore, the methodological
sources emphasize that non-experimental designs do not allow for causal inference, and
the maxim “correlation does not imply causation” is central to their interpretation [61,62].
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Similarly, in [63], technology acceptance was analyzed using a correlation-based mod-
eling approach without employing control groups. Therefore, this study focused on
examining relationships between perceptual constructs rather than evaluating interven-
tion effects. In line with [64], such non-experimental frameworks are appropriate when
the goal is to describe patterns of association and ensure internal validity through val-
idated measurement instruments and correlation-based analyses, rather than through
experimental comparisons.

3.1. Description of the Gamified Mobile Application LearningCiEc

The gamified mobile app, LearningCiEc, was designed to foster circular economy
competencies through student-centered, interactive experiences. Its pedagogical foundation
is based on the TAM, which prioritizes PU and PEOU, and is extended through gamification
to enhance motivation and engagement in sustainability learning, as evidenced by previous
integrations of TAM and gamified environments [46]. Figure 2 illustrates the main menu
(a) and the learning path map (b), which includes four sequential paths: Foundations
and Principles of the Circular Economy, Sustainable Design and Production, Waste and
Resource Management, and Business Models and Responsible Consumption. Each path
integrates theoretical content with interactive challenges that unlock progressive stages,
fostering student autonomy and persistent engagement throughout the learning process.

  
(a) (b) 

Figure 2. Gamified mobile application interface for learning about the circular economy: main menu (a)
and learning paths (b).

The educational design followed a constructivist approach, encouraging students
to actively construct knowledge through challenges aligned with SDG 12 (Responsible
Consumption and Production). The course instructor progressively integrated the content,
ensuring coherence between the app modules and the classroom sequence of topics, thereby
connecting theoretical understanding with practical, real-time gamified activities.



Sustainability 2025, 17, 9694 7 of 19

The mobile app was developed entirely in Android Studio using Kotlin with Jetpack
Compose, allowing the creation of responsive 2D interactive modules without the need
for external game engines. Jetpack Compose enabled a fluid user interface integrating
question-based activities, word matching, and drag-and-drop mechanics, encouraging en-
gagement and immediate feedback through accessible mobile interfaces. Backend services
were implemented with Firebase Firestore for real-time synchronization, Firebase Authenti-
cation for secure role management, and Firebase Crashlytics for stability monitoring and
debugging. These components ensured performance and scalability on mid-range Android
devices common in Peruvian higher education. The app promotes active and meaningful
learning through gamified features such as challenges, rewards, badges, and progress
tracking, facilitating faculty feedback and formative assessment. The main interface is
tailored to user roles: teachers access four functions: Explore Learning Paths, Develop
Challenges, Track Progress, and Analyze Performance Reports, while students access the
first three.

Figure 3 describes the characteristics of each challenge. Figure 3a illustrates the first
challenge corresponding to Route 1, which consists of answering a questionnaire composed
of five random multiple-choice questions, each of which is worth 10 points. To advance to
the next route, the student must achieve a minimum score of 70%, which is equivalent to
answering at least four questions correctly.

 
(a) (b) 

Figure 3. Interface of the challenges by route in gamified mobile application: Route 1 (a) and Route 2 (b).

This design responds to a gamified pedagogical approach that seeks to foster concep-
tual understanding through feedback and motivation based on level progression. Figure 3b
shows the challenge corresponding to Route 2, where the student must order words to
construct correct sentences related to sustainable design and responsible production. Each
correct answer grants a point, and, like Route 1, the student must achieve 70% of the total
score to complete the challenge and unlock the next route. This type of activity promotes
logical-linguistic reasoning and the ability to relate key concepts of the circular economy
with their practical application.
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Figure 4 shows the interface of the challenges corresponding to Routes 3 and 4 in
LearningCiEc for learning the circular economy, in which the pedagogical complexity of
the activities progressively increases. In Figure 4a, corresponding to Route 3, the challenge
involves classifying different types of waste—such as fruit peels, glass, batteries, paper, and
aluminum—into the correct category: Organic, recyclable, hazardous, or non-recyclable.
To promote more rigorous learning, a maximum time of 60 s per exercise was established
and a penalty system was incorporated for 25 exercises, requiring students are not only
fast but also precise in applying waste management concepts. The passing criterion
maintained the minimum standard of 70% to advance to the next route, reinforcing the
need for comprehension to pass each level. Figure 4b, corresponding to Route 4, presents a
challenge in which the user fills in the blanks with keywords related to sustainable business
models and responsible consumption, including terms such as recycling, remanufacturing,
and reuse. In this case, the time allotted to answer each question is 120 s, maintaining the
penalty of −2 points per error. This design seeks to enhance reading comprehension and
the integration of complex circular economy concepts, while encouraging self-management
of time and decision-making under pressure.

 
(a) (b) 

Figure 4. Interface of the challenges by route in gamification: Route 3 (a) and Route 4 (b).

Figure 5 presents the reporting interface in the LearningCiEc application, which was
designed for performance tracking, providing students with detailed information on their
individual progress and a general monitoring mechanism for the teacher. Figure 5a shows
the individual student report, which displays the cumulative score per route considering
all attempts made, the best score achieved, and a summary of completed challenges.
This information allows students to autonomously identify their progress and areas for
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improvement, promoting self-reflection and motivation through gamified elements such
as scores, badges, and achievement levels. Figure 5b corresponds to the general report
available to the teacher, which shows (through the anonymous code IDStudentCiEc) the
number of routes completed and the badges or trophies achieved by each student. The
trophy and badge legend at the bottom explains the significance of each achievement—for
example, the gold trophy for completing a route on the first attempt—making it easy to
clearly interpret each student’s individual performance.

 
(a) (b) 

Figure 5. Score Result interface (a) and Badge and Trophy Reports (b).

3.2. Method

This study was conducted as a case study focused on analyzing the acceptance of
a gamified mobile application designed to teach the principles of the circular economy
among undergraduate students at the Professional School of Economics of a Peruvian
public university. The study population consisted of 76 students enrolled in the same
economics course, who participated voluntarily and provided informed consent. Con-
sequently, the questionnaire was administered to the entire population rather than to a
subsample, resulting in a full participation design that guaranteed complete data coverage
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and eliminated potential sampling biases. While the analysis does not aim to generalize
statistically, it aligns with exploratory TAM-based studies that prioritize analytical depth
and correlational interpretation over causal inference [65]. For ethical and privacy reasons,
no personal or sociodemographic identifiers, such as gender, were collected; therefore,
the analysis relies exclusively on anonymized perceptual and academic data. The study
emphasized anonymity, voluntariness, and informed consent at all stages of data collection.

The research adopted a quantitative, exploratory-correlational, non-experimental ap-
proach. Its objective was to describe the levels of acceptance and validate the relationships
between the TAM constructs: PU, PEOU, ATU, and BIU. The survey followed a cross-
sectional quantitative approach, employing a 13-item questionnaire on a 5-point Likert
scale (1 = Strongly Disagree to 5 = Strongly Agree), adapted from the instrument validated
in [66]. The items were distributed as follows: PU (4 items), PEOU (3 items), ATU (3 items),
and BIU (3 items).

Data collection was conducted in class, with full informed consent and voluntary
participation. This methodological configuration allowed for correlation tests to be carried
out between the TAM constructs, as presented later in Section 4. The internal consistency
of the instrument was confirmed through calculation of the Cronbach’s alpha; in particular,
an overall value of 0.979 was reached, indicating the optimal reliability of all the items
evaluated. Table 2 shows the results of the internal validity analysis.

Table 2. Results of the internal validity analysis for each of the indicators of the questionnaire,
according to the Cronbach’s alpha values.

Item Indicators Cronbach’s Alpha If the Item
Had Been Deleted

PU1 The gamified mobile app helps me better understand the
fundamentals of the circular economy. 0.977

PU2 The app adds value to my learning in this course. 0.977

PU3 With the app you can achieve the learning objectives of the subject. 0.978

PU4 The mobile app allows me to apply circular economy concepts to
real-life situations. 0.977

PEOU1 Learning to use the app was easy for me. 0.978

PEOU2 Interaction with gamified activities is clear and intuitive. 0.978
PEOU3 It was easy to find functions and progress through activities. 0.978

ATU1 My attitude towards using this application is positive. 0.977

ATU2 I enjoyed using this app during class sessions. 0.977

ATU3 I consider it appropriate to use this application to learn about the
circular economy. 0.977

BIU1 I would like to continue using this mobile app in this and other
subjects. 0.978

BIU2 I would recommend this app to my colleagues. 0.977

BIU3 I prefer activities with this application over traditional
methodologies. 0.977

Based on the structure of the TAM, as shown in Figure 6, the proposed hypotheses are
as follows:

H1. Attitude towards use (ATU) is positively correlated with behavioral intention to use (BIU) the
gamified mobile application for learning about the circular economy.
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H2. Perceived usefulness (PU) is positively correlated with attitude towards use (ATU) of the
gamified mobile application for learning about the circular economy.

H3. Perceived ease of use (PEOU) is positively correlated with attitude towards use (ATU) of the
gamified mobile application for learning about the circular economy.

H4. Perceived ease of use (PEOU) is positively correlated with perceived usefulness (PU) of the
gamified mobile application for learning about the circular economy.

 

Behavioral intention to 
use (BIU) 

Attitude towards use 
(ATU) 

Perceived ease of use 
(PEOU) 

Perceived usefulness (PU) 

H4 

H2 

H1 

H3 

Figure 6. Structure of the TAM for formulation of the research hypotheses.

4. Results
Before categorizing responses into low, medium, and high levels using established

benchmarks, descriptive statistics were calculated for the four TAM constructs based
on a 13-item Likert scale (1 = Strongly Disagree to 5 = Strongly Agree), which pro-
duces ordinal data. In keeping with standard practices in technology acceptance re-
search, means and standard deviations (SDs) are reported here to summarize central
tendency and variability, complemented by interquartile ranges (IQRs) for robust mea-
sures of dispersion that mitigate sensitivity to outliers. For the sample (n = 76), PU
exhibited a mean of 3.29 (SD = 1.161; IQR = 1.94), indicating moderate to high per-
ceived benefits with moderate dispersion. PEOU displayed a mean of 3.30 (SD = 1.161;
IQR = 2.00), reflecting comparable agreement but slightly greater central variability. The
ATU averaged 3.30 (SD = 1.178; IQR = 1.92), while the BIU reached 3.29 (SD = 1.167;
IQR = 2.00), underscoring the consistency of the positive results. These metrics provide
fundamental information about the distribution of the data, which informs the categorical
and correlational analyses presented in Sections 4.1 and 4.2.

4.1. Results for Acceptance of Use of the Gamified Mobile Application

Regarding the descriptive analysis of the results regarding the constructs of the TAM, it
was observed that the gamified mobile application for learning about the circular economy
presented its highest level of acceptance in the construct PU, at a level of 75.00% when
considering both the medium (32.89%) and high (42.11%) levels. This result indicates that
the majority of students perceive the gamified mobile application to contribute significantly
to their learning about the circular economy. On the other hand, the construct PEOU
showed the lowest percentage of 69.74% when considering the medium (28.95%) and high
(40.79%) levels; this result represents that, although their interactions with the application
were generally favorable, the user experience could be optimized to make it more intuitive
and simple.

Regarding the overall acceptance of the gamified mobile application, both the ATU and
the BIU scores reached identical values of 73.69%, demonstrating that a favorable attitude
toward the application is directly associated with students’ willingness to continue using it
in their academic training on the circular economy. In this context, BIU can be considered
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the construct that best represents the overall acceptance of the mobile application, as it
directly reflects students’ intention to integrate it into their learning process. However, the
results suggest that in order to increase acceptance to higher levels, it will be necessary
to improve the perceived ease of use, given that it presented the highest percentage of
perceptions at the low level, reaching 30.26%. Figure 7 shows the levels of perception by
constructs of the TAM regarding the acceptance of the LearningCiEc application.

Low

Medium

High

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

Perceived
usefulness

Perceived ease of
use

Attitude toward
use

Behavioral
intention to use

25.00%
30.26%

26.32% 26.32%

32.89% 28.95% 28.95% 28.95%

42.11% 40.79%
44.74% 44.74%

Low Medium High

Figure 7. Levels of perception by constructs of the TAM regarding the acceptance of the gamified
mobile application.

4.2. Results of the Correlational Analysis

Regarding the second research objective—which sought to analyze the correlational
validity between the constructs of the TAM in the context of the use of the gamified
mobile application for learning about the circular economy—the results of the Spearman
analysis revealed positive and statistically significant correlations (p < 0.01) between all the
constructs evaluated. First, hypothesis H1—which proposed a relationship between ATU
and BIU—was confirmed with a correlation coefficient of 0.796, indicating that a favorable
attitude toward the application is associated with a greater willingness of students to
continue using it in their learning process. Likewise, hypothesis H2—which evaluated the
relationship between PU and ATU—was also confirmed due to a correlation coefficient
of 0.721 between these constructs, indicating that when students perceive the mobile
application to be useful for learning about the circular economy, they develop more positive
attitudes regarding its use. On the other hand, hypothesis H3—which proposed the
existence of a relationship between PEOU and ATU—was confirmed with a correlation
coefficient of 0.662 between these constructs, confirming that a perception of simplicity in
the interaction with the application contributes to more favorable attitudes towards its use
in the learning process. Finally, hypothesis H4—which reflected the relationship between
PEOU and PU—was confirmed via a correlation coefficient of 0.689, thus supporting the
theoretical coherence of the TAM in the sense that perceived ease of use positively influences
perceived usefulness. Table 3 shows the results of the Spearman correlation analysis.
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Table 3. Results of Spearman correlation analysis between all constructs of the TAM.

PU PEOU ATU BIU

PU

Correlation
coefficient 1.000 0.689 ** 0.721 ** 0.674 **

Sig. (bilateral) - 0.000 0.000 0.000

N 76 76 76 76

Spearman’s Rho

PEOU

Correlation
coefficient 0.689 ** 1.000 0.662 ** 0.627 **

Sig. (bilateral) 0.000 - 0.000 0.000

N 76 76 76 76

ATU

Correlation
coefficient 0.721 ** 0.662 ** 1.000 0.796 **

Sig. (bilateral) 0.000 0.000 - 0.000

N 76 76 76 76

BIU

Correlation
coefficient 0.674 ** 0.627 ** 0.796 ** 1.000

Sig. (bilateral) 0.000 0.000 0.000 -

N 76 76 76 76
**: The correlation is significant at the 0.01 level (two-tailed).

Figure 8 graphically summarizes the relationships between the constructs of the TAM
in the context of the acceptance of the gamified mobile application for learning about
the circular economy. While the relationships confirm the theoretical coherence of the
model, the analysis also reveals that some levels of acceptance do not reach optimal values,
suggesting opportunities for improvement in the pedagogical design of the application. In
particular, it would be advisable to incorporate more personalized gamification strategies,
adaptive feedback, and collaborative dynamics to strengthen students’ motivation. These
improvements could enhance not only the perceived ease of use and perceived usefulness,
but also the attitude and intention to use, consolidating gamification as a key tool to
promote more active and meaningful learning experiences in higher education.
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Figure 8. Correlation results inserted in the structural diagram of the TAM regarding the acceptance
of the gamified mobile application.

5. Discussion
5.1. Gamification and Motivation

Our results indicate moderate-to-high acceptance of gamification in sustainability
education, with BIU at 73.69% (medium 28.95%, high 44.74%), underscoring its motivational



Sustainability 2025, 17, 9694 14 of 19

value through PU and PEOU. This echoes studies showing gamification enhances student
engagement and content interaction in higher education [67,68]. The significant PU-PEOU
correlation (r = 0.689, p < 0.01) demonstrates how gamified elements link theoretical
sustainability to interactive mechanics, fostering adaptive strategies in resource-scarce
contexts like Peru—where high BIU signals enduring intent and participatory retention.
Tailoring gamification to circular economy principles in Peru advances existing research, as
PU’s 75.00% acceptance counteracts disengagement based on traditional university lectures
in emerging economies.

Reward- and community-driven apps likewise promote sustainable behaviors, pro-
longing resources and amplifying educational outcomes [69]. The PU-ATU correlation
(r = 0.721, p < 0.01) reveals rewards sustaining motivation for circular transitions, honing
TAM extensions; ATU’s profile mirrors BIU as a core mediator. Gamified tools boost sus-
tainable motivation when content-play balance aligns with user needs [70]; our PEOU at
69.74% (with 30.26% low) cautions against PU erosion from over-gamification, advocat-
ing culturally attuned designs for Peruvian settings. Points, badges, and levels amplify
motivation and performance [71,72], as our overall correlation (r = 0.65, p < 0.01) affirms,
positioning them as SDG curriculum drivers. Personalized feedback refines user prototype
shortcomings, urging real-time analytics in TAM-gamification hybrids.

5.2. TAM and Technological Adoption

Correlational patterns expose strong TAM ties (e.g., PU-BIU r = 0.674, p < 0.01; PEOU-
ATU r = 0.662, p < 0.01), illuminating gamified adoption dynamics rooted in PU’s 75%
acceptance. These factors propel mediation (r = 0.689, p < 0.01) of digital divides, probing
TAM’s universality via accessibility moderators-highlighted by POEU’s 69.74% constraints.
Such links to attitudes and self-efficacy reinforce TAM’s forecasting strength [73].

For our circular economy app, elevated inter-construct correlations (all r > 0.70 except
PEOU-ATU) frame PEOU as a PU entry point, while ATU-BIU (r = 0.796, p < 0.01) at 73.69%
exposes cross-sectional gaps, necessitating longitudinal tracking. Personalization elevates
TAM’s adoption projections [74,75], evident in BIU path variations that avert plateaus.
Incentives hasten intentions [76], but our gamification-ATU link critiques self-efficacy fixes
against superficiality, amid ATU-BIU symmetry. Gamification enhances user engagement
with sustainability-oriented digital platforms [77], though PU-PEOU imbalances call for
equity-oriented adjustments to TAM in Latin American countries, particularly those in
South America.

Intuitive interfaces sustain acceptance [78], upheld by PEOU despite challenges with
low internet speeds in hybrid learning environments. Gamification magnifies PU’s role
in intentions [79], per our PU-BIU tie, cementing it as a TAM accelerator and shap-
ing equitable, scalable policies for Peruvian universities. Overall, these findings po-
sition gamified TAM-based applications as effective pedagogical tools for sustainabil-
ity education in emerging contexts, providing empirical evidence for context-sensitive
technology adoption frameworks.

6. Conclusions
The findings of this study indicate that the acceptance of a gamified mobile applica-

tion for learning about the circular economy reached a moderate to high level (73.69%)
in the Intention to Use dimension, suggesting a favorable disposition among Peruvian
university students toward integrating these tools into their academic experience. The
correlational analysis confirmed direct, positive, and statistically significant relationships
between the TAM constructs, identifying Perceived Usefulness and Perceived Ease of Use
as the strongest predictors of technology adoption in this context. These findings should
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be interpreted within the limits of the present case study, specifically, a non-experimental
correlational design applied to a single group of 76 undergraduate students from a Pe-
ruvian public university. Consequently, the study does not infer causal effects or direct
improvements in academic performance, but rather focuses on the perceptual dimensions
of acceptance and usability. Within these limits, this research provides contextual ev-
idence that gamified applications can effectively foster motivation and engagement in
sustainability-oriented education when adapted to the local realities of emerging higher
education systems. This contribution enriches the literature by illustrating how game-
based mobile tools can complement sustainability education through the TAM framework,
emphasizing the importance of pedagogical design consistency, user motivation, and tech-
nological accessibility. Future research should expand this evidence by applying causal
or structural modeling approaches (PLS/SEM or control group analysis), incorporating
academic performance indicators, and examining the mediating effects of demographic or
contextual variables. Longitudinal or cross-institutional comparative designs could also
provide a deeper understanding of behavioral intention and learning outcomes, paving the
way for data-driven improvements in educational technology design and policymaking.

7. Limitations of the Study
This study presents limitations that restrict the scope of interpretation. The non-

experimental and correlational design prevents establishing causal relationships or measur-
ing actual learning outcomes, while the sample size of 76 undergraduate students from a
single Peruvian public university limits the external validity of the findings. Furthermore,
demographic and academic variables such as gender, grade point average, or achievement
were not analyzed, which could reveal patterns of differential acceptance among subgroups.
Additionally, the study did not incorporate the perspective of course instructors, despite
the app developer’s role in its design based on curricular expertise; this omission overlooks
potential barriers to adoption from a facilitator standpoint. Future educational research
should expand the sample to diverse educational contexts, apply structural equation mod-
eling approaches such as PLS-SEM to assess causal relationships between constructs, and
integrate mixed methods to strengthen the explanatory and predictive capacity of gamified
learning acceptance models in sustainability education.
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