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Abstract: The purpose of this study is to evaluate how the ChopMelon Net online learning platform
can contribute to the effectiveness of sustainable education by incorporating real social issues. The
core innovation of ChopMelon Net is that it provides a learning environment that connects learners
directly to real-world challenges and aims to enhance learners’ understanding of sustainable devel-
opment theory. The study employed the technology acceptance model (TAM), theory of planned
behavior (TPB), and knowledge-Behavior gap theory (KBGT) to design the questionnaires and semi-
structured interviews in order to comprehensively assess the impact of ChopMelon Net on learners’
skill enhancement. The results showed that learners not only showed significant improvement
in critical thinking and problem-solving skills after using ChopMelon Net, but also expressed a
high level of satisfaction with the educational content and interactive experience provided by the
platform. In addition, the study found that ChopMelon Net effectively promoted learners” awareness
of the importance of sustainable education and behavioral change through its innovative educational
model, which provides important empirical support for future sustainable education practices and
the design of online education platforms. This study highlights the importance and effectiveness of
incorporating real social issues into the teaching and learning process, with far-reaching implications
for sustainable innovation in education.

Keywords: online learning platform; sustainable education; educational innovation; critical thinking;
problem-solving skills; user satisfaction

1. Introduction

In the field of education in the twenty-first century, education for sustainable develop-
ment (ESD) has emerged as a key issue on the global education agenda. UNESCO defines
ESD as “education that empowers learners to acquire knowledge, skills, attitudes, and
values for sustainable development” [1]. As society becomes increasingly concerned with
sustainability issues, education systems face an urgent need to update their content and
methods to address these challenges [2,3]. In this context, the purpose of this study is to
comprehensively evaluate the effectiveness of the ChopMelon Net online learning platform.
As the primary research object, we focus on exploring how the platform can enhance the
learning experience of learners by integrating real social issues. In addition, this study
looks at several supporting indicators, including learners’ improvement in critical thinking
and problem-solving skills, learner satisfaction, behavioral intentions, and motivation. This
multidimensional assessment approach aims to provide insights into the actual contribution
of ChopMelon Net to the promotion of sustainable education goals.

The main innovation of this study is the demonstration of how an e-learning platform
can place learners directly in the midst of real-world challenges through a real-life case
study that not only focuses on learner skill enhancement, but also more broadly evaluates
its impact on learner satisfaction, behavioral intentions, and motivation. In the context
of digital education, the choice of assessment tools is crucial to accurately measure learn-
ers’ critical thinking and problem-solving skills [4,5]. According to Jansen et al. (2017),
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questionnaires and interviews proved to be effective tools for assessing the effectiveness of
online learning [6]. In this study, the questionnaire and semi-structured interview meth-
ods are used to comprehensively understand learners” educational experiences through
ChopMelon Net by integrating the application of the technology acceptance model (TAM),
theory of planned behavior (TPB), and knowledge-behavior gap theory (KBGT).

This study aims to answer the following primary and secondary questions:

Primary Research Questions:

1. How does ChopMelon Net enhance the learner learning experience by integrating
real social issues?

Secondary Research Questions:

1. How do learners rate the effectiveness of ChopMelon Net in enhancing their critical
thinking and problem-solving skills?

2. How satisfied are learners with the educational content and interactive experience
provided by ChopMelon Net?

3. How does ChopMelon Net influence learners” behavioral intentions and actual
behaviors towards sustainable initiatives?

4. What motivations drive learners to use ChopMelon Net and engage in sustainable
education activities?

By answering these questions, we expect to propose improvements for the application
of e-learning platforms in the field of sustainable education to better meet the needs of
future education.

2. Materials and Methods
2.1. Literature Review
2.1.1. Theoretical Foundations and Practical Challenges of ESD

ESD aims to empower learners with knowledge, skills, values, and behaviors about
sustainable development through education [7,8]. This covers a wide range of aspects
such as environmental protection, economic equity, and social inclusion [9,10]. Literature
exploring ESD points out that while the concept has been widely accepted by the interna-
tional community, there are still challenges in integrating content, innovating pedagogical
approaches, and assessing learning outcomes in its practical implementation [11,12].

2.1.2. Real Social Issues in Education

In the current education model, classroom teaching is often based on theoretical
knowledge, and students may encounter difficulties in applying their knowledge practically
to solve problems. The introduction of real social problems is seen as a way to address this
issue [13]. Real social problems refer to issues that have practical significance, complexity,
and contextual depth, and they require students to apply interdisciplinary knowledge in
the solution process [14]. However, there are many challenges in effectively integrating
real social problems into teaching and learning, such as how to select problems with depth
and significance, and how to stimulate students’ interest in these problems. In recent years,
many studies have begun to explore the use of real social issues in education [15,16]. For
example, some studies have pointed out that the use of real social problems enhances
student engagement and motivation to see a direct connection between learning and the
real world [17]. Other studies focus on specific disciplines, such as math, science, and
engineering education, to explore how solving real social problems can foster student
innovation [18]. Still, other research suggests that interdisciplinary projects on real social
problems promote students” ability to work in teams [19]. Further studies have concluded
that the approach of using real social problems as educational content is considered to
be an effective strategy for increasing learner engagement and learning outcomes [20].
Brown et al. mention that when learners are able to apply what they have learnt to real-
world problems, they are more able to comprehend and retain that knowledge [21]. In
addition, this approach promotes interdisciplinary learning and provides students with the
opportunity to integrate theory with practice [22].
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2.1.3. The Importance of Critical Thinking and Problem-Solving Skills

In today’s fast-changing world, critical thinking and problem-solving skills are recog-
nized as key skills that learners must possess [23,24]. The literature review emphasized
that these skills are essential for students to understand complex problems, evaluate in-
formation, make sound decisions, and innovate solutions [25]. Educational research has
emphasized that the education system should focus more on the development of skills
rather than merely imparting knowledge [26,27]. There are a variety of strategies and
methods that are used in educational practice to develop students’ critical thinking and
problem-solving skills [28]. These methods include discussion-based learning, problem-
based learning, case studies, and interdisciplinary projects [29]. Through these interactive
and student-centered learning approaches, students can apply their thinking skills in real-
world contexts, leading to deeper understanding and improved skills [30]. However, while
existing research supports the value of developing these skills in education, further research
is needed to explore the most effective instructional strategies and methods [31].

2.1.4. Online Education Platforms and ESD

With advances in technology, online education platforms offer new possibilities for
achieving ESD [32,33]. By providing access to a wide range of resources and interac-
tive tools, these platforms create the conditions for personalized learning and distance
education [34,35]. However, the literature also identifies challenges with online platforms
in terms of content quality, technological accessibility, and learner engagement [36,37].

2.1.5. Applications of ChopMelon Net

ChopMelon Net (Figure 1) is an innovative online learning platform designed to
enable learners to gain an in-depth understanding and analysis of the economic, social, and
environmental challenges facing the globe by introducing real social issues as pedagogical
content, which focuses on combining theoretical knowledge with real-life contexts by
providing rich case studies, interactive discussions, and hands-on activities.
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Figure 1. ChopMelon Net webpage.

This picture shows the web interface of ChopMelon Net: there is a green logo on the
left side of the top, which is a kind of pumpkin plant, and “ChopMelon Net” is written in
the middle of it; there are two windows under “ChopMelon Net”, the blue icon on the left
side is written as “Browse Problems”, with a button for “Click to Enter” underneath; on
the right side of the page, the green icon is written as “Publish Problems”, with the button
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for “Click to Enter” underneath, and at the bottom of the page, there is a line of grey text,
“Problems set with real problems in real-life scenes of social reality to trigger thinking”.

ChopMelon Net integrates real social issues into the education system through a case
bank, providing students with intuitive and vivid learning materials. These cases not only
cover multiple aspects of sustainable development in different sectors (Figure 2), such
as environmental protection, social justice, and economic prosperity, but also focus on
the complexity and realism of the issues. In addition to the case bank, ChopMelon Net
also provides an interactive discussion platform that encourages exchanges and collabo-
ration among students. Students can post their views, ask and answer questions on the
platform, and interact with people from different backgrounds and learning experiences.
Such interactions not only promote knowledge sharing and understanding but also help
develop students’” teamwork and communication skills. In addition, ChopMelon Net also
closely integrates learning with real-world problem-solving through practical activities
and project tasks. Students can apply what they have learned in practice, come up with
innovative solutions, and evaluate their feasibility and impact. This problem-oriented
learning approach not only enhances students’ interest and motivation in learning but also
helps develop their innovative thinking and practical skills.

Policy Support

Academic
Research

Course

Research
Institutions

Real social issue

Integration

<Industrial Managemen}

Figure 2. Access to “real social issue” on ChopMelon Net.

2.2. Theoretical Framework
2.2.1. Application of Three Models to Online Learning

In current research on educational technology, the technology acceptance model
(TAM) and theory of planned behavior (TPB) are important theoretical frameworks for
understanding and predicting users” behavior in accepting and using new technologies.
Knowledge-behavior gap theory (KBGT) is used to enable users to accept the technology.
There may still be a gap between actual use and optimal utilization of the technology. The
three models are employed to analyze how learners accept and use ChopMelon Net, an
innovative online learning platform.

TAM theory focuses on perceived usefulness and perceived ease of use, which are
considered to be the key drivers influencing users’ acceptance and use of new technologies.
According to Cheung et al. (2012), if a technology is perceived as useful and easy to use by
users, they are more likely to adopt and use it consistently [38].

TPB theory adds the dimension of social influence and behavioral control, which
suggests that an individual’s behavioral intentions are influenced not only by their atti-
tudes, but also by a combination of subjective norms and perceived behavioral control.
Sussman et al. (2019) suggests that if individuals believe they are capable of carrying out a
behavior, and that the social group in which they are embedded is supportive of carrying
out the behavior, then the likelihood of them carrying out the behavior will increase [39].

KBGT theory explores the idea that even when individuals have sufficient knowledge,
their behavior may not reflect that knowledge, and that there is what is known as the
“knowledge-behavior gap”, which Swart et al. (2012) suggests is often the result of a
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number of factors, including lack of motivation, environmental constraints, and a lack of
the necessary behavioral skills [40]. In online learning environments, although learners may
understand and agree with the importance of the content, actual learning behaviors may be
hampered by technological barriers, time management issues, or a lack of self-regulation.

2.2.2. Combination of the Three Models with ChopMelon Net

Figure 3 shows how users form attitudes towards using the platform by perceiving
its usefulness (e.g., content quality) and ease of use (e.g., interface design), which in turn
affects their intention to use ChopMelon Net, and ultimately their actual participation
and interaction on the platform. This model can help us understand and analyze user
acceptance and usage of the online sustainability education platform ChopMelon Net, and
how to optimize the platform to increase user satisfaction and engagement.

Perceived Usefulness
ChopMelon Net Content Qi.lality

0

Perceived Ease of Use
ChopMelon Net Interface

-

Attitude Toward Using
ChopMelon Net

O

Behavioral Intention to Use
ChopMelon Net

h

Actual System Use
ChopMelon Net Engagement

Figure 3. Schematic diagram of the customized technology acceptance model (TAM) applied to the
ChopMelon Net.

Figure 4 shows how users’ attitudes towards the value of content on ChopMelon
Net, community-influenced subjective norms, and perceived behavioral controls on plat-
form usability all work together to influence users’ behavioral intentions, and thus their
actual behavior towards sustainability actions on the platform. This model allows us
to understand users’ psychological motivations for engaging with ChopMelon Net and
taking sustainability actions. It highlights the multiple dimensions that influence user
behavior, including personal attitudes, social influences, and perceived ease of execution.
Understanding these factors is essential for designing and optimizing online platforms
such as ChopMelon Net in order to promote active user participation and the practice of
sustainability behaviors.

Attitude
ChopMelon Net Content Value

Subjective Norm
ChopMelon Net Community | [— BN Sustainable Actions via
Influence

Behavioral Intention Actual Behavior

Engage with ChopMelon Net

ChopMelon Net

Perceived Behavioral Control
ChopMelon Net Usability

Figure 4. Schematic diagram of the theory of planned Behavior (TPB) applied to the ChopMelon Net.
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Figure 5 illustrates how the knowledge of sustainability gained through ChopMelon
Net, together with the motivations and attitudes influenced by it, and the behavioral
skills enhanced through the platform, combine to form a behavioral intention to adopt
sustainability practices, which ultimately leads to actual sustainability behaviors. An
innovative approach to ESD is proposed by incorporating real social issues into the learning
process. The research needs to explore how ChopMelon Net influences learners” knowledge
acquisition, skills development, and values formation.

Sustainability Knowledge
via ChopMelon Net

Motivationé&Attitudes Intention to Act . .
Influenced by ChopMelon Net Sustainable Practices | Actual Sustainable Behavior

Behavioral Skills
Enabled by ChopMelon Net

Figure 5. Schematic diagram of knowledge-behavior gap theory (KBGT) applied to the ChopMelon Net.

The combined use of the above three theoretical models not only provides a theoretical
foundation for ChopMelon Net as an online education platform, but also comprehensively
supports the advancement of sustainable education through real social issues and its
positive impact on enhancing learners’ critical thinking and problem-solving skills. This
practice demonstrates the potential and effectiveness of ChopMelon Net in promoting
sustainable education practices and strengthening learners” competencies.

2.3. Research Design

In order to assess learners’ critical thinking and problem-solving skills, learning
satisfaction, and behavioral intentions, a structured questionnaire was used in this study.
The questionnaire consisted of quantitative questions to assess learners’ skill enhancement
and satisfaction, as well as qualitative questions to gather learner-specific feedback on the
platform. Twenty learners who showed a high level of engagement and unique insights
in the questionnaire were selected for in-depth interviews to understand their behavioral
intentions and deep-rooted motivation for learning.

In particular, critical thinking is defined as the process of being able to apply logical
and analytical skills when evaluating information [41-43], a competency that is crucial for
learners in their learning activities in ChopMelon Net, enabling them to effectively screen,
analyze, and evaluate the various educational contents and real problem cases provided on
the platform. Problem-solving skills are defined as the ability to identify problems when
faced with challenges and to find and implement effective solutions [44—46], and through
ChopMelon Net, learners are confronted with a series of well-designed problems and
challenges designed to stimulate and enhance their ability to identify problems and apply
the knowledge and skills they have learned to formulate and implement solutions. Learner
satisfaction is defined as the overall level of satisfaction of learners with the platform’s
content, interactions, pedagogical methods, and the technological platform used [47].
Behavioral intention and motivation refer to learners’ expectations of behavior and the
motivation that drives learners to engage and continue using the learning platform, and
the above auxiliary indicators correspond to the corresponding entries in the questionnaire
and interviews (See Appendix A for validation of operationalisation of selected indicators).
The questionnaire design also made reference to the technology acceptance model (TAM),
theory of planned behavior (TPB), and knowledge-behavior gap theory (KBGT) to ensure
the comprehensiveness and scientificity of the assessment.
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It is worth stating that the questionnaire was used as the main assessment tool in this
study. The structure and entries of the questionnaire were based on previous studies by
Harms (2017) and Tsai (2020) et al. in which its reliability and validity in similar learning
environments were verified in detail [48,49], and professors on campus helped to verify
the relevance of the entries and the clarity of the representations. In order to further
adapt the questionnaire to the present specific context of the study, the questionnaire was
fine-tuned according to the results of the pretest, which involved 30 learners and showed
statistically good internal consistency (Cronbach’s o« = 0.87). In addition, to further validate
the questionnaire construction, an exploratory factor analysis (EFA) was used. We chose
principal component analysis (PCA) as the extraction method and applied the maximum
variance method (Varimax) for factor rotation to clearly distinguish the different factors.
The results of the analysis showed that all measured items loaded significantly on the
expected factors and the eigenvalues of the factors were greater than 1, which supported
the hypothesis of the construction of our questionnaire. The first factor contained mainly
items related to the technology acceptance model (TAM), while the second factor focused
on the theory of planned behavior (TPB). The total explained variance for each factor
exceeded 60%.

2.3.1. Questionnaires

1. Sample selection: the study targeted active users of ChopMelon Net, including users
of different year groups, educational backgrounds, and geographic locations, to ensure a
representative and diverse sample.

2. Sample size: The study invited 200 users to participate in an online questionnaire
through the platform’s built-in randomization feature.

3. User characteristics:

Age distribution: The sample covered users of different age groups from under 18 to
over 50.

Educational background: Educational backgrounds ranged from high school and
below to master’s degree and above, covering a wide range of educational levels.

Geographic location: participants came from different regions of China, including
but not limited to cities such as Beijing, Shanghai, and Shenyang, which ensured the
geographical breadth of the findings.

4. Form of distribution:

Online questionnaires (D) and (2)) were distributed to the target audience through the
ChopMelon Net platform and social media channels. (For a detailed questionnaire, see
Appendix B).

2.3.2. Interviews

From the 200 users who participated in the online questionnaire, 20 were selected
for online semi-structured interviews. These 20 users were selected based on the unique
insights they demonstrated in the questionnaire and the diversity of their backgrounds to
ensure a broad and in-depth research perspective. Table 1 shows specific information about
the 20 interviewees and Table 2 shows the interview guide.

Table 1. Specific information on interviewees.

Age Occupational Experience with Geographic

1 ; 4
Number Gender Range Educational Background Field ChopMelon Net 2 Location 3 Note
1 Women 20 Undergraduate Schoolchildren 6 months Beijing New user
2 Men 26 Master’s degree student Teacher 1 year Shanghai Regular user
3 Women 36 Polytechnic ElecF rical 2 years Shenyang Regular user
engineer
L Marketing

4 Men 45 Senior high school 3 months Chengdu New user

manager
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Table 1. Cont.
Number!  Gender R'l:rgée Educational Background OCCl;liJ;t;OI‘lal ggggﬁﬁ;i V;Iiet?z G&‘:ﬁ{f{fﬁ‘? Note *
5 Women 24 Undergraduate Ei:;cr?;gl)gfl 1 year Hangzhou Regular user
6 Men 34 Undergraduate Schoolchildren 4 months Xi'an New user
7 Women 53 Master’s degree student Doctor 2 years Nanjing Regular user
8 Men 24 Master’s degree student Editor 1.5 years Taiyuan Regular user
9 Women 34 Polytechnic Photographer 5 months Chongqing New user
10 Men 31 Senior high school Designer 2 months Tianjin New user
11 Women 56 Polytechnic School security 7 months Harbin Regular user
12 Women 22 Undergraduate ;:t?efref;;i?t 2 months Beijing New user
13 Men 29 Polytechnic Hotel manager 2 years Shanghai Regular user
14 Women 38 Polytechnic Accountant 1 year Shenyang Regular user
15 Men 41 Senior high school Social worker 3 months Chengdu New user
16 Women 23 Master’s degree student Physiotherapist 3 years Hangzhou Regular user
17 Men 35 Undergraduate Architect 2 months Xi’an New user
18 Women 41 Master’s degree student Counselor 3 years Wenzhou Regular user
19 Men 28 Polytechnic Teacher 10 months Guangdong Regular use
20 Men 25 Undergraduate Solicitor 9 months Shenzhen Regular user

! Number—each participant is numbered for ease of administration and citation. 2 Experience of using ChopMelon
Net—the length of time the participant has been using ChopMelon Net to differentiate between new users and
regular users. ® Geographic location—recording the geographic location of the participant to ensure that the study
covered perspectives from different areas. 4 Notes—extra information or special notes, such as frequency of use,
special experience, or background of the user.

Table 2. Interview guide.

1. Please briefly introduce yourself, including your professional background and how you learnt about ChopMelon Net.

2. How long have you been using ChopMelon Net? Under what circumstances do you usually use it?

3. What type of content or problem are you looking for when you use ChopMelon Net?

4. Can you share a particularly impressive experience with the program? Why did this experience leave a lasting impression on you?
5. Has the use of ChopMelon Net changed the way you view or understand certain issues? Can you provide specific examples?
6. How do you think ChopMelon Net has helped you improve your critical thinking skills? Please share some specific examples
or experiences.

7. With regard to problem-solving, has the use of ChopMelon Net helped you to solve problems more effectively? Can you give me
some examples?

8. How effective do you think the ChopMelon Net has been in promoting understanding and solving real social problems? In what
ways has it done well and in what ways does it need to improve?

9. If you had the opportunity to suggest improvements to ChopMelon Net, what areas would you suggest? Why?

10. Overall, how would you rate the contribution of ChopMelon Net to your personal development, especially in terms of critical
thinking and problem-solving skills?

11. Would you recommend ChopMelon Net to others? Why?

3. Results
3.1. Results of the Online Questionnaire One

By analyzing users’ self-assessment data on critical thinking skills before and after
using ChopMelon Net, we observed significant improvements (Table 3).
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Table 3. Self-evaluation data sheet for improvement of critical thinking skills before and after using
ChopMelon Net.

Rating Levels Before Using After Using
Very low 36 18
Low 53 29
Moderate 69 43
High 38 89
Very high 4 21

Comparative analysis: Before using ChopMelon Net, only 21% of users rated their
critical thinking skills as “high” or “very high”. After 6 months of using ChopMelon Net,
this percentage increased to 55%.

Creating hypotheses:

HO: There will be no change in the average score of critical thinking skills before and after using
ChopMelon Net.

H1: The average score of users’ critical thinking skills increased after the use of ChopMelon Net.
The percentage difference between before and after the use of ChopMelon Net is

p1 — P2 =55% — 21% = 34% = 0.34
Calculate the standard error SE:

SE — \/Pl(l —p1) , p2(1=po)
ni ny

ny = ny = 200 is the sample size, yielding SE = 0.0455.

Calculate the test z: z = (p; — p2)/SE =7.4725.

At z = 7.4725, the p-value is very close to 0. Therefore, it can be concluded that a
p-value of <0.05 indicates that there is a significant change in the percentage of users who
consider themselves to be critical thinkers before and after using ChopMelon Net. It can be
seen that ChopMelon Net has a significant impact on the improvement of users’ critical
thinking skills.

By analyzing the self-assessment data on the improvement in users’ problem-solving
skills before and after using ChopMelon Net, we observed significant improvements (Table 4).

Table 4. Self-evaluation data sheet on improvement of problem-solving skills before and after using
ChopMelon Net.

Rating Levels Before Using After Using
Very low 36 18
Low 53 29
Moderate 69 43
High 38 89
Very high 4 21

Comparative analysis: Before using ChopMelon Net, about 39% of users considered
themselves to be “high” or “very high” in problem-solving skills. After using the platform,
this percentage increased to 62%.

Same as above, the hypothesis was established and the standard error SE = 0.0486 was
calculated. The test z = 4.732510 was calculated, with a p-value of <0.05 indicating that
there is a significant change in the proportion of users who consider themselves to be high
or very high in problem-solving ability before and after using ChopMelon Net. It can be
seen that ChopMelon Net has a significant impact on users’ problem-solving abilities.
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In addition, we used regression analysis to more precisely analyze the impact of Chop-
Melon Net on learners’ critical thinking and problem-solving skills. Through regression
analyses, we found that the use of ChopMelon Net had a significant positive effect on both
critical thinking skills and problem-solving skills of the learners.

Table 5 and Figures 6 and 7 show the actual values of the two competency scores
versus the values predicted through the regression, and it can be seen that the vast majority
of learners made significant improvements in both skills after using ChopMelon Net.
However, the explanatory power of the models (R2 = 0.260 and 0.348) suggests that despite
being statistically significant, there are other factors that may influence the enhancement
of these skills that are not fully captured in the current model. Therefore, future research
needs to consider including more variables such as learners’ background, previous learning
experiences, and personal attitudes towards learning, which may have a significant impact
on learning outcomes. In addition, while the regression model in this study provided
useful preliminary information, the low level of explanation prompted further optimization
of the model to provide a more comprehensive understanding of the various factors that
influence learner outcomes.

Table 5. Means and standard deviations of critical thinking skills and problem-solving skills before
and after using ChopMelon Net.

Aspect Before Using After Using
.. . . M=2.61 M =333
Critical thinking skills SD =1.05 SD =113
. . M=3.25 M =370
Problem-solving skills SD =097 SD = 1.02
50 x * x x x
45t
4.0+
@ 351
o
@
@ 3.0t
e
ﬂg_ 2 5 -
2.0} *
15
¥ Actual Scors
1.0F = —— Pradicted Score

I:D 1:5 2.0 2.5 370 3.5 4.0 -’-1.15 5:0

Pre-use Score
Figure 6. Regression analysis of critical thinking skills. Regression coefficient (slope): 0.546, intercept:
1.907, R? (degree of explanation): 0.260. The model explained 25.6% of the variance, suggesting that
pre-use critical thinking skills are predictive of post-use skills, but that there are other factors at play
as well.

The statistics of the scores of the overall evaluation part of the questionnaire were
used to understand the satisfaction of the users with the effectiveness of the use of the
ChopMelon Net.
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50+ ¥ Actual Score 5 ® ®
— Predicted Score

4.5F

4.0¢

3.5¢

3.0F

Post-use Score

2.5}

1.5

1.0 X

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Pre-use Score

Figure 7. Regression analysis of problem-solving skills. Regression coefficient (slope): 0.619, intercept:
1.692, R? (degree of explanation): 0.348. The model explained 34.8% of the variance, indicating that
pre-use problem-solving ability was a better predictor of post-use ability.

From Figure 8, we can see that more than half of the users of ChopMelon Net think it
is highly effective in helping to understand and solve real social problems (with a score of
80-100), while 19% of them also think that it is effective (with a score of 60-80), showing
that most of the users hold a positive and favorable opinion of ChopMelon Net. However,
there are also 7% of users who think it is average (with a score of 40-60) and even 6% of
users who think it is low (with a score of 20-40). This shows that although most users are
satisfied with the effectiveness of ChopMelon Net, there are still some users who have
reservations or negative attitudes toward its effectiveness.

E80-100points  [E60-80points E@40-60points  @20—40points

Figure 8. Overall user rating of ChopMelon Net.
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The suggestions for improvement made by users were categorized and analyzed.
Among them, the speed of updating and the coverage of the platform’s content are the
most desired improvements, accounting for 30% of the users. They believe that ChopMelon
Net needs to update its content in a more timely and comprehensive manner to meet their
growing learning needs. Secondly, users hope that the platform can add more interactive
and social features, accounting for 25% of the total. They believe this can enhance com-
munication and learning among users and improve learning outcomes. In addition, the
platform’s user interface and user experience, technical support, and customer service are
also the focus of users’ attention.

3.2. Results of the Online Questionnaire Two

Based on the feedback collected in the online questionnaire two, we use Pearson’s
correlation coefficient to analyze the correlation between user satisfaction, behavior change,
and knowledge enhancement.

Each cell shows the correlation coefficient between two variables, where 1 indicates
a perfect positive correlation and 0 indicates no correlation. As we can see from Figure 9,
the correlation coefficients between all variables are above 0.7, which indicates that there
is a strong positive correlation between these variables in these data. Such results imply
that user satisfaction, knowledge growth, and behavioral change are interrelated in the
ChopMelon Net environment.

1.00

User Satisfaction 0.95

Knowledge Enhancement = 0.85

= 0.80

Behavior Change - 0.7

User Satisfaction -
Behavior Change
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&
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c
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Figure 9. Correlation matrix with strong correlation among variables.

7

The three scatter plots show the relationship between “knowledge enhancement
and “behavioral change”, “user satisfaction” and “knowledge enhancement”, and “user
satisfaction” and “behavioral change”, respectively, as can be seen from the scatter plots.

Figure 10 shows a significant positive correlation between “knowledge enhancement
and “behavioral change”, which reveals a key finding that as users’ knowledge grows, their
behavioral change becomes more pronounced. This phenomenon clearly indicates that
ChopMelon Net not only effectively contributes to the growth of users’ knowledge, but
also leads to a positive behavioral change. This transformation from knowledge to action
demonstrates that ChopMelon Net motivates users to apply what they have learned to

their daily lives.

r7
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Figure 10. Knowledge enhancement vs. behavior change.

Figure 11 reveals a positive correlation between “user satisfaction” and “knowledge
enhancement”, suggesting that when users are more satisfied with the platform, their
growth in sustainable knowledge is also more significant. This finding suggests that
ChopMelon Net has been successful in creating and distributing educational content that
meets the learning needs and expectations of its users. This positive feedback loop not only
strengthens users’ trust and reliance on the platform, but also plays a key role in enhancing
their knowledge. High levels of user satisfaction often reflect the ease of use, richness
of content, and attractiveness of the platform, and these elements combine to enhance
the user’s learning experience, making the absorption and understanding of knowledge
more effective.

Knowledge Enhancement
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User Satisfaction

Figure 11. User satisfaction vs. knowledge enhancement.

Figure 12 shows the positive correlation between “user satisfaction” and “behavioral
change”, suggesting that a high level of user satisfaction with the platform may be closely
related to changes in their sustainable behavior. This finding suggests that ChopMelon
Net has not only won praise from users for providing high-quality educational content,
but has also succeeded in encouraging users to apply what they have learned in real-life
situations, leading to real behavioral change. This positive change underlines a key point,
the true value of education lies not only in the acquisition of knowledge, but also in the ability
to translate that knowledge into concrete action. By increasing user satisfaction, ChopMelon
Net effectively bridges the gap between knowledge and action, proving the remarkable
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effectiveness of its platform in promoting sustainability education and its practice, and laying
a solid foundation for achieving broader social and environmental goals.
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Figure 12. User satisfaction vs. behavior change.

3.3. Results of the Semi-Structured Interviews

Based on the feedback collected from the interviews, we broadly categorized the
themes into five parameters: Parameter 1 “improved critical thinking skills”; parameter 2
“user satisfaction”; parameter 3 “increased knowledge”; parameter 4 “behavioral change”;
and parameter 5 “improved problem-solving skills”. We had 20 interviewers, and each
user provided feedback on five different parameters. Since each user responded to each
parameter, the total number of responses is 100 (20 users x 5 parameters). (Note: It
is important to note that the total number of responses to the data, 190, exceeded the
expected 100 (20 users x 5 parameters) due to the fact that the interviews encouraged
users to provide multiple levels of feedback on each parameter, i.e., rather than just giving
a single satisfaction rating for each parameter, users provided feedback based on different
dimensions of the experience (e.g., quality of content, interactive experience, application
practices), and therefore multiple ratings were provided.)

We present these responses using stacked bar charts (Figure 13).

Satisfaction Level

Very satisfied
Satisfied
Neutral
Dissatisfied
40 e = Very Dissatisfied
-

w
=]

Number of Responses

N
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> Nz <
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Figure 13. Stacked bar chart showing satisfaction across five parameters. (Note: Each bar represents
a parameter, and different colored layers in the bar represent different levels of feedback satisfaction

for that parameter).
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Parameter 1 “Improved critical thinking skills”

Improved critical thinking skills received a high number of very satisfied ratings (18),
but also a relatively high number of unsatisfied (7) and very unsatisfied ratings (7). This
suggests that while ChopMelon Net performed well for the majority of users in terms
of improving critical thinking skills, there was a certain percentage of users who did not
feel the expected improvement, suggesting that the developers need to further review the
course content and teaching methods in order to better meet the learning needs of all users.

Parameter 2 “User satisfaction”

Overall user satisfaction ratings of ChopMelon Net are relatively balanced, with very
satisfied (12) and satisfied (11) ratings dominating. The high satisfaction ratings indicate
that users are generally satisfied with the interface, content, and functionality of ChopMelon
Net. The low number of dissatisfied (9) and very dissatisfied (1) ratings point to specific
areas of improvement, such as improving interactivity or enhancing the personalized
learning experience.

Parameter 3 “Increased knowledge”

In terms of Increased knowledge, user feedback shows a more even distribution of
satisfaction, with a preponderance of very satisfied (10) and satisfied (13) ratings. This
result suggests that ChopMelon Net has performed well in enhancing users’ knowledge
related to sustainable development, especially in promoting their ability to understand
and respond to real social issues. However, there is still room to further enhance user
satisfaction by adapting and enriching the pedagogical content.

Parameter 4 “Behavioral change”

Behavioral change received a relatively high number of very unsatisfactory ratings (9),
which may reflect the challenges that users face in applying what they have learned to prac-
tical behavior. Although ChopMelon Net is designed to facilitate the practical application
of knowledge, users may not be able to adequately demonstrate learned knowledge and
skills in practice. This suggests the need to further explore mechanisms to support changes
in user behavior, such as providing more practical guidance and case studies.

Parameter 5 “Improved problem-solving skills”

Improvement in problem-solving skills received relatively consistent ratings of very
satisfied (16) and satisfied (5), indicating that users generally found ChopMelon Net to be
effective in improving problem-solving skills. The high level of user satisfaction reflects
ChopMelon Net’s success in designing and implementing problem-solving-related courses
and activities.

Taken together, ChopMelon Net has demonstrated its potential and effectiveness in
enhancing users’ critical thinking and problem-solving skills, strengthening knowledge
related to sustainable development, and promoting behavioral change. However, it is also
evident from the feedback reflected in the different dimensions of user satisfaction that
there is room for further optimization and improvement, especially in ensuring that all
users experience full learning effectiveness and behavioral change. ChopMelon Net needs
to focus in the future on enhancing the personalized and practical nature of the content, as
well as on improving the user-friendliness of the technical support and the user interface,
so as to improve overall user satisfaction and learning outcomes.

In addition, we derived six sub-themes from the above five thematic parameters,
namely, interactive experience and user engagement (1), depth and breadth of knowledge @),
technology acceptance and usage experience(3d), continuous learning and self-development(®),
community interaction and learning motivation ), and practical application and behavioral
change ©.

As can be seen in Figure 14, experience and user engagement (D) is the most prominent
sub-theme and is the one that has a direct link to all the other sub-themes. This demonstrates
that user experience and engagement are the basis for the other learning outcomes, and if



Sustainability 2024, 16, 3781

16 of 23

users are not engaged, the other learning outcomes are difficult to achieve. ChopMelon Net
enhances user learning experience and engagement by providing interactive and practical
questions to engage users, i.e., depth and breadth of knowledge (2. As an educational
platform, ChopMelon Net provides content that not only covers multiple domains, but
also digs deeper into the knowledge of each domain. User feedback suggests that they are
able to deepen their understanding of sustainability topics through ChopMelon Net, which
is crucial for solving problems in the real world. Technology acceptance and experience
of use (3 concerns how users evaluate the ease of use of the platform and the technology
it provides. According to feedback, users’ technology acceptance largely determines
whether they continue to use ChopMelon Net. The platform needs to ensure that the user
interface is user-friendly, and the content is of a high quality to promote long-term user
engagement. Continuous learning and self-development (4) considers how users not only
gain knowledge on ChopMelon Net, but also how they can achieve self-improvement
through continuous learning. The continuous self-development path demonstrates the
long-term value of education, especially in terms of critical thinking and problem-solving
skills. Community interaction and learning motivation 5) shows the motivation that users
gain through interaction with others. Community interaction motivates learners to continue
exploring and provides support during the learning process, and this community power
has a significant impact on learner motivation. Practical application and behavioral change
(® is a reflection of how users translate what they have learned into practical action. This
demonstrates not only the practicality of the educational content, but also the effectiveness
of ChopMelon Net in facilitating user behavioral change, which is particularly crucial
for ESD.

(5

Figure 14. Sub-theme mapping. (Note: The nodes in the graph represent the themes, the edges
indicate the associations between these themes, and the width of the edges indicates the strength of
the associations or the frequency of mentions.).

4. Discussion

After analyzing the effectiveness of ChopMelon Net as a platform for sustainable
innovation, we observed significant positive effects. This is due to the reliability and
validity of the questionnaire, and our findings provide empirical support for the educational
strategies of online education platforms [50,51]. Future research could consider applying
the questionnaire in different learning environments and populations to further validate its
broad applicability and flexibility.

The results of this study showed that the use of ChopMelon Net significantly improved
users’ critical thinking and problem-solving skills, which is consistent with previous re-
search that suggests that integrating real-world problems into instruction is an effective
way to improve these skills [52,53]. The complexity and dynamics of real-world problems
require learners to use and integrate knowledge from different domains while encouraging
them to adopt an active learning attitude [54]. Although the original questionnaire did not
directly collect satisfaction data on the quality of content, interactivity, and user-friendliness
of the interface, high levels of satisfaction can be indirectly inferred from user behavior
and feedback. Users” high-frequency use of the platform and willingness to recommend it
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may reflect their positive evaluation of various aspects of ChopMelon Net [55,56]. Future
research could explore the direct relationship between these dimensions and learning
effectiveness through more detailed investigations.

The ChopMelon Net platform is designed as a series of interactive cases related to
real-world challenges. Each case focuses on a specific sustainable development problem,
such as climate change, social justice, or economic sustainability, and provides a wealth of
background information, key data, and relevant policy analyses to enable learners to fully
understand the multidimensionality and complexity of the problem. For example, in a case
study on water resources management, learners first experience the current living situation
of a community suffering from water scarcity through virtual reality, and then analyze the
potential impacts of different water resources management strategies on the community
through the tools and data provided by the platform. Learners need to assess the feasibility
and sustainability of various solutions, such as rainwater harvesting systems, groundwater
reuse, or desalination, and ultimately come up with an integrated management plan. In
this process, ChopMelon Net not only provides theoretical knowledge, but also promotes
critical thinking and problem-solving skills by simulating real-world situations. Through
interactive discussions and collaborative tasks, learners can exchange ideas with peers from
different backgrounds and explore complex issues of sustainable development. This case-
based learning approach effectively combines abstract sustainable development theory
with concrete practice, enabling learners to better understand and address real-world
sustainable development challenges.

The above case of ChopMelon Net further confirms the critical role of educational
technology in promoting sustainable education [57,58]. By utilizing technology, educators
can provide a more diverse and interactive learning experience across the constraints
of traditional classrooms [56]. Although this study provides preliminary evidence of
the educational effectiveness of ChopMelon Net, there are some limitations. Firstly, the
relatively small sample size may affect the generalizability of the results. Second, the lack of
data directly measuring the effects of content quality, interactivity, and interface friendliness
on learning effectiveness limits our understanding of the role of these factors. Future
research should expand the sample size and adopt a more comprehensive questionnaire
design in order to delve deeper into how different aspects of online learning platforms affect
learning effectiveness [59]. Overall, the case study of ChopMelon Net demonstrates the
potential of integrating real social issues into online learning, which has significant positive
effects on the development of critical thinking and problem-solving skills. Despite some
research limitations, the findings of this study provide valuable insights into the design
and evaluation of online education platforms, emphasizing the importance of creating
interactive and hands-on opportunities for learners. Future research should further explore
how technology can be most effectively utilized to support and enhance the goals of
sustainable education [60,61].

5. Conclusions

Liaoning University’s ChopMelon Net program has shown significant effectiveness in
enhancing sustainable education, mainly due to the innovative integration of real social
issues into teaching and learning. In this study, a comprehensive evaluation of the use of
the ChopMelon Net platform was conducted through questionnaires and interviews. The
results of the analysis of questionnaire one revealed significant improvements in learners’
critical thinking and problem-solving skills. By comparing learners’ self-assessments before
and after participating in the ChopMelon Net platform, we found a positive change, with a
large proportion of learners giving higher ratings to their critical thinking and problem-
solving skills after the learning process. This was again verified by regression analyses.
The analysis of questionnaire two further explored learners’ overall satisfaction with the
ChopMelon Net platform and the impact of the learning experience on their knowledge
growth and behavioral changes. Using Pearson’s correlation coefficient analysis, the results
show a strong positive correlation between user satisfaction, knowledge growth, and
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behavioral change. This suggests that learners are not only satisfied with the platform’s
educational content and interactive experience, but also that this satisfaction is strongly
linked to their knowledge growth and actual behavioral change, thus reinforcing the role
of online learning platforms in facilitating the dissemination of the concepts and practices
of sustainable education. The analysis of the semi-structured interviews provided deeper
insights through stacked bar charts, revealing how learners actually improved their critical
thinking, problem-solving skills, user satisfaction, and changes in knowledge behaviors
through the ChopMelon Net project. They expanded their understanding of various
aspects of sustainable education. Feedback from learners in the interviews also emphasized
the importance of community interaction and motivation to learn, while also pointing
to some room for improvement, such as the speed of updates and the coverage of the
platform’s content.

In summary, the ChopMelon Net program has not only successfully enhanced learners’
critical skills and knowledge, but also increased their awareness of sustainable development
issues through the provision of high-quality educational content and interactive experiences.
These findings provide an important empirical basis for how e-learning platforms can more
effectively support sustainable education and point the way to future educational practices
and research.

In addition, future research should endeavor to expand the sample size and increase
the diversity of the sample to ensure the generalizability and transferability of the findings,
and the research should also include long-term tracking studies to assess the impact of
online learning platforms, such as ChopMelon Net, on users’ long-term learning effec-
tiveness and career development. By exploring these research directions, we can develop
a deeper understanding of how online educational technologies can best support and
enhance the goals of sustainable education, and provide richer insights and evidence for
the development and application of educational technologies.
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Appendix A

In terms of critical thinking and problem-solving skills, this study used a multi-source
data collection strategy. Firstly, the questionnaire was demonstrated to show good reliability
through validation based on previous studies. In addition, the behavioral performance of
the questionnaire participants was observed through ChopMelon Net real-world problem-
solving scenarios and independently rated by the students’ class guide to ensure the
objectivity of the evaluation. The correlation between learners” questionnaires and teachers’
ratings was 0.76, indicating that the questionnaires reflect learners’ real abilities better.
Concepts such as “learning satisfaction” and “behavioral intention” were directly analyzed
as a result of the quantitative data from the questionnaire.
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Appendix B

Questionnaire for users of ChopMelon Net (D

Basic information

1. Your age range:

< Up to 18 years old
< 1824 yearsold

< 25-34yearsold

< 35-44 years old

< 45+ years old

2. Your gender:

<> Male
<>  Female
< Other

<> Don’t want to disclose

3. Your occupation:
Student

Educator
Professional
Freelance

Other (please specify)

Bl e

. What is your educational background?
High school and below

Specialized /undergraduate

<> Master and above

>4

Frequency with ChopMelon Net

5. How often do you use ChopMelon Net?

< Daily
< Weekly
< Monthly

< Occasionally

Critical thinking and problem-solving skills

6. How would you rate your critical thinking skills before using ChopMelon Net?
Very low

Low

Moderate

High

Very high

. How would you rate your critical thinking skills after using ChopMelon Net?
Very low

Low

Moderate

High

Very high

. How would you rate your problem-solving skills before using ChopMelon Net?
Very low

Low

Moderate

High

Very high

R R O O IR R IS
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9. How would you rate your problem-solving skills after using ChopMelon Net?
< Verylow

< Low

< Moderate

< High

< Very high

Overall evaluation (scoring)

10. How effective do you think ChopMelon Net is in helping you understand and solve real social

problems? Please rate:
< 20-40 points

< 40-60 points

< 60-80 points

< 80-100 points

11. What improvement suggestions do you have for ChopMelon Net?

Questionnaire for users of ChopMelon Net 2)

Based on the TAM: User satisfaction and technology acceptance

1. I think that using ChopMelon Net will improve my learning/productivity.
Strongly agree

Agree

Neutral

Disagree

Strongly disagree

IR R S

. I found ChopMelon Net easy to get started using.
Strongly agree

Agree

Neutral

Disagree

Strongly disagree

R RS

Based on the TPB: Behavior Change

3. Iintend to continue to use ChopMelon Net to support my studies/work.
Strongly agree

Agree

Neutral

Disagree

Strongly disagree

Bl e

. My social circle (e.g., friends, colleagues) find my use of ChopMelon Net useful.
Strongly agree

Agree

Neutral

Disagree

Strongly disagree

e

Based on the KBGT: Knowledge Enhancement

5. Thave improved my knowledge in my profession by using ChopMelon Net.
Strongly agree

Agree

Neutral

Disagree

Strongly disagree

Sed e
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6. I was able to apply what I learnt through ChopMelon Net to real life.
< Strongly agree
< Agree
< Neutral
< Disagree
< Strongly disagree
7. What challenges or difficulties have you encountered in using ChopMelon Net?
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