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Abstract: This study developed and validated a technology-enhanced flipped classroom framework, the
CREATIVE Model, to enhance undergraduate students' creative problem-solving skills (CPSS). The
CREATIVE Model, based on constructivist and constructionist learning theories, employed several
digital platforms to promote active and collaborative learning. The study also examined students'
academic achievement (AA) and CPSS when taught under the CREATIVE Model compared to
traditional instruction. Using a research and development (R&D) design, the suitability of the
CREATIVE Model was validated by seven experts. Subsequently, the model was implemented among
65 undergraduate students enrolled in a Digital Photography Technology Course, selected through
cluster random sampling. The participants were divided into an experimental group (n=385) and a
control group (n=30). The research instruments included (1) lesson plans based on the CREATIVE
Model, (2) a multiple-choice achievement test with four options, and (3) a CPSS rubric. Data analysis
involved descriptive statistics and one-way MANOVA. Results indicated that the lesson plans were
rated as highly suitable (M = 4.45, SD = 0.74). Additionally, there was a statistically significant
difference in students' AA and CPSS scores between the experimental and control groups, with the
CREATIVE Model group scoring higher on both measures at the .05 significance level. The findings
confirm that the CREATIVE Model effectively enhances undergraduate students' academic achievement
and creative problem-solving skills.

Keywords: 21" century skills, CREATIVE model, Creative problem-solving, Flipped classroom, Higher education, Learning
management, Thailand.

1. Introduction

Learning processes in open knowledge-based 21st-century societies have increasingly diversified
to enhance lifelong learning skills and development. Regarding this, learner-centered education has
gained widespread acceptance and adoption [17] due to its focus on the student's significant role in
constructing their knowledge, skills, and competencies based on meaningful learning processes [27].
Also, according to Stoltz et al. [37, this inevitably entails transforming from passive to active learner
[47] to support creative thinking, contemplate the depth of knowledge, and synthesize what is learned
for systematic problem solving. These ideas have also been adopted in Thai national education policies,
which aim to create a sustainable learning society as a foundation of national development [57].

Furthermore, the global educational reform movement also emphasizes 21st-century life and
innovation skills [67. Thailand, too, has launched educational reform [77] following other education
leaders in setting directions for learner-centered management and instructional processes with digital
technology [87. One teaching pedagogy is the flipped classroom, which, since the merger of the
Internet's use in teaching and learning, has become an essential approach in education, especially when
physical classrooms are not practical or impossible, as was the case during the global COVID
pandemic [97].
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Flipped classrooms, as the term implies, reverse the process of traditional classrooms [107] where
students study instructional content and material related to the lesson before class, which transforms
class periods and the classroom into 'learning spaces' ripe for discussion-based and peer-led learning
through hands-on activities [117. It helps promote active learning, allowing instructors to devise
activities that encourage students to further develop their analytical and critical thinking skills, solve
problems, and interact creatively with peers [12, 137].

Nonetheless, a pilot study in the Digital Photography Technology Course (DPTC) at King
Mongkut's Institute of Technology, Ladkrabang, revealed some important issues impacting the
Bachelor of Industrial Education program [147]. These comprise the findings that a large proportion
of students came to class poorly prepared [157] instructors had to spend increased amounts of time
lecturing rather than being able to run skill-building learning activities, and many students in the
DPTC were working with relatively poor teamwork, analytical thinking, problem-solving, and
creativity skills — limitations which appeared to be rooted in a weakness in applying knowledge to new
or unfamiliar contexts. Other research on Thai higher education's current teaching and learning
situation has also reported these issues. While the flipped classroom model (FCM) has been identified
as a potentially effective pedagogical framework for addressing such teaching and learning problems
[167, there is a clear gap relating to how it can be effectively designed and technology-supported so
that the development of CPSS can be appropriately facilitated and monitored in the context of Thai
higher education.

1.1. Research gap

Even though the FCM has been thoroughly investigated in Western contexts as a vehicle for
improving general academic performance and student engagement, a research gap remains regarding
how this blended learning approach can be systematically applied in Southeast Asian higher education
for the same aim, especially in Thailand. In particular, the literature often limits itself to considering
the broad benefits of flipped classroom learning rather than empirically investigating its efficacy for
improving specific high-order 21st-century skills such as creative problem-solving (CPS).
Furthermore, a gap exists regarding how a specific suite of technologies (e.g., Google Classroom for
management and Kahoot for interactive engagement) can be utilized in a cohesive pedagogical model
that systematically improves high-order thinking skills such as CPS [177]. In response to this gap, this
paper develops and empirically tests a Technology-Enhanced Flipped Classroom model grounded in
constructivist and constructionist learning theories to systematically improve creative problem-
solving skills in an undergraduate course taught in Thailand [18, 197.

The following research objectives (ROs), research questions (RQs), and hypotheses guide this
experimental study:

1.2. Research Objectives (ROs)

This study aimed to achieve the following objectives:

RO1: To develop an FCM integrated with technology using the CPSS process for undergraduate
students.

RO2: To assess the suitability and quality of the learning model and lesson plans developed by
experts.

RO3: To compare the students' academic achievement (AA) level taught by technology-based
FFCM and traditional methods.

RO4: To compare the CPSS of students receiving training with the technology-enriched FCM and
the CPSS of students receiving training with traditional methods.

Research questions (RQs)

To guide the investigation, this paper sought to answer the following RQs:

RQ1: What is the structure of technology-enhanced FCM fostering CPSS?

RQ2: How appropriate are the developed learning models and lesson plans based on the views of
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the experts?

RQs3: Do students' AA differ between those taught with a technology-enhanced FCM and those
taught with traditional instruction?

RQ4: Is there a CPSS difference between students taught via technology-enhanced FCM and
students taught via traditional methods?

Hypotheses

Based on the ROs and the theoretical framework, the following hypotheses were formulated and
tested:

H.. The lesson plans developed for the CREATIVE flipped classroom model will be rated by experts as
having a high level of suitability for implementation.

H. There will be a statistically significant difference in the combined dependent variables (AA and CPSS)
between students taught with the CREATIVE Model and those taught with traditional methods.

H;. Students taught with the CREATIVE Model will demonstrate significantly higher AA than students
taught with traditional methods.

H. Students taught with the CREATIVE Model will demonstrate significantly higher CPSS than students
taught with traditional methods.

2. Literature Review

The development of the conceptual framework establishes the theoretical foundation for the study
by examining the core concepts of flipped classrooms and CPSS, and their integration into the
proposed instructional FCM.

2.1. Conceptual Framework For a 21 Century Learning Model

The CREATIVE Model is based on constructivist and constructionist perspectives, forming the
solid basis for 21st-century learner-centered pedagogy. I'rom Piaget's and Vygotsky's views, learning
is an active and social process where students interpret new knowledge by connecting prior ideas to
new experiences through interaction and reflection [8, 207]. Based on these notions, Papert's
Constructionism further claims that learning is more meaningful when learners are actively involved
in designing and constructing tangible objects to present their understanding of real-world contexts
[217. These theoretical underpinnings are synonymous with the flipped classroom approach, where
learners acquire foundational knowledge before in-class sessions, thus allowing the face-to-face time to
involve collaborative inquiry, construction, and evaluation of authentic projects [22, 237. In this
setting, instructors are no longer the deliverers of content knowledge but facilitators who support
learners' cycles of inquiry, creation, and reflection, the circumstances conducive to creative problem-
solving skills (CPSS) development. The CREATIVE Model, therefore, translates constructivist and
constructionist ideas into a process-based, technology-supported sequence to methodically foster
higher-order cognitive development and creativity in Thai higher education [24, 257.

2.2. Innovation and Learning Skills

Educational reform in the 21st century is based on the idea that the knowledge and skills
necessary for learners extend beyond core subjects to include essential life and innovation skills [267].
As such, learning to be creative and innovative has become an essential life skill, and the ability to
think critically and solve problems. Communication and collaboration are important skills to address
current societal and labor market challenges [277]. FFor the DPTC, creative problem-solving skills are
important since theory and practice are integrated. Students should be able to apply both types of
knowledge, adapt to the situation accordingly, and generate novel solutions through a flexible and
challenging learning process.

Hence, students should acquire the skill of ‘learning to learn” (L2L) [287 using technology as an
important tool to search for knowledge and create work [297. A learning process that allows students
to take initiative, perform practical actions, and construct knowledge from experience should be core
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in helping students acquire essential skills and competence in the 21st century.

3. Methods
This study used three stages of the Borg and Gall Development Model [807]. This article focuses
on Stage 2’s Model Development and Stage 3’s Model Dissemination and Implementation.

3.1. Model Development Stage

This stage involved developing the technology-enhanced flipped classroom model (FCM) and
using an expert evaluation seminar [117. This session presented a preliminary model (Figure 1) and
the lesson plans to a panel of experts in flipped classroom pedagogy, assessment, and digital
photography technology instruction [317]. They evaluated the model's consistency and the lesson
plans' appropriateness using an evaluation form developed by the researchers.

Figure 1.
The CREATIVE Flipped Classroom and CPSS Learning Model.

The intervention was formally structured as the CREATIVE Model, a technology-enhanced
flipped classroom framework. The acronym 'CREATIVE' defines the sequential learning phases of the
model, which are designed to scaffold the development of CPSS systematically. The phases are
outlined in Table 1.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 10: 1387-1398, 2025

DOI: 10.55214/2576-8484.v9110.10672

© 2025 by the authors; licensee Learning Gate



1891

Table 1.
The CREATIVE Model Learning Phases.
Model Learning
Phase Description
Letter P Context
Students study key concepts independently through | Pre-class
Construct . . . ! .
C curated online videos and resources via platforms such | / Out-of-
knowledge
as Google Classroom [327. class
. The in-class sessions begin with interactive activities
Reinforce & . . .
discuss R (e.g., Kahoot quiz) based on pre-class material to review | In-class
concepts learned and stimulate discussion [337.
Encace - Students work collaboratively on hands-on projects and
Acﬁoi E case studies that mandate the application of knowledge | In-class
to realistic problems [347].
Analvze & Teams assess challenges and develop innovative
creatz‘ A solutions (357 which they bring to life through creation | In-class
or advocacy.
Students prototyping and testing their solutions,
Test & . . . e, .
T including peer evaluation, obtaining formative feedback | In-class
evaluate
[36].
Students then revise their work based on the feedback
Iterate & . . . . - .
mprove [ provided and improve it over time, building resilience | In-class
P and the capability to think iteratively [877.
. The instructor provides expert feedback and evaluates
Validate . In-class /
: \Y% the learning process and products through the CPSS
understanding : Post-class
rubric [887.
- Students present their final product, demonstrating
Exhibit . . . . S
learnin E their learning journey and creative thinking process | Post-class
& behind their problem-solving to the class [897].

3.2. Instruments

Lesson Plans: Course instructors validated four plans for content accuracy, language, and learning
activities.

Lesson Plan Evaluation Form: A 5-level rating scale covering learning objectives, content, process,
media/resources, and assessment. The IOC from five experts ranged from 0.67 to 1.00.

Achievement Test: A 4-multiple-choice test with an IOC from 0.80 to 1.00.

Creative Problem-Solving Skills Rubric: A 5-level rubric (1=Needs Improvement to 5=Excellent)
with an IOC from 0.68 to 1.00 [407].

3.8. Formative Evaluation & Tryout
The lesson plans underwent a three-phase tryout.

Phase 1 (3 students & 1 instructor): Focused on content understanding from 5—10-minute video
clips. Feedback led to adding subtitles and adjusting video speed.

Phase 2 (9 students & 1 instructor): Focused on media, duration, and activities. Feedback
emphasized updating content for relevance and aligning assessment rubrics with the process.

Phase 3 (Tryout with 30 students): A full-scale tryout over 4 weeks (240 minutes/week) to test
instrument quality. The procedure included a pre-test, implementation of the CREATIVE model, and a
post-test. Content analysis of feedback led to further refinements.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 10: 1387-1398, 2025

DOI: 10.55214/2576-8484.v9110.10672

© 2025 by the authors; licensee Learning Gate



1892

3.4. Model Dissemination and Implementation Stage

This stage compared students' academic achievement and creative problem-solving skills in the
flipped classroom (experimental) and traditional (control) groups.

Population and Sample: 120 undergraduate students enrolled in a second-semester DPT course.
The sample, selected via cluster random sampling, consisted of 65 students, of whom 35 were assigned
to the experimental group, while the remaining 30 were assigned to the control (traditional teaching)

group.

8.4.1. Instruments
Flipped Classroom Lesson Plans: Four plans covering key topics.
Achievement Test: The refined test had a difficulty index (p) of 0.27-0.63, a discrimination index ()
ot 0.27-0.67, and a reliability (Cronbach's a) of 0.804.
Creative Problem-Solving Skills Rubric: The finalized rubric.

3.5. Data Collection
Data collection involved the following:
e Orientation on the flipped classroom process.
e Administration of a pre-test to both groups.
e Implement the flipped classroom and CPSS learning model for the experimental group over 4
weeks (240 minutes per session). Instructors observed and assessed skills using the rubric.
e Administration of a post-test to both groups.

3.6. Data Analysis
e Suitability of lesson plans was analyzed using mean (M) and standard deviation (SD).
e Differences in achievement and CPSS were analyzed using one-way MANOVA.

4. Results
4.1. Model Development Stage

The CREATIVE Model development underwent validation through expert evaluation (Table 2),
confirming that the flipped classroom lesson plans demonstrated high quality and suitability for
implementation. The overall evaluation yielded a high suitability score (M = 4.45, SD = 0.074),
indicating strong expert consensus on the model's pedagogical soundness.

The expert validation is essential for the intervention's content validity and pedagogical strength.
The highest ratings for learning content (M=4.56) and learning process (M=4.53) are particularly
significant, as the experts confirmed the core pedagogical design. These included the stimulation
sequence, peer coaching, action, and evaluation, effectively operationalizing the constructivist and
constructionist principles underpinning the model [3, 4, 207. The high score for media and resources
(M=4.47) further validates the successful integration of technology (e.g., Google Classroom, Kahoot)
as a scaffold for active learning, a key tenet of the flipped classroom approach [227. This table
confirms that the CREATIVE Model is not just a structural framework but a theoretically grounded
and expert-approved pedagogical intervention ready for empirical testing.
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Table 2.

Expert Evaluation Results on the Suitability of the Flipped Classroom Lesson Plans.

Item M SD Interpretation
Lesson Plan Components 4.35 0.109 High

Learning Objectives 4.438 0.088 High

Learning Content 4.56 0.111 Highest
Learning Process 4.53 0.073 Highest

Media and Resources 4.47 0.094 High

Learning Assessment 4.41 0.093 High

Total 4.45 0.074 High

4.2. Model Dissemination and Implementation Stage

Comprehensive diagnostic checks were conducted before testing the primary hypotheses to ensure
the data met all necessary assumptions for MANOVA. As summarized in Table 3, the data satisfactorily
met all critical assumptions, ensuring the robustness and validity of subsequent analyses.

The data demonstrated acceptable univariate normality for both dependent variables, as indicated
by the skewness and kurtosis values falling within acceptable ranges (+2). Crucially, the non-significant
Box's M test (p = .74 > .05) confirmed the homogeneity of variance-covariance matrices, while the non-
significant Levene's tests (p = .97 for achievement; p = .68 for creative problem-solving) supported the
homogeneity of variances across experimental conditions. Furthermore, the correlation between
dependent variables (.79) was sufficiently high to justify their simultaneous analysis in MANOVA while
remaining below the multicollinearity threshold of 0.80. These rigorous diagnostic procedures establish
a solid foundation for interpreting the intervention eftects.

Table 3.
Preliminary Assumption Testing for MANOVA.
Statistical Test Normal r Box’s M Bartlett’s Levene’s Test (Sig.)

Distribution Test (Sig.) Test (Sig.)

Skewness Kurtosis

Achievement -0.28 -1.68 0.79%%* 0.74 0.000 0.97
Creative Problem Solving -0.51 -1.08 0.68
Results Normality Normality | 0.79 < 0.80 Sig. > a Sig. <a | Sig. > a

Note: *a = 0.05%.

A one-way MANOVA was utilized to ascertain the effect of the CREATIVE Model on the combined
dependent variables of AA and CPSS. Results from Table 4 indicate a statistically significant difference
between the experimental and control groups. The MANOVA results also provide strong empirical
support for the effectiveness of the technology-enhanced CREATIVE Model. Given a minimal Wilks'
Lambda value (A = .057) and a very large, highly significant F-statistic (F' = 500.102, p < .001), the
authors concluded that the model had a substantial, statistically significant effect on the linear
combination of the two learning outcomes. Therefore, the overwhelming results allow us to reject the
null hypothesis.

Further examination of the means confirms the practical importance of this result, with the
experimental group performing significantly better on both AA (Exl M=89.90 versus control M=71.70)
and CPSS (Ex]l M=68.77 versus control M=52.78). The significant 18-point difference in achievement
suggests that the model resulted in a much deeper mastery of core subject knowledge. More crucially,
the 16-point difference in CPSS is evidence that the model did more than rote learning and delivered an
outcome of importance to higher education, achieving higher-order thinking skills (HOTS). This result
is a direct consequence of the theoretical underpinning by '"flipping' direct instruction outside of class
time, and preserving class time for collaborating, project-based activity (action phase), the model
established the social-constructivist conditions for students to pursue and develop creative problem-
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solving [87. The results indicate that the CREATIVE Model helps bridge the gap between theory and
its creative, practical application.

These results strongly support H2, H3, and H4, confirming that the CREATIVE model
significantly enhances AA and CPSS capabilities compared to traditional instructional approaches.

Table 4.

Mean, Standard Deviation, and MANOVA Results for Learning Outcomes by Group.

Dependent Variable Group n Scores (100) F Sig.

M SD

Academic Achievement Experimental 35 89.90 2.30 500.10
Control 30 71.70 2.33

Creative Problem-Solving Skills Experimental 35 68.77 6.21
Control 30 52.78 7.87

Note: *A=0.057, F=500.102, Sig.= 0.000, €=0.05*, M = mean, SD = standard deviation.

5. Discussion
5.1. The CREATIVE Problem-Solving Learning Model

The expert validation results (H1) demonstrate that the CREATIVE Model embodies sound
educational design principles. The high ratings for learning content and process dimensions suggest
that the model successfully operationalizes constructivist and constructionist theories into practical
classroom activities [3, 4, 207]. The integration of technology received strong endorsement, aligning
with contemporary educational frameworks that emphasize digital literacy as a core 21st-century
competency [6].

The empirical results support the model's impact on student learning outcomes. The large eftect
size (Wilks' A = .057) observed in the MANOVA strongly supports H2 and indicates that the
CREATIVE Model substantially improves the targeted learning outcomes. This finding is particularly
noteworthy given the challenging educational context and aligns with previous research demonstrating
the effectiveness of well-designed flipped classroom approaches [277.

5.2. Theoretical Implications

The success of the CREATIVE Model can be understood through its theoretical grounding in
social constructivism and constructionism. The significant improvement in CPSS (H4) suggests that the
model's phased approach, particularly the Analyze & Create and Iterate & Improve stages, eftectively
scaffolds the development of HOTS. This finding supports Papert's constructionist assertion that
learning is enhanced when students construct tangible artifacts in supportive social environments [217].

The substantial gains in academic achievement (H3) demonstrate that the model successfully
addresses common challenges in Thai higher education, where traditional lecture-based methods often
dominate. By shifting content delivery to pre-class activities and utilizing class time for active learning,
the CREATIVE Model creates the conditions for deeper cognitive processing and knowledge
construction, consistent with Vygotsky's emphasis on social interaction in learning [417].

5.8. Practical Implications and Educational Significance

The 18.2-point difference in academic achievement represents more than statistical significance; it
reflects meaningful educational improvement that could substantially impact students' academic
progression and future career readiness. Similarly, the 16-point enhancement in creative problem-
solving skills indicates development in precisely the competencies that employers consistently identify
as crucial for workplace success.

The model's success within a Digital Photography Technology Course indicates its broader
applicability across other disciplines in Thai Higher Education. The CREATIVE phases provide a
balanced framework for disciplinary tailoring while securing the pedagogical underpinnings that
underpin the model's effectiveness. The structured yet flexible nature of the CREATIVE phases allows
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for disciplinary adaptation while maintaining the core pedagogical principles that drive its effectiveness.

5.4. Methodological Considerations

The methodological approach taken in this study strengthens the validity of the findings. Expert
validation of the model prior to its implementation confirmed that it is pedagogically sound. Attention
to the assumptions of MANOVA and the use of appropriate statistical controls provide increased
confidence in the findings. Large effect sizes suggest that the improvements are educationally, as well as
statistically, meaningful.

The successful implementation of the CREATIVE Model highlights that carefully designed flipped
classroom methods can effectively meet the specific challenges and opportunities in Thai higher
education contexts, offering a helptul template for educational innovation in comparable contexts.

5.5. Creative Problem-Solving Skills Enhancement

The reasons for significantly higher CPSS in the experimental group can be categorized according
to the steps of the model. As it has been mentioned previously, systematic thinking, analysis, and use of
ideas in practice were prioritized in this model. Creative interactions in the class and the use of
technology at different steps developed the interest and motivation of students. Techniques such as
brainstorming and small group discussions during the application of project ideas enabled students to
work in teams creatively and collaboratively, be open to each other's ideas, and clearly articulate what
they analyzed and solved. Additionally, students compared and contrasted concepts, analyzed and
solved cases systematically, considered more than one solution, and evaluated the most appropriate one
through analysis. When presenting their work, they used different presentation formats, such as mind
maps. The students could express (communicate) openly and clearly the outcomes they comprehended
collaboratively and demonstrate their work. While working collaboratively, students were responsible
and demonstrated the ability to share gained knowledge as well as synthesize it.

6. Conclusions

This study demonstrated that the technology-enhanced CREATIVE Model developed in this
research effectively improved undergraduate students' academic achievement and creative problem-
solving skills in a higher education Digital Photography Technology Course. The differences in the
results were statistically significant; therefore, the research hypotheses were supported. The findings
suggest that the flipped classroom approach is suitable for higher education, where students are
required to take greater responsibility for their learning and participate more actively in the learning
process. The CREATIVE Model, combined with stimulation, peer coaching, action, and evaluation,
facilitates students' deep learning. This approach enables them to think critically, analyze problems,
solve issues, and construct knowledge systematically. Incorporating technology tools such as Google
Classroom and Kahoot can enhance the value of the flipped classroom model by increasing students'
motivation and engagement, leading to more interactive learning experiences. Consequently, as the
proposed model improved academic achievement and creative problem-solving skills, it is highly
recommended that this model be implemented in higher education, particularly in subjects aimed at
developing creative problem-solving and other essential skills required in the 21st century.
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