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Abstract

This study investigates the feasibility of utilizing waste cooking oil (WCO) as an
alternative fuel for aluminum melting in a small-scale crucible furnace, with integration into
sustainable engineering education. An experimental design was employed to evaluate thermal
performance, fuel efficiency, and cost-effectiveness. The results indicate that WCO can reach
a maximum temperature of 900°C within 20 minutes, comparable to that of a WCO-diesel
mixture (850°C). Furthermore, WCO demonstrated a 5.13% improvement in fuel efficiency and
a reduction in fuel costs of approximately 70%.

The findings confirm that WCO is a viable and cost-effective alternative fuel that
supports circular economy principles and sustainable engineering practices. In addition, the
developed system demonstrates potential as a practical learning tool for experiential learning

in sustainable engineering education, thereby contributing to educational innovation.

Keywords: Waste Cooking Oil, Aluminum Melting, Crucible Furnace, Sustainable Engineering
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Introduction

The increasing global demand for sustainable energy solutions has significantly
influenced industrial processes and engineering education. The manufacturing sector, in
particular, faces growing pressure to reduce reliance on fossil fuels while improving cost
efficiency and environmental performance. Aluminum, widely used in construction,
automotive, and household industries, requires substantial thermal energy during melting,
typically derived from fossil fuels such as diesel and electricity. This results in high operational
costs and increased carbon emissions. At the same time, waste management has become a
critical issue, especially in developing countries where improper disposal of waste cooking oil
(WCO) leads to environmental pollution and public health risks. WCO, generated in large
quantities from household and commercial activities, can contribute to water contamination
and greenhouse gas emissions if not properly managed (Zulfa, 2024). Converting WCO into an
alternative energy source aligns with circular economy principles, which emphasize
transforming waste into valuable resources (Geissdoerfer et al., 2017). WCO has gained
attention as a fuel for thermal systems due to its availability, relatively high calorific value,
and lower cost compared to conventional fuels (Demirbas, 2009). Previous studies have shown
that vegetable oils can be used effectively in combustion systems with performance
comparable to that of fossil fuels (Saidur et al., 2011). However, most research focuses on
large-scale industrial applications, with limited attention to small-scale systems suitable for
local industries and educational use. Meanwhile, engineering education is shifting toward
sustainability-oriented learning. Education for Sustainable Development (ESD) promotes
experiential learning and real-world problem-solving (UNESCO, 2020). Integrating sustainable
technologies into learning environments helps develop critical competencies such as systems
thinking and innovation (Lozano et al., 2017).

In addition, the next phase of this study aims to utilize the research findings as a
foundation for developing instructional modules or training programs designed to transfer
knowledge to local communities. Such applications are expected to support community-
based learning and promote the practical adoption of waste-to-energy technologies, thereby
strengthening sustainable practices at the grassroots level.

Therefore, this study investigates the use of WCO in a small-scale furnace, integrating
technical performance, cost analysis, and educational application to support sustainable

engineering practices.
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Objectives

This study aims to:

1) Design and develop a small-scale crucible furnace using waste cooking oil (WCO)
and evaluate its thermal performance under different fuel conditions.

2) Compare the performance of WCO with conventional fuel mixtures (WCO-diesel)
in terms of heating rate, peak temperature, fuel consumption, efficiency, and cost-
effectiveness.

3) Assess the applicability of WCO within a circular economy framework, with a focus

on waste-to-energy conversion and resource utilization.

Literature Review

Alternative Fuels in Thermal Systems

The use of alternative fuels in thermal applications has been widely studied as a
strategy to reduce dependency on fossil fuels and mitigate environmental impacts. Biomass-
derived fuels, including vegetable oils and waste cooking oil, have been identified as viable
energy sources due to their renewable nature and relatively high energy content (Saidur et
al.,, 2011). According to Demirbas (2009), vegetable oils possess combustion characteristics
suitable for industrial heating processes, particularly when properly atomized Waste cooking
oil (WCO) has attracted attention because of its dual benefits for waste management and
energy production. It can be converted into biofuel or directly used in combustion systems
with minimal processing. Similarly, Panwar et al. (2011) emphasize that renewable energy
sources, such as WCO, significantly reduce greenhouse gas emissions and improve energy
security. Despite these advantages, challenges remain in combustion stability, viscosity, and
consistency in fuel quality. Studies suggest that blending WCO with diesel can improve ignition
properties, although this may increase operational costs (El-Adawy et al., 2013). Therefore,
further research is required to evaluate the feasibility of using WCO as a standalone fuel in
small-scale thermal systems.

Circular Economy and Waste-to-Energy Concept

The circular economy framework promotes transforming waste into valuable
resources, thereby reducing environmental impact and enhancing economic efficiency.
Geissdoerfer et al. (2017) define circular economy as a regenerative system in which resource
input and waste generation are minimized through reuse, recycling, and energy recovery. In
the context of waste cooking oil, the waste-to-energy approach represents a practical
application of circular economy principles. Converting WCO into fuel for aluminum melting
not only reduces waste disposal issues but also creates an alternative energy source for
industrial use (Wei et al., 2020). This approach is particularly relevant for small and medium
enterprises (SMEs), which often face constraints in energy costs and resource availability.

Recent studies have also emphasized the importance of integrating circular economy practices
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into local production systems. Torre and Bourdin (2026) argue that decentralized energy
systems using waste-derived fuels can enhance resilience and sustainability at the community
level. Thus, the application of WCO in small-scale furnaces is a scalable, context-appropriate
solution.

Engineering Education and Sustainability Integration

The integration of sustainability into engineering education has become a key
priority in recent years. Lozano et al. (2017) argue that engineering programs must incorporate
sustainability principles to prepare graduates for complex global challenges. This includes not
only theoretical knowledge but also practical applications that allow students to engage with
real-world problems. Education for Sustainable Development (ESD) frameworks emphasize
active learning approaches, such as project-based learning and laboratory experimentation
(UNESCO, 2020). By incorporating sustainable technologies into educational settings, students
can develop competencies in critical thinking, innovation, and environmental responsibility.
Furthermore, experiential learning through hands-on engineering projects has been shown to
significantly enhance student engagement and learning outcomes (Li et al.,, 2019). In this
regard, the use of WCO-based furnaces in laboratory settings provides a valuable platform for
integrating sustainability concepts into engineering practice.

Practical Contribution

Although previous studies have explored the use of alternative fuels and circular
economy principles, several research gaps remain. First, limited research has focused on small-
scale furnace systems suitable for SMEs and educational institutions. Second, there is a lack
of integrated studies that combine technical performance, cost analysis, and educational
applications. Third, the role of such systems in supporting sustainability-oriented learning has

not been fully explored. This study addresses the gaps identified in Table 1

Table 1 Gap Analysis of this research

Literature Area

Existing Studies

Identified Research

Gap

Contribution of

This Study

Alternative Fuels
in Thermal

Systems

Studies confirm that

biomass and vegetable

oils can be used as
alternative fuels in
combustion systems
(Saidur et al., 2011;
Demirbas, 2009)

Most studies focus on
large-scale industrial
applications; limited
focus on small-scale

furnaces

Develops and
experimentally tests
a small-scale
crucible

furnace suitable for
SMEs and

educational use
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Literature Area

Existing Studies

Identified
Research Gap

Contribution of This
Study

Waste Cooking Oil
Utilization

Circular Economy

Application

Engineering
Education for

Sustainability

Cost and
Economic

Analysis

Integrated
Approach
(Technical with
Economic and

Educational)

WCO is widely studied
for biodiesel production

and engine applications

Circular economy
emphasizes waste-to-
energy and resource
efficiency (Geissdoerfer
et al,, 2017)

Sustainability integration
improves competencies
in engineering education
(Lozano et al., 2017;
UNESCO, 2020)

Existing studies often
focus on technical

performance

Most studies examine
technical or
environmental aspects

separately

Limited research
on direct
combustion uses in
metal melting

furnaces

Lack of practical
case studies linking
circular economy
with engineering
operations and
local industry
Limited integration
of real engineering
systems into
learning
environments
Insufficient analysis
of cost efficiency in
alternative fuel

systems

Lack of holistic
integration across
engineering,
economics, and

education

Demonstrates the
feasibility of direct
WCO utilization for
aluminum

melting without
complex processing
Provides an applied
waste-to-energy
model using WCO in
real engineering

processes

Proposes a hands-on
educational

model using WCO
furnace for
experiential learning
Provides

a quantitative cost
analysis showing
~70% fuel cost
reduction

Develops a multi-
dimensional
framework combining
performance, cost,
and education
(including 4P-AF

concept)

Table 1 summarizes the key research gaps identified in the literature and highlights the

contributions of this study to addressing them. Despite extensive research on alternative fuels

and circular economy applications, three critical gaps remain. First, existing studies primarily

focus on large-scale industrial systems, with limited attention to small-scale furnaces suitable

for SMEs and educational environments. Second, prior research often examines technical



13315A3MIFNT T19Ae3lnal | Chiang Mai Rajabhat Education Journal
091 5 atui] 4 garau-5u11AN 2569 | Vol.5 No.d October-December 2026

performance in isolation, without integrating with economic analysis or sustainability
frameworks. Third, the application of such systems in engineering education remains
underexplored, particularly in terms of experiential learning and real-world implementation.
This study addresses these gaps by developing a small-scale WCO-based furnace that
integrates performance evaluation, cost analysis, and educational applicability within a unified
framework.

Theoretical Contribution

This study advances sustainable engineering and education by integrating the
circular economy, alternative energy, and engineering pedagogy into a unified framework. It
demonstrates a micro-level waste-to-energy application using WCO in small-scale furnaces,
extends alternative fuel theory through direct combustion in metal processing, and
contributes to engineering education by embedding sustainability into experiential learning.

This study presents a cost-effective furnace system for SMEs that reduces fuel costs
by approximately 70% while maintaining performance. It offers a practical waste-to-energy
solution, supports the implementation of the circular economy, and serves as a hands-on
learning tool in engineering education. Additionally, the cost analysis provides a decision-
making tool for stakeholders and supports policy development in sustainable energy and

education.

Methodology

The methodology was designed to align with sustainable engineering and
educational objectives through a systematic approach encompassing design, fabrication,
material preparation, and performance evaluation. In addition, a qualitative assessment of
circular economy applicability was conducted based on waste-to-energy principles, while
educational relevance was analyzed using experiential learning frameworks.

Design and Construction of the Crucible Furnace

The furnace was constructed in multiple stages to ensure safety and thermal
efficiency in a laboratory setting. A cylindrical steel casing with a stable tripod base was
fabricated to support the structure. The interior was lined with refractory bricks and insulating
materials to reduce heat loss. A specialized burner system was developed to handle high-
viscosity fuels, using compressed air to atomize waste cooking oil (WCO) for efficient
combustion. A control valve regulated fuel flow rates between 0.5-1.5 L/min. Additionally, a
lever-operated lid facilitated safe loading and exhaust control. The three fuel flow rate levels
(0.5, 1.0, and 1.5 L/min) were selected based on the operational range of the pneumatic pump
system and preliminary trials that confirmed flame stability within this range. The 0.5 L/min
level represents the minimum flow sufficient to sustain combustion; 1.0 L/min was identified

as the intermediate stable operating point; and 1.5 L/min represents the upper limit before
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atomization quality begins to degrade due to excessive fuel supply relative to air pressure
capacity.

Material and Fuel Preparation

WCO was collected from local sources in Chiang Mai and processed through a 14-
day sedimentation period, followed by filtration to remove impurities. Aluminum scrap (5.0 kg
per trial) was selected for its low melting point and suitability for educational demonstrations.
Experimental Performance Evaluation

Experiments were conducted under controlled conditions. The furnace was initially
ignited with diesel, then transitioned to 100% WCO. Fuel flow rates were adjusted (0.5, 1.0,
and 1.5 L/min), and temperature was recorded at 5-minute intervals using a digital pyrometer.
Combustion efficiency was evaluated based on flame characteristics and the quality of the
molten metal.

Economic and Cost Analysis

The final phase of the methodology involved a quantitative cost-benefit analysis to
demonstrate the economic feasibility of biofuels in education. The analysis utilized the
following metrics: To determine the percentage of cost savings achieved through the use of
waste cooking oil (WCO) compared to conventional diesel fuel, the following equation was
applied:

Cost Saving (%) = (Pgiesel X Vaiesel) = (Pwco X Viwco) x 100

Pdiesel X vdiesel
Cost Saving (%) = (35x2.73)-(10x2.59)x 100 = 72.9%
35x2.73

The percentage of cost savings was calculated by comparing the total fuel cost

between diesel-based and 100% WCO conditions. The calculation incorporates both fuel
prices and consumption per melting cycle, enabling an accurate evaluation of economic
efficiency.

Experimental Reliability and Validation

To ensure the reliability of the experimental results, each test condition was
repeated three times under identical operating conditions. The average values were reported
to minimize measurement variability. Temperature measurements were conducted using a
calibrated digital pyrometer with an accuracy of +5°C. Fuel consumption was measured using
a graduated fuel tank with a precision of +0.01 liters. These measures enhance the validity

and reproducibility of the experimental findings.
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Results

The system was found suitable for laboratory-based learning, enabling hands-on
experimentation in combustion, energy efficiency, and cost analysis. The experimental system
demonstrates a closed-loop resource utilization approach that effectively converts waste
cooking oil into usable thermal energy. This section presents the experimental findings of
aluminum melting using waste cooking oil (WCO) and a WCO-diesel mixture. The results are
structured into four components: (1) temperature profiles, (2) comparative performance
analysis, (3) fuel efficiency evaluation, and (4) key performance synthesis.

Temperature vs Time for Aluminum Melting

900 1 —e— WCO
WCO + Diesel !

800 A

700 A

600 -

Temperature (°C)

500 4

400

6 8 10 12 14 16 18 20
Time (minutes)

Figure 1 Temperature profiles of waste cooking oil (WCO) and a WCO-diesel mixture during

the aluminum melting process.

As illustrated in Figure 1, the WCO-diesel mixture exhibits a faster initial heating
rate, while WCO achieves a higher peak temperature, indicating superior thermal efficiency
during sustained combustion.

Temperature Profile Using Waste Cooking Qil (WCO)
The temperature evolution during aluminum melting using WCO as the sole fuel is
presented in Table 2.

Table 2 Temperature Profile of Aluminum Melting Using WCO (5 kg Aluminum)

Time (min)  Temperature (°C) Process Stage Observation
5 370 Initial heating Aluminum surface darkens
10 400 Heat accumulation Edge softening observed
15 520 Phase transition Semi-liquid state

20 900 Full melting stage Complete melting achieved




13315A3MIFNT T19Ae3lnal | Chiang Mai Rajabhat Education Journal
091 5 atui] 4 garau-5u11AN 2569 | Vol.5 No.d October-December 2026

The results show that WCO can generate sufficient thermal energy to reach a maximum
temperature of 900°C within 20 minutes. The melting process exhibits a gradual increase in

temperature, with a distinct phase transition occurring between 10 and 15 minutes.

Temperature Profile Using WCO-Diesel Mixture
The temperature profile for the WCO-diesel mixture (1:4 ratio) is presented in Table 3.

Table 3 Temperature Profile Using WCO-Diesel Mixture (5 kg Aluminum)

Time (min) Temperature (°C) Process Stage Observation
5 400 Rapid ignition Faster temperature rise
10 550 Stable combustion  Melting begins
15 700 High thermal stage  Majority of aluminum molten
20 850 Steady state Complete melting achieved

The mixture demonstrates faster initial heating, attributed to diesel’s higher volatility
and combustion stability. However, the peak temperature is slightly lower than that achieved
by WCO alone.

Comparative Performance Analysis

A comparative evaluation of both fuel systems is presented in Table 4. The values
reported in Tables 2 to 4 represent average results across three replications at the optimal
fuel flow rate of 1.0 L/min, which yielded the most stable combustion performance among
the three tested levels (0.5, 1.0, and 1.5 L/min). This flow rate was selected as the

representative condition for comparative analysis.

Table 4 Comparative Performance between WCO and WCO-Diesel Mixture

Parameter WCO Only WCO with Diesel Interpretation
Maximum 900 850 WCO achieves higher peak
Temperature (°C) temperature
Melting Time (min) 20 20 No significant difference
Fuel Consumption (L) 2.59 2.73 WCO consumes less fuel
Combustion Stability Moderate High Diesel improves ignition

stability
Heating Rate Moderate High The mixture heats faster in

the early stage

The results indicate that both systems can achieve complete aluminum melting within

the same duration. However, WCO demonstrates superior performance in terms of maximum
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temperature and fuel consumption, while the WCO-diesel mixture offers advantages

in combustion stability and initial heating rate.

Fuel Efficiency Analysis
Fuel efficiency was evaluated based on fuel consumption per melting cycle. The

efficiency gain of WCO compared to the WCO-diesel mixture is calculated as follows:

2.73-259

Efficiency Gain (%)= ( ) x100=5.13%

2.73
This result indicates that WCO improves fuel efficiency by approximately 5.13%. In
addition, when considering thermal output per unit of fuel, WCO demonstrates higher energy

utilization efficiency, achieving higher peak temperatures with lower fuel consumption.

Thermal Efficiency Analysis

Thermal efficiency was estimated by comparing the energy input to the useful
energy absorbed by the aluminum charge. Assuming aluminum specific heat of 0.897 kJ/kg-°C
and latent heat of fusion of 397 kJ/kg, the theoretical energy required to melt 5 kg of
aluminum from 25°C to 900°C is approximately 2,965 kJ. Based on a WCO lower heating value
of approximately 34 MJ/kg and a density of 0.91 kg/L, the 2.59 L of WCO consumed provides
approximately 79,976 kJ of chemical energy. The resulting thermal efficiency is estimated at
approximately 3.7%, which is typical for small-scale open-top furnaces where significant heat
loss occurs through radiation, convection from the furnace wall, and exhaust gases. Future

improvements in insulation and heat recovery could substantially improve this figure.

Cost-Performance Efficiency

Beyond thermal efficiency, cost-performance efficiency was evaluated by integrating
fuel cost and consumption: 1) WCO system: lower fuel cost with lower consumption, 2) Diesel
mixture: higher cost with higher consumption. This confirms that WCO provides both technical
and economic advantages, making it suitable for small-scale industrial and educational
applications. The fuel price assumptions were based on average market prices in Chiang Mai,
Thailand (2026), where diesel costs approximately 35 THB/liter, while waste cooking oil is

available at approximately 10 THB/liter, including collection and filtration costs.
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Discussions

This study interprets the experimental findings within the context of existing
literature on alternative fuels, circular economy, and engineering education, while highlighting
new knowledge contributions and implications for practice. The results demonstrate that
waste cooking oil (WCO) can achieve thermal performance comparable to conventional diesel-
based systems. Specifically, WCO reached a maximum temperature of 900°C, which is sufficient
for aluminum melting. This finding is consistent with Saidur et al. (2011), who reported that
biomass-derived fuels possess adequate calorific value for industrial thermal applications.
Similarly, Demirbas (2009) emphasized that vegetable oils can exhibit favorable combustion
characteristics when properly atomized. The present study confirms that effective atomization
enables WCO to overcome challenges related to higher viscosity, resulting in stable
combustion and efficient heat generation. However, the findings contrast with Tran et al.
(2019), who suggested that blending vegetable oil with diesel is necessary to improve
combustion performance. In this study, WCO alone achieved equal or superior performance
in terms of peak temperature and fuel efficiency compared to the WCO-diesel mixture. This
suggests that under controlled experimental conditions, blending may not be required for
small-scale furnace systems, thereby reducing operational complexity and cost. This
discrepancy may be attributed to differences in furnace scale, atomization system design, and
fuel preheating conditions. In this study, the compressed-air atomization system effectively
reduced WCO viscosity at the nozzle, enabling stable combustion without diesel blending.
Furthermore, although WCO generally has a lower Lower Heating Value (LHV) than diesel by
approximately 10-15%, the higher density of WCO results in greater energy content per unit
volume delivered, which, combined with efficient atomization, may explain the superior
thermal output observed at the small-scale level. The findings indicate that WCO has potential
as a low-cost alternative fuel. The present study further contributes empirical evidence
regarding both its technical and economic performance. WCO demonstrated improved fuel
efficiency (5.13%) and reduced fuel costs by approximately 70%, indicating strong potential
for application in decentralized, small-scale systems. Furthermore, the higher peak
temperature observed in WCO compared to the diesel mixture suggests improved energy
utilization efficiency, consistent with findings by Abdelgawad et al. (2015). From a circular economy
perspective, this study provides practical evidence of waste-to-energy implementation.
As conceptualized by Geissdoerfer et al. (2017), circular economy systems aim to minimize
waste through resource recovery. The use of WCO in aluminum melting represents a micro-
level application of this principle, transforming waste into a valuable energy resource. This
supports the argument by Babalola et al. (2022) that localized waste-to-energy systems can
enhance sustainability and resilience at the community level. The findings demonstrate that
WCO, as a locally available resource, can be effectively utilized in small-scale industrial

applications, contributing to both environmental sustainability and economic efficiency.
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In addition, the study highlights the integration of sustainable technologies into engineering
education. The use of WCO-based furnace systems aligns with Education for Sustainable
Development (ESD) principles, which emphasize experiential and problem-based learning
(UNESCO, 2020). As noted by Lozano et al. (2017), sustainability education should involve real-
world applications that enhance systems thinking and innovation. The developed furnace
system provides a hands-on learning platform that allows students to explore combustion
processes, energy efficiency, and cost analysis. Importantly, the outcomes of this research
have been implemented in teaching and learning activities within the Industrial Arts program
at Chiang Mai Rajabhat University. The furnace system has been used as a laboratory-based
learning tool, enabling students to engage in practical experimentation in metal casting and
alternative energy use. This real-world application enhances technical competencies,
promotes sustainability awareness, and supports experiential learning. Furthermore, integrating
cost analysis into the experimental process helps students understand economic decision-
making, an aspect often lacking in traditional engineering curricula.

In addition, the findings of this study provide a strong foundation for the next phase
of research, which focuses on developing instructional modules and community-based training
programs. The demonstrated technical performance and cost efficiency of the WCO-based
furnace indicate its suitability for practical learning environments and knowledge transfer at
the community level. Such applications have the potential to support community-based

learning and promote the adoption of waste-to-energy technologies in real-world contexts.

Suggestions

Despite its contributions, the study has several limitations. First, the experiment was
conducted at a small scale (5 kg of aluminum), which may limit generalization to industrial
applications. Second, fuel properties such as viscosity and calorific value were not analyzed
in detail. Third, environmental impacts, including emissions such as CO, NOx, and particulate
matter, were not evaluated; future work should include emission analysis to verify compliance
with environmental standards and confirm the sustainability credentials of WCO combustion.
Fourth, while cost savings of 72.9% were demonstrated, a Simple Payback Period (SPP) analysis
was not conducted. Based on estimated furnace construction costs of approximately 15,000
THB and fuel savings of approximately 68 THB per melting cycle (35 x 2.73 - 10 x 2.59), the
estimated SPP is approximately 220 cycles, which at one cycle per day represents approximately
7-8 months of operation—indicating strong economic viability for SME adoption. Future research
should focus on scaling up the system, conducting emissions analyses, assessing long-term
operational stability, and integrating digital monitoring technologies, such as IoT systems, for
real-time optimization.

In addition, future research should explore the educational implementation of the

developed system, particularly in designing instructional modules or learning activities based
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on the experimental results. Further studies are also recommended to evaluate learning
outcomes and examine the effectiveness of applying the system in community-based training
programs. Such efforts will help bridge the gap between engineering innovation and
educational practice, and support the transfer of knowledge to local communities in a
sustainable manner. Additionally, future studies should analyze the physical properties of
WCO, including viscosity and specific calorific value, to provide a more comprehensive thermal
performance baseline. The potential for scaling this WCO-based furnace system to serve local
SMEs and community enterprises represents a strong opportunity that should be further
emphasized in future work, as it holds significant promise for economic empowerment and

sustainable development at the community level.

New knowledge

This study contributes new knowledge in several dimensions. First, it demonstrates
the direct use of WCO as a combustion fuel in small-scale crucible furnaces without requiring
complex preprocessing. This extends existing research, which has primarily focused on
biodiesel production and engine applications. Second, it provides empirical evidence on cost-
performance efficiency, showing that WCO can significantly reduce fuel costs while maintaining
performance. Third, it advances circular economy research by operationalizing waste-to-energy
concepts at the micro-engineering level. Fourth, it contributes to engineering education by
integrating technical systems into experiential learning environments. Furthermore, the study
proposes a multi-dimensional framework that integrates technical performance, economic
analysis, circular economy, and engineering education, including the application of the 4P-AF
Learning City Platform concept. This interdisciplinary approach links engineering innovation
with educational and sustainability frameworks, providing a novel contribution to both theory

and practice.

Conclusion

This study confirms that WCO is an effective and economical alternative fuel for
aluminum melting in small-scale furnaces. The system achieved a maximum temperature of
900°C, improved fuel efficiency by 5.13%, and reduced costs by approximately 70%. These
findings demonstrate that WCO can replace conventional fuels without compromising
performance. Additionally, integrating this system into engineering education supports
sustainability-oriented learning and practical skill development. From a policy perspective, the
findings suggest that governments should promote waste-to-energy initiatives and support
WCO collection systems. The significant cost savings highlight the potential for improving SME
competitiveness, while educational institutions should integrate sustainable technologies into
curricula. This study bridges the gap among technical performance, economic feasibility, and

educational application and demonstrates the potential for broader adoption of WCO-based
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systems across industrial and academic contexts. In addition, the outcomes of this research
have been practically implemented in teaching and learning activities for students in the
Industrial Arts program at Chiang Mai Rajabhat University. The developed furnace system has
been used as a laboratory-based learning tool, enabling students to engage in hands-on
experimentation related to metal casting, alternative energy utilization, and cost analysis. This
real-world application enhances students’ technical skills, promotes sustainability awareness,
and supports experiential learning aligned with Education for Sustainable Development (ESD)

principles.
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Abstract

This academic article aimed to present an integrative conceptual framework for
understanding and developing work readiness among students in the era of the Fourth
Industrial Revolution (4IR). The framework synthesised three foundational frameworks: Work
Readiness Theory, the National Association of Colleges and Employers Career Readiness
Competencies (NACE, 2021), and Social Cognitive Career Theory (SCCT) as developed by Lent
et al. (1994). Work readiness was conceptualised as a multidimensional construct
encompassing four core dimensions: Personal Characteristics, Organisational Acumen, Work
Competence, and Social Intelligence. These dimensions corresponded systematically to the
eisht NACE career readiness competencies, namely career and self-development,
communication, critical thinking, equity and inclusion, leadership, professionalism, teamwork,
and technology. Drawing on SCCT, six influential factors shaping work readiness were identified:
career self-efficacy, learning experiences, outcome expectations, goal clarity, contextual
supports, and contextual barriers. These factors influenced the development of career
competencies essential for successful employment transitions in rapidly evolving digital work
environments. Recommendations for higher education institutions included systematically
integrating all eight NACE competencies into curricula, providing high-quality experiential
learning opportunities such as internships, cooperative education, and project-based learning,
and cultivating robust industry partnerships to ensure graduates possessed the career
competencies demanded by the digital labour market. The proposed framework offered a
theoretically comprehensive foundation for designing learning programmes to develop work

readiness and formulating graduate employability policies in the digital age.

Keywords: Career Readiness, NACE Career Readiness Competencies, Social Cognitive Career

Theory
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1773 Pwmatavedsny (Social Intelligence) WAgdasfusinueseninayana msdeans
msvhauduiin uazauannsalumsaiaassnuanuduiusiiussansnmluesdng msile
aei'mﬂsvﬁa%“a%’u Anuiueniule N139AN13ALTALEY wazALEINITAYIIIUTINAURE S
Eﬁ’Nﬂﬁﬂﬂ‘UNau

Fathu nguianundeulunsieuiadunseuiiisslenilunisesuisaundonlunis
vhauseusuiielin@nuilugaddviaanusarnidiglannisyihauldegaiussavsam egnslsh
punguilaianulud 2011 Fadugateunislinussuutyauszivs (Artificial Intelligence:
A arawdoaluntsyieulufifsns 4 JadumsussgndarudmemgquilunsljiRuuuda ddu
Tugaddva dnAnudniudesdaruaunsoiudy wu auaiuisolunisiiausiudy Al
AansalumsUssiuauidefiovestoyaddia us

e wgedanutyan (Social Cognitive Career Theory: SCCT)

w13 mdsdanudayayn (Social Cognitive Career Theory: SCCT) lasuniswaiunlag
Lent et al. (1994) Tud 1994 \Judrwnenavemguiidsnuieye1ves Bandura (1997) ngufe1Tmds
deuilyan 85uiedn yaeaiaumuaulanisinniswazeninedls dedulaifeaiueninegals
LLawusﬁamaawammwamiﬂgummamﬂﬁ mwgummmLﬂmsuaqamqmmmuuﬂﬂﬂwﬂuaﬂmwa
downnguidysanmsanudaudiladiuyana dssaunisaimateus uasdeulvuiun vguii
finalamatiygn 3 Uszmavdn Ysznsusn mnudesiuludnenimvesmuies (Self-efficacy beliefs)
mineia nsfnduvesyanali gatummannsalunisdassidovuagdiiunisnseiisuduiile
ussamsuFtRnu ludumesind@nwlugeddvia arudeiuludngnmiuednvesnuiesagiiou
fenusiulalunsussgndldinwemamaiauidymilulanuisanuduas wazuiudreniu
FesnsvesesAns Tagiliian 4 Usznis Ae 1) Uszaumsainmsi@eavig 2) maFouimeden 3) n1s
Fngemsdsan wag 4) aneneasineIuazersual Ussmsiiass avwaansaadns (Outcome
expectations) LAgatesiumdaisafuraiiniusnvesnisujianginssaniy dndnwluge
Advaduuldulumnumetsuiauinved ovaniamandssadns i nudeuan Wy uid
ANy SsiuiouTige wazmsiaulavnaindn Uszmsitany iWhvsne (Goals) Wuanasjasiu
Tunsfdnsalufnssuans Wy anuddafiaauerdn wasdmuneransufifou wu ms
U53gANaNTatuMsWeulusunsy

21



13315A3MIFNT T19Ae3lnal | Chiang Mai Rajabhat Education Journal
091 5 atui] 4 garau-5u11AN 2569 | Vol.5 No.d October-December 2026

22
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aulun1siaumunguedndadnudayn 3991015 uaseingudondn
Fesdsrutuananunsassutlatenanidianswasennunsaulunisvinauls 6 Jade sail

A15199 1 Nsduasgrdadenisnsnasennunieulunisvianulaedmguednddnudya

(SCCT)
29AUsZNBY/ Hay aaigntasiuarnunion WIARSD1989
Uade Tunsvirnuvesinfnunlugafddia
anandesiuly anadaifeniu dineasiulalunmsivinuedumadaly  Lent et al. (1994)
Anen1neu AnuEInsavewuwedly  Uszgndld nsuidayvndnuwmelulad Bandura (1997)
P1WNveIWes  nsUfURNuLasNgAnTIY  ansaumaludIngse msusumlidniu
(Career Self- fAedestuend@nlddida  anudeanisvesesing nsdnaula
Efficacy) shuendn mmsjesiu usegsla waz
AUAINITOTUNITINNU
Uszaumsnl Ui%ﬁvﬂﬂ?iﬁﬁﬁﬁaﬁa@‘u nsRne MaSeudiuulaseny Lent et al. (1994)
nmMsseus AMUTRLIUIUAULBINTY nIRnaUsHlugnaIMNTIN WasNTEUNE
v : .y Lent & Brown
(Learning MSENYINYy NSELNA dﬂumﬂ"\ﬁﬁhﬁlLﬁ%ﬂﬁﬂ‘lﬂ%ﬁﬁ&n"ﬁmﬁ’u&’m (2013)
Experiences) NMITUTDLEUDLUY LAY wazauulanue TN
anneneesual

AUAIART audaifieitunafinnm  anuaeniadauinifestunisdien Lent et al. (1994)
ROHATNS NMsUHTRngAnssy Ruiien wagmaidulaluendin galali
(Outcome fAedosivendn UnAnw eI sunTaNd s Un1TvINIULaYd

Expectations)

AnudaLauly
Wnune (Goal
Clarity)*

QRGNS
INUIUN
(Contextual

Supports)

(wu 57918 AU
Tuonan)

audslafiasiidausay
Tuldunisedmaniy
(Whunesunisiden) wag
UTIANINTFIUNTUHURU
(Whunesulszansnim)

Hadududanadoniae
FONTNAILIDTN

(wu MsiAUsnm
nsatuayuananitv)

druaulunginssunisAumau

a

Wwneiuendnuasysgavsnm
aulunsBiinsieus M
Vinwe AUl wagmsUaguRIY

IMNUNTIMEIREEN1TIN9U

USAIAUDITNVRIUNTINGIRE NI
AUSAINIEINING ANUSISany
PNANNTITU WaZNIATUAYUIINATEUAT)
Freliindnwanunsanasunnudalaler
Wunadnsnssrenula

Lent et al.
(1994)

Lent & Brown
(2013)

Lent & Brown
(2008; 2013)
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151997 1 (Ma)

asAUsznaY/ L anufgafasiuaumdon LRGN
Uy Tunsvirnuvesinfnunlugafdia
guasIn Hadosuduwndoniiiu  enulinssfuvesiinuy Ussaunisains Lent & Brown
INUIUN guasIAraN1IHALID TN Vaufisie msutedulusaianseny (2008; 2013)
(Contextual (9w M3valenia Tednin - wIetedninnuATEENY 019anAUNTEY
Barriers) M9N13R) lunshnuwdasiianuaulavse

AU ﬂ’llﬂiﬂﬁLLéﬁﬂ TQEN

* “Goals” {WuBefulsnufues Lent et al. (1994) {lsuveneanandy “anudaauvent e (Goal Clarity)”

Wieazviauusunnsdnduladuniserinvesindnw Fulunisdevendslszendvesiidiou dlvlaseaseiunuves
ngu)

91157197 1 Jadeiifisnswasennunierlunisiian laun Jaded 1 armidesly
FnenmsnuenInvesauies mnes ausiilalunsussgndlivinugmanada msuidym was
msdndulasuendn dadedl 2 UszaumsainmsiFoud vaneds Ussaunsalainnisilasainisduda
Msilnau msdanmgdu waznslasunmsatuayu Jadei 3 muaavimadng mnefs mnuide
Aerrulonmanisinsany Guideu arudmitluedn wazarmianelalusu Jadei 4 Ay
Farauvoaudivung Usznousoidmingodnidaaunasidivanenanisufoiau wu madoud
awlusunsuluivdentslaulususesindn Jadedl 5 msaduayuanuiun sawfemsativayu
1nAANaNsE néngnsitieades nineinsmsdous Tenailine uazuimsiamnedw Jadvd 6
guassnnnUIun maneis Jadeidarenisimuiendn wu dedrinnemsdu aeleniainau
ndngnsdnalie uaznadndanaluladiisnde Jaderta 6 disvinadennunienlunisvaumes
UnAnw

AN330UZNTN 8 Uszn13uae NACE: nsauaussauzauniaulunisineu
aumdeudruodndusngruddyi vudnausouansaussougndni s ude
AudsalussAnsuarn1sUsENoUDITNNaenT N dUIANINYIAULAEUIET19UIYIR (National
Association of Colleges and Employers (NACE), 2021) laWaiunnsauaussaugo13nlsznaunig
aussougnan 8 Usens daduinasgiulumsussidiuanumdenvesinfnw uminends ungdng
warniTeiilasunseonsunazldiialan nsldnsevuurAmdeatuiifmuaananineves
AUNTauluN1T9U Uszilluinueslazanssauy LaziSouiisussavanuniondiuanvunasy
Uszne Tudauil A uauan sTuAdalusimd (Conceptual mapping) 5¥nie 4 IAvaeAINUNTaY
AIUDITNAVANTIOULDITN 8 U5zN13989 NACE 1aefia15anamnflenudangfinssuveumnasdnuse
aussouzauTiszylu Caballero et al. (2011) uar NACE (2021) aiifutelauaidedanseives
A¥ou Feddlaildtinunmsnsaaeuiaszdny Wy mslinniosduszneuiBadudu (CFA) wions
Uiuﬁuimaﬁﬁmﬁmag (Expert panel) ?Nmﬁﬁmiﬁﬂmm’aaJa@1Lﬁ'aﬁué’ummgﬂéfawaamﬁuﬁ
asnanaluouies lultsuluviadeiananlaiidennaesnu 4 Avesarunssulunisvineu lag
ANANYATAIUYARAAEAAABINUBITNRATNITHALINWEY kasauluiioanTn Anumdelnain
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neesdnsaenndesiuauiuiionndn gl wararuindien n1ssauanannsalunis
vnugenndostunsAndeinnsuazvelulad uazauaaianedinudenndesiunsdeaisuas
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aussousdl 1 01TnuagnsWaILIALLeY (Career & Self-Development) Mingd AEN5E
Tunsamnpulesuazodnvesmueseg 10 dsgnsunsis susduyanauazivdnes s el o
nsnszviindagaud suazgnseuvesauies msdwalenanisendn uagmsaiaaiovieiioadns
Ui e lukasneuonasing

ausIaUEil 2 N13deans (Communication) w18 mmmmm‘lummaﬂLﬂﬁlau%’ayja
AruAn Toifiani wasuusesesdalaunas iUy Avinatuyanatianielusaznsuonasins

aussaugd 3 n13AATININY (Critical Thinking) nunefis AuaINIalusyy LAt
MBUANDIMBAIINABINITIAEEIAIYU AU UNYRIAN I UNTAlLAZNNTIAT BTN TINEVRITBYA
gt

aussousd 4 aruinfisuuarnsiidiusan (Equity & Inclusion) nuneds Aruanuise
lunisuandbiiuianisnsening iuAd Awg wazsinued sdulunisidiusiuazugay
MNTANETTUAN 9 fisluszduiosdunagszdulanogaminiioudy umuiaﬂumiﬂg‘ummamu
ﬂ'ﬁmaammammmmmmvw Tnssadns wazulsnnveamamBenterifosaudedy

aussauzd 5 19z (Leadership) nu1oiis amaiuisalunisadrsusaduniale
Tuthnle galanueswaz]duneldideimisaniu Suiuagldvssloviangaudsvesnuieuas
fuuitevssatihminegueesdns

aussaugd 6 mududen din (Professionalism) nunefis Auamislunisuans
anutladanimadenmainuanaaiuegan Wlauazuansidonsmihauiiuszavina
wagsidunsiiteUsslemivosurunazanuiviauluaening

aussaugd 7 mavhauduiin (Teamwork) vanefs anuanunsalunsadisuazinw
anuduiuslumsvinusiuierauegslivszansuagidvunesmiu luvnsfiondesuuues
finanvanguazauURnveuT iy

aussaugd 8 walulad (Technology) nuneda mwanunsalunisdilawaslduselov
nnualulafesaiisyansnm dwuiindnwilugadda aussouriliiauddyetiebs aseunay
nsldwmalulad auaiwnsalunisiseumaluladindednesiniia Ussiluanumuisauves
walulad warldmeluladifienttymuazasrauianssu

NTULUIAALGIYTUINITEMTUNITWRILIANNT BN U

NIOULUIAALTIYTANINITUTENOUAIEY 6 ﬂﬂé’faﬁugmmmmqwﬁm%wL%qé’muﬂzgipn ek
amnudesiulunuesrnuoidn Yssaunsainisiieud aumavimadns mnutaauvestimang
nMsatuayuaINUIun wazguassnanuIun seanumenlunisvienudsiniiuanssousendn
8 Uszn13u84 NACE 1A n1sdeas msdadaininy anuwindiesuasmssin n1aggiih ey
floondn nsvihrawluiin malulad wazanTnuasnisiauImues
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[ NIBULUIAALTIYTUINTINaRAIUI AN TN TuN TNy ]
ngufanunianlunisvineu (Work Readiness Theory)
yatiuniswssunundenlu 4 ffvan Taun andnuaugdi TR E e ) e VA
ynAna (Personal Characteristics) ANULRELINAINNNBIANT Wunessiulunisusetiuaiunseuuasinfne
(Organizational Acumen) AsEANsAlUNTYINNU (Work .’ WAINEISY U9 LazinASRlaSunsyauSuLAs
Competence) LagANaaIANIgdInL (Social Intelligence) 195tTan
aussoudl 1 endnuagmsimunuLes

wqwﬁm%w@aé’muﬂmﬂmﬂ (Career & Self-Development)

(Social Cognitive Career Theory: SCCT) FUI50ULYN 2 N5dRa1s (Communication)

P a aa e e e (g
Yatdunsysannsanuianudiladuyana Ussaunisal » AuTInusi 3 MaraLawmy (Critical Thinking)

PN | a a |
nsiseus wasReuluusun dlinalamelaan 3 Ysenis SRTSIM ) T R TR

T anudesiuludneninvesnues (Self-efficacy beliefs) (B Uigy & el tvetom)

AMUAINWIINAANS (Outcome expectations) LU ALY 5 RgRLl(Leadership)

a < A a . .
(Goals) Imetasenidnsnadenundaulunisvineu ewn fussauEh 6 muiiennww (Professionalism)

a ° 2 o
mmL%aﬁuiuﬁ'ﬂEJmW@ﬁum%WﬂJmmuL’eN ﬂi%ﬁuﬁ'ﬁﬂj aussausd 7 nsmauidun (Teamwork)

nsiseus anumevimaans anudaureadmung ns aussougii 8 wAlula (Technology)

atfuayuanuIun guasInuiun

AN 1 nsBuLIAsANMsEmTuMsTaAunTeslun sy

nsussenalduazdedifydmsuniswauianunionlunismineu
1. N1IRBNUUUNANGAST

NsoULWIARLTIYTNNIITEA A UsENSHaN1TeBNWUUNANGRS fatl

1.1 néngmsaslasuniseenuuuiiioaiiennuidestulunuiessmuendnsiiunisda
Uszaunsalanudeanigedaduszuy néngasmsBudusmenuiifianmimessfuuiunats 3
Fnfnwannsolsravanudiiald ndulafuaududouinntudotnAnnianudesiuiey
AnuansaInNsUfvRnueidlussdnsuiognamnssuivaelrindnwlauuszaunisal Fudu
mM3Uszgndldmnuiuassinugluiuniifiarumane

1.2 MANgRIAITYIAUINIINTHAINANTIAULDNTN 8 UTen13ued NACE agadaiauuas
\Huszuu vdngmsmssaumsiamvinuensdeas msraiaimng mevieduiiy wezanzdin
Ui Msaouivainyans 1Wu ms3euduuulasins nsdlfinun msthiauengu waznisazvieudn
Aeddn Ao Aesdsviliuaussauzmaniegsinaunarlidolausuurogiadniasse

1.3 néngnsrssuRanssunmsianednitgliindnwdatmneendniidnion

waztduase N15UINITUSEIEIUAULEY N1TE1599D1TN WaEN1TIMEUITNUNLY Azvr8TlRTn@Anwn
Wl muneveanuedtazilanudodulunuLeaunndu
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2. M3IANTSFBUSITWEaUNTA]

nsiFeus Welsraumsal dunuindrd s on1swaniaduns anlunisviay
antiunsfnwalsdaleniailneuuazaniadnuififiguningeetafivsme Tasanususledy
AAgaaMngsL Mstinaumslasunsesnuuulitin@nuildFuuszaumsaififinnaming weunng
Tnsenisuazaui imeivaeliuszgndldanug Wauninuelud wazadiannud esdulu
AINATINTOVOIAULDS WONINT N3 suduuulAsInig (Project-Based Leaming) Aasld$unis
ysannseganiewnsdundngns Tassnsesazvioulagmuazanuviimelulanuisninuduass
mMsvhenuduiin waznslilenanmunaussausranamuniauiy ma@zyj;l&%wngmﬂaqﬁmmﬂ
g3fansognamnssunduiivinwlasimsheiiuamnuisdouasliuuvegsdmiunsiious
n9dou Msutstumanaia wagmsfidusuluguey Wulnssudwssaunsaifinduivigaing
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AdeuindnwfuAudiiviefidornalussdnsssfanargramnsnilvinsaduayuuasAuugiii
fifiguA1 wonnd andumsdammineinsmafeuiivuaiouasfiome Tudaiosufiing
welulad sevdiaiuaziad esllofltlugnamnssy wazmadrdeunanesuniniouseoulal
n15a§ 19 U 19 5Un1591 930U 19U Innovation Lab #3e Maker Space duia3uniaiieus
Balasesnsuaznisvirnududin nsdafanssuidenlestugmnainnssy 1 Job Fair, Career Talk
uaz Company Visit 9aglind@nwilasudeyaiierfunainusanunazainaniodisfuuedneda
ANEATN

GELY

N15UNAUBNTRURIAALTIYTUINTITNG ¥ AUNT auTuNITYIY Nu T Tdeny
Jeyay (SCCT) wazaussaurardn 8 Usen1sved NACE fenaninadu wislianudlafentuainy
w¥oulunisveuvesindnuilugadiva Ssnrumieslumsvhaul Uszneudae andnumsdan
YARR AMUIAABIRAIANNBIANT ANEMTAIUNITIY LagamaaIanediay Ssanunsninld
NUALTIAULDIEN 8 Uszns mswamnaumienlunsvhnudunszuiunsildsudninanin
Jadenareusenisi szulnongufondmdsdsaud g liun anudedulunuiesduendn
Uszaun13alnisiseus AnuAandwadns anutanuvesdivuig n1saduayuanusun wag
guassannuiun tadewaiifidvinadensiananssousfisududmiunmehanlugaida way
madlannuduitusvosiadomand Prelian1dun1s@nwiaiuisneenuuundngns TUswnsy

n3Seug wazdauinsatuanunivssdvinnieatuassanunionlunisyiauvesdndnw
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Abstract

This academic article aims to present the importance of the learning ecosystem,
health promotion approaches for preventing obesity in early childhood, and to propose
applications of the learning ecosystem to promote health and prevent obesity in early
childhood in the digital age. In the current lifestyle of early childhood, equipped with digital
technology and various conveniences in daily life, the learning ecosystem factors related to
early childhood in the digital age include: 1) lack of quality time within families; 2) changes in
parenting methods emphasizing the use of digital technology in child-rearing; 3) accelerated
and intensive formal literacy training; 4) lack of discipline training for early childhood; 5) lack
of opportunities for free play and interaction with nature; and 6) insufficient space and
environment surrounded by nature.

The rising problem of childhood obesity can be reduced if society focuses on the
multifaceted causes contributing to early childhood obesity. This issue can be addressed
through multidisciplinary collaboration among experts from various fields to find appropriate
and integrated approaches for continuous implementation.

Applying a learning ecosystem based on individual curiosity, building knowledge for
careers tailored to each person's context, and fostering a shared society from the family to
the community level to ensure everyone's happiness is crucial. An effective approach to
promoting health and preventing childhood obesity requires collaboration from all sectors
and should be both reactive and proactive. This includes initial screening, detailed history
taking and health checkups for all young children, educational campaigns to modify eating
habits, promoting age-appropriate physical activity and play, and educating and raising
awareness among children, parents, guardians, and caregivers for sustainable health promotion
and obesity prevention. Furthermore, if parents and guardians set a positive example at home,
obesity problems can be avoided, as children learn behaviors within the family that influence
their food choices outside the home or at restaurants. This can lead to a reduction in

childhood obesity and contribute to a healthier society over time.

Keywords: Learning Ecosystem, Obesity, Digital-Age Learning, Health Promotion
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Abstract

This survey research aimed to study the current states, desirable states, and priority
needs for developing competency-based learning management competencies and self-
directed leamning processes of teachers in schools under Lamphun Municipality School.
Furthermore, it aimed to compare the priority needs for developing these competency-based
learning management competencies and self-directed learning processes, classified by
academic standing and teaching level. The population consisted of 90 teachers during the
second semester of the 2025 academic year. The research instrument was a questionnaire.
The statistics used for data analysis were mean (M), standard deviation (O), and the Modified
Priority Needs Index (PNlmodified)-

The research findings revealed that the overall current states were at a moderate
level (U = 3.06, O = 0.47), while the overall desirable states were at a high level ([l = 4.44,
O = 0.34). The highest priority need for developing teachers' competency-based learning
management competencies was in the knowledge aspect (PNl odgified = 0.49). Additionally, the
highest priority need for developing teachers' self-directed learning processes was diagnosing
learning needs (PNlyogiied = 0.71). Finally, the comparison results showed that teachers with
an academic standing of Senior Professional Level and above had the highest priority need
for developing learning evaluation (PNl odified = 0.44), whereas primary school teachers had the

highest priority need for developing the diagnosis of learning needs (PNl odified = 0.45).

Keywords: Needs Assessment, Competency-Based Learning Management,

Self-Directed Learning
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a

AaudsnIsANE o it R ik
seauUszauAnuUN 1-6 (N=70)  szauNsSENANYIUN 1-3 (N=20)
PNI dufu PNI Uiy
ATUENTTAULNITINNTSITBUTFIUANTIOUL
YDIAg
1.1 aussougAuAug 0.46 1 0.55 2
1.2 anssausiuyinye 0.46 2 0.59 1
1.3 ausnugmuANSN YUTLaIInAR 0.36 3 0.40 3
374 0.43 0.51
nszurumMaFeuifienstiauiag
2.1 mydladeanudesnistunsseu; 0.45 1 0.43 4
2.2 mifwuagagasnelunsiious 0.31 3 0.32
2.3 MITBYUNATINGINTUarToN5ISeus 0.30 4 0.29 5
2.4 madenuagldnagnsnisiseud 0.27 5 0.32 2
2.5 MyUszifiunansiiens 0.35 2 0.44 1
37 0.33 0.36

a ] = = v o & ° v o
31NA15199 4 WU KN TUTEUBUANABINITINTU (PNInodiied) IIMUNAINTEAUTY
naou lunmsiunaunjiaeussaulsendnuiin 1-3 darudesnsinluniesiugininguasiaeu
seauUszaufnuitn 1-6 Tuvia 2 Aunen laeliegazideannuuandisluusazan fall
1) AUALTIAULNITIANITTEUITIVANTTOULVDIAINAUATHABUTEAUUTEAUAN TN 1-6
firrudesnsdnlusinindu 0.43 TnewdlefinnsuSewnuadiu nuil ssduszneuiiliaaudedns
o < o w P~ £ 14 A (% LY
T UGIEALIUAINULIN AD ANTIOULAIUAING (0.46) T99891AD AUTIAULAIUYINYE (0.46) WAL
a1iuanving Ao aussouzaIunuanvuzuasanad daunenisdndutdesiign (0.36) drungy
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ayaouszAuisondnuidf 1-3 danudesnissndusiugsnini 0.51 lnsesdusznoud &
Ausen1sTlugegailudidunsn fe aussouzauinue (0.59) sesasunfe aussauzaIuALg
(0.55) wazdAugAYY Ao aussauzAuAMANYMTLALIRAR daudoin1sTndulondiqe
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2) FrunszvrumaieuddrenisiihauesnauniaeuseduUsrondnuda 1-6 &
AnudeInsandusimitiy 0.33 TaeiflefiansaniGesmudisu wuii ssduszneudisinnudesns
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aAUsewa
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0.39 - 0.49 Wui1 dussauzAIuANS drudeIn1sTnluasdmduddunsn (PNImogsed = 0.49)
FsannsaedungldannaimimielugassesevesmsivdsurunszuIudiainisns@nw 91nnns
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ﬂﬁL‘LJ’eJ‘Vi’]LLau’e)’eJﬂLLUUU’JGlﬂiiiﬂwﬁ@(ﬂﬂa’eNﬂUmiLU@EJULLU@QBEJNLUUS‘UﬁﬁiJ Fadedunuiaenndos
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Ms¥nnsBeunsasusULUULG dedenndesiunanIsAnyues sud 1nie3y wazaae (2567) 7
szyanuasusnanilutdeliaoufinudanudeansindussiulunsiauaussousag
m3svaarmmszminilutsadudinadondmansenudenszuaumsdusiolulunsdatinneiie
snszdutnye (Upskiling Ussidiutlldsunisatuayufiaiuainaiuisees Brandt (2020) wae
ouned 1893n wagamz (2568) ATlAudn nsfaudsnisvosmuesiioidusingrud iy
madeudienistiinues Sudunalnduiedeunsimuindnanmelusseiies aenadasiu
WNANYEY BuTINY utma (2558) Tausuuzinnisliintesiloyssiliuiiolfadeqaudsuazqadingg
fiauasmuwenduuunUfuiafidieliasoonuuunsianaussousresuesidodwnsin doyat
reliAnesdarmdlmififitodunui maddadoaudesnts fe Heuludosfugeudisavenis
JANSITEUITIUANTTOUL

2. 115 U3 BULTIBUAIANA 890153 NT UVBINITWAILIENTTOULNITIANITLT BUS §IU
AusIaUBLAENTEUIUNIBEUS RN s aue s U AnegusLA sERUTuTidau Taeduun
paAnEUzLAYsTUTUTiaou Kol

2.1 Fwunauinggiug Wi nduasInegIusTgmMsiawiull Sanudesnts
SududumsusaifiunanisFoud gandiastiungmisuariindy Ussiduiesuigldananuaanta
Tuunumindniigalunussdvinegiuy Ineagsesdudonngyinldsuneunnelifoamifdu
Fimdinnisuagasfiviiss (Mentor) msduiadeunisdanisAnuiidunadig (Outcome-Based
Education) $ndugeserfunszuiumsusuiunuanmasiifianududeunuuwifnues McTighe
and Wiggins (2004) wenanniidsaansufusnnsgidvdnnuussnaves azan (2563) firmunli
Asfosiianssauzsunsinnazysuiunaniuaninais lnsanansaysannisiadesiledinanvas
ielvlddoyatoundu suazilugnisnseduliiiSouinnisassiouAauazimurdnoniwegns
soiles agnquilTensenindserudndulumstauineenisUssdiuiiuiug ioldlunsusadu
A1 (Self-Assessment) WufunutlunsuioRau uazniteldlunsiuuzuazasioufnetady
53UV Teaenndesfunansideves adaw alivdled uazane (2562) SudawnAnues e 1elneg)
uazangn kg (2558) Mtudrieggelnuarasiiassdudesdassaugnisléy (Coaching)

2.2 Swunmusgiuduiiaou wui nquagszRuUsEon@ne fnudesnissndudiu
M3ITdEANRBINITY waznsUSEIURANTSISELS gendiagTeauliseufnwineunusgnildodday



13315A3MIFNT T19Ae3lnal | Chiang Mai Rajabhat Education Journal
091 5 atui] 4 garau-5u11AN 2569 | Vol.5 No.d October-December 2026

[y

ysadiffissdiu 05 ViuniosuneldnnsssuvfvesdiouseiulssaununiliFonsesiingdionihany
Tnd%auasdunanauIN1T0819al88n @0nAAINUTIAUNUDY Ty 99913 wazn1deal las
ppifies (2566) flofuredn YadudrdglunisinmaGouidmiugFouteldowendoianad usseme
wazduiusnmideuan tneagdasanunummsiuguenaiiug wazsilalenialidiseuldveassuias
a¥reassfdaenules Al dwalingnguifanudosnisinuzdunsidadeuasnisssdunai
faveuninagszduisondnuinoudu eliauisasaduimuinisuasdananginssunuanin
15eldagaulugn Usuifuiaenndestunanisideves sunge Bus3Ty wazAny (2567) inuin
ANTINUEAIUNTIAT LA T IMANg A sufsnslddeuinnssy iulsuifuiingsesuszanfnu
ABINTT miwmmmmam uaﬂmﬂummmaqmimﬂa'nsN"LmumiauuauumeLmumﬂmm%ﬁum
dluAnun wuudndy wazaue (2561) uay lalars msld uagnusing Sunsasas (2563) fisns
szyfsmnudndulumaiméngasuaslusunsusnldiiierdiuainsaussouznsdanisiioudnmanm
a5alunagusznufnuilasionty asdaniifeuszdndiaansusenisi fedugiudoyauas
TorauonuziBalevieiidfy dmvesdnsunasesdriuiesdunazguimsaoudnulunsiluly
FONLUUNANGAINITNAILIYAAINTHUUTLUNANANWANGNY Iegnaenadesiuaninauluas

dalauauug
1. dawausuuzlunisiuansidgluly

1.1 nan15338 nu3n Asdiaudeantsdnduresnisiauiniuaiug wasnisidade
ANNABINITIUNISISHUTEER anTUANIAITTARUTITUURNIIYT 0a 19U vUMNNISIS BUI NN
@ (PLO) Wiosaifumsudasaussnuzasguunisasy augiumsinmiaieaiioyszifiunuedli
AsliATEiR LI veInLeY

1.2 nansiFeuiigy wudi agussaudnuiiialiudesntsniunsitdadeiay
N15UsTlUNaaINIATISENANYT aRTUANYIRIAITORNLUUNTHAUIUASINTLULLNIZIIIZAY 1aY
gatfumaiansiauasyssiiunafidaveunuinuinisveiSoudmiunguasuszandn

1.3 Nan13338 WU ﬂq'uﬂgimagwuzﬁﬁﬂuwmiﬁLﬁwﬁulﬂﬁmmﬁaqmié’m
msUszfiuaniaifeusasniingudu mhsnufudsiasianinuensUsadutugdliagngud
AudfumsEinitneenstuuzuazniaduiides ilenseduunumdinmmaioinis

2. farausuuzdmiumsvinidunssoly

2.1 ndefunuiFesddiunnudesnsinduiiunndnaiuvesasusiazngy mniteya
arsaunadsuTinana Ul udeyagiulunsidonasiau ieadslusunsunisimun
anssauzAsisonadeaiuuTuneslsausoudsiamautaiiosdmy

2.2 PnwamAITeiazvieuliiui asdslidedrinegramnnlumsemanssouziay
myiladenuies JamstimsAnuidoieqaaimiisdn wu msdunwalidedn efumaeSune
BedniAeriuguasia viunwnden uazladoideaunniivilviagiindedindanan Jetoyaids
YSunadlianunsassuislanseuaqu



13315A3MIFNT T19Ae3lnal | Chiang Mai Rajabhat Education Journal
091 5 atui] 4 garau-5u11AN 2569 | Vol.5 No.d October-December 2026

29ARIU3 N
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Abstract

This research aimed to: 1) compare the English vocabulary spelling ability of Grade
7 students who experienced learning management using Canva Al-based online games (the
experimental group) with those who received traditional instruction using the 2W3P model
(the control group), and 2) examine the satisfaction level of the experimental group towards
this learning approach. The sample consisted of 80 Grade 7 students from Suankularb
Wittayalai Nonthaburi School during the first semester of the 2025 academic year, selected
through cluster sampling, comprising 40 students in the experimental group and 40 students
in the control group. The study was conducted over a period of 8 weeks. The research
instruments consisted of: 1) an English vocabulary spelling ability test, 2) lesson plans for the
experimental group, 3) lesson plans for the control group, and 4) a satisfaction questionnaire
for the experimental group. The data were analyzed using an independent samples t-test. The
results revealed that the post-intervention English vocabulary spelling ability of the
experimental group was significantly higher than that of the control group at a .05 level of
statistical significance. Furthermore, the experimental group's satisfaction with using Canva Al-

based online games for learning was at the highest level.

Keywords: Canva Al, English Vocabulary Spelling, Online Games
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AN A119189nqw (Pre and Post-Test on Spelling Words) §1uat 1 4 523 aviaia 50 48 50
azuuy luguuuudoasunuuiind (Completion Test) Gsutsosnidu 3 nou leud 1. Picture to
Word 9113w 12 98 laglidniseugsunmuailisuaznasdniniwdaingulignaeseniuainuming
31n3UNIM 2. From Meaning to Spelling 91u3u 28 99 lngliniieuiiansanaiumngniwing
wandeuaznaddniliuniwsenguligndes uaz 3. Define & Spell 1w 10 do lngliniseuy
sufloumdmintnssnguudidouaznamdmininssnguligniesniuanuvsnevesiomdnsii
fvuald deaeuiiinguszasdiieTauazusuidunadumadouaznasdninwsingquiaziile
UseLiiun1sandnddaznavaddnin1wsang wluwsagen ﬁgqﬁjﬁlumimammwé”mmmmwm
LUUMRARUAINTINTIRde RTINSt avandideamay S1uau 3 Vit Been 10C ey
0.67 - 1.00

2.4 wuudszifiuauianelafifiionisinnisiouslagldinuesulatiias1sie Canva
Al iloduaSuanuainsasumailsuaznamdnyiaiwsingu lddmiungunaass useanidu 3
nouldun neudl 1 Jeyaiiuguvesmeunuuasumy TuzuLunTIRABUTIBNT (checklist) noudl 2
AMannAsfumnufiensladensdansieus auazUszifiuna 5 sedufe uniige 110 Uiunans
tfow waztleniian naisAnvesalAsm (Likert Type) Tneffsuifu 2 snuldun 1. funsifeuaznn
Amsinwangy uay 2. fumnufianelaidsensinnsSeuslagltinuesulatifia¥rang Canva
Al i odaiasuanuannsadunIsidsuaznamAnrinudingy aoudl 3 deiaueuuseng 9 lu
anwugAnNUaeUn

3. nsnuUIIUTINdaYa

TurAsatuiifszernamaivnunadoyaiomn 8 #Unsi dUnsias 3 AU 52
wdttaun 24 AU pudeuay 50 Wl sevesnguiiegangumuay SeeasBeaueluil

3.1 fideiudunisdnvutsdod uasiazvearubueen (Consent Form) Taauds
thiFsunaziunasesvesinieundumunuuazngunnaes iisesuieTnguszasdvesnside funou
MIALiuNTg waganivesiniseulunsiinsuniside

3.2 luduaidl 1 AUl 1 dniSeungunaassiaznguauauihLuunageuieus oy
Feanaidouaznaddnyin1usangy (Pre and Post-Test on Spelling Words) §1uau 1 4a 324
flavun 50 49 50 AzuuluzULuUTABULULIARLA (Completion Test)

3.3 Tuduaiil 1 a1uil 2 sulsdUnninl 8 audl 2 dansiFoumuusumsinnisiGous
Fosmsldinueeulatiia¥iede Canva Al dmfunguvaaes sudunisaeulasusazauiFeuls 4

67



13315A3MIFNT T19Ae3lnal | Chiang Mai Rajabhat Education Journal
091 5 atui] 4 garau-5u11AN 2569 | Vol.5 No.d October-December 2026

FunoulsingmiunseuuuaIfnnuide waznaualuay dudunisasulaswrazaufould
5 dunounisaeuuuUUnd (2W3P) U51NAUNTOULUIARWITY

3.4 TudUaidl 8 Aufl 3 UniFsunguneaeLazNgNAUANILUUNAE UNS 1S B
Feanaidouaznaddnyin1usangy (Pre and Post-Test on Spelling Words) §1uau 1 4a 324
fravun 50 49 50 Az TugtnuuteapuLUURLA (Completion Test)

3.5 ludUanivl 8 Uil 3 UniSeundumaassiuuudseiliuanufaneladidsenis
dansiFeuslagldinuesulavfiaineie Canva Al tledaaunrmanunsnsunsidouaznadng
NYBINYY

3.6 oA udansrviunmafumunudoya §iduldiAanssunnieuilaslding
ooulatiairefe Canva Al ludamsFouifuduliifuiniSounguauauildsunisnnisious
wuuUnd (2w3P) iteldumsinuansusslevivesinGounazaiunuiniioslunisiamsiFous

4. MsIATvidaya

4.1 WIgUguAMUAINITOAIUNISRBUA NARIANIAI SN ¥NDULAZNAILIHUVDS
fnidsuszdutuisendnu 1 Aldsunsdamaieuslnsldinueoulatifiadiadae Canva Al fiy
‘ifﬂL’%EJuﬁlﬁ%’Umﬁmmn’%auﬁuwﬂmﬁimaiﬁaaamaau t-test for independent Samples

4.2 Jnszideyannuuuuszifiuaufienels fomsmeAneds () wazdrudouuu

119551U (5D) Tagtheied siilsuTouiisudiuinasinisulannumuneyes yyuu A3azenn
(2556) i)

Aade 4.51 - 5.00 mneds Sanudfianelasglusziuanniige

Aads 3.51 - 4.50 maneds Taufianelaegluseiuun

Aads 2.51 - 3.50 mneds Tanudfianelasglusziuliunans

Aads 1.51 - 2.50 mneds Sanudfinelasgluszauiios

ARRY 1.00 - 1.50 vanedls daufianelaegluseduiosiian

NAN1539Y

AILATIFRUANUYI NN UYDIS HUNAUNAGDIULAZHLTEUNGUAIUANBUNITNARDY Lo
WU UAZLUUAIINAILITOA1UNI T BUAZNAAIA N A8 9N BAINNITNAADUADULT B Y
(Pretest) vowisansnga fremsnaaauefidmiunguiognedass (ndependent Samples t-test)
NAMTTATIZINUTT AzuuLANAITaR U9 Buaznad dwiawdanguuesdFsuiaaeng
lsumnsnefuogaiioddgmisadafissdu .05 uanshii3ourisaosndudiauannateumsnaaes

aglusyiulndifgaiuiazanuminieuiunawdndgnisaass fnns1ei 1
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M990 1 HANTTATIVADUAIIULANA1YBIAINANNTOAUNSEUAENAAMANTIAW1SaNg wYes
UniSsunguveaeILazinsuNquAIUAY

AuUs NHUNAADY NHUAIUAY t p-value
(fousew) (fousew)
X SD. x  SD.

AUANNNTDAUNITHUYUALNA
20.40 7.96 22.32 9.34 -0.99 0.325

AANNIISINE Y

NNNTIATIITRYATANLUUNABUIAANUATLNTAN UM BUEENAMANNA1189N0 Y
YIUNFTEUNFUNAABILALNENAIUAN d1NNsaaTUNaTIelaRal

T UsEaeAn1sITeden 1 ielSeuisuniualunsanun1sileuasnar1dwn
AMWSaNguIEnIntnssutuliseudnuln 1 feglunqunaasuazlasumsianmsiseuslagldng
goulauilainame Canva Al futiniieunguaiuauilasunsinnsiseusuuuuni

A13199 2 NANITIATIZLAZIUTE UL UAINEINI TN LN ST UAZNAAIANIATYIDINGYIE NI
naunaaenlasun1sdinnsseuslagldnuesulatnasieig Canva Al funduaiuad
lpsumsdneusiuuung

AMUAINTARIUNSIVBUAZNAAIANTIA D IN e x SD. t p-value
waansiansseuslagldinuesulatnasieme

37.17 9.22
Canva Al 4.16* 0.00
MRINFIANTSITEUTHUUUNF (2W3P) 2830  9.82

a v

*TdpdrAgnadfinszau .05

INNITATITABUAVILLANANIVDIAIUANTARUN TR B UALN AR ANTA 189N i DU
N5NAaRY WUl UniSeunguneaed (x = 20.40, S.D. = 7.96) uaznguAIuAN (x = 22.32, SD. = 9.34)
finzuuuedsliunna1afunieada (t = -0.99, pvalue = 0.325) wansliniuindnisousisaeingud

& ! a v a v @ A
ﬂ’ﬂlla']ll']iﬂwu;ﬁsWUﬂQULiUu&LﬂaLﬂENﬂu ANFT1NN 1

AYURINITNAGDY NUTIAZLUUANNAINITAAIUNITTEUALNAAIENTIN TSN WY BINEH

naaemlasun1sdnnsiseuimenueaulauitaiieniy Canva Al (x = 37.17, S.D. = 9.22) fiAlade

o

F9NIIANLATAAIUNTTUALNARANTN 1IN WUBINFUAIUANN LATUNITINNITTOUT UL

Y 1Y

Unft (x = 28.30, S.D. = 9.82) egaditfuddymadffisziu .05 fam31ait 2
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TngUseaeAn1sIdedan 2 iednwsyauanuiianelavesdniSsuseautudseudnw
U 7 1 Neglunqunemsaazlasunisianisseuslngldinuesulaiiaiienie Canva A

Y

M19199 3 wanTiATIERsERUAUianelavestineuneglunguneasaglasunsianisseus

Tnelmnueaulaifasienie Canva Al

-] = % = | [l 1 — 7 =
szauaNuNawalavasineuaglungunaaes X SD. STAUANUNIND 1A

1. ATUNSIUPUESNAAIANNNIWIDING W

1.1 duanansaideuaenaiAniniudaing ulagnaes

1INVUNAINNTEaUNLBUlaUNaS19Re 4.30 0.72 170
Canva Al
1.2 JUANNNT0ININFIONYITVDIAANI LAR B ITU
j | . 440 067 2N
NRIINNISEUNNDULAUNAS19A78 Canva Al
1.3 nsiausnueaulatinasenie Canva Al e liau
A0 IAITNBIVRIAMANIA TSN ulaly  4.40 0.70 10
SEEEY
1.4 nsiaunueaulatiiasemie Canva Al e liau
) i 447 067 17N
ANU1T0ANIIAIUNUEVDIAANI b A 9L
1.5 dudiausiulalunsaznaddninwding e
o . 420  0.79 110
nasnaunUeaulatias1991e Canva Al
593 4.35 0.71 170

2. fruanuiisweladenisldinusaulaviiadrede Canva Al

2.1 fuFdnanansaiseusnisileuasnamdny
awdanguliazanntudleldinuesulaiiads 4.35  0.66 10
pe Canva Al

2.2 uAnInnsaunueaulaunasnasiy Canva Al

o 4 3 ¥ 440 067 2N
ililianugalun1siseun1wsang wanu

2.3 quAnIIMsaunuaulauNas1eiie Canva Al
. o Y oo o — - a.22 0.80 4N
el aULAUNAN L UAT EAENN LTINS

2.4 fuAnnnsiginuesulaufas1enie Canva Al
8aRAMUNNIAUNISIR I UAZNAAIANIA 4.15 0.76 110

AYIBINYUDIRY
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-] = % = | [l 1 — 7 =
szauaNuNanalavasinFeuaglungunaaas X SD. STAUANUNIND 1A

2.5 duoansidinuesulatifiasnasie Canva Al Wi
duntlaraensseusMTeuasNAAAN 445  0.78 1N
AMedingulusunan

39U 4.31 0.73 4N

wuanaanelavestinEsundanisinnisiouilasldinuesulatiiadisfe Canva Al
ogluseiunnlunmsn lnewuindud 1 madeuaznamdniausnguilszduniudfianelalag
10dy (X = 4.35, SD.= 0.71) wnnirdnudi 2 anuftaneladensldinueoulaifiadnese Canva Al (X
_ 431, SD.= 0.73) §IA5797 3

aAUTENa

suifeatuiuandiifuinnisysannainuosulaiiainedae Canva Al aunsodaaia
muEnses UM s dsuasnasEn e denguueainSsuduseudnundi 1 IFegrdiediiey
Soruiuismsaeulngund 2ws3p)

1. oS sudisuduauainsd s s uagn AR E N SN BANUUUNIAAE UNAS
Sounvinngumaassdazuuumiuannsafigainingumunuidumszin nguveassinislidonis
Gouslaeldinuesulatiiadisie Canva Al tnBeuasnsaSsusdwyiaamnemyitmuals Taed
psrUsznauldun sUamiliAetestuddmd ddwsinudsngud wandiidudaaznai daiaudi
wanwilne uagdunailimseenidesnndangy FuandrsainngumuauilldiunisianmaFeuduuy
Undfilalsifidensaeulaeiany WhunsBeudmdwisomisdesoulszinedvmiumsaduls
Nnauddw TervesnauemuauAerinFeuminsnBoumimilaeguiunlstloavieSeusmdmidu
foglumisdosoulnelalligninsouliisoumdmingnisdsuanlinuiSvesngaimaass Tumwmssiy
Puinissuliausaiseumdnsiiunsn U fennseendedld denndesiu Adensal uauay uaz
uasesd ansdien (2566) indinsiBeuimsaznaddintssinguazansnsaBouslafmniided
yennvany 1y nmdliRendesiumdnt msiladesdtminmnSingy velagaeumsiimsiamaiious
Tagld3smsfinannmaneiielifisouAnmnudesmsiseus Tudnvazifiontu msdansiseuslagli
tniduilemanenaFouddlildiiet wamsluioniou nanfensidennFoudiumseoulai
v Buladneniaieus wde E-book svamnsntaeliinFeuldmumuiommsFeudaeaia

2. naumaasLazngumuANTlamamsms3ounnil ana nanfe nauMAARIENLNTD
BouFrhunsliinuesulaiiaiase Canva Al daimsdavanamvesdd nsilades viomsazna
Adwiunsiauny Turaenguaiuauansanuynunisaznaddminiwis angusiunseu
vifsdeiFeuld mnussening 2 nquedonsSuiingumaassuaznauniunild de inuooulavdae
Canva Al asnsnasrausegalalumsisovluvaidesssualngliviisdeisou vilriniFoudoddide
uazauddladenues wandliifiuiingunasesdddinuesulatiiadnedie Canva Al anansoadns
wsagdbalunisiSeunwdingy uasisnanuaulalunissews Wdudnssuldunninguaiuay
aAonAdasiuinas dugudua uay Ay (2567) findinded dnnseindiiflosdusenouvainvane 1y
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Fadnus domnumanefii minanmasenuludnvaznmiadeulm Wudu duddumaiouinaden
aenARFnin1w18angy Daffern and Ramful (2020) te3uinnsasnamdnin1wnsanguinnuaziden
adlugUuuuveswndns WesnbumsGesdwuisnysaeluddm nmsueafiunmiidaau findy
uavabumuduesiumdmisrannsadiglidnSeudsmuiananesauiedead suaznaddns
awdangy ansananliinnsBeuslaeidensGsuivannvateritunsldsunm 193 uazeelu
szuveaulavdsildruteddgiiviiliinSsulung ueassdauaninsadunsidsuagnaddws
Medangulagnaeannninguaiuay

3. susuanuilanelasnumsdnnisFeusladldinueeulatifiairsie Canva Al vosiniFeu
ngumeaes Sanufianelalusziuinn WumszUsznsusn wumsdnmsdansGouiiiuunfndidaasy
TiinZsuansinmsagnaddminmndanguinunsving dehsliinFoudoulanufianainauinns
MTIFeeLeY denndasiu Pan et al. (2021) fifmnandiuiinsdouasnaddnsinundsngufonns
Boufiisnusosmasiiadngg wagiinvuufiniad 9 ienumueusiisnusvesidn e
ansnaznadildeg1sgndes Usmsfiaes UnuuNMmausvenufiaiafie Canva Al finuilan
whudusaRiiFe (Multimedia) ssnmuszneu 38y uasnminfissnufgels Fwonseduanuala
vestiniFounaziuasumsviosiriaznafiundelinaeiduauaynauiu aenadasiu ltham et al
(2023) fiszyimsiueundiadu Canva snasrensiinesulaviieltifudensaou aunsafagauas
PreduasunsiansGeumsauliiussdnamennty Ussmsfiann msysanmsinueeulatidaiy
s3ouiRaaisanInwIndeuianunafiu (Low-anxiety environment) tni3suanansaiSeuinng
avnadrunmsaumilaglianisninaniendaflvasneiin aeandesiu 40 Jurdne uay auen o2
\Rosh (2566) Ainaindnuazvesnuesuladiildsunuuiiunaulaasvelvfiauidnlinadunazan
AAAREATIMEY MnwmaTaaUsens tndeudndngieushilddunsasnasdmininsingy
i udunueeulafiaseiae Canva Al Sl seiannsansmumnevesdnamSnguld
agfiusEAvSnn denpdesiu nsadisud mayaild uas A (2568) Feleudiuiimadeuaznas
AYITINGBABAUAINITIUNITINTIR IS NYIVDIAIANTI NTBIS NG BiazANNIYaAd LDy
mwile FsenoliAnmmdlaluamsiinsdessninsddensuazdivans eiinsaeulagldinuosulo
fias1eie Canva Al anansaysannisismsaeulasldinufifiedui e uadaussgalalunsifou
mMwdinguuesineulatnSsuainsaseuiiunsidiusaaluianssy mudedu saddlndunsly
MwdanquEunsiauam UG suTiivualy

4. wonnAMEISITUMSITuE NS inguuaza LR e laTinT uuda Usuidiu
ddiidunuanmssiiumsifoadsd Aemsasreuliifiufuunmemsussgndlduimnssuiinaugly
AUNIIRIZMINAY ANUYINABNNIINISANYT (Educational Equity) kaz 9585351015398 (Research
Ethics) wiian1s3deasd Iiiuindenaoudinuoeulavfiadafe Canva Al fussavEnmuazdsuad
sonqunanesogsiaian uigideldliaruddgyiunsantesiteeuind eua-lunadidsdonts
SeusvesiniseungunIuay msthufanssudananluinfanssuedulfudnduauaunievdaaiadu
mManeaowuiilaseylilumisdeuaninrmdugen (Consent Form) ffu uonmnandunmsdnunans
Usglovdvosounas dadunsduduin msdmaluladYayaiuseivg (A) uldludussuananse
saiumslalaglineliiAanisdenufod SurmalminFoututsenfnudi 1 yoeluauaded 165y
TenmalumsiannamnuaansafumadsuasnamininTndngues atenALaE TR
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Ualauaunus

Totauauurdmiunsumaldgluly

1. msdamsiseuslnelinueaulafiainsie Canva Al luwARTIvsIdMSUNsAnW
desmnifunsahamilaglitygussivifefasiaoutuinies SsmsdnsfnyuazFous 219
UM IiAnsISeuAeamaziBenidiu edliiniSoudiamg arwansa Answssiduiu
SnquszasdmsiFouiuasnzaniuszoviandidmuald

2. M3l Canva Al \JusegaveansysannislyaissAvgluusunnisaeuniwsangy
fdnlendlvinganunsnaiisdenisasy 1 wazfanssuldsenuiesedradangu Tnglidesiinus
Frunsi@ouldsunsy nadnssnandlmiduiauunlduves “Alassisted Learmning Design” §3%78
onszdvanTInurATaTesnIiaou waradisguuvunsioudifanuansyanauindy el
aannd o uLUIAAYDY Roumeliotis & Tselikas (2023) 718331 Al Aoia3 asil ol 4285140
AsEUIUMIARUAEMTARANsYRsIYEd FsannsnuiuuneulivngiugGoundasauld

forausuurdmiunisidoaduioly

1. inueeulatiiiaiieng Canva Al msldnaufudvdevidedu (gu lusu tnunin)
uardifanssumaideusluenedlugiuuuianssungy ¢ Wieladuadamsddmdnlutusouas
Audufiunsideuaznadsedevatssuiuy

2. mslfinuooulatiiadnadme Canva Al msfauiliiiszuy “tufinazuuudnlud@” o
ANazAINTIAEIluMsTuiinaAsiuu

3. sUuvuvennueaulatfiaiiaie Canva Al lusuidetl Whuiiannadouagnaddny
TuruAdesielusnafiansannisesnuuuiisidsliiimsseseaanvinue maiouaznaddni Tugns
Wauinuwensdeansdu q liun mssrudiernundile wienmsdeudadsassé

99AANNS Y

sUwuumsdnnisiseudiasriouliiufmnudndunazanudidnues Canva Al fonis
dnasuanuanusalunmsideuaznamdninusings arwsuduves Canva Al lunssuiunisilie
mMsfntmdadidaveanisdanisdsuiuuulni Tasvimihiiueesflodfyiivasasranalali
tniFeuldIsudarnanuianain (Trial and eron ’uinuesulat Jadaudidaegiedluns
nszduliinBouannsaandlasiainsessidnusuazasnadldogausiugvhenuos Weysannis
mma'mﬂimaﬂﬁmmmizﬁwﬁﬁwﬁ’wﬁumamﬂiaauﬁ’lq 4 fu (si?uqmﬂizmﬂmmﬁm Fuazinld
Fuat1 SusBurenAiniuaziauiny warduasue) Usuunsaeuiiavhiiisad eliagdaouaunse
onuuUdemsBeuiidanudavguuazianzyanals uiditisaisanmieadennanisiiousiian
mnuda ahaussgdle wazduasuliiniSeuAnmusiulalunsideuaznamdwsinedanguls
aeailUsEANS AN

AnAnssuUsENA

Atz IdoveveunsEAAMEATMAnT M InedoTvigaiugtiun Aldvuatuayunis
Fiinwieunsuideatul voreunsEam HA.AT.ANINIA YA uaz AT LTI Aunas
AuzATAIANT UM INeIdETIvAg@uatun dmivduinvuardeiausiuy sudulselovis
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Abstract

The purposes of this research were to 1) study the current state, desired state, and
necessity of school guideline administration based on the Philosophy of Sufficiency Economy,
2) establish guidelines for school administration according to the Philosophy of Sufficiency
Economy; and 3) evaluate these guidelines for school administration based on the Philosophy
of Sufficiency Economy under Udon Thani Primary Education Service Area Office 2. A mixed-
methods research approach was employed, divided into three phases. Phase 1 involved
studying the current state, desired state, and necessity of SEP-based school administration
under the Udon Thani Primary Education Service Area Office 2, consisting of a five-part
framework: 1) Educational administration, 2) Curriculum and instruction, 3) Student
development activities, 4) Personnel development, and 5) Outcomes/Success. The sample
consisted of 127 school administrators. A questionnaire was used as the research instrument,
with reliability coefficients of 0.97 for the current state and 0.98 for the desired state. The
statistical analysis included mean, standard deviation, and priority needs ranking. Phase 2
aimed to establish the guidelines for SEP-based school administration under the Udon Thani
Primary Education Service Area Office 2 through semi-structured interviews with five
purposively selected key informants. The data were analyzed using content analysis, and the
guidelines were confirmed by the same five informants. A confirmation form was used as the
instrument, and data from this phase was analyzed using percentages. Phase 3 focused on
evaluating the guidelines for their appropriateness, feasibility, and utility by a group of experts.

The research findings revealed that: 1) The current state of SEP-based school
administration under the Udon Thani Primary Education Service Area Office 2 was at a high
level, while the desired state was at the highest level. The most need was in educational
administration, followed by curriculum and instruction, personnel development,
outcomes/success, and student development activities, respectively. 2) The proposed
guidelines for SEP-based school administration across all five aspects were confirmed and
evaluated as applicable. 3) The expert evaluation confirmed the guidelines to be appropriate,

feasible, and useful in all aspects, which were rated at the highest level.

Keywords: School Administration Guidelines, The Philosophy of Sufficiency Economy, Udon

Thani Primary Education Service Area 2
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