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Abstract

In today's globalized world, the diverse cultural dynamics within classrooms
necessitate that educators possess strong multicultural competencies. This study sought to
enhance these competencies through a structured Multicultural Competency Training Program
(MCTP). The research aimed to assess the effectiveness of the MCTP in improving the
multicultural competencies of these students. This quasi-experimental study involved 60
third-year pre-service teacher students, divided into an intervention group and a control group,
each with 30 students. The intervention group underwent 14 sessions of the MCTP over seven
weeks, while the control group continued their regular curriculum. Multicultural competency
was measured using the Multicultural Competency for Pre-Service Teacher Students Test with
reliability values .972 before the intervention, immediately after, and one month later. Data
were analyzed using descriptive statistics and repeated measures ANOVA. The results showed
that multicultural competence scores of the intervention group after participating in the
Multicultural Competency Training Program (MCTP) and at follow-up was higher than before
the experiment with statistical significance at the level of p<.001, and the Multicultural
competence scores of the intervention group after participating in the MCTP and at follow-up
was higher than that of the control group with statistical significance at the level of p<.001. In
conclusion, the MCTP effectively enhances the multicultural awareness, knowledge, and
personal skills of pre-service teachers, which are essential for their professional preparation in

diverse educational environments.

Keywords: Multicultural competency, Pre-service teacher students, Developing of

multicultural competency, Multicultural competency training program
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Introduction

In the rapidly changing field of education, the roles and responsibilities of teachers
are undergoing significant shifts (Ingersoll et al., 2021; Reinius et al, 2022). Historically,
educators were perceived as the primary sources of knowledge, responsible for the
transmission of societal wisdom to students (Akiba, 2011; Liu et al., 2023; Tenzin, 2023).
However, this conventional model is being reshaped by technological advancements and
demographic shifts, which demand that teachers not only disseminate knowledge but also
foster an inclusive and dynamic learning environment (Kim & Maloney, 2020; Rock et al., 2016;
Samsari et al., 2024). As digital technology makes information more accessible, the role of
teachers increasingly involves facilitating learning, mentoring, and guiding students (Borko,
2004; Haleem et al., 2022).

This paradigm shifts towards a more student-centered learning approach under-
scores the necessity for teachers to develop a wide range of competencies, particularly in
handling the diverse cultural backgrounds of their students. Multicultural competence,
essential in today's global education systems, involves the ability to effectively engage with
students from various cultural, ethnic, and linguistic backgrounds (Chun & Evans, 2016).
Multicultural competency, a crucial element in global education systems, involves the ability
to effectively engage with students from various cultural, ethnic, and linguistic backgrounds
(Ganesan & Morales, 2024; Lee et al., 2023; Woolfolk, 1998). This set of skills ensures equitable
learning opportunities for all students and is becoming increasingly vital given the global
movement of populations and the resulting cultural diversity in classrooms (Darling-
Hammond, 2012; Landsman & Lewis, 2023; Liddicoat, 2022; Parkhouse et al., 2019).

Multicultural competence encompasses three foundational dimensions: cultural
awareness, cultural knowledge, and personal skills (Banks, 1994; Sue & Sue, 2008). Cultural
awareness involves understanding and appreciating different cultural backgrounds, including
one’s own. It requires recognizing personal biases and stereotypes and developing sensitivity
to how these perceptions affect interactions with others. Cultural knowledge extends this
awareness to include a substantive understanding of the norms, values, and beliefs of different
cultural groups, enabling educators to implement culturally responsive teaching strategies
(Banks, 1994; Chiu & Hong, 2013; Sue & Sue, 2008). Personal skills related to multicultural
competence, such as effective communication, empathy, conflict resolution, and adaptability,

are crucial for creating supportive and inclusive classroom environments (Adili et al., 2023).
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These skills help teachers navigate the complexities of multicultural classrooms, thereby
enhancing student engagement and learning outcomes (Zakaria, 2000).

The increasing diversity of student populations presents challenges in preparing
teachers who can effectively work in multicultural settings (Gay & Howard, 2000; Noordhoff &
Kleinfeld, 1993, Wee et al.,, 2024). Research indicates that well-designed teacher training
programs focusing on multicultural competencies can significantly improve educational
experiences and outcomes for students from di-verse backgrounds. Such training helps
teachers recognize and overcome cultural barriers to learning, which is essential for closing
achievement gaps among different student groups (Burnett et al., 2004; Keengwe, 2010).
Furthermore, integrating the concepts of Banks (1994) and Sue & Sue (2008) with theories from
learning, educational psychology, and counseling psychology, along with group process
techniques, training methodologies, and technology, can create an innovative and
comprehensive training program.

Additionally, the role of education in promoting social cohesion highlights the
importance of multicultural training in teacher education. Teachers proficient in multicultural
competencies can foster understanding and respect among students from various cultural
backgrounds, contributing to a more inclusive society. This is particularly crucial in contexts
where ethnic and cultural tensions need to be addressed. This aligns with the 20-Year National
Strategy (2018-2037) of Thailand, which emphasizes the importance of preparing individuals
with multicultural competencies to support cultural diversity (Office of the Secretary of the
Board of Directors National Strategy, 2018). The 20-Year National Education Plan (2017-2036)
of Thailand also underscores education that fosters citizenship and promotes living together
in a multicultural society (Office of the Education Council Secretariat, 2017).

Furthermore, the role of education in fostering social cohesion underscores the
importance of multicultural training in teacher education. Educators proficient in multicultural
competencies can promote understanding and respect among students from different cultural
backgrounds, thereby contributing to a more inclusive society. This is particularly vital in
contexts where ethnic and cultural tensions need to be addressed.

The increasing diversity in Thai classrooms, coupled with the country's participation
in global educational initiatives, underscores the critical need for multicultural competency
training in pre-service teacher education. This study addresses this gap by evaluates the
effectiveness of a Multicultural Competency Training Program (MCTP) designed for pre-service

teachers at a major university in Thailand. By enhancing participants' cultural awareness,
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cultural knowledge, and personal skills, the program aims to prepare them to manage diverse
classrooms effectively. Comparing the multicultural competencies of teachers who have
undergone the MCTP with those who have not, this research seeks to determine the impact

of structured multicultural training on teacher preparedness.

Objectives
The study aimed to assess the effectiveness of the MCTP in boosting the multicultural

competencies of pre-service teacher students in Thailand.

Method

1. Research Design and Sampling

This quasi-experimental study: the two-group pretest—-posttest design, aimed to
develop multicultural competency among pre-service teacher students in Thailand. We
proposed two hypotheses:

Hypothesis 1: Multicultural competence of the intervention group after participating
in the Multicultural Competency Training Program (MCTP) and at follow-up will be higher than
before the experiment.

Hypothesis 2: Multicultural competence of the intervention group after participating
in the MCTP and at follow-up will be higher than that of the control group.

The sample size was determined using the G* Power program. The following data
was used to calculate the desired sample size: test family: F tests, statistical test: ANOVA:
repeated measures, within-between interaction, effect size: .27, power Analysis: .80 (Cohen,
1977), O: .05, number of measurements: 3, resulting in 24 pre-service teacher students for
each group. We considered the potential dropout rates and incomplete responses and added
an additional 20%, which resulted in a sample size of 30 pre-service teacher students for each
group (intervention and control), totaling 60 participants. Selection criteria included being over
18 years old, enrolled as third-year students at the Faculty of Education, Mahasarakham
University, and fluent in the Thai language. Participants unwilling to participate were excluded
from the study.

The study utilized purposive sampling to select areas and participants, who were
then equally divided into two groups: control and intervention. To minimize extraneous

variance, the matching pair method was employed, using similar scores.



Uit 31 atuil 1: unsrem - figuieu 2568
Vol. 31 No. 1: January - June 2025 5

The intervention group underwent the MCTC program, while the control group
maintained their regular schedule. Both groups were assessed using the Multicultural
Competency for Pre-Service Teacher Students Test (MCPSTST) to measure changes in
multicultural competency before the intervention, immediately afterward, and at one month
follow-up.

2. Intervention

Following approval from the Institutional Review Board of Khon Kaen University
(protocol code HE653150 and dated 9 August 2022), we initiated the study by meeting with
participants to explain the objectives, procedures, and protections for participant rights. All
participants provided signed informed consent before participating. The Multicultural
Competency Training Program (MCTP) covered three core areas of multicultural competency:
cultural awareness, cultural knowledge, and personal skills (Banks, 1994; Sue & Sue, 2008).

The intervention consisted of 14 sessions held over seven weeks, with meetings on
Mondays and Fridays. Each session lasted 120 minutes, focusing on interactive and
participatory learning methods such as lectures, small group discussions, whole-class practices,
case studies, games, role plays, and other group activities (Benuto et al.,, 2018). The training
encompassed 12 topics, distributed as follows: the first were orientation and relationship
building, two through four sessions were dedicated to developing cultural awareness, sessions
five through seven targeted the enhancement of cultural knowledge, the remaining sessions
from eight to thirteen were focused on building personal skills, and fourteen sessions were
post-orientation.

Learning outcomes that are designed to build upon one another, ensuring a
holistic development of multicultural competency necessary for effective and inclusive
teaching. By the end of the program, participants are expected to have a comprehensive
toolkit of skills and knowledge to bring into their professional practice, enabling them to
contribute positively to the diverse educational landscapes they will encounter.

This comprehensive approach to multicultural training, underpinned by robust
psychological, cultural, and educational theories, highlights the importance of structured
intervention in developing effective multicultural competency among pre-service teachers.

3. Research Instrument

3.1 Multicultural Competency for Pre-Service Teacher Students Test (MCPSTST)

The MCPSTST, developed by researchers and based on frameworks by Banks (1994)

and Sue & Sue (2008), measures the multicultural competency of pre-service teacher students



NTANTNTIANANITANY UNTINYIRBUMIEITAM

6 Journal of Educational Measurement, Mahasarakham University

in Thailand. The instrument comprises 104 items across three components: cultural
awareness, cultural knowledge, and personal skills. Responses are recorded on a five-point
Likert scale ranging from 0 (least) to 5 (very high). The scores are categorized into five levels:
lowest (1.00-1.50), low (1.51-2.50), moderate (2.51-3.50), high (3.51-4.50), and highest (4.51-
5.00) (Best, 1981). The reliability of the scale is confirmed with a Cronbach’s alpha of 0.972.

3.2 The Multicultural Competency Training Program (MCTP)

This program was designed by researchers to enhance the multicultural
competencies of pre-service teachers in Thailand, drawing upon a comprehensive literature
review. The program covers all three multicultural competency elements: cultural awareness,
cultural knowledge, and personal skills. The 14-day training program includes lectures, small
group sessions, whole-class practices, case studies, role-plays, group activities, and discussions.
Five experts specializing in cultural psychology, training psychology, and evaluation and
measurement validated the content of the program. Each activity within the program was
assessed for appropriateness of content of the program and scored between 1.00 and 5.00,
the mean scores were divided into appropriateness five levels: lowest (1.00-1.50), low (1.51-
2.50), moderate (2.51-3.50), high (3.51-4.50) and highest (4.51-5.00) (Best, 1981), with average
score of each item was between 4.20 - 4.73 and the average of every activity was at 4.46,
indicating a high level of training program appropriateness.

3.3 Sociodemographic Variables

The study collected socioeconomic characteristics through eight items, incorporating
both multiple-choice and open-ended questions. These variables included gender, age,
religion, field of study, year of study, region of institution, and experience traveling abroad,

with the tool development informed by literature reviews.

4. Data analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS), Version
21 (SPSS, Chicago, IL). Participant characteristics were described using descriptive statistics,
including frequencies (percentages), means and standard deviation. Repeated measures
ANOVA analyses tested the associations between multicultural competency among pre-
service teacher students at different times. The analysis confirmed that the assumptions of
ANOVA (normality and homogeneity of variance) were met. The primary objective of the
analysis was to determine if there were significant differences in outcomes before,
immediately after, and one month following the intervention between the intervention and

control groups. Statistical significance was established at a p-value .05.
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Results

The study involved 30 pre-service teacher students in each of the intervention and
control groups. Among these participants, 46.67% (n = 14) in the intervention group were
female with an average age of 20 years (SD + 0.50). Similarly, 46.67% in the control group were
male, also with an average age of 20 years (SD + 0.50). All participants were Buddhist, in their
third year of study, and from institutions in the Northeast region of Thailand. In terms of
academic disciplines, 16.67% (n = 5) in both groups were studying Thai and English. Regarding
international exposure, 50% (n = 15) of the intervention group participants had experience
traveling abroad, with the remaining 50% having no such experience. In contrast, 53.33% (n =
16) of the control group had traveled abroad.

As depicted in Figure 1, the intervention group's multicultural competency initially
scored at a low level (1.80 + 0.15) but showed significant improvement in the post-test (3.93
+ 0.38) and follow-up (4.20 + 0.20). In contrast, the control group started at a similarly low
level (1.74 + 0.21) and only reached a moderate level in both the post-test (2.62 + 0.14) and
follow-up (2.86 + 0.11).

=

©

[

£ 4

? W Pretest
@ 2.86

] 3 2.62

a g

€ ©

S 9 5 I Posttest
E

e

3 1 Follow-up
=

=

£

Intervention Group Control Group

Figure 1. Distribution of multicultural competency among Pre-Service Teacher

Students of intervention group and control group

As presented in Table 1, significant differences were observed in multicultural
competency scores across the three time points: before the intervention, immediately after,
and one month post-intervention. The mean scores of the intervention group were
significantly higher than those of the control group (p < .001). Moreover, a statistically
significant interaction effect was found between the intervention method and time (p < .001),
indicating a sustained and progressive improvement in the intervention group compared to

the control group over the study period.
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Table 1. The variance of multicultural competency of pre-service teacher students between

the Intervention Method & the Duration of the Experiment

Source Sum of df Mean F p

Squares Square

Between Groups
Intervention - Control 1435.985 1 1435.985 25792.163 <.001
Error 1.615 29 .056

Within Groups

Duration of Experiment 97.336 1.709 56.946 2260.801 <.001
Duration of Experiment X Method 15.946 1.641 9.715 488.862 <.001
Error 946 47.600 .020

Discussion

The Multicultural Competency Training Program (MCTP) has proven to be significantly
effective in enhancing the multicultural competencies of pre-service teachers in Thailand,
thereby supporting the initial research hypothesis. The intervention group, which participated
in the MCTP, demonstrated marked improvements in their ability to comprehend and engage
across various cultural contexts when compared to the control group. This enhancement is
vital in today's global educational settings, where teachers frequently encounter culturally
diverse student populations. The observed improvements in the intervention group's
multicultural competencies can be attributed to the comprehensive design of the MCTP,
which included targeted training on cultural awareness, cultural knowledge, and personal
intercultural skills. Diaz-Rico (2019) underscores the necessity of extensive cultural
competency training within teacher education programs to adequately prepare educators for
the diversity present in contemporary classrooms. This assertion aligns with recent studies
indicating that such programs are effective in enhancing pre-service teachers' readiness for
diverse educational environments (Jones & Lee, 2021). The significant post-intervention
improvements underscore the program’s efficacy in bridging the gap between theoretical
knowledge and practical application, which is essential for the professional preparedness of
pre-service teachers.

The first hypothesis anticipated that the multicultural competence of the
intervention group, both immediately after participating in the MCTP and at a follow-up, would
be higher than prior to the intervention. This hypothesis was confirmed by the substantial

improvements observed post-intervention. In contrast, the control group, which did not
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undergo the MCTP, exhibited no significant advancements in multicultural competency. This
disparity highlights the importance of structured and systematic multicultural education within
teacher training programs. Gay (2018) notes that without intentional and structured
interventions like the MCTP, pre-service teachers may not develop the necessary depth of
cultural competencies required in today’s diverse educational landscapes. The clear
difference in post-training competencies between the two groups strongly advocates for the
incorporation of formal multicultural training modules into teacher education curricula (Banks,
2015; Buysse et al., 2009; Buysse et al., 2012).

Recent studies corroborate the effectiveness of such structured interventions.
Christensen and Knezek found that reducing bias through simulation experiences significantly
enhances the effectiveness of culturally responsive teaching strategies (Christensen & Knezek,
2022). Additionally, Walker (2023) highlighted that pre-service teacher engaged in culturally
responsive teaching practices demonstrated improved cultural competence and equity in
education. Muniz (2019) conducted a 50-state survey, revealing the critical need for culturally
responsive teaching standards to ensure educators are well-prepared to address the cultural
dynamics of their classrooms. Similarly, Caingcoy et al. (2022) emphasized the importance of
culturally responsive teaching in enhancing teachers' ability to effectively manage classroom
diversity. Implementing such programs can bridge cultural gaps that often hinder the
educational process, thereby improving both teacher confidence and student performance.

The second hypothesis posited that the multicultural competence of the
intervention group, both immediately after participating in the MCTP and at a follow-up, would
be higher than that of the control group. This hypothesis was validated by the statistically
significant improvement in the intervention group's competency scores compared to the
control group. The MCTP's design is grounded in various theoretical principles. These
frameworks facilitate the development of cultural awareness, knowledge of culture, and
personal skills, and solution-focused approaches to address presenting issues. Recent studies
have further supported the importance of integrating these frameworks into multicultural
competency training. The development of culturally competent pre-service teachers is crucial
for fostering inclusive classroom environments (Lewis Chiu et al., 2017). Such environments
encourage discussions about cultural differences and help build authentic relationships with
students from diverse backgrounds (Moore, 2021).

The integration of cultural competency, diversity, equity, and inclusion (CCDEI)

standards into teacher education programs has been shown to enhance teachers' ability to
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manage and appreciate classroom diversity (Professional Educator Standards Board, 2021).
Furthermore, research underscores the impact of comprehensive cultural competence
training, noting that such programs significantly improve teachers' cultural awareness and
effectiveness in diverse educational settings (Jones & Lee, 2021). The inclusion of role plays,
case discussions, and lectures in the MCTP is particularly effective in developing practical
counseling skills among aca-demic advisors. These activities provide a dynamic platform for
pre-service teachers to engage in real-world scenarios, thereby enhancing their readiness to
address cultural issues in classrooms (Buysse et al., 2009). By incorporating these diverse
theoretical approaches and practical activities, the MCTP ensures that academic advisors are

well-equipped to foster inclusive and supportive learning environments.

Implications of the Findings

The findings from the Multicultural Competency Training Program (MCTP) hold
significant implications for educational practice and policy, particularly within the realm of
teacher education. As demonstrated in the study, the enhanced multicultural competencies
among pre-service teachers not only prepare them to effectively manage diverse classrooms
but also contribute to broader educational goals such as equity and inclusivity.

For educational practice, the successful implementation and outcomes of the MCTP
suggest that integrating structured multicultural competency training within pre-service
teacher programs can profoundly impact the effectiveness of future educators in diverse
environments. Teachers equipped with these competencies are better prepared to address
the varied cultural backgrounds and needs of their students, thereby promoting a more
inclusive and supportive learning environment. This aligns with the assertion by Banks (2015)
that multicultural education is not merely an additive to teacher education but a necessary
component to address the realities of contemporary classrooms.

Moreover, the significant improvements in cultural awareness, cultural knowledge,
and interpersonal skills among the intervention group underscore the need for such programs
to be comprehensive, touching on various aspects of cultural competency. Teacher education
should encompass not only the theoretical understanding of cultural diversity but also
practical strategies for managing it. This can include training on cultural sensitivity, conflict
resolution, and effective coommunication across cultural boundaries, all of which are essential

for fostering an environment conducive to learning for all students.
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From a policy perspective, the study’s findings advocate for the systemic integration
of multicultural training programs like the MCTP across all teacher education in-situations.

Policymakers should consider mandating multicultural competency as a core
component of teacher certification and ongoing professional development. Such policy
initiatives could ensure that all teachers have the requisite skills to manage and leverage the
benefits of classroom diversity.

Furthermore, policies supporting such programs could encourage higher education
institutions to allocate resources towards developing and updating their multi-cultural training
curricula. This could involve collaborations with multicultural experts to ensure that the
training remains relevant and reflective of current social dynamics and educational needs.

Strategically, the implications of integrating a program like the MCTP into teacher
education extend beyond the classroom. Educators trained in multicultural competencies can
act as catalysts for change, promoting social cohesion and intercultural under-standing among
the broader community. As society becomes increasingly globalized, the ability of teachers to
model and teach inclusive practices and cultural sensitivity becomes more critical. Therefore,
by investing in comprehensive multicultural training for teachers, educational systems not
only enhance the quality of education but also contribute to the building of more harmonious

and integrated communities.

Limitations of the Study

The study assessing the effectiveness of the MCTP for pre-service teachers in Thailand
presents several limitations that are crucial to consider when interpreting the findings and
considering their applicability. The sample size, while adequate for initial findings, is relatively
small and restricted to a single educational institution. This limitation may impact the
generalizability of the results to other contexts or regions, potentially limiting the applicability
of the findings to different educational settings or cultural backgrounds. Moreover, the
duration of the follow-up period only one month after the intervention may not be sufficient
to determine the long-term retention of the multicultural competencies acquired through the
MCTP. Future studies could benefit from a longer follow-up duration to assess the enduring
impact of the training.

Overall, while this study provides valuable insights into the potential benefits of

multicultural training programs in teacher education, the limitations noted call for cautious
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interpretation of the results and suggest areas for further research to validate and extend

these findings.

Recommendations for Future Research of the Study

The findings from this study on the MCTP offer several directions for future re-search,
aimed at enhancing the development of multicultural competencies in pre-service teachers
and examining the broader impacts of such training.

Firstly, future studies should aim to assess the long-term effects of multicultural
competency training. While the current study indicates significant improvements shortly after
the intervention and one month later, it is crucial to determine whether these competencies
are sustained over a longer period. Researchers could conduct longitudinal studies that follow
participants for a year or more to evaluate the persistence of multicultural skills and their
practical application in diverse classroom settings. This would provide deeper insights into the
training's effectiveness and inform continuous improvement of the program. Additionally,
extending the research to include diverse educational settings and geographical locations
would help to validate and generalize the findings of this study. Comparing how multicultural
training programs perform in different cultural contexts or across various educational levels
could reveal essential insights into the adaptability and scalability of the MCTP. It would also
address the limitation related to the small and region-specific sample size of the current study.
Moreover, future research should explore the potential for enhancing the training modules
within the MCTP. This could involve integrating technology-enhanced learning tools, such as
virtual reality or online collaborative platforms, to simulate more realistic and diverse
intercultural interactions. Researchers might also consider developing advanced modules that
cover broader aspects of cultural competencies and multi-dimensional interventions on
psychological or social factors, including implicit bias training and advanced conflict resolution
techniques. The educational program should facilitate a comprehensive understanding of life
course theory and the temporal experiences associated with individual life trajectories,

particularly within the context of contemporary late modern societies.

Conclusions
This study conclusively demonstrates the effectiveness of the MCTP in enhancing the
multicultural competencies of pre-service teacher students in Thailand. The intervention

group, which received structured training in cultural awareness, cultural knowledge, and
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personal skills, showed significant improvements compared to the control group. The findings
underscore the necessity of integrating targeted multicultural training into teacher education
programs to prepare educators for diverse classrooms. The substantial improvements
observed highlight the MCTP's role in fostering inclusive teaching practices, which likely
enhance educational outcomes by creating a learning environment that respects and values
diversity. Statistical analysis confirmed the program's impact, showing significant differences in
multicultural competency between the intervention and control groups post-training and at
one-month follow-up. These results validate the MCTP's effectiveness and support its
continued use and expansion within teacher training curricula. Given the global nature of
contemporary education, prioritizing multicultural competence in teacher training is
imperative. This study confirms that structured interventions like the MCTP can effectively
develop these competencies. Future research should explore the long-term impacts,
scalability, and implementation across different cultural settings to further refine the program
components. In conclusion, comprehensive multicultural training is essential in modern
teacher education, preparing teachers to contribute positively to diverse educational

landscapes.
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Abstract

This research aimed to: 1) identify the components and behavioral indicators of critical
thinking skills in sixth-grade students; 2) develop and examine the quality of a critical thinking
skills assessment tool for sixth-grade students; and 3) establish cutoff scores for critical thinking
skills using a design-based research approach. The sample consisted of 500 sixth-grade students
selected through multi-stage random sampling for the main phase of data collection.
The instrument was a multiple-choice test with four options per item; a correct response
received 1 point, while an incorrect response received 0 points. Data were analyzed using
classical test theory (CTT) and item response theory (IRT). The findings as follows:

1. The synthesis of critical thinking components resulted in five key elements:
1) problem identification, 2) hypothesis formulation, 3) data collection, 4) data analysis, and
5) conclusion drawing.

2. The quality assessment of the instrument revealed that the item-objective
congruence index was 1.00 for all 40 items. The quality after using with item response theory,
it was found that the discrimination parameter (a;) was between 0.39 and 5.03, the difficulty
parameter (b)) was between -1.29 and 5.14, and the guessing parameter (c;) was between 0.13
and 0.27.

3. Model fit indices suggested that a three-class latent model-—comprising high,
medium, and low critical thinking skill groups—was the most appropriate (Likelihood = -
11858.198, df = 378, AIC = 23960.395, BIC = 24474.578, Adj.BIC = 24087.342, E, = 0.846). The
cutoff scores were 23.7 (between high and medium groups) and 16.1 (between medium and

low groups).

Keywords: critical thinking skills, latent class analysis, measurement tool
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Foudosudn wwdesdinisTanisusafiufiungay uasdoslimstvuninaeinsysadiulfaenades
fuinainisusuiduiiu 9 TnensfmuagadaviemstmuainasinisUssdiuiuansayiilivaeds
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350U
Fanus B S.E. R?
malseiasduszneudsBususuduiinis
msszylamn (PRO) PRO1 0.549 0.039 0.698
PRO2 0.431 0.042 0.185
PRO3 0.465 0.043 0.216
NITEYAULRFIY (HYP) HYP1 0.589 0.042 0.347
HYP2 0.520 0.042 0.271
MITIUTINTeYa (DAT) DAT1 0.460 0.044 0.211
DAT2 0.445 0.044 0.198
DAT3 0.419 0.045 0.176
mﬁmmzﬁ%’a;&a (ANL) ANL1 0.165 0.049 0.027
ANL2 0.365 0.046 0.133
ANL3 0.643 0.043 0414
ANL4 0.267 0.045 0.071
ANL5 0.227 0.047 0.052
m'iaﬁaaqﬂ (CON) CON1 0.647 0.032 0.418
CON2 0.532 0.036 0.283
CON3 0.638 0.032 0.407
maianziasdusznauidsdudududuiiaas
Minwen1sAneeeiiansagad (CTK) PRO 0.923 0.047
HYP 0.935 0.056
DAT 0.937 0.058
ANL 0.624 0.053
CON 0.939 0.028

1NM15 1 Uazan 1 wudnardiminesAadszneuluguaruuunnggiu (standardized

coefficient : B) vaslutnasAUsznouinwen1sAneg 19l sy Ialusuaufinis (first-order)
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Y |

azdafiAmIUd ety (Reliability: RY) Aau 0.027 519 0.698 Lanaindusdna 16 sididusuedn

Y a

dAgysinvinvenisAnaginsg el ulsiaz0sRUsTnaUE oY

WeRarsanamumtnesruseneuluuas ULl InsgLYelinaaeAUTENaUALT AU YRIAT
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p89ldudANIednANTEaU 0.01 919 5 AN
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Tusrgdninemansuasmaluladssfuduuszoufnul 63eesiusznevdosuasisatulasns
vdulszans uoanvesasouuin (Cronbach’s Alpha coefficient) Taglalusunsu SPSS wua1
Apnaniissssesdusznouliansening 0497 - 0.661 Aananiissvesdoaeusisatu Sawvinfu
0.825 N1531A5 LR ATBILIITIMUNAUNG BT N1SVAdE ULUUA LAY (Classical Test Theory: CTT)
Tngldmdulseansanduiusvosnsinsgieuduiuvosnziuusede faegsznin 0.275 -
0.530 LLazm'ﬁmeﬁﬁhmmmﬂdwmumwﬁmimaauLLUW"?@L@M (Classical Test Theory: CTT)
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fidegseming -1.29 4 5.14 uazilofiarsandndondemauifinunmitveusuls s 37 4o
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ca' A ° v
WS@N?UI@WQWN@IQWUUU 40 U9

nauil 3 namsaARARzULLInYEMsAnaE il M esinFeutuUssanfnu il 6
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nauuils MuasAUsznauts 5§ deusgnoudae n1sszydiam (PRO) N3z yaNuRgIu (HYP)
MITIUTITeya (DAT) MR evidaya (ANL) agnisastaasy (CON) 91nn1siiansanaunauniy

v
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=

uels (Entropy : B wui1 laeafifismnunguues 3 nau iduluimaifinnumsnz auuas e s
ASIALLNNINNTANTUIINTIAR (Likelihood = -11858.198 , df = 378 , AIC= 23960.395 , BIC =
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(pvalue = 0.6181) dstfuduunauudivasinidsunuvinue nsAneg 19t arsug iz as
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a Y

(nguunans) uaznguudsvinwgnisanegsiiiansag i 3 (hausn) WeRansanazuuLgafinves
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Ussifudl 2 aunmvssuuuiainesnisAnagrediiansugialuseivinermansuas
weluladszduduussoufnud 6

NNANITIATIENANNINYBILUUTATINBEN15ARBE 1T s luseIv Inemansuay
weluladseautulsyoufinu i 67ldwauTy Saunmaunusifsonsuld teefineazdadd

1.1 A3uAsTanqud) (construct validity) Wu31 WUUTANTNYENITAABE 19T TANTUY N
Tusedninermansuazimaluladsedutuussondnudi 6dadadanuaonndosszning
aafUszneunuEnsAneg i suaiuiid fnesdussnauinusmsanedne $39150m00
TnegiBeamey 5vi wihiu 1 vianun 40 4o Sseglunasifisensuld Ao 0.8 Juld (Davis, 1992)

1.2 aandies (Reliability) wuinwuuiavinuenisanegneiiansaanalusiedninemansuas
weluladssiudulssonfnundi sdldmnuiisinunguinsvaaeuwuusaiy (Classical Test
Theory: CTT) 1gaeAUsEnoUilA15EMINg 0.497-0.661 Tsagluinmsideudiem daunasifieeusuld
A9 11nN31 0.5 (Kanjanawasee, 2013) usiti afiansanisaty fAindv 0.825 d19199ztinann
Hadovargogne Wy mmenvesieaey srevnailumsviidedsy e uudedeuiiunauliuly
Frtumnaziiluldade msusuuuuuTuazassaeuaunmdeaeulndnads

1.3 A1971119916UN (discrimination power) WUIILUUT AN NYEN1TANDL 19T 1T
Tusedvinemansuazmaluladszdutulszoufnudi 6 Saswasuunmunguinisvadey
wUURAL (Classical Test Theory: CTT) fie1agsewing 0.2746-0.5300 Gsagluinausifisansuld fo
fiAnegsenine 0.2-0.8 (Kanjanawasee, 2013)

1.4 Ampuendie (difficulty) wuinkuuininwenisAnegreiiiansagalusedsineeans
uazineluladsziututszoufnun i 6idulauendemunguinsvadeuiuudaia (Classical
Test Theory: CTT) 8¢/ 55314 0.35-0.73 4 s0gTutnasifl ousuled AoflAeg58w319 0.2-08
(Kanjanawasee, 2013)

1.5 AMN1918LABT 91U UN (3) WUTIMUUTAYT NYEn1sAneg1edTa1sugalusiedvn
nenmanduaznaluladsedutulsyoufnua 6 damnsdmessimnasiuun (@) MungunIs
AOUALBITBADY (Item Response Theory: IRT) 8¢/5¥11914 0.39 - 5.03 uaziil oflansandaiden
Yomauiifinuandisensuld d1uau 32 9o Jsegluinasifivensuld Aefldregszmning +0.50 A
+2.5 (Kanjanawasee, 2020) 1 8 dofimnsusuussnanmassioasy

1.6 AMWITIAMRIAINEINURITOERU (by) WUIMUUTRTinYzn1TARBETRI T TR
Snereanduazimeluladsydudulssan@nudi 6 dannsdmesanuenvesdeaou (b) Ay
nguiin1snevaussteasy (tem Response Theory: IRT) Bgj3¥wing -1.29 f14 5.14 uaziilefiarsan
Andondomanuiisinunmdisensuls $1uau 37 ¥ Jsegluinasineensuld Aeflrogszmning -2.5

04 +2.5 (Kanjanawasee, 2020) i 3 YanAsUiuUnIRunmMvItadey
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wirdu 16.1 1 Junzuuugadad aunsanvanguudsinuenisAned1ed T sugralusede
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=

2.2 viesnlusudseduuuiainuenisfnegrsiiasayialusieivinemansuas
weluladseiutulszaufnud 6 Tsuuuumsliesuuununguiinismevaussoaeuuuunsialy
ATLUY 2 A1 (dichotomous item response theory) Tun1s3sensesluaasinisidieuniisudy
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Abstract

This research aimed to: 1) develop a scale and a set of anchoring vignettes to measure
growth mindsets for lower secondary school students, and 2) validate the developed scale by
applying the anchoring vignettes as supplementary tools to aid students in interpreting and
responding to the scale items effectively. The sample for this study comprised 300 lower
secondary school students enrolled in the LamPang Primary Educational Service Area Offices
1 to 3. They were selected using a multi-stage random sampling method to ensure
representation across the schools. The research utilized a combination of a growth mindsets
scale and anchoring vignettes as its primary data collection tools. Data analysis was conducted
using Cronbach's alpha coefficient to assess internal consistency, Pearson’s correlation
coefficient to explore relationships between variables, confirmatory factor analysis to validate
the scale structure, and item response theory to evaluate item performance and
characteristics. The results of the study revealed two main findings. Firstly, the developed
growth mindset scale exhibited acceptable content validity, with a content validity index
ranging from .60 to 1.00. Additionally, the high Cronbach’s alpha coefficients of .91 indicated
a high level of internal consistency within the scale. Furthermore, the analysis confirmed that
the developed vignettes met the assumption of vignette equivalence, as respondents
perceived the situations described in the vignettes uniformly. Secondly, the utilization of
anchoring vignettes to mitigate response biases resulted in an improved quality of growth
mindset measurement. This improvement was evidenced by enhancements in Cronbach’s
alpha coefficients, item discrimination, factor structure, and construct validity. Moreover, the
data analysis employing item response theory demonstrated that the incorporation of
anchoring vignettes in measuring growth mindsets led to enhanced measurement precision

across a wide range of proficiency levels.

Keywords: growth mindsets, anchoring vignettes, classical test theory, item response theory



NTANTNTIANANTANYT URINLIRYUNEITAIN

36 Journal of Educational Measurement, Mahasarakham University

UNUI

Insisunedwmiumndevesyanaisrfunsuiuusdiesioanungiomunas ety
Wnuweidfydmsuaiudnga (critical success skill) Dweck Lafnundiildosuraarudadn
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1NANIN50 é’umum’%auuazLLiﬂﬁ’umaiﬁ]mﬂﬂ’;mﬁﬂﬁwaﬂiﬁu (Dweck, 2006) NIRRT
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(Wongyai & Patphol, 2020) n1sldaviudni “Insisungaien” (Suriyachanhom & Piyakul, 2018)
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N13138UNTARUAUNTHAUNANEANE LT 81 (Wongyai & Patphol, 2019) uonanilnsisuesion
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(Sutthisomboon, 2020; Stankov et al., 2009; Stankov et al., 2012) LLazﬁmmé’mﬁuﬁ‘ﬁwaé’qu‘é
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5 89AUSENBU 31U 25 99 MRuUnsUSEIINAT 3 SEaU (1= Wiuene, 0 = taudle, -1 = ladiume)
LAY LUURASIIAINEBAARBINUREINLALANSIS8Ia1AUTBIIUEAG 5 89AUSENDU 533 15 FULEAG
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1.3 MaAUTIUTINTeLAln gL UUATINERUAINATUTUTO MBI RTUTEU AR

wOADIIUEAAATLVTIAAAINAN SNl U WY

q

v

1.4 m'ﬁl,ﬂiwﬁsuayjaﬁaa Index of Item Objective Cognitive Congruence (I0C) wag
content validity Index (CVI)
2. AvresBUANN YR IUUTAln TS INedlunLAT U LABSIULERG
2.1 {Adesuiiunmrsaeugun ey TafuinGsutusseuAnwmeudululsuiou

v Y 1

nanwaslulsassurgelonaditadinauasiiufinisfinwuszandnwnazlilingudiegng

o va v 3

1UIU 2 159584 15958Uag 30 AU LABYINNNSNAABILTLASBILBINUIU 2 ATI TILABLASINI LN

Y
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¥ £ = [ 0 =

ﬁuagamﬂuﬂLﬁaumuuﬁamwﬂﬁ 1 89 3 Huaz 10 AU 593 30 AU
2.2 \wseaflefildlunisisuusznausie wuusalnsSounedion S1uau 25 90 Gruu1ns
Uszanaue 4 sesu (1=lafiusengneds, 2=ldiugne, 3=1udie, d=ifuseng9d) uasueuness
Tuead 5 YAAIDINTWEAA U 15 Tulend uiaziwendUseidualsunnsussunua 4 seau
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2.3 naifvsusindeyalasvenadeveninueylnszinaaesldiaieslioidoain
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2.4 mslasevidoya Usznausie Ardudssdniuoanivesnseuuia uazdndou
Msgsuiuendlaeldlusunsy R 11039u R 4.2.2 unAwna mokken, mirt wag ttm
2827 2 mmswaaugmmwmaLLUU'S’ﬂﬁauLLawé'qU%’UﬂzLLquﬂﬂi%’LLaqtﬂaéqﬁuLamﬁ
1. Useansae dniSeutussondnwmeudu dadndinanueiiufinsdnwlssoudne
911U 91U 2,650 AU Joseph et al., (2018) L@uUo11 AIDYINUINNTY 250 AU LNEIWDADNIT
nnasUANERRRdeINaunduveslunaiill 25 duls drufiolifetslinudusunuresusias
niuftegnainiion §39s3eimundaegandiuiiay 100 Au 520 300 Au ldnn1sdus1agn
LUUMaNeTUmaUs
11 wlsweiiudinisanelegldwafiuidunasild 3 waitudl Usznaudae dudnem
waRuAin1sAnuUsranAneaUiaes 1 dineueiiuiinisfnelssaudneidisen 2 way
dinauafiuiinsanelsyaudneduiaen 3
1.2 l@on@I9g19luUde (sample random sampling) lagn1sdvaainlalsassuannue
aswmituiay 5 Tsadeu 59w 15 15e8eu
1.3 deonseguuuliidudndiu (non-proportional sampling) issaniniFeuluus
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1.4 AgRUsvauauvedlsuiowduidendaeg19niuainugzain (convenience

sampling) Usgnouniy UniseutudisendnwiUn 1 83 3 593 20 Au
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A) runiiuimadalldafdmununsihnueeniusudiiegaeudusedionn uwidumuslmimiaulauay
a1vvzthmsluldlueanld wndvidavhnuiingueumneuasdnonuliofadoasde
v o & v - ) & ] o 0} o
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3. MIAusIvTINtoyalagvensdovenitueuininzldiag esfleidvainainnin
Anwiemans uninedegluniessiinsnuludilsaieunduinegidaenuniludilsasoungnuies
wazdndaasesilonalsuddlunsdifaiinsiAuniaiu 100 Alawns ndmiufioga 300 Ay
ARveladeyanaundudiuiu 300 au Andusasas 100

4. nsiezdteya Usznoude Ad1unaduun Aduuszavsueanivesnseuuia

(Cronbach’s alpha) AduUszand anduiusuuuiiasdu (Pearson’s correlation coefficient) n1s

AT UTENOULTIA1593 (Exploratory Factor Analysis : EFA) n1531AT18%04AUTENDULTS
A U

gudu (Confirmatory Factor Analysis: CFA) wagngufn13nevausstedaunie Graded response
model (GRM)
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1. NANTRRAIUILUUIAINTISUNYALGALAZHDILADIIUBAR WUT WUUTRLAIEUUTZEAND
AUNBINITUYINAY 91 $18909AUTZNUTENIN .68 D9 .78 ANBIUIATILUNTIEVDTENIN .36 DY
59 NANINAUILDLABSILERANUIT aruludiureiueadvesusazyamaindanduuin e
HNITUINITADUAGUVBTUEARNUTT MU 97% 59 98% VDN ADUNINUARBURIFUAILTTITUYIF
YIUEAA IASYAAINIUTNDUAIUAINTTTUIIAVBTULEAALINTAAAD NITAUMUMTIULAT LT
Y] °o & o = o &, o |
Junalaananudisavedsdu 98% 5898311 Av N1TUBLRUAIUNEIeduLduNI9g A
\Wev18y 97% N5PRUSUAINTIINIG 97.66% N3 higavionemnuaNinal 97.33% wazn15uoadiu

AuneludusEgRNLPInY 97% F1n13a 1

A1519 1 NANITIATIERNITABUAWUVDIUAG LazAndudsuvasiuend (n = 300)

NNSABUAIRUYBIULAR anududiiuvesiuend Sovay
FIPUVDNIULAR 1 2 3 Aslilazdingeu
(%) (Uunans) @9 ! ? ’ YaNIULA
1 (6h) - 753 967 - 747 963 97
% 2 Wnan) .007 - 797 240 - 780
3 (Ejﬂ) .003 017 - .030 187 -
1 (6h) - 547 963 - 523 960 93
% 2 Wnan) 023 - 887 430 - 883
3 (Ejﬂ) .003 .003 - .033 110 -
1 (6h) - 967 970 - 926 970 97
% 2 (unang) 0 - 233 033 - 193
3 (Ejﬂ) 0 .030 - .030 747 -
1 (6h) - 543 917 - 500 907 94
% 2 Wnane) 043 - 847 413 - 833
3 (Ejﬂ) .010 .013 - .073 .140 -
1 (6h) - 877 947 - 863 947 98
% 2 Wnan) 013 - 593 110 - 587
3 (Ejﬂ) 0 .007 - .053 .400 -

mnewe sevaznishiazlind1duveiuendiansanai Nviolation Wity 0 (Fue)

PNNsReTIuEadlulazaiuveIueadnud dreudiulvglvirsiuureiuendaindt
doduendiingfnssuduiuliofiansanegeazideanuin n1suesiuaunete1ududuniag
ANITEIYIEY (GM3) graudulue) 74% lravuuniueadiunarawiiuiuendgs
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Andrilauiissiaatuwiiiy 91 s19eaRUsENaUSEIING 66 e 78 A1B1UNRTILUNTIeTaTEWINS
36 9 .66 Wousuazuuulneldusanedueadmduiniuiissiadumiiiu 91 siwesdUszneu
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am“dszﬂa‘uﬁwqmﬁuﬂizﬁw‘éawﬁmﬁuﬁauﬁa%é’uwudw wuuianeulsunzuuulnslduenaess
TULAARVUIAAIUFUNUSVDIAILUTTENIG 071 D9 .508 vuInANUFUNUSVaIRwUsA8 Ty
aafUszneaufiAnsening .14 81 50 Fesuusdulngfivunanuduiusaslussdusznausinia
AuduTUSTUSLUsAsesRUsznou Weusuasuuulnglduaunedaiuendnuin unauduus
sywesudsiAfiutulneiidsening 075 8¢ 831 vuemuduiugvesiulsnelussduseneu
fieinsening 45 fa 83 Feduumnefieglussduszneuifsrduiivuinanuduiusgniidiuys
AgeeAUsENaU wanein nsusurzuuulnslduosresdueenvhlisuusanslussdusznaviivuin
AETUS L ANLNNTY

2.1.3 gunmanuauasidelasiadimanniudeyatutniseusiuig 300 au

Ya v a [ 3

NauIATIENoIRUsENaUITEUY §I387AT1e0AUTENaUTId1TI3 MenTinsiendadusy
(Common Factor Analysis) iian53380UN13TARIAUTENUVBIAILUTIIULATIAT 19N IT8AIR LT

1%

numuuInnaulsuazuulngltlansIulEnfa1uNsaInesrUsEnaule 3 aseUsEnau AN

v

2IAUTTNBUTINING 417 §3 695 Felaseasaveswuuinliidulumuiifideninld nasuuaziuu

Tnelduaarasaluenfaiuisadnasnlsznauls 5 93AUsEnaU ANUIMTNDIAUSENUTENING .652 D

A va o a s

887 Falulumulassasnangidomnld wansiinisusunzuuulaglduosneiuendvinlinisdn

29AUENAUVBIAILUSHANUTAIULINTULABEINNT0INDIAUSENOULIRNSIAUNEITEAIA LY

U
HANTIATIEYiRAUsENe URBuduSuRuniunefiasanAudenndawatlunaiudoya
WeUseany dminesAusenay ANUATuegiln (convergent validity, AVE) wazAIUATATITIUN
(discriminant validity) Wu31 Tutaan15ianaIUs UA LUUAIELEILABS I ULEAATIAIUEDAAR BN U

1%
o

Tayaidauszdny A minesdusenauvestemausening .71 83.92 X2 Wi 520 df Wiy
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265 Y/df Wirfiu 1.96 CFI winfiu .95 TLI winfiu .94 SRMR wirfiu .05 RMSEA wiriiu .06 duluieg
n1sinvesiuuinlnsdsunedignnoudsuazuuulaglduesnes ueadliaenndesiudaya

v
v € 1 o

WaUEANY AUIMTNB9AYTENBUVRITEAININTENINN .43 B3 .69 A1 Y2 WAL 563 df Wiy 265
Y /df windiu 2.12 CFwinfiu .87 TLI winfiu .85 SRMR winfiu .06 RMSEA Wiy .06 uanainluna
ndsuazuuulnglduecned dulsndasnadesiudeyaifeszdng Amnsilimesasaiungud
Tnglaiusulapaanunsnesuielsddn dudsdanald v 25 fudsannsatanldfanudnuaslng s

1NUMTALE LAAIRININ 4

«— .03 ~| Xir | «— .06
« 03 X2r | «— .06
«— 03 X3r_| «— 06
<« 03 X4r | «— .07
«— .03 X5r_| «— .07
<« .04 X6r | «— .07
<«— 03 X7r | «— .07
« .03 X8r | «— 06
«— .03 X9r | «— .06
«— 03 X10r | «— .07
« 03 Xi1r | «— 05
<« .04 X12r | «— .06
«— .03 X13r | «— .06
<« .03 X14r | «— .06
<« .04 X15r | «— .07
«— .03 X16r | <— .08
«— 03 X17r | <— .07
« 04 X1gr | «— 08
« 03 X19r | «— 07
<« .03 X20r | «— .08
«— 03 X22r | «— .08
«— 03 X22r | «— .08
«— 03 X23r | «— .07
«— .03 X25r | +— .08
« 03 X25r | «— .08
XP=563, df=265, X/df=2.12, p <.001, CFI=.87, TLI=.85, SRMR=.06, RMSEA=.06 X?=520, df=265, X2/df=1.96, p <.001, CFI=.95, TLI=.94, SRMR=.05, RMSEA=.06
' o P = a - o e o & a .
(1) neudsupsundaglfiounaseiuens @) nasusupzmnlegltuesunaiaiuems

AN 4 TUAANITIATIZND9AUTENDUNDULALNAIUS UAZ LUULA 8 IO B LADS I ULLAR

M99 2 ANUATATIGN ANUATUTITILUN LazAduUseansnuiieswesesnusenay

euviuazuuulaslduaanoisiuend wasfunzuuulaglduaaneiduiend
GM1 GM2 GM3 GM4 GMb5 CR GM1 GM2 GM3 GM4 GM5 CR
GM1 .30 .98 .60 .99
GM2 .82 37 .98 11 74 .99
GM3 .65 .65 .28 97 32 .08 .66 .99
GM4 .60 .55 .58 .38 .98 .09 .04 .10 .62 .99
GM5 .52 .44 .53 74 41 .98 .14 .16 .14 14 .56 .99

WA ALV A A1 AVE AMUBNLUImMLEY A AduUseavtanduiusunidsaas

INAITN 2 NUTT ANANNATLTIGIIIvedRsAUsEnaunaulTuasLuulagldua AT AU

waRdaAtoenInnueiveInunsuegidn (AVE >=50) diuasAuszneunaeliuazuuulagly
a a s 1 ' = X ¢ ol U VY A o = a 1 a

WaUABIIULEARLNAT AVE 11071 .50 FeegluinasifgausulaviieiiganeNazuseiiiuiniininunss

WW9g LU0 LaNNTANANATHTITUN Tnen1TUTEULTIBUAT AVE YReilUsuiaiuAia e ves
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ANUAUNUTVDIAILUT AT UAUAILUTHEID U WU B9AUTEnaUnaulsUALkuLlngltLa AR IU
WAR LN LN NEUSULS (ANTULUINLEITDENIANUBNLUINLEY) @IUa9RUSENaUNaIUSUATLUY
Tne 1o AaT N ULLARTANAINNATUTITIMUNE LN I NaUSULS (ATULUINLEILINNTIIATLD N LY
d‘l a d‘ U 14 o‘d‘ U yd' 1 1 %
YY) LaLlaNa15UIANUT89UBIA b US e lae T TN RgausulANLINN3N .60 WU wuUdn
AoukazndIUsUAzuuiiAtunsineausule
2.2 HANTINTIVEBUAMNINANBYN1TABUAUDITREDY
NANISNAADUAMULT U NTRINNITRANTAUNIAIANULUTUTIUVDIDIAUTENDULTN
25 U1ANULUTUTIUNINUALABEN9T a8 20% (Reckase, 1979) WUl wuuinnauUsuazkuulaely
LOLADTNULLARTANAINNWUTUTIUVDI09AUTENDUKIN DS UI8ANUKUSUSIWALYINAY 31.3% F9iAn
PYaunI1masUsuazkuUlagldLa A5 N ULLAALALAIAILLUTUSIUYDI99AUSENBULSNES UNEAIY
wUsULAWINTU 32.4% F9A1ANUKUTUITIUVDIRIAUSENaURINTaIUSUAzkUUlae TT W LARS U
= o o ] a a 2 ' v ) a
WARLAILINAINAIUUS UALLULLAETTLDLADSAULENG 1.2% handinrasusuasuuulneldwaanass

a v [ a

Juweadiaudueniifuinninneudsuasuuulagldueunes Nuendeg1afitedAyneana e

asvdeuANULdudasAeiuvestaam wuin A1 y2/af syming .82 Bia 1.87 uazAn RVSEA 55Wi19

a 1

.00 89 .05 wansdetemanuldiimnududasesaiu 1ia991nA1 RMSEA AIstiasnin .05 druluuin

nasUsumazuuulagliuaanoIiulendilan y2/df seming 88 fa 1.49 uawe1 AMSEA S¥%i19 .00
8904 uansinmsusuezuulnglduoures Huensvliterauirududaserotuaniu
Han1sIATIzeelina GRM nuin wuuinneuusurzuuulasldieneiduendaining
FUTIUYBITVOAIDNNTENING .89 §i9 1.98 ATNI518LADS NSV Laanvalaars1gn1SAINBUTENI 1
16.049 {9 1.770 wasUsuazwuulagldioaes I uendnuIn ArruTus Yt oM NTEI g

1930 89 1.579 AMMN151TM oSSyl aanvaIwAassIenNISAINBUTETING -6.019 B9 3.998 AIm1519 3

M99 3 ArANTUTINTRITEMnL(@) warsfimesmstleanueusaz e saneu(f)

o Aeulsunzuuulnglduonne3uens wdssunzuuulnglduonaeiiuens

Y« p B B« B B B B BB
X1 0.89 -6.049 -3.82 1.77 93 -6.019 -3.271 -2.887 =231 1.033 3.998
X2 1.38 -4.759 -3.34 .45 1.492 -4.814 -2.608 -2.376 -.532 179 2.053
X3 1.42 -4.756 -3.35 51 1.316 -4.661 -2.902 -2.441 -.554 171 2.172
Xa 1.22 -4.081 -2.14 1.48 1.108 -4.009 -2.512 -1.967 -.188 94 3.295
X5 1.71 -4.268 -1.92 .99 1.4 -4.177 -2.274 -1.92 -.155 .686 2.521
X6 1.06 -5.271 -3.07 .48 .99 -4.497 -2.829 -2.426 -1.434 -.369 1.984
X7 1.42 -4.757 -2.62 .47 1.047 -4.535 -2.896 -2.509 -1.389 -.292 2.075
X8 1.37 -4.325 -2.74 .83 1.179 -3.729 -2.602 -2.29 -1.286 -.03 2.005
X9 1.98 -3.95 -2.35 .45 1.3 -3.778 -2.468 -2.171 -1.239 -.202 1.74
X10 1.88 -1.88 97 1.416 -3.671 -2.089 -1.716 -.959 12 2.264
X11 1.11 -3.512 61 1.181 -5.587 -2.973 -2.827 -2.433 -.699 1.631

X12 1.02 -2.826 93 1.206 -4.914 -2.709 -2.591 -1.933 -.383 1.649
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} Aeutsuazuuulnglduonnaifiuend wisunzuuulnglduonneiiuend
a5 B B« BB BB BB
X13 1.03 -6.05 -3.54 93 1.119 -5.178 -2.974 -2.839 -2.46 -.517 1.623
X14 1.42 -3.06 .52 1.489 -4.771 -2.506 -2.387 -2.061 -.566 1.351
X15 1.40 -1.902 1.11 1.576 -3.856 -1.961 -1.892 -1.55 -.125 1.531
X16 1.67 -3.838 -1.92 .85 1.102 -3.499 -1.694 -1.457 =11 564 3.334
X17 1.69 -2.666 .58 1.089 -4.028 -2.117 -1.839 -.357 .304 3.553
X18 1.48 -3.785 -1.34 1.28 1.18 -2.96 -1.175 -.965 .203 941 3.578
X19 1.84 -2.479 93 1.101 -3.866 -1.959 -1.709 -.124 772 3.342
X20 1.55 -4.516 -2.70 .62 1.041 -3.801 -2.327 -1.943 -.437 375 3.038
X21 1.30 -3971 -2.19 1.14 1.282 -3.893 -2.067 -1.705 .588 .893 2.181
X22 1.70 -3.791 -1.81 93 1.366 -3.775 -1.967 -1.725 .594 .83 2.059
X23 1.50 -3.82 -1.78 1.06 1.516 -3.193 -1.856 -1.498 554 71 1.86
X24 1.39 -4.261 -2.12 1.06 1.351 -3.609 -2.064 -1.662 557 767 2.139
X25 2.40 -3.224 -1.83 .52 1.373 -3.584 -2.163 -1.772 .303 473 1.795

-2Log Likelihood = 10565.176 -2Log Likelihood = 20782.298
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usstiumalannaiwdnsavesidu 98% sesasn e nsusafiununesndudumagain
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Anunerenuludunisganuderniey 97% JeusuanisnisidilannuduresIuend i daan
A0AARITUTINANNATIUYDINITAT LD LADT ULeARTIRo UL UUda UANN ladAuveI T LA
2819 IRl U NWaELANEITU (von Davier et al,, 2018) LagAmnuviiauiuueiuend (King et
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al., 2004) pgalsfinudndrunisneulusiunisueaiuauneeeaududunisdgninugeiny
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3
fAdemsseiinsefilumadeuiuesdliamsassueliiiuieseduiiuieswessagiuens (King
et al,, 2004) asmiiﬁmmmiﬁmimazumwsuaaLLaaLﬂaéqﬁuLammﬂﬁlﬁﬁuag UFAFIUNITNBUAIAU
vesduwasiigndosusiiudadiunnudlaiuendvesineulneiadsludnuasidortuiwitno
aeiiguiuunmsneuiidnaiy (King et al, 2004) Heiinismsrasunnudladfuiuenduesinou
ogaifisuiudndamwdfgieliudlaingnevdulngdmnuiuesdldegisgndeslaenis
mwaawgﬂLLazU'%“UU'u;ﬂmiLLﬂmaaﬂmammsﬁaaamﬁﬂa'aumﬁmé’wé’u’%uL&Jmﬁﬁﬁmwamhawams
Ufussmudimeduenddsnalifneuansadadduiuendldgniesnniuuayas ioudisnig
ﬁawmsaLLﬁ’i’jzgmLﬁ'mﬁ’ummL%"flﬁ]é’wﬁuiuLﬂmﬁmauﬁmauﬁ%’mLﬁ]umﬂﬁ‘iﬁu (Wand et al,, 2011)
fausnsliusaesiiwendlumstauinuuislinnsuedisslunuideiaggielinigte

HaunmunTu nMsiweanesueaaluldluniswauasailsTandalianuiimiewaz s duds

9

WamueureI Auendliiinnn AW nMswuLeaneIFuendliiinuawgsuaz ANy
L“f]uﬂizLﬁuﬁmmmzé"’ﬁ%@mq ey msAnesng q Aeunthiuanddidiuindndiunisnou
filsizenndesfuardureiuendfidoudsgs dasvenismmdndulunsuiuugamadeunasnis
UaueIulend idanudanu laewudn 25% vasgusuunisnaulu PISA (Kyllonen & Bertling,
2014), 18% &9 32% VoaRmoUkUUABUAHIUNTIAYAGNAMNIANY (Primi et al., 2016) Uag 8% B
35% YBIEPOULUUADUAMIE BIAINT AR T ULILNIIRYB Mottus et al. (2012) Tafldlvazuunud
ADnAZDITUAFUTDTULLAG LATNUINTULIUNIABULBAABITILEARTBS Janprasert (2019) froy
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HuFessnme 1 fumsiaudmonulszifiunuesliliannin (King et al,, 2004) Fafunisuuuss
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N3BATIEesAUsENaUTNdsalusylentlunsainlifivguisessundnaudanudidgy
Wuadraunlunismanudunusveasiwlsiiadnesflsznau (Steven, 2009) wATIHHNITIATIEA
29AUTENaULTIAT19 dwaz v auliudlaseas 1alun1sdmesdusenavuvaeadndsaaunale

Y

Toeruduiusessulsdunalddouliupzuuuietenneiduendaunsadnesiusznauldifies
3 padUszney Ueiiiuusdunaldlilédnosdusznaunuiinants orainanenfvesneuiidsma
Aar1auduTusveefiauUs (Untong et al, 2018) il aUSUAzLUUA18KOLADS T ULEAFNUT
muduTugesiuUsdunaldannsodnesiusznauldity wazamnsodnesiusznauldnsimy
Tnssadeiianaly 5 seduseneu wandlidfuiein nsusunzuuuieLaLAssIuEARaINIsnanoAR
vesgpouLartiiinauwiudlunsialdnsmnilasairmesiuusulailiinaadnvuslngds
LAY

NaN1THATIEBIFUTENeUdE U us ufund i Tuwansuusupzuuulagldueumes
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aonndeaiudoyaliaszdng Medhadu Tuaadl d CA Aigandn .9 Tnglivsuudluea uansiennna
gonndasiinunlulunanisin vasiien 7L Aiutunandidiuinnsusuazuulaglduonaessoiu
wosvhlilunadmnuaonadostudoyadesednduntulaglifonfiuanududeuls 4 luluiaa
UJoseph et al, 2018) uonanimsliueaneiAuendidiouiuuiazuuliifisausiusuugsmuaonndes
vaslunawiniy Suelimulsdunaldlulueaausafaduusudsldnssmumguiiianaly veil
onafunainaneuduiudssrdomanuiiiaty TnvanenfvesAdulss ansanduiusdomali
Iumammsai’mlé’maquwﬁmméﬁu Untong et al., (2018) aenAdefUNansANEIAauUNtN e
Choothong (2014) uag Janprasert (2019)

NaNIATIRARUAMNINYBILUUTARouLar ndUSUAzLuulnel ua T uladluseg
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(Organisation for Economic Co-operation and Development, 2014) vi1l#liNasian15AIUIAI
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fneuldusiuguarannsofinuandnvaslng nedealddaaunndsdulasfinnsananauau i
Y8ITOANULAEANANNTlUN1TINlAATEUAGUAIINAINITA VR MU (Kanjanawasee, 2020)
aonAdestun1sfnuiUszansanlunisusuazuuulaelduonunas i uendd danaliuuuin
fiusvansanluntsialduslugrTures Hopkins & King (2010, as cited in Kyllonen, 2012)
nuanidenuin mavszgndliuenneiviuenduenanasaeifiuusansnmues
nsYauds Suasuanudlefiaduisatunisadiund ssdeTanednineriiamisaud i
auduseidovasnisnau (Kyllonen, 2012) Tnstanizag1ad dlunsinlnsisuedanfiusunzuuy
seusnnesRuesiaztieliagaounsungAnssuussiuias wesinGsudunssensumLTinIe
msligeviesoanudumar manszminluanuneieiueuiiluganudusa nnaseudain
AAsal wazmsrumuniSsunazussiuaalonnanuduievesidu denansidevinlitlalein
TogaiildnnaiasdiotaiimuismsuandussanieldoonuuunasusulginszuiunsiSeou
nisaeuliaenndnetuaudesnisresifousisyana uenaind Ssanunsaldviunsuaswaun
waé’quﬁgmamﬂ%u (Limsantitham et al., 2019; Stankov et al,, 2009; Stankov et al., 2012;

Sutthisomboon, 2020) wazanAnuideslunisidniSeunansdule (Rissanen et al., 2019)

JoLausuy
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antlyaannsaiaunldiauduiusiunadugrinnisSeu mnwUAELTLSTR LU E
i undnguresnunseUssinnauduRus FuFILUTE U (relationship to other variables)
ANUNTOUNNIATINADUAIAUNTITBY Messick (1995) Faastraiiiunrunindedovesnisialngisunedisn
IHnntu wagmsaanasiiidunasslunmssuundnSeudelfidunausiuesgunismsiade

TawaunlnsIsuenwnvaadnissul iy ausEAUAINNANNTD
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ABSTRACT

This research aimed to 1) investigate the components of physical fithess and serving ability
assessments for youth sepak takraw athletes and 2) examine the quality of the assessment tools
for physical fitness and serving ability. The study was conducted in two phases. Phase 1
investigated the components of physical fitness and serving ability. Data were collected from 50
key informants—coaches/assistant coaches, team managers, and female sepak takraw athletes in
the serving position—using questionnaires. The data were analyzed using descriptive statistics,
including frequency, percentage, mean, and standard deviation. Phase 2 examined the quality of
the assessment tools. Data were collected from 30 female sepak takraw athletes from Bangkok
Sports School and analyzed using descriptive statistics, content validity analysis via the Content
Validity Index (CVI), and test-retest reliability analysis using Pearson’s correlation coefficient and
the intraclass correlation coefficient (ICC). The research findings revealed the following:

1. The top four physical fitness components most significantly associated with serving
were: 1) muscular strength (M = 4.88, SD = 0.33), 2) flexibility (M = 4.86, SD = 0.35), 3) balance
(M =4.72, SD = 0.61), and 4) muscular power (M = 4.64, SD = 0.53). These components reflect
the serving performance of youth sepak takraw athletes in terms of speed, power, and accuracy.
Serving ability can be assessed through three elements: 1) body coordination, which evaluates
the completeness of the serving motion in three phases—preparation and backswing, ball

contact, and force transmission; 2) serving accuracy, assessed either by the ability to hit specific
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target zones on the court or by hitting predefined target points; and 3) serving speed, measured
by selecting the fastest attempts from five total serves.

2. The content validity index (CVI) of the assessment package for physical fitness and
serving ability was 1.00 for each item. The reliability coefficients ranged from .72 to .99, and the

consistency, measured by ICC, ranged from .96 to 1.00.

Keywords: serving ability, assessment package, youth sepak takraw athletes, physical fitness
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Abstract

The aim of this research was to: (1) study the needs related to raising teaching
standards in alignment with formative and summative indicators toward the development of
quality school curricula; (2) develop a training curriculum; (3) implement a pilot trial of the
curriculum; and (4) evaluate and improve the curriculum. This research employed a research
and development (R&D) model. The sample consisted of 80 individuals selected through
purposive sampling. Data collection tools included interview protocols, focus group guidelines,
a knowledge test, and curriculum evaluation forms. Data analysis involved qualitative content
analysis and quantitative statistics, including frequency, percentage, mean, standard deviation,
and t-tests. The findings were as follows:

1. The needs assessment revealed three key aspects: (1) the importance of designing
curricula aligned with the context of the educational institution; (2) the necessity of analyzing

learning indicators—initial, intermediate, and final—to ensure contextual relevance; and (3)
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the implementation of school curricula in classrooms, including learning indicators, lesson
plans, teaching methods, assessment tools, and evaluation procedures.

2. The developed training curriculum consisted of five major components: (1) general
information, (2) specific details about the training program, (3) curriculum operations and
structure, (4) evaluation criteria, and (5) procedures for evaluating and improving the
implementation process. Expert reviews found the draft curriculum to be appropriate and
consistent. The curriculum combined lectures with practical exercises that focused on
analyzing indicators at different levels while promoting understanding of how to elevate
teaching standards in alignment with both formative and summative indicators for the
development of quality school curricula.

3. The curriculum trial showed that participants’ post-training scores were
significantly higher than their pre-training scores.

4. The evaluation and revision phase indicated that the overall quality of the training

curriculum was rated at the highest level.

Keywords: training curriculum, indicators, school curriculum
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(df) windu 94 sgautiudRvnnUy 0.7571 Arinanunaunau (CFI) WAy 1.000 Aewd TLI winfu
1.002 dfisnvesiddenadevesmauuanaalaeUszanns (RMSEA) Wiy 0.000 wazanssil
snitaeswesriadefdiaesenaunioluzuuuunz uuuIInIEIL (SRMR) Wi1dy 0.011 A1tnh
aqﬁﬂszﬂaué’uﬁwﬁqﬁmagj'izwm 0.649 - 0.898 mﬁmﬁ'ﬂaqﬁﬂszﬂaué’ué’uamagﬁwdw 0.752-

0.888 UarilA1AuiUsUTINYeINsUSUMMINssuivesinis ey witdu 0.152

Adndry v lean1sin nisusuiimnamsiseuivesinieuy

ADNUNITAULNTTZUINVDLLSA COVID-19 N15AATIETBIAUSENBUTNE UG UAPUNED

Abstract

This research aimed to develop and validate a measurement model of students'
learning adjustment in the new normal after the COVID-19 pandemic situation among 1,295
high school students in the upper northern region of Thailand under the Office of Basic
Education Commission. The research instrument was a 54-item adaptive learning questionnaire
with reliability values ranging from 0.846 to 0.905. Data analysis encompassed descriptive
statistics, correlation analysis, and second-order confirmatory factor analysis. Findings revealed
that the developed model for measuring students' adaptive learning in the new normal
following the outbreak of the COVID-19 pandemic comprised 4 components with 15 indicators:
1) Health Care in Learning, consisting of two indicators: reducing disease risk and enhancing
physical resilience. 2) Self-Sentiment in Learning, consisting of four indicators: self-regulation
of emotions, adaptability to learning situations, practicing mindfulness, and self-solving learning
issues. 3) Roles of Learning, consisting of five indicators: learning technology, enthusiasm, self-
development, utilizing media and applications, and time allocation between learning and
other activities. 4) Interaction in Learning, consisting of four indicators: accepting differences
among students, appropriate student behavior, teaching peers willingly, and utilizing full
potential in learning. The measurement model demonstrates good fit, as evidenced by the
following indices: The chi-square ()(2) value is 34.402 with 94 degrees of freedom (df), yielding
a p-value of 0.7571. The Comparative Fit Index (CFl) is 1.000, and the Tucker-Lewis Index (TLI)
is 1.002. The Root Mean Square Error of Approximation (RMSEA) is 0.000, and the Standardized
Root Mean Square Residual (SRMR) is 0.011. The model's validity was confirmed, with first-
order loading values ranging from 0.649 to 0.898, second-order loading values ranging from

0.752 to 0.888, and a variance of student adaptive leamning of 0.152.

Keywords: new normal, measurement model, students' adaptive learning,

the post-COVID-19 era, second-order confirmatory factor analysis
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mdunquiegvaunsaginishiteyaldnasanaminidnliasainvseliauiglalunisneudan

wenantl Jeyansnuaildainuuuasuaimazgnifusneliidumiudu wazazvhaneiuileodugn
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a v a ¢ v I 1 a = o
N15338 MsAATziteyakaznsrenunatviluliluninsiu nglidniswenlusdisdunna
1 N 13
MBI ¥3903ANT1A 9

ya o

annsfvTIuTIndeya wuh gideluanuuuasuameaulatluisduduan 1,500 4o
wazdniSeunaunduin 1,453 ga tnglusidnSewitulaginisiideyasenitanisneuiuuasuniy
og1slsAnm wuiduuvasunuiinsendeyalsianysaiduiu 158 g vilindedoyafitiniuanysal
waza1u150 U Y18 N197LAT g N ad Aldduau 1,295 ga Andusesay 86.33 veadiuiu
wuuAeuninanluiaun Fsdedusimmaneundufieglunasififuasfismodmiun1siese
osAUsEneUdduiudduiiaes

4. MIIPTRYdRYE

mamm"wLﬁumimimwaa‘u@mmw%mgauazsﬁamﬂaqLﬁaqé]’ummﬁa N13ATIENAE DA
Feussene liun Aade (M) drudeauusnnsgiu (SD) mdiesisiadulssavbandiniudueafiosdu
(Pearson’s product moment correlation) y91U T uazosAUsznaunsiaszsiansaillnwes-

luwes-oeafiu (Kaiser-Meyer-Olkin Measure of Sampling Adequacy: KMO) lngana158g 551319

(%
A @

0-1 uwazAraiAvasuIsaLang (Bartlett’s test of Sphericity) Wi enaaaudafiiu s Nanuaduunsndg
lonanwal Nan19IlATIzAsited Ay Mseian .05 (Bartlett, 1954)
lun13nsiaaeuAIunsIradlunan1sian1suiudmenisiseuditinivesiniseuseau

o o A

seudne tnglan153as1eviasnusenaudsduduainuiians NansaunslaNudenndInaunau

vaslumaiudayaleuszdnd Yszneulumelaawens (x?) nanisdiauemlaauaslifiveddy

'
aad

NNANANTZAU .05 ANRYEIINVDINIA9809LA 8UIAIANLANAN LA UTZNIM (RMSEA) <0.05
ARvilsINfidevesARiisMasaoiveaunalugULuUAIULLIATEIU (SRMR) <0.05 A1IAAY
naunau (CFI) >0.95 uagAduil Tucker-Lewis (TLI) >0.95 (Byrne, 2010; Kline, 2015)

NAN1539Y

1. mmansradevamnmdayauazdonnand ssdunieadd liun nsiinsesiada
Bsusaes wuln dausddidiede 3.617-4.133 éf’sﬂﬁm?{aqqqﬂ AB N1TEUTUAIIULANAIITENIN
Fnisudaei (S11) (M=4.133) daufdsdidatiosiian fo nsudaiassninenisBounagnish
Aanssudu (SR5) (M=3.617) manszanevesdeya wui Sendesuuanmsgiu 0.393-0.588 fausdi
drudoauunnsgiugean fe MsuUananszninnsisulaznsiAanssudu (SRS) (5.0.=0.588)
dufadfidinnanszsnetoyadeniian Ao maaiuairsnuudausdiiuienelunisdeu (sH2)
(SD= 0.393) dwifunisuanuastoya wuin naRasandnuagnsLanuasiayaludasdiy sl
1AL (Skewness: Sk) danduaunnes Inedir1ag 531113 -0.658 63 -0.197 N1TLANKAITIT
dnwarmsuanuasunfednafidedfmaeada Wesaneglutie -2 s 2 uazailas (Kurtosis: Kur)

TA152917319 -0.334 09 0.469 WARIINAIVITLINWULN1ITHINKAININALAIUNS
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2. uan1swalaeanisinnisuiudmienisiseudinluivesdniseussausiseudnen

LAZNANITILATICHAIMUFUNUS TZNI19AUT 21NLBNEITHAZINUITENN 89 ULEUBAIUIYHD

v o

LR NANTaNAMImINIEaN wud lean1sinnsusuimeanisiseudinivdvesiniseu

&

seaulisEufng Usenaume 4 aaausenau 15 MUt laun asrusenaun 1 nsguasianieglunisiieu
(SHCL) (2 f1a%) sadusznauil 2 AmnuidninAnvesnuieasionisiseu (SSSL) (4 fusd) esduszney
1 3 unummtnAlunssen (SROL) (5 FUe) aenUsenaun 4 Mstiujduiussenininisiieu (SINL)

o

(4 $7U9%) ngldanduussavsanduiusuuumiesdu wull yndusiianuduiusiusgralitedfgy

De €

o
a1 U 1 1

PNEDRNTEAU .01 TANWULAMUFUNUSNIIUIN IUINVDIANUFUNUSTAIRILE 0.297-0.745 HIH1UT

MsauLiNaumeAudula (SI3) AunIshanseaniwuIzaNvalniseu (S12) danuduiusuinian

q

LALNISYBUSUANULANAINTEWINUAS8UA8AY (SI1) AUAITEBUSUAINULANAIITLWINNUNLS oY

mefiu (1) danuduiusiaeiian

NetlnsmAIFuUTEENE anduius T2 1A U T avuad anudunusdusg 19il o dAtgy

nafANsEAU .01 F1u3n 105 4 leefudilaudmiusmeuniniaun dedvilneges-lnees-ooau

(Kaiser-Meyer-Olkin Measure of Sampling Adequacy: KMO) i1iu 0.943 Lagamaiavesuisnand

o o

Bartlett’s test of Sphericity) Winfiu 14083 MisyautipdAy 0.000 agUIdIuaTiANUduRUS UL

—~

a ° a ¢ s A A v v o a o
ﬂ'l']llLViﬂJ']zalWl"US‘uq‘lﬂ'lLﬂiqg‘lfi@\‘iﬂﬂigﬂa‘UL‘UﬂEJUEJ‘U@UWUV]?{@Q ANRNTN 1

md)}

M99 1 Adulseansavduiusuuuiiesduvesiued Tulieansinnisuiudminisiseusinlng

YDIUNSYUTLAULFHURNY NHIFDIUNITANTTEUIRBALSA COVID-19 (n=1,295)

AnduUszAndanduiusuuuiiosduveaiaued

SH1 SH2 SL1 SL2 SL3 SL4 SR1 SR2 SR3 SR4 SR5 | SI1 SI2 SI3 N
1
SH1 1.000 o T o o o
AU ANTANAUNUS LUV ESFUVDIRUTUR S
SH2 .663**  1.000
SHCL SSSL SROL SINL SAL
SL1 443%%  529** 1.000 SHCL 1.000
SL2 4edx* 472%* | 604** 1.000 SSSL | 0.668™ 1.000
SROL | 0.730%  0.862* 1.000
SL3 475%%457** | 508**  .690%* 1.000
SINL | 0598  0.706"  0.772** 1.000
SL4 425%% 457** | 519**  715%*  745%* 1,000 SAL | 0.752%*  0.888**  0971%*  0.795**  1.000

SR1 A44gxx 459%* | 478**  552%*  562**  .606™* 1.000

SR2 469** .488** | 505%*  572%*  589**  622%* | .694** 1.000
SR3 SIT¥ 479% | 499 589**  6T1¥* 628 | .645**  .650% 1.000

SR4 401** 484 | 518**  549%*  5e4**  566™F | .669** 718  .673** 1.000

SR5 492%% 45T | 46T 543 691%* 57T | 586**  .608**  .742**  .590** 1.000

SI1 2977 400% | 411 418 349%* 411 | 427 504%F  366%*  5l6**  31T7** 1.000

SI2 417 478 | 501** .490** 450 481 | 512%  583¥*  472%*  622** 423 | [722% 1.000

SI3 398%¢ .445** | .492%%  469**  4T6**  4T0** | 510%*  532%*  534**  579**  4T1**| 568**  .745** 1.000

Sl4 387 444%F | 463**  522%*  BO5**  548%* | 578*  615%*  527T** 626  .496™* | 589%*  713**  668** 1.000

Mean 3960 4.110| 3.850 @ 3.770 3.670  3.760 | 3.800 3930 3.630 3950 3.620| 4.130 4.090 3930 3970
SD 643 627 .696 .683 747 750 746 .683 746 670 167 759 .636 749 .708

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) = 0.943, Bartlett's Test of Sphericity Approx. Chi-Square = 14083,
df = 105, p-value = 0.000

** p-value < .01
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3. HANTIIATIVFIUAIIUATIVRILULAANITIANITUTUAIMIINISTBUZ IR TnsivaainiSeu
szaudseudnen wuln neuliuiidduiiauaenndesnaunduiudeyalslszdng whiu y%=
696.522, df = 49, p-value = 0.000, CFI = 0.938, TLI = 0.925, RMSEA = 0.074, SRMR = 0.045
winevdanmsusuliea aeldadudlunsfinsanainuaenndoinauniy windu y2= 34.402,
df = 94, p-value = 0.757, CFl = 1.000, TLI = 1.002, RMSEA = 0.000, SRMR = 0.011 tufioseusu
auuAguAudIunsndanuduiusvedumaauuAguliunndeanunindvedunaliclseing
waned laiinuaennseinaunduiutoyaielszdny

AeVRIINNIsATIvEeulnan AN gl auaennf et Ut Ry aLTaUTEINY Aala
finsanamnimeiadminesdusznovesinudldluline nui wansuszamiaiinn
psfUsznauduiLd 1 Animdnesiusznouvesidlugazuuusnnsguegsening 0.649-0.898
wazilfuddgmeainfissiu 01 nnda Ineuusiideiminessdsznevsnasgiuanndian fo nsld
#nanmlunisiSoussradud (S14) (8=0.898) sesaan Ao nsuAlaiymimsnisiSousnonuios
(5L4) (B=0.881) wagnsfiauslunisidou (SL3) ($=0.842) mudiy Fuvsiifisntminesdusznou
wpsgiutiostian fo nseviummLanAsEriinFoufetu (S11) (B=0.649) Taen1sinudas
fudsfidaudesiudusagsening 0.422 (SI1) - 0.776 (SLA)

dmdunanisussanaatminessuszneudiduduil 2 wuimnesduszneuiamiin
ssAUsenavlusUasiuuiasguluseaugs laun esddseneuanuianiindnvesnuiassionissey
(SSSL) (B=0.888) se9aax Ae unuwmtniilunisiFeu (SROL) (B=0.871) nsflufduiusszmning
Msseu (SINL) (B=0.795) uazn1sguasiesniglunsiseu (SHCL) (B=0.752) auddiu Taenisinusas

shuvsiimanudesiutusmatsening 0.566 (SHCL) - 0.943 (SROL) eseaztdenmsns 2 wavaw 1

M1519 2 wan1suszuAIimestulunanisianisusudinenisiseuiidlnlvesiniT ey

SYAUNFYUAN® RN UNITAULNTTEUINVBILSA COVID-19 (n=1,295)

a9AUTENOU finu e b B S.E. Z-value p-value R?

a1duduit 1 (First Order)

1. MIgua SH1 1.000 0.809 0.020 41.084 0.000 0.654
srsmeluns SH2 0.989 0.818 0.018 44.950 0.000 0.669
U (SHCL)
2. auidnin SL1 1.000 0.725 0.020 36.313 0.000 0.526
AnuaInuLRsD SL2 1.110 0.819 0.013 65.460 0.000 0.671
AM3158Y (SSSL) SL3 1.246 0.842 0.011 77.170 0.000 0.710
sLa 1313 0.881 0.011 80.826 0.000 0.776
3. unumwind SR1 1.000 0.791 0.015 53.190 0.000 0.626
TunsiSau SR2 0.942 0.814 0.014 59.400 0.000 0.663
(SROL) SR3 1.028 0.814 0.013 63.065 0.000 0.662
SR4 0.948 0.835 0.016 53.306 0.000 0.698

SR5 0.978 0.752 0.017 44.584 0.000 0.566
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A1379 2 (6i9)
a9AUszNaU el b B S.E. Z-value p-value R?
4. msdl si1 1.000 0.649 0.023 27.801 0.000 0.422
Ufjdunus SI2 1.021 0.791 0.017 45.306 0.000 0.625
sendemsiteu sI3 1.251 0.820 0.025 33.232 0.000 0.673
(SINL) Sla 1.291 0.898 0.017 54.319 0.000 0.806

grduduit 2 (Second Order)

nsUsuda SHCL 1.000 0.752 0.023 32.935 0.000 0.566
mansiSeul SssL 1.147 0.888 0.014 63.647 0.000 0.788
vastniFeu SROL 1.468 0.871 0.013 72.412 0.000 0.943
(SAL) SINL 1.001 0.795 0.019 41.870 0.000 0.632

Wnewn b = AduUszans, B = suasuuuiesgIy, SE = munaneaeuinsgIy, Z-value = AatRnAgeuLAIgIL,

p-value = szaulpddameadn, A2 = alaauais
0.566**
0.809** 0.654

0.818**

0.669

0.526

[%)
-

L

[%) %)
I I
IN] =3

0.788**
0.752%% 0.725%*

0.819** sL2 0.671

0.842**
L3 0.710

0.881**

0.888** sLa 0.776

SR1 0.626

0.943% 0.791%*

- 0.663
0871 0.814%%

0.814**

%)
o o
[N

SR3 0.662

Q.835%*

0.752** SR4 0.698

0.795%* SR5 0.566

0.632%* 0.422

Si1
0.649%*

0.791** si2 0.625

0.820**

0895 s13 0.673

si4 0.806

A 1 Twansinnsusuiimanisiseudiamdvestinssuseiudseufinw

WA UNTAINITUNTSEUIMYBdlsA COVID-19



U1 31 aduil 1: unsmn - Tquieu 2568
Vol. 31 No. 1: January - June 2025 97

aAUsekHa
NHANTIATIEVRIAUTENO U EUS uA U aesvadlimani siansuTudmamsiseus

o Tnuvead NS o U AUTsIUAN® UAIFDIUNITAUNITUNS SEUIRYDILsA COVID-19 TulsaSou

v v
v A

mawienouuy ffadiinnuasiiuiinisinwduiiugn wui lueauszneude 4 esdusznaundn
leun anuamnsalunisquasnanie anusanindsvesnuesionisiseu unuimmindilunisiseu
warnstufduiusseninamaFeu Tnsusazesdusenautsznoumefsingfingsy sauvedu 15
FUed nansinssinandidiuinAadiannslinseiesdlstneudstusudduiiae it dday
yadfnnesdusznoukaznniaved uenanilueanisiafitautuiewaenedesnaunduiy

Tayadeuszdndluseauna Wwwiedtunan1s@ne1ves Kaplan (2023) mnuaenadedseninduing

€

nsiauazdeyadivsednyiluandiiuiismnuiissnswadumalunisianisusudmnanisseus

Y

YaarniseusEAUTs AN e luUSUNTaIEnIUNITaiNITLNTSEUIAYLlsA COVID-19 lnensaunquila

a o w

NdAYNInIUTIN1e 30t NN wasUduiusniediny avyiaufanugudauYeINTEuIUNIT

UFudaluaniunisaliidsuwdasld anunsadluldlunsussidiunisusudmienisiseuiifling

1
VA v v

yostnBousyiuseudnuldedieiiuszdinm uonandfidedmulsifuiithaulaannaniside
2 Usuidiu fail

1. nan1siaszsiantmiinesduszneu (Factor Loading) 5u¢TULL3ﬂﬁuaw”’;1iﬁywqaﬂﬁm
#19 9 wug1 N ianuuUsUTIuTstvesUsznaundnlussdugs Tnofausdfidantmin
Qqﬁ'qm Toun nsldfnenneesmueslunmsdousgrafud waznsfndnseisdladamsenues
Faaonadeaiudnvazvesniniieuiuvuesulatlutisnisunsssuinvedlsa COVID-19 AdniFou
f(ﬁLﬁué’aﬂﬁmm%’uﬁmamazmmmmaaxlumﬁﬂmﬁﬁmmé’aEJmmamm%u (Asghari et al., 2022;
Basaure et al, 2021; Elfirdoussi et al., 2020) Ingtanzo81989 WUl ﬁ’m'%auﬁamwmu’ﬂﬁuﬂzym
waziFouslifonuesazdmiuannsalunsuiuiuassadugrisniinisouiiginindnidoudifian
F8u lunanduitu fusd e mdndesfign Ao nsseusuanuuendsszuinadnidou il
oniloanaininInisiusseeinamediauiivilinsdoansuazujduiusseninniniouanas
danalvinFouldresilenmalunisuanseenvideairseufuineiuanuuanmsainvagveiiieu
‘jw%uﬁﬂuwhﬁﬂ’ﬁ (Ayres, 2021; English & English, 1958; Hammami et al., 2022; Lee, 2021;
Zobeida et al,, 2022) agslsfinnu Wnwenissenuanuwanadinaduinveifanudfaluns
sgTiuiuludenuuaznisiulueuen

2. wemslaesiAniminesdUsznouuduans dWifiuhesdusznauduauianinda
vesnuLdfan1sifsukazunu i iluninsoudanuddguinigadenisususalunimsu
iesnmsiasundasesanmiadenuaysuuuunsisouslutianisunsssuinvedlsa COVID-19
danalagnsseaniizmaisla ersuainnmddn saufsunummiivesiniFeureudisnn (Asghari
et al,, 2022; Burhan et al,, 2021; Elfirdoussi et al., 2020; Lassoued et al., 2020; Utomo et al,,

2021) PeaenAdodnuuiIFeves Yehuda (2021) Inuinaunnien1adnla anudesiulunues uay
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v A 1

vinwgn1sdanisaues WulladeiiddyfiandenisusudnasmandyanueisavesiniFouluge
COVID-191uunizii 03AUTENOUMUNTT U AU US 5817191515 B ULAL N TALAAUAINT 1aNE
faruddnytiosfiarluuiund dafunainnnisGeuduuvesulaiiiyatunsldinaluladidundn
(Asghari et al., 2022; Burhan et al., 2021; Lassoued et al., 2020; Utomo et al., 2021) Usznounu
AruianguresnauazanuiiiouiiviilidndsulieuddytunsSouasiui daudaunniu
(Caasi & Pentang, 2022; Longis et al., 2021) ag14lsfinnu Zander (2022) alidadnnin nsgawtiv
winsileuuazaziagn1sguaauNmendderadutanisiseuslussazedld

Tnoasy wanidendsilddiiiduidasaauareuduiusvosesdusznouuasiaysd
n1suTusmenIsifeusIa ndvesiniSouseavdseudnul ndsaniunisalnisunsszuinveslsa
COVID-19 agtiauliifiuianisidsuutasmemainssuuaznisliauddnlunisisedinves
fniFeuiivdudsulunmuuiunvesnisdousiasunladly esdanuiiildesiduusslovilunis
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I¥egnaumnzan i msldsutuniesdiovssdiuiu 9 uasmsdunmetwaiios
1.2 sgaulsaieu fuimsanudnumaunsaldnanisfnuiludoyausznaunisiaun
ulsvisuasianssuiiduaiumsuiudmesinidousiasis 4 du léun dusune dala unummiid
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inwrn1sUSuAI luAUA1
2. forauanuzlumsideadedaly
2.1 nsAnwUsuiisunisuuimensssuivesiniseuluuunilunns et i
Tudloswazauun sadsuruadnuazsuialng wWevhanudilanuuensisvestigmuazgUassa
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2.2 myidgluswianmsAinuladeleanvg Wawiuinnssunisaeu wasdszendldlueg

Tunisneuleune
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Abstract

The objectives of this research were to 1) construct a career decision-making self-
efficacy scale for high school students in the digital age with two different test lengths: 25
items and 35 items, and 2) compare the psychometric properties of the scales using the graded
response model. The sample consisted of 572 high school students from Princess Chulabhorn
Science High School Buriram and Phetchaburi, selected through cluster random sampling. The
research instruments were the 25-item and 35-item versions of the Career Decision-Making
Self-Efficacy Scale in the digital age. Data were analyzed using frequency, percentage, mean,
and the graded response model via the MULTILOG 7.03 program. The findings were as follows:

1. The Career Decision-Making Self-Efficacy Scale, based on the framework of Taylor
& Betz, comprised five factors and ten indicators: (1) accurate self-appraisal, (2) gathering
occupational information, (3) goal selection, (4) planning for the future, and (5) problem-
solving. These factors were measured using both the 25-item and 35-item versions of the scale.

2. Regarding psychometric properties, the 25-item version yielded a higher mean
slope parameter (ot = 2.088) and average threshold parameters (81 = -2.944, 3, = -1.526, B3
= 0.171, [?4 = 1.787). The test information function (TIF) was 35.021 at © = 0.0, and the
reliability was 0.9655. In contrast, the 35-item version had a lower mean slope parameter (a =
1.655) and threshold parameters (51 = -2.921, §, = -4.733, B3 = -0.020, 4= 1.526). The TIF
was 32.492 at B = 1.4, and the reliability was 0.9650. In conclusion, the 25-item version
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demonstrated superior psychometric qualities—including higher slope parameters, threshold

values, test information, and reliability—compared to the 35-item version.

Keywords: career decision-making, self-efficacy scale, Graded Response Model, digital age
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35 40 oaFUsyneudl 1 (5 weRinssuds? 15 Feran) ssiuszneud 2 (2 waRinssudsd 8 Tefa)
peAUsENaLT 3 (1 ngAinssuusd 4 Fafnnn) esdusznoudl 4 (1 wgRnssuded 4 doranw) wag
pefUszNaUf 5 (1 ngfnssuusd 4 dermany) Tnednuaevenadese WukuuinasUssan uwag
Tidensyduanusiulalunissuinuanansavesnuies 5 seu fie 5 4 3 2 way 1 fAnunu1ed
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4.1 nsadauvuiaiifarueniieiu Tnefiduneudwioluil
1. §Adeasraderiniuduiy 50 Jo Tnausaznginssuvsdaziidoranudaiu
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2008) danuin ddeAnmdsiuinast S1uau 47 4o uazufuugetedanulidanumnzauns
Toraueuurvefidervny

2. Amdendemanuiiies 35 7o Tasiarsanaindedanmiunasinisinsgian
Frudlenuaenndossznineiaguszasduazdednn (00) :ngilavasie 3 vi Tnefiasandt 10C
Tuusazgadornniu (ga A, 90 B, 9 C) daust 0.50 July vesusazngingsuied dedarmanuiidniden
d@uunagdan 10C WAy 1.00 LLGiIquaﬂiimﬂJ% 1.1, 1.3, 1.4, 1.5 uay 3.1 ﬁj‘ié’fﬂﬁmlﬁaﬂs{’f@)ﬁqmuﬁ
f1A1 10C Wi 0.66 IngMmilaienNumsnzauvastamy

3. ntuthuuuianwen 35 4o lunnaeudungunaaasld (try out) Aunga
yaaesnidnuarlndiAssiunguinedis enmaaoummmdiussywinaziuuedeiuaz iy
(corrected item-total correlation) Sswuin Fesanuiia 35 T f1egs¥ning 0.57 B9 0.87 lagilan
Faus 0.2 FuluSerrunast wevAmudios Tnglidusyaviswoariwesaseuua (Cronbach’s Alpha
coefficient; @) WU flA1ALLTBe WA 0.981 Femasiiarunnndn 0.7 Tl wuin daaudies
Wiy 0.985

4. vhradldludrsfuinfinnsuiedadondedany d1wau 25 4o lnofiarsan
Aadenandemanulundazyaiifiaiaudusiusseninsazuuusedeiuazuuus (corected
item-total correlation) gafigamuadiu Fausiiraedatedu q oonuifdsaaiomilasouaquaia
9eAUsENRY Feanunsaasuunud e uuinnissuinnuauisavesnueslunisdndulaiionanin
TugaRavia Aue 25 90 wag 35 U8 lnilsieasiden fanns1e 2

4.2 psaeutonnaniesiures IRT lasn1snsradeunuidueni (unidimensional)
FAdefinnsanndndmanlonuesdusznoud 1 duaileinuesdusznoud 2 (E1/E2) fimasiien
1NN 3.00 dernululeniiivesuuuin (unidimensional)
4.3 MmsiUTguguauaudRnsIndAveLuUin

ANTUDINAMITERDI AUTUTIN (@) AITimesinsalean (threshold: )
AansauLNATIEde (item information) AT19ABUAMA IRt U NATTALNATEILULTA (test
information) uazAIAMLITiBs ilonTareUANaLTRMdsliAveuuin Tneldlusinsy MULTILOG

7.03 (Kanjanawasee, 2020) A9gRT
exp [a;(6)—Bij]
1+exp|ai(6)—pij]

Lx( )_

doX=j = 1, my
PL(0)  wvneds aunenduidpoudsinudnvarsedu 8 azmeude |
fhensdensienisdimeudl X e X = 1,2,...mi
a; wnede Ansfiwesaudusau (slope parameter) vosdef |
Bij WEEs AINIEWeT threshold Ya9UsaZII8AIIAINDY

(Threshold parameter) yosde |
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MTIADUANNINTI8T0INAIANTUTIN () LagNIITUIINAITIUIATILUA

€

v

AN 9l (Baker, 2001)

0.01-0.34 VINERY  ANSIUasLUARILIN
0.35 - 0.64 Weds  ASIuNasIuunG

0.65 - 1.34 WUERY  AIDIUIRIMUAUIUNGN
1.35 - 1.69 Mg A19IUITUNES

faud 170 July  vanells A unasiuungenn
MFIVADUAINITNTLNDTINTELEan (Threshold) vadurazs1wn15AReY (B1< Ba<
B3 < By) Woeiien B usisesndeslinn asiidndaus 2,50 §1 +2.50 (Kanjanawasee, 2020)
AT UANENTANATIETD (Item Information) TneasauAINITEmes a, b,
uay ¢ vastaaey Feaguidunuimalddsi Kanjanawasee, 2020) (ngluunanuidet §3deiiiaue
mansaumAvesdefauitigefigeluudazati)
- AensauwevestoreuIrgeiy dmiuasuiiarwannsalndiudmisiives
b vestioaou uazAmsALIMARzanasdmIUiaeUTiTamsalnannA T dimes b vestoseu
- Arersaumemesareulevialuasiirngedu demnsdives a vesdeaoulidanniu
- Aensauwevestoreuiirgetu wWedmnsfiwes ¢ vesdeaeuitiln o
PTITADUANNINT saTUIINATAULNAYDILUUTR (test information) TaeTi A
ansaumaieuduiuduniuiuaueaaiedeunasgiurensUssanue dadu fraransaumna
voauvuAsuiian 8 lnftasdarugniesusiugigalunisussnuemuannsavesineulurag 6 u q
TsmnupaiaARouLmsgIUYeINTUTEINAAWN (Kanjanawasee, 2020)
AsIvERUAIRINILT BaveawuUTR TneldduUsedAns woav (Alpha coefficient)
194A50UUIA (Cronbach) Fsaraniissveauuuda aasiiaminndn 0.7 Fuly (Nunnally, 1978 as

cited in Thirakanan, 2008)

NN
1. wamsadiuwuuinnisiuiadnuaunsavasaueddunisiniulaiionartnlugafddia
vasunREUsEAUTUliseuAnYInauUae NllANEILANANSTY

aa v Ly

wuudanisiuimnuanunsavesnueddunisindulaifenaninlugafdviavesdnisoy
sesutussoudnwineulats 1¥uuiAnves (Taylor & Betz, 1983) Usgnaunae 5 a4AUsEnay Lay
10 woAnssuysd 1dun (1) nsdszfiunwesldgnies (2 nssausaudeyald saduendn
(3) nmsdenduuny (@) msmaaulueuian waz (5) nsundyu lnenasannisasedeaaiany
$1uru 50 9o nduihlussadeusunmreskuuinang B 3 viu wasnaaedld (try out)

fungunaaes WUl Terauvia 35 U8 damuduiusserinsrsluuTedeiungkuLT (corected
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item-total correlation) 88/5¢%719 0.57 919 0.88 YIVDAIDIUKNIULNUN N 35 UD WALIAIAINULA 814

Y

I v

Wiy 0.985 Anntudndenderaiy 31w 25 o lagiarsandmdonatnderaiuluusasyaind
AP INANN LS 521 19AZUULT BT B UAZLULTINEIN AR NEIAU Fau1azindoduy 4 sonuanding

13
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L% a U :.JI LY = ¥ ¥
UNLIYUIELAUTUNTIUANWINDUUAY ALY 25 UD WA 35 UB

. NOANTIU Fameny ANYTIVBIUUIA
29aUIznav X < - o v v
U Y 1 (A) yan 2 (B) yawn 3 (O) 359 2599
1. MUsER UL 1.1 1A, 2A 1B, 2B - 399 (2A, 1B, 2B) 2498 (2A1B)
Igneas 12 1A, 2A 1B, 2B - 390124, 18) 240 (2A1B)
1.3 1A, 2A 1B, 2B - 399 (1A2A2B) 240 (2A28)
14 1A, 2A 1B, 2B - 398 (A, 1B, 2B) 240 (2A1B)
1.5 1A, 2A 1B, 2B - 399 (1A, 2A, 1B) 2 U9 (1A1B)
2. MITWTRTeLa 2.1 1A, 2A 1B, 2B 1C,2C 449 (1A1B,2820) 399 (1A1820)
Aenfiuendn 2.2 1A, 2A 1B, 2B 1C, 2C 498 (1A1B,281C) 378 (1A18,10)
3. mssaenduung 3.1 1A, 2A 1B, 2B 1C, 2C 4490 (1A2A, 1B10) 399 (2A,1B,10)
4. msnausnlueuag 4.1 1A, 2A 1B, 2B 1C, 2C 499 (1A2A, 1B10) 30 (2A1B,10)
5. MU 5.1 1A, 2A 1B, 2B 1C, 2C 499 (2A2B1C20) 3 U9 (2A,28,20)
594 20 20 10 35 25

1INATI9 2 WNURIVBILUUTANITS U ANaINsavesnueslunisindulaidonaian
lugARdviavesdnifeuseautulseuAnyinouuals A1Ne13 25 90 wag 35 10 Usenausieg
5 99AUTENOU 3 YATaAI1YN LAk YA A, ¥a B, uag YA C o linTauAquilamaunginssuusd
d' ¥ [ = 4 o [~3 Ly} [ = % o (v % a
WaRodRmEandamauaantduy 2 atu nen15AnaantaAIulukuuInA1N8713 25 98 L1NAaNn
ANSNAITUIAIAMUFUNUS TLNINNALLUUS BTN UALLUUTIU (corrected item-total correlation)

Tunuuiaanuen 35 U8 NilAgaiign Tuldazyatoraiu (AB,C) YasuAAENgANTINUY fog1agu

¥
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LUUTAAINET 35 T BedUsznoud 1 nsustidunutedldgnios ngdnssuusdi 1.1 sy
Auannsavesnuedlalneldiansfirannvatslunisdisianues SYefann s1uau 3 90 TEun 24,
18, uae 28 Fayndetuiamuduiussenivasuuunedetuasuuusrhunasiionun udidle
Fosdndentomaiuiioadawuuinauen 25 9o asfiansanaeuduiusssniensiuusede
fuAzuuuTIigaigalunsasym Farfu Tuuuuinauen 25 4o saddsenaudl 1 ngfnssuusd 1.1
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2. nan15iUSguLauANaNTANITANAYIUUUTANITTUS AINEINITOVIIAULDY
lunisindulaidenardnlugafdiavasinseussautudssudneinauuans Ndaueieiu
Tnguszgnaldluaanislinzuuuiuuaiauauy (Graded Response Model: GRM)
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Yya v a
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Item Characteristic Curve: 13 Test Information and Measurement Error
Graded Response Model

Probability

¥ A

A 2 Tasanwaeuudn (ICC) Yan 13 AN 3 TASENSAUNATDILUUIN MN8N 25 T8

a (3 a a

2.3 uamsinTginuantaneindfvesuuuinnisiuianuaunsnvesnuLes

[%
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Item Characteristic Curve: 20 Test Information and Measurement Error

(Grad Resporse Mokl

2 4 asanuaizwuudn (1ICC) 989 20 AN 5 TAYENSAUWNATDILUUIN AINNENT 35 T8

a a

2.4 samaiUseuisuuantainidaifivesuuinnisiuinuaunsavenules

[ '
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lunsdnduladenardnlugandviavestinissuseautudsoufnyineulaleniauenisieiu
Tneuszgndldlannanislfngiuuuuudidutu (Graded Response Model : GRM) ilefinnsauuuin
fifA1817 25 T8 WU AnadeAutusI WU 2.088 A1LRdY Threshold YadusAayI18AS
fmou (B wudn By SAnadewitu -2.944 B, fduadewindu -1.526 B3 fidnadewinfu 0.171
war By SAadswindu 1.787 aarsaumavesuuuin (TIF) fawvindu 35.021 Annuaiunse (6)
86U 0.0 uazAIPITiEs Wiy 0.965 wazillefiansaunuuuiaiifiauen 35 4o wuin Alade
AU WU 1.655 Aade Threshold vasusiazsenisiney (B;) wuin By Sanadewiiu

2921 B, fiAasminy -4.733 B3 dAwdemintu -0.020 waz B, JAMRAsWINU 1.526 AETEUVA

Yauuin (TIF) Jauiniu 32.492 fianuaninse (@) 52 -1.4 wasAanuieainiu 0.965 Aannse 2

M1319 3 HansiSeuiisuauantRindaiinveswuuinnisiuiauansavesnueslunisdndula
WenannlugafviavesiniseuseRutuliseufnwineulateniaue iy

lngUszgnaldlumanisiirziuuwuudiudu (Graded Response Model : GRM)
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o v TIF ALY
YBWUUIN  AUTUIIN() B B2 B3 Ba
> 35.021
25 U9 2.088 -2944  -1526 0.171 1.787 0.966
@ =0.0)
3 32.492
35 U 1.655 -2921 4733  -0.020 1.526 0.965
@ =-1.4)

newe Alademstlean (Threshold) lumsneit 3 Wuiissmsiiauenmsiuvesamsfiwesinsylead (Threshold) wialviiiu
winltiudn By < By < Ps < Py ¥4 2 atiu uazilofansanAamnsiiwmesinstleas (Threshold) uenidunedewazseatuiiiuvunldy

B < B2 < B3 < By Bussanntesluunnyndena 2 aduiguriv
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aAUT1ENa
1. afUsrgnaniIsasenuuianisiuiauausavasaueslunsindulaidananin
TugaadvavastiniSeusaudusissafnunouuas fiiaanuerauandieiy
a13150a319UUTAlAAToUARNAINBIAUTENBULAT LN AT DKLU TR (test blueprint)
fifuduil osnnounsinyavesuuuingiseldaununisadanuuialiiauasnados

aa o o a

PnuaeRUsENaUYRINISTUIAIEInTavesnuedlumsinduladonainlugAfdvia wasdiiunisaing
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wuh fnssnandlilifoimuonusnioudlauiuupdesnuligniesmnzannndedu Tnenionds
11nMsUTuUgs dmsnluneassld wudi dedaulunuuin 35 4o Taunmynde eaande
AadiAANENTUS e NP hUUTIB TR UALMIUT I WNAINN TR WagAnRanTarInY 25 U8

lngfinnsanAnaenanteanuluisaryanlAnudunussEnIns LU g TR UATILUUTIN g9

=

Pganua1siu FauwdiinagdasienisterauuidesenluidipsiomnaseunguaiuetAlsenoveg
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Abstract

This research aimed to develop a quality scientific explanation test on the topic of
gases for upper secondary school students. The development of the test followed these steps:
1) defining the operational definition of scientific explanation in the context of gases, 2) creating
a test blueprint and item specifications, 3) constructing test items and their corresponding
analytic rubrics, 4) examining content validity and overall suitability, 5) finalizing the test and
conducting a pilot study, and 6) evaluating the finalized test in terms of item difficulty,
discrimination, reliability, and rubric quality. The results indicated that the extended-response,
constructed-response test demonstrated appropriate content validity and alignment with the
intended construct. Following a pilot study with 41 eleventh-grade students from a large public
school in Bangkok—students who had studied the topic of gases but had not received explicit
instruction in constructing scientific explanations—the test showed acceptable item difficulty
(Pi = .33-57) and discrimination indices (Ri = .22-.42). The test demonstrated satisfactory
reliability (Cronbach’s alpha = .732). In addition, the analytic rubrics were of high quality, with
strong inter-rater consistency (ICC = .862). Therefore, the developed test is valid and reliable

for accurately assessing students’ scientific explanation skills related to the topic of gases.
Keywords: scientific explanation, CER framework, assessment, chemistry
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Abstract

This research aimed to: (1) compare the total scores obtained from examinations and
activity-based assessments in Educational Plans Al and A2 with those in Plans Al and A3 ;
(2) compare the differences in the proportion of students who passed the examination based
on the grading results of Plans Al and A2, and Plans Al and A3; and (3) compare the
concordance between grading results using raw scores (before equating) and grading results
using equated scores in Plans Al and A2, and Plans Al and A3. This research consisted of three
phases. Phase 1 involved equating the total scores from examination and activity-based
assessments. Phase 2 involved comparing the differences in the proportion of students who
passed the examination using the Mann-Whitney U test. Phase 3 involved comparing the
consistency of grading results before and after score equating using Kappa coefficient statistics.

The research findings were as follows: (1) There was no difference in the equated
scores between Plans Al and A2 and Plans Al and A3; (2) There was no difference in the
proportion of students who passed the examination under Plans Al and A2, and Plans Al and
A3; and (3) The comparison of grading concordance before and after score equating showed
strong agreement. The Kappa value for Plans Al and A2 was 0.893, and for Plans Al and A3
was 0.830.

Keywords: comparison of the quality, measurement and evaluation model, study plans,

open university
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(Angoff, 1984; Kanchanawasi, 1998; Lord, 1980; Petersen et al., 1982) uagidanlgion1susuiriou
AzuuuLUUdmMUesdulyd (Equipercentile equating) FaluismsuSuiieungandnnisin MIuanuas

YBIATUUUIINUUUADY X Wazhuvaay Y ddnwugad1oiu nsiigunmiaziuiauyaviilalag
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Tdpzuuy a dudslesidulndifeaiuvesaziuu 2 gatulasdewn TumAdeiidnAnwindiaeu
F1u7u 5,598 Au Fadumudanuziilunisidanlddisnisusuiisuasiuukuudadlasigulndusa

Angoff (1984) 1nd1331A751935 N5 UNq U @euvuIalng AANaIL1TaADUT NN TEIB AL

[ Saa o a a a 5§ < L3 [ a v
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fvhnsAneieuiisununimeenisusuiiisuasiuudoun 18 Ing vssninisdaiilesidulvg
WFUdUNTY wazdaunsannesiudnAnviUsy1ns uviverasAaling 91uau 40 au lagld
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1) ieUduiisunzuuusfildunannaruuunsae LAY A LLULALINN ST AN SUT AR
YBINUNITANET A1 LAy N2 AU WNUNITANET N1 wag N3

2) Wiedsufisummuanansserinsdnautndnuiideuniny Tnefiansanainnanisdange
YOIWNUNISANET N1 wazdnarutinAnufideuriu Tnefiansana nnanIsEANSAUeILHUNITANY N2
fU Wi suisuauLAne19sEnddadudn@nwfideuniu TaefasananRanIsAanse
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3) [iiewWSsuifisumiuasnadasvosmanisdansaainnisldnzuuuneunisUsuiisunz
AUHANITAALNTAINAIS AL LUUNEIINANTUS UL OUAS WUUVDILNUNISANET N1 LAy N2 AU
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3) {Aduinteyantnaintes 2 undnmssuteyalieglusulnd Excel wialdlunisimsiey

o
(% =

YSUMSUAL LUUS UV IAUAVDILEUNITANET N1 AL N2 AU N1 WAL N3 AI835N1SUSUISUAZLUY

6§ @ =

dnesidulng (Equipercentile Equating) mudeuwuziilunisidenldisnisusuiisuasuuunuy
SaTiosiiulnduss Angoff (1984) findnirmsldinisirunquiasvauialug ifinrmanusn
ADUTNNTEBUAZNTEENE 9 AU Wneldlusunsy Jamovi

4) Bi’?ﬁjﬁlﬁ’maﬂ’liﬂfluLﬁﬂUﬂ%LLuuﬁliﬁﬁ]’mﬂ’liaLﬂi’l%‘vfﬁ?&li‘ﬂiLLﬂi@J Jamovi Tude 3
TS eufisudndiuindnufiaeuniu InefiansanaInuan1sAnNsAvTe INUNISANY]
N1 wag N2 AU N1 way N3 Mmwana Mann — Whitney U test aglalusunsu SPSS

5) fATerwansUsuiisuazuuuildandes 4 sdansanuinasivesinetds uaztina
mMsieseiildlanznguindnwifaoudiu 1dinsa s uag Huldlumsienendiouiey
AUADAAADIVDINANITAALATAINAITITAZLUUNBUNITUTUTI B UAZLUUAUAZLUUKE191NNT
USUTlEUATUULAILURUNSANEY N1 4az N2 U WKUANSANWY N1 wae N3 seadRduUszanswaUUl

Tnelgluswnsy SPSS

nsATIEideya

nsTiengiteyalunsidedifunmsiinsesidoyadaiina tdud nsufuiiisuasuuy
Saitlesigulng (Equipercentile Equating) n1svAgdeU Mann — Whitney U test Laz N15MagdaU
AudaARdDs MuTEasBundall

1. Fisgrinsiuusmiaounildanas uuuae ULa AU ULAINT LT VLATEILHUNTAN Y]
n1n2 waz n3 laeTinszviuenidusieyainidaaunsoudunuunun1sdnw 1 uag n2
U n1 wag n3 lesidenyainiiidmauinAnwidiaeuinniian waun1sAnwiag 3 ¥adv) T2u 6

a A

YAV UagNAITUNANIBYATVINRIUANUTTUAISARLEeNY ATV I vuedulagd 398 91nTY

] 3

ITAseimenisusuiisuassuudmiasidulng tngldlusunsy Jamovi

2. hisiziisoufiudndiudn@nwifideuniu TnsiarsanaInuanIsiansnue LNy
ASANEY N1 N2 Wag N3 FaEn1MAey Mann — Whitney U test Tngldlusunsy SPSS iiienaaeu
auufgrudef 1 : daduiin@nuiildnanisdainsaiideuiuanununisdnu nl wandnsiudaday
n@Anwlinanisdainsaitae Uk LANLEUNSANEY N2 Lagilenaaeuaunigiuded 2: dndau
UnAnwlaNanISRAINIAI Ao UNIUINUNUMIANEN N1 wanA1eAUdndutnAnuiildnanisimnsn
MEDUKIUINUHUNITANYT N3

3. TAT1ENAIINEDAAG BIVBINANITAALNTAAINANT I AL LUUADUNITUT U B UAZLUUAU
HANISAALNTARINNTTITAL LUUNAINNTUS U UAZ LUUYBILAUNISANY N1 WA N2 AU WWUATS
Anwn N1 way N3 AawadAduuszans wauua (Kappa Coefficient) wazldinasinisiansanseeu

ANADAARDIVDNEDALAUUITDY McHugh (2012, as cited in Pasunon, 2015) A4m1519 1
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A1579 1 STAUMLEDAAABITDIERALAUUINILLLINIIUBY McHugh (2012)

ANEnA Kappa STAUANADARTDITEN TR U LovazuaInuiiosiy
0.00 - 0.19 Lufimnugenadeas (none) 0-3
0.20 - 0.39 ANADAARDIUDYLIN (Minimal) 4-15
0.40 - 0.59 ANUADAASDINBY (Weak) 16 - 35
0.60 - 0.79 ANEDAARDIUIUNAT (moderate) 36 - 63
0.80 - 0.89 AUABAAADILIN (strong) 64 — 80
0.90 - 1.00 mmaamﬂé’aqmmﬁqm (almost perfect) 81 - 100

Tngldlusunsu SPSS LlevaaeuamAziuted 3 : nanisdansnanmsldaziuuneunis
UFULB UL ULAURaN1TARNInA1NNSITAL LULMAI9INNTUSUMIB UAT L UUYBIHUNISAN® N1
Loz n2 daudenadesiu uaznaaouaLNAgIuTed 4 : nanisdainsnannnsldaziuunounis
UFUEUATLUUAURANITAANTAIINNITITATLULNEIINATUT UL UAL L UUYBILAUNISAN YT N1

wag N3 dANugenAaDIiy

NAN1599Y
1. NaN1SUS U BUAZLUUTIUTA LALIINALLUUNITADUBAE ASLUUT bAINN1SININTTU
PIVUAVDILANUNITANET N1 LAz N2 AU LNUNISANY N1 kA N3

1.1 HaNSUSUMBUALUUTINTA LA LINN AL LUUNITAD ULAS ALLUUT LA AINNIFYINAANTTY

(%
Y =

MINUAVBHUNITANYY N1 WAz N2 WU YA A @1v3vidadaans 4alen B @1v13¥13neIns
I9N13 wae YA C @1v1IBBATEFAIERS waznan1sUTUTsuAsuUluN NSNS 3 4AdY0 90 3
a 3 Vo1 b4 d‘ 14 [y < a a [ ) [ =
a1v3n wiuldrarzwuuiiaenndesiuuasilululuiiemaferiu Jwansusuifisungiuu
1ANUADAARBINUAN YULVDILUUABUIINUNUNITANY N1 kae N2 NUMIINedaluvigss Uiz
Iernualian wuvaeuanuunsfinw nl waz n2 Wuwuudeuatudeddu maiildainnsusuiieu
ArazkunIdalndiAeaiu nieauand1aduliunn Neludiuvesasiuuingn 3 SuAUwIN LagAzLUY
2940 3 UAUKIN LazluANNAIVBIYIATUUUN MUATIUNNUTUTIBU A9iI0819NanITIATIEN

1NYATYN C ATV WATHFANANT F15 2
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AN 2 HANSUSUEUALLUUSILALALNINALLUUNISADULAE A WUUNLAAINASYINAINTTUINUA

Y9I C NIV UATHFANENT TULHUNITANY N1 Uag N2

AMNEDAAABIYBIAZILLY (Concordance) ANEDAAABIYBIAZILLLY (Concordance)
AZLUL AZLULAN AZLULAN AZLUL AZUULAN AZLULAN
270 WHUNTSANEI N2 WHUNTS 270 WHUNTSAN® N2 | WWUNNSANEN
WAUATT fiusuiisufiu fnwn n1 WAUATT fivsuiisufiu n1
finwn n2 AZLLYRNN finwn n2 AZULUUIN
WAUAISANE A1 WAUNSANET A1
18 30 28 61 41.6 42
20 30.5 29 63 41.9 42
43 31.4 30 65 42.4 42
45 33.3 31 67 44.8 a5
48 33.8 33 67 45.7 46
50 34.3 34 68 46.7 a7
56 36.2 34 68 47.6 48
57 38.1 38 68 50.5 50
59 38.4 38 76 55.2 55
59 38.7 39 76 60 60
59 41 39 80 61 61
60 41.3 41 82 65.7 66

1.2 nan15USuiisunzuuuT I lANNaINATLUNNITAOULAL A LULTLAIINNTINAINT TY
MINUAYBUNUNITANY N1 waz N3 Tu 3 ¥A3¥1 210 3 @1v13¥1 Usenausie ¥a3vT D a1y

s

$genans Yl E avnindimans wagyedn F anvdnigmand whildihlinanzuuuiiaenndos
funazdululufiamaiviiu Aernan1susuiiisuaziuuiinugonndesiuan vz voILUUAIUIN
LUNSANEY N1 way 03 fuvinerdualuriesssnnsey Timualiin wuuaeuanuwuns@nu ni
way n3 dnslideasusiuiulunisaeutamenia (e 8 - 15) witeasuazunnsrsiuludiuues
LUUADUNANSNIAYBILNLNNTANYY N3 Tleandoaauainyiief 1 - 7 LALUUABUYDIUHUNITANY)
n1 Tumbed 1 - 7 anuteasudnyanilsiinnldlunmsaoutaeniasuiumied 8 - 15 vy
15 n1e AzLUNIINNTUTUBUIadiAuanaaduanluu1ege waslidrlndAsaduluunegae
sialudruvesnzuuusiian 3 Sufunsn WATATLUUENER 3 JuAULIn warluylananvesenzLuY

e USuTiey AefeguNan1sIATIeRINga v F anan3unsgaans 915 3
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AN 3 HANITIATIZNUS U S UAZLUUSILALALNIN A WUUNNTABULAE ASMUUNLAINA1TYIN

AANTTUVIMUAYBIYATY F anuINTFANEns YoduuunIsaney) nl wag n3

AUHDAAADIYBIAZILUY (Concordance) AMudanAdRIYBIAZLUL (Concordance)
AZUUUINN AZLUUIIN AZLUUIIN | AZWUUIIN AZUUUIN AZUUUAN
WAUATT WAUNSANYN N3 WAUNNS WAUNNS WAUNNSANEN A3 | UWUNISANYD
fnw 3 fivsuifisuiiu fnw a1 fnwn n3 fivsuifisuiu nl
AZLUUIIN AZUUUAN
WAUAISANYT A1 WAUASANET A1
15 27.5 21 66 36.7 37
18 28.3 23 67 39.2 39
29 30 26 68 42.5 43
33 30.4 28 68 43.3 43
37 30.8 28 69 44.2 45
42 31.3 28 69 44.2 45
a7 31.7 30 70 45 45
54 32.1 31 71 454 46
56 33.1 31 73 46.7 a7
57 336 32 76 54.2 54
61 35 35 78 55 55
62 36.3 36 85 16.7 7

2. nan1sissuLfisuauuana1asznisdndudndnwfiaeunu Tneiansana1nua
ANSRALNIATOILNUNISANET N1 ez dadrutnAnwifideuniu Tnefia1sanaInanIsHiaNTAT4
WHUNNSANEN N2 AU ANLLAnAesEdndunAnuiideuniu TneRa1sanainuanisinnsaves
WHUNSANY N1 waz dnarutinAnunfideuriu Tnefiansanainnan snnsAveINLANSANEI N3

2.1 wanswisuiiisuanuuananesenidndiutnAnwitge vy Tnefiarsanainka
AISRANIATOIUAUAITANE N1 WAy dndrudn@nuifidouniu TnefiansananNanIsiansAves
LWUN15ANYI N2 WU dnduvesinAnwifiaeusiu lagfiansanainuanisiansnveayaiv A
a1 dvAadaans 43y B a1u13¥1INgINITIANTT wasYnIYT C aUIYUATYFANAAT ANULKY
ASANET N1 Wag N2 1e91NNSUSULBUATLULLEY ddndiun1saoun1uluuanm1eiy wanedn
Sruautn@nwfldeunIuaINuNLISANYT N1 was N2 Ssuaulndidesiu fesetimansingzi

NYAIU A aniAaldans 1119 4

M1519 4 Han1sIguiiigudndiutinAnynas unulag iaNTNIINHANITARLNTATYBIYATY A

ANUNITIRAUANENS VBIWNUNISAN®ET N1 Ay N2

Mann - Whitney U test Sig. (2 - tailed)

o

ﬂﬁﬂmﬁaaumu (LN9A S ay H) 43.000 1.000




Uil 31 aduil 1: unsem - quieu 2568
Vol. 31 No. 1: January - June 2025 147

2.2 wan1siUssuliisuauLananssE i dndutnAnwiigeuniiu Tnefiarsanainua
ANIRANTAVDILLAISANET N1 way dadiutnAnufideuniy Tnefia1sananuanIsianNTAves
LHUNNSANEY N3 WUT1 dndruveain@nunflaeuriu TngiansanainuanIsiansnresynie D
d193SFAEns YY) E a1 dvdamans wasyadv F a1u1innsienans anuwkunisane nl
way N3 waannTUSUBUAsLULLEY  Sdndrunisasuiuliuand1eiy wansdn saunuln@nend
HOUNIUIINUNUAITANY N1 wag n3 d91uulndiAeaiufeiieg1awan153As18INYATY D

A1V IVIFFANENT $11579 5

M1319 5 HanisiwIeuiigudadiudnfinugeuniu Iaefiansunannnan1sinnsavesyniv D

#1UTIVITIAANT VDWHUNTANY N1 Uag N3

Mann - Whitney U test Sig. (2 - tailed)

o

uﬂﬁﬂmﬁaaumu (LN9A S ay H) 69.000 1.000

3. NANITILASIZAUADARADIVDINANITAALNTAIINAIT AL LUUNBUNITUS U UAL UL
AUNANISAMLNTAINNIT LT AL LUUNEIDINNITUST UL SUALLUUVDILNUNISANEY N1 hag N2 HU
ANUADAAADIVDINANITAALNTAINANT MIAL LUUNBUNTITUSULNEUALLUUNUNANISAALNSARINATT LY

ATLUUNEINNITUS U UAZLUUVDILAUNITAN® N1 ey N3

3.1 HANNTILATIERAIUADAAD DITDINANITANLNTAINANT LT AZLUUN BUNITUTULTTIBU
ATLUUAUNANITAALNTAINNITITAZLUUNEIA1NNNTUS UTBUAZLULIBILNUNISANYY N1 Lay N2
VBIYAIYT B A1U1IYINGINTTIANTT WU A1 Sig. AR 0.003 Fefldtesninseiuuddy
0.05 LAAIIINANITAALNTAINAITITAZUULABUNITUS UTIBUAZ LUUTAUEDAARDIAUNANITAALATA
MnnsizuurEInnsUT Ui uAsLLY Fadenndoetumadia Kappa fidAwindu 0.893 dadien
2¢/luy39 0.80 - 0.89 uARIINANITFANTAAINNTT AL IUUREUNTUSUIBUALULIULAI AR AAR DY
Auran1sAnNIAAINNsIdRTLIUMAIINATUSUWEUAzLUY agluseiuinn uazlisegazuadnIy

Woluegening 64 - 80 FIFIBENKNANITIATIENINYAIY B @1U1IVINEINTTIANIT M5 6

M1 6 HANTIATIHNANILABAASBIVDINANITARALNTANANST LAz LUNDUNTUSUBUATILY
AUNANISARNIAINNITIAZLUUNAIINNSUSUTIBUAL LU VBRI B a@u13Y)

INYINITIANTT VOUKNUNITANET N1 Uag N2

Srwuthnuniiseusinuiildlunsuszdiu (aw) Kappa Sig.
184 0.893 0.003
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3.2 NANNTILATIZNANADAAR DIVDINANITAALATARINATT LT AZLUUN BUNITUT UL B U
ATLUUAUNANITAALNTAINNITITAZLUUNEIA1NATUS ULTBUAZLULIBILNUNISANYY N1 Lay N3
¥93Yn3v E anwrivildmand wudn el Sig. devindu 0.033 Jadandfesninseduudifny 0.05
LAAIIINANITAALNTAAINATITAZLULNBUNITUT UL UAZLULEIANADAAR DN UNANITAALNTARIN
nsldasuunndnnisusuiisursuu Ssaenadosiuaaii Kappa AsiA 1wty 0.830 S?fqﬁﬂ'ﬂag'
Tur29 0.80 - 0.89 UAAIIMHANITAALATAINATITAZUULADUNITUTUTIBUAZLLULIANED ARA DAY
HANTSARNTAINNTIAZIUUNS R INNTUS U BUAz LY agluseduunn wazdTosavuaindy

WorluagsEning 64 - 80 AIFIBENANITIATIENAINYATY E awivlfiaans anse 7

M99 7 HANTIATIRANILARAASBIVDINANITARANTANAIS LTz LLNDUNTUTUMBUATIULAY
HAN13ANNIAIINNISITALRUUMEIINNTUSUWIBUATLIY YB3Yn3Y E anvividienans

YDILHUNITANE N1 LAz N3

FurutnfneNadauniunldlunnsussiiu (Aw) Kappa Sig.

145 0.830 0.033

aAUT1INE

nseAUsIenanisiselud osdu wisoendu 2 Ussifu dell 1) msufuiiivuasuuy
YBIWUUABU AT 2) N1TILATILIANNADAARBIYBINANITAANIAIINAT IIAL L UUNBUNTUSULBU
ALLUUAUALLUUNEIINNNTUS U UAZ LU

1) nsUSuisuaLuLYDILUUERY dmTUnsIduasaileasnsusuifisuatuuude3s

d I

daiwWesidulvd (Equipercentile Equating) Fa.luignsfeglugunuunisusuiisunzuuulagld

Y

[y

yuisap Famslilunsdfinguiaoviouelng FumneautunmAtedifiuuindnnidiasy
U 5,598 AU LLaSﬂ’JiL‘ﬁumjuﬁﬁﬂ’ﬂmmﬂJ’ﬁaﬁ@u‘ﬁNﬂi%f\]’]EJLLazﬂizﬁ]’]EJW’e] 5 U Fedonndeeiu
dnvazvosnguiaevdutuinfnussiuliyynivesmingdualuvivsssunseeiidungugaou
ffvunlng avvannsavesindnunfiidnuaenszats waznseanene q AU wazdidenadeafu
Meng (2012); Hanson & Béguin (2002, as cited in Meng, 2012) 7 na111 anqusiegielunis
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Development of Thai sign language recognition model using deep learning for
communication between student teachers and student with special needs:

application of CNN and RNN models
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Abstract

This research aims to 1) analyze the Thai sign language used by teachers to
communicate with students with special needs in the classroom, and 2) develop and evaluate
the performance of a Thai sign language recognition model using deep learning. The research
subjects include special education teachers in schools for the deaf and volunteers proficient
in sign language. The research tools include a questionnaire on the frequency of sign language
sentences. Data analysis is divided into two parts: Part 1 involves analyzing the Thai sign
language used by teachers to communicate with students with special needs in the classroom
using mean and percentage from the questionnaire data. Part 2 involves developing and
evaluating the performance of a Thai sign language recognition model using deep learning. The
researcher selected four deep learning models combining CNN and RNN to develop a model
that recognizes 20 Thai sign language sentences using video data recorded with volunteers.
The models' performance was compared in terms of accuracy, model size, and training time,
to identify the most effective model for evaluating the overall and individual sentence
recognition using accuracy, precision, recall, and F1-score.

The research findings revealed that 1) the sign language used in the classroom tends
to be shorter and more concise than spoken language, with reinforcement phrases being the
most commonly used; 2) the development of a Thai sign language recognition model using
the EfficientNetBO combined with GRU achieved the highest performance in terms of accuracy,
model size, and training time; and 3) the evaluation of the Thai sign language recognition
model's performance using a test dataset showed that the model achieved an accuracy of

73%. Sentences that the model recognized well included "proud," "are you ready?" "look at

the picture," and "understand," while sentences it struggled with included "beautiful work," "can

you do it?" and "right or wrong."

Keywords: sign language recognition, deep learning, Thai sign language
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(4) dense layer %38 fully connected layer \utugavinedmsunisiuuninleysslen

= o

Awile 20 Yszlua vi30 20 Aana {IdeReimunduIuniieUsyaiana (neuron) Liwindu 20

Video Feature Sequence Fully

frame extraction learning connected
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Image —» CNN [—® RNN —*

—* Prediction

Image —» CNN | RNN —»

Image [—® CNN [—» RNN —¥

2w 3 lassasvednansiteusidadnileluniside

TunanisiSeuiidsdndmivisimuielnedilasaisisinanandrefuilothuinaey
uaziUszansnmveslumanuTauLisuiufInis1e 3 wuin nislaluea EfficientNetBO $au1U
GRU shllainantsddrmuilefiussans nmanniigavisludiuanugniios suravesluna uaginm
dlunstinaeulung sesasnfe luna EfficientNetBO $auU LSTM Taia DenseNet121 52U
GRU uazluina DenseNet121 $auffu LSTM muddiu Sauansliifiuinlunaiiivseansanlunis
e dulisndudedvuelnguarldinalnaouuin wenani il efiansannisinaeuluing
s lunm 4 Fsuansrrmnugade (loss) wazAinmgndes (accuracy) lunisiinaeuluiag
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andssuuyndeyainasu (training accuracy) uwwildugiingaasi wandliiuinlunaaunsaiseud

v

Nnyadeyannaauls lurugiid1augydsuuyateyansivdeu (validation loss) kagA1Adw

andissuuYAdeyansIdeu (validation accuracy) in1siinduaduanasuaziuvuiliunn uandliiu

leadaldiianisseusuiniuly (overfitting)

M58 3 MaUTeuieulanaiiinwilelnelagldnsteudivedn

validation size average training
model validation accuracy .
loss (MB) time per epoch (s)
EfficientNetB0O+GRU 0.8238 0.7750 16.44 541
EfficientNetBO+LSTM 1.2220 0.6969 16.77 549
DenseNet121+GRU 1.5096 0.5969 27.65 944
DenseNet121+LSTM 2.1585 0.4719 2791 952

loss accuracy

training

25 validation 08 A

loss
n
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04

training

05 | validation

0.0 . ; T 0.0 T T T : |
0 5 10 15 20 25 0 5 10 15 20 25
epoch epoch

A 4 PTMLaRIANANNgLES LAz AR NYNABIYRINTSHNAR LA EfficientNetBO 33U GRU

3. nansussliuysgansamlueaidnnwilelnelaeldnsiseudidedn

1 ¥
Va v v =

TuwaiinwelvelagldnisSeudizdnigidoimuniu Wulueaduunwuunalengs

Y

Taglalana CNN 520U RNN 9192U93Y 4 Takaa wazdiunsaadsunlseloaniwiisnglasnuiu

20 Yszloa anniswaunlueas inrwdelnenuilunan 1usednininasfiandeoluina

&

b2 = [

EfficientNetB0 33uf1U GRU #37ed st launadnanaiunuseiiuyseansamlagldyadoyanageu

TngnsesideyannaouiidumyEng (confusion matri) Jauamsiruauietedeyalulszloailuina
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delilunaidrmuniielneduunusslonnuilelugndoyanaaey lnsluusazUszlon

Tugpdoyanaaouaziidoyaanilediauwitiuie 16 3ale nanisdwunillewsoudiouszning
Uszloaasaduuszloailumasiuneg uansldmensuiiatuumindauin 20x20 dsnm 5 wuin
Useloniilanaviungldgniosiomniisiuiu 4 Usgloa Téun wiends giila ddlaou uasineun
druvszloaiilumaviunsldgniesdesiiga Ao e duindnsiuenaindu lasnouls
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Uszlen precision recall F1 - score
illa 0.89 1.00 0.94
NEoUE 1.00 0.88 0.93
AnM 1.00 0.88 0.93
Wnla 1.00 0.88 0.93
Feladeu 0.84 1.00 0.91
ivgunsal 0.83 0.94 0.88
Byuuion 0.79 0.94 0.86
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Sl 0.81 0.81 0.81
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lalu 0.60 0.38 0.46
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wisuvesinle waglumangy RNN fiansnsadouideyaiidudduanusiazmsuvediile denndesiiu
$AT8v04 Puranik et al. (2022) AnslHlanna VGG16 $amifu LSTM Tunsddnwilosissiu way
$71u3 ¥ Huang & Chouvatut (2024) 71 1101514 TaAa ResNet $2uAU LSTM Tun1s5§31awnile
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91338904 Balaha et al. (2022) finuilunaisinrwiiesmsusmunawilefidnisiadeul
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(1) vgnguazUsulTyadoya W Wudgralalelunquussleaniinsdudeusiuiunisiiudiuiu
U93a (data augmentation) ¥3aLUTIWIWNIUVRNIALR way (2) UTuuseanrlUnenssuvesliing
Iﬂammﬁaﬂiﬁmmﬂuﬂéu attention %30 transformer 11 vision transformer (ViT) Wag temporal

attention mechanism Aa1uN5a3UANNELRUSSENNsUleR Fea1rvrelrluwaiuseansnnavula
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Abstract

This research aimed to: 1) develop a digital competency model for bachelor’s degree
students, 2) develop a digital competency assessment using the multidimensional item response
theory (MIRT), and 3) examine the digital competency levels of undergraduate students. The
study employed a research and development methodology. The sample consisted of 1,200
undergraduate students from higher education institutions, selected through a multi-stage
sampling technique. The research instrument was a four-option multiple-choice digital
competency test comprising 30 indicators and 240 items. Data were analyzed using descriptive
statistics, item quality analysis based on MIRT, and confirmatory factor analysis (CFA). The
findings revealed that the digital competency model for bachelor’s degree students consisted
of three components: 1) Media, Information, and Digital Literacy, 2) Skills in Using, Developing,
and Solving Problems with Digital Tools, and 3) Adaptive Digital Transformation. The test was
consistent with empirical data and aligned with the between-item multidimensional
3-parameter model. A total of 211 items (87.92%) met the quality criteria, with an average
difficulty of 1.44, average discrimination power of 0.24, and an average guessing parameter of
0.13. Item-fit indices ranged from 0.62 to 1.05 for OUTFIT MNSQ and 0.74 to 1.14 for INFIT MNSQ.
The test demonstrated high reliability, with an EAP reliability coefficient of 0.865. The digital

competency model exhibited good fit with the empirical data (}* = 233.011, p = .217, Y(*/df =
1.074, AGFl = 0.975, RMSEA = 0.008). Results from the competency assessment indicated that
students scored highest in Digital Communication Skills and the lowest score in Computational

Thinking (M = 5.99 and 2.40 respectively).

Keywords: digital competency, digital competency test, multidimensional item response
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2. NANTWRHUILUUEDUENTIAULATTEAUUSYI93 Tnslunanauauasdadauluunyii
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2.1 HANSHAILILUUFBUANTIOULARING ANUNTBUAMIAITEAUUIYINT W.A. 2565
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WUUABUANTIOUEATYA TuIzauUSypns 19lunani1snouauetod@o UL UUNU LA
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(3) MsUudgnsasunUaaRdva Inediulug Sanganssuluseauidn 311U 178 Yo T8989

Town seautnla seauthlule wagseauiesiedt (3uiu 43 98, 13 U8 way 6 TaMUAINU) AIN1519 3

LY

M99 3 FNNUTDAUMUNGANTTUNITSEUS IULAareAUTENBUYBIANTIAULATYA

aa v Y o ¥ o Y a 4 a 1 ¥ 3
AUTIAULAING 331 Wl dlIY Besned Ussdiuan a3neassa sau
1. MsjuiviudeansaunaLarfdvia - 52 23 3 2 - - 80
2. finwemsld Msiaw wazns 96 12 2 2 - - 112

v v A4 A aaw
LLﬂﬁquﬂjﬂLﬂiaQMaﬂf\]ma

3. maﬂ%’ué‘hq'miLUﬁauLLﬂaqaﬁﬁa 38 5 3 2 - - 48

374 178 43 13 6 - - 240

2.2 NANINTIVERUANAINYDITDHDULAZLUUHDUANTIAULAIIA

2.2.1 HANIINTITABUAILATIALLT DM AANTANAIIATIN LT e da8TT N3
Jinsevidvdanuaenndos (100 91nfid savgsumaluladaisaumna uazdunisiauay
Uspiiuna $1uau 5 au wuth msfivsandviiaaaenadosssidoaouduitin sevisdoany
AungANTIUNITEENS kagsenitdandiuaneu dauaenndesiulaeien I0C ag58ning 0.67 -
1.00 Fadulumunasiannnit 0.5 uly (Rovinelli & Hambleton, 1977)

2.2.2 HAN1IATIVADUAMA MY DHBUT 18T 0MUN B N1navUAURIYRda lun1s
Wiguilguamnuaonafenaunduvedlinan1snauaLDIlRaa ULUUNYER wudl Jnan1snauauas

dogounuu 3 Wisdwes WuluwaiimvaenndesnaunduiudeyadinouveswuudauuIniign

\flosandiendvdl deviance (G2) A1 AIC wae BIC ‘ﬁﬂ'wﬁﬁqﬂ (Briggs & Wilson, 2003) LaAAIAINITIN 4

M1519 4 rawdIeuifigulumanisneuauestodeuLuUNYia

Taaanwndia n AIC BIC Log.Lik G
Rasch model 139 4975.83 5066.79 -2456.91 3542.04
2PL model 139 4961.79 5137.86 -2420.89 3470.00

3PL model 139 4931.13 5045.23 -2400.57 3429.35
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LY

2.2.3 HANNSAAADNTDEDU NLUVADUANITOULAINA 240 U9 WU HYDEDUNIY
et 211 98 ($eay 87.92) wiadu (1) é’mﬂ’]iil,vhﬁu?%aaﬁaummLaza%ﬁa 70 U9 (2) PUYInu
ns1e nstmun wazasuidadsiaiesdiendvia 102 4o waz(3) suususgnisiudsunyas
Adva 39 Yo AnldendadaUINUNanaUANRITRERULUU 3 PL Tdlnaeiues Baker (2017) Tig1una
$uun (2) > 0.5 ALEIN (b) 559319 -1 B9 1 wazn15tmn (0) < 0.3 WUl AMEINITILUNLRABLYINAY
1.44 AUEINRABMATU 0.24 kAzN1SANRABWINAU 0.13 R91504151809AUSTNBY WUFT Fufi 1
fiAnsuasuunsEwINg 0.5 A9 2.44 fAmeNIENIng -3 9 3 eufl 2 SAEIUNIITUNTENINe 0.5
89 5.19 fAue1nTENINg -2.72 89 2.97 wavdudl 3 dA181u1asuunsENIe 0.4 A9 2.48 A

g1NILPIN9 -2.04 D9 1.92 Teend 3 @1 AN kAL 0.3 LandsInnse 5

M99 5 MTBATIRAUANTRAOUTIEUaRINNgBN1INeUaLBI T DY

29AUSZNBU  ANBIUIRIILUN AAUNBN (-3<b<3) ANTITLAT dadau
(a>0.5) Nl Junang 81N (C<0.3) UL
(-3<b<-1) (-1<b<1) (1<b<3)
dfi 1 0.5 i3 2.44 30099-1.04 09983085 10383300 08303 70
il 2 0.5 §9 5.19 272994-1.03 -08983089 10483297 08303 102
Fdi 3 0.4 fi3 2.48 20499-1.07 -03883094 10689192 08303 39
Ay = 1.464 Diazy = 0.24 Cuty = 0.13 211

2.3 HAN1SASIAFBUANUATUTIATIAS1902835n15As1ERNUEAR Laen1sSeuniiey

9

lua (competing models) sevinglutaanuutendi lunatendfuena1uils waglunaiuunyia
nu1 wanviiAsenindeaeuiluluwmanfngn esainidan deviance index (G2, A1 AIC waz

A1 BIC Wapninluwaleniis uazlunaoniifuenauiif (Briggs & Wilson, 2003) HaVAgaUALLANAIN

[y

Y9I G? SeMINlUaenTAAUNYAR waztendAuena LA uUNYLR wuIdanuwangeenadl

'
[ aaa [y

WNNERRNTEAY .05 (Y2 = 64.89, p< .05 uay (? = 102.77, p< .05 MUAINU) AR 6

Y

DEGElR

M1319 6 LWI U ULULAALTIONTIREDUAIIUATUTILATIAT MBI TIATIE N

Tapanwnlia Deviance: GZ  n NUIUNITEADS AIC BIC

1.LoN%A 44078.87 1,256 31 44140.87 44174.94
2.LNTALSNAIUTA 42581.74 1,256 34 42649.74 42687.11
3wviiAsevinadeaey  40834.06 1,256 36 40906.06 40945.63

HAR19Y8IA G2 sendnelaea 1 A 3, A1 Y’

64.89, p< .05

HAR9YRIAN GZ sendndluea 2 Au 3, A (2 = 102.77, p< .05
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N15M399A0UAIUNNILAUVDITDABUIIETOAIUNG B N1INOUAUBITRABURUUNNIIA
TA8NAITUIAAFTTAAINULMUILEN NANITILATIZI WUIT TANASTAMUMLIE NS890 OUTFIT
MNSQ 8¢/5¥%319 0.62 fia 1.05 uag INFIT MNSQ 8¢ 381319 0.74 §i9 1.14 Faagluinausinfimua

Lunz et al. (1990) ka@ngIntuAaiANULALILdUAUTDEUSI18TD

2.4 NANIIATIVEDUANMUNYIVDILUUADUANTIOUSAINA ALATIZMlnAduUTEENSAL
WABSWUU EAP %71 wuvdeuieatu datainuiies 0.865 tulumuinet (Kanjanawasee, 2012)

LAAIAINITS 7

A1919 7 ANEUUSLEANSANUNEURILUUADU

findidn Anduuszansauiiosuuy EAP
fAsnunsiwinviude ansaumna uazAdva 0.816
fRgunsTd mswaun waznmsudtymaedesdenisa 0.827
fAsunsUiufignaUAsuLlasidva 0.708

waaty 0.865

=~ LY

2.5 NANI5ILASIZYB9AUSENO UMY T UT UV IULABNISINENSTOUSARINE ANUNTOU

[y = a

WINTFIUAMATEAUEAUANYILAITA TuseauyTayyns Usednd 2565 men1sinsigresdusenay

A%}

a A U 1 L v (3 = 6 o 1 U U ¥ o1 (=] L U &
W9EUEY (CFA) HANISNARDUATARAUNUSLUULNYTAU ‘W‘U’J’Wl’lLLUiﬁ\‘iLﬂmlﬂﬁ’]ui%@ﬂﬂ’)’]mﬂmwuﬁﬂu

o (% a a 6

atafitudndeyi 05 waz .01 duau 340 ¢ Seway 78.16 dmsunsnedevaunAgiuauduwning

LONANWAAINAIEDA Bartlett’s test of sphericity Wui1 dAWYINAU 5610.478 (p<.000) WEAIINUNIAG

Y [ o o a

ANFUNUSTLMININITIALANANNANNLUNS N NAN AR IUEE AUNINED FdaARARINUNANITIATIEY

o

ISP !

sl e -wiees-aaanu (KMO) flfwihiu 0.790 FsUn@aziidnunnnit 0.50 wansvadeuiuand
TﬁLﬁu’iwﬁa%‘Tﬂ‘lﬁ%yJaﬁmmﬁmﬂ’uéﬁuuazﬁmmmmzauﬁ%ﬁmﬁLm’wﬁaaﬁﬂizﬂa‘uw NAN1T
ATIFEBUAIINATIVRLLIAANULT Junaliaudenndenaunduiudeyadelseing ()% = 233.011,
p <.05, df = 217, ¥%/df >2) lagdaavilinseauaiunauniau > 0.9 (GFI = 0.987, AGFI = 0.975)

uazApuAaaLAdeuliilAY 0.05 (RMSEA = 0.008, SRMR = 0.029) dwitinesdusznausasgm (B)

| aad

9¢581179139 0.31 §19 0.89 A ninesAUsEnouNnAlitedAyn19adAn sedu .05 (p < .05) wag

)~ | A a vy I aa o la v )
Nﬂ@la')u@?qmLLTJi‘Ui'Ju‘W@ﬁ‘U']EJ‘lﬂW'JEJ @ﬁﬂﬂigﬂaUaNiiﬂugﬂﬁW}ahJLﬂu3@Uag 78 LAMINIRNITIN 8
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M1319 8 NTAATIENDIAUTENOUTN LI UVRILUNAALTIAUE ARVARIUNTOUNINTZIUADAI

o e TmiinasAusznay , dua.Azuuy
gUITAUTAING AAVYIN b oF ﬁ t R E]\iﬁﬂi%ﬂi)‘u
1. funsiwinviude Al 0.38 0.012 0.79 3176 | 0.62 0.38
ANTAUNA LazAvia A2 0.33 0.012 0.72 27.93 0.52 0.48
(LIT) A3 0.32 0.013 0.64 24.02 0.42 0.58
Ad 0.28 0.011 0.66 25.13 0.44 0.56
A5 0.26 0.013 0.56 20.03 0.31 0.69
A6 0.26 0.013 0.56 20.26 0.31 0.69
AT 0.23 0.012 0.53 19.11 0.28 0.72
A8 0.28 0.013 0.59 21.59 0.35 0.65
A9 0.30 0.013 0.63 23.66 0.40 0.60
A10 0.35 0.013 0.70 26.80 0.49 0.51
2.6NUMSLE A3 B11 0.23 0.014 0.47 17.12 0.22 0.78
WU LaznIs B12 0.24 0.013 0.49 18.05 0.24 0.76
widymsiendesdle B13 0.29 0.013 057 | 2152 | 033 0.67
Favia (SKI) B14 0.39 0.014 0.37 13.27 0.24 0.86
B15 0.34 0.013 0.31 11.01 0.29 0.90
B16 0.37 0.014 0.33 11.74 0.31 0.89
B17 0.28 0.013 0.57 21.31 0.32 0.68
B18 0.44 0.011 0.89 40.05 0.80 0.20
B19 0.27 0.013 0.54 20.08 0.29 0.71
B20 0.22 0.013 0.45 16.40 0.21 0.79
B21 0.43 0.011 0.87 38.41 0.76 0.24
B22 0.21 0.014 0.42 15.02 0.18 0.82
B23 0.43 0.011 0.88 38.67 0.77 0.23
B24 0.28 0.013 0.57 21.60 0.33 0.67
3. funsuTudag C25 0.29 0.014 0.58 2043 | 034 0.66
nsidsuulasiiva 26 0.31 0.015 0.42 14.27 0.48 0.82
(ADA) ca7 0.45 0.015 0.49 17.00 0.34 0.76
28 0.43 0.013 0.86 32.76 0.75 0.25
C29 0.39 0.014 0.58 20.40 0.34 0.66
C30 0.36 0.014 0.53 18.41 0.38 0.72

Chi-square = 233.01, df = 217, p-value = .217, Xz/df = 1.074, GFI = 0.987, AGFI = 0.975, RMSEA = 0.008

o

3. NAAZLUUEIUANITIOUSAING
HARZLUUADUANTIOUEAITAdMTUUT YIRS 91U 1,256 AU INLUUABUATUIU 7 99
HANSNAFBUNUIN wuudeuatun 1 dasiuuiedeniniian sesaailaun wuuaauatun 3,5, 6, 2, 7

way 4 (M =32.1, 32.0, 31.9, 31.5, 30.6, 29.0 ka8 28.8 AIUAINU) AIN1519 9
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M99 9 IMNIUEABY WazAadAllenuINUUUADUANTIAULATYA

. W aluNl 1 auuii 2 atun 3 adund  aduin 5 aluiné  alun 7
dandu

M) M SD M SOD M SD M SD M SD M SD M SD

quamaaﬂwﬁwmé’ﬂ 80 385 4.21 384 577 29.2 6.12 31.8 100 36.3 524 333 523 40.8 5.06

NIN.AUNTINBY 77 31.7 509 347 320 30.3 792 250 7.05 34.7 625 279 7.13 323 6.80
NIN.UATUFY 82 30.5 8.74 208 7.73 33.8 8.67 259 793 284 10.1 338 867 208 7.73
Miﬂ.qmamﬁ 182 31.1 8.17 270 6.79 335 104 254 9.67 292 7.68 335 103 270 6.78
1. inwuUndn 257 332 104 273 630 30.7 7.44 27.1 871 329 106 30.7 7.44 273 6.30
3. $98n 236 323 7.16 33.1 958 329 941 249 786 31.7 698 288 897 278 8.47
4. deu 227 250 756 332 7.85 30.0 841 31.1 846 282 856 281 820 26.1 7.78

uIseanuNnen 115 345 7.47 30.1 807 359 811 388 498 337 732 359 811 30.1 806

33U 1,256 32.1 8.52 30.6 8.43 32.0 8.63 28.8 9.14 319 8.41 315 8.60 29.0 7.87

a CY !

LHIENTUNALUUURREAUBIAUSENBUANTIOULATIA WU ATUUURREINNTIER AD AW 1

'
aa o [ =] v

n1s3uiTiudeansaumaLarAdviaiieiun1sieanseaiidvia sesasunlaun dui 2 finwenisld n1s

9

A CY ¥

Woaun waznisuilaymaleiaseddondia wagaui 3 n1susumgnisiudeundassiavia (M = 4.49

= I~ A

3.98 uag 3.52 Auanv) lasunAnwliazkuuiies n1sdeansgandviaunian (M = 5.99) dmiu

ATLUUNBRENIEAABITDY NSAALBIAIN (M = 2.40) WARIMIANTI 10

a

A1379 10 aDATNUTTUNUVDIAL U UADUANTIOUL AT UUTYYINI

o

AUITOULAANA TuszAuUSYYInT

AussaUsd 1 M SD gussausi2 M SD sussausia M SD
1 anudiugiueens 372 146 11 msdanslid 374 147 |25, Baguuius 268 1.28
2. 3v8 AnusuRavey 497 117 (12 [¥Buwmesileld 467 144 |26, vhoudianAdvia  4.02 148
3. hiisdondvia 398 140 |131Usunsuussinana 4.61  1.25 |27. AnsBuiSous 389 146
4 sfemsyaddvia 599 132 [14lUsunsuensne 434 164 |28 asduszneums 330 136
5. Yaeadelugaddvia 504 132 [151Usunsudiaue 513 144 295 wamalulad 425 138
6. 1iladoRdvia 430 109 |[161duanusiuas 397 148 [30.mallaBelFlmal 295 139
7. 33Y5ITUAIID 4.59  1.02 |175puneeniuy 358 134
8.4 NAYARIVA 479 115 |18.38ulUsunsy 273 141
9.ARvianBNSY 327 134 |19Fakethgsdnw 446 1.46
10.nvuNeRTVa 421 121 [20u4Adgyvmalln 496 131

o

21dfudewine 297 144
20 Auandouddva 346 132
23.maluladaseassn 4.66 1.33
24. ARLTIAIUIN 240 126

39U 4.49 1.21 |57y 398 1.35 ] 3731 3.52 1.33
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anUs1eNa

a

L nswaulunaaussaugAdia dunduauidseauuTyyins AuuInsgIun ulal

e

SEAURAUANYIUVIYIR W.A. 2565 Usenaume 3 aussauy 30 Ml loun fui 1 nsdviviudeans

[
a v a a v

auwmAkazAda 10 A13Tn Lawn Anugiiugiuneuiiames ansuasausuiayey n1sntedaniva

13
3
Y
aa v [ a
R

nsdeansARYa AUUaensielugad

]

Y

faauladendvia A3esssuludnudavia guamAenRIvia

'
LY a Y ¥ = A a 0%

ATAADULITY WazNVUIBATITA AUN 2 inwensld nsiaul waznsuidynisien3esdenia

[
v A

14 ¢35 loun nrsldrauinasannisiigd nasladumasiidn nsldlusunsuUssulanas N5
TUSHNTUANTIIATIEN NITEELUTHASUUILEUD NS TUN AN UAS NITNAIUIDDNWUU NARNIIU

nsWulUsknIUABNiianed N1sAnAs Urgesnunlusunsy msuidaymvmianaia msuiuilaeuriney

'
aa o [ a a Y

gAY N13IANTsAIRGeNATTA n1sldmalulagagneasneassd Lagn19ANTIAIN UaEATUN 3
nsUSumgnIsiasuuwdasidvia 6 fain loun nsdavgulsumsamalulad Msvhauludnusana

nsfnsEUEERsMeaueY NMsasmandnduiuseneunts nmsudinnamelulad wazn1sinny

walulaggUhlna aenrsesiudmuigvesnisuseyuaaniunisfnwilud a.a. 2022 nd13dn

a a Y

AUTIOULAIVA UTLNaUMEY NNSHMARAYIA NNSIIRINE N1SHANWALNISAAFDERANTAELAIDILDRAINA

Y]

nsuitdymeiaiesdiefdvia nsussifiudeyadisaumaddvia uay nisldveluladfdvasgad
2385554 (Busabong, 2023) Lar@anAdedniu NT8ULUIANENTIOUEAIVAY8IEUNITUANEATINAIS
AdvaiolrsugianasdnNutenA w.A. 2562 NTBUNIATTIUAAITEFURALANY WA, 2565 381984
ﬁﬂwmﬂmauLLmﬁmﬁﬂwmiﬁaufluﬂmﬁwﬁ 21 wag Top 10 Skills ¥Bs World Economic Forum
Tnowanzvinuensly muny quaelulad wagiinweniseonuuumalulad wazideulusunsy Sadu
Winwenslduariaumalulag

aa v o

2. NMIWAUILUVADUANTIOULATNATEAUUTYYINT TANGANTTUNITITUIAULLLAR

YoaUquuarAuzl A.A. 2001 NUITBAININATOUAGUATLATEAUFIILUIUANITIATIE Vil

[y

Togoudilngiilunisinluseduidn wWesngadmnevesnisaeuiieUseiiuninuinowdiia

'
1 ¥ 14 aa o A

nsfnw (Exit-Examination) figafunnadilalundnnisuazanuvsnelugaaaiia Wedlaugdn
ausaululdlaegagndas aennd sy Duangprakesa (2018) N&1331 NANTIUNITLTUS
madulumugidudu Tedunnamuianudilawdddugimanlussduiiadu dmiuamunmuos
wuuaeunudn fanuaenadossznindedeutuiidin deaoutunginssunaieus uaslandiv
Amoutlulununasildla (Rovinelli & Hambleton, 1977) waziilunadenadaatuiuuainudy
WY ARAI¥1I199a0uU (Between-items Multidimensionality) #31584191nA1 deviance index (G2),
A1 AIC way f1 BIC fidesninlumaendd uwazlumaiendfuenmuidf (Briges & Wilson, 2003) was
NnAALdenAdessEinslunaTeteiidaid OUTFIT MNSQ wagan INFIT MNSQ dagluinasi
Foousuld (Lunz et al, 1990) uansi1 wuvdeviausatluldinaussausadvialusssuusyyns

Toognanaiudg waziwaiala
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a

3. ALLUUADUANTIOULARNE a1USUUSUING WU UNANWILALLULABUINLUUEDU

A7}

e 7 adu Indldesiuiesann gasulundazatuidnuarlndifssiunanfie wanvatganuniann

witlaunuIsvinlikuudaukmazatulanuLUsUSIUYRIALLUUL DY 9V trAzkuLaaulnaLPeeany

o
a Y v A

aﬂ‘mLL‘U‘Uﬁ@U&Nmmmtﬂugjmmuﬁmﬁmmﬂ YRADULAALATUAT T UAUTINIINAITIALALINU
fisuuuvraanisivteyadmsunisusuiisuidusvuuy dasunqulduvinisuiuluvaieaiviisn

Inglddoaeusindudieuleseglunnadu Mduwansdsnnuduguuuiululasaie suuuuves

[V 7]
U v A 1 aa o

Uaou Uagianasumilouiu Milnuliaziuuiiniigafe n133udeasaunaLazAdia

aa o 1

Tnganizisesnisdoanslugafdvia uansbiiuinensulnedianuiaunsadeaslueafdvialad wu

n519 N1sAUAY Nslanau Wusu dennasd Techataweewan & Prasertsin (2016) na@1131 wn@nen

v Y

sEAUUTYY RSN TIRIvialusunsaseming inwen1ssiuile waviinwensin AuawU @ennted

Y

fiu Suwanroj et al. (2020) wu31 aussauzAIanTludmiutnAnwseauUSyes loun anug

HugIWABNTIABs N15110e N15lY MskAnuazaseassade n133an1s wagn1suseiluen aegly

[y Y

éf’mmsi WINTTUEDESAUNALATAINE @BAAABINUIIUITEVDY Sirisak (2016) NUINANTIOULAIVE

vosagiddnyiigade vinwznslidouazmeluladidva dwsunzuuuindotesiignie aussausd 2
furinuen1sTd N waznsudymieirdesiiefiviafe invensAndadiuin Sana1aléin
wrulnedidymlud esnsfaderuadaduinsenaineimans denndestunanisnageu
FTAUUIUITIRATUTINBENISANTIAIUINT W.A. 2563 Uizl,ﬁnmlmagﬂué’uﬁuﬁ 41 vp4lan @onAaoq

fuMInegaULINITIATUSIE Usemndlng 2561 WinlnesuiissSesay 1.13 (Puechsing, 2021)

JoLEaUDLUY

1. Yarauanuzlunsuinaleluly

'
% = a

1. {UTMsan uAne) aunsadIluuaeuaNIIOuLal ol Fefiqmnmifanunss
Badew anunsaddasiadns anuiios wavdudeaeuiitidmnsifimesdeasy Eud AAuen
A1EIUIATIUN wazAINSITIzantuntsiluldlunsSanssausAavavestnAnwluszau
USaynd uit oliin@nunlufinely waswlsuanundeunsuasuadadeaunisine anudeuly

uIstamaaﬂmxﬂﬁumimiqmuﬁﬂm

o
Y C =1

2. 91038a0U anunsmuuvdeUaNsTaurAIViailuasuinseduaussaugAdvia dnfinw

W atunuanidlunsimuig S euliflgudnwue i HaUssasdnuuaunag ns A 1uAIaves

9

v awy

anun1sanele Ly NSHAIUIUANERT A1SIANANTTUNDANLASUAUTTOUL AV ANADILAALAY WaY
USuUgsanssausndeunly

2. Jarauanuslunisiveasesaly

¥
v

1N3¥1N1T 913K aU wartAeIdes aunsau kv UaNTTausAIallUNmu

Wuadategauddnnsaindunuwiuy seaudny Uiunals kazenn LLazmmmﬂ'aaamiﬂqszumﬁ
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Abstract

The aims of this research were to: 1) create item models and design a data warehouse
for mathematics and statistics for science and technology; 2) develop an automatic parallel
multiple-choice question generation system using automatic item generation; and 3) investigate
parallelism between the prototype test and computer-generated test. The research
methodology was divided into three phases: Phase 1 involved item model creation and
evaluation to create 42 models, alongside the design of a data warehouse to store parameter
values of the created item models for all item models to share stored data. Phase 2 focused
on system development in web application form to create automatic parallel multiple-choice
questions, together with quality evaluation of the developed system. Phase 3 consisted of
parallelism investigation by having experts evaluate the parallelism of each item between the
prototype test and computer-generated test, followed by experimental testing with 30
students enrolled in Mathematics and Statistics for Science and Technology at the School of
Science and Technology, Sukhothai Thammathirat Open University.

The results revealed that: 1) All created item models of mathematics and statistics for
science and technology passed the required criteria. 2) The automatic parallel multiple-choice
question generation system successfully created parallel questions that aligned with the
system's design objectives, with the overall system quality at a high level. 3) Expert evaluation
confirmed that all items in both tests (the prototype and computer-generated tests) met the
parallelism criteria. The experimental results showed that: (1) The prototype test had an
average difficulty of 0.52, average discrimination of 0.41, variance of 0.24, mean score of 21.90,
reliability of 0.89, and standard error of measurement of 2.98. (2) The computer -generated

test had an average difficulty of 0.51, average discrimination of 0.40, variance of 0.25, mean
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score of 21.00, reliability of 0.90, and standard error of measurement of 2.84. Statistical analysis
indicated no significant differences between the two test versions. Based on both expert
evaluation and experimental results, it was concluded that the prototype test and computer-

generated test were parallel.

Keywords: item model, automatic item generation, parallel test, distance education
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Abstract

This research aimed to develop experiential learning activities integrated with
feedback to enhance the learning design competency of academic support staff at King
Mongkut's  University of Technology Thonburi, and to investigate the competency
development of those who participated in the program. The sample consisted of 31 academic
support staff selected through purposive sampling. The research instruments included activity
worksheets and behavioral checklist forms. Data were analyzed using mean, standard
deviation, one-way repeated measures ANOVA, and effect size. The developed learning
activities comprised three components: (1) self-directed leaming of core concepts, (2) practice-
based learning, and (3) real-world problem-based scenarios. The implementation significantly
enhanced participants’ learning design competency (p < .001). Repeated measures ANOVA
showed a statistically significant difference in competency scores across three time points,
F(1.483, 44.487) = 898.729, p < .001. Competency scores increased in each successive

assessment.

Keywords: learning design competency, experiential learning, formative assessment,

feedback strategies
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WUUFU3A (scoring rubrics)

2.2 WUUATIVADUITIUNITNGANTIN AD WUUUTELIUNOATIVEDUNGANTIUNITUANIDDN

¥

lusgnineamsiseusiuuszaunisal liteysusedliuludiuvesimuafvesaussausAUAITRBNKUY

NTLUIUNTIANITIOUS 4 AusTausnan Laun 1) N153LAT189ANUR RISV dduladudey

Y

2) MIMMUARAINENITITEUS 3) N1TBONUUUAINTTUATITITEUS Wag 4) N150BNLUUNTEUIUNITIA

wazUszifiu InefinisUseidiu 2 seau Ao UUR/ wandliiiu Auldlduios/ luwansliiu

¥
=]

U L8 3 YU bwnruaa1drdnazkuulunsUsEL I UANS SO ULAIUNITEDNLU

QU o

N3EUIUNITIANITITOUINUDIAUTENDUMUAIILT MUTinYe uaguriauaR dauanddunisns 1

M1919 1 ANNVTNAZLUUTILUNALANTIOUEENUALBIAUTENBUAIUAINS Vinwe wasTiAuAR

AZUUUIUUNANUDIAUTZNOUANTTOUS

GHERLMIE ATUUY  — — —
3 v . fuAnNi  duvinee  AuviAuaR
AUN1TDBNLUUNTEUIUNTTIANTSITEUS (100)
20% 50% 30%
1. MFAsgvianussINsveilduladiudy 30 6 15 9
2. MIMMUARATNSNTTEUF 10 2 5
3. NT0RNWUUAINTINNTSEUS 30 6 15 9
4. NMI0BNLUUNTEUIUNTInkaz Uiy 30 6 15 9

inasin1sUsziliuadndunantsiauaussaus {iduldeenuuunaziaunmsing
Usgiliuanssoug AU IoeNkuUNsEUINNsdInnsiseus Inelanuaziuuiawuusddsin (Holistic
Rubrics) fiUsgnausie sefuaussaus 93azuuY wazmasuieseduanssausiunsonuuy
nszuIuMsinnsBeuiiielfidunasilunsussiiulas fnduaussauziunisesnLuUNTEUIUNIS

FAn5i5euT Aauanalunnse 2
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M3 2 STAUANTIOUY YNATUUL LagAaSUETEAUALTIAULATINITERNLUUN T UIUNIIANTISBUF

STAU ATWUY ANDSUNYTEAUANTTOUY
A 80-100  @1NNINBONUUVUBIAUTENOUVBINUILNITISBUSLANADILALATURIUMILLUIAAKAE

wannisddyiiieadedunnesduszneuvesmitenisisoudlddlsnuendundn

Y B =2 v = va 1 A va E ) = 1
maamuua@ﬂumummﬁmwunmwLiﬂuﬂqmﬂmm&msagumﬂmmumwawma

U

Msseu3

B* 70-79  @wnsaeenuuuniinniseus laaleauendundn uidiwinaiiugndesuasly

donndesiuLnfa wanns ngeiiinedeniisudniesluuesdussneu aszndnis

=

Assungulwnevseriiduladiudsvemiionisiseu; sealasuauugidiainlavi

v
a =

Beaieadntoy 1-2 Usehu

C 60-69  @NTNBRNKUUMIIENITITEUS A WidiriaanugndesiazliaenndasiuLuIAn

wannsiiAeIdes Manisaseutindeisounquidmuneviedidiuladudsvemioe

Y

= v v Yo o ° v o & i 3
ﬂ’]ilﬁﬂuz m@\ﬂ.@ﬁuﬂqLLu%uq"ﬂqﬂIﬂ%WLaﬁJQMqﬂﬂﬁq 3-4 Useinu

F <59 mmmaaﬂLLuwmamiL?auﬂﬁ wasTwmmmgﬂﬁaﬂLLazlm'aaﬂﬂﬁaﬂﬁ’mLmﬁﬂ

naNNsNgITedluNNeIAUTENOUVBINITOBNUUUNITIANISIT U Ma0AIUYIANIS

= v

aszniinfegiSeunguidvanevseriidiulidudsvesmhenisteu dedlasuduugi

Y
v

nldyideegtlnddalunniunau

NUBWR: * B INEUINUINTFIUTAIANTS

Y

iAfoiedosdioluineiauam fail
1. galuauAanssy AuNITMAMA YA uNUAINTSY il
1.1) Msnsradeuauass 1n1siiesgsianunsadaident (content validity)
TagligiTeangy 3 viu FadudiderngiumsesnuuuinnssunsSeudmunnannisianisdne
WUULINAENS (OBE) maonaus un1sinuwasUseiiuy finsananussudademvedlunuiangs
Usenaudne lemanszdidynuninin vdnns Laynnuifinetos A Az ABEU1EYA
luaufanssu ﬁwﬁustfumiﬁaui nasefnnsUsziu dumeunisUssifiu Faanainisusadiu uas
N1351891URaN5UTTIY lagrani1siansanudngaluauianssuidan 10C s¥1ing 0.67 - 1.00
6?5&agﬂuLﬂmsﬁﬁﬂam%’ﬂé’lmﬁmmﬂﬂdﬁ 0.5 (Turner & Carlson, 2003)
1.2) NM3059@UANAIMTIUSEINY IngliyrainsaneatuayuIvn1sdnuiIu 34
auitlslangusegndlunisifonaasdiyrlumufanssy wdihuanismaaoddunies e fil
1.2.1) Amuenvesyalusuianssy (difficulty) vinnisudaasuuueaniu 2 nay
fio ngaina (ngugs) uaznguseu (naus) Tneldinatia 25% TaewuigalunuAanssuiidianuein

5¥1319 0.38 - 0.50 Tsagluinasineonsuls lnediasening 0.20 - 0.80 (Whitney & Sabers, 1970)



Uil 31 aduil 1: unsAm - Tguieu 2568
Vol. 31 No. 1: January - June 2025 215

1.2.2) §71338uN (discrimination) Kans3ATRANIURTMUNNUIYALUILAINTTY
AR MUNTEAING 0.21-0.43 %aaq‘tuLﬂmﬁﬁaau%’uiéﬁmaﬁm 0.20 FulU (Whitney & Sabers, 1970)

1.2.3) mnandesiu (reliability) Tinsigsinnuidotuvesyalusuianssulasldisnis
YIAGOUT (test-retest method) Tasfiadassrogiavonisaouaiadt 1 uag 2 $1uau 30 Fu lneld
FasadedemideivgsuniseenuuunszuaumsiansFous $1uau 4 i udnhezuuuile
nnsaeuis 2 ads wmarandesulasldardulsyAns avduitusuuuiiosdu wuihdere
Fosfuwihiu 0.94 Taeilanannndt 0.70 ?fqagﬂummeﬁﬁﬂam%’ulﬁ (Taber, 2017)

2. WUUATIFABUIIENITNEANTTY ANTUNITNIAMAINLUUATIVADUTIENTNOANTTY
Fren1snTnanuaunsLduiion (content validity) Tngli 13wy 3 viudinsigsinrumss
ddlassaislae Ty 3 viu asndeudonmesiuussaeusentmginssuinfinam
asoumguiionmialal Fawudadian 10C sewing 067 - 1.00 Fsagluinasifivonsuldiosaingen

IOC 11nn31 0.5 (Turner & Carlson, 2003)

3. MaiusIusndoya

FAteldendunsuszydsufuiansdmsuniounnunseslunsviivgiiidy
fuseifinunldeiidossedngy (coaches) $1uau 4 viw taewdudfidenudanuanunsodiunis
DONUUUNTFUIUNITIINITITIUNTSABY Bastsmuariun1susesmaBNTINIRsgI I T dmiions

doulazn1satuayUNISseuiNlnun MY ssEnAgang ¥ Tuseau senior fellow Tngdiiiun1sdn

(%
[

AU URNNT 311U 2 AT LieTuuazyaudnlanelfuswasidenveseile Tunaunis
Uszidlu nsldiasesiie inaeinisuseidiu (scoring rubrics) Tuseninaniseusus §3delaundegis

HaulilAnaaeIUseiiu #aUsIngIAe 4 A Ussiliuguninvesduiiuaanadaslulufiamg

Va o b

Cleh) mumauuauuﬂmiamﬂiumﬂam (facilitator) N’J‘UEJIWU?S%WULLQQLLauVﬂﬂ’J’]ﬂJL“U’ﬂQLﬂEJ’Jﬂ‘U

Y

ﬂi%U’]uﬂ’ﬁUUVlﬂ”UE);JUaWN i Iu‘ﬂmz‘wﬂ’]iLﬂU”UEJJJUauuQ'Jf\]EJﬁiNIWﬁL@@iLLU‘UE)E)uVLauﬁ’]MTUﬂ’135‘Uﬁ\‘1

YaluuAanssy T google share drive lnsinisuviivlamesienaisusznounisuseiiu loun alle

a o & o (Y= &y oA & Y1 1y a ¥ o 1
nsUTELLU G]'ﬁ'N?ﬂLiﬁ]gﬂaqﬁiUUu‘WﬂﬂBLLUULLﬂIﬂ%WLa‘ENLLa%EﬁlsﬁﬁﬂﬁUUaHUﬂqiLiﬂuzﬂigﬁﬂﬂﬁjll

(%
Y]

= o a [ a (J & <y
Faandun1siAusIvsaneanisuseiduanssouy 91w 3 ase Wulususeunisuseidiu Ml

N

lusgninalauauuazfinnuaNA 1IN TenI gAY ssUseInguivyAaInsaneatuayy
nsvianuveeulatuaz U@yt (online & face-to-face) WiaUYRIUUTINGIMIAT WOINI Uay

nagnsnisiiteyadounduluseninemsiious

4. MIIpTRYdRYE

[
o

AaszitoyalagliAnadie dulesuuiinggiu N5 IATIERAULUsUTINMUU IR
1491787 (One-way repeated measure ANOVA) Lagn153tATIZRIUINBNSNE (effect size) @115V
Wi UIMEUNANTRRILNANTIOUZ ATUNITOBNKUUNTEUIUNTIANSISBUI TUNALTBUNITUSELETY

wazn1sindeyadoundu
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HAN15398
nsdauenan1TITeastilasiauenmuddunasalyil
1. sUuuvAInIsuNsEuiuUszaumsalsiuiunsiideyadaundau

NaNLUULAETAILITULUUNTINNINT SUNTISBUSHIUU ST AUN SalmULAAN T Seus

[
=1

WUU 10: 20: 70 @ansoasus1wazidenlana

1.1 MsfinwiSeusaienued (self-paced Leaming: 10%) Lﬁumiﬁﬂmﬁauiﬁammszéh Aty
w&NMS UUIAR warnguiiiendeatunnszimudesnsvesiiidnlddndevesmiensidous
MsfvLaNAdNENTI38us MssenuuTAansIunsSeui Mmitaasussiliuna iudeifvimivas
nasasy luseuun1sdnnisiseuivesuine1dy “KMUTT LEB2” seewiian 45 Ju wiouviansvh
WuUnAgeULATLUUUSHIIUInEUNISEY

1.2 Mmsfinwiieuiinuniseusidauiainig (workshop: 20%) unisAinwiieusiunis
naaedRnUiReeniuumhensisuinnlandaniunisalinass lngldszeziatlunisiseus 2 weu

£
Y v a

(2 &Un/ anssouzudn) Tnsfinssuiunsuazduneuniadous dil

1.2.1) Mssiufanssunseusudeujiins tszesnatlunsifoussin 8d $alus
Uszgneusne seeznaiFeuiiasiinufialuioseusndsufoinsdau 6 9aluy/ aussauzvan
smszezaafianan 24 $alus nduyeainsyeainsaeatvayuinnsduiuniseeniuuLay
Walumign1siseuinlandantunisaldnasslugalunuianssy Ingldssugiiarussanu 15
Falue/ aussourndn sauszozna 60 92lus niouviadeduauluszuuuimaniaidoud (KMUTT
LEB2) vt ol 1A 1A weuUsedng udssidumunausi i imunld ndeustslvd oy agounduniy
nszuIuMsfimuualisuussgmusadnsnsisoudiaaniadoinasiuasgudiimualy waznisvi
WUUANTIIAIUARLTAL

1.2.2) N1353UTIULALIATIEVUBLAN I THALIALTIOULAIUNITOBNUUUNTEUIUNITIANTT
Souindeuarsnunanisiaunludyaansaeatvayuirnisuasléviid s sednguidio
AAMIUAIUAINT

1.3 N13AnwIseuIHIuUsYAUNI0Iase (experiential learing: 70%) Wunisfnwnieus
Aun1sUFTRTSsfenseonUULasimUme IS suiTidenadosiunnTE Iy Larunu Mg
Yaayaansangatuayuinng WngldssegnailunisiSeus 9 4 ey (1 1hew/ aussauswan)
Tnefinszuiuntsuasduneumsidous feil

1.3.1) ypansaneatuayuininisanduniseenwuuiaziauiviienisiseus agld
sregIaTluNTeenkuUULaYIRIUIBIAUTENaUTR eSS aws WWusseznan 4 o Aseungy
AL 4 aussaugvdn fananludieiy
1.3.2) ypansanvatvanuImnsaiunisdsyaluauianssuly google share drive

WauenunIvi Teidessednguusediu nFeuidlvideyadoundumunseuiunsinmunly
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1.3.3) NM39IUTIULALIATIENTDYAN I THAUNIANTTOULATUNITOBNUUUNTLUIUNTIANTT
SeuinieunesisnunanisiaulugaainsargadvayuivinisuaslAviiaes iivedaniy

AMUNIVTN AILEASIUNIN 1

= =) v - o aa = f ) o
ArsAnENsELIAIEAUIEY nsousuEinnTs (20%) NssBUsHIRYsZAUNTSAL (T0%)
p -
(10%) (20 v.1.) (84 v.a1.: vaulud 24 v.u./ UnU{oR 64 w.u) (4 \Pou: 96 B.41.)
. . s
M399AUUURLINTISITBUIAUUNUMUASHIT
1. nadaunauSou nseanuuunitenisnieuianland 1 anuiuAnveuTunuvenmes
Y - . » v Wby 4
2. AnwSeusILennanss AnTUNTISIT1ADT o msamﬂwﬂammaamsmaw’umuhmmaﬂ/
e v v N - v T esign . S~ By =
dAtATUA1TOBNLUY mMsinTERaufoantsvoag il MSNUUARAAWENITISEUG/ N1TBDNLUUNINTTU
o a4 w , - o, o o w - w x iy lew o
ASZUIUAITIANISLIEUIIIN @urde/ ﬂﬁﬂ']‘ﬁuﬂuﬁﬁwéﬂ‘ﬁﬁﬂu?/ Msseuy/ n1599ALUUNTEUIUMTIALAs UL
sruuUswIsinnisiiou) N1588AKUUADINSSUNISISBUS/ ANS 5
“KMUTT LEB2" onLUUNSEUIUNITIAuAsUsEIdY N mMydamangunisiioug
o MINATIEHAIIUABINTS - o msdeyalusiuianssulussuu Google share drive
ve, wwa 2 | nsAMANEIUNISISEUS :
ansdiduldddey ‘ “ A
N o . TdsyaluauAanssulussuuuinms
. Y
MIILARAT O Jnn1si3eus “KMUTT LEB2” 5 AsUsEIiL (Assessment)
HPug . » Tawiasassdnguussiiundngiuniaseu
* MIBINUUUAINTTUNTT nsUszLiY (Assessment) Assess o sr89TuRantsUsEEY
L3ty « TdviiassUszdnguusediundn
o MSPONLUUATEUIUNTT grunsioud vy v . o4 o
SauasUseiiiu i . TpeuRanTs U nshideyadouniulasldviiasauszdngu
3. neAsUnasSeu 1 ¢ %42417a1 (times)
4 o w w " .
nshideyadoundu (Feedback) + 199113 (Modes)
TnelAvfildesussdngu * nagns (Strategies)

' 429178/ Yoany/ nm.‘nné

nsUSulsauasimunIuAILuzd

v o=

i o o . .
nsUsulInasmuIaIuA UL
vosldviasaUszdngy

y o
vaslaviiassdssdingu Improve

AN 1 UansgUBUUNSISEUIEMSUNSTRILIALTTOUEAIUNITEBNLUUNTEUIUNTIANTSISEUS

2. HANTISWAILIANTTOULAIUNITIDALUUNTEUIUNITIANITITBUS VOIUAAINTEY
atuayuIvinis wnnendemalulagnszaaundisuyslagldnisiteuiiuuszaunisalsiuiu

nsividayadoundu

2.1 ﬂzuuuam‘muzﬁ']unﬁaanLLUUn‘szmun']sé’ﬂmiﬁauimamﬂmniawaﬁ’uagu

115 WnInerdemalulagnszasundtsuyslasldnisiTeuduiulszaunisalsauiuni sl

v [ %

Uayadaund
TudranisiFoustruvszaunisalldeiid sainidunsssiiuanssougduniseanuuy
nszvaunmsdantsdeud $1uau 3 ade uarlideyadoundy S1uiu 2 seu ansnagUldsd
HaNISANBIlUAINTIN WUTIYABINTAEATUAYUTVINITLASUALLULANTTOULAIUNTT
DONLUUNIFLUIUNTIANTSE U eIt uynTaureansUssiliu (X, = 32.85, SD = 1.788; Xpp-
58.98, SD =2.225; X¢3= 88.25, SD = 1.192) MANINTUTIUAUTIOULHANNUIYARINTANE AT UL
AmsiifmunmsluynaussouzndnifintuluynsevveanisUssdiu asulésed 1) Funsiesed

¥

AuReInNIsves dduladiudeveaniienisiieous (Xy= 11.16, SD = 2.207; X;p= 16.51, SD

U

=2.953; Xy3= 26.16, SD = 2.114) 2) IUNIAMUANAANSNITS SUIVIMIUIENITSEUS (Kpq = 3.22,

SD =0.616; X5= 5.35, SD =0.660; X¢3= 8.45, SD = 8.50) 3) miaaﬂLL‘U‘UﬁﬁJﬂiiumiﬁauiﬁuawﬂw
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N19138U3 (Xpq= 9.54, SD = 2.126; X¢p= 16.58, SD = 2.884; Xy3= 26.61, SD = 2.231) ag 4) 61U
N1399NLUUNTEUIUNTIALALUTHITUNAYRININENNTITEUT (X1 = 8.93, SD = 2.205; Xy, = 20.54,
SD = 2.406; X¢3= 27.03, SD = 2.456)

uanniy iefiasanseduaussougnuinsUssduluaded 1 yANTagatuayu
Jnsilanssouredluszdu C lunnanssous lusned nisussilivluadsdl 2 yaannsansartivayu
TN daussaugegluseau Bl eaaussausiied Ao N1eaniuun1sinkasUsyiliuna

druaussaugaud ulinan1suseiiiveg

Tusgau C luvagiinanisussidiulunsan 3 yrainsane

a

aduauuInNsimstaunaussausneTuauegluseau A nnaussaug Auanslumsng 3

1919 3 ﬂ%LLuuaﬂJiiﬂuzéf’Mﬂ’ﬁa@ﬂLL‘U“Uﬂi%U?HﬂWiﬁﬂﬂ?iﬁﬂUiﬁﬁLLUﬂ@WNﬂMiiﬂuzﬁé’ﬂLLﬁzia‘U

N15UTELU
) Assessment Time
Learning
. Full Time 1 Time 2 Time 3
Design ‘
Marks = = =
Competency X SD Level X SD Level X SD Level
(K+S+A) (K+S+A) (K+S+A)
1. SNA 30 11.16 2.207 C 16.51 2.953 C 26.16 2.114 A
2. [ELO 10 3.22 0.616 C 5.35 0.660 C 8.45 0.850 A
3. LAD 30 9.54 2.126 C 16.58 2.884 C 26.61 2.231 A
4. APD 30 8.93 2.205 C 20.54 2.406 B 27.03 2.456 A
Total 100 32.85 1.788 @ 58.98 2.225 @ 88.25 1.912 A

Note: SeAUNAANI Ao B
SNA = maswianudsInIsvesiiauldduds, IELO = m3mvuanaansnsiseuiinaniy, LAD = M300nuuuianssunis

138U3, APD = n1seanuuunszUIuMTInlasUseiiu

2.2 HaNSUTULIEUNANITRAINIANTIAULATUATITEBNLUUNTEUIUMTIAN ST SV
YAAINIEEatuaYUITINGG un1Ingrdemalulagwszaauind1suys Taeldnisiteui W
Uszaunsalsimiunishidayadoundudnuunausaunisuseiliv

wan1sAnulunmsmannsUsadiug 3 as nuiiyaainsaeatuayuivinising

WALIANTTOULATIUNITEONLUUNTEUIUNITIANITTBUTBE 190 BL TR 1AENAIINAITNAABUYDY

a o

Huynh-Feldt = .741 &3uansd1au950uza1NN1TUSEAY 19 3 AF dAuuanaeiuegaiidedfgy

n19ail @ F (1.483, 44.487) = 898.729, p < .001 %41l Lﬁ'auﬁamﬁwﬂumuswqé’w’iﬁ'ﬁuaq

b

I [

Bonferroni nu3n 1) ﬂzLLuuﬂ%'qﬁ 2>A59 1(d, t2 - t1 = 26.12) 2) ﬂzLLuuﬂ%’qﬁ 3>A%M 1(d, t

(6]

€

' '
a

~t1 = 55.38) LAY 3) ATLUUASIT 3 > ASAT1 2 (d, 13 — 2 = 29.25) Tnemzuuunsa 1 AU ASaf 2

€

' o a

FAANYUINDNTNE = 3.63 ATWUUASIN 3 NU ASIN 2 UAIVUINDNTNG = 5.92 LATAZHUUATIN 3 U

[
[ J a

5391 1 dA1vu1a8nEna = 6.05 FauansliiiuinaussousAIUNITEONHUUNTZUIUNITINNTFEUS

o]

v '
1 =

NuUTVUBEN9MDLTLDY fanandlunnse 4

—
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WNASUTIEaNTIOULNEN aunsaazulanall
1) f1UN5TATIEYAINA 09N TYe e Hd dulddudeveaniienisiTous Inenaain
NSNARDUYBY Huynh-Feldt = 1 FIUaAIIENTIOULINAITUTZU 919 3 AT AMULana1si UL 19l

Wod1Ayn19ads F (2, 60) = 608.144, p < .001 391 191U ULNBUAZILUUTION AI8TD VD

Y
v

Bonferroni Wu31 1) AZWUUATIN 2 > ASIN 1 (d, 12 — t1 = 5.53 ) 2) AZLUUASIN 3 > ASeN 1 (d, t3
—t1 = 15.00) WAz 3) ATUUUATIN 3 > ASIN 2 (d, 13 - 12 = 9.64) TABAZLUUATIN 1 AU ASIN 2
1ANYUINBNENA = 2.28 AZLUUATIN 3 AU ATIN 2 TAUUINBNTNE = 4.37 LazAZLUUATIN 3 AU
5 d‘ a1 a a d! Y & 1 1% a L4 2V Va1 ¥
AT 1 fivuindvizna = 5.71 Faansliiuinaussaugnun1sinsenanusen1svesgidauls
duldgvemileNsteusTueg19saLles
2) PUNSAIMUARAANS NI U VaIMUIENITTUT 1AEKNAIINNITNAGRBUYDY Huynh-
Feldt = .699 FaanIINANTIAULAINNITUTZAU N9 3 AT LAULANANNUDE 1N TUEIAYN19EDA

F (1.398, 41.932) = 925.953, p < .001 741l 1l ewSeufiousien

Y

[ adqa

A18735999 Bonferroni Wui

'
v a

1) ATUUUASIN 2 > A7 1 (d, 12 — t1 = 2.12) 2) AZLUUASIT 3 > ASATI 1 (d, 13 — t1 = 5.22) uay

a

3) ALUUATIN 3 > ASIN 2 (d, t3 - t2 = 3.09) IAYALUUASIN 1 AU ASIN 2 UAIIUINBNSNE =

Qe

3.17 AsuuunSai 3 fu adedl 2 dArvundvsna = 7.07 uavezuuunsedt 3 fu afedl 1 fdnwunn
Bvidna = 6.9 Fauansliiiuinaussousdunsimuanadnininiouivomiienisdsuifuiy
athemaiiio

3) ATUNITORNRUUNINTTUNITT HUS VBIMUILNITTUT LAUNAIINNITNAAB UV
Greenhouse-Geisser = 850 @audnsinaussauyanmsUssiiu e 3 ae dAnuuansraiuediedl

WodAyn19add F (1.356, 40.681) = 727.920, p < .001 ¥14il Lﬁ'aLU%SULﬁ&Jinﬂé’asﬁ%mm

Bonferroni WU 1) AzLuUASI 2 > aed 1 (d,t2 - t1 =7.03) 2) AruuuASa 3 > s 1 (d, t3

a

—t1 = 17.06 ) 4AT 3) ATLUUASIT 3 > ASIT 2 (d, 3 — 2 = 10.03) IngAzuuuAsIi 1 fU ASeT

Qe

TANVUINDNTNG = 2.94 ATWUUATIN 3 AU ATIN 2 AAIVUINDNENG = 5.94 LAZASLUUATIN 3 U

S a

ﬂ%l\iﬁ 1 llﬂﬂ‘lm’ma‘ﬂ%‘wa =577 3(7\‘1LLﬁm&LﬁLﬁ‘ujWﬁuiiauzéﬁumi@@ﬂLLUUﬁQﬂiiuﬂ”liL%EJuisU’eNMﬁ’JEJ
= v a X | oA
ﬂ’]iLiEl‘IAELW@J“UUE)EJ’]WIE]LUEN
4) ﬁﬁuﬂﬁ@aﬂLLUUﬂiSU’Jumi’?ﬂLLaz‘Ui%Lﬁuwasuaﬂﬂ/iﬁ’wﬂ’]iﬁﬁmiIG]EJN&R]’]ﬂﬂ’]iVIﬂﬁ@U

989 Greenhouse-Geisser = .850 FILANIINAUTIOULAINAITUIZLIU 919 3 ATI AAIULANANAUDENS

o w

HvdAgyn19add F (1.700, 51.002) = 648.082, p < .001 %141l LﬁaLU"%’EJULﬁEJUﬁEJ@J'é’m?%ﬁum

[

Bonferroni #1U31 1) AZLUUASIT 2 > ASadl 1 (d,t2 —t1 = 11.61) 2) ATLUUATIT 3 > AT 1

[y

(d, t3 — t1 = 18.09 ) LAy 3) ATWUUASIN 3 > ASIN 2 (d, 13 — 12 = 6.48) lAgATLUUASIT 1 AU
ASIN 2 UAYUINDNENE = 3.87 ATLUUATIN 3 AU ATIN 2 UANVUINDVENG = 2.86 WASAZLUUASIN 3
U ASIN 1 TANVUINBNTNG = 5.46 TILAAIAIUIIALITOULAIUNITIDNLUUNTZUIUNITI AL AL

Usillunavaavthensiseusiiuduegesieliias
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M1919 4 N1SUTPULTEUNANITHAILIALTIAUEAUNITOBNKUUNTEUIUNITIANISISEUTVBIYAAINT
angatiuayuIvINg unineraewmalulagnszaeunaisuys lagldnisiSeusiu

Uszaumsaisiudunisivdeyadoundu Fuunamuseunsuseiivlunmey

Mauchly's Test of Sphericity®
Measure: MEASURE 1

Within Mauchly's W Approx. Chi- df Sig. Epsilon®

Subjects Square Greenhouse-  Huynh-  Lower-
Effect Geisser Feldt bound
LDC .603 14.693 2 .001 116 741 .500

Tests of Within-Subjects Effects
Measure: MEASURE 1

Source Type Il Sum df Mean F Sig. Partial
of Squares Square Eta
Squared
Learning Sphericity 47600.409 2 23800.204 898.729 .000 .968
Design Assumed
Competency  Greenhouse- 47600.409 1.431 33260.715 898.729 .000 .968
Geisser
Huynh-Feldt 47600.409 1.483  32099.348 898.729 .000 .968
Lower-bound 47600.409 1.000  47600.409 898.729 .000 .968
Error (LDC) Sphericity 1588.925 60
Assumed
Greenhouse- 1588.925 42.934
Geisser
Huynh-Feldt 1588.925 44.487
Lower-bound 1588.925 30.000
Post Hoc Comparisons — Learning Design Competency (LDC)
Comparison
() LDC (J) LDC Mean Dif. SE df t Poonferro  Effect
ni size
Time 1 Time 2 -26.129% 1.280 30.0 -20.0 <.001 3.63
Time 3 -55.387* 1.635 30.0 -33.4 <.001 5.92
Time 2 Time 3 -29.258* .902 30.0 -32.7 <.001 6.05

3. HAN1ITWAINIANTTAULATUNITIDNUUUNTZUIUNITIANITITOUS YOI ARINTEAY
atuayuIvIng wnIngrdewmalulagnszasundisuys lngldnisiseuiniudszaunisalsauiu
nslideyadaunduinnunamuganagnsnisivideyadaundu

uansAnwmuIldeiiassUszsinguiianan 4 au Fonl#3Bnslideyadeundunuuiis
P dwgesslunislidayadoundunuinseud 1 denldnsaunuuuuindamidiionun

TuvgNsoud 2 1935 n1suuURaNNaTUTENINNSIWsuLag MSaUnUILUUNT i AnduSouay
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64.5 LarldI5N1TNTEUNUILUUNT UL Souay 34.5 AMUAIAU NAN1SANYINUIINEIINEASU
foyadoundunldsiiassndsd 1 yransmeativayuivnisléfuasuuuade 59 aruun Tuvasd
pdsnlasunisliteyadoundundsd 2 1d¥uazuumiade 88.26 azuuu mnfinnsannisndenldna
gnslunsliteyadoundu wuiiasedl 1 Myanagns ACEFGHI $osag 39 (X = 63.42, SD = 9.423)
5898941 ABCDEFGHI $awaz 13 (X = 53.75, SD = 3.500) é1ufi@u ACDEFGH $eway 13 (X =
55.25, SD = 2.217) ACEFGH $owaz 13 (X = 58.00, SD = 8.679) ACEFHI So8ag 13 (X = 57.50, SD
- 7.853) uaz ACDEFGHI ¥tz 10 (¥ = 56.67, SD = 6.429) gy Tuvaugfindsd 2 1yanagns
ACEFGHI W uanmuwsn $a8ag 55 (X = 88.18, SD = 7.393) 5098911 ACDEFGHI §28ag 26 (X =
90.25, SD = 7.066) uaz ACDFGHI ¥owaz 19 (¥ = 85.83, SD = 6.940) Auddu fauandlussisil 4
Mnuan1sineisiuandlfifiuinnislidoyadoundulusoudl 1 Mdeidedldyanagns
nslsideyadounduiiunnsnsfutunuimnyanagnsdsliansndisnsefuansous Iftun
nausifirnunld udidlosiiunislideyadeundudiluseud 2 nuinyeansagatvayuismsd
nsANTINLEAUMIDENUUUNIEUIUM RN Seusfittuauussgrusedufianants (> 70 Azuuw)
Tnefidedunaiivhaula fo seufl 1 1Aflideddyanagnsnislideyadounduiiunnsnatu $1umu 6
yanagys Tuvnziisoud 2 leidsddyanagninslidoyadounduiiunnmeiufios 3 yanagns
Wity
M99 4 AZLUUAIINEINITAAIUNITOBNRUUNTEUIUNITIANTSISEUTIMUNMNYANAEVENT I TRYA

gouUnNau

Feedback Strategy N % Mean SD Feedback Strategy N % Mean SD

(s0ufi 1) (s0ufi 2)
ABCDEFGHI 4 13 5375 3500 ACDEFGHI 8 26 90.25  7.066
ACDEFGH 4 13 5525 2217 ACDFGHI 6 19 85.83  6.940
ACDEFGHI 3 10 5667 6.429 ACEFGH 17 55 8818 7.393
ACEFGH 4 13 5800 8679
ACEFGHI 12 39 6342 9.424
ACEFH 4 13 5750 7.853

374 31 100 59.00 8.066 374 31 100 88.26 7.146

MR N1IATINEUANINYNGDY (A) N13sEyrmeuiignses (B) msTvgieunaaesindnass (O nsudsteRianana (D) n1sveny
AMILRLAY (B) n1shidataualuuszifuiineitas (F) nslideiauauusiiiinnumnizianas (G) nshiauuzid/ Jatauawuy/

oAU (H) N1538yTounnsey/ Anudilang (1)

wenNil nuluwsarynnagnsn1sdedadaunduUTENoUMENagNSsIN 7 Nagns Laun
1) NM3ATI9ARUANNGNABY (A) 2) NMSVESEuneaeingT (C) 3) N15veeAILEN (E) 4) N5t

TorauslulsziuAe1tae (F) 5) n151dtaunkusiin1nuanIziangad Lag 6) N1sinkuzy/
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Toldupiuy/ Tamunda (H) waz 7) msszydaunnsey/ anudilaie () dwandlunsned egalsiniy
deSouiisuaziuuaussaursunseRnLUUATEUIUMTIANSIS BuF YR Iy AN SN AT UAYY
Fnnnsilasunagnsnislideyadounduuandnedins nuitaussougdunisesnuuunsTUIUNS
FansiFeusvesyransmoatuayuivinsliduandstusuganagnd nanfe nsliyanagnsi
waneinafulidnavilianssausAIun1TeeNkUUNTEUIUNITIANISIT BUI vasUAINTaBAT UA LY

3 INITUAMULANFAIAY AIaEAIUAISIe 5

M99 5 HANTSUTE UM UAZKULALSTOUEAIUNITOBNKUUNTEUIUNTIANTSISEUTVDIYARINTENY

atvayuIvnsilasunislideyadeundumesanasnsnisiiteyadoundusneisnis

Feedback Strategy round 1

ANOVA

Sum of Squares df Mean Square F Sie.
Between Groups 429.917 5 85.983 1.412 254
Within Groups 1522.083 25 60.883
Total 1952 30

Feedback Strategy round 2

ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 429917 2 85.983 .642 534
Within Groups 1522.083 28 60.883
Total 1952 30

Note: * = significant at the 0.05 level

aAUTgNa

NHANITANYINUIT N133ARNTTUNSSBUTHIUUSTAUNSAlSIwAunslidayadoundu
ANUTNUNTLAVANTTOULATUNITOBNUUUNTLUIUNITIANIT T U VR YA INTAEaTuaYUININITIA
UsTgIUEAdNGNTSeusnen T SsgaiuresnsBousiuusraunisal Ao msioudiunisasile
UFuR Mlandanunsalaeilifeadesivunummiihiiarusuiiavey farwdangu iulselovise
nsUszgnaldlaasslunsuf iy aeandastu Knowles et al. (2005) find13msdnnisiseus
dsugiSeutedlvgdumsléniaoudiudsraunsaldundndadunadeulossenisnaFeous
Aunsvianudmeiu uaﬂmm‘jmﬂmamiﬁﬂmwudwqﬂa’mimaaﬂuaqu%’lmiﬁamiauzLﬁwﬁu
pgailleandaninldsutoyadounduanldsiiaes lnsazuuuisanuafsdiunnsnatuagiad
Todfynsadd Jsanunsavssgaunadnsnisisoudimanimdsannldsunslideyadoundu
Tuseud 2 nans@neludreduaenadesiu Black & Wiliam (2009); Hattie & Timperley (2007);

Knowles et al. (2005); Schildkamp et al. (2020); Shute (2008) 7 na1231n151sid oy adoundu
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Y 1 =

TuszwinsmsFousiiuviieiianunsnonseduamnuanunsavesfifou aonadeaiunanIsAnuiIves
Karaman (2021); Lipnevich & Panadero (2021); Voinea (2018) ﬁwudﬁmﬂﬁ%’azﬂaé’auﬂé’uéf’mmi
Tideyafimnzauuazifsanedenansenuifauindensiauiauannsavesiiou Tuvasiing
N13AnN¥1984 Bin Mubayrik (2020); Wisniewski et al. (2019) wuinnmslvideyadounduiiansnasie
nswauIlaganIzauaINskazauinyy ag1lsfiniu Asregid et al. (2023) wauaiinisliveya

dounauaiseglurauiuanasiiimuawazasesuenuNNTsEUlE S suns U

v v LY

nNanIsAnwnuIlasid ssuseinguidenldyanagnsdmsunishiveyadeaundu

Y

1%
YV a o

Falunsiazyausznaudienagnsiau leun 1) nsnsieaeuanugndos 2) MsTvdiSounaasaineg
3) msvneaiiuidy 4) mslitelauslulsziuiintes 5) mslvidelausuusifianuonzianzas
6) NslviAwugl)/ Telauouuy/ TeAuldl wag 7) MIseydeunnioy anutnlaiia denndediy
NAN15AN¥IY99 Dawson et al. (2020); Lipnevich & Panadero (2021) ﬁﬂdnmﬂﬁﬁagaé’auﬂé’u
shemsszydsiifieudiosuusuasiannfindnlitaau mslideyanfanuanizianzas anslef
Toyafifinruusiug: gniesuazindede annsaladesinauaunsovesiifeuls aenadosiuna
nsAnwIwes Morris et al. (2021) finuinnslideyadounduludnuazuesmslimuugiih (provision
of feedback) dswansznuidsuinuindedioulasldfuasiuuadofiudy 13% ndudsuy
MTFIUTBIATUULABY UBNIING ABAARDIAUNANITANYITD Hu et al. (2021) fiwudnagns
nsliteyadeundunuuiamzianzas (specific feedback strategy) gnianldunniigalunissinm
wazenIEAuANanIavesEuluseivInemans Tngnanisanwduduiinisiideyadeundu
Sthalﬁr;ih%uﬂ’wmmmmmmusaqmummsﬁﬁﬁmuﬂ #0AAa8INU Mason & Bruning (2001, as
cited in Shute, 2008) Miausivnifuisesfifianududounasiisoudslsineiiuszaunmsalunieou
Haoue19azaaslivalenagnslun1senTeAUANNAINITIVRIRLTEY WU N1TATIVADUAIIUYNADI
nsfisdsnandnsrordmiunsssydnouilndiAsund ey viensliteimuonusiidemuanis
WizasluussifiuiiiAeades ludu aonndeady Mckimm & Barow (2009) fina1ndimsidentd

Y Y a

nagnsnistiveyadounduntielanseuiarduasulviiissuvssanudmnenivualy

Y 9

o
v A

NNANITANYINUIINAYALABIUsEIINgUTaruadonldIgn1slvdeyadeundukuuila

q

1 [y 1

P 2 seunsUssdu damdesslunisliteyadeundunuindsd 1 Tdvdidsadenlddes
nsaunusuUE Al Tuaefindad 2 Fenldisn1suuunaura szt e unay
nMsaunuILUUNTYWEn Andusovay 64.5 uagldisnsnisaunuinuundguin Anduiesay 34.5
AUEINU dnARDINUNANIIANYIVEY O’Donovan et al. (2016, as cited in Carless & Young, 2024)
finuinnisTidoyadounduungifouduseyanameisnisyany (Oral feedback to individuals)
winaUsEanSAmMdeiSuNINNINIENISAEY (Written) Liigdagaife) denndeaiuNan1sAnyIves
Tantiphlachiva et al. (2023) Fswuiazuuuvesiiouildsunslideyadoundunuumdamin (F2F

o o a

feedback) ganiiseunilasudeyadoundunuislessiidudAgyneada luvuginanisfinwives

Y
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Morris & Chikwa (2016) wudngiseuiianuisnelasienisiideyadeundusieides (audio feedback)
1111135 N5 U SeudanazlinuauLena1sveIAziuLe g1 BdAY N 9ElA FeamTana
ayuladnnishideyadoundusieisnisuuumdgyninduisnisiiianumunzay Wesnngiseu
N S Y & Yo 1A A a a o
aunsageunuvseldneuiuaeuluUsziiusng 9 loviuviaei uenaind Weiiarsannisifenlyyn

[y

nagnsdmsulideyadounduredlaviiiaeausedmngunuiiseuit 1 Wnagnsdnuiu 7 yanagns

9

Y A

luraueisaun 2 Tdile 3 ganagns JeanuisanailadnlisiidesUssdnguiivsvaunisallunis

saa °

onldyanagnsalmNUMNIEaNd nTUN STAILIANTTOUEAIUNTRONLUUNTEUIUNTIANSISEUS

Joiauauuy
1. Yaiauauuslunisimaidgluly
1.1 mhsnuilifedesiunsimuminensyana sminendoimaluladnszaeund
suYS anunsathzukuunsdnfanssunmsiteusiiulssaunisalsiiunislideyadeundululdass
dmsunIsIImTRIaNT AN TRy AR INSaealuayuivnisegnlugUsssululifves
nswisuaundeudmsunisdananssunisdeus ssuunsinuazUsziiu aaensunisdavindu

(] o v

AL RAIMTUNIINAUIANTTAULATUNITRDNLUUNTEUIUNITIANITITBUSVRIYAINTANE AT ALY
173

1.2 uninerdemelulaBwszaomndnsuy awnsohansaumaiildannsuseidu
Yaamanislideyadoundunazynnagns nslideyadounduiidanarionswauianssausves
yransaneatduayuivinsidlddmsunisuszliunanisujiRnulssddvesyaainsaneatvayu
N3 Inglangiurisnuiniaunsinyikazmalulagnisfing

2. forauanuzlumsiseafedely

2.1 JagtuiinsledayayruseAvguuusiasna (Al WnngaduauunssuIun1sInnig
SoufifuinnduuariuuliugniunldlunisdansSounisaoudiiniuegedeiies fausiina
nsfnwdududaauiinisivdeyadeundunuuindgnin (Face-to-face) I AIHARBNITUTIANY
uadwsmaFeusiimeaniilagUsydng dfafuladuiiiauladuogiedrimndnsduiuniside
AeriuldnszuiunslideyadeundudeiBnisnaunausenindldviiideaniugfunislinelulad
UyaUsehvguuuiasnazdmanssnusemsimuaussousvesyaansaeativayudvnisilumuls
wazAdsiigUkuunsAniunisedisls

2.2 WuihauladuegedsimndiFouiinadnvay fanudanuaunsalubesdias
Wauudtne viemnaussougiideaniswauniianuginuaziinnududeunisasusudadiu
sUuuumsiansseuslidanumnzaunduog1slsdsivi i S suussgaanadnsnsious

mands innidunisasiiynwenledusavdiuvesnisiseusegnals
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Abstract

This research aims to: (1) compare the Thai essay writing ability of Grade 6 students
before and after instruction using the process writing approach; (2) compare the Thai essay
writing ability between students taught using the process writing approach and those taught
using the traditional approach; and (3) examine the retention of Thai essay writing ability among
students taught using the process writing approach. This study employed a time series quasi-
experimental design. The sample consisted of sixty-nine Grade 6 students. The research
instruments included: (1) lesson plans based on the process writing approach and the
traditional approach; (2) a feedback manual for evaluating Thai essay writing; (3) a Thai essay
writing assessment form; and (4) an assessment rubric for evaluating Thai essay writing. Data
were analyzed using mean, standard deviation, dependent samples t-test, and repeated
measures ANOVA. The findings were as follows: (1) The Thai essay writing ability of students
significantly improved after being taught using the process writing approach (p < .05).
(2) Students taught using the process writing approach demonstrated significantly higher essay
writing ability than those taught using the traditional approach (p < .05). (3) Students who
learned through the process writing approach retained their Thai essay writing ability over time

at a statistically significant level (p < .05).

Keywords: essay writing ability, process writing approach, time series experiment,

hints feedback
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AUANITALUNSTBUANLIS BIN W Y M SD t df P

maﬂ%ga‘ﬁ 2 NPUN1TNAABY (O,) 6.99 1.88 -12.88 68 .000

NARTILINNEIN1TNAADS (O5) 9.04 197
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Source Type lll Sum of Squares df Mean Square F p
Intercept 17538.067 1 17538.067 1851.345 .000
Group 47.169 1 47.169 4.979 .029
Error 634.701 67 9.473

INAITN 2 HANITNAADUAIINAINITOTUNITITBUAIINIT BN 1 I MBINNITTRAI9AY
HANITIATIFYINUIT AT p = .029 HUABNGUNAABINUNGUAIUANTAZUULNITNAGDUTIUANAIGTY
agNUey 1 A egelltedAynealiinsesiu .05 (p= 0.00) WBNNTANAIULANANTENINNNGY UaE

Anauansanglunguud §idesinisissuiieuaiadesedlagldds Bonferroni fanns1e 3

M99 3 HANTSWIBULTIEUTI8ATRINGEU VAR LAL NENAIUAY

(1) time (J) time  Mean Difference (I-J) Std. Error p
2 -.433 246 .498
NamASusNABUNTINAADS Oy 3 -2.478* 239 .000
4 -2.769* 222 .000
1 433 246 .498
NaRSaT 2 oumsnnas (O, 3 -2.045* 118 .000
4 -2.336* 129 .000
1 2.478% 239 .000
ARSI INS AR (05) 2 2.045% 118 .000
4 -.291% .088 .009
1 2.769* 222 .000
nams?t 2 wdinsvnass (oh) 2 2.336* 129 .000
3 291% .088 .009

* < .05
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ATLUIUNIT
(1) time (J) time Mean Difference (I-J) Std. Error p
2 -.543 .344 142
NaASIUsNABUNITNAADS (oN) 3 -3.543 316 .000
4 -3.686 330 .000
1 .543 .344 142
namsi 2 Aeunsneaes (O,) 3 -3.000" 071 .000
4 -3.143" 117 .000
1 3.543" 316 .000
ARSI INTNARD (05) 2 3.000 071 .000
4 -.143 .093 .802
1 3.686° 330 .000
nansit 2 wdsnnsveaes (O,) 2 3.143" 117 .000
3 .143 .093 .802

* < .05
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Abstract

This research aimed to develop a Multidimensional Mathematical Literacy Test in an
application platform for Grade 9 students with integrated feedback. The sample consisted of
483 students from the Secondary Educational Service Area Office in Tak Province, selected
through a multi-stage sampling method. The results from developing the test using
Multidimensional Item Response Theory (MIRT) indicated that the assessment demonstrated
high quality in terms of validity. A panel of five experts evaluated the content for coherence
and relevance, with 30 items meeting the established criteria and achieving Item-Objective
Congruence (I0C) values ranging from .60 to 1.00. The data were analyzed using MIRT with the
NOHARM software, applying a multivariate cumulative normal model. The analysis revealed
that the test exhibited multidimensional discrimination (MDISC) values ranging from 0.247 to
3.029, and difficulty (MDIFF) values ranging from -1.023 to 2.830. The item information function
indicated that the test provided the most information for students within the moderate ability

range.

Keywords: mathematical literacy, multidimensional assessment, educational application,
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1.2 A13IUIRTIUUN AIAINYINGIY NUTT AN TNVDILUUNAADUMILATIHRAINIT MBS
veetaaaunlglunaunfazay wuunnila aelusunsy NOHARM (Normal Ogive by Harmonic
Analysis Robust Method) NaAIM1513LM8s A181UITILUNLALAAINEININEVBILULINAIILREA

SuadinAans fanns1e 2

a s

A998 2 LAAIANINT LMD TVDIUUINAIUAIIAFAUANAAERSLUUNYER A19ARAAIILEN
WUUNYER  A1EIUNATMUNUUUNIER  WaEAIAIUENRUUNATR
—"
ITEMS uAvesvaRey y MDISC MDIFF
a; a, as threshold
1 0.400 0.247 0.283 0817 0.549 1.488
2 -0.027 0.236 -0.066 0.699 0.247 2.830
3 0.424 0619 0.523 0.271 0.915 0.296
4 -0.172 0.345 -0.580 0.817 0.696 1.174
5 0.724 0.285 0.251 1.023 0.818 1.251
6 0.839 -0.807 1.142 0.454 1.631 0.278
7 -0.920 1.282 -1.850 0.244 2432 0.100
8 1.570 -1.352 2.209 0.065 3.029 0.021
9 0.602 0.353 -0.193 0.641 0.724 0.885
10 0.555 0.170 0.0 0.212 0.580 0.366
11 0.391 0.449 -0.058 -0.244 0.598 -0.408
12 0.770 0.019 0.518 -0.265 0.928 -0.286
13 0.621 0.462 -0.143 -0.244 0.787 -0.310
14 1.024 0.361 0.237 -0.107 1.111 -0.096
15 0.715 0.468 0.023 -0.308 0.855 -0.360
16 0.810 0.278 0.506 -0.471 0.995 -0.473
17 0.306 0.847 -0.174 -0.425 0.917 -0.463
18 0.475 0.633 0.280 -0.590 0.839 -0.703
19 0.421 0.754 0.106 -0.615 0.870 -0.707
20 0452 0.639 0.119 0524 0.792 -0.662
21 0.301 0.819 0.0 -0.767 0.873 -0.879
22 0.146 0.758 00 0.719 0.772 -0.931
23 0.322 0.723 0.264 -0.609 0.834 -0.730
24 0.075 0.907 0057 0.739 0.911 -0.811
25 0.299 0.425 0.545 -0.679 0.753 -0.902
26 0.085 0.655 0.245 -0.609 0.704 -0.865
27 -0.320 0.979 -0.269 -0.590 1.065 -0.554
28 0.152 0438 0382 0615 0.601 -1.023
29 -0.104 0.691 0.112 -0.431 0.708 -0.609
30 0.009 0.434 0.192 0336 0.475 -0.707
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gaun (Very high) 2 items
25

20

#3n (Very low) 1 items 4 (High) 1 items

@ (Low) 5 items Urunan (Moderate) 21 items

A 3 AdunaduunLuunvEs (MDISC) dfkuuinmnuaaaimundinmians

1w 3 wnliilaesiuvesdsiuasuunuuunyifvesteasy (MDISO) Lile fn1san
Nnusugiinuinfidgunaduunuuunmiidvesdeas udrulngiifudoasy Afldsmiatunans
(moderate) 9117 21 99 898331 A0 FAIGIUIITIUUAL (Low) §1UIU 5 Fo A181UIRTIUUN
gaun (very high) $1uau 2 4o uazimsmnadiuungs (High) uazAe adIunemN (very low)
UYL 1 Tonua1diu

AeueEniUUnNiiAvesteaey (Multidimensional Difficulties : MDIFF) fidiadewiiiy
-0.126 drupauusasguviidy 0.886 wawilimnueInegsening -1.023 s 2.830 ey
Duunugiisnns (radar charts) wansdnuazwuliulagsiuvesaimneineuunyifvesdoaau
AN 4

#1n3N (Very hard) 1 items

20
15

10

NeInn (Very easy) 1 items 5 @10 (Hard) 5 items

0

e (Easy) 6 items thunana (Medium) 17 items

AN 4 AN INLUUNYEA (MDIFF) fifuuuinanuaainisuadinenans

1NN 4 LU UAYTINVBIAIANUYINLUUNYTRVDITBADU LT BNINTUIINUHUAT
wuIdAmiuensuunuifvestodevdulugiludodeuiiiaueiniiunais (medium) $1uau
17 99 59909u19988U4NY (easy) 31UIU 6 90 TodaU81n (hard) I1UIU 5 99 Lagenuin (very

hard) AU418UININUIUDE1EE 1 U9 FIUAIPU
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1.3 Arfenduarsaumavaswuunagau §378laldlusunsy IRTPRO ArudnAilandu
ansaumArauuInANaaIniiuatamans esnaflsiduasaumaveswuuinaiuaaing
Wudvdlunisfiansanaiiugndes udugluni1sussunnninuauisavesneu 3Nn1sanyead

HenduansaunaveIaaau (item information)

M99 4 AATUANTAUMALUUNAFDU INULWIAAYO B N15ADUALBITDERY (item response theory)

4o Amwsfiwmes

i a b c -6 3 0 3 6

1 -1.435 -1.77176 0.766 1.104 5.220 2.928 6.677 1.285
2 0.886 1.548212 0.689 5.400 1.013 1.073 3.455 4.474
3 -1.236 -0.8156 0.437 1.408 4.833 7.542 1.445 9.398
4 -0.013 90.08118 0.134 2471 2.521 2.572 2.622 2.670
5 -0.057 28.05048 0.136 0.000 0.000 0.000 0.004 0.000
6 -0.122 4.624583 0.115 0.002 0.002 0.002 0.002 0.002
7 5.782 1.568886 0.578 1.104 2.234 3.688 3.230 1.050
8 0.067 -1.45365 0.007 0.001 0.001 0.001 0.001 0.001
9 0.748 -1.59431 0.001 0.018 0.106 0.099 0.016 0.001
10 0.519 -0.75653 0.001 0.015 0.048 0.064 0.029 0.007
11 0.939 0.486727 0.000 0.001 0.029 0.209 0.068 0.004
12 0.827 0.568067 0.000 0.002 0.031 0.162 0.070 0.007
13 1.079 0.411 0.000 0.001 0.027 0.278 0.062 0.002
14 1.540 0.168 7.24E 9.014 1.709 5.842 2.875 2.984
15 1.378 0.472 0.000 0.000 0.015 0.430 0.053 0.000
16 1.740 0.646 4.92E 4.638 4.983 5.659 4.734 2.725
17 2.340 0.513 0.000 6.487 4.881 9.864 1.549 1.452
18 2.751 0.680 0.000 6.497 6.681 8.953 1.213 3.328
19 3.269 0.717 0.021 4.091 1.200 7.085 5.658 3.307
20 2712 0.707 0.041 2.680 2.833 6.321 1.335 4.120
21 3.186 0.894 0.022 3.589 6.432 3.843 1.139 8.530
22 2.587 0.971 0.042 3.193 1.609 3.012 3.177 1.429
23 4.474 0.702 0.035 4.845 1.880 4.507 6.121 9.825
24 2.964 0.825 0.000 7.025 3.236 6.616 1.316 1.912
25 2.844 0.999 0.075 5.035 1.175 1.782 2.383 4.965
26 2.548 0.826 0.043 1.110 4.423 4.574 2.315 1.168
27 2.789 0.857 0.064 2.729 4.573 3.406 1.747 4.290
28 1.447 0.972 0.012 2.763 1.245 3.140 9.679 1.427
29 1.595 0.618 0.000 1.231 7.361 5.079 5.299 4.741
30 0.962 0.681 0.010 0.000 0.017 0.202 0.079 0.005

AT 4 Ariladduansaumnavestodou (item Information) dArAuanunsagegaeg

(%
[ Y

FENIN -6 09 6 ATUNMITINANSNYULYDITOAUNS 30 10 AIUNIIITNaTAIAY A1EIUIATILUN

1 o o

(a) AAnadsUszunu 1.5 Yedoudiulngdounadiuuniiunals dvedouilanau 3 99 Ao 98 7
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(a = 5.782) 10 23 (a = 4.474) 48 19 (a = 3.269) ftpapuiienunaT UG 11U T 8 (a = 0.067)
AmNeInd1e (b) ddedonszaiesening 2 s 2 faamainuaieaeudnaemnn ddeasuiidaiiy
gnuanensfutalay Yeasuiiiinimeingsan Ao 4o 4 (b = 90.081) Foaeudiiianueindign fe
o 1 (b =-1.771) s (©) fdwade Uszanm 0.05-0.1 dwlngfianiswisunn Ideaaudid
AINITANEIER FB U8 25 (c = 0.075) MInszatemansaumeatagoudlngirmasaunaaauiin
seAumNuamsaUILnans (0) Tedeuifidnansaumnagsan fo 48 23 asuaINTIMLUUNAADY
faunmAeudnes IAnuvannanguedseiuaLen dussansninlunisinanuaiinsavessasy

a )
NyzaUUIUNaNg

d3UNaN3IY

nIvauILUUInAINaaIng AuAtinrtansuuunnia lugduuuweundiadu d§1msy

v

AuANAMARSHUUNYIRLaE AT IERRn mkuunaaeulagldlunanisneuauasta@a UL UUNY

q

UniSeutuliseudnuUn 3 Ninsiiveyadeundu Tinguszasdmsidedioiauinuuinaiuaaing
% 9

v
v o w ]

(MIRT) Tnedinguilidoya Ao dnidsuduiseufnu i 3 10 16 Tsadou dfnddnauaaiui
ns@nwfseudnuinin Sruaungunaaes 483 au laeidunounisduduniside i 1. a¥s
WUUVAGDU 40 UD 2. E;IJ’L%’EJ’J“UWQJJ 5 AURIIIANANEDARGDS VO emLazAIMIT AN AaLEen
Yoapudirinuinmst 13 30 49 fid1 10C .60 fa 1.00 Tinswvideya laelilumanisnevaussioaoy

LWUUNRIA (Multidimensional Item Response Theory: MIRT) T4 1Usunsu NOHARM JiA51¢ 4

14 =

W1518mesvattedeumelunaUnRasauLUUNTER KaN153LAT18Y WU TodauiA1g1uIaTIwUN

a0 1 a0 1 1

WUUNYEF (MDISC) SiAeg 581319 0.247 9 3.029  A1AMEINWUUNYARA (MDIFF) fiA1egsening

U

a1

-1.023 £ 2.830 wagilAilaiduasaumeavedodou (Item Information) dyulvigiiiAransaumnags
UIUTEAUANNAINNTAUIUNAN aTUAMAMLUUNAZEU WU dANuiienslazynd edie
fiusyansamlunisinauanunsaveddaey amnsaduunauuanAves@eulan wavannsai

wuunageulUldinAnuaainiaiuadinmans uimsimaiawiwasuSuussegusiaiios uavily

[
av

vgrenanisiduluuiundug 1o wazauideiiduinddglunsiauieiesfiodannuaaing

a sala a a o a = o
AUAANENINUUTLENTAIN L‘Wll']%allﬂUUﬁUVIﬂ’ﬁﬂﬂU'ﬂ,u{]'ﬂf\!Uu

aAuTeNa
N1IRAUIMVUTAAIIURAINFAUANAAIEAT LTUIINATATIMUUTATIUIY 40 UB Uag
HIUN1TNNTUINF T ev8y 5 A dAauiaudennaesiaue 0.60 81 1 dadenld 30 do

[
¥

FananslmiuinveasuNas s duilmiuaseuiiomatilosanniseanteasuluasatlainisasna

ee

‘UﬁaﬁG’fmﬂ’]i’i’mﬁuaasﬁaaauwaazsﬁam:uaﬂﬁﬂizﬂawmmmammi’ﬁm

9

Q-matrix LW oLTUNITS

'
%4

Adinmans laenissvylanaen1sinvestodouniu Q-matrix lukaIves Q-matrix MUNUAIEAILAY
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o = Y =

“1" azawvioudslaniadaiminesiusznoudsdouvastamoiu urazdodsdornuusasdoas
Usenousedifvanedd Jutlitesnuusasdoilassadadminesdussneuludnuassdounde
fimumannnane (Rupp & Templin, 2008) 3svliuuunaauiiad1estununsiimungae Q-matrix
frrwmsamnilon 30 9o Aidauam 1Hlunamanevaussdeasunuunulid (MIRT) lun1sinses
yilvldnadnvazvesuuunagey AAsunaduundnlngeglusiuiiunats ideasuilanisu
3 4o loiun 1o 7, 23 wag 19 FomouiimumainvatevesseiuaueIn wazdmnaiane (Uszaa
0.05-0.1)

1NNaNIsIATIERTeyavziiuladn Argiunadiwunainnisaaeu dangaluuiade
o1aiflesnandeasuunsdeiinnmannsalunsiauidfiiginifizdu 4 Snusziiu nilsmungu
nsmevaussteasufoadunisasuiiliudidusunatnunddlunsney axdedlifdviwasonanis
nounsinaeu Juosliiogluanunisaiiaeuudsdufiusonar uiluanwnismegouaisliamisn
Fansaeuiiliudsduiunaldlunneds Ssenafiuade Amnsifimesvesteasy lunsasradeany
Tunsifeaded §idvadradoaeuiianunsatn ssdusznevvasauaanidnuadnmanivesiniFou

TAu1nn3n 1 99rUsEnauMItudeaey 1 U8 39TA181uNakuUnaaLs 2 AulU (a1, a2 wae a3) way

(%
P

Tunsuszanadmisdwesves deaeunuinaisiuiadwunvesdeasuiinnduauluuiedls i
HIR9NAINNANITIATIEN UVENDAULUTUTIY AULUTUTIUTINYBIRIAUTENOUTRIAINRANS
AuadinAans Mdudneandeaauildnuiunedy 3 47 wud danuduiusiureudisduteune

(%
Y

AN FURUS AU INIIUINUATAY LATUIINTEUIUNISNARANNENNUS T uADUT 19t oeus aunuliil
AudNTus ey Jeaenadestunuifnueclasenis PISA Ussmelng an1dudaasunisaou
Inemansuavimalulad (@eam.) fiinsusziiumnuaaaifuadamaniidunudaouiidosnis
Wﬂ’ﬂL'%sJuLw%ﬁwﬁwﬁuﬁagmmamjmmﬁm‘ﬁﬁatﬂu%ﬁmluﬂizmumiﬁéfaamﬁamsauwmaaﬂn
FanBeudeddinuziaraussouseng q ivainvatsusufunseiudeunienuiisatu (Klanin
et al. ,2008) dwsuriladdumsaumaveanuuinmiuamaisnuadamans Jeavviounimgnios
wiulunsUszanamuansavesimey Wethinrmiudy asaumavesuuunaaeuazidusvil
Finvglauuunaaeunu e igesnis (Kanjanawasee, 2009) 31nANIATUAITAUNAUDITDEDU
(item information) AMANAINITNAIHADYTENIN -6 89 6 ANlanTuasAUNAvestadaUNN YD
farwaenadasiummiugniieuazasIuasuun namderilsidumsaunavasdeanuazasiu
dedmuannsngealndiuaimiunieussmsaunavosioaoulneialufiingedu dedn
Srunduundannniu Mndnvasdinanuansiifiuiiteasuiinaunmaunguinisnevaues
Faa0u (Kanjanawasee, 2007) 1ufufyu :u3d8v09 (Kaewmanee, 2009) Miinan1siUssuiiieu
HaduansaumAreItao ULarINTY @1TEUYATILUUADY JAUEDAARDIAUTEAUAINEINITE

F4ANANAINYINGIBAIEIUIDTINUN
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YoLaUDLUZ
1. datausnuzdmsunisunluly
1.1 ansoiuetndiedulluldinamemadfundnmansvesinidousseufnuUi 3
LLEWLﬁumé@ﬂﬁ@ﬁiﬁ%}@%aEﬁQUﬂﬁULLﬁﬁlﬂL%EJuiﬁ wazdnieuaunsaltlanu smartphone, computer,
ipad ey Notebook
12 ﬂgmmiaﬁwLLaﬂwﬁLﬂi’fuﬁhﬂ%ﬂ’mLLazﬂizLﬁummammiéfmﬂﬂmmam%maaﬁﬂL%&Ju

v O o = a a < S = | a a Y a
FLAUTUNTHUANWIUN 3 WQIU%UL?EJULL@%GU'Nﬂﬁﬂiillﬂ'ﬁlﬁﬂuglﬁill

2. YaLEUBLULAINSUNTSIReASIRa U
2.1 msiauweundindulinsauaquiinye nIARAAIERSIINEITY 819818V ULYA
1153981 US95EAUTUBUNTBNUNDUY kaLAISHINTITIVUNBRANIUNANTS ML UNALATUDE19MBLIBY
2.2 msiNMIvgluszeze N afAMUNANT LD UNALATY WU NasaVINYEN NANAFERNS
v = o 24 S & a| a 3 a a v
vaadnissundenisldauluszesiiat 6 ey nie 17 LagnsiATIEingAnssun1sisousuas

AnuUaguLUasnuusegalavesinizey
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