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Abstract

The objectives of this research were to compare the quality of life of the medical
students at the Faculty of Medicine Siriraj Hospital, in their first to sixth year, categorized by
academic year and quality of life domains, and to measure the level of the quality of life of
the first to sixth-year medical students. The sample size of 324 medical students was
determined by the G*Power program. The proportion of the voluntary respondents for each
academic year was specified. The research tool was a questionnaire developed by the
Department of Mental Health (2002) as an abridged version of the World Health Organization
Quality of Life Assessment (WHOQOL-BREF-THAI). The questionnaire assessed four domains:
physical health, the mind, social relationships and environment, having Cronbach'’s reliability
coefficient of 0.8406, and a validity coefficient of 0.6515. Data collection began after the
Institutional Review Board's permission was obtained. Medical students received information
about the research process and gave their consent, permission also was obtained from
instructors and relevant staff to collect data from the medical students. The data analysis
employed percentage, mean, and analysis of variance (ANOVA).

In this study, the highest overall quality of life was found in the first-year medical
students, with an average score of 91.50, while the lowest was in the sixth-year medical
students, with an average score of 83.77. The results of the analysis of variance showed
significant differences in the mean scores of the quality of life from the first to the sixth year
at the .05 level across physical health, the mind, environmental domains, and overall quality
of life. The multiple comparison test with the LSD method revealed differences in at least

one pair.

Keywords: quality of life, medical student
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Introduction

Higher education students are the generation that is entering adulthood, requiring
readiness in various aspects of life including academics, social adaptation, and increased
responsibility. Consequently, students experience stress and difficulties, especially in programs
with demanding academic requirements. Particularly, medical education programs may entail
higher stress levels due to the admissions process and the long duration of study, which
typically spans six years with both theoretical and practical components. It is a big responsibility
to study medicine.

The researcher realized the quality of life for medical students from the first to sixth
year is important. Additionally, the World Health Organization (WHO) has developed tools for
assessing quality of life, including the World Health Organization Quality of Life Assessment
(WHOQOL-100) and its short version (WHOQOL-BREF). These instruments are questionnaires
designed to assess people's perceptions of culture, society, and environment. Additionally,
according to Tengtrisorn et al. (2013), conducted research on the quality of life of medical
residents in Songklanagarind Hospital, and demonstrated that medical residents' quality of life
is moderate. Therefore, a holistic approach to improving the quality of life is necessary.

Furthermore, no comparison studies of medical students' quality of life from first to
sixth year have been conducted. Poomjan, P. (2017) conducted a study on the quality of life
of preclinical- level medical students (the first year to the third year) in terms of university
services received, academic life, social life, and living accommodations. Medical students had
a good quality of life, while their relationships with others were moderate. When testing
hypotheses, it was found that: (1) Preclinical-level medical students (the first year to the third
year) with varying academic years had significantly different levels of quality of life in terms of
academic life, social life, and living accommodations at a statistically significant level of 0.05.
(2) Preclinical-level medical students (the first year to the third year) with varying cumulative
grade point averages had significantly different levels of quality of life in terms of relationships
with others at a statistical significance level of 0.05. (3) Preclinical-level medical students (the
first year to the third year) with varying living accommodations had significantly different levels
of quality of life in terms of living accommodations at a statistical significance level of 0.05.

Sithai, W., & Jangboon, N. (2020) studied the quality of life of medical students at the
clinical level (years 4-6) and found that, overall, clinical-level medical students' quality of life
was good, with a mean score of 84.87 and a standard deviation of 10.16. When examining each

component individually, it falls within the moderate quality of life range. Specifically, in terms
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of environment, the mean score was 26.57 with a standard deviation of 1.71. For physical
health, the mean score was 21.31 with a standard deviation of 2.84. For mental health, the
mean score was 19.80 with a standard deviation of 2.59. Lastly, in terms of social relationships,
the mean score was 10.97 with a standard deviation of 1.17.

Therefore, the researcher was interested in comparing the quality of life of medical
students from the first to sixth year at the Faculty of Medicine Siriraj Hospital to understand
their degree of quality of life and quality of life’s domains. After completion of the study, the
researchers determined the quality of life and living conditions of medical students in years 1
through 6. This information is presented as an overview to the educational department’s
executives and relevant stakeholders. Educational department executives may consider
utilizing this information for relevant development aspects if necessary, particularly concerning

the quality of life of medical students.

Objectives

1. To measure the degree of quality of life of medical students from the first year to the
sixth year at the Faculty of Medicine Siriraj Hospital.

2. To compare the quality of life of medical students from the first year to the sixth year
at the Faculty of Medicine Siriraj Hospital, categorized by academic year.

3. To compare the quality of life of medical students from the first year to the sixth year

at the Faculty of Medicine Siriraj Hospital, categorized by domain of quality of life.

Methods

1. Population and sample

The population of the study is medical students from the first year to the sixth year at
the Faculty of Medicine Siriraj Hospital, a total of 1,703 students

In the sampling of the study, the researcher determined sample size by using the
G*Power program by setting the following parameters: Power (1-err prob) = 0.95, Effect size f

= 0.25, and err prob = 0.05. The sample size was 324 students.

2. Research Instrument
The questionnaire consists of 2 parts, part 1 of the questionnaire is for general
information, while Part 2 is for measuring quality of life. The researchers utilized a

questionnaire referenced from the Department of Mental Health (2002), which is an
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abbreviated version of the World Health Organization Quality of Life Assessment (WHOQOL-
BREF). This instrument is a questionnaire designed to assess people's perceptions of culture,
society, and environment. The questionnaire includes 4 domains which are physical health,
psychological, social relationships, and environmental domains, as well as an overall
assessment of quality of life.

The questionnaire, which serves as a tool for measuring the quality of life developed by
the Department of Mental Health (2002), originated from the short version of the World Health
Organization Quality of Life Assessment (WHOQOL-BREF) in the Thai language. This tool was
adapted from the 100-item WHOQOL instrument by selecting one question from each of the
24 facets, as well as two additional questions about overall quality of life and general health.
Subsequently, The WHOQOL-BREF instrument was then refined further by reviewing and
adjusting the language, which was then tested for language comprehension among people
from various backgrounds. The problematic items were updated based on feedback and
evaluated again over three rounds of studies. The instrument's reliability was assessed using a
Cronbach's alpha coefficient of 0.8406 for internal consistency and a coefficient of 0.6515 for
test-retest reliability, compared to the Thai version of the WHOQOL- 100 instrument officially
recognized by the World Health Organization.

3. Data collection

3.1 Data collection began after the Institutional Review Board (IRB) from The Faculty
of Medicine Siriraj Hospital gave its clearance.

3.2 Before collecting data, the researcher asked permission from the instructors and
relevant staff, explained the research process to the medical students who gave the data,
provided contact information for any inquiries, and verbal consent was requested to preserve
data providers' rights. The researcher refrained from disclosing specific personal identities.
Furthermore, the researcher allowed medical students to ask additional questions until they
were satisfied and had time to reflect before agreeing to participate in taking the questionnaire.
Data explanation and collection took place before or after class to avoid disrupting study time,
and the questionnaire took no more than 10 minutes to complete. Participation in the
questionnaire was completely voluntary.

3.3 In the case of returning questionnaires, the questionnaire collection boxes were
placed at classroom entrances and educational department offices at the Faculty of Medicine

Siriraj Hospital and Mahidol University. Pens will be provided as a token of appreciation.
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4. Data Analysis
4.1 Descriptive data were tabulated and analyzed using basic statistical analysis
including percentage, and mean.
4.2 Using Hypothesis testing analysis which involves analyzing differences in means,
which is Analysis of Variance (ANOVA).
4.3 The interpretation of scores and quality of life across different domains can be

found in tables 1 and 2.

Table 1 The interpretation of scores

Range of Score Interpretation
26 — 60 Poor quality of life
61-95 Moderate quality of life
96 - 130 Good quality of life

Table 2 The interpretation for scores of quality of life across different domains

Domain Poor quality of life | Moderate quality of life Good quality of life
1. Physical health domain 7-16 17 - 26 27 - 35
2. Psychological domain 6-14 15 -22 23-30
3. Social relationships domain 3-7 8-11 12 - 15
4. Environment domain 8-18 19 -29 30 - 40
Overall quality of life 26 - 60 61-95 96 - 130

Results

Table 3 The number of respondents

Academic year Frequency Percentage
1 70 19.70
2 70 19.70
3 70 19.70
il 52 14.60
5 37 10.40
6 57 16.00
Total 356 100.00

Table 3 shows that there were 356 students that responded to the questionnaire. The
distribution is as follows: the respondents from Years 1, 2, and 3 was the same, with 70

respondents in each group or 19.70% of the total respondents in each group. There were 52
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respondents from Year 4 (14.60%). Year 5 had 37 respondents (10.40%), whereas Year 6 had

57 responders (16.00%).

Table 4 The degree of quality of life

) Poor quality of life Moderate quality of life Good quality of life
pomain Score Frequency Score Frequency Score Frequency

1. Physical health domain 7-16 2 17 - 26 256 27 -35 98
2. Psychological domain 6-14 17 15 -22 263 23-30 76
3. Social relationships 3-7 11 8-11 161 12-15 184
domain

4. Environment domain 8-18 7 19 -29 196 30 - 40 153
Overall quality of life 26 - 60 5 61 -95 263 96 - 130 88

Table 4 demonstrates that the quality of life

scores in terms of physical health,

psychological, environmental domains, and overall quality of life from questionnaire

responses, indicated a moderate level. However, the domain of social relationships indicated

a good level.

Table 5 The analysis of variance results of academic year

Domain Source of Sum of df Mean Square F Sig.
Variation Squares
1. Physical health Between Groups 181.395 5 36.279 3.209 .008
domain Within Groups 3957.077 | 350 11.306
Total 4138.472 | 355
2. Psychological Between Groups 118.034 5 23.607 2.350 041
domain Within Groups 3516.514 | 350 10.047
Total 3634.548 | 355
3. Social Between Groups 26.748 5 5.350 1.402 223
relationships Within Groups 1335.014 | 350 3.814
domain Total 1361.761 355
4. Environment Between Groups 308.347 5 61.669 2.596 .025
domain Within Groups 8314.372 | 350 23.755
Total 8622.719 | 355
Overall Between Groups 2112.960 5 422.592 3.172 .008
Within Groups 46628.793 | 350 133.225
Total 48741.753 | 355
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The analysis of variance results for the mean quality of life scores over academic years
1- 6 showed statistical significance for the physical health, psychological, environmental
domains, and overall quality of life at the .05 level. There were differences observed in at
least one pair from the multiple comparison test using the LSD method. The LSD results
indicated statistically significant differences in the quality of life among students from years

1 - 6 at the .05 significance level, as detailed in the table 5.

Table 6 Pair comparison between academic year and physical health domain

Physical health domain Mean 1 2 3 4 5 6
Year 1 25.10 -
Year 2 24.55 .340 -
Year 3 25.08 .980 .353 -
Year 4 24.88 727 595 744 -
Year 5 24.70 561 831 576 .802 -
Year 6 23.01 .001* | .011* | .001* | .004* | .018* -

According to the results, the quality of life in terms of physical health domain of the
sixth-year students was different from first- to fifth-year students at the .05 significance level.
First-year students had the highest average score at 25.10, followed by third-year students at

25.08, and sixth-year students at 23.01, who had the lowest average score.

Table 7 Pair comparison between academic year and the psychological domain

Psychological domain Mean 1 2 3 4 5 6
Year 1 21.02 -
Year 2 20.52 351 -
Year 3 20.11 .089 .440 -
Year 4 19.92 .058 297 742 -
Year 5 19.72 .045* | 216 S51 | T -
Year 6 19.26 .002* | .026% 133 278 | .486 -

The results indicate that the quality of life in terms of the psychological domain of the
sixth-year students was different from first- and second-year students, as well as the fifth-year
students, who differed from the first year at the .05 significance level. The first year had the
highest average score (21.02), followed by the second year (20.52), and the sixth year (19.26),

which has the lowest average score.
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Table 8 Pair comparison between academic year and social relationships domain

Social relationships domain Mean 1 2 3 4 5 6
Year 1 11.80 -
Year 2 11.30 131 -
Year 3 11.67 927 261 -
Year 4 10.96 .002* | 344 .048* -
Year 5 11.43 .355 739 548 | .263 -
Year 6 11.33 .181 .924 333 | 322 | 810 -

According to the results, the quality of life in terms of the social relationships domain

of the fourth-year students was different from first- and third-year students at the .05

significance level. The first year han the highest average score (11.80), followed by the third

year (11.67), and the fourth year (10.96), which has the lowest average score.

Table 9 Pair comparison between academic year and the environment domain

Environment domain Mean 1 2 3 q 5 6
Year 1 29.62 -
Year 2 28.91 .387 -
Year 3 28.88 368 | 971 -
Year 4 27.96 063 | .286 301 -
Year 5 28.02 107 | 371 387 | 950 -
Year 6 26.75 .001* | .013* | .015* | .197 | .217 -

According to the results, the quality of life in terms of the environment domain in

the sixth year was different from the first through third years at the .05 significance level. A

student's average score was highest in the first year (29.62), followed by the second year

(28.91), and lowest in the sixth year (26.75).

Table 10 Pair comparison between academic year and the overall quality of life

Overall quality of life Mean 1 2 3 q 5 6
Year 1 91.50 -
Year 2 89.18 236 -
Year 3 89.54 316 .855 -
Year 4 87.36 .051 390 | .304 -
Year 5 87.51 090 | 476 | 388 | 952 -
Year 6 83.77 .000* | .009* | .005* | .105 | .126 -
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According to the findings, in terms of overall quality of life, the sixth year was different
from the first through third years at the .05 significance level. The first year had the highest
average with an average score of 91.50, followed by the third year with an average of 89. 54,

while the lowest is in the sixth year with an average score of 83.77.

Discussion

The analysis of variance results for the mean quality of life scores over academic years
from the first year to the sixth year showed statistical significance for the physical health,
psychological, and environmental domains, and overall quality of life at the .05 level. There
were differences observed in at least one pair from the multiple comparison test using the
LSD method. The LSD results indicated statistically significant differences in the quality of life
among students from the first year to the sixth year at the .05 significance level, with the
following details: In terms of physical health, sixth-year students were different from those in
the first through fifth years. Regarding the psychological domain, sixth-year students were
different from those in the first and second years. Social relationships domain, fourth-year
students were different from those in the first through third years. When considering the
environmental domain, sixth-year students were different from those in the first and third
years. Overall, the quality of life for sixth-year students was different from that of students in
the first through third years, which aligns with the experiences gained from studying in medical
programs in Thailand that require students to study for a minimum of six years. Students study
basic medical science courses in their first year. They begin studying about medicine in their
second year. By their third year, medical students start studying different diseases and
abnormalities in the human body. In the fourth year, they start experiencing ward duties and
patient care throughout the year. In the fifth year, ward duties and patient care experience
become more intense. Finally, in the sixth year, students enter real clinical practice. During
this period, first-year medical students had the greatest overall quality of life with an average
score of 91.50, while sixth-year medical students had the lowest overall quality of life, with
an average score of 83.77. This is because the sixth year, which is the final year of medical
education, demands students apply all of their knowledge to work in real-world settings,
including patient examination under the supervision of medical teachers. They also undergo
internships at hospitals and must pass medical licensing exams. As a result, the sixth year was

recognized as the most stressful due to increased duties and time management requirements.
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This aligns with a study by Sithai & Jangboon (2020), which found that the quality of life
for clinical-level medical students was a moderate level. It also aligns with another study by
Poomijan (2017), which found that the quality of life for pre-clinical level medical students at

the Faculty of Medicine Siriraj Hospital was a good level.

Recommendation

1. Implication for practice

Based on the findings of this study, the researcher gained insight into the quality of life
and living conditions of medical students from the first to the sixth year. This includes
determining whether the quality of life was poor, moderate or good. The details also include
domains such as physical health, psychological, social relationships, and environmental
domains. The researcher presented a summary of the findings to the educational department's
executives and relevant stakeholders. The educational department considers utilizing the data
for developing aspects related to the quality of life of medical students.

2. Recommendation for future research

Future research may use a mixed methods approach, integrating quantitative and
qualitative methodologies to gather a comprehensive understanding of medical students'

quality of life.
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Abstract

The objectives of this research were to 1) study conditions and problems, 2) develop,
3) try out, and 4) assess satisfaction with the development of a program to create subject
evaluation reports in Prapassorn Rangsit School, using the action research method. The
research was carried out in 4 cycles consisting of 3 steps of operations: 1) planning, 2) action
& observation, and 3) reflection. The target group consisted of 11 people who were
purposively sampled. The tools used were an interview form, focus group discussion issues, a
manual/program trial evaluation form, and a satisfaction assessment form. The analysis of
data was divided into 2 parts: the qualitative data employed content analysis and the
quantitative data employed the mean and standard deviation. The results of the research can
be summarized as follows:

1. The study of the conditions and problems related to the creation of the subject
evaluation reports revealed a current problem that teachers were required to record every
student’s learning achievement in every subject, in a subject evaluation report in a notebook.
This caused many problems for the teachers. So, the researcher inquired about guidelines for
development in this matter. The researcher obtained 2 approaches of solving the problem:
1) synthesizing information and additional suggestions before developing the innovation, and
2) conducting a pilot study of innovation development to reduce the steps of the registration

and evaluation work.
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2. In the development of the subject evaluation reports, it was found that as the
results of the synthesis in Cycle 1, the researcher had determined elements according to the
synthesis process from Cycle 1, with principal elements being: 1) criteria for evaluating
desirable characteristics; 2) indicators/learning outcomes, learning strands; 3)a class attendance
record; 4) a record of midterm scores and final scores; 5) student competencies; 6) desired
characteristics assessment form, and 7) the steps of printing the subject evaluation reports,
using Microsoft Excel. The results of the expert’s assessment of the propriety of the elements
of development revealed that they were at the highest level.

3. The results of the tryout of the program for the creation of the subject evaluation
reports, from the manual/program trial evaluation, as a whole, yielded the average score at
the highest level.

4. The assessment of satisfaction with the development of the program for the

creation of the subject evaluation reports yielded an overall score at a high level.

Keywords: program development, evaluation reports, guideline
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Abstract

This research aimed to create a philosophy, objectives, learning outcomes of the
curriculum, learning outcomes at the end of the academic year, curriculum structure, and
guidelines for organizing extracurricular activities to enhance the Bachelor of Education
curriculum, Music Program, Faculty of Education, Chiang Mai university, using music teacher
competencies as the basis in designing and assessing the appropriateness of the philosophy,
objectives, learning outcomes of the curriculum, learning outcomes at the end of the academic
year, curriculum structure, and extracurricular activities to enhance the Bachelor of Education
curriculum in Music Program that had been constructed. There were 3 target groups: Group 1
provided data for setting philosophy, objectives, learning outcomes of the curriculum, and
learning outcomes at the end of the academic year. The group members were 3 university
music teachers teaching music majors, 5 university education teachers, and 2 music teachers

from basic education schools, totaling 10. Group 2 provided data on designing the structure of
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courses in the curriculum and extracurricular activities. The group members were 8 university
music teachers teaching music majors, 8 university education teachers, and 4 music teachers
from basic education schools, totaling 20. Group 3 provided data for the assessment of the
appropriateness of the philosophy, objectives, learning outcomes, and learning outcomes at
the end of the academic year, and extracurricular activities in producing music teachers. After
that, all of these matters were brought under consideration by 4 music experts, 3 education
experts, and 2 teachers from basic education schools. There were 3 sets of tools: (1) a record
of group discussions on the philosophy, objectives, and learning outcomes; (2) a record of
group discussions on the structure of the curriculum and the extracurricular activities; and (3)
an appropriateness checking form. The research was conducted from January to March 2024.
The statistics employed were frequency, percentage, mean, standard deviation, and content
analysis.

The findings were as follows:

1. A philosophy, 6 objectives, 6 learning outcomes, and 4 learning outcomes were
obtained at the end of the academic year.

2. A curriculum structure was obtained. It contained 144 credits, comprising 30 credits
of general education, 108 credits of specific courses divided into 39 credits of the teaching
processes, 60 credits of music major courses, 9 credits of teaching how to play different musical
instruments, and 9 credits of free electives. Also, guidelines for organizing 5 curricular activities
were obtained.

3. The assessment of the philosophy, objectives, annual learning outcomes, curriculum
structure, and extracurricular activities revealed suitability and consistency with the music

teacher competencies which are important goals of development.

Keywords: music teacher competencies, Bachelor of Education curriculum, Music Education

Program, music teacher
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Abstract

The aims of this research were to 1) examine the quality of a learning assessment
form for competency—-based assessment emphasizing the global citizenship of the learners,
using the project and service-based learning (PSBL), and 2) evaluate learning outcomes of
competency-based assessment emphasizing the global citizenship of the learners using the
project and service-based learning (PSBL). The sample used in the research comprised 118
teachers, 2065 lower secondary school students and 1,770 upper secondary school students
who had learned with their teachers in the sample, and 3,835 parents of these students. The
tools used in the research were 2 learning evaluation forms that emphasized students' global
competence, using project and service-based learning—one for the lower secondary level,
and the other for the upper secondary level. The analysis of data employed an index of
content validity, discrimination, reliability, percentage and mean.

The research results revealed that the learning evaluation forms for competency-
based assessment emphasizing the global citizenship of the learners using project and service-
based learning (PSBL) for lower secondary school students and upper secondary school
students had the indices of consistency (IOC) ranged between 0.80 and 1.00 for both forms, the
indices of item discrimination ranged from 0.50 — 0.78 and 0.45 - 0.78, and the indices of reliability
were at a very high level—0.98 and 0.97, respectively. Also, the evaluation of the learning
outcomes of competency-based assessment emphasizing the global citizenship of the
learners using the project and service-based learning (PSBL) showed that both the lower
secondary school level and the upper secondary school level were at an excellent level, as

their achievements were at 82.40 % and 85.13 %, respectively.

Keywords: competency-based assessment, assessment of learning, global citizen

competency, project-based learning, service-based learning
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Abstract

This study aimed to investigate the current state and opinions of social studies
teachers in Chiangmai Education Sandbox on the implementation of a competency-based
curriculum in their classes, to develop and validate the psychometric properties of the
competency-based curriculum perception scale, and to study the level of the teachers'
perception of the concepts of the competency-based curriculum. The research was
descriptive. A survey was used to collect data on the state of action in curriculum
implementation and to measure the perception of the concepts of the competency-based
curriculum from 300 social studies teachers who were chosen through multistage random
sampling. The validation of the research tools was based on classical test theories and the
ltem Response Theory with the Rasch Model. Data analysis employed descriptive statistics.

The findings revealed that the social studies teachers demonstrated a commendable
adherence to instructional objectives and educational management standards, reflecting a high
level of implementation proficiency. (M = 3.99, SD = 0.78) However, assessing perceptions of
the competency-based curriculum of social studies teachers posed certain challenges,
particularly in terms of difficulty (p = .34-.79), discriminant (r = .27-.92), reliability (ry = .76),
validity and infit outfit statistic (Infit = .824-1.222, Outfit = .793-1.598, )(2 = 37.3772,df =21, p
= 0.08701, GFI = 0.9914, AGFI = 0.9942, RMR = 0.009844, AIC = 95.2772), although these
concerns remained within the acceptable criterion. Moreover, the overall perception of the

competency-based curriculum of the social studies teachers met the passing criteria.

Keywords: competency-based curriculum, social studies, education sandbox
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aa v

57809 (Infit and Outfit statistic) 11N NITABUAUBITOADUKUULRNTAAETULAAUDITIVE

(Unidimensional Rasch Model) Feforonnaminumunzaudi 50-1.50 AULUIRAE Wright and

Master (1982) n&391n1urinnsUszanuanisasnsovesdaeu®) msiweianuen (8)
AANLARALARBU(SE) UAYAIPIBILTIBSUU Expected A Posterior felusunsy Jamovi Tugndnds
snowIRT (The jamovi project, 2022 ; Seol, 2023)

4.7 fnunnzuuLadalngedouuIAnvounud anngduidvgrunienli

AIUTTEIERNYULNITTUIULUIAAANENTTIUANTIOULYDIATH ABUNGUAITENITIT BUT HIANANY

o w = a

ANAUILASTAUTTTUTUAN WA UTANTSUNISANBIFINT AT L NU AN AAIUNITUANBITN1TTINIA

'
o

Wealnd muuiAnues Wright and Master (1982) sslusinsy Jamovi lutnA1ds snowlRT (The

]

jamovi project, 2022; Seol, 2023)
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v |
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Fodadedlu msifedlingusogunisideinisssdiunuesihnisdmdngnsguaussousasd
FuFoudiannnsuftaidulummdmnglussdulawdaduavaiidsdniofuimdngnsgu
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M3l anmnsufoRnisimdngnsgiuanssougdlutuSeuvesagiaon
nAuANsENSISEUIHIANANY
3189013 M SD wlana
N1309NUUUNENGATIUUUIRAUANGATFIUANTIAUS 5 d15en15iTeuslaun
1) AaU AasTTN 9385734 397  0.71 1N
2) nihfinaidios Jamsssuuazn1siuiudin 4.00 0.77 11N
3) WiswgANEnS 395  0.86 1N
a) Use¥Remans/sedvniiuiuysy Henans 394 081 110
5) Qians 398 0.82 Gl
39 3.97 0.79 N
n3IAN1siEEuinuLUIRAnANgAsgINaNTIAUL 5 a1Ensiseuslaun
1) Aaun AasTTy 938535U 412 0.72 1N
2) wihiinalos Samsssuwarnsaniudin 4.00 0.77 110
3) WisugAEns 395  0.76 1N
4) Use¥aemans/sedvnfiuiuyse Henans 4.08 0.76 170
5) gilFans 392 0.84 1N
394 4.01 0.77 un
ﬂ'mJizLﬁuwan'ﬁL'%auj’;ﬁ'lLLunLﬂuﬁaﬁ
1) MsUszilunan1seusaunvsids (Cognitive Domain) 4.02 076 110
2) MsUssiliunansiseuimuinueiide nuvdngasgiuanssousdy 391 0.79 hy
nsuszLiiuinge (Skills) (Psychomotor Domain)
3) n1sUsziilunanTIsiSeuiAuAnNdy (Attitude Domain) Aresduie  4.03  0.79 110
Uszasn (Value)
4) miﬂimﬁuﬁﬂwzmiﬁmzuqﬂ (High Order Thinking) 3.94  0.77 170
5) ﬂﬂiﬂizl,ﬁuamiauwgﬁw (Competency) 397  0.79 4N
394 397 0.78 4N
TN 399 078  wn

901519 1 wandbiiiuiinisivdngasgiuanssourasdiuissundafianmnisu) ua
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2) wan1sfnwdeAnmiuniisesivdngnsgiuaussaurlulfludussuresajdasunguanse

nsSeuIdANAng mauiiaInusssuluwaiuiuinnssunsanu il
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M(SD) M(SD) M(SD) M(SD)
1) dad auns lun1sAnwikazyinnainsuseaniy san1sensualuay 4.26 4.26 4.05 4.18

mmiﬁﬂmawuLaﬂmﬂmﬁﬁwmma 191 19 MULUIMNIYBIAAUNT (0.69) (0.64) (0.65) (0.61)

autudie uarUuRenuvdnneanssuun 10 visewanUjUfnudaen  u1n 1N N N
Tupnawduninutiuie
2) annsaldlganlunisiiewmdsinenasasunlymluiinvesaues 431 4.25 4.14 4.23

vyjanis uazdany maenfvdswndenseufuiioogsimiuesndufiqy  (0.66)  (064)  (0.68)  (0.63)
finwgoutoudeunu THvdnduaislunisdeans msviaukazeg 1N tly tly
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AU 2 HAN1INTIFBUAMANUANITANAVRININTIANITTUTUUIAANANE AT Y
ANTIAULVIIAIH HOUNGUAITENITTIUTAIANANET ArFuInazImusTsululAN U UInNTsY
nsAnedmiaesin

va

HANT5ATIAUAMENTAN1INIRLITEYNN1IATINA0UAUNG B NITNAFBULUUA LAY
Usgnaulunie AMUASATWLBUT ANUEIN BIUIRILUN AULTABILAEAINUATILTILATIAT 1WA
ngufn1snevaussdedeulsznaulumedyianumnzausieds nsdwesAueINkasAIAIY

\WIBIWUULUY Expected A Posteriori a3UNagaa1519 3

M1 3 NAN1IATIARUANANTRVNTINLAYRIUINTIANITSUTHUIRAANEN AT IUALTTOULYDS

ATHARUNANATTE NS EUTHIANFAN Y

NANTSATIVERUANFNUANIIATAAIAUN BN TNATDULUUALAY

I0C=.60-1.00 p=.34-.79 r=.27-92 r=.76
HAN1INTIVADUANATUTLATIEE19A8TTNTAATIEN HAN1INTIAFOUANANTANITINTRA
a9AUTENDUITBUU uurAANMIReUaURtadDY
dodou  umiinesAusznau t R? Fs ;) o SE  Infit Outfit

$afi  b(SE) B
TEM1 03361 01849 12.8687°** 04300 00849 -0496 0600 0.130 0889 0.863

(0.0261)

[TEM2 03085 0.1605 12.0468** 0.4006 0.0316  0.660 0.367 0.132 1108 1.125
(0.0256)

[TEM3 03107 0.1587 11.9733** (0.3984 0.0369 -1.806 0.820 0.161 1.220 1598
(0.0260)

[TEM4 03050 0.1569 11.8991***  0.3961 0.0390 -0.248 0.550 0.128 0.824 0.793
(0.0256)

TEM5 03125 0.1526 11.7198*** 03906 0.0332 -1.261 0.740 0.143 1.117 1272
(0.0267)

[TEM6  0.4960  0.4044  20.5716*** 0.6359 0.2311 1.237 0.263 0.143 0.997 1.056
(0.0241)

[TEM7 05450 0.4759 22.8304*** 0.6899 0.2689 -1.007 0.697 0.137 1.003 0.963
(0.0239)

[TEM8 04970 0.4166 21.0070*** 0.6454 0.2318 -0.215 0543 0.128 0.860 0.824
(0.0237)

[TEM9 05520 05008 22.6550*** 0.7076 0.3473 -0581 0.617 0.130 0.999 00971
(0.0244)

TEM 05432 05109 229744**  0.7147 03655 -0.496  0.600 0.130 0.889 0.863
10 (0.0236)

XZ = 37.3772, df=21, p= 0.08701, GFI=0.9914, AGFI=0.9942, RMR=0.009844, AIC=95.2772
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prangauedeiifimausudaniinn (nfit) Sensewing 0.824 f 1.220 uazandviamumanzay
sredeftlalladanimmin (Outfit) fiAszming 0.793 B 1.598 Fedldldmannasives Wright and Master
(1982)
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AZULUY BITLAY AZLUY  STAUMS  AIUTIEIENTIUSULIRAMANGATIIUANTIOUSYRY
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M99 5 HANTANBITEAUNTTUSUUIAAMANENTTIUALTTOULYDIATHADUNGNAN TN IS B U denY

ANYINANITANWITEAUNITTUSUUIAANANEATTILALTTOUYVRIATHABUNGUANTENMTLTEUS

o/ =
danNAnen
ANFYBININATIY NAN1TIATTAUNTTUS LU AANENEATFIUANTIOULVOIATHADU
nguasENsTEUsFenuAne
v H (4 [ (3
FEAUA NIULNAUN A25USUUFINAIUN
Min  Max M SD %
F % F % F %
1 9 520 210 52.00 106 35.33 114 38.00 80 26.67

NENIN 5 wansiiuindulvgagiaeunguansensiseuideufine mauiwaz iausssy

fsgdunsuiuuifandnansgiuaussauraglussAuNILNMI

aAUseka

1. iansAnwIATuYeIAgaeunguasEnTS s denndn i ddesmdngnsgu
AUTTOULNFUAITENITTHUI HeANAN W auiuaySaussauluniufiuianssunisfnwdamin
Fedlval Tunmsiinrmgndes eumnzan endululduazauduanegluseduinn wgidy
wudoadunmzanginuesiuiiuinnssunisinsdaindednluiiuiinisuimsaunising
vaedlnaudnyisnistmiadeduddnisianudila Anwr wuifia ndnnsnsasiaiaug
nangnsn1sdnwinndueg1ed naensusiafinsfnwienars .uideiiisitesiundngnagu
ausTnuzInegeaniden Snitenadumsnzdsrmangnsondlindnnisiavdngnsiiinugnies
wazilUseans N Chookhampaeng (2003), Sathavonmanee (2005) laa5uanszUIUNITAIL
ndngnsiiiinsaenunInanssaususeaassafiAvIeiSou {inimdngmsdesdnuionas
#1571 vénmguivesnsamdngmsuaranuaansafieiiazaaasululundngnsiiieumnly
Tunsfnuningussasd Wmewasnadnsvomdngns uenainilasnvindndninermaFous
diesenuuuidemmdngnsldnssiuouazaudesnisvesdiFou vdnnnwamsmdngns arsd
ASNUNIUUATATITADUAMAMYBMANZAT 1WuNSIREITBavaasIaaeundngns n1snaaedld
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Abstract

Estimating learning loss is vital information for education, as it can guide
policymaking to prescribe a policy for solving or preventing the issue. This study aimed to
achieve two objectives: (1) to design the estimation of learning loss among students in schools,
and (2) to analyze the learning loss among students in schools using Bayesian Hierarchical
Piecewise Regression (BHPR) modeling. The analysis utilized O-NET mathematics scores of sixth-
grade students from the year 2017 to 2022 from schools under the supervision of the Basic
Education Commission, totaling 1,707 schools. The research found that estimating learning loss
among students in schools using BHPR analysis provided estimates consistent with the trend
of O-NET scores of students in schools. This is because parameters showed the relationship
between O-NET scores and academic years, as well as the cutoff points before and after the
outbreak. Among all 1,707 schools, 346 schools (25.42%) had the highest density range of 89%
outside the ROPE range, indicating significant learning loss. Large special-sized schools located
in urban areas were found to have the highest learning loss scores, with an average score of -
6.26 (SD = 3.41). Conversely, other schools with significant learning loss scores had average
scores ranging from -1.69 to -3.49. However, when considering individual schools, the school
with the highest learning loss was a small-sized school located outside the city, with a learning

loss score of -12.73.

Keywords: learning loss estimation, Bayesian Hierarchical Piecewise Regression (BHPR) analysis
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Hutne Tnsudsaruduiudifutasmuegada (cut-off) Tasuandlddsaunisi
Yij = Boj + BujXij + B2jTij + Ba;Tij(Xij — C) + &5

lng v;; AadkUsau (dependent variable) Iuﬂq'm‘ﬁ j, Xij AoRIuUsdase (independent
variable) Tuszdudi 1, Ty Dusuuseudl (dummy variable) dsaziu 1 1dle X;j = € wazilu 0 e
X, < C way ¢ 1uAgadn (cutoff) Alduusases X, uay &, Wuanuaaiaedouluszduil 1
Tnelunuideiifsudsmuvedluaiio Aziuudoy O-NET sefulsuou wasiuusdaszde ia @)
wardnsimuar1gadn (cutoff) Wud 2563 4aazutsrasnateeniduassyasldun daenou
I3TUIALALMESNTIEUINYRS COVID-19 gadadsnanazliUsenaunsszymmilmesiite Ussuan
AznsgLdenianiniousvesinifoui 19lunn3ide msuszuiaAuuuudildlunside
wwvszanunsuanuasaraniiasduneds (posterior distribution) Teswimiiwasluluaazauiia
AINMENTaLEENINISSeuivelnissulagazUsranamignsEuIUNsanigunsAeviueuiaisla
Tagld8ane3iiu Hamitonian Monte Carlo (HMO) uazg{3dnazldafifussens drsnuyndedie

(credible interval) 1 uLAs 995 ananTUNITILATIZRNITHANLIIAIUUIILLT WAV 8ES 14

[
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ansaumeadmiuneuingUszasAveantside myliasgvideyalumsideidniunisiagldlusunsy R

oSt 4.3.3 wagdinsly library ddmlaun “brms” wag “stan” way “tidybayes”

NAN1S7Y

Nan15I9eTwuneandu 2 aau laun (1) kan153tAs1gruulldunzuuuaay O-NET
vosunSeuluied 2560 - 2566 (2) nan133ATIERNIENTgdEN1INTsSeumelumanIsannes
wszdufidladuuuud Measdendsed
1. Han1sAATIZRUUATUAZILUUEDU O-NET vasuinisauludast 2560 - 2566

AN 1 wansuulluuAzhuuday O-NET s18391AMaAEns tuaaed 2560 - 2566 WUIN

Ansukuilduvesaziuy O-NET vesdarlsausey Wa1sanangadavesaviuiglun1siiasien
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N150n098YeAzUY O-NET Tug9neunaynain135zu1avedCOVID-19 JANULANAINLaTanasnILl
UL N UTA$99415058U TAERIANANTAIMINIUIAVDILTUTBU WU 15T ouauIa ey fiAy
fiauunnaveawwaldunisasulUasvesnziuugenouraznds COVID-19 wndign sesasmniu
IseSgurwining IsaSsurunnatauazlsussuruadn auadu nfiiarsanteiufinelsadou
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=2

AW 1 wnlduezuuy O-NET se3masinmansluyaet 2560 - 2566
Suunmurualsadeu uaziiuiineedsaSou

NneanFiaTeEluam 1 deinnsanlutisseznaiviinisfing Ae naonraal 2560-
2566 uaztrsiidusessel 2563 ([AIfinnsaniunisalungszuinves COVID-19) wui madsunlad
vosnzuLLABy O-NET vadlsadeuusaslsadouiuuiliufiosunndredu Fevsdlassadauuummszdu
melugadeyaiivhnsdnm

JAseldenduusyanSavduiusanglungy (intraclass correlation: ICC) AUszanailéan
TunadiuUszneumuuUsUIu Wedudulasiairswesdoyauvunyszfudanarn awm 2 diaue

n1swIntase s dunendwesduUssansanduiusnislunay wansliiiuiin wisdiwes 1ICC
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finswanuasanuiesdunendsnivamiumnuiugadn 89% wiriu [0.31, 0.35] uazlifiaudnle
ﬁluszj'q\‘iﬁqna"nﬁ%’auag{'ﬂwlwﬁ’m ROPE (region of practical equivalence) -0.1 @i 0.1 FeAadu

Foway 0.00% nan1simsevilaivayulassasitoyauuvassseiuluyateya

Inside ROPE = 0.00%
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! ul l.
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HDI 89%: [0.31, 0.35]

density

'
0.1 02 0.3

Intraclass Correlation ¢
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AN 2 NSLANLAIANNUIAL LT UNENAILALNANITNAFDUN AR VDINIT TS FUUSLANS
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avduiusaelunguueInuwUsUTINsEaulsas sumenIsldYae
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purunLariuiiseeddsafou nslsadsurualngiidsegludondunguiifuualtuasianne
msgaydeynansiFeudvestinSeunniian eghdlsAmamanisiieszidsnaniduiivsansiingg
Tun s edaiiseaziBoaliisameiiazdounduliunguimsnsdnvmsediAedodlunis
NuusukazdndunuiauvioaduayulseFouiiiAntgwildegausiugr Seulvdndunieiey
ilugnisaniiunstrssiulaegefivssdnsamenisuseanueinniznisagideninisiseuives
tnizsuduselsadouiiiaugniios nansifeduiisuunesnduamudugos duusnfonants
2ENKUUITNTUTENIUNMIENTFYAENINMSISBUveadinssumslunanIsanneennzauiivlg
LUULUA daufiaesfenanisiinsgsiuualiuazuuuasy O-NET smelunanisonneenysziufiald
WUUIUE uazdufianufonanisiesiziamensgapdemanaiisudvesinidou seasBendifed

2.1 NAN39RNKUUTINSUSENIUA1IEN TgYHenienisisauivastniseudislananis
annaewyszauglguuuIud

nsnuanuduusEninezLuLgey O-NET AuTfifnw wagaadafiutagianaisening
fouNSIEUIA uaznIEndansszunn uanmsnulassainsteyanuunssduanranTiiaT e
avdustus nelungu vilsig3deoenuuulumadiviuuszanurinizmsgadenensisouid
seazidundl fvualy Math;; WnuAzkUUEaU O-NET seivndamansvadlsusoud j Wi i,
year;; Aol way Covid;; AofuUsfuiivesr9a1nens I35 U1 veICOVID-19 Tag Covidy ;=1
e iYL mdIn135Eun lueanisanaeenyseaunigladuuuiud (BMPR) anunsadeudu
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Math;j = Bo; + ﬁljyearu + B,;Covid;j + ﬁ3jComdU (year — 2563) + &;

o gy = (ﬁo,,ﬁl,.ﬁz,.ﬁgj) ~MVN (", D)0eil v* = (oo, Y10, V20, V30)" {uaninesves
SnSnansdl (fixed-effect parameters) Uo91ULAA @AIULUNT NG T = (Ty)axa AOLUNSTNGAIY
WUTUTIUTINVRIDNINAEN wae m,n = 0,1,2,3

N15UsEIMAIN1IENTE L en1eansiTsusvosdniTouasly gy anluinad1edu
WsfwesAnanimumnaduauuanaresaiueaziug O-NET $18391ANAMEnsssning
P29noULALNAINTTEUIAYES COVID-19 Aldarnaunisanaesuuuiislad &1 8,5 < 0 9zuansdis
Aznsgadsnianisissuivesinieulunsiaslsuiou n1sliasigrinisuanuasnnuiiaslu
AUNRIVRINTITNRT By %ﬁﬂﬁléfaﬁaumﬂﬁuamzé’m’mﬁgﬁaéﬁmmmwmaqwﬁamqmi
SguIiaNgn?

2.2 wamsessiwualiunaziuugau O-NET dlglunanisannaenszaungliduuuwud

meneidniuansmansiesgiunliuasuuudey O-NET 1elvadnmaniyasd

V.

2560 - 2566 fglutaanisanneenssauigliduuuiud fideandunisussaudimisdnes
Tulumassnanmednisuuud taeimunnisuanuasenuaziduneundliiunsiiinasnney
Aelulueaidunisuanuasanuiravidunsuniuuulyliarsaund (non-informative priors)
Tnoynsiimesdviswansiidimuslidunisuaniaanuuasitase (uniform distribution) Uus1uILATe
duninedvinaduaruvesmauUsuTudmuslidunswanuasuuinfingddaveulun
(truncated t distribution) Tilveuwaaadu 0 flosmanududasewindu 3 uagdaadewiniu o
wazdLdeauuInsgIUYnAY 20 uagdrumilwefanunusUunuTwsmuslidunisuanias
LUV Lewandowski-Kurowicka-Joe (LKJ) distribution 71 § #1518 4m05 U84n015W3nKae n = 1
mstszanauAmRinesfesana3iu Hamitonian Monte Carlo (3deimuas uIusauaINITNILG]
(iteration) Y11y 5,000 50U Uszuaanananun 3 anle (chain) Anuasiuauseud I U ULA
hyperparameter ¥84M31f08 19117 1,000 50U wazfin1snsesiaeg1agy (thin) i eteariy
Hoyyndnamduiusszminesoisvesgnlalisnau 5 f1 msdmuadsnanvinliivaedaogaduiiay
THUATIATIE RIS LAY 2,400 §9Ee HanSUSEINuAsEmesuandlunm 3 wagasna 1

Hefiansannan1siAs1ELunMs8e508 (trace plot) Tuawm 3 nuin fegregnlduns
AevesmsimesnndIduulinfiariinisuaniasnsidanansiansgiingnisuaniasanuzasi
(stationary distribution) wasiilafia15au1A1adf Potential Scale Reduction Factor (PSRF) lunns14
1 Usgnaunuindnsauanuwlsuniuvesgnigunsaensenitgnlgnennuwlsuriuniglugnleiian
oglut19 1.00 - 1.01 nan1sTiesgsiianuaiuandliiiuiimsiwesddgyis 9 Muedluina
wulugidngniswanuasaniugasii (stationary distribution) uenaniiieRarsanassansam
yosiatnady (£SS) lupanadt 1 wuimniwmeslulueaiien ESS egflutas 1,876 - 2,316 A Hadin
Hu 78.16% - 96.50% vesdnusogsduitanuadiazlilunisinsed dauansdsUssansninues

fegsdulusmuanududuunisuaniasauiazidunienas
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Fixed-Effect Parameters

Constant Year

; | [ Chain
1

Covid x (Year-2562)

‘ Covid . 2
I ‘ l s 3
‘
c o
C " 600 % ’ " P "

Iteration

Parameter value

Random-Effect Parameters

Constant i

|
Covid x (Year-2562) Sigm:

Iteration

AN 3 UNUAMNTBITBY (trace plot) VoI s mesBvSnanuas s fiwesdvinadululing BMPR

Parameter value

HAN1TIATIE AU A luA519 1 wanswuilduvesaziuuaay O-NET vaadniSeu
Tulsaseu mednadnaans lnglunanisanaeenyssauisliduuud dussavsamluniseduns

AnusuLUsluAzuuuaay O-NET 9297 2560 — 2566 Anlusesay 61.67

NaN1s AT duBTsnansTivaslumaliseaBonsedl

(1) Bn3wansiiveinisszuinues COVID-19 Tugael 2563 (y,0) WuinflAussananyiafu
-1.06 AxWUU (SE = 0.29) Lazdlg19AUunuILULgIan 89% Wiy [-1.61,-0.48] (% inside ROPE =
0.00%) Na1IAD N1558UINTBY COVID-19 HNanIznunItaunonzluua@auO-NET vostiniToulu
TsaFvueg19divedfny B\Iaﬂ’liﬁLﬂﬁ’]%ﬁﬂj’LLaﬂﬂﬁLﬁuﬁﬂﬂ’1’38ﬂﬂiquﬁSﬂﬂﬂﬂﬁiLgﬂuiﬂaﬂﬁﬂL%‘S‘u‘ﬁl
\AnTuanaaunsaiungsEuInYes COVID-19

(2) Tutad 2560 - 2563 lofiasannisdwes y,, nuindisuszananviniu -1.91 Azuuu
(SE = 0.11) UagdldamunuILuugagn 89% Wiy [-2.14,-1.70] uAAINeuUNITI¥UInYed COVID-
19 Apdsazuuuaay O-NET vesrnSeululsasouiuunliuanasetedvedfy sgndlsAnuile
fosanuwuilduazuuuaay O-NET lutaed 2564 - 2566 NWI5ITR03 Y10 + V208 0 TUY
AMENAINTANTEUINYDS COVID-19 WUIMTAIUTEUIAINAY -0.77 AN 4 (F18) LanINanIsIASIEh
A154ANKIANYI9E TN 18N IV0 NI TIN5y 10 + Vao MILLRN 21NAIMAZILTIYI9AY
MU UEIAN 89% VOINI1ELABTAINENITAYNAY [-0.88, -0.65] (% inside ROPE = 0.00%)
wandlfiuidaudiasiuultunmsiiuilunsdoudvesindeululsadsunssn wiuuliilnende

o w

naasunlamesazuuuaeulutsUinandaluiiansaveedidedfy e
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anTlaTevidudvinaduiiddmedunaiineas Beadsdl

(1) Lﬁaﬁmim@w'ﬁwazﬁmmmiismmaq COVID-19 WUANHIAMNULUTUTIUYINAY Ty =
8.70 (SE = 0.10) uaziitnanmmuuiiugean 89% winfu [5.95,11.90] (% inside ROPE = 0.00%) @4
wansbiiufanuuandsegaitedAguesnnenisgaydeniinisseuivesineululsasousng
FeazviouianisnovaussiuaniaiuvedusaglsaTeuieaounIniungsyUIAYes COVID-19

(2) ilefiansandviswaduvesuunliuaziuuaou O-NET Tutasd 2560 - 2563 nuin A
WUTUSIUWINAY 745 = 0.76 (SE = 0.03) lngdigr9anuvuiuiugadn 89% winiu [0.32,1.46] (%
inside ROPE = 0.00%) uaziilefiansandvinagduueaiuiliiunziuuaoy O-NET lutsd 2564 - 2566
Tunaw 4 (177) WU AANULUTUTIUYINAY 714 + T33 + 2743 = 0.76(SE = 0.01) uazdiyg13a273
muILLLganv Ty [0.48,1.01] (% inside ROPE = 0.00%) Kan15iiAs1esiiusdinlurasriouuas
AENEINITITUINYBS COVID-19 wualifunsivdsunlasesaziuuasy O-NET luusaslsaseoy

v o w

HAuLensnuegNttYE ALY

A1979 1 uansNan1sIAsIEiluina BMPR

Posterior Mean SE 89% HDI PSRF ESS
Fix Effects
Constant (Vo) 40.36 0.29 [39.78, 40.93] 1.00 2,165
Year (Y10) -1.91 0.11 [-2.14,-1.70] 1.00 2,234
Covid (y20) -1.06 0.29 [-1.61,-0.48] 1.00 2,316
Covid x (Year - 2563) (Y30) 1.14 0.13 [0.88,1.38] 1.00 2,254
Random Effects
Constant (Tggq) 56.40 0.08 [47.89,65.12] 1.00 2,216
Year (Tq1) 0.76 0.03 [0.32, 1.46] 1.01 1,746
Covid (T33) 8.70 0.10 [5.95,11.90] 1.00 2,154
Covid x (Year - 2563) (T33) 0.24 0.05 [0.02, 0.77] 1.00 1,876
Level-1 error (02 ) 41.73 0.01 [40.45,42.90] 1.00 2,224

Total post-warmup draws = 2400, R* = 61.67% (SE = 1.14%)

Inside ROPE = 0.00% Inside ROPE = 0.00%

'
' 120 !

,...m\ l L. I y ‘ H hhu.....m..

HDI 89%: [-0.88, -0.65] 1 HDI 89%: [0.48, 1.01]

Density
Density
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0.4 0.1 0.0
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ypasvisnansfivestlugaed 2564 — 2566
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2.3 NansATIziaEngiennensiteuivainiey
PNKNANNTIATIZIIALLUUADU O-NET va9uniseululsassumeluma BMPR Anuindnsna

Va o = o

dUU9IN15IEUIATOY COVID-19 HledAny §3deTesrniunisuszuiuniswaniasninuiiazidy
MendsreanniinesduUszansnisannesreanissznin (B,)) luusaslsadou dadunimes
flagVouNanIENUT04N1555UIAVDY COVID-19 Aiflianzuuuaay O-NET selsaiou nisdwes
fananiuaunindy 1,707 ddawiniuiwaulssSeuluyedeyaiiviinisiesey TnewuiillsaFou
e B2 @8 uBNYI9 ROPE Wiy 1,650 Tsadeu (Yosay 96.66) uansdn msilmesduuszans
nsnnnesvesnssruIslulsiaglsufeulungudsnaidunsfiwefifldeddymaada a1nawm 6
dlamuimaedunendweoinisifines B2 vousazlsausaunuI deregluyie -12.78 fia 4.60
Az TAdesaminiu -1.05 Azluu (SD = 2.58) uasfisfsognuiiniu -0.79 Azwuy

a1z Ul 8 T1dn1unnTelunT SEUIRYes COVID-19 demansynuiieause
Azuuuasyu O-NET vostdnisoululsazlsasou nannfeaziuugeu O-NET vastnissululsasou
fuwaliuansadduliinnsssun egalsimumnfiansansanmsiesesidviwansinaydnsnagy
wo39ad8U 2560 - 2563 Tum131 1 Usgneu nuln wisidwesaenandiuwilduduaavlulsasou
daulvg dumineanuitneunissruinazuuLasy O-NET vaetinissuduunlifufiazanatogudn
TnelailFduiusfuaniunisaiundssuinves COVID-19 wunliusananiadutladounsndouiidanaly
mMsUszananzmsgydenensiseuiemnadines g, fuuliuegliaussnaianiiung
‘Vi%@?jﬂ’nzﬂ’]iijiyLaEJVleiL‘%EJuiﬁQQ@J’mLﬁuﬁ]‘%ﬂ

Ya v =

NToFUNATIR UL ITETIDNRUUNITUTEUIUAINILATFYLTENINITT BUIAENS

USuuasamnsiiwes By; Widndruidusuiliunisanaslaeunfvesazuuuaey O-NET faun1s
S¥UINBANINAMITIEABIAINGTT NMTUTURAIAIMNTIENDT B, WeaseAzLuuNIIENTaLHe

Man1sisgusvesiniseudnuazidunsall AMvualit loss; WNUALLULAIIENTEYEENINITISEUS

[
v A

vouniSeululsaSeunt j nsAnniue loss; danaanunsaaniunisianad

aal A
ATUN 1: lossj = ,82]- - ﬁlj b8 ,sz:,Blj <0

N5t 2: loss; = PBoj Wie (B2; <0 way Byj > 0) %30 By >0

AZKUUNIENTIYLAINIINITIBUINANINAINITNsTaggnUuITiAudenAd9eiy

ANINATUAAAIUYNABWNNTWU A9 5 (A19) UAAINITUINLIIVBIALUUUNITNTGYLFLNINTT

= vl

FEuINAIAIINTTNTTY A8iudnIBnsUS U sRena v lilaasuuun e nsgadenianis
Seuinilwwiliuaannidu Inglldadewiniu 0.87 Aziuy (SD = 2.74) WeRansaamengulsiey
nilnnensgadentinisseu; (loss;) wullAnadewiniu -2.28 azuuu (SD = 2.11) uavlsaseu

N a = = Y A a Y
YAANTILANTGYLHENNAITLIYUTUINNFANATLUUNINY -12.78 AZILUY
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ar 4 = as -
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AZLUUNTIIENITHOULHENTITEUT (lossj)

A 5 MIUANUVDIFIUTEAVENNTNNREVBINTTEUIN (B2;) UALATLUUAIENTFLHY

a b4 v a
NINSEUsTeIUnseu (loss,))

dmiunisnaaeutydfnyvetaziuunIENTaydeN1anTsseuIvetnite {I38l9Ien1s
nAgoU ROPE lagldyiamnuvuiiiuaigasosas 89 Nan1snageunuinaIntsaseuimun 1,707
wie 19713 346 uria (Seuag 25.42) NHYIAMUNUILYUEIEA 89% B8 UBNYII ROPE Na1IAD

Tsadpudinaradulsaieuniinnenisgydeninisiseuiegdided Ay Weduunnanisnaaey

¥ [
LY [y

HedAgyAsnanausuiakasnunaieslsaiaulunn 6 wui lsafsusuinlngitaviaz aula g
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A 7 wanansileuiieupgkuunznsgadenisseuvestnssuluudaglsaseudiwun

MUVUIALTUTEULAENUNAWRLTUTIY HANITIATIENNUIN Lsaseuvunlngiiiayinsegluiles

aa =)

nmznsaydenenisiseusiideddy Wunquidiezwuunnznmsgydennsnisiseudedluszduas
WNign TngAzuuuaRewiniu -6.26 Avuuy (SD = 3.41) dulsuSeunvdeiinngnisanidenienis
= YA o o o ] a = = Y | =

YU UBEALY WmﬂmmmumaEJmazmingLawwﬂﬁmﬂugaqiumq -1.69 09 -3.49 AsUY
audu egralsimumniansandiuiulsaseundannisalgydennisisousegaivedfyy

= ] ] ] = T ' = o = aa =

wnfigaluwsazngy wuhlsaSeuruindniniegueniles duiulsaSeuniinnensgaydenianis
Seuunige lnellAnadeazhuun1enTgdenianisiseus winnu -3.18 Azuuu (SD = 1.90)
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Abstract

The research aimed to study the enrollment patterns on the Thai MOOC system
among Thai users, and to compare the association rules of enrollment patterns on the Thai
MOOC system, between users who were successful in at least 1 course and users who were
not successful in any course. The data used for analysis was secondary data from the Thai
MOOC with 4,691,359 rows, representing 1,339,191 users. The FPMAX algorithm was used to
find frequent item sets, and association rules were analyzed by selecting rules with confidence
and lift values higher than the 90th percentile. The research findings were as follows: 1) There
were 217 rules in total for all users. When considering the specified criteria of confidence and
lift values, 27 rules were found. Most of these rules were related to courses in the computer
and technology domain. 2) In comparing the association rules of enrollment patterns between
users who completed at least one course and those who did not, there were 383 and 327
rules, respectively. When considering the specified criteria of confidence and lift values, there
were 39 and 33 rules, respectively. Most users who had succeeded in at least 1 course in
enrollment had the behavior of across-associated course groups. On the other hand, the users
who had not succeeded in any course tended to enroll in former course groups in a number

not so much different from the number of the across-associated course groups.

Keywords: association rules analysis, large dataset, Thai MOOC
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Kesorn, 2021) 3sledif{imundaneifindumdaunniieutdamlunisdumeynsienisfivsing
SufuveganNyateys

defansandanesfiulunisdum frequent itemset anauvsnguleidu 2 nqulug) Téun
1) Aumeasenisiiusingdutuvsefianun Sane3fiulunguil 1dun Aprior (Agrawal et al., 1994)
FP-Growth wag Eclat (Zaki, 2000) dsagindnnsiiuandneiu egrslsnu mngiiaseimmuaan
minimum support AwiiuAgldynsensivsngsaiutssfivieutunnusznng egralsfinu

mniasaUszansaminis@neinuan Aprior aziidedrdalununaiwaznislansneinslunig

a

Uszaianafgendn esnnldndnnisuseutanaiugnluises 9 luvuei FP-Growth agmunziugn
%ayjaﬁﬁai’ﬁmﬂua% (transactions) $1uuN A Eclat wsneAuyadeyaiildun (items) 91u3u
1N 2) AUMYASIEN1INYTINg TN ulesuedIl danasnulunduilazannauynsnenisnusing
| ) | ' =~ | a Ao o = Vo v &

Sufuvsgasannguusn lnenazneredlvliaydeasaunandidyeanly Feuvdesladu 2
wulfAn Lo wulfn frequent closed itemset F99gAURILANIE frequent itemset N14idl supersets
ladiAn support wiritudu Tnedanasiumvinnularlunguiifie NEclatClosed algorithm (Aryabarzan
& Minaei-Bidgoli, 2021) @iudnuilauuiAnfn frequent maximal itemset lagazAUNNANIZYA

d' ! [y 1 A =) 3 PN ] v ' 1 A v v =
318ﬂ’]§°ﬂﬂ3’]ﬂgi’lmﬂuU88VﬂmﬂJ supersets I@L‘U‘LJGQWT]EJﬂ’ﬁVl‘Ui']ﬂq;]i’JllﬂUUE]EJﬂﬁ’]’JﬂEJG]’JiJ‘NLBQ"D%N

Summimy'ﬁqm (Fournier-Viger et al., 2017)
ngenuduiusildrannsailulivsslenildeganiwne e mssenuuuTeivLay
Faynseivnfiaenadesiuanudosnisinanvatevesilduinig Thai MOOC #3ensasiauay
fimunszuuguatiemdegliuinmsiileiusnsmnudiialunisFeu uen9nil Sanansoimeunsiiie
\Humsaumafiddysenisnsusuameideuioureslduinsifielvissaumudniianag liimun

AuLeegNraliaInulmungveInsmuIsEUU Thai MOOC Litenisiseusnasniiin

o

A1 4NEVBINTTINY

[V
v a1 =

myeluasetafnuunuunmsameileuiFeuuuseuu Thai MOOC vesaulngluningi
wazduunngud ldusnisivszauanudiioediaiey 159839 wazglduinisilineyszau
°o @ | AV = = < ! = A L= ! [ L= !
Audsaddnwarzvesgunuunsameiloussuluegnals dmnumilouniauansaiunielyl
9e19l50N9 FelAavunevaInITIRY Aadl
1. WediaTgingAauduiusvesgukuun1sameideulSsuuuseuy Thai MOOC ¥89
AliuInsluYaet 2563 - 2566
2. wisilSuilsunganuduiusvesyduuunisamedoussuseningdldusnisidnsa

agtey 1 Medvuazgliusnisilidnianeinle «
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NIOULUIANYDINITIY
nsiaelundaildnisiiesesingenuduiusissilinauimofnssunsamadeuiou
U Thai MOOC wes§ldusmisidiseegiates 1 s1e3un wazdlduinsilidisa lnonseuuundn
YosmTITefanm 1 Famsdiasginganuduiudiosdinsfumyasensiusnngsuiuley uiids
vhinarsngeuduiug dsmsdumyasensiivingsuiuvessududeainsimusmatuayy
Fudlimngantuyadoya audildndnlituidsaneifuiiannsotunldldvaresanasfy

WeienpeAndandanasnuvanzauiianiuusiazyateya lnedanasnununuiasandnaen

Y

dzg

q
[ 4 o

oA FP-Growth NEclatClosed wag FP-MAX fatiugidgasfasivuaaatiuayuiuiwaz danas iy
Wmunzaudutoyaunazyn 3T UTIAUMYATI8A15AUIIN 3w uUsenavluasang
AudTusInlanganuduiusvessuwuunsamgidouseurasdlduinisuy Thai MOOC lagd

ASOUNITAHUNIT AININ 1

s v = =
NHAMUANNUSVDIFUUUNTAMNZLUBULIEU a A
Q . v NEANIINNTIAINSLUEULIYU
- Jldusnsviaviun 4
Y i . > - lWABUNaNIEIN
- glgUsnsNdsengeten 1 nandns P . =
. ¢ - ldwWAsungusgin

- gldusnsiilaidnsa

Thai MOOC

secondary data
wiguteya
wazdrTItoya
v
fvuadnatuayuduh
wazdnidendaneiiiu laun AumaIEN3 v o o
d‘ e AINNHAIUTUNUD
FP-Growth AUsIngsImNUUBY
NEclatClosed
v
ngANNduTusvesgULUUNMIAmzI T

AT 1 NTBUNISAWLUANS
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1. yadayanldlun1side

lumideaseilldveyanisameileulusyuy Thai MOOC fauslipusuau 2563 faisiau

weeRIn1eu 2566 Jududeyaniivnd (secondary data) Balesuaueyaszigiudoyaainlasinis

wnmivenaelaiuasive nsznsanisgaufnet nenmans Iewazuinnssy teeuvadu 3 g laun

Teyan1saimgzideuiiou (enroll) Toyas1e3 v (course_des) uazdoyanistasulsyniaiodns

(certificate) wiazynvayaLanITIEAzIdAATOYE FIR1T19 1 kALAIBE1NTDITBYARIANTIN 2

M58 1 UazldgaYavaYaLaziuntays

yadoya wadaya Usznndaya
Ldayansameilouse 1.1 adnsdaunudeyasundnfiamefeluszuu Thai TEXT
(enroll) MOOC (ref id)
1.2 sasedvitamzdeu (course id) TEXT
1.3 nanlunsasmzilou (date) TIMESTAMP
2. Yayas1eiv (course_des) 2.1 5iaseu (course _id) TEXT
2.2 3937673%1 (course_name) TEXT
2.3 nudamzieuieu (n_Enroll) NUMBER
2.4 N§U18IV (category) TEXT
3. foyansléduussmetotns 3.1 siadsdaunudeyamndnfiamedeuluszuu Tha TEXT
(certificate) MOOC (ref id)
3.2 sweidmitaansfou (course id) TEXT
3.3 nanfldFuusznaiedng (date) TIMESTAMP
M99 2 Megadeyalulsaryntaya
yadoya record Fagtoya
Jayansameilouseuy 1 12, DGA0O1, 2020-12-28 11:02:03.951164
2 14, STOU034, 2021-09-30 07:50:39.459119
3 43, CMUO006, 2022-02-01 06:46:24.327486
JoyaseIn 1 CMU006, mstunaiiies, 1234, fau n1sdlesnisunases
2 DGA001, maLU?{Uumuaqﬁmgﬂ%ﬁ%ﬁa, 88, ApuNIMBsSHazAlulal

Joyanshisuusemalledng

3 STOU034, Anusizesnsiudmiugauargeny, 232,

Ny TInLaznIsNAIUIAULLDY
1 12, DGA0O1, 2021-05-28 05:45:46.641337
2 14, STOUQ34, 2021-09-30 07:54:57.087035
3 43, CMUO006, 2020-05-22 04:59:21.947151
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2. pvasilanldlun1sive
n5398lunsadlld Tusunsu Exploratory Desktop waglusunsy Rstudio Tunisdnsiauas
dansveyalosnu AntulEUTUNTY spmf uag Rstudio lun1saseyasienisiusingsiuiuies

wagasnAUENRUSTIEINTYIIRUA M TYA

3. ManuTIuTudaya

Y]

n1933ulunseildveyanfvgidanunaniesunatvayuluaunisinnisissunisasy

sauladuuuila (Thailand Massive Open Online Course) 71 b SUAI11BYULATIEWIINLATING

wrmngaeleiuesineg nsensinisaaufinw Ineiemans Weuasuinnssy

4. MFIATRYTRYA

Tumsfnwedsiinsienesinnsuresdlduinsiun leedueninsuvesgudoa
fiou feaud Jevar tnaueluguiuuvesmig mendannnssmnisudoyalioglugunuui
wanzay wazazthluldlunisfumaesenisiiusngsufuessedanesiin FPMAX wazilaiis
NQAMNFNNUSUUY LHS-RHS Sruunmunguiidnianazdslidnialuseinla q f5vaziden
Fasteluil

1) wisndeyauazdrsadoyaudazdiuiionsivaouanuiinunivesdoyauazinioy
Jayalinsoudmsunsinluldlunsieses

2) a¥1ayateyadeyanisamezidouresilduinsi biimedusalunisaiseu (no
certificate) Tnglddoyan1sasneifousuranun (enroll) 41nT04 ref id 09803 an15LA ¥y
Usgnatletng (certificate) eanly

3) dndeyauwnavyn baun enroll certificate wag no certificate LUlglun1sAuna
yAs1eNsAUTIngTauiutessiedane3fin FP-Growth NEclatClosed way FPMAX Tagrinvunen
minimum support Tugae 0.001 - 0.05 TnewinTuiaz 0.01 eiiluticusnanld 0.001 waz 0.005
desnnifumidannililduugasensivnngsufutesanasegisliunnsiusnin

1) dndondaneiiuuazimuamatuayudusih (minimum support) lasfia1sanainys
memsAvTngSdulesildndesiisuuesiigauaziissereniniluairanganuduiugle
g AsaUAgUNANTIB T IR aglugadoya Wi oldliandsasaumaidrdysanising
Arnuduius ULy

5) thdane3fiuffuszansnmitaaalundazyadeyaluldlunisadisngaudumiug
MNUATUINTBIYATIENT5T azinadangauduiusliliiAy 3 s1en13 Wovdnideang
Anuduiusldlvdid il
6) fiausianganuduiusilalundazyadeya (pruning itelwlengarmdusiusia

Usgavsnngalaglden interestingness loiun A1 confidence wagen lift IngagAumngAudunus
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fifiAn confidence wagan lift ganinesidulndil 90 80 uag 70 anaswniFes 4 mMudrwuIUNTEIS
nganudtusldnnyadeyauazyaiiduauismesenisinausuazns lUle

7) viauengenuduitussuuniisluniniy uasduunaunguuesgléuinag

8) \oulsangmnuduiusvesnisameiouBsuiungusiein (category) tieaszi
suuuuresmsamefuigliuinsiimavdsunguneiniamedouduegils

9) Tinggsitil el suiisuguuvumsameifouisuveslduinisiidnsaeeades

1 518791 wagnaunliwedisaasindsuivuveansamasdouseuniniouseuandeiuegisls

NAN15IY
Tudmvesnsinauenan1side {Ideasuvniu 2 du laud dwn 1 nsdadendanesiu

v |

LAENINIMUAANETUAYUT WA TN AUYATaya wardIui 2 N153ATIERngAUENTLS Tnedl

kY

neazdunnanalul

b ]
s o

dufl 1 nMsAndendanasiiuuaznisimundaTusyuTuR vz iugadeya
TunsAnwindsinsiiessiamsamvosflduinisianue wazduundu 2 nquana

amnudnsalunsideu Tnsazeduienmsmvesyateyanou Menud uazdesar Tnonuinein

fldusnsvianan Sglduinsfidnseededen 1 mednAndudosas 48.47 vesflduinisviavua

a v
FNYALLBYAAIANITY 3

A1314 3 Yavidgayateyanisameleulieuuy Thai MOOC

yadaya UIULAT Souaz
gldusnnstamun enroll) 1,339,191 100
;ﬂ%’u%msﬁﬁﬁaadwﬁaa 1 578739 (certificate) 649,131 48.47
Aldusmsiilaidnsa (no certificate) 690,060 5153

va o

Ut lahyndeyans 3 gaundiidunsAumynsensnusngsuiulesiiioden

kY 9

[

ganasfiukazA1alUaY UT U NNITaNAUNITIATIE R0 AkA Az YATRYA tAes LN lung

finnsaunindanesiuiidignazdeddynsenisivmngimtuesifisniulesiinuasifismesio
msthlasengenuduiug laefidsaseuauynnauseivmelugedeyaty 9 annsouanssiuan
ensTiungTmiulesvesusazSaneifiu Wormuamatuayudusiuandetu Wnm 3
Tngilefiansanyadoya Enoll wuindaneifindiliduiugamensiiusmnguiuvssiiosfianie
FPMAX a8 75l3fianu snmuaan minimum support siaust 0.04 3ulY Aazdisiurugasienis
fusngaiuvssiliwanssiuunntn luvugiigadeya Certificate Sane3in FPMAX lsiduau
yaremsiUsngamfuUssiitosnitlunn 9 ﬁwaﬁuaqu%uﬁmmzm%ga No certificate limaeLiiu

DIANULANAITDITIUIUYATIENTIUTING T3 UU e
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number of itemsets
Enroll Certificate No certificate

NEclatClosed NEclatClosed
100,000~ FP-Growth FP-Growth

NEclatClosed

\F"'emmh

0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
minimum support

log of number of itemsets
g
<

FP-Growth NEclatClosed FPMAX

AN 2 FuuYATIENIIUIINg TiuUsgveusaydane NI muNmuYnteys

Va v @

agelsfinny §3dedelafinnsaninnunseuaquuesynsen1siusngswiulesiled
sanunluudazynIndnuATaUAguUNaNTIeTv N IMUAns ol adnldendanasiunlaNianuay

Mnuaratuayuiumlinizauiugntoyausiasyn Ineinan1snsiaaeulanifninisne 4

M1379 4 IUYRTIENINUTINGSwiuUeeINNslddaneIiuLarnMsTvuaratuay e

AnaTuAY TSN
algorithms
0.001 0.005 0.01 0.02 0.03 0.04 0.05
?gﬂ%'aganﬁmmﬁ&luﬁy'wuﬂ (Enrol))
FP-Growth 2,126,970% 889* 182 a4 17 11 2
NEclatClosed 2,126,965* 889* 182 a4 17 11 2
FPMAX 6,406 295% 81 27 11 11 2

v a Y a a0 a ' o a . pe
yadayansamzilsuvaliuinisiduiasdnelios 1 5187391 (certificate)

FP-Growth 3,620,932* 1,114% 263 74 31 12 11
NEclatClosed 3,534,943% 1,114% 263 74 31 12 11
FPMAX 23,069 259* 76 22 10 6 5

yadayansamzileuvasldusnsiilidnsa (no certificate)

FP-Growth 1,540% 130 39 15 10 5 5
NEclatClosed 1,534% 130 39 15 10 5 5
FPMAX 917* 99 37 15 10 5 5

* nugte AuunguseIvaTeunguynngurenIsameidey

(%
=1

NNENTN 4 PITeannsadendanesiunasmvunmaduayutusikiuissyatoya el

14 ]

adeyan1saanzideunianunveuliuinis (Enroll) uazyadesyanisameiloussuvelduinis

[
VYa o A 4

1
Ndsegtios 1 9187 (Certificate) fRduidonlddanasiiu FPMAX lagaginnunraiuayudum

1w a

Wity 0.005 Tudruvesgadeyanisamsifouesdlduinisndelidnsa (No certificate) {33
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sidenlddanaiiiu FPMAX Tagivuafiaduayudusiiiiu 0.001 Wesanlagasianisnusing

Tufudseesiignlaefdinseurqunguseivmamunnisluyadess s18asdenfinisnd 5

q

M1919 5 N1sMvuaganasiuLasmMatuayuiuidmsuwsazyateya

yadoya danasiiy AnatiuayuTueY
flduinsviavan (enroll) FPMAX 0.005
fusnsiidnsaseation 1 9163 (certificate) FPMAX 0.005
flusnsitlsidniga (no certificate) FPMAX 0.001

gauil 2 malianeinganuduius
pdsniigadeldldidondaneifunarimuaaduayuduiliuigad eyausasgauds
fAdelsianensivngsuiulesildnaangmiuduiud wasdaudangaudusiudiielils
ngaNuduiusAduszansnmanniianlagldan interestingness Lér A1 confidence wagan lift
Tnof{idoazAumnganudusiusvesusazyadeyaiiiin confidence wagen lift ganinesifulvnad
90 Favnnnuindiungeuduiudilddiiiismedenisinluldasuivanauniias 10 awisn

YLAUDNALAGINIGTI 6

A1379 6 HAYDINITATINYAIUAUNUTLAZNITAAUSINHAUFURUS

° oAl 13 o ¢ < ¢
mmunqmnmumm%muimmﬂaswulma

yadoya FIUIUNYAINFUNUS
90% 80% 70%
Enroll 217 27 54 81
Certificate 383 39 7 115
No certificate 327 33 66 98
fidvaniauefegisngermdtusvesguuuunsamedouSeuiifiuszdvsananiian

vosunazadayalnelingminuduiusnge confidence uazan lift ganindesidulnadn 90 $1uau 5

=

DUBININE

Y

qn Fam5a 7

M1319 7 Megranganuduiusvessuwuunsameilousey

#i NAIUTURUS confidence lift
gldusmsfianun

1 {lulasvenlsi Bndiwad, lulasveny inneswesd — (lalaswensi 135} 0.82 52.59

2 {lalaswenlsi s, laulasvenlst wneswead} — (lulaswenyi iondiwad) 0.82 40.91

3 {msjansaumea, Cloud Technology Tools titensieuslummssuil 21}

Y d e o - . 0.77 43.60
— (miadasrdeRdviavuaieivdsuseulail)
4 {lilasvenvi 3sa, lulaswensi ndiad) — {lulasteviv iniieswess} 0.75 52.45
5 {msdansaumd, mIadwasndeflviavueseviednueeulatl)
0.69 43.55

—> {Cloud Technology Tools Lﬁaﬂﬁﬁauﬂummiwﬁ 21}
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# ngANNTURUS confidence Lift
¥ a Ao & ' v a
gléusnsndusesdnetos 1 9183
1 fnsdaddmsudnuguiel — (RenssuedeulnaifvasassadmsuiinUguie} 0.90 68.81
M1519 7 (919) {Usznaums, n1sludyans, nalulagnsdug 0.87 40.78
— {Ug e}
3 {lulpswenst Bndiwad, lulasweny nasweest — {wlasweanyi 135a) 0.85 42.61
4 {neahadulumues. dmiunnugu i 0.81 62.29

— (fanssumdeulnaudeadeassadmsuinugu il

5 {lulasvenst Bse, lalaswansl ndwadl — {lulasweny wniesnays) 0.75 44.41

glusnsitlidise
1 {(MsimseuasulsenAfiotns MOS: MS PowerPoint 2013, 0.90 162.22
MsimseuasulsEnAtladns MOS: MS Word 2013}

— {(MawSeugeuusenadaUns MOS: MS Excel 2013}

2 {lulpswenst Bndwwad, lulasweny wies woul — {lulasweust wnes Jlay 0.86 125.63

3 {mamssngeulsznadiatng MOS: MS PowerPoint 2013, 0.85 186.66
MsimseuaaulsEnAtiotng MOS: MS Excel 2013}
— [mawstugeulssnadiatng MOS: MS Word 2013}

4 {mawspugeuyUszniatedng MOS: MS Word 2013} 0.79 313.83

— (MawSeugeuusznadatng MOS: MS PowerPoint 2013}

5 {lulpswanst KBse, lulassensi wndwad, lulaswenst wwnes Jla} 0.79 114.50

— {lalaswenyt wiasnaud}

913 7 eliiAnenudlaidaiay §idazveriausiiegnanisdeiuisveany
Auduitusidussavsnmasianvesusiazgndoya nedwduglduinisionun e dalaseens
Wngwad, lulasyany nasneud} — {lulaswanst visa} s'ﬁqamﬁma%maﬂammé’uﬁ’uﬂé’h
dramziousneien lulasyens Wndwad wazlulasweny tniesnesd wdrvzamsileou
lulasweusi 135n Andusasas 82.00 (confidence = 0.82) wazaruuraziureanisamzifou
sedvlalasenyi 130 argedutszanm 52.59 wih dedinnsamsidoulalassenyi ndiwad uas
lulasweslsi teswosd (lft = 52.59) ludiuveslduinsfidusaededes 1 1839 leun
ungRaddmiudnUsuie} — Ranssuedeulnideasassddmiuinuguie) aunsaesuieng
auduiusliin famzilouneivugaddmiufinlgus udrazamedouanssundaulm
WeadwassAdmiunnugute Andusesaz 90.00 (confidence = 0.90) waza L9z dur89n13
awzifouneirfanmnedoulniaisassddmivinuguioargetulsrana 68.81 wi iledl
nmsamzdoungRatdmiuiinusus (ift = 68.81) uasdmiugliuinsilidnda 1éun (nswdou
gaulszniAatadns MOS: MS PowerPoint 2013, n15tas aud@audsen1Aadadns MOS: MS Word
2013} — {nsw3suaoudszniatedng MOS: MS Excel 2013} @1113095Uenganudunusladn
aameileusedviniswisuaaulseniaiedng MOS : MS PowerPoint 2013 Uagn1sinsuu@ay

Usenadeuns MOS : MS Word 2013 ba29adnztlguni1simnssu@aulseniadeuns MOS : MS
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Excel 2013 Anlusasaz 90.00 (confidence = 0.90) uazmuutaziduvesnisameilousieinnis
wseNaauUszn1Atlatng MOS : MS Excel 2013 ﬂzgqsﬁuﬂizmm 162.22 Wi Wefinsamedeunis
wssNaauUTEN1ATeURT MOS : MS PowerPoint 2013 wazn1swssugeulszn1ataUngs MOS : MS
Word 2013 (lift = 162.22)

va o

TudusialUdITeasiUSeuiisungauduiusvessusuunisamsidouiouvaluinig

Y
(3

Pdnseegneile 1 163 wazhldusmsiilidnia Ineldngauduiusviamuaildannisiesie

[

v & & & va v oA A a v W Y [ a = o
T@ﬂﬁﬂm@%amﬂﬂ@ﬁﬁﬂ V]QUE&'J"UEJIWLGUE]NIENGUaﬁjﬂﬁsﬁqﬂqﬂﬂaﬂQWNﬁNWUﬂUHQﬂQNiqﬁnsﬁWLW@I'ﬁlﬂ

ansaumnAlUNMTINANINTY IneliTvasiBunveangusneiviasfieg1es1e 3 namIse 8

M99 8 NFUTIEIV AR IEIMIAeluyntaya

il nGusYIN il NEuTIWIN
1 nsAnwuwazmsilnausy 7 gumwuasnisunng
1.1 wgAaddmiuinnuguie 7.1 M3guagthelsaluImi
1.2 Anssuedeulmidsaiassddmiuinusute 7.2 MmIguagielsalen
1.3 measaidelumues. dmsunnugute 7.3 MSHIRALUULHALEN
2 nmwuaznnsieds 8  AdaAERsSwaTINEImEnS
2.1 MWINUE seAunans 1-3 8.1 adinAansdmsuinemanideya
2.2 mwdangudmsumaluladansaume 8.2 Lmﬁ@ﬁaﬁuim
2.3 Snwslnetesidesiu 8.3 MAndvily
3 pRuamaskasmAlulad 9 RaUdmusIsunazAEUN
3.1 lulaswensi Sndwaa 9.1 Mysenuuuadwassrunudesiu
3.2 Google Tools HiansWaLIY 9.2 IR INBIIWUSTIN
3.3 N1T99NLUY Infographic 9.3 %&JUS?SQJQW 4.0
4 gshauazmITuTMISIANG 10 nuAsuazdeuindon
4.1 m3t¥dmiugusznouns 10.1 ndaeliinen
4.2 nsi¥udinyaaa (Personal Finance) 10.2 msidssiedulss
0.3 Soyfidosdu 10.3 inwasnseAnifess
5 ey nsulaenisunasas 11 Janssuwazanndnenssy
5.1 nssiedunsasatulszmealng 11.1 winnssumsadassdthudaiu
5.2 myduwaiiios 11.2 M3vonuuudsIndewiiolsmnau
5.3 Nsdan1sulgnnAIN1Asy 11.3 N9ONLUUNITAAY
6  VINYTTIALAIMINAUIAULDY 12 2 wsHazlavuing
6.1 MIARENATIA 12.1 91nsdmiuggaene
6.2 MsPALATY TS 198556 12.2 ensnzTunnidod
6.3 madansuEuauIvng 12.3 msudsguems

wonandudinuinyadeyanisasnzifouvesyldusnisiidnieegedos 1 518391
(certificate) dlngjazasmuidoulunguaednaeuiwesiasinalulad (Sosaz 42.86) sosasuniuy
35RAUaENITUIMIINNTS (Sewar 31.36) wazwkazn1sdeans (Sevar 19.16) luvasidldusinigm

Laidn5a (no certificate) dulngazamezifowisunquaneiviniwinaznisdeans (Sovay 47.83)
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Abstract

This research aimed to test the congruence of the geriatric nursing competency of
the Royal Thai Army Nursing College with the empirical data. The sample consisted of 121
nursing students of the Royal Thai Army Nursing College, obtained through stratified random
sampling according to year class. The tool for collecting data was a questionnaire containing
59 items which had passed the content validity check by 4 experts. Cronbach’s alpha
coefficients ranged between 776 — .899. The statistics employed in the data analysis were
descriptive, correlation analysis, and second-order-confirmatory factor analysis.

The research results showed that the nursing students’ competencies in geriatric
nursing consisted of four factors with twelve indicators: 1) ability to understand people and
situations, 2) ability to provide nursing care, 3) ability to enhance empowerment, and 4) ability
to promote health and prevent diseases. Each factor was composed of three indicators.
Furthermore, the second-order confirmatory factor analysis results revealed that the model
fit with the empirical data (X* = 48.250, p = .054, df = 34, ¥*/df = 1.419, CFl = .996, NFI = .986,
NNFI = .993, RMSEA = .059). The findings indicated that the ability of health promotion and
disease prevention had the highest factor loading (B = .979) while the ability to understand
people and situations had the lowest factor loading (B = .741).

Keywords: competency, geriatric nursing, second-order confirmatory factor analysis
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80 AU 21NN1SAUTIUTINTRY A WUIINIsANwIATIdldTudoyanduaindleg199iuiu 121 Ay

FauanaTeazidenteyaningaveiiogelanansna 1
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M1919 1 ToyaniiviadavesEnauluuaeuny

wamsﬁnmmaawé’ngm (GPAX)

aivdy  ngu
n M SD SK KU P.s Pso P.s
) U3 71 3.25 44 1.16 -0.68 3.00 3.00 4.00
Ja 50 3.02 25 1.16 15.06 3.00 3.00 3.00
59U 121 3.16 39 1.46 1.57 3.00 3.00 3.00

2. wpsesdianlylunsiae

L3 09l o lYAanUUABUAINANITTOUTTNISHUNLIUIA AIUNITNYIUIAK 89978

UsenNaumedarnnl wiseanu 5 oy town aaunl TNl uloyagiingds uay nouil

2 - 5 1 unuuinaussauzie 4 asrusenau dalaneassldtudnfneneiuianinudneaslndlfss

q

fusiregnainvuald laun dnfinwmeiuia Inerdene1uianseaeunal Jarinmesys 9w 80

A nHuIniveyainldlunsiiessiAinuies LansisieasBenlunisng 2

(%

M99 2 S18azIBEAMIUNW JULUUNSIA wazAAuieslulsiazefUsEnay

Faued I1UUTD sunuunsin o
29AUIZNAY 1 : ARNEINsadIuANdr layanauaz WnUsTIUAT 5 SEAU 928
wian1sal
1.1 nsUszendldanug 5 WNsUsZIEINAT 5 SE6U 866
1.2 prwannsalunisdeans 6 WnsUsEIue 5 Seau 892
1.3 anuthlansiasuulasesgeeny 6 WnsUsEIEUAT 5 SEAU 891
29AUsENaY 2 : ANERIsalunsTinITweIUIa WnUsTIUAT 5 SEAU 899
2.1 ANUATLNTDATUNITNEIUA 3 1195UsELINAT 5 SEAU 800
2.2 vinwgmsvhaugamiugdu 4 WnsUTEEINAT 5 SE6U 776
2.3 MsUUANITNEIUIAMIEATUETIH 6 WnsUsEIEue 5 Seau .888
B9AUTENDY 3 : MIUANNTARIUNMILERUATIINE IR WNsUsZIEINAT 5 SE6U 932
3.1 msthanadiinrergseny 5 WnsUseLEiuAn 5 S¥au 899

3.2 msduasukaratuayulviigeegiinisdndulauay 5 WnTUsTIEUAT 5 SEAU 869

UfuRludsimunzay

3.3 Anvinwzuarimundneninvesgienguaraseunsa 5 WnsUseLiiun 5 Sy 842
Tunisguaniies

[ v ] a a U [
29AUsZNBY 4 : ANUENNTANUN LA NN WUAS WnsUsEIdueT 5 seAu 931
Uasfiulsn
4.1 Mm3dnfanssudnasuliiuggeny 4 WnsUseLdiuAn 5 S¥au 804
4.2 vinwgmsiAUsneneguam 5 msUTELEUAT 5 SE6U 891

4.3 yinwgmsdaasuanuimuavnn wazdesiulse 5 WnsUsEEINAT 5 SE6U 821
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3. MaiuTIuTIndaya

Va v o

H3dednviuuvasuauluguuvasuniudiinnsednduuy Google form uazeSune
fnqUsrasArasnTidonazyseloviannnsiss sauienisivingansvesnguiogng azluifinng
Dameteyalng fszyfe-anavesnguiodne idenguiiedbuseuneuiumatnsuide anty
Fedufiunsas link wuvasunwdidnnsefinduuy Google form lfufog1menguLaNNELATY
lawl (LINE) Tnarwunsseziiattunisdaiudeyadszunn 2 a1t (sznanadouiiunny 2567)

a a [ L
HUNIFRATNNN 1 d@Uan

4. MIRTRVdaya
TunsAnwaTItlvaifusses N1SIASIZTEANAUNUS harNISIATILIBIAUTENDULTS
& L% Y]

guguduauans Ingnvuainueilun1sussiduaiiuasnndessveluinanudeyaifelsedny

fasuazldunlunsg 3

A543 NAUSLEIUAINUEDANADY VBIAIATLINAINUADAAAD

ANNYUINAITUTDNADD Lneuat NaN15398 NaUsLUAINUEDARADY
Ala-aumas () p>.050 P=.054 HN QU
Ala-auaIsauRns (X%/df) <3.00 1.419 FULN Qe

AT INTEAUANNEDAAR DY

Weuieu (CFI) >.950 996 HULNEU
Al Inanaduund (NFI) >.950 986 HNULNEUN
A IInsEAUANUNANNAY

laidauneusi (NNFI) >.950 993 HULNEU
Aaruaamedeulunisussaa

AMN518L905 (RMSEA) <.060 059 HAULNQUT

UELNG) E’J”N@&Lﬂméﬁm%ﬁnﬂ Kline (2010) way Schumacker & Lomax (2010)

1NA519 3 WU WANITITBVelUaan utayaldeUsedny dnauseiduninuaenadas

NI Y NARYT

NAN1SIY

nansTessiavduiusvesdausd ausiaug nsneuIag oy S1mau 12 FaUsd
Tnsusaeiadimunseasdendil

AUK = n1susegnaldainus, AUC = AINEIN1TOLUNSE BENS, AUU = ma1uLdnla

MawasuLasmesgeeny, ANC = mmasIsafunETETUIE, ANW = inwemsyhausmAugay,

NTNEIUAAIBITTITN, APA = N3lanARTIARe a8, APS = n1sdaasuuay

a

ANM = n15U3 Ui

atduauuligeangiinisdndulanaguddludsnmangay, APD = Invinyzuazinuidngninges
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Heee1wazATaUATIlUNTALANULY, AHA = nisdananssuduasuliiudaeeny, AHC = vinwensi
A

WINwMEunn, AHK = vinvenisduaiunnuimuauninuazdesiulse
! ! ~ g ! Q’l’ ! ! = % ! Us) (% v Y ! IS
WU ARRYRIFIUTeLTENINN 4.04 Bt 4.60 uardinudmnaiiauduiusiuesiedl

' Y
) % SAaa 7 (% s

WudAyneadiinseau 001 lnedivsdniarnnuduiusgeande inwenistiauInwineauain
(AHO) wag inwensduasuanuinuavamiazdesiulsn (AHK) daruduiusseaugs Tudianig
ey r=.896 se3a3NAD TinwzAsYLTIAUERY (ANW) AU msuFtRnsneuiasmedsesssy
(ANM) Siarudasiussssdugs Tufimmafientu r=863 dufusdiidaauduiudinan Ao msufoa
NISNEIVIAAIBATESITU (ANM) AU N15UsEenaldAIug (AUK) danudunusseauliunans

Tufiemafedtu r=.437 Lanman1sinseviaanduiusseg seazidentunise 4

M99 4 NANSIATIEVANEUNUSTLIMINIRIUT

ﬁ’sﬂﬂ‘% AUK AUC AUU ANC ANW ANM APA APS APD AHA AHC AHK M SD
AUK 1 4.04  0.49
AUC 451" 1 453  0.50
AUU 584" .826™ 1 442 0.1
ANC 622" 606™ 685 1 418 0.49
ANW 4827 719" 759" 720™ 1 440 052
ANM 4377 791™  805™ .694™  .863™ 1 4.45 0.50
APA 439" 759" 704™ 583" 683" 755" 1 460 0.50
APS 487" 5e2™  611™ 618" 598" 629" 733™ 1 437 0.55
APD 46277 465 542 659 5697 580" 642  .778™ 1 436 0.53
AHA 535" .604™ 640 7137 6657 .649™ 689" 693" .739™ 1 437 0.58
AHC 573" 456" 492 652 5657 590" 593" 697" 735" .826™ 1 4.28 0.58
AHK 581" 499" 573 709 .604™ 627 627" 721™ 761" 820" .896™ 1 431  0.61

*p <.05, *p <.01, **p <.001

s LY V)

HAN1SAATIZRRIAUTENB U B U USUA AR lunailauaenndenulayaidauseIny
Tneran1slinsieiesdusznouidedudududunis ndausdiimidnesdusznaulndifeeiu wuin
a1 lan151UE suulaaveaggeany (AUU) de1vmidneadUsznaugean (8=.950) uay
nsUszgndldnnng (AUK) Samiminesdusznousign (B=.608) Welnseviiminesdlszney
1AssudsEuiusuiuaes wul esdUseneuil 4 euausadunsdaaiugunmuas Uesiulse
(AH) feniminesdusenaugsga (B=.979) dauesddsenaud 1 mnuaunsndunandlayana

wazwanisal (AU) Sidndmtinesdusenauman (8=.741) 18avldgnda 2N 2 WagAns1e 5
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madssenAliianug (AUK) ‘
0.608

AUEINTAATY

o 0.853
ﬁ‘ﬂ"lﬂJLQl"l’l-Q'L!ﬁﬁﬂLl.ﬁ%

AMuaEsalunisieans (AUC) ‘
0.954

wipmial (AU)

anudilanasuulasvasdgeeng (AUU) ‘

0.741 083 AUAINATARIUATTHEIUNE (ANC) ‘

aNuansaly 0.859 2 TR
. Vinwznsine T wAugDu (ANW) ‘
A5 HANISHEIUIS 0.859

GEEFNTH i F]

w 0.875 (AN) mufjfinametuiaiaenieoTia (ANM) ‘
wmmagqemq

(COMP)

1.00

= e s B
0.944 ‘ NSRAAANAADEFID1E (APA) ‘

AANUFIUTI0 oL

0.886

AuUN1TELETY

msauasunasaluayubiggeengiinsaadula
wazUfURludsiiianzay (APS)

0.869
)
0.979 N&181U1a (AP) ASHNYINEEUATWRILNANBATNUD SHE D g LAz ‘

AsauA$a Tunspuanuos (APD)

mdnfensauduaiuliiuggeeny (AHA) ‘

w 0.929
AMUAUITOATUNNT

g8 vinwennsliAEnemIaguaIm (AHC) ‘
0.886
vinwznduasuAmIeuguNH wazlaanulaa ‘

AuATUFUN LAY
Ueeiulan (AH)

(AHK)

X?=48.25, df=34, p=.0534, RMSEA=0.059, CFI=.996, NFI=.986, NNFI=.993

LY YY)

A 2 TnaeeAUsENo UM USUSURUABITDIANTTOUEN TN UGG

N v o

(Aadtugunnsiidedfynieadanssau .05 waziluruinsgiv)

[y

aNTIATEieIdUsznauisEudusuf vyt yndusiiTeddymeadinfissdu 001
(t>2.58) fduminesd Usenovey sendng 608 d 954 1 pfiansanswosAUsEnaunyi
p3fUsznaufil Anwasadiuaudilayanauazivanisal (AU) SdvUad anandala
nMaAsuuUasweslgeeny (AUU) Semivinesdusenaugsgn (8=.954) daunisuszgndlinimg
(AUK) ) Sentwiinesddsenousan (8=.608) asdusznaudiz auanunsalunisliniswenuna (AN)
ﬁ'ﬂwmiﬁﬂmuiamﬁ’uﬁﬁu (ANW) wag n15UUuANISNEIUIaA189385551 (ANM) fieniimiin
o9fUszNOUIINAY (B=.859) DekUsznauii3 aruanunsadiunisiaiuainendasiuia (AP) ddued
nsduasuwaratvayuliygeonginsdadulanasufUaTud sl imunzan (APS) fanvhniin
0sAUsENOUAIAn (B=.886) drunsfianaffiaderaiony (APA) Taniminesdusenausian
(B=.809) wazasdusznaudia anuanunsndunsdnaiugun e osiulsa (AH) SfUsd nsdn

Aanssuduasulviiugaeeny (AHA) A mtdnesdusznaugean (8=.929) diuinwenslidiusnwm

Y 9
¥

NFvNIN (AHO) ﬁmﬁmﬁfﬂaqﬁﬂszﬂauﬁﬂqm (B=.874) 51988L88AMT19 5
Nan153LATIE0sA Uz no UL sd udududuans 1 eflansans 803 Usznaunuin
ArmannsdumMIdsasugunnuardestulsn (AH) uesduszneviiihimingsdian (8=979)
TIAWNAD AINANTARNUNTETUATINGIEIUN (AP) (B=.944) Arianunsalun1slinisne1uia
(AN) (B=.875) drupuanusadiuanandlayanauazivnnisnl (AU) iuesduszneufiihimin

tlouiign (B=.741)
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M1319 5 HANTIATIALUARANTIAULNITHETUIARER Y
Factor
a9AUszNaY b SE B t  Score R
HansAATzviesdUsEnauBEudususiunia
1. anuaansaduanudrlayarauaziianisal (AU)
1.1 msUssgnaldanus (AUK) 1.00™ 608 -0.043 630
1.2 Anuanansalunisdeans (AUC) 1363 180 .853  7.559 274 272
1.3 anudilanswAsuame e (AUU) 15257 191 954 7973 490  .089
2. anuanansalun1slinisweruia (AN)
2.1 ANUANNTOAUNITNGIUTS (ANC) 1.00™ 834 165 304
2.2 finwgmsvhausmiugau (ANW) 10317 089 .859 11.522 187  .262
2.3 MIUJURNIINEIUIAMIEITEETIU (ANM) 1.024™ 089 859 11459 113 263
3. ATUENINTOR UM IEB UES1WE 1A (AP)
3.1 nsilanadiinsegseny (APA) 1.00™ 809 163 345
3.2 Msduasuuazatuauuldgeeginisdndulauay
UFtRluAavsngan (APS) 1097 093 886 11734 265 215
3.3 Anvinvzuagimudneninvesgionguazaseuns
lun1sguanuLes (APD) 10767 093 869 11551 .181  .245
4. anuansasunsduasugunnuazdaiulsa (A
4.1 M3dnnanssuduasulviiuggseny (AHA) 1.00™ 929 415 138
4.2 yinweM AU N en9guaIm (AHC) 92177 062 874 14765 153 236
4.3 inyensdaasuanuimuguanuazdeaiulsa (AHE 9427 062 886 15138 132 215
NANTTILATIENDIAUTENDULTIBUEUTUAUHDS
1. anyanansaouandnlayarauazianisal (AU) 4567 075 741 6.057 451
2. anuannsalunistinmsneiuia (AN) J2717 078 875 9312 234
3, ANUANNTOFIUNTLETNATINEITIUA (AP) 7637 078 944  9.834 109
4. anansasumsadasuguaniasdesiulsa (AH) 9117 074 979 12.250 042

MBI n=121, X?=48.25, (Y%/df)=1.419, df=34, GFI=.937, AGFI=.856, CFI=.996, NNFI=.993, RMSEA=.059

*p <.05, *p <.01, **p <.001

INNANITILATIENT 19U FUNITUAASAUNITALNADIAUTZNBY (composites scores

equation) sl

amaauzmﬁwmmaﬁqqmq = -0.043(AUK) + .274(AUC) + .490(AUU) + .165(ANC) +
187(ANW) + .113(ANM) + .163(APA) + .265(APS) + .181(APD) +.415(AHA) +.153(AHC) +.132(AHK)
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aAUTENa

HANTTILATIZVBIAUTENOUANTIAULNITNY VIR 99189 NIToUNE VIS TInerde
WYIUNANBIINUN NUT1 DIAUTENBUAUTIOULNTNIV ALY Usenaudie 4 aadusznay Laun
aulayanalazingnsal auaunsalun1siingiuia Anuaunsan UM sduaSINGI1uI9
LazANEINITaR UM SALETIaUA Lz UaeiulsA lagnan1iessiasdUsenauedududunu

Wil 1veelunan1TInaNIIaUENITNEIVIEaN 89818 W BAN®IT109AUTENDUANTIAULNITNEIUNA
9

19188111509ALANAIUT w3 adudsidunalaniasievu a1 midnesduseneuninggiu

Xy

9E58NIN 608 - 954 IngAnmtinesAusenaunnsguituddyniaiiiisefu 001

[

HAN1IATIVABUAINABAARBITEMINLUAANITIAANTTOULNITNYIUAE Feog i uTaya

]

a [ 6% a L3 s 1 a L3 (3 a A v v v =
L%Q‘Ui%‘\]ﬂ‘lﬂﬂﬂ?iﬁLﬂi?%‘lﬁﬁ]ﬂﬂﬂi%ﬂ@ll NUIMNANITIATIZNDIAUITENDULTI UI UD UAUADIUNANTT

NAFRUANILABAATRINANNTUVRILLARANTTOULNTNENUIAKERY HeudAyneada (p) windu

[ a

& v N o a Y v a o e v o
.0524 QSLVUVL@'J'] IEJMJEJa’]ﬂz:yV]’NaOGI %QLLU@V"I?W@JMN']EJVL@’J'W GU@3;1"@L%QUigﬂﬂwﬂﬂjqﬂaa@ﬂaaﬂﬂU

LnaaNTIUENITNEUIAKE8 Y uaﬂmﬂﬁéﬁﬁ]’aé’aﬁmsmﬁ%ﬁaa@ﬂﬁaq?ﬂuﬂ oA GFI, AGFI, CFl,
NNFI WAz RMSEA Kaned1 aussaugn1snegIuIaggaagvaadnieungiuia Ingiaene1una
noavinun Usznaume 4 asadsznau laun mnudilayanawasiignisal auaunsatunist
WHIUTA ANUANTAAUNNTALTUNGIS WD Uazauaansasunsduasuguamuaydosiulse

asfUsEneudl 1 anadnlayanauazmanisal Sehmin 456 Usenaudae 3 fued I
MsUszgndldeng muanansalunisdeans anudhlamnuiAsunasedgeeny uywdiam
uansalanzyana luusasyaraiuuszaunsallu@iailimiloutu mmnisaluravgnnsalenaay
dawariodlavosusiazauliimiiousu nmsvharudlagasengiauddnduegiain Sniafae
muduggeeny guammeEuliivssansnmileunou dmnuAafazsesmauios e19axieguin

WeeAuagiuudazyana NM3Uszandldanuiniee nlnseulafnwunnusegluingrdeneiuiaded

[
[ Y

AMUdIAY 19AN

o

e alle

nilegdin Uszanuduanuiniiadulndliinazaznislanimils Sauudiud

'
=

anunsonuUFuldlansdu Feasvislinsauadasenglanuuiioan®n nswansvegnlasunisgua
aunsnUTEUANABIN1T VR aR1ele YIlN1IRLanIIaAINABINIT naulangveaeny

(Takase & Teraoka, 2011) M3UfURuvesweUIEIv @nileuindudeddnisdoaslunisvieu

o

AABALIAMATURIINIIU HFUUTNT kA RN TUUINIT vnneIuaivinwen1sdeansnauazgnaes

diaranulaandelunisiinisneiuianegsuuinig waziinaudseriuladedsuuinisaneiy

(% '
[ 14 o a

AuaNssaugaunsdeasuarduiusnn Judunidduinuefddgfaninisneruiaminuall
dmsuguszneuinanmeutaluseauuTeyens (Thailand Nursing and Midwifery Council, 2019)

Fagonndeaiun13@nw1ves Chuwongin et al. (2020) 31158 eansiud Uredaduialaddgues

& LY = & L o W 2/ av o A v P %
UPAININNNITLANYNNIZAU L‘Ll’eN’ﬂ’]ﬂL‘Uu‘ﬂ‘U‘UUWH@WUﬁ’]ﬂiyluﬂ’]iﬁiﬂﬁﬂ{]ﬂmwuﬁﬂﬂ ‘U[}_j‘U’JEJ Wl
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AUreAnAutile 1119la wae saudielunisshw dwaliAnnmunimlunissne aaenauasng
araaendelituiinvesithefiduniu vins dewginsfeasiifszansnmsewinayaains
msmsunngiuganivuinisiadudnniu lasanzegedstuneiua dalanalnddndugiae
undign semnuineuiaduriwesyaransiiegluieianu mdsnieuazmdadalunisduiy
Tin Seflmuguiunsuiuiie Susnisndgeenefldlitinnidin uazedlutasiuaevasts
aalse310sd9ns Wesanteuardala envaraiannumganinlduneuiadivnisaua
anudnlalunisidsuuiasmesdgiengdaiauddgyienisgua msfuimeUszamdudiasng 9
finsasuuvas IéuA szuunsueaiiu sEUUNIANNAY STUUNNTTUTA STUUMTTUANLEININEY
warsruuN1shRBu (Jayanama, 2020) dawaﬁiaﬂ'%mmuazammwmmiﬁ%’wizmu nssuivaduia
yes9wnsiAsunladludsmalinissulsemuemsasundasnaluse vinliggeengidosio
amzylavunmaifiatu anadlalunmsdsuulawesnmzdingnn azvhilineuiaaunsodiag
UuiAsusuuuunisquaidosomsliiaeeny viliiAnannzuindendlid edenaiaiqemsves
Haseyle

sAUsENOUR 2 mnuanansalunislineiuia Téud mnuansadunisneiuia e
mMsvhausniugdu uansufoRnsmeiuiasendniiesssy naenszaziailaiunngizes
nIneIvIaaINnIssew nsfnwluszuunisine luinezidunisneruialuinerdeneiuia vie
Tusminends shemnuiilasuuseneutumsiinufiRlusasidnw shliAsmmaansafunsgua
it vidomsguadBuluvaeiinily anmsameusyinladslifuund WodiSamsfnuuasidng
msvhauluaauneiuia Mensvieueie Idquaduisads mnuamisasunisnetuiad sz
FiuuanBedy warlunisvhauduesdnsiy lasnsofesyiufissauionld luaaumewiafidu

(Y

snwildluasdnsiidndnylunsiiufummdulndlitugsuuinisfinefosdinisieusauiu G

a V0 =

1 Auau JeTadudyyuasdladadudyyn 953 nnsvhausiufuiudadurnuefiddy

Y Y
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= o

Fenunaziuls (Womut & Topithak, 2021) Tuauging1uIaiuiIivesnuLeIty U19aIU198819
Asuvimsldlatianuslusesiinestesivaunn visedamisine q Afeatesiuaunimeuide sauds
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ddd
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aaniledslaeviUanaidountgeeny (Deeprasert et al., 2022)
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Abstract

Defining research problems is the first step of the research process. It sets the direction
and guidelines for doing research right before the beginning of the research. In the context of
student teachers on practicum who have just learned the authentic working conditions for the
first time, they may not have enough experience to define a research problem. This research
had the objectives of analyzing student teachers’ skills for defining problems; and analyzing
problems, obstacles, and supports in student teachers’ defining research problems. A mixed
method with an explanatory sequential design was employed. The research was divided into
2 phases. The first phase was the study of the quantitative data, using an assessment form to
assess the student teachers' understanding of defining research problems. The sample
consisted of 320 4™-year student teachers on practicum in 4-year Bachelor of Education
curriculums. The questionnaire had a content validity (I0C) of .60 - 1.00, a CVI of .882, and
a total reliability of .895.

The second phase was a study of qualitative data by interviewing 10 persons from
the sample, who volunteered to give their opinions. The quantitative data was analyzed using
descriptive statistics and confirmatory factor analysis (CFA) on student teachers' research
problem defining, while qualitative data employed content analysis. The results were as
follows: 1) Most had the skills of defining research problems higher than the average, and
2) The problems, obstacles, and supports were divided into 2 aspects: lack of access to

research data sources, and attitudes toward doing classroom action research.

Keywords: research problem defining, classroom action research, student teacher
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Abstract

This research aims to develop a model for scoring short-answer free-response
questions in statistics and educational information courses using machine learning. It compares
the performance of models developed with different algorithms. Evaluation of the developed
models uses a test dataset of questions verified by experts. Comparing five models: Single
Learner with four algorithms - Random Forest, Support Vector Machine, Naive Bayes, Logistic
Regression, and an Ensemble Learner model combining all four algorithms, it was found that
the best-performing models came from Naive Bayes and Random Forest algorithms. Naive
Bayes performed best for scoring question 1 and closely equaled Random Forest's
performance. For other questions, where Random Forest excelled. The top-performing model
for all five-model had f1-scores ranging from .90 to .97, Precisions from .95 to 1.00, Recalls
from .77 to .92, Sensitivities from .84 to .96, and Specificities from .85 to 1.00. Recall was .77
for one model, indicating moderate performance, while the rest were no less than .85,
considered good to very good. In terms of processing time, all Single Learner models were
similar and comparable to the Ensemble Learner, with processing times ranging from 1.1 to 2.6
seconds. Therefore, Random Forest emerged as the most effective model in both accuracy

and processing speed.

Keywords: Automate Essay Scoring, Machine Learning, Statistics and Information in Education
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finnunainndetannninng 4 2.13
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a9 2 wan1sUSeuieUUsEaNS ANV aNaINY

a

Aadethdeyayaseusunimulunamedane3iiu 4 wuu lawn Random Forest, Support

[y

Vector Machine, Naive Bayes Wag Logistic Regression @sluisiazdanasiuazdnisdinesnazies
a

Ysuanielnlalunansngalungudanasiuty 1ty ilueanangalusdazlunauwas Stack

Model v04¥14 4 dana3fiuumageulszansnmuuynatayanagouliediu lananun1se 3

A19719 3 USEANSANU9IlumaaIniaviun 4 9anosiy kay 1 stack model

danasny F1-Score Sensitivity Specificity Accuracy

UszAnSnmduainugnaaslunsisdmnaunlaaindiaudei 1

Random Forest 91 .95 .95 91
Support Vector Machine .70 .46 1.00 12
Naive Bayes 94 93 95 94
Logistic Regression .62 .34 1.00 .65
Stack Model .95 .95 .95 .95

Uszansnwduainugndedlunsiadneunliaindranudain 2

Random Forest ™ .92 93 .96 92

Support Vector Machine .53 1.00 .33 .55

Naive Bayes .85 93 .83 .85

Logistic Regression 76 97 .65 76

Stack Model .85 93 .83 .85
UszanSnmdnuanugndaslunsiamnsuitldarndanudeii 3

Random Forest 92 80 1.00 92

Support Vector Machine 73 .40 1.00 76

Naive Bayes 73 .40 1.00 76

Logistic Regression .69 .33 1.00 74

Stack Model .83 .60 1.00 .84
Uszansnmdnuanugndaslunsiamnsuitldaindanudeil 4

Random Forest ™ 97 94 1.00 97

Support Vector Machine .62 .25 1.00 .68

Naive Bayes .62 .69 1.00 .68

Logistic Regression .62 31 1.00 .68

Stack Model .89 75 1.00 .89
UszanSnmdnuanugniaslunsiamnsuitldarndanudeii 5

Random Forest 90 84 1.00 90

Support Vector Machine .83 74 1.00 .83

Naive Bayes .87 .79 1.00 .86

Logistic Regression .87 .79 1.00 .86

Stack Model .87 .19 1.00 .86
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A9 1 (A1 P-value = 0.275 vianeadudeg1els esunedy 1) NUszAnsamgeiianunain

' '
a o =

TuLAa7 WsuUA188ana3 1 uvee Naive Bayes (fl-score = .94) Tuvuefi @1a1ud 2 - 5 luinad

[ '
a o [y o = [y

Usz@nsnmgengaidulunaiivmsudiedanasiiu Random Forest iall dmsudiaiud 1 dane3diu
Random Forest uag Naive Bayes lWiUszansnnilnalAgeiu
\flefiansau accuracy Fuduuszdninmeumiugndedlunisiunenguaeugnuazngy
a < 1 a a a | = 1Y 1
naulavedling AziiuInlunalsednsanasfiganvesunazluwail accuracy Litdaendn .90
Famnganulunaausansiamneulalasiinuiiugilidesniniesas 90
Tudiuvean1sNeIsuIAT sensitivity Jalirgadiednisviunengunaugniisnuaidulula
98 9ATOUARY wazadAlalauRanaInlun1sIwIngunaugn Ienud luwaiiuseansan
a 1 1% Y 1o ! ' ~
genantuusiazlunansialvinzuuusetvedinnlisnini .80 waned1 Mnluwani1snsiadauaIune
Tunisesindungumeugnilulldegrsgniesinuaidululdidugnsdiulidesnitfesay 80
dmsuAn specificity M b amsuauInAuaauluntsiuisludnyasiaeaiu sensitivity
wilddmiunguneuiin wudn WwanuseavsnmasiigaluidazlumansidlinzuuusededAnliani
85 ua@nai1 nlumanisnsiabinzuuusiedadanuamsalunisnsadunquasuiiaidulule
1 4 < [ 1 [R% 4
aggnrealudnsdulitdesniniosas 85
Aaaslunisussanaveaazluwa Wevhnsuseiananismeufianesiai oaf ey
wazdlaseaseveelusunsui 4 time wag space complexity WA ULALASIAABUAIIULSD
Tunisuszanamelausns datetime @y build-n library Tunw Python wudtmnluwaldmusy

TumsUssianeegluyie 1.1 - 2.6 Jui lnglueanldiaununanfenisuszananasie Stack model

anUsena

]
a a =

1. nan1siasIeinuIleaniiusEaninmuniign Ao Naive Bayes dsumaui 1 uag

Y o J

Random Forest @sUAIOIUT 2 — 5 WAIUad1NAI1 @1USUAIaIuy 1 Juuszansa nwee Naive

(%
[ LYY 1

Bayes lil¢igan31 Random Forest agiiiad1Any atue1ana1iledn Random Forest \udane3iiu

]

o 4 o [ J & vy a & J a v LY a aa
%@?j@lﬂﬂ?i@ﬁ’&’ﬂ%ﬂ%LLUUﬁW‘VIi‘UﬂWO’]ﬂJ‘VN 5 UM UUAIDIUNLN IVDINUT IV IAD A AL F1TAULNA

[

mensfne aeandosiunanisiamiliaansdangudmiunsdanguuszaviuiivnagimans
Fanu1 Random Forest amnsautsngueing 4 anuiiuilufini-lueadu q Sosarlnondelonas 1 - 3
(Ho, 2021; Adugna et al., 2022)

2. faudinan1sinsziuszansnnvedluma Naive Bayes d1wsuriaudi 1 waz Random
Forest dwsuad 2 - 5 ldldusnersiuesefifoddy usin15vh Feature Extraction #e TF-IDF

o J

Fusurnauvasranluniazds wulInA1nuTe 2 - 5 1ufaundesldmnauneIniiainiu

2 a Ya o

997 1 (81989970 AN57197 2) vinlsianuiu Feature Madd1wunIneuluae vilinan1s3msey
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a a

duilaonadosiuauiduves Jollyta et al. (2019) A3suifisuussavsamvaslumadiuunngs
fauoanasNu Naive Bayes Wag Random Forest Wuqn ai’m%’usﬂ’a%aﬁ'ﬁ Feature 31UIUUINATY
wiUsraninmvedaaaiain Random Forest aanin

3. nan1TieszRUszansnmveslumaludunisviiuienuidn luwa Random Forest vinla
finin Stack Model Viaguaugnéiasluntsviiune uazanuiflunisuszanana wsigdilu Stack
Model Wumsldlmmdssdnaann (majority vote) vadlimaain 4 sana3yiu lawA Random Forest,
Support Vector Machine, Naive Bayes Wag Logistic Regression LWSW’iWé’ﬁﬂ@%ﬁﬂﬂUﬂdm Support
Vector Machine wag Logistic Regression ﬁ@'}ﬁammﬂmduﬁwLﬁumq Fammouiduuselon
mwlvet Smmududeusnnivluauliaunsaudsldmodunsadaduegeild detuldsantu
&5 il Stack Model Tunnsasialiazuuudnsummauniwinedussansaniianas Snvs
Support Vector Machine é’aﬁwwswﬁma{ﬁﬁaw%’uguﬂuaj’wmumﬂﬁﬂﬁ’miﬂizmaﬁﬂﬁ%w
Duwmgualiuszavsnmaunatlunisdszananatiosasmulusie (Abdullah & Abdulazeez, 2021;

Kittinaradorn, 2020)

JaLauDLUL
1. Jatduauuslunisiinaddeluly
Tuwalunsasialinzuuusaluddiilaannisdide awnsadlvldifuszsuundsdulunig
Wanwennadulunisnsiateaeusnouuuduluseimadfuazansaumanienisanuils el
nsmsralvinzuunliesnising uazdansuiulusimifeaandoulsviui Tagldmanusndefiannse
’3’@mmﬁm%uqqlﬁmﬂmfﬁLL‘UU‘E]ﬂﬁ@ﬂiﬁaﬁamqiﬁmlﬁtﬂm A3 AINTY waEAU1A Wi o
damanudifalumsdouauneivadfnazansaumananising uaziuluvimifigndeaiiotly
Uspendldlusendugadu 1 doluld
2. darausnuzlumsisenseiely
1. msuszauanudnsalumsiou uiemsusualusimiifsadvaialigndosenalsl
mmaalﬁﬂﬁulﬁé’wﬂ'ﬁmzLﬁul,mmmgﬂﬁmaﬁmaumﬂmimamwuﬂﬂﬁﬂ Wil asinnsivue

4 v ¥ )

azviounau niensusuAmeuveuieulvignaes deludiuilazdeniidneuvediseuuniiagey

44' Ay =

demaniSeuihilusiaifieanedou aintu Wiasefioundu uazfognsusudnouvesiizou
Thdusnoufign Taeiflumanisnsalirzunusiludmidulneaiiundduaanidunslinaas ioundu
FeazifuszuuilfinuaiionisinnisiouasuluseivifiFsusiuiuunn wazdosnsifiudas
nsdNSEINVOITEY

2. YsgAnsnmvedunanisnsialinziunanlaannraiedinys kagu1aiiuyseiad
anSnauduiussdeniueie 1y @ sy Naive Bayes agivangauiudoyavuinlvg wag Random

Y Aa o & o = & v
Forest Q%LﬂmqgﬁMﬂUm@%awuﬂqur‘]u Feature [ UUIUIUNN HADAIUUTLLANVDULUUNNAIDUBADU
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misianwazuulaielilAnUsedvan1mifgn (Pranckevicius & Marcinkevicius, 2017)
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Abstract

This research aimed to (1) study the characteristics of research and (2) compare the
effect size of the learning management methods affecting Thai reading skills for primary school
students with learning disabilities. Forty-one research reports on the research database
(ThailiS) which were published from 2011 to 2022 were synthesized. The research instrument
was a form for recording research characteristics. The data analysis employed descriptive
statistics, one-way ANOVA, and analysis of effect size using the formula of Glass (1976).

The research results were as follows:

(1) Most of the researches were published in 2012, from Songkhla Rajabhat University.
The field most studied was special education. Most of them were Master’s degree theses. The
longest period used in the experiment was 16 - 25 periods/hours, followed by less than 15
periods/hours. The most commonly used research design was the One Group Pretest Posttest
Design, followed by the Pretest Posttest Control Group Design. The independent variables used
in the research were mainly learning management media, followed by learning management
methods/teaching styles. The dependent variables used in most researches were mainly word
reading/basic words/vocabulary/spelling, followed by reading consonants, vowels, and tones.
(2) From the synthesis of 41 studies, it was found that there were 44 of the effect size with an
average of 9.05 and a standard deviation of 7.09. The research characteristics that can explain
the differences in the effect size with statistical significance at the .05 level were the duration

of the experiment and research design.

Keywords: research synthesis, meta-analysis, Thai reading skills, learning disabilities
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2) audnuaizAseinaservunavEa
Aoufl 1 AndNYNZNYITY

1.1 grudnunsdudeyaiuguvesnuddy wuinuidedinishfuianfiaalul 2555
91U 8 LAY (Segay 19.51) s89a9un Ap U 2554 wazd 2557 91uau 7 Ly (Fegar 17.07) aadu
MAnaLAdy wud wmivendesusgaaniuantuiindnnuideinniign $1utu 11 Fea (Fevay
26.83) 5048911 A9 WM INg1dreuLAY $1uIU 8 1309 (Fewaz 19.51) aviindniuidenudi
msfnwiawduaividnisndnsuidonnian Sui 15150 Gewaz 36.59) se9adude
ndngAsuarn1sasudIuIu 81509 ($osay 19.51) Useianesn153de nudn muidediulng
\Duanerdnusumdudia 1w 23 15es Gevay 56.10) wazidunis@nuAuaindasyamdudin

U 13 1909 (588 31.71) 519a2LDUARINISY 1

M1919 1 AasinurmMudaLaiiug ueILIdY

Fulsgudnuurauidedudayaiugiuresnuide Fuau (59 Sowaz
1. PWivhendsednsa

1) Uwa. 2554 7 17.07
2) U n.p. 2555 8 19.51
3) Uw.e. 2556 3 7.32
4) U w.e. 2557 7 17.07
5) U w.A. 2558 4 9.76
6) U w.a. 2559 1 2.44
7) U w2560 5 12.20
8) U w.A. 2561 1 2.44
9 U 2562 4 9.76
10) U w.a. 2563 1 2.44

394 41 100.00

2. donTufindnaise

1) umIneNdevigesse 1 2.44
2) WNINYIRYYIH 1 2.44
3) umine1degleriesssunssy 1 2.44
4) UM INYYIAYUMEITAY 4 9.76
5) PNANTUUNINNEGY 1 2.44
6) UNTINYIRYINVAUATTIVEL 1 2.44
7)  ARINGIEEUNIAITAL 6 14.63
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15149 1 (A1)

Fulsaudnuazauisedudeyanugiuvasnuide $1uau (B89 Souaz
8) WMINYIRYINA AV 11 26.83
9) UKV IFLUDULAU 8 19.51
10) unTIveaedeslnl 1 2.44
11) APINEIAIIUANAS 3 7.32
12) unmnedevinge 1 2.44
13) URMINYINATUATUNTILTA 1 2.44
14) W INedesvigenssnil 1 2.44

374 41 100.00

3, @TinaRuieY

1) wingmsuaznsaeu 8 19.51
2) welulaBuaznisdeasine, 1 2.44
3) NsANwITLAY 15 36.59
4) FeuuazUszdiunanisfinw 2 4.88
5)  VENgATWALNITARUNTANYINLAY 7 17.07
6) wangasnisaeulazinalulagnsiSeus; 1 2.44
7) ineragnsAneniivay 1 2.44
8) dougiin 2 4.88
9) waluladn1sAnu 2 4.88
10) gnsAaRsNIIIANTSISEUS 1 2.44
11) gsfawmaluladuaznisdansuinnssy 1 2.44

394 41 100.00

4. YssanueIn1sivgy

1) msAnwrAuaIdaszumUuda 13 31.71
2) ginusumUudia 23 56.10
3) Angnfinusauivadie 4 31.71
4) UAUNULU 1 2.44

374 41 100.00

1.2 Audnwagdiuiomaszveanuide wuiniimsldundenduiiegreiifinigld
1nfign Ao N3IEENFIDINLUTIAIZIY 119U 36 1304 (Fewag 92.68) Te9asuNABNITANMBEN
LUUd1Y 911U 2 1304 (Feway 4.88) izﬁusﬁgusuawswmiu%'aﬂfjué'hasmLﬂuﬂ’m%‘auwé’u%’ju
UszaufnwU7 4 wazUszouAnwilil d-6 (Wszouvats) undifian S1udu 6 130 (Fevay 14.63)
sesntuIAesEAUTuUsrandnundi 2 Uszoudnund 3 uar 5 F1uau 51509 (Fevar 12.20)
sreznaildlunsveassnniignde 16 - 25 Au/wu. S 17 1389 (Fouas 41.46) 59335170

Youni1 15 AU/, 91194 13 1509 (Fovay 31.71) Ussianaunfigiu drulugiduauufigiuiuy



Uil 30 aduil 2: nIngAs - SunnAu 2567
Vol. 30 No. 2: July - December 2024 165

fifievna o 25 Fos (Govaz 60.98) sesasndolillfszyaunifigiu $1uiu 11 5o (Govay 26.83)
wuuwunIseiildanulvaidu one group pretest posttest design 313 37 1303 (3aeay 90.24)
389841778 pretest posttest control group design F1UIU 3 $09 ($ovaz 7.32) MuUsdasei Ly
Tumsisednlngidu defanssunsiFeusd/densinnisitous/donisaou/uuiiininys/yaranssy
$1uau 24 5o Gowar 58.54) sesasunfe FnsdnmsSeuiisnmsaou/gUuuNsaoU/SULUUNNY/
famaiFeud/uunisdanisioud/uunisaou 1uau 9 Fos (esas 21.95) uarldvieisnisdnnas
L%Emii"mﬁuﬁaﬂ’]ﬁ@miﬁaui’ $1uu 8 Fed (Fosar 19.51) uwarfuUsanuiildlunsidediulg

duniseud/miugiu/mdwi/nmsasnad 311 34 1509 (Feuay 84.93) sevaaundunisenu

WHYIUL @3¢ UALITIUYNA I1UIU 3 1309 (Fouay 7.32) TIUATLDLAMINNTII 2

M99 2 ANANWYIULTEMANTEYR1WITY

AuUsAuaNYMLNUITY \ 4 .
. v o4 o e U (1599) Souag
sudayaingfiulilananszvesauide
1. ABnsldndanguineis
1) nsdudIegeiuungy (cluster random sampling) 1 2.44
2) n1sdumBg1akuUdY (simple random sampling) 2 4.88
3) AN9LEONAIBYNUUULANZAN (purposive sampling) 38 92.68
374 141 100.00
2. syfuturesUszrnsuienguiioeng
1) Fulszondnwndi 1 1 2.44
2) fulszaudnundii 2 5 12.20
3) fulszoudnwili 3 5 12.20
a) Sulsvaufnudil 4 6 14.63
5) fudszoudnui 5 5 12.20
6) Fulszoudnwi 1 2.44
7) Fulszoudnw U 1-3 Wszoudw) 4 9.76
8) TulszaudnunTi d-6 (Uszandany) 6 14.63
9) fulszaudnu I 1-6 3 7.32
10) Fuuszoudnudil 2-3 3 7.32
11) Fulsvaudnu il 3.4 2 4.88
994 41 100.00
3, sygvnandidlunisnnass
1) "Uan31 15 AU/T4. 13 31.71
2) 16 - 25 A1U/v4. 17 41.46
3) WINN 25 ANU/F. 6 14.63
4) laisvy 5 12.20
374 141 100.00
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1319 2 (61d)

FuUsAMANBAILIUIY . y Y
" Y U (1599) EREGH
audayaingiulilenaszvesauidg
4. Ussinmanuigu
1) fauufAguiuuifania 25 60.98
2) Hauudgruwuulidnanig 2 4.88
3) fvauuigiuwuuiiamauay il 3 7.32
4) laiswy 11 26.83
374 41 100.00
5. WUULHUNITITY
1) One Group Pretest Posttest Design 37 90.24
2) Pretest Posttest Control Group Design 3 7.32
3) Quasi - Equivalent Control Group Design 1 2.44
39U 41 100.00
6. fudsdaseildluniside
1) B/n1sdenisieuiziuuunsdanis/guiuunisaeu/snisaew/ 9 21.95
SYUT/UHUNTIANITIT U/ UNUNNTaRY
2) defanssunsiFeud/demsdnnisisous/densasw/uuiiln 24 58.54
Winwe/yAnanssu
3) BnsdansFeudsmivdonisinnisFeus 8 19.51
39U 41 100.00
7. futseudildlunside
1) N8 uNdyTue a8 LavIssgna 3 7.32
2) nsBus/Aitug /MW msaznad 34 82.93
3) mseudulanny mseudites 2 4.88
4) n1souazneA kazn1seuiulaniu 2 4.88
374 41 100.00

¥ '
aa d Il

1.3 qudnuazsunsiingeideya wuin afanuguildlumsinszsideyanld
uniignfo Aede $1uru 33 3es (Govay 80.49) sedanfe Joway S1udu 28 (F0s (Fevay 68.29)
adAnaaevanuAguililunsieszsideyadilduniigaie The Wilcoxon matched pairs signed-
ranks test 91121 17 1304 (Fowar 41.46) s0saunde llald druau 15 1509 (Feway 36.59)
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M3 3 ALANWAYAUNTIATIEATRYA

FLUTAMANYAIZIIUINY .
v e s . Y U (£599) Sovaz
AutayangNuNsAATILiTaYa
1. adffuguililunsinszideya
1) $ovag (Percentage) 28 68.29
2) Auady (Mean) 33 80.49
3) damﬁmmumm@m (Standard Deviation) 26 63.41
4) anuwdsusiu (Variance) 2 4.88
5) AdsugU (Median) 6 14.63
6) Ariduelng 6 14.63
2. abdneaevaAgUAlTlunTnTIzsiToya
1) t-test dependent 5 12.20
2) t-test independent 1 2.44
3) The Wilcoxon Matched Pairs Signed-Ranks Test 17 41.46
4) The Wilcoxon Signed-Ranks Test 1 2.44
5) One-way ANOVA 2 4.88
6) lailald 15 36.59
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Y 9

a1 o
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M99 4 NANTITIATIENVOLALUDIAUUDIANVUIADNING

Y

ANVUINBNENA n d SD | min | max Sk Ku

VUIABYENAVDIITNTIANTIT U A a4 9.05 | 7.09 | 0.19 | 29.02 1.19 1.13
A59MUNY VRN B UNTANUUNNT D

MIMTTEUS sEAuUTEaNAnY

2.2 MIFIATIENAUUANANVDIANRA BYUIATNT NATIMUNAUA LU TA S N YL

NUITe IngdiAs18siANLANs 19U sAad g TuUNANAILUTANE NYUEUITE 8 Auus Laun

Y 1

A8N15LaNT anqudl0819 sEAUTUIIUTEYINTUI0NaNAI8E13 SEEIaldlun1IAaeIwUY
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aa

a o o a o d‘ o Y 1A a U U ] a v o U d‘ e o U
Tulsansnuaznuldenvihlimdnsnaunnsnsiuegaditdedfiyniadiansedu .05 917 2 Fauus
Ao srznaldlun1sveass LagLUULHUNTITY UasnAdaUENHUSYDIAULUTUTIU (test of
homogeneity of variance) as19@autannadtl oA ulaeldn19mndau Levene (Levene’s test)
devhnsnegeunuwanssvesrwdesed lunsdnanuwlsusiu Sanuduenius §33eldnis
NAADUTIERA A8NE A8 Tukey wagld Dunnett’s T3 lunsdfdl arnuudsusiuliiwenius
f5eazidennsil
i ! v A 1 a a J (% I S v o o aada g

seugnafltlunisveassisiuiidrvundvinaunndeiueg1aidud Ayniadansedu
.05 919l HanITNAdBUALRAETI8AAIY Dunnett’s T3 Wud1 Muldenldszeziiarlunismaass
Weosndn 15 A/, da1vuedvisnaeisgninnnddeildssezinalunsmaaennnil 25 ATu/vu.

aw av PNt | Ao o w aaad o ao dow

wazaIfenliszyaildlunisveass egrafidedidyniaiidnsezdu .05 nuidenldszeziian

Tun1snages 16 - 25 AU/, lAnrwndvsnamiuginiteidenlissynamldlunmeass

9

v a1 a

LUUBKUNNSITY NUIT U7 YW UUHUNISIDEANAUT AU D NS NALANA19A Y

LY

| a o o v QQ‘:{I o’j t:%l 1 d' 1Y | a v d' ¥
ag 19l dud Ayt Af sEav .05 Y19l Nan1IAFBUANRAEI 18R A8 Tukey WUT1 MUITENY
WUULKNUNI3ITY one group pretest posttest design AA19uIM8NSnatad oaendnauITen bd

LUULNUNTNARBN pretest posttest control group design IUALLDYARINITI 5

A1319 5 NaNITIATIHNAIULANAIIYDIANREETUINBVENA T LN L UTANAN B UITY

a o 1Y

NanaNenugelvydRnednfNsEau .05

]

test of
NN YUINTNTNE homogeneity of ANOVA
Y. AYBIRIUUT variances
J1U298 - evera
n d SD Statistic p F p
JryriIan 1) Wounan 15 AU/ 13 1477 9.16 10.272 .000 | 7.935 .000%*
Al 2) 16 - 25 AU/, 18 8.60 | 4.13 (1)>3)
N1INARDY 3) 41NN 25 AU/, 6 5.87 2.69 (1) > (4)
4) ladszy 7 231 | 194 (2)> (@)
LUULNY 1) One Group Pretest 37 10.21 7.13 281 072 | 3.555 .038*
N9 Posttest Design (1)>(2)
2) Pretest Posttest Control 5 2.36 1.93
Group Design
3) Quasi - Equivalent 2 a.27 0.25
Control Group Design
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anUseNa
HANTAATIERIUITEN i UITInNIsSsus Ndmadaniseun 1w lnevesiniseuid
AIHUNNTBININISITEUS SeAUUsEAUAn® WU MTIATIEAANLLANAIYBIARREYUINBVENG
IUNAUFUIANANYLIWIFE FwdsivihladarvundnsnauansnsiuegelivediAynisaia
PN Y] [ PN Ao av dg v
A5zAv .05 Taun szuzaldlunisvaass LaruuuLNLUNITITY lngssusiannuidenlysyesia
Tunsnaaeatiosndt 15 Au/vu. AANIWINBYIENAREEEINIITYELIATIUNITNAGBIBY 9 AILULEASIN
Tunsdanisiseugauniseiu asldszesiaan Wesnin 15 vu/mu 0193sifiesannlussesiian
Mngadlunisiauiniseudmsvdnissuidanuunnsemienssews luwsasmienisiiou
Feaenna 09 UUITEV09 Sumrongpun (2022) lamungluuunisdaasuniseusenlsula
| = % v = A v o a ¢ a | a
nauasEnNsseuinwlng seautulszaufnuitn 1 wagldimsliesigrieAuuiuimeanmsdaesy
N1581UR0NTULA WUIIAILRA BUDIIUINDNENAAILUITLUZLIAINITNAADINAINNLANF 1AL
lpgszeziIaIn1snaaed 5-11 il TA1afevesrvuIndnsnagen wazauidenldluuwnuniside
one group pretest posttest design dA1YUIABNTNALRE #EINTNUITEN LTUUURHUNITNARDY
pretest posttest control group design 819911 99IAUVULHUNITITENTN1TIUT BULTIBUNANTT
NARDINBU-NF NTNADIVDINAUAIDE N EINFUREILAINATTAIVUINTNTNAGINT UV UHY
av A & a = 1 U 1 ) awv a1 1
ns3edunisieuiisuseninanguneasskaznguaiuay waviunuuiaunsIdenadiulng
Aidudenldlunisnnaes Faaenndediuanideves Kaenket (2019) lduaseniuiddeaiunsiseny
msgeuioRmuINslsun e lnglussauussandne wuin enlinusuazuidemhunduasgi
Huvuurunsidenauadudmeasswazaiulugiunuuiaunisise one group pretest posttest
design (Souay 93.26) LarapAARBINUIUITHVDS Sa-nguanrat (2011) ladaAszsiauideLfgIny
wnidanuunnseminsiseuiludsznalneg wudi szdeuisivelumuideldguiuu one group
pretest posttest design 1Mnfiga (Sevay 75.26) drufulsisnsiansiseus/Asnsaeu/suuuy
N13a0/3URUUNISINNSISBLS wagdeRanssunisiieus/denisaew/don1sdanisiseus iWudiuls
AANvzUITeN liddnSnandmalivuindnsnawnnsneiu Melloradumsiznsiauntdnieu
A a ' = [ % 4 aaa a v al I < o 4 | v
AAAMUUNNTBINNITT8US A 09l TIN5 T eus T unna19a1nani LU Agazdesieasa
N3YUIUNITTBUFTMUZAUANENINKAZANEINITVDUAN N1sTansAnwlitulniFeundalm
UNNTBININITITEUS ATTIAlaInuateUkUL e liaenndoaiudsiTeuvestnis s ulsiazay

(Niyomtham, 1997) @anadasnu Arayawinyu (2008) lanan1in3snnsaeusudnsuiiniiunnses

=3

NI EUINIva1eds agazieudonldisasulivunvay Fo13azlily sladsvilaiiesegafen

'
=

wasldvane 9 35 Buanfifidayminienisiseuiaeuduinazdaddasunisiiniauin inveniseu

@ = a &£
VDNANIIITENAYU
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dalauauuL
1. Yaauauuzlunisunaideluly
NaMFnTEinadvEavestLsidsaniseunwlngvesiniFouvesiniF o uiil
ANuUNNTeIaNIsieud seduUszanAne nudn seeznandildlunsmaaes desndn 15 A/,
fuundvinagegn fatuagdasu yaansnen1sAne uazmisanuiiisdesmsduaiunisdn
nsiFsunisasulasldinanlunisdnnisiFoui vunzan i elidniSsuiiunnsssmianinioud
funsdunssuiigedu ssevnatlivuiuly wsigennrdmalifiSouAamiudomine
aauaulalunssey
2. forauanuzlumsiseadedely
1. Mm3daangiuddesonsiinneie A vlilddeasuiidunmsnvesnuide
wazdedunulml 9 funaula esdnisfnwduusdu o wu nsdaasernuideiiisasuinuednu
B 9 1w vinwens@ou vinwenswa Judu
2. Mm3duarzinidesenisinsziednudunisfinuaaifannauideidmaaes

Wty 9198M 3t omunduns e uiTuienan T INAIgNe T AUNURY 9 iRy
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NIARAILILELATIVFBUAMNINLUUFBUINIREN 19NN Usyeyn
= v =
1399 pH Yasa1TazaenIa-lud Adelumadlaun
Development and Validation of Cognitive Diagnostic Test

on pH of Acid-Base Solution using G-DINA Model

wemyl 4VA" uay ains Jeuana
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unfnge

ms?%’m%&ﬁﬁmm‘:wmﬂLﬁaﬁmmLLazm’maaUﬂmmwLLuuaauﬁﬁﬂéfammw%ﬂ@fgw
Aelueadlaun (G-DINA) %’ELﬁuiumaﬁﬁaﬁfammw%ﬂfgfm wiosdlefildlunside fio wuuaeuitade
manvdayg Bos pH vesansazaensa-ua daduuuvaeulssiavidenaey 4 daiden s 25 4
wiazteduunandnung 1 i 3 Audnvay Ifed19ide fe WniSsulseudnwila 5 Unsdnw
2566 Tulsadsudaindiinnuanznssunisnsfnuduiiugiu nssnsisfneidnig S1uau 622 au

nansIdonuin audnvurildlunsitdadeiies pH vesasazarensa-wua Usenause
3 auanway lawn 1) nsAwinanudutuvedlalasillodlessuvselansenlynlessuvedansazany
NIALATLUA 2) NISAMUINAT pH Yodd1TagaTeNIALazLUd wag 3) n1svenauidunsa-ua

YBIANTALAINIMNG N pH VBIBUALAKDS NANIINTIVEBUAMNINYRLUNT nEAdlnelTn1sAndued

¥

gy WUl dedeunteaunsadnunauanvasNvinlanseiuauinyusNlvinvesuning
Aa$1euu (I0C =1.00) HansTvaeUAIRwemaTIUN WU dAeglugae 0.19 s 0.71 ddeasy
Funaueinavin 21 910 25 o Andusewaz 84 nanTlnTzvinunmuUUasUmelaailau wud
wuvgevIiaduanunsadwungasuidingulagndesiovay 93.8 uay NAN1INTIARUAIAINLTEN
o o ! 3 Y @ ' aa o 4w = [ A~

N9ady Wl (P = 0.88) wanelyiiuldn wuvasuidadenwauidudusuuasundaunin

aunsarhlUlidedealuvial 15e9 pH vesasazatensa-luals

AdAsy wuuaeuitademannsluan pH vesasazanensa-ua Lumadlau

1 23

HanszAuUsyaumnUngin n1aAIYIdewasInIneInsany) AnLATANENS YIaINITalNMINeNdY
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Abstract

The purpose of this research was to develop and validate a cognitive diagnostic test
using the G-DINA model as a Cognitive Diagnostic Model (CDM). The research instrument was
a cognitive diagnostic test in pH of acid-base solutions. The cognitive diagnostic test in this
research was a 4-choice test that contained 25 questions. Each item aimed to measure one to
three attributes. The sample of this research consisted of 622 grade 11 students in the
academic year 2023, in schools under the Office of the Basic Education Commission (OBEC),
Ministry of Education. The results of this research showed that the attributes used in diagnosing
the pH of acid-base solutions consisted of 3 characteristics: 1) calculating the hydronium ion
or hydroxide ion concentration of acid and base solutions, 2) calculating the pH of acid and
base solutions, and 3) determining the acidity-baseness of a solution from the pH range of the
indicator. The results of the Q-matrix validated by the expert judgment method revealed that
all of the test items could accurately classify attributes (IOC = 1.00). The results of the
discriminant index (r = 0.19 to 0.71) showed that 21 out of 25 questions with discriminant index
passed the criteria, accounting for 84 percent. The result of the diagnostic analysis obtained

by using the G-DINA Model indicated that the diagnostic test was able to classify test takers

with 93.8% accuracy. The results of the reliability passed the criteria (Q, = 0.88). Therefore,
the diagnostic test was a quality test that can be used to diagnose the concept of pH of acid-

base solutions.

Keywords: cognitive diagnostic test, pH of acid-base solution, G-DINA Model

UNi

A lanluialiinainedeuveisoudugUassadidyronisiseusingmans
L 999N UNMS HUINYIANENS UN93 89810H BNISVNANULT1ED %13 8 Lontavinlvnan1usdla
= a Y S o P o A v A aa o . .
faatnadouls daswmndunnisfnwrdedinasldnisussduidade (diagnostic assessment)

wanvanguszian iedakarseydluviminaaianisuning imansvasdiseu 1wy n1sdunval

a o

Aslgaaulateta wuvasulsdunuuaenaau wasluvasuitdass Wudu (Soeharto et al, 2019)

aa Al <

EnldlunsussiividadenluirdveiSouinates Fnsuilaiiawnsavilafienisly
aa U & a A aa o U A Yva P v o~ ' )
wuuaeuitadeiluesesdioiladusluviaingSouiiauseus (mastery) n3aliseus (non-mastery)

Fawvvaevitadearuisodiwundu 2 szan laun 1) wuuaesuidadeuuuidennounyssiu

a

(multi-tier diagnostic test) wag 2) wuvasuIdaden Usvandliluinanisidadenianni Uy,

]

(Cognitive Diagnostic Model: CDM) ag4lsfiniu wuuaeuidadeuuuidennaunyszau Idadnin
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TuSeImUeTITeUVADY warkaTiunsvhdedeu nanfe dedeu 1 delngusenaudiedorany
g98 ¢ NaeUe AeIlTIAIRDUTININ ﬁamaiﬁﬂaamﬁmmmwﬁaﬂéﬁ wazoraliisslavdoaeuls
el Jainshlunaitademanndtyyundssgndldfuuuuauitads iesnannnsy
Audiusssintanantimedeiftunudnunrveuuasyidadfiasiulfogagndeusiug
(de la Torre, 2011; de la Torre & Chiu, 2016; Ma & de la Torre, 2019; Soeharto et al., 2019)
unifelawmunlumaitadenamatyalivainuais wu lawn (DINA), lalu (DINO), Luan
(NIDA) wag Tlaun (G-DINA) L usu usliesanndedrdanazarududeuluudazluina Jagdu
Jaiieslunalauuardlaunidosniunldsuunnudnvuzveadaeu tlesainfinszuiunis
lidutau (Najera et al, 2019) il oRasunUTsuisugasuveslunalauiuazdloul wuii

luwwalaundulueadlaidnisyaiye (non-compensatory model) alugnngu @a1u1snduwun

=

AasanwuzliieauwlvseganialsUsulse wiliaunsaseyindaeulinadnvasiulauinninfiu

Tuvaeilumadlaudulumaiiidnsazanivy (compensatory model) finvmEnngugs el
Ifuan1siesgvifiudud Suszansam annsoduunaudnuay (ttibute) Mlugaudmioqad
AU Ttspyldhideuusiaraudinadnuardulanninty Sadienniidetiogs duwald
Tuwailaunfenumngauiunmsidedonguiaeuiiiuausonanvatsunnd falunside
adidsadonldlunadloundulunalunisifiads (Oguz Basokcu et al, 2013; de la Torre, 2011;
Ma & de la Torre, 2019; Ma & de la Torre, 2020)
TupansitadenannsUyariinisianldlunsitadegiseulunaigsiedn Faseivnadl
forfudnivmdefidoniunld 1wy msvszgndldlunadlaundulunanisidedeluFeduiana
Taniaud WesnluseiviedlSeuddammuilananndeuroutrann Tnsaudnvasiiieides

v L3

Funi1siSeuadisuuundnlilaunsauawsiulaniennuan 1Wus eauusssy I n1edudnual

o

Tunsesune Wy gns dydnvel wag aunisell viligiseuudazauiauaunsalunisiiaudila

waneinaiu luraeinisnsiaaeuanui anudlavessiseou asudiulvg deulduvunaasy

[y <L o v

Tomadugns vhlinsiaaudnvarliduldsuasdutuvesnisseu; dmewgiinsilueaidadems

a

NNS UL UNTHAIULUUEDUMN B I AA A DY NI AL AT LA AL BLaT I ANUFURUS AU

q oo q

(%
v U a Y =2 a chJiQQ !

aeudunsiteug Jdlanuvangauiasiluseansningsndt (Chaimongkol et al., 2020)
MnnsfnwenatsuarATeiiiefuuluimideanedeuluseiaiad wuin Wew
509 nsa-wa Tudszidu pH vesansazanensn-ua WundslunluimidfiFoutndanudila
ﬂmmﬂéﬁ'au (Hoe & Subramaniam, 2016; Mubarokah et al., 2018; Susilaningsih et al., 2020)
Fafu §3deddldiauiuarnsraeuaunmuuuasuidademan ity drelunailou
ietuuvasuiitwud uldldlunsidadediFouindanusousifes pH vesansazatensa-wa
Tunluiedle vieflulusimiladsdanudilanainndou waziugaiiaasldsunsusuugadly
TiABetu SuasilugnisesnuuumsiansGeuslududou WevmungSeulrliamusousluslusie

AanaTegNgnAotarATUi sl
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AU MY YBINITIAY

ieawILaEATIvdRUAMANLULaRUITaden s Uy melumadlaun (G-DINA)

ATAUN5IY

1 o 1

1. Us2uNsLaznaunIaeg

q

v v
v a A v a v =

Usg9n5hunNIsIa8asl Ao Yniseulseudnw1U9 5 UnisAnen 2566 Tulsasaudena

(% [
U A

AUNUANLNITTUNITNTANYITUNUFIU NTENTANYITAT 310U 356,706 AU (Office of Basic
Education Policy and Planning, 2023)

I~ v

H10619788 Ao UniSousendnwidi 5 Un1sd@nwn 2566 lulsaoudadiadiineu
AUENSIUNSMSANETUIE W nsenyaefinuiinns e sideriunsdndenuuulamm (quota
sampling) TNViiA 4 MA NPy 2 Surtn Smtnee 2 Tsadeu wissmadisausegdide sy
Litfesndn 150 aw wuadu Suaudegrddsanaiawides 151 au aanziusenideunie 161 Au
MANEY 152 AU waznAld 158 Au Suauieneideriann 622 eu UssneuluseinFeungains nans
uarsau Fedunuiegndifeatatinniduusesnaidetus 500 au ieliiediitousasndy

gandunauditudnui Najera et al. (2019) Awiunld

2. \pveslanldlun1sivy
wuvaeuitademanmalaan 1309 pH Yesansazanensa-wud Wukuuasulssnnidennay
1 1 a o ¥ ¥ o o v YV 1 Y U A
9819478 TP wudedeu 25 9o MuuaszazaTtuNytedeu 40 w1l deasuusdazded 4 fauden
lawA faidengn 31w 1 fduden Feimunanuluimingnaesiediu pH vesansazalensa-Lua
@ ° v A A o o o o a =

wardaa1e 31U 3 Auden AWauintanuluiadiaaiaadeurinuluiies pH vesansazane
n3A-tua Feg19A3 0alleNlElun193ITeuanIfenIn 1 lngkuuasu LI LT IWUNA MG Ny
(attribute) Viaviun 3 Aadnwae takd 1) Msrwamnudutuveslalasilisulossuvselansanlan
1900uvRIATALANLNIALAYLUEA 2) NITATUINAT pH VBIATALAIUNTALALLUA WaT 3) N1TUBN
AT UNIA-LUATDIA582A1891NY pH VeIdudLAmes Inedodouurazdaduunaudnuuey
1 04 3 AuanyugaIugULuuInIng A1 (Q-Matrix) vosuuuasuIdadeuuluvie 1589 pH
YPIANTALAYNTA-LUA IAgTIFT 1 MU188 YadaouABINITTMUNAINUTOUS bIAMENYULAINE
Tunsmeudeseudenu luragnan 0 nuneds Jegeuldienisiuunanuseuiluanuanuugdangt?
lunsmeudeasutenu luumindAruszneauludennnesadudunnnesvesdeasuudazde
Muansfinudnvazyein Wy nawesAivesdedeude 1 Ao {100} Wudeaeuiiadn 1 audnvea

leun Aadnuueil 1 nnwesAivestedaude 14 Ae {110} \Wudeaauiiysin 2 audnuae taun

[ a

AENuaEN 1 waz 2 nwesAvefedeude 25 fe (111} Uudeasuiiysin 3 Aadnvuz leun
AudNwa? 1 2 war 3 Wudu wvindfiveawuuaeuiiadenlurial 1599 pH vasa15aza1enIn-wud

LAMIAINNTIE 1
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16. Whasazarvdiisulansanles (LIOH) 0.50 Tuanadns UYSu1ns 50 Jaddns uniutauiusunnsg

Ju 500 fadans ensazanedeziinnududuveslensonludlonsu (OH) waza pH Wuwinla

fialdan [OH] luadaans pH
f. 0.5 0.3
% 0.5 13.7
f. 0.05 1.3
N 0.05 12.7

24, Lﬁa@ﬂuﬂﬁduaauq (bromophenol blue) aslugrsazatsnsanadan (CHsCOOH) 1Wutu 0.02

luasedans azlpansararederls

Al Tusliueaugiitnamsivaeudsenindividos-aindu M pH 3.0-4.6
Ka U84 CHsCOOH Wiy 1.80x107
n. L 9. didiog
a A o9 a
A. A\den 3, Aty

AN 1 F9E19LATRILNITLUNTIVY

M99 1 WnsngAvesnuvasuItadeuluiail 1509 pH U8sa1sara1enIn-Lud

. Audnwazisjein . Audnwazisjein
4a )

1 2 3 1 2 3
1 1 0 0 13 0 1 0
2 1 0 0 14 1 1 0
3 1 0 0 15 1 1 0
4 1 0 0 16 1 1 0
5 1 0 0 17 0 0 1
6 1 0 0 18 0 0 1
7 1 0 0 19 0 0 1
8 0 1 0 20 0 0 1
9 0 1 0 21 0 0 1
10 0 1 0 22 0 0 1
11 0 1 0 23 0 1 1
12 0 1 0 24 1 1 1
25 1 1 1

3. MaiusIusndoya
nsiiusuTndeyauunlutuneu Al
3.1 asraun3ngaa nenmualideaeuiazlonsounquas Innuanwaelus 09

pH ¥83a15aEALNIA-LUA AIURANISISEUTLALATENITREUSILAN NdNasENITseusIneImans
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MUNENGATUNUNANAITANITUNUFIU WNSANTIY 2551 (RUUUTUUTE W.A.2560) TuIutedeu
25 U

aa o

o = & A o ¥ v | v
3.2 @519uuvaa Ul LadeBudunuugeuUsTinaanmau WU 25 18 LngUadauliaz e

' ¥
% a 1w = ¥

TnauanwaleNeInALLVSNGAI AT

9

[
=

3.3 Yuuvaeuifadefiadedulunsndeunuaenadesiusenindoasuiuuvsndan
ﬁuaaLLuuaauiﬁad’dmsf[fifmiﬁmﬁuﬁuaqai’ﬁmw (expert judgement) Vavaa 5 vy Taedinast
mﬁmtﬁamﬁﬁmmm Ao 1) dusansdnwlSyarsananzaiemans/Anyimans Jvnenad waz
fuszaunsallunsasueiiluaniudneilidesnin 5 U d1uau 2 viu 2) dusansanwdsygns
MnamIngeEnsd 3venadl s1uan 1 vy war 3) duSanisdneilussAuusyying uld
A191117IAuazUsZIIUNANITANYY 91U 2 YU

3.4 Yuvaeuiiiun1snvaeuaun mlUlgiudiieg193de 91uiu 622 Ay

4. m3eszvidoya
nsleswideya fneandoadsd
4.1 NMIATIAUANILARAARBINUTENINVRABUR VNI NG AveLuvasuItadelagly
nsdnduvesiiinmaiemdvinwaenadewesdomauiuaudnuasssinluusazde (tem
Objective Congruence: 100) Fanauaiildlunisinnsena 10C aud Kanjanawasee (2013) imﬁ’a
I0C = 0.5 uansih Jodeudetiussingudnumnyldmsanuidunl uaminda
0C < 0.5 uansih Foaeudetiuliildsinnadnumeauitmualilusmindan
4.2 MINTINOUAIAYTE1UIATMUN (Item Discriminant Index: IDI) vostaaouLfazUe
Taa'ld GDINA graphical user interface (GUI) W14 Posit Cloud (de la Torre & Akbay, 2019;
Ma & de la Torre, 2020) &ainaugifildlunisiansanardaieruaswunaiuil Najera et al. (2019)

srynswUanaf1fvleuadwunlinemisng 2

M1519 2 NSLUANAAIATTBIUIILUN

AATUBIUIIIILUN nsulana
0.800 Bl FIUNTIUNGS
0.600 — 0.799 91U uUNUIUNAN
0.400 - 0.599 Srunasuune ueweldle
N3 0.400 srunasuunldlalls masdaiis

4.3 mAwgiganmuuuaeuitadesiluviad Ees pH vesasazarensa-iua meluina
Flaun Tngld GDINA graphical user interface (GUI) 611 Posit Cloud (de la Torre & Akbay, 2019;

Ma & de la Torre, 2020) lan 1) ArmzuuuvesuvaauiItads 2) AMmM1518masnI1sinn (guessing: g)
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wazn3dlnesAmasng (slip: s) 3) avuuiazidulunisneutedeuwdasdoldog1gnsias
4) uunasidulunisdadingu (class probability) 5) dndiuvesditegraidendanudnunssing 9
& < o v ° . .
WJugaudsluies pH vesasagatensa-wua 6) mnugnaedlunisdnuun (classification accuracy)
wag 7) euNanIdduulurial

a o

4.4 N1INTIABUAIAINNLNB911920 UM UUABUITAY (reliability) AraAIANLTIYY

Tun1s91uun (classification consistency) %30A1 P Wneldlandu COM:cdm.est.class.accuracy()
T14 CDM package (Shi Q. et al,, 2021) Funausifildlun1siarsanniudl Taber (2018) syyAeilen

AMUNBININAIN 0.80 ENNSULATDINDIFLANUNITANBIINGNFANS

NANISIY

nan1 AT siteyaiionaunLgmsvenIfedieas Bondell

NANTSASIFADUAIINADAAR BN UTLWINNVREBUAULUNS NTAVBILULaDUI N ulnele
nsdindureIideingiemduianuasandesvesdomamivnudnuueiysinluusasde wui
Toaounnde el 10C Ay 1.00 Faududnfiiunaeiniud Kanjanawasee (2013) szyfe
Arfail 10C = 0.5 FeasUlein Teapunndoarunsadiuunnudnuay iy sinldnsaiunudnvy
fjeinvesuvindfiiaineiu

NANISATIVADUAIRYLOTUIIUNVDITBABULAALUD WU TodULAALUaNAIRYNE U1
uunegluig 0.19 f1 0.71 Fauszneusededeuiitimfuiisiuissuunseiuuiunansiaiun 9 4o

a1 1w

lonnte 14,15, 16, 19, 21, 22, 23, 24 Way 25 %QN@’]LMWHU 0.71, 0.63, 0.61, 0.61, 0.60, 0.67, 0.61,
0.70 uay 0.62 ALY SHuadedeuiifadaiisnuasiuundt uinoldls Siomun 12 98 Toun
%8 1,2,6,7,9, 10, 11, 12, 13 17, 18 uag 20 GedAwify 0.54, 0.43, 0.58, 0.46, 0.51, 0.49, 0.53,
0.53, 0.58, 0.54, 0.45 wag 0.58 MUy wavideasuisrunasuunldlaile msdafisnaun 4 4
§unde 3, 4, 5 way 8 FadlAwyiniu 0.19, 0.39, 0.32 uay 0.27 AU Jeazulann wuvaeuitiady
S99 pH vosasazatensa-wa ddoaeuiidsnasuuniiunasivionun 9o 21 910 25 9o Amdu

Sovay 84 lnellsnuasidunnanisna 3

A9 3 AIPTHOIUNIATILUNVBILUUADUITRYITDY pH VBIAITaZAIUNIA-LUE

Y Al . Al
W, nsudana W, nsudana
SN WUN SN WUN

1 0.54 DIUNATUNAT WANDLTLA 13 0.58 DIUNTHUNAT WANBLTLA
2 0.43 ST UGN winaldle 14 0.71 U MUAUIUNANS

3 0.19 Syl asdniia 15 0.63 11T UNUIUNANS

il 0.39 gy lile asdniis 16 0.61 S1UNAMUNUIUNAN

5 0.32 Srunaduunldlille assiniia 17 0.54 F1UNRTUNAT wrANDLTLA
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Al . Al
W, nsudana W, nsudana
DMNINWUN DMNINWUN
6 0.58 SN mune wineldle 18 0.45 Srunsune wineldle
7 0.46 Srunasuuns uanaldle 19 0.61 914199 UNUIUNANS
8 0.27 Sunsuunldlaily aasiaiia 20 0.58 Srunasuuns wineldle
9 0.51 S mune wineldle 21 0.60 91UV UNUIUNAN
10 0.49 Srunasuune uanaldle 22 0.67 911199 UNUIUNANS
11 0.53 Srunasuuns usneldle 23 0.61 914199 MUNUIUNAN
12 0.53 S une wineldle 24 0.70 91UV UNUIUNAN
25 0.62 91UV UNUIUNAN

nansilasevganwiuuaeuifeduuluiimi 3ea pH vesasazatsnsa-iua Mmelina
Flawn fseasBondil

1) KanFIATIEAAZIULYTDILUUADUITadI30s pH YesaNITAYANENTA-LUA WU AZULL
[RAY (M) vesuuUasy Wiy 14.07 azuuu drudsauusnasgiu (SD) wihiu 6.70 Tasazuuugegn
(max) WU 25 AZUUY wagAzLuLEAR (min) Windu 1 Azuun uasildnusesnaidofiunosi
Fushiouay 50 veseziuudeUTIIIAYTe 13 AvuuY 9nTiavan 25 Azuuu g 337 au Turaei

91939l UNURNTINUIY 285 AU S1UALLDUALARIAINIGIY 4

A9 4 HANITUATIZRANAZLUUTDILUVAD UINAEEIS 09 pH Y03a15azaNenIa-Lud

UIUA2DE19I8NASUY
M SD Max Min

MUY (AL) laieinueneust (Aw)

14.07 6.70 25 1 337 285

2) AMN1918M3N1I5AT (guessing: g) KAaENIIITLABIAIINALINGT (slip: 5) VBILUUABUY

FMadui389 pH vesansaranenIa-tua aglutig 0.206-0.541 uag 0.000-0.485 AUAWU F9p1519 5

Tngarmnsdwesiiaosatazianaglugvasauiiasdu wu de 2 faeuifidwiunudnvue

laisanerenisneudeasvavilentamideasulagnaesiesay 52.5 luvaeiidasund91uiu

[

AuANvMEATUMNTTaaaUTe 2 Faen1s axillenialunismeudeasuliigniesiesay 4.6 Fadedeu
ﬁ 4

U

aaummﬂmaﬂwmviumamawaaau LL@MI@HWﬁW@UI@ﬂﬂG\@QﬁQWﬁ@ flo U9 18 ‘VII’EJﬂ’Wﬁﬂ'ﬁLW]

Y

1 ﬂéfammaaaau 54.1 Tuveg VI‘U@Z"iE]U‘V]B\Iﬂ’e]‘UiJ‘VlﬂﬂmaﬂHmuL'ﬂu?\]ﬂLLsUQ@WiJWSUE]E‘%]‘UG}ENﬂTi

LLG]%JI@ﬂ’WﬂG]@UN@Ej%j@ fo U9 8 VINI@ﬂ'WﬁﬁSLWi%jQOQi@EJaS 48.5
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AN919 5 AR NNTHALAS AUALINS 1UBIVD AR ULARL U UL UUAB U

o) n13a1 (g) ANUEINT (s) ) 3o (g) AMUEING (s)
1 0.206 0.253 13 0.278 0.139
2 0.525 0.046 14 0.249 0.040
3 0.419 0.388 15 0.290 0.080
4 0.228 0.379 16 0.305 0.088
5 0.219 0.460 17 0.458 0.000
6 0.340 0.081 18 0.541 0.004
7 0.329 0.216 19 0.383 0.005
8 0.248 0.485 20 0.394 0.026
9 0.492 0.000 21 0.401 0.000
10 0.491 0.018 22 0.294 0.038
11 0.288 0.185 23 0.272 0.118
12 0.346 0.128 24 0.253 0.047
25 0.245 0.133

3) arudazdulunisneudeaeuunazdalasgiagndes Wenarsuilenialunisnau

Toaougnuesrasuii d9uiunadnvuziidugaudduteaoundazdoveiuuuasuitgade

=

1399 pH vasa1sazatansa-wua nudnludinss 6 Wenuanwaziyain nueds Audnvue

Y v 1

fidoaoudonnarnjsinuazaouindudesiinuinvazdinanidugauddazannsaneuteasy
Toriuldgnias Tas 1 vaneds msduwmaududuvedlelandeulossunieleasonledlossy
YDIATALANNTAUALLUA 2 MU8ET NITAIUINAT pH VOIAITALAIENTALALIVE Uag 3 Mg
n1suenAMdunIA-LuavedasarasaIngdae pH vesdufiames diuguuuuausaud nuneds

< Y} A v ~ v Y ! = a Y o |
5ULLUUQ®LL%QIUﬂmaﬂUm3WNa@UﬂJIuﬂqima‘UﬂJ@a@U@\iﬂan I@ﬁl 1 BUYng Mﬂmaﬂwmzmﬂaﬂ

Y ] Y
< = [ [ '

I3 = I3 = o i I3 =
Jugauds war 0 vianedls IRadnuazainailugaiesusulse waganuiedy vuneds lonna

q q

Ay v Y o ! Y v A v )~ o A ) 3 A o 19
1/]E\Jla@Ua"liJ’ﬁﬂm@U%@a@Usﬂaﬂﬂﬂa’]'ﬂ@QﬂmENLll@Qﬁ@UNEULLUUﬂm@ﬂUm%WLUU?@LL?JQG]’]@J‘I/]?’I’]“‘L!@VL’J

dl & all

WU U9 1 Aean1sauanuei 1 iieneuteasuliegrgnies fasunilnaanuuegi 1 10ugaiials

q

U5l (0) agimnuinasdulunisneudeasuliegagnieaiiiu 0.206 wansin Jaeuniyniiags
Usuugtlunadnuaed 1 Jlonawde 1 lagndesdaluiesay 20.6 vausiidaeuiidnnanvuei 1
Wugauds (1) azdanuiiasdulunisneutedeuldegegniewriiiu 0.747 uanadnaeund

Ananuaied 1 1 Jugauds Tlenaanaude 1 legvgniesdinluiesay 74.7
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a1319 6 Audtanduluntsneudeasuwsazdeldegagnies

) ﬂﬂ:é:ﬂ?mg g . anunazdy | 4o annttmz g . Ay
fyjea CRRRERITH fyjea CRRRECITH

1 1 0 0.206 16 1uay 2 00 0.305
1 0.747 10 0.291
2 1 0 0.525 01 0.430
1 0.954 11 0912
3 1 0 0.419 17 3 0 0.458
1 0.612 1 1.000
a4 1 0 0.228 18 3 0 0.541
1 0.621 1 0.996
5 1 0 0.218 19 3 0 0.383
1 0.540 1 0.994
6 1 0 0.340 20 3 0 0.394
1 0.919 1 0.974
7 1 0 0.329 21 3 0 0.401
1 0.784 1 1.000
8 2 0 0.248 22 3 0 0.294
1 0.514 1 0.962
9 2 0 0.492 23 2 U8y 3 00 0.272
1 1.000 10 0.732
10 2 0 0.490 01 0.436
1 0.982 11 0.882
11 2 0 0.288 24 1,2 uae 3 000 0.253
1 0.815 100 0.583
12 2 0 0.346 010 0.992
1 0.872 001 0.000
13 2 0 0.278 110 0.154
1 0.860 101 0.654
14 1 ugy 2 00 0.248 011 0.388
10 0.507 111 0.953
01 0.822 25 1,2 uae 3 000 0.245
11 0.960 100 0.387
15 1uae 2 00 0.289 010 0.000
10 0.472 001 0.000
01 0.000 110 0.009
11 0.920 101 0.309
011 0.254
111 0.867
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4) auyazidulunisdadingu (class probability) vesg@aui vinuuuaeuidade
1394 pH YosasavatenIn-lud Jsusznoulusengy (class) aviua 8 N AUTIUIUFULUUAKDS

wazgafiasusulsslunadnuasnislusindnadnuvuzaenisns 7 deguuuugaudiuasyniiagg

' o
a a v

YFulgsngasuiilonalasunisdmdinguuiniign Ae fasuindvsauaudnuauzluises pH 109

ansazanensa-ud WWugeiiasusuuss (000) danutasduwiniu 0.469 viednluiesas 46.9

a15719 7 anuivzilulunsindnguuesiaeuiifiguuuugaulanazgaiaisuiul e o

JULUURAUDIUEE
q . 000 100 010 001 110 101 011 1
NAITUsUUS
ALty 0469 0080 0004 0015 0043 0027 0017  0.345

5) nan13nsvdeudndluveInguidunef auanvazais 9 1ugaudvaaian
pH U998158281UNTA-LUA AIATITIN 8 GINUI LUUAOUITARULTY pH UoIdITazaI8nNIA-LUE
Raouiinnanuagn 1 nsAniuanudutuvestalasiedlossuniolansenledlossuvesansaraty

& < a a [J o/ A [ d‘ o 1
nsauaziva Wugaudanniign Anlusesay 49.5 5090901A8 AMGNYLA 2 NMIAUINAT pH VBY
ansazanensawasiua Anduiosas 40.9 uazadugaving fis Msuenenulunsa-uaresansasane

917724 pH vesduames Anluseay 40.4

LY [

M99 8 dndiuvasieniteninaanvasae 9 WugaudsluEes pH vesaisazalunsn-tud

q
[

AMANYMY dndu

1) nMsAwuanudntueslalasioulossunsslansenlunlosou
YDIENTATAUNIALALLUE 0495
2) NMIAINNAT pH VBIETATANENIALALLUE 0.409
3) msvenANUdunIA-LaTBIENSAYaN8aINYe pH YasduRAWeS 0.404

6) Anugnsiadlunisdwun (classification accuracy) seautasdulunisduungaeu

¥ 4 = N

Wanaulagndes d518azi8envasniugnd 0alun1sauunaanig1e 9 lasuuuaaus sady

U

< 4:1' [ 1

fimuinagilunazdanguiasulagnaes 0.938 nd1ife LuvdeuIladeNiauuaunsadiun

Haaudngulagndesiosar 93.8 wazileniansananugnaedlunisduundingusenuanyuy

1% t 4 v

NUIN ﬁﬂ'wmmﬁwuﬁuiumﬁﬁi’muﬂﬁi’aauiﬂaﬂmaqmmmaﬂwmz S¥9%319 0.938 019 0.986

Y 9

Andusosay 93.8 f9 98.6 Feaguladn wuuaeuitiade 1589 pH YedaTazaIENIA-LUE AN

Mmngan anansathllitadenluimivesdiSoula
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f1979 9 ﬂ?ﬂﬂgﬂﬁ@ﬂiﬂﬂqiﬁ‘]’%mﬂ

18015 anuasdulunissiuwun
wuUEeUTTatU 0.938
ANy 0.963
AnudNYnE 0.979
AnnYET 3 0.986

7) srwunansidadeuluriifinataiad suvesiaeu lususuulusindaadnuuy
N v = va & < = | va & =i Y 9 | Y
Muandlinsuisauseuinilugauds vieauliseusniduganiaisusulsdunudnuuzudazde
A o [ o < a o 1 < < ::l' [
Minsin lngdnausilunsmuaugduuifuanianuyiaziduvesgandinarynfiaisuiuls
lundarauanwae windled13dednnuiazdulunisseuiagend 0.5 wuneda dred1939e

[

Audnvarainadugauds seavBearan1sidaduaunsatausangdeuseunna fan1m 2

jmd)}

2

[ Y v

Fodunan1sifadevesiinaeunmneiay 12, 98 uag 351 auddiu wudi diiaeununeiay 12

Y
i o/

fiflmusousAsusaunudnuay nefivisaunudnvasidugauds fidraeunuieiay 98
finmudnuaei 2 waz 3 Wugauds wasdnudnuaei 1 10ugefimsuiulg dufidraounneiay
351 fpaudnuned 3 1Jugauds uaslaudnuasd 1 uar 2 Hugeiirsusuuss uenainifvanunen
FonuSsuifisunanisidedesewinafaeuld fanm 3 Fudunsiauenansidadovesiidrasy

PUNULEY 98 WAy 351 WIHUWIBUNUENA@DUNLNELEY 12

Y

Mastery probability for individual 12 Mastery probability for individual 98 Mastery probability for individual 351

nnnnnnnnnnnnnnnnnnnnnnnnnn

a2 Wslvdraudnuazndndusenisiseuios pH vosa15azanensn-Lud

VoI ERUNINgLaY 12, 98 Uay 351 ARy
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Mastery probability

1.00-
0.75-
person

H -
| K
B as

Mastery probability
=)
&

0.25-

0.00-

Al Az A3
Attribute

Mn 3 Wisuidieulusiduanvasisdusenisiseuses pH vesasazaionsn-wua

VoI UMINELAY 12, 98 Uay 351

NANISASIVADUAIAINULT 8991920 UUD I UUABUINIRUAILAIAINULT 891 UNITINUN

I

(classification consistency) #38A1 P WU AAWYIIAU 0.88 FuTuANNIUNUIIAINA Taber
(2018) sgyfiaiA1AUBINNTT 0.8 Feasuladn wuugeuidedelinnufissiunasiuazedly

LAV
u

afuseka
NANNINTIIABUANNMVBILNI NG AvesuuvasUidadelagldnsdnduvesideavy

WU Fedeundefia1aud 10C 1Ay 1.00 wandliiui wuvaeuidaderiuniswmuiunan

uluvimifigndeafieddu pH vesansazarsnsa-ua waziimagnivamananuluimifaainndeu

A9IUTIUNIINLONATLATIUITYAN ] NANITATIVADUAIAYLTIUIAT I UNVDIVOAOULA DT

v a ° I Aa o °

wud vedeuusiavvaiiAdyiomiadinuneglugi 0.19 fe 0.71 ddeaeundmnadiuunsdiuinu

4

WINUA U9 21 270 25 19 Andusauas 84 §9UTENaURI8T0aaUNLAIRINEIUITILUNTE AU

I v oA

UTUNATIIINUA 19 9 wardoaauNiAIPTo 1L IWUNGT AN lElAtNIue 12 99 FeAsudou

1

Fuuntuszaue uanaldldngill erafannauainraeresgUkuuaLlaLazyaiinsusuly

9 9

2990798193990 AA1 DULTLDIUNINFIBE1ITELAIAIMBU I buFAdlavinuUaaU Fsdanalraael

g1unaduunvesdeaauagluseaui (Wise & Kong, 2005) ludiudeasunilatguiaduunldlila

[ [

AITARNT AT InUA 4 90 launde 3, 4, 5 TaRuaNwMzlaf 1 wazls 8 TnAudnuusyl 2 Uu
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Tuwuvaeus fdeaeudeduiitalunudnuuedoifeifunseuaquanui onnfiduuald nnsde
Tormaudednanislidmadoamnmiedosdiofuamniivesnmam uazwisiimesauazing

Nan1sIATzinuAILUTae Ui dadualusial 139 pH vesansazanensa-lua dreluina
Flaun wui wuaeuatiuiiauinanduiasdanduiiaeuldgndes 0.938 ndnfe uuvaeuidade
fimuntuaunsnsuungaeudinguldgniosiosay 93.8 wanidefintsanaiugnéoslunissiuun
Winguseaudnyae wuln daranudiezidulunisduwundaeuldgndesnunudnume sening
0.938 fi1 0.986 Andusesaz 93.8 it 98.6 Uulumunawin1InTI9dUALAINYBY Wang et al.
(2015) s HaMIRTIIFBUAIAT TSRt UTRILUUADUTTady WUt DAy 0.88 Bauans

Tiudwuvaevitademimunduiianuiesguasiicnuasdunitunsiilding wanaldiuin

[

WUUaBUATAdY 1399 pH U99aN5aANENIA-LUE MWRUITTULUUABUNTAMAIN @130 hUNNGY

aa o

Haeuldagiegnaes tlesanlumadlaundulumaf danvueynime (compensatory model)
fanugavgugs Fohalanan1siesginuaud Juseansnn waelianuydideiiosa (de la Torre,

2011; Ma & de la Torre, 2019) UBn1NUNSTNEUNAN1TIDdsUluRALAra1AAaeusuulUsinG

[

Aaanwaz Tuguuuunsmuaugdnszygaudazyaiasusulyp dadudeyadeunduineunna

9

A €1 v A J o e < v o A A v 69 o va
AfivseleviaoiFou lunisszyTuluiadladugaudavesfiSou viaduluiadla 3o

'
o Y Aa {

Waaularaiapieu FanangiunisidaduuluiiaidenaniddiuddywediSoulazyaou

v Y

e

TuAISWAUINITTANITLS 8 US LUT UL 8 b awA bauluTAd 7 aanaLad aulwe LS ouliarug 119
Y Y

'
a

ﬁgﬂéfa B9t (Chaimongkol & Ngudgratoke, 2018)

Ualauauuy
1. Yarawauuzlumsimalddeluldy
1.1 gasulusiedvuadianunsadiwuvasuidademannsUayan 399 pH vesasavae
n3a-ua MunsnsiaaeuganmiSeuiesudiluliidadenludimifinaandeuvesifou uavima
naitadeluldlumsneusunisdnnmadousludutou WeliSoululuiimidgnies susislidoya
ffoundu (feedback) ungiFouielvgioulimendumsiamnaues uagviamntlelusluimifdsd
anutilanaatedoureulinsussiiunauuuasus (summative assessment) Wlodumanising

1.2 91nnan1531adegaudsazaiaisusulglui e pH vesaisazalensn-1ud

q 9

a v d‘

4 3 AudnwE WUI1 #a98193989afinrsUsulnfigalugadnuasi 3 nsvenaudu
NIA-LUATDIATALAIHIINYI pH VoduALAmaS Wl alTeuisuiuAuanyuen 1 uag 2 Al

Aa = o v o Y] o v v & v v 1Y)
by 'J‘L!LﬂEJ'J‘UaQGL‘Uﬂ'ﬁQ@V]']Vaﬂqmi f’niuquaQUWUUIUI%LUUGU@HQ‘UiSﬂ@Uﬂ'ﬁ@@ﬂLLU‘ULLaS‘WWUW

ey

d
wangasluiilonn pH vesarsazatensn-wa Migenndssduaninaaudusss venaniluszeu
Fuseu gasulusegiviaiideseantuuianssunisseu iiisewdilainedadu nieinsaeulasy

Waniuausluseanisvenanulunsa-uaveansazainanngis pH vedufawmes
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2. Yarauanuzlun1sidensesaly

2.1 Msinswauissuunsagauiel dadeuluamilusieivndu 9 lngimuissuy

Induiusiundlgmsiseuingasuimualiluudazmanis@nw waznisasisaiionisidaussuy

n1snegeusiioiduusslevisedaeunazyanaiaulatluiludiunislunisyseifiuseninaiou
(formative assessment)
2.2 ASINITNRIUITLUUNISNAZBULUUUSUMLNEAEADLAILADS DI N0 8 TUI AN

wnsUgyay1 (Cognitive diagnostic computerized adaptive testing: CD-CAT) Lﬁaiﬁ@ﬁsummm

9

Y o

Wihnsnadeulanuaugzan LLaz%’Umwmamuwamﬁﬁaﬁdé’wé’qmﬂLa%fa]aumimaau
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Abstract

The purposes of this research were 1) to compare the pretest and posttest learning
competency of a group of eighth-grade students who received STEM education with
assessment as learning, as the experimental group, 2) to compare the pretest and posttest
learning competency of a group of students who received traditional STEM education, as the
control group, and 3) to compare the posttest learning competency of the experimental group
and the control group. The research sample consisted of 52 eighth-grade students in the Fun
STEM Activities subject in the second semester of the academic year 2023, with 26 students
in the experimental group and another 26 in the control group. The research instruments
were: 1) 3 lesson plans of STEM education with assessment as learning and 3 traditional STEM
education lesson plans, 2) an integrated STEM knowledge test, 3) a learner autonomy test,
4) a student engagement test, and 5) a creative problem-solving ability test. The data were
collected by using a nonrandomized control group pretest-posttest design. Data analysis
employed Hotelling’s T? and One-way MANOVA, using Wilks’s lambda statistic.

The research results revealed that the experimental group who received the
assessment as learning in the STEM education model and the control group who received the
traditional STEM education model had higher posttest scores of competency than the pretest
scores. The experimental group had higher posttest scores of competency than the control
group. Moreover, the assessment as learning in the STEM education model used in the

research also showed a high level of effect size on all dependent variables.

Keywords: STEM Education, assessment as learning, learner competency

UNUI
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(formative assessment) Miviunszuiun1sAnuazn1sseus i duddy iSoussdasdndulowas

SuravauiuNITTEUiTeIMUY TITeTaUsEEUNTEUIUN1TIAR (metacognition) Yadnuadlagiing
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uAlwasnsuAUgm

6) ULaue v v

NAIUAINTTUNSAZ AU v

2) wuunage AL ILUUYsANMILLWIazduAny Iunuunaae uatedaduiuuta
an1un158l $1uau 2 antunisal udazaniumsaliideasudiuiu 5 9o Alanuduguunuiiuai
gndeuazs I uNTIeTe wayeuBesiuvesuuunaaey dmiuianeuSeu 1 anunisal uaz
favdaFou 1 an1unisel ldun anunssinisuaueaundsau fanudissnsadaion Tnsdidn
I0C dfaust 0.60 — 1.00 AdwlnudenadesszriugUspdiu whiu 0.96 Aarmendts faus 0.50
- 0.77 A81unagIuun faust 0.40 - 0.69 uazamd eunugnsduUsEANS ueaNITasATOULIA
WU 0.64 uazanunsaltszaesnsens daaruilssmsadatom Tnefidn 10C fausd 0.60 - 1.00
AdlinuaonadosseinegUssili Wiy 0.97 Aenuendiefaus 0.40 - 0.69 Ag1uIRTILLN
Faust 0.46 - 0.71 uageudetumugnsdulssaniuearhvasasouuin wihiu 0.64

3) wuuinanududaszreisou ddnvaurdemaulunnsussanuuuudiAsy (Likert
rating scale) 4 sgdu Ao laasaay AouT19lUaSTI ADUTINTTI LAZIIIWIN U 26 U8 UTENaUAIY
AUN1T3AR (Metacognitive) 3113 7 T8 AruANg Auila (cognitive) 311w 4 9o Fuensual
(affective motivational) 91u3u 5 U0 AuNI5UUR (action-oriented) I 6 U8 LazA1udIAY
(social) $1uu 4 o faauiissnsadaion Taefien 10C faus 0.60 - 1.00 MEWIIT LRI
0.24 - 75 uazmTesiummgnsdilsyavsueanivesnseutia winifu 0.90

4) wuinmnuBesiugnifuvesdfiou TnvarderaudunnasussnusuuudiAm (Likert
rating scale) 4 sgdiu Ao luasaay Aoud1eliase ABUTI9T3 LAEI3IWIN U 26 o Usenausie
mm%ﬁugﬂﬂ’m%qwqﬁmw (behavioral engagement) 1u3U 8 98 mm%ﬁu@ﬂﬁu@qmimﬂ
(emotional engagement) 97U 9 10 LLazﬂaﬂmﬁmﬁuQﬂﬂ’uL%aﬁmm (cognitive engagement
$1uu 9 4o famuiiswmsadaidom Tasda1 10C faud 0.60 - 1.00 AguaswUNFIUs 030 -

0.70 uazAuveliumuansduUsEanSuaarveasauIA Wiy 0.91
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5) wuUMAAEUANEANNTEl NS T dsasnsasse WuuuunaaeudaiedaduwuuTa
anunsal $1uru 2 anunisal udazanunsaliifeasudiuim 6 Te Aflanuduguunuiiuaiiy
§IN9IBLAZEIUINTILUNTIETD LazAULT el uvesuUUNaaeU wUudy wuunageun oS oy
1 genunnsal uazuuunaaeUrdISey 1 danunisel Teun danunsal PM 2.5 Senuitesnsadaiion
Tapdidn 10C faust 0.60 - 1.00 AdailiauaenndasszainedUszidu wihiu 0.98 AAuends
Faud 0.48 - 0.71 AIBIUIRTILUNG LA 0.29 - 0.58 LLazmmL%aﬁumuqmé’uﬂszﬁméuaaw’wuaq
ASEUUIA WA 0.61 wazdnunisalvszwatain fanuiisansaudadom Tnefian 10C faus
060 - 1.00 A1aiauasnndassEnineUssdiu iy 099 AraueIndefaud 0.38 - 0.75

ASIUNITMUNATA 0.33 - 0.71 Uarauliaiunugnsdulsyansieanivesnasauuia Wity 0.72

<@ v
3. MaUTIUTWTaya
e ”&JﬁwLﬁumimaaaﬁmﬁmmaﬁauiﬂwuaxLﬁmﬁﬂmimﬁumiﬂizLﬁmﬂumiﬁauiﬁu
UniFeulsuseuaidnymainsalunineds dedsen seautudseudnuila 2 11898 nwn
lunmaleun 2 Un1sAinw 2566 wazamstlouseusiedv) aunAnk1uiangsy STEM 91u3u 52 Ay
F9lau191An151a9AuUUL12 99 LaglduuunNUA 9n15MAaes nonrandomized control group
pretest-posttest design wu4f188193380andu 2 nqu A9 ﬂq'mmaaqlﬁ%’umﬁﬂmsﬁsmi
@ = 1 [ a I~ a Y o 1 Xy (v al v
wuvastAnAnwsiunsUseliudunisiseus 91uiu 26 Ay kavnauaIuAulasunsIansiseus

@ = a o
LUUALHUANYILUUUNG 91U 26 AU

NAUNAGDY Obs Tx Obs

NANAIUAY Obs - Obs

Obs  wuefia MaiuTiusndoya
Tx s MIdenEeLiwuUashAnwTNiunsUssdudunsiteu
AN 2 LUULKNUNITIT8NIMAa8e Nonrandomized control group pretest-posttest design
(Leedy & Ormrod, 2021)
4. MmynaTIEdaya
1) MyleTziliuiisupziuniaaenuuuysanmMInuLnasiudne aududase
eu{i38u Anudaiunuveullsou wazauaunsalunsuidgynideaseassanauiguuay
v | oav v L a 2/ [ ! LY a [ = 14 oA v
vaaseuraInguilasun1sdanisissuikuvasiufnusiuiunisussliulunisseuiwasnguilasu
) = Y & = a gy a ¢ . s 2
N33ANTSSEuTHUaTIANANwIwUUUNG 18n53msent Hotelling’s T
2) Mywsilieuiisuasuuadennuiuuuysannisnuknasiudine arududasy
YoIREY AuEaTuyNTuYeEiSeu wazauaInsalun1suAlynideaineassd vduseusening
nauillasun1sianisteusiuvasidufnmsudunisssdudunisdeuduasngualdsunisianis
BeugwuvasiauAnwinuuund Waifnisiesizrinnuudsusiungauwuunisien (one-way
MANOVA) lngldadii Wilks’s lambda Tunisneseu
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NN

NaNTAATIZiALLANGIYRsA LR ARz LN B IS BuTINguMAaDIUaznguAuAN Tagld
N133LA51gH independent samples t-test Wu31 YnTeuUNgunAaellAzLUNAD WS BUYBIAILS
WUUYTNIANULEIESANAN YT (M = 9.192, SD = 2.417) aududaszvesfiSou (M = 51.615,
SD = 9.876) Avwdnsiunniuvesti3ou (M = 54.385, SD = 9.432) uazawanunsalunisuidam
\Fead19assn (M = 9.962, SD = 3.842) UANFINIINATLUUAIINTUUUYIUINITALUUIALLALAN Y
(M = 8.615, SD = 2.913) Aanuiludaszaeari3ou (M = 50.000, SD = 10.431) mmﬁmﬁu@jﬂﬁu
YBILIEU (M = 49.000 , SD = 10.767) azAnuaiunsalunisuidaymideasaassd (M = 11.039,
SD = 4.123) ¥UNTeUNGUAIUAY asmhjﬁﬁfaﬁﬂﬁ’zquaﬁﬁﬁimu 05 (t(50) = .777, p =.441,
£(50) = 573, p =.569, £(50) = 1.918, p =.061, t(50) = 974, p = .335) FIA1579 2

M1 2 HANTITIATIBTADILLANAINYDIAL UUAB UL EUNTINELSEUNGUNARBIUAZNEUAIUAL

fauusny nga N Azuumfy M SD t p
ATMUSULUUYIANNIS Nguneaes 26 14 9192 2417 777 441
AULUESLANAN Y nauAILAN 26 14 8.615 2913 Levene’s Test for equality of

variance F = 1.104, p = .298
Anududaszues  nquveass 26 78 51615  9.876 573 569
Q:Jjﬁ‘c'm ﬂfcjmmﬂu 26 78 50.000 10.431 Levene’s Test for equality of

variance F = .055, p = .816
pwdedlugniiu  nguveaes 26 78 54385  9.432 1918 061
VoI nauAIUAL 26 78 49.000 10.767  Levene’s Test for equality of

variance F = .000, p = .000
ANNENTAIUNNT ﬂ’sjliwlﬂa@ﬂ 26 20 9.962 3.842 -974 335
wAUgynias nauAILAN 26 20 11.039 4123 Levene’s Test for equality of
EMNGERT] variance F = .261, p = .612

Y

HANITATIZRERANUFIY

NANNTILATITVARA BYBIATUUUANLSUUUYTANNTANLUIALIANA N A DU BB Y
UNITEUNFUNARDY LagNduAIUAN WINAU 9.192 Uag 8.615 AZUUU AUAIAU LAZAZLUUNAYLTEY
YDIUNFEUNGUNAADY WAZNGUAIUAN WAL 12.192 waz 10.000 AZKUL ANUAINU 91NATLULLEAY
14 Azuu AeAsveseziuundudasyvesyFounouFsuvesin Soungunnasauaz nauAIUAY
Wiy 51.615 wag 50.000 AZLUN MUAIRY AZMUUMELTEUTDITNTEUNGUNAGDY LavNauAIuAL
WinfU 55,384 Wag 41.269 AvUL MMNEIFU INAZLULLAN 78 AzuuL AledsvenzuuLALEasiy
HNWUYDIE IS U DUTEUVRIUNITHUNGUNARDY UATNAUAIUAL WU 54.385 uar 49.000 AzWUY

MINEIRU BaZATRUUNEITEUYIUNTEUNGUNARDILAENGUATUAL YA 57.231 WAy 35.539
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AT MUERU NAZULULAY 78 AzuLY AleABTesAzLuLm AN salunswAdaniBsadnsasse
NAUTEUYDIUNTIUNFUNAGBY WATNAUAIVAN WU 9.962 way 11.039 AzLUU AUAIRU uay
AZUUUVAUTEUVRIINISUNGUNARBY kasnguAIuAy Wiy 14.539 uay 11.462 AvWUL ANNANU
INATHUULAL 20 AZILUL AIN1519 3 91nHan15as1en aguledn WniSeulunqunaaefinzuuy
waassuanIneuseuluynuwls drudnSeulunguaiuauiiazluuraussuYeInUUUUYIUINIT
AuLwIasiNAnwIwazANaNsatunsuidynigadneassigeninnouseu wnzuuUAuSY

GuaammLﬁuaaizﬁum;:JL%'EJuLLazmmﬁmﬁuQﬂﬁmm;:Iﬁauﬁ'md'lﬁam%u

f1979 3 f‘ﬂl’]LQaEJLLaSE“i'JULﬁENLUU@NWiﬁ’mGUENﬂ8LLUU?YJ’]@J?LLUUUUim’]ﬂWiGI’mLLUUﬁ%L&MﬁﬂH’]

anududaszvesisey anudatuyniuresiseu wazanuansalunisuitaym

CAGEaNGeRTal
s . N QLI nasey
M SD M SD
AMUTUUVYTUINTANHLUD NALVIAADY 26 9.192 2417 12192 1650
azLiuAne NENAIUAY 26 8.615 2913 10000 2135
Anududassvesiseu QGHYIRLN 26 51615  9.876 55384  9.135
nANAUAL 26 50000 10431 41269  11.504
Awdesiugniiuvesisou NAUNARBA 26 54.385  9.432  57.231  9.651
ﬂfj:umwgzu 26 49.000 10.767 35539 9.844
AMUEIIAlUNITUAUYNI NAUNARDY 26 9.962 3.842 14.539 2470
Weaieasse nauAIUAL 26 11.039 4123 11462  4.207

wanssasautennaudasuremsiienzianuulsusunyanuuunaiies (One-way
MANOVA)
2.1 MInTRgeuNshaniasiuuUndnaemuls (multivariate normal distribution)

N13ATIVABUNITHINEIIUUVUNANAIEAILU TN LA AEAIAINIT0NTIVFRUA LD
Kolmogorov-Smimov test HANTIATIENNITUANLITUUUUNANAIEAILUT NUT1 AZLULAINIUUY
YINIIULUIESANANY Wavanuansalunsulgyideasisassainisuanuastdidulung
THUnd dauazuuunrandudaszvesiiou waraudasiuyniuvesdiFoulinisuanuasnaliand
#391374 4 uaziilafi919au1 normal Q-Q plot Wy AT fiuunldunisnszaisvesgaduidunss
ARSI AZHUUALIUULYSANNIRNLWIARANANY) warAuaansalunisuidgwitasnaassa
fn1suanuasvesazuumdsuvuluanndnfisadntes daniw 3 Seagulddn duusmuineedl

MILANUAINUIAIUNGE UaraninIadlasIwiAUMUSUTIUNTAWUUNIAEY (One-way MANOVA) 16
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A199 4 HANITIATIZINITUINUISLUUUNAYDIAILUS

fandsniu Kolmogorov-Smirnov df p
ATIUELUUYINITULLIEZLAY 160 52 002
anuludaszvesfisou 077 52 200
mwBnsiugnuveiFou 075 52 200
AMuaENsatun N Jgynidisaieassd 145 52 008

A7 3 Normal Q-Q plot Y8AzRULANNSLUUYTANNSAINLWIERRNANY (§egn)
anuiuBassvesdiFeu (Nl 2 andhe) anuBadurniuvesiseu ((mi 3 ande)

waranuansalunsuAdynidaieassa (vage)

2.2 NMIATIVEOUANUFUNUSITUEUATITENIAUTAY (linearity)

119159980 UANNFURN WS T UFUATITENT19AIRUTAN (linearity) Lawn AzwuuaIws
LuuysanMsIBMasiuAny mududassvesiBou muBaiunniurestieu wasamnuaano
Tun1sun Uynig9as19a356 Aduail @ bartlett’s test of sphericity #an1531AT18RAUFUNUS
Fadunssse ez LuANLTIUUYsANMISIALUERANAnY asndudassuesiiFou ardadi
HANLYRITEU wazAuansalumLA Ugyvilaiieassn wudi wvsndanduiusvesduusniy

wiazfuanANINUVsNglenanyal egsiltedAynsedanszau .05 (Chi-Square (4,6) = 89.420,

o s

p < .001) lnsAdulsednsandunus sendnedudsnuusazn da1ag sening 345 - 807

¢ v o =~ ) Y a a a ¢ a
T\Naq‘dim’] AILUTAIUNAINFUNUS A ULWEINDN A TLATIZNAMIULUTUTIUNR AULUUNILA L

(one-way MANOVA)

M99 5 HaNTIATeRAdUUsEAnSanduiusseninduusanuusaze

. AnwFuuLyIanns  annuiludese AMNBAIY AMNEINITALUNTS
AURUIESANANEN vasiSu yniuvasdisoy  uAlgyndeasneassa
ANUIWUUYITUINTS 345 (p =.012) 521 (p <.001)  .468 (p < .001)
AULUIETLAN
anuludaszvesdisou 807 (p <.001)  .477 (p < .001)
ANUEALUNTLYBIRS Y 550 (p < .001)

Chi-Square (2, 6) = 89.420 p < .001
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2.3 NMIATIVAD UV NGANULUTUTIU - ANUKUTUTIUSMVD9UIENT (homogeneity of
variance covariance matrices)
a s ! . .
A1TAIIVEBULUNS NG AULUIUTIU — ANULUTUTIUTIU (homogeneity of variance

covariance matrices) AU ANAABDU Box’s M WU ANULUSUTIURALAIULUTUSIUTINVD

o '
v aaa

FILUIINUTRIRIBE1ITENT 2 Nax wansinany egslilidudAynisadansyau .05 (F(10,11952.191)
= 1.431, p = .159) #4151 6 F9A1U1TDTLATIEN AURUTUTIUNT A ULUUNILA 82 (One-way
MANOVA) 161

ATS19 6 NANTTIASIZY Box's M U99619819338

Box’s M F df; df, p

15.672 1.431 10 11952.191 .159

1 = v 1

namTAAsiSeufisusussausveiSeunauFeunaudaTeuvaanguilldsunsianisizeus
wuvasfnAnwmiunsUssdiudunisSeuduasnguinldsumsdamsiFeuiuuusziuAneund
MRS suiisuas uuuRAsANSLUUYsANMI LA RNANY Anuudasy
vosfiiou awdauyniuvesdiiou wazauaansalunsuidywideaisassAnouisunas
vduSouveanguilasumsinnisiseuiivuaniudnuisniunsussfiudunisiSouiuazngui
lisunisdanisiieuiuuvasiau@nwiund 19n153iased Hotelling’s T2 nan1331As189 Wudn
naunaaesiA Hotelling’s T2 Fldannseiunn wihiu 332.623 uaz A1 Hotelling’s T2 9109115719
e p = 4, df = 47 w11 Hotelling’s T? m1fiu 11.044 fari A Hotelling’s T? 37nN1SAIUIE AN
asndeiildanmadaniss Jsagulean dniFeungunnasilinisdanisFouduvvasifudng
SmfumsussdiudunsSeudiesuundaougeinitnoudou wenani Welinsgvie Hotelling’s
T2 YpanguaIuAy wui1 A1 Hotelling’s T2 lsfannnnsduan winfu 80.648 uag fn Hotelling’s T2
9N91579 18 p = 4, df = 47 w1 Hotelling’s T2 windu 11.044 Faru Hotelling’s 2211015
AurndangininAildannindanise Jsaguladn dnifeunguauquiildnisdaninieous

[ ada v a ! J a
LL‘U'UﬁSLG]ZJﬂﬂ'U’]‘UﬂG]lIﬂSLLuu‘WﬁﬁLﬁEJu%jﬂﬂ’J']ﬂEJULiﬁJu

a ¢ 1 = v v ' 1Ay vo Y = v
Han1sIATIETeuBuaNsTauL VRIS Buna U BusEnINNgan liun1sdansiseusuuy
= ' o a = v oA v o = v & = a

asiAuAnwsuiumsussiiulunisSeuiuasnguinlasunisdaniseuiuvuaziaufneund
RS suiisuasiuuaisnuskuUYsaNNMIIuLazuAny aududasy

YeIRLTeu ANgadunnTuYeiTeu warauauTalun1suidynideasieassa vaansly

n13danIsseusuuLasiudnwsiudunisussidudunisisoudiioduasuanssaus v iseu

sEAUtUTsENAnwUN 2 Tdadiin9inTein UL UsUTIunvaawuunIafe) (one-way MANOVA)
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Ingldaifinaaau Wilks’s lambda Kan1331AT1ERANMUTUTIUNNAMUUUNILALY WU UNEY
nauveaed Taldsunsdnnisiseuiuuvaziiudnududunisusediundunisitews wasiniSeungy

AuRw 339glasunsdnnisiseuiiuvasfnAnwnuuund IAusiuuysaNNInINLIESANAN Y

AuludaszresiSou anudadurniuvediseu wazanuasatunisuidymideadassd

Y

o w

LANAISAY ashaﬁﬁammgmaaﬁﬁﬁiww .05 (Wilks” Lambda = .584, F(4, 47) = 16.465, p <.001)

ARS8 7

M1919 7 HANTIATIEAANULUTUTIUNYANUUUNNALAE?

adfnnanuy andisuals F Hypothesis df Error df P N2

Wilk’s lambda 584 16.465 4 ar <.001 0.584

nyindszilunsisgusnunnaeiuddninasediulsauudasdn lagdniSeungunaass
FalasunsdnnisiseuiuuvasiinAnwsindunisssdudunisSeudliaeuuuanuduuuysainig
aunwlasindne anududaszveadiSeu anudaduyniuresdiseu wazauauisalunis

wAdnLdeaseassAgeanintnieunguaivay deaslasunisindsesdusuudnd wasdazuwuu

1Y

aIguaIniIneuieu widnissunquatuandslasunisinussiiuunidaz iuundus suresniny

< a v

JudaszrvediTou uazanudaduyniuvediseusiniiazuuunousey lnegunuunisinuseidiy

Y

fyunndnSnademiuusaunailuseaugs (Richardson, 2011) Aam1514 8

M99 8 NAN1TIATIENANUMUTUTIUNVAULUUNIUAE VDSBS

WaIAULUTUTIU df SS MS F p n,’
AUFHUUYTANMINALUIRLANANE
FENINNGY 1 62.481 62.481 17.161** 000 256
ATIUAAIALAREY 50 182.038 3,601
Pl 51 244.519

< a v a
ﬂ')‘]ﬂJLUuElﬁiz‘llENI’dLiElu

FENINNGY 1 2590.173 2590.173 23.915%* .000 324
ANUAAIALAR DY 50 5415.269 108.305
573 51 8005.442

ANBAlUINN YRS

FENINNGY 1 6117.231 6117.231  64.377** 000 563
ANAAIALAROY 50 4751.077 95.022
5 51 10868.308

auasatunsuidgyndeadneassa

FENINNGY 1 123.077 123.077 10.344%* .002 A7
ANUAAIALAR DY 50 594.923 11.898
573 51 718.000

**p < .01
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aAUseka
NuaNTIATIZTeya Ul UnSeunguneaes elasunisianisSeuiuuvaziudne

] [y a <y a I v ' = Yo [y a a a
'ﬁ'Jllﬂ‘Uﬂ’]ﬁ‘UigLNUL‘UUﬂ’]iLiUUELLaSUﬂLi‘EJUﬂQMﬂ'JUF’;IM "?I\‘ﬁ]g‘l@'ﬁ‘Uﬂ’]i’JﬂUingluLL‘UUUﬂ@ UATEUU

MHATHUTDIAUFUUUYTUNNMIMLIERNANY wazAuaninsalunswilamdsaseassdgendn

' 2
a (%

NouL3uY +8099MNN159ANTSS BT UUALIANANYIL L TUNITUIANS T YTUINITNINEAIENS

Y

v A

Smnssy walulad waradnmansluldlunisuddamiinese dufy Tniseuszldiauinue
AR famany wAtymauAnad1asse warn1smdeyanazlinsgideaunulni o lagld
AsTUIUNSAULEESEImans dadulsslevidenisdniuddn waznisvieu (Bybee, 2010;
STEM Education Thailand, 2014) %éqaa@ﬂé’aqﬁ’mm’ia‘i’saﬁ’wmumnﬁwudwmsf{‘fmﬂﬁﬁaué’uw
azLﬁuﬁﬂmdqmammaé’mqw%‘mqmilf%sm LAARADINIANENS WASTINYENIZUIUNITNIINEIFERS
WNYENITYIUINIG Wawen15viaueg 1 dussuu wasyinuwen1uaztdy (Buachoon, 2020;
Chantahansa et al., 2020; Pudcha & Yooyuanyong, 2016; Tongsuknok & Sartsoongnoen, 2022)
uenni Mnnsiaszideyadmuin dnidsunduvasofinzuuuvdaSeutesemuduuuysannig
munwazduAng wazauanunsolunsuidgmidseiuassdginiinGounguaiuay Liedain
thisungunnaedldiunmsinnisBouiuuvafudnuimiunmsussdiudunsiteu Jadunisin
UizLﬁuﬁlﬁumzmumiﬁmLLazﬂszmumiL%uﬁ’Lﬁué’wﬁ'zy Ml niSeuinnssuiunisian
(metacognition) ¥1MUgN15919UNULAE HAILINTEUIUNITITHUT VDN UL uonaINH N13UsEAiu

Wun1siseuddavisdaasuanusuiaey Anuatuisolun1suseidiunuree AnNanuisalunisan

Y

v

dzviounuled kazanuatunsalunisiiaweslunmsifeu; ogiseulvinyelun1siAnuagzaiunse
Usziunuiedld gy lidiSouanansausudsuununisissuvesnuesuasimuinisisous
vosnuies elvusraumudnsamudmuneddslild (khemmani, 2015) Fenszuaunisdandm
ylgEsuanmsavhasdlafueuiilasudenlostuanudian Sanudemgluiinugsig 9
fiirvostunadous (Ear, 2003) Snviadsiluidefidnuuieatunislinisussfiuduniagous
TuresSsuwdunsnsyiunsiuduasnstinsginisieuresnuesegeiiinsag i Wunsdalenia
TriniFeuldlndnsesnisidouivesnuosuariiliussaninmlumaFousifinainiu (Stephens &
Winterbottom, 2010)

1 a

wenand msvszdudunmsFoudivdsaiuliinieundunanosdazuuundaiouves
mududaszveaiFou uazanudasiugniuvesiFouganitnewiieu wazgeniinguaiuny
iesan mavszidudunmsiFeudduaiumimiudasslunsGouivesiifounazmsdadulafadu
N1545813 U0IRULDIA 8 (Manitoba Education, 2006; Ministry of Education, 2010) @anaad 84y
AdeldnagndnsUssidudunsiFoud wWu msusziiulaeifion (peer assessment) MsUseiiiy
AULBY (self-assessment) N1t gudUNNA1T58UT (learning Logs) LATNITUOUNUIBITUT &

nsivuananTUsEdusmiusenitgaeularinfny) wazlinisanausunsinueg 4 aegld
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mi@jLLasuamgGiNﬁa'qwa&iamﬁmﬂuﬁaiwaq@ﬁau (Loi, 2017; Ratminingsih et al., 2018; Shen et
al., 2020; Stephens & Winterbottom, 2010) Snits ﬂ’liL“?JEJuﬁJuﬁﬂm'ﬁL%‘EJui (Learning Logs) Faudu
ﬂﬁﬂu‘i‘ﬁmiﬂizLﬁuLi‘]umiﬁ'aui (Assessment as Learning) %ﬁﬂﬁé’ﬁsﬂmimmLLazL%mﬁmﬁ’u
nsi3euivesnules ufinsidadegaudeuazyaseuvenuies Woaiisuuimslunisuddaym
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Abstract

This research explored factors of embracing change in teachers' learning management
according to the competency-based curriculum approach. It was divided into two steps.
In Step 1: Qualitative Study, the informants were 10 experts. The research instrument was an
in-depth interview form. Content analysis was employed in data analysis. In Step 2:
Quantitative Study, the sample included 611 grade 1 - 6 teachers under the Suphanburi Primary
Educational Service Area Office, chosen by the multi-stage sampling. The research tool was a
questionnaire with a 5-level rating scale, having a total reliability of 0.971. The principal
component analysis and Varimax rotation were used to analyze the collected data for
exploratory factor analysis. The results of the exploratory factor analysis consisted of 5
components, namely: 1) understanding of the changing situation, 2) collaborative working,
3) helping each other flexibly, 4) solving problems and support, and 5) idea generation. These

components could explain 68.39% of the cumulative variance.

Keywords: embracing change, competency-based curriculum, exploratory factor analysis
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uazdinnevideyadinunmiieiilugnsaiadosdelunsifununuas e eideyadaliua
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Usgaufnwianssaus 91w 4,821 Au
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98551319 0.315 - 0.849 wazdiAs1eviA1ANW el (reliability) IngiSmArduuszdnsuaari
(0-coefficient) U84 ATAUUIA WU LANMINUTDLUNIRUU WIHU 0.971
< ¥
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4. mydwszvideya
1.5 39871518 T 0y alfeUT U (quantitative data analysis) Tagldn1siiasign
29AUTENOULTIE1929 (Exploratory factor analysis: EFA) Lﬁa%’mﬂa‘:masaﬁ’mﬁmﬂs Tagvinisana
29AUTENBUMIEITITRIAUTENOUNAN (Principal component analysis: PCA) kagyiNIsnguknubUy
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fazihlUimsziesrdsznaussly

2.3 NNSASIFADUAIULRUNS FUVDUUNI NFANAUN UG LUNTNTIN AIUN1TATIVADU
Bartlett’s Test of Sphericity a2 Measure of Sampling Adequacy (MSA) LagAIMULNNUIZAUVD

Aandsumazfi laun1Ina13aA1 Measure of Sampling Adequacy (MSA) Tum1519 anti-image
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matrices §991nmsairsmindanduiusgiteidoniianey arlawes-lives-lodu (Kaiser-Meyer-
Olkin: KMO) Faifuriildinmnumnzanvosteyaiiazihuniingziesduszney nan15iATz
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aasliigovie (f=3) eeAUszneuauaunsalunisatuayuwaz AvuaidenulusuAg gnsInudl
wananuAniuImsauayuieus Ul A aues (F=5) aedUsgnaumstisivaeiuies
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puLsidesdinnldsuuvanieliianisdsunisaeunulmifvnz ausuiniFeulugaiagtu
(f=6) peAUsENBUMIUS U fnssnanduansamdaiuindensiaedgymilunisdanisdou
nseeufoslsuUguAluiudl (f=5) ssrusznouarudilaaniunsal gmsanandiuanamIufAnLiudg
agsivinuzlunissuilesedng@isng q (f=5) eadUszneumsiliimuadfinuas Ualaning fnssnand
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2. nanFinseiessUsznauiagdusdnisusudsenisasuutadlunsdaniaiFeus
YDIAFAURUININSNANTTIUAUTTOUY

Yoyailuvesasiifunguiegndluniside s 611 au wud daulaidumanda
91w 526 au Andusesar 86.09 sesasunduneayey 1w 85 au Amdusevaz 13.91 uas
dulngjausyaunsAnuUSygns 91uau 439 au Andusesay 71.85 50989119UTEAUASTANY
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Seay 0.49 AU

nsUsusenisasunladlunsinnisSeuivesas Usznoudae 50 Ut annsoardn
p3AUsENOUYRINTUSURIReN1sId sutUaslunisdnnisifousvesngauuuInandngnsgiu

a1550Ug 1@ 5 99AUTZNOU TNUaLLDUARIT
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gmammus
Initial Eigenvalues Extraction Sums of Squared Loading  Rotation Sums Squared Loading
Factor Total % of Cum. Total % of Cum. Total % of Cum.
Var % Var % Var %

26.495 52.991 52.991 26.495 52.991 52.991 9.811 19.621 19.621
2.878 5.755 58.746 2.878 5.755 58.746 7.310 14.620 34.241
1.773 3.546 62.292 1.773 3.546 62.292 6.918 13.837 48.078
1.726 3.453 65.744 1.726 3.453 65.744 6.450 12.900 60.978
1.324 2.648 68.392 1.324 2.648 68.392 3.707 7.414 68.392

U A W N =

50 031 062 100.000
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aedUsznavfl 2 dalownu (eigen value) Wiy 2.878 anunsaesuieauwlsusiulddesay 14.620
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29AUZNBU JaAau
1 2 3 q 5
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NTABUAIUNENGRTFIUALTTOUE
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(02) Winriu 0.62 wazlunsidenldguuuunsnsIa iR LIULUUERTI9RTIAT R UUN TR deY

e (p x (i : 1) nuddiandudssansnisasuansdsdmsudnduladuing(o?) wiriu 0.70 wazilen

s
a

duseAnsnsaguandadmiudnduladuysel (o3) wiiv 0.66 nsiluldamsienldmududssans
n1saguedsdmsudnduladuims(cd) NA1wnn FensatunaeinisiinskuuwuuinAIuAn

#519835ALUUBINGY

AEARY AINNARAT19ETIA ANKUTUTIL duUseanEn1saTUeneds

Abstract

Creativity is the process of creating something new and different from the original. It is
something that happens within a person. The objectives of the present study were: 1. To
examine the behavioral indicators to measure the creativity of lower secondary school
students; 2. To design and develop a creativity test for lower secondary school students; 3.
To examine the quality of the creativity test for lower secondary school students, using design
research. Data analysis employed the SPSS (version 28.0.1) and EduG (version 6.1) ready-made
programs. The findings revealed that, regarding the quality of the creativity test for lower
secondary school students, the Intra-Class Correlation (ICC) had a value between 0.37 and
0.99 (G-Coefficient). The examination of the components' variances to see how they impacted
the reference summary coefficients (G-Coefficient) indicated that when the rater scored every
test item of every test taker, or employed the scoring format (p x i x r), the maximum value
of the interaction scores between the test taker and the test (02 pi) was 0.59, accounted for
47.20% of the overall variance. When the rater scored some items of every test taker, or using
the scoring format [(p x (i : r )], variation was discovered in the test taker’s interaction scores
and the test items that each rater scored (0 pi : 1), having the maximum value of 0.59, which
accounted for 47.90 percent of the overall variance. To use the inference theory of
measurement findings reliability (G-theory) to compare the inference coefficients. It was
discovered that during grading the creative exam, the examiner selected a scoring scheme in

which the examiner reviewed each test taker's answers to every question (p x i x r). Its decision-
making generalizability coefficients for relative (G%) is 0.74, while its generalizability coefficients
for absolute (Gi) is 0.62. And every examinee's questions are examined by the examiner using
a scoring format [(p x (i : r )] Its decision-making generalizability coefficients for relative (G%)

is 0.70, while its generalizability coefficients for absolute (O'i) is 0.66. The group-based

creativity grading criteria ought to be used in the implementation.

Keywords: creativity, variances, generalizability coefficients



MIEINTIANANITANYT UNINYINMIEIIATY

228  Journal of Educational Measurement, Mahasarakham University

unii

PuAnasassa Wunisadnassadslminuanaeluaniay Wuaudnivainnans Anld
v 1 v & a & a 1A = 1 v v S

n3slna nanewivateyy wuralsnakazaunn JJudduinldwedunney 1Hn1sla wasdany
a 14 f=2 & a = al' a a s 1ala ! o !
wiinzay AnuAeassasIAIudunisAaiienisidsuulasndanulugdduainandt audlug
nsAndusanluNAMNAAANNTegdAuAnlui q Nldeduineu iemaneunangaliiy
Jeyyiiiadu deazlanaansneaelulaed udansonisonin "uinnssy" AUARAS19ATTA

<

HusimuaanumieuvestiniFeulumsdidlanmevhouiifimdudeunnniulutiagiu msweadiu
unansyinulvg o vseAunukwdAnlral 9 agldiuTeulunisiau wasmsuwty aseunguis
Warny waraiuueInsgnsedAneIsnis ﬁﬁmummmwmm@ﬁauﬁmuﬁm%u Ao ddlasu
afuaylianufnwiwingnsguanssaurlugnsuiiResafuguuuy Weaaussousiiddny
SududmSuamssui 21 IfuglSeu (Chareonwongsak, 2002)

Jziuliin ArwAnadeassatunumiindrendusdazesdns winssuaunisadaimsin
AUARES19ESSATLARTY AIsEinsEUIUANT Tumeu TikansianisTauazUssidunuAnadiaasse
fiAnTuveusazyarsegmza aunsoisdugiudioldlunisinanufnateassdld Tnedi
515un1sadelonnvesnnufnadeassdae Gulford (1967) Aildliannunune eafuainudn
a¥reassAlicdl mwdnadeassddumuannsamsanesiianldognadudou nislna venefirma
vioTi3undn Anewuntl (divergent thinking) waz Guilford (1967) léasunsasdusznauveianinudn
ainvassald 4 aufe sruanueasslun1sdn (fluency) Aruanudangulunisdn (flexibility)
FrumuAn3iSu (originality) wagsuauAnazidanase (elaboration) Wi oliinesanisianauan
a319a550 warlunszuiunsuseidiuy mmﬁm%”maiiﬁtﬂﬂﬂugﬂLL‘UUﬁéfaaﬁsﬁaaﬂaﬁgﬂuiwazlﬁm
vosdoyaBiUiuna wazdayadenanin idulusiuiu irunsviruduiiuiennuaseuagy
ImamiﬂﬁzLﬁmfuL’f]umimmaauﬂﬁmiqmammi’mqﬂizmﬁﬁﬁmuml”i (objectives-oriented)
FretnausansaumeAiionsindula LLﬂ'ﬁgLﬁIEJ’JS?JIENﬁ‘;\mmEJ@EJ'NEjSﬁﬂ (Kanjanawasee, 2021)

nszvuMsddgfimsnaumugluiunisfnumnudnaiaassafe nquinisasuéneds
AU ofioveinanisin (GT) Mafi Kanjanawasee (2020) Lénanalisn Wunisfinwinsies
amnuindedevesnansin viomandieduaniunisaling  vesmsinilvmsunas muaLuas
anueataedeuldnsUsziiu Tngldignsiaszdanunususiu WhandagluniseSuiounawes
AMUAAIALAG BUT LARINMATBLMAY (multiple sources of eror) N15BENLUUNITIAlUNG Y]
G-Theory Lunseenuuuanumsailunsialiifouly vie vinem audifussiduaula Wy wiam
g7 @0INLEN W30 ANy Lﬁaﬁwmﬂﬁm’f@yjaﬁaﬂaLLazﬁﬁiﬂii’ﬂuﬂwﬁﬂm D-study mialy
ToednuarnseenuuuIznaTifies MyiakuUaasem (two-facet design) 3 AN Y] G-Theory
aunsavenldin AnuLUsUTIUNS oALAaIALAE auveIn T TmAnanuraslauntesiiieale

I
Y v Y

InguvdsvesnuaaInAd oulzknnaeiueanlunun1seenkuLreeIde viaguwuuled (crossed)

Y



Ui 30 atiufl 2: nangreu - SunaAu 2567
Vol. 30 No. 2: July - December 2024 229

WUUWKA (nested) n3auuuualau1edu (partially nested) sudnalviaiuisaniuaulaeg1ansagn
wagUszuuAduUseAns n1sagudnede (G-Coefficent) MiflsuwinduussAns A esiuno
fuUsyAvBanuniies (reliability) Tnesiatuludl ssdusznaummuuUsUTIUidINadonuAaALAT DY
Tunsin Tnsusnfinsaniiiedndulald lu 2 dnwaz Aensdndulaisduysal (absolute decision)

wazn13indulaedusivs (relative decision) FUBgAUNITINUHUNITNAABUINBINGUNTOBUNUIN

'
=Y

a ¢ & 4 < < = v a < a ¢
wunnsiaseiiluaestunoume Tuwsnilunisdnewiion1sasussds (G-Study) 1unsinsien
AULUTUTIU (ANOVA) v8usiazainlsenoukasU]duiusseningesausenau wdiussuinan
H @ i = P v o g o = = v a
Uminves wnasnuaanedeulidululavimvan wagduiiassnisnwiienisandula (D-Study)
Junsldtoyasn G-Study eanuuunisiniivinlinnuaaimndoutiesigauasliadulssans

NN3a3U81984 (G-Coefficient) g3 wiwzan Auavisal Wululdaauniselass (Tuksino, 2021)

U

nszvIumMsadylunTTRILIAuRUUYe AT 0l TIRRUARAT19ETTA TuauiliITy

a

WWonld NT3UIUNITVRINITITENITRONLUY TIHNENNITEIAYVDINITITENITODNULUUAIN
Wongwanich (2021) lananaliin n1sideniseeniuuidunisisedlinisieuduiiy veauinide
Uneenuuy azdnuud diudrrgyfenisideniseenwuuldanunsailadnsalaednideauien

ANENe ARelllinUUR wariiunugineatassineglunseuiunsviume Feaiunisidediiun

Y

(% (% '
) v %4 A

Hu 4 dupou duneufinds meifedsadusudodiliensualamuidnuasaudesnissiiu
v0fld Sumouiiaes niseonuuLLaE ML FLLUUAElENguindnns Tuseuiiany niniduLuy
dn1smaaes UitAuazdsuiliuna wardunouiid nisadrmdnms/mouinseonuuulu nndunon
A vateaiuAanssunnTiTeiieoonLUUAULUUTBIRIUNINLYS karA1TTFULUUENTMAAD
UAUR Ysziliu wazUsuuzaauianadiia fupeunisineenuuuannsasiiiunisdeunduluuls
YINNUINSEVINITeRNLUULAY HRAILNAS N TUTUU A laLianfs
wiaaflelunsTnmuAnaseassediuguunain Guiford (1967) uae Torrance (1964)

ASUUNAADUNTN U NIT IARZUUUAINUARNES 19855 kUseanlu 4 AU Ao suAuAaadlun1SAn

'
a

(fluency) A1uaudanguluni1san (flexibility) A1uAIINAATIT Y (originality) hazAT1UAIUAN
avidenana(Elaboration) wartAIaalanlylunsInAINUARAS19ATSANITDLESIIULINIIURITNAR AB

wuuneg U WU LAz eankuUlag King (2011) §iB839eyau lateral thinking 7llunisinuay

L

WalurAuAnaseassamnadududiseu Inewiulunenudanuwlanluyg iusnudanlilinisée

Y
(%

wuuasslumsatunsouvemdnumaraun® wewn 9 sudtanunsailululy Sudwasenadwsnasly

[y

YINTIHAENTHTINNUTAIANTI HaUINNTINRALT

Va v < A

adededinnudanilunisaiiuuuinaudnaswassave s eulussaudulisoudny

MOURAUNIUNTEUIUNITIUNITRONWUY TILIUNT ABUANBIHDAINABINITOUWIRT VBRI NMsasng

wann1stuneundanudavgumneanluudazuiun useandenisnisluusazdunawiionts

' 1%
aal

USuUgsuasiaunfay Inewuanulidwsiy wenauiilinguasedenisinanuanasneassa



MIEINTIANANITANYT UNINYINMIEIIATY

230  Journal of Educational Measurement, Mahasarakham University

fifmmuaaaiunisaivesuuinduaniunisalmsiansanamitaiunsaueslduinndi 1 gUuvy
TagnsthesdnudifeafuesduszneunuiUsUsu sULUUANELTUS warduUszansnisasy
1999 lumquinisaguinedammniidefiovesanisia weenuuuznuunIanITlriesLuuLUUTR
MNuARATNATIA e muANLTAIMNAAIRIAAeY {ITElAANYN 2 psAUsEREUMLLYIYTIU
(2 facets) weninieantniseulseudnwinoudugaeu (person) Sulaun nsia(rater) Lazdodeu
(item) IigUuUUNMIATI9ARgURULIB1FluNSARwY G-Study #UA P x | x R Design wae P x (1 : R)
design Lilpandvdnadeianainaainiadouveafusziiu nanfe navesnsliazuuunsUsuiy

YodusarAY Ingiutinusviliumsyanussdiuanaadnuasinuiweieisdln

AU MY VBINTTIAY
1. iefnwingAnssuustlunisinamufnaivassavatinissutulissufnuinauny
2. \WeoaniuukasimuILuUInAUAnasvassAvestintutulsenfnyinousy

3. iansivdauAuNLUUInAUARaS19aTIATRITnTsutUlsUAN WInUAY

 a v

uddell dvanlunmsandunumuingUszasaiiednniymasmeinssuusnidudym
TUNSTAANUAAES 19ETIAD UAIADNITUILUINIINITALL UIIUVDINITWAIUIA UL UUYDILUUIA

ANUANATINATIA baEATIVFOUANNMTBUUTRANLANAT9ATIAvRITn SeuTuliseuAnwIna Ry

& a 1

el LANNT A ULUUTD I UUNAAEUNITIAAUANAST19ETA NaLaTUNTTINTVRIATHNTIY Uay
vala a v Y v ! v v a = < v A 1Y
AfduneveniielineuausreaiudaniIsved lduniian lnelivszvinsidudniSeuseau
FuilseufAnwinousuresdminuassvdun wasngudtegrnduiniSeussiutulisenfnwinausiu
a 1 <) a I a = I =
310 4 lsesguwvadulsalourualng ey aniudnwivuialvg aaiudnwiruinnale iag
= < = Y o A | ? <
A0UANYIVUIALEN @nTUANYIA 60 AU FINNIEY 240 AY Anlunisiasudsnisiiuteyaseanily
3 538y ARl
1. NFIATIEVALEITID
sroriifunisafiunisiiiedadnvay nRnsTuusd LazodAUTENaUTBIANAR
43198537 NUNETRYAR1N 9 TIUTINTELATDIFIRE1ATBNMBNTIAAINANAT9ATIA Nslduuy
TANUANATI9ETIA LU ke daTINAYeINITITULUUTAAINARES19aTA TaAsUTuUTaadsll
SULUUYRALUUIAAUARAST NS IALUUAN 9 Andunisuuinisiiudeya duasiziesdusenaures
ANUARETIETIA Toyanlavianue ihlUdniseeniuukasimuluuinAuAnaseasIATed S ey
Tusgauiiseufnwinausu
2. DRNKUULAEITAILIWULIAANUARAT19aTTA

dIdeliponiuulas i ILuUInANANEs19ETIA 51vasBentunou Al



Ui 30 atiufl 2: nangreu - SunaAu 2567
Vol. 30 No. 2: July - December 2024 231

2.1 AnwuardunserieInusenauTeenILAnas19Es A

2.2 9NLUULUUIAAIUANAT19ATIALASN AU AL VUYL UUIAANUANAS 19aTTA
o ¥ o Al vy o ° | a & % & a
ermnunla UV WeIvydua 5 vy asiaaeuaunsaliailont wieunduuuiauouus
WiesulsenunmeIasile Tunisimuinuuinlidusednsamuindsdu uasdnan1snsivaey
wUsulgauilatadniuaudwusii neuiwuuinanuAnasassalunuteyadunqunaaedld

[
(% v A YA =

(try out) AurinBeutusisonfnwinoudiu S 60 Au way YFuusstoman Wethuuuiaauda
afassaiianud U unduseens

2.3 Usgiluduuuy wazUsuundemanulukuuinaiufnasneassa lnefiansaiain
mMyiesginasinislinguul uazinaeivesnsTviazuuufinisuuuss inawinslviaguuuiiseiu
1-4 AZLUL VBIDIAUTENOUARYAUTDIAIUARAS19ETIA

2.4 favhyadeaounuuinmiuAnaiisassaveriSouiidauawanuInuein A1
UOSTERING

3. MyduuinANUAnai1assAgNISNAaeItuNguMIeg 19T U 240

mssudunsludumeuiifunisdiiunafiodssiiuuarasiounansmaaoddiuuia
muAnasvassivesins sutulssudnuineuy (Funsnuwe) Adnsasiounumanas Ty
dieliAnnsUsuUsuAly Sduneudsd

o o

3.1 ITAITTLTI azn1InTaliAsUUNTNTIUd NS UNIT WU UIRALAAES19ET TR

[
=

Jymilistuszrimansialiasuuy wasiananiaymiied

3.2 difunuureaLuuinnuAnaisassd Miidemaminesdusznouvesaiudn
a%19a93A T 4 asdusEneu Afinauslunislfasuuy Wemslrrzuuuiifinunm Taefuuuutaiia
sanueaniuntsal Wudnidhgnseudniuesesdusenoumiufnadasidi 4 osuszney
TnousiazesAUsznovazlvinzuuufuazviiufe Azuuuganegidnuas 4 asuuy sruvisdeazls
16 Azuuy (foaouiiviavun 6 4o savisdu 96 Azuuw) shnsiudeyasssannguiogneifldlunis
Audoya iluinFeutuisoudnumoudu fiFeusgludnisfne 2566 vedlsaioulusimda
UATIVEHN ﬁﬁmwﬂ,m?ﬁmiaﬁmwamasﬁy’umau (multi - stage random sampling) 911U 240 AL
Tngvinsiiusausandeyaludag 1 fueieu 2566 -30 Aueteu 2566

3.3 funurudeya wuineruAnadeassd suiasfounisldnuuuuiaaudn
as1eas3n sugllensinAuRnassasATiALTY

3.4 MIAATIEvdeya W evAumYesaIesile HiunTUsEIuNTUNgNsUR TR
(implementation evaluation) fildnvazasinisusudfiunisiuinnssu/ndesdiedivau Tagldnis
ATIER AID1UITMUN (discrimination) A1AIINEINGTE (difficulty) Aunssdaiien (content
validity) framiisaszninadnsa Ardulssans msagusnadsdimsunisdnauladeduysol

a

AduUsEaENsasUaeBsdmsumsdnaulaigadusivg



MIEINTIANANITANYT UNINYINMIEIIATY

232 Journal of Educational Measurement, Mahasarakham University

3.5 asnmannislunisasreasedletnanudnasisassa Wundnnislunisadrsuuin
AINANET19ATIANIUNTEUIUNITELELUE USuUssunlaluadiuaenndesveinisiiasuuy

ANMUMLNZaY azanunsaunulvla

NANIS7Y

mu%’amiﬂ'ﬁumm‘%lmﬁamﬁmmmﬁma%’waﬁﬁmaﬂ;:J:L‘%au Tuseiutudsoufnunoudu
Tneuszgndlivquiimsagudndemmunideiovesnansta (GT) fiduauenanisiinszitoya dail

1. HANIATIVADUANN VDUV IAAIUARNATIIETIA

NAN13ASI9dRUANER AL eduTBILUUTAANARES 19ATIA U ITNIT DUt Ul sELA N

pousu FiTeldinenuuuuuinaudnaivassdlulifunguiaegnanis AotnFeuduisendne
pousiu $1uam 240 Au Tn1sfinu 2566 dsfndninnueiufinsfnwuasssdiwdailulvings
A7393 990U 3 AU AsabiazluuLuuiRnuAnaseassalagldinasinisn s liaswuuluy
AAsEvies nan1TIAIERANaR ALl eeRuvRILUUTRALARES19EssAYeeTnE suduss N e

ABUAUAINLUTHNTU SPSS Aduandlum1se 1 Aadl

M13519 1 LansA1 Cronbach's Alpha waz Corrected Item-Total Correlation v9383AUTzNOU

ANMUARASI9ATIANG 4 89AUsSENBU

aaFlIznau T Corrected Item-Total Correlation Cronbach's Alpha

AITUFAAASDALLAED & Fiul 703

(Fluency) Fluz 226
Flu3 703 753

Flud .349

Flus 390

Flué e

AANAFT L & Oril .853

(Originall Oriz2 226
Cri3 922 818

Crid .818

Cris .B41

Ori6 270

ATLFARRzIBuRaaD & Elal .207

(Elaboration) Elaz 339
Ela3 .443 712

Elad 694

Elas 694

Elaé 400

AUAREREL & Elal 175

(Flexibility) Elaz .199
Ela3 .843 740

Elad 859

Elas 116

Ela6 859




Ui 30 atiufl 2: nangreu - SunaAu 2567
Vol. 30 No. 2: July - December 2024 233

91NA1599 1 U3 #1 Cronbach's Alpha 7lflun1sUszanaiaudesiuuuanudonndos
meluvesruAneaeIwaal (luency) iAWy 0.753 AuAASISx (original) dawindu 0.818
ANUARaEIBEAnee (elaboration) AWMU 0.712 wag ANuAngangY (flexibility) daafiu
0.740 d@MFUNUIN1TN15U1A1 Cronbach alpha WAULAL wuvaeunuiaiud ety 0.7

18AINI A1 Cronbach Alpha aasiiauinndi 0.7 Fuld feaziFeniimiunes

2. namsiTeuiisuanuiissvesuvuinaudnaiieassd aeldnudnuvazveening
Aunnsnstu Tnedseyndlinguinisaguérsdanmunindedevenanisin
NaN15UTEIIAAIANLUTUTINYDI09AUSENOUT THad e duU sz ANE saguenads
(G-Coefficient) vosuuuinmufAnastsassd Ansslrinzuuulagliinasinisnsaly azuuuuuuges
aeldnudnvurvesnsaiunndsiulaeideidvieyalasainnguiietis Tazuuunuuin
ArwAnai1sassdlagiinasinsanmslviasuuuuuugosdfifoimuniu mnduazuundildum
f-ﬁﬂﬂmmﬁﬂwamwaaué’aamé’mﬂszﬁwémsagﬂéjwﬁq (G-Coefficient) m1ungufn1sasuseds
auindefievesranisin (generalizability theory) fiinnseenuuuvinwanisindt snafu 2 wuu fe
1) {AF3NNAUATIATRADUNNTBVBIEADUNNAU [p X | X 1] WA 2) HRNTIIMTIVVeARY Lan18Yovad
faouvneu [(p x (i: )] e p uwnu faou i unu doaeu uay 1wy fn399 HaNTIATIEN Fauand

Tumnsne 2

M1319 2 HANITIATIENAMLLUTUTINVRIIAUSENOUNTINaRaduUsYAVENaTU8198s

(G-Coefficient) YBIMUUIAAIUANAT9ATIANNAURATIIAUALENVIVI(ATHABY
IYINGIANENT | AFHABUTIEIVINWIBINYY, ATHARETIEIYIAUAT-UYAal)
p x | x r design p x (I : r )Jdesign
8 8
- -
w = < = <
o B e = | E z | 2
= e O e O
w = = = =
5 o S| ES |
o 3 5 O 5 (@]
L L} L)
G & G &
DF | ss | ms | ™ DF | ss | ms | ™
P 239 1827.21 765 0.0789 6.3 239 1827.21 765 0.0748 6.0
| 23 847405 268.47 | 05079 4c4
R 2 21.84 10.82 0.0017 01 2 89.92 4495 -0.0137 0.0
Bl 5497 1014340 | 1.85 0.5033 a7z
PR 47a 89.28 0.186 0.0050 04 47a 1079.8 2.26 0.06%2 55
IR 44 46.43 1.01 0.0039 03
PR 2 10994 | 716.86 0.07 0.0652 52
IR 69 8453.01 12251 | 05079 406
PR 16491 [ 986953 0.60 0.5985 4r.e
TOTIAL | 17279 | 2131947 | 390.04 | 1.2559 100% [ 1727 2131947 | 177.9 1.2267 100%




MIEINTIANANITANYT UNINYINMIEIIATY

234 Journal of Educational Measurement, Mahasarakham University

NPT 2 HaTIATEieLLUTUTIuTRsesAUsENaUTITiHaRe AU T AVS NN TagUE 1954
(G-Coefficient) vosuvuinauAnaiassAnnnguinsaliazuuuiiiivienuandeiy asali
azuuulaglinisnsavliazuuunuuiingeviges wuin Welisunuunisnialvinzuuuiuy §nsa
nndedeuynievesdasunna (p x i x 1) SAnuulsUTIuTImR LAY 1.2559 Usgnaudie
ALUTUTILTRsAzILIURABYR s azTe (02 ) Wity 0.5079 Anidufosay 40.4 vesAnuuUsUTIL
v PLUsUT IRy (02 p) Falum uudsusiuaisesaziuy (universe score) WAy
0.0789 Anifiu Fevay 6.3 TosrmuuUTUTILT LA ALLUTUTILTBIAELLLIRAB TR TS AY AL
(02 1) whitu 0.0017 Anifuderas 0.1 vesnIuUUTUTIT IR ANURUTUTIUYDIAL LUUUNFUNUS
sevinasuuteanu(o? pi) Wiy 0.5933 Aadufosay 47.2 vesarmuUsUsIuianun
AUWUsUTINTRIRzIULURANTLS seninedaeuiugnsia (02 pr) wiriu 0.0050 Anduieeas 0.4
r03nuLlTUTIUaTIn AaulsUTuTes eruuuUffiniudssiedoaeuiudnie (02 i wiy
0.0039 AnLduforas 0.3 103AUUUTUTILT LA LAZAILLUTUTINTDIAIUARIALAG DUTD
dudivde (02 pir, e) FadupuuUsUsiuvesnuAaIandouiudeain 3 wnas Wiy 0.0652
Aniusosay 5.2 vesmuuusUiuioun

deldguuuunis analiazuuuluuganansateasuundevesiaouynaul(p x (i : 0l
WUt fnnuudsUsiusauionn Wiy 1.2367 Uszneude amnuulsusiuvesdiaey (o2 p) dadu
AUWUTUTINATIVRIAZIULU (Universe score) Wiy 0.0748 Andusosas 6.0 veiAULUTUTIU
v AILUTUTIUYRIAEUULIRABYBSERTIY Uiazau (02 1) Widu -0.0137 Anduiesas 0.0
voanuilsUTIUTavan AnuklsUTuresazuuy Uduiusssriadanuiugnga (7 pr) winiy
0.0692 Aaidusesay 5.5 v0eAIULUTUTIUT 99UA AULUTUTINTBIATUUU U FUNUS TEN T4
Jodouiudnsrausazau (021 : 1) wiiu 0.5079 Andudesas 40.6 Y09 LU I NN uay
AsUTIuetLAaIAR s wTS eduTimEe (02 pi:n FadumnuuUsusmresnnuAaneaoy

Ad0910 3 Wrad wiAu 0.5985 Antdusesas 47.9 UaAnuLUsUTIUTaNLA

3. wanisiUTeuifisuAiAisaveanan1sn sl AT LULLULI AR ARES19ATIATIASIA
InzuuulagnTIf9a 39l

fAfeliimanisnsalirsuuuuuae Uty inmuAnaivassdvestindoutusisoudnu

poudu lagldinuginisnsialiazuuuLuUIAIIZRgDY (analytic scoring rubric) Inumnsialazuuu

a ol a

INNGULNTIINT AR 19E1UT VT W UTeuiguAImULes (FuUseEnsnisagusneds) ves
119959 MAZMUULUUINAIUARASI9ETIA HIUTULUUNITATID 2 JULUU LAk 1.115093309deu
untavedaaunnay [(p x (i:r)] 2.n15a51avndevesgaeunnau [p x i x r] enTINAOUAMA N

YDILUUIAPNUARAS19ATIA AInERIlUAISI9 3



Ui 30 atiufl 2: nangreu - SunaAu 2567
Vol. 30 No. 2: July - December 2024 235

M1919 3 N1swSeuLiisuAnduyseavanisasuendalaglingufnisasudnsdnnuuniete

YDINANITIA (G-theory)

; 2 2
FULUUN1IM923(Design) Ps PA
p x| x r design 0.74 0.62

p x (i: ) design 0.70 0.66

211919 3 nadTeuiiisuAndulszaninisasudedaslinguinisazudredanny
Yndefiovainanisin (G-theory) nuiilunisnsialiaziuunuuInauAnas 198358 wazidonld
sUuvuMIn T liAzLuULU UL SR TIaTedeunntevesaounnau (p x i x ) SA1duuszans
msaqﬂé’wﬁqé’m%’uﬁﬂﬁﬂa@aé’uﬁ’m‘(pg) Wiy 0.74 wagdanduuseans nisasudnededmsiu

daauladeduysal (0F) windy 0.62 uaglunadenldguuuunsasaliasuuuuuugngm

n31tedeuUIItBvasapunNnAY (p x (i: 1) nudrllAdudssansnisasudrededmsudndula

a1 o a £

Taduing (pg) Wi 0.74 uaellendulseavisnisasusndsdmiudnduladuysal (pﬁ) Wiy 0.62
4. naFeuiisuamdissansnsaguéneds é’ww%uﬁm%u%ﬁuﬁwﬁ(o(zg) WazAY
msagUdsBadmiudnauladuysal (05)
Tuns3euiisuAduussAninisasudneda Tagld D-Study 113U P x | x R Design
FuansuduiusvemsIen1storay (item) fifls 1y 8,16,24,32 uaz 40 AY U IUIUEATID

(Rater) M9 WA 3,6,9,12 waw 15 AU lagiUSeuiisuAduusednsnsagueneds dmsudndule
L U 2

I3 2 1 a £ Y a o v v Aa [y I'e [y
Wins(05) warmduusyansnisasuansdsdmsudnauladuysel (0y) duandunisa 4
A1979 4 uand D-Study @15V P x | x R Design MLa@niAudunusvoiA1518n1598A1014 (item)
IRV (rater) IneLUSeuiisumduyseananisasaneds dmsudnduladuing(c?)

wazAduUsyansnisasuindsdmsunisanduladuysel (o3)

ESTIMATED VARIANCE COMPONENTS IN D-STUDY

m 8 8 8 8 8 |16 | 16 | 16 | 16 | 16 | 24 | 24 | 24 | 24 | 24 | 32 | 32 | 32 | 32 | 32 | 40 | 40 | 40 | 40 | 40

“f 3 6 9 12| 15| 3 6 9 12 15| 3 6 9 | 12| 15| 3 6 9 12| 15| 3 6 9 |12 | 15

050 051 051 051 051 066 067 067 068 068 07d 075 076 076 076 079 080 080 080 080 082 083 084 084 054

036 036 036 036 036 052 053 053 053 053 062 062 063 063 063 068 069 069 069 069 072 073 073 074 074

Og 007 047 047 007 007 004 003 003 003 003 002 002 002 002 002 002 001 001 001 001 001 001 001 001 001

Oy 0.14 0.14 0.13 013 013 0.07 0.07 0ar1 0ar 007 004 004 0.04 0.04 0.04 003 0.03 003 003 0.03 0.03 002 002 0.02 002




MIEINTIANANITANYT UNINYINMIEIIATY

236 Journal of Educational Measurement, Mahasarakham University

a & 1 [ a Q‘ ¥ a v N ¥ a

3101579 4 nan1TATIERAdulsEAngn1sasusndalagldnguinisasudndening
UNTolioveIanTin(G-theory) §3delaimanisiaseyt D-Study dmsu JUkuunsnsIalvinsiuy
WUURR5IARTIT0aeUYNUevesl@aunnNAu (p x i x 1) LWUIBUMIBUNIINTIAVOIRATIATIUIU 3, 6,
9,12 way 15 AU AU TaA10U 8, 16, 24, 32 waz 40 o vasA1duUszansnisasusndelunis
OJQELQOJ L4 2 wavua‘ 2 IEL '”LUWQQ‘ ‘Uy QEL
Anduladeduysal (p3) wasiBeduing (pg) wuirlunsvageuarduussdndnisasudnedsluns
anduladsdunimsaziiniuinnii arduusednsnisasuensdslunsdnduladeduysaluaziioninis
NAFOUANULUTUTINYRITIWIUEATIINUIATIRonUN Lalsnaiy ualdlavinsnaaeuaNuLUsUTIU
YITIUIUTIENTUULIAANUARATI9ATIAN UL AURUTUTINABUY9gS TngA1AuwlsUau
A 4 o v o v = o w a £ Y a v a A& o o ¢ 2
Mgagailomuualidnuiugnsiand nulmdudssansnisaguansdsdunisdnduladeduing (p3)
wareAduUsyansnisauoedslunisindulaudeduysal (p3) iiuAuauIUIUTIeNISVIRUUTR

ANMUANATIIETIA

aAUsekHa

MANANITITE 198715189 nansUTEINAIAIANLUSUTIUYRIDIAUTENaUTI s
naduUsEANS N13azUsneds Aifinnseenuuu 2 Weldun Sutudedini () wagduaugnsia ()
fisnafu mumquinisasusnadannuindeiieveamanisin lunsinun G-study 715l 3 eadUszney
léur faeu (p) Swudeseu () uazdwaugnsa () ilnseenuuunisasalaednsiansiateasy
WnUavaeaaunnAL (two-facet crossed design) JUKUUNNTATIVVIAZUUULUULATIINSIATDEABU
NNToVRIHABUNNAY (p x i x 1) WIBULTIEUNITATIVVOE MTIT1UIU 3 ,6,9,12 Uag 15 AU AU
YU 8,16,24,32 uazd0 e maaﬁﬁé’mﬂizﬁm%‘ﬂﬁaqﬂé’wﬁﬂﬁm%’umiéfmau%]L%ﬂé’ugiﬁﬁ )
uaziBadning (p2) wuilumsveaeurddssavimsasusdsdmiunsdnauladediusinas e,
1NN Arduszansmsasudededmiunsdaduladsduysel TagAnduuszansmsasusnads
dmiunsdaduladeduysel (p2) axfiduniiged 084 1 ed1uaudomnuvesuuuinaufn
a¥aassAil 40 Fotuluuaznadl 9 euduly uarArdulsrandnnsasudidsdmiunisindula
Weduysel (p3) %ﬁmmﬂﬁqmﬁ 0.74 Besuudermauveuuianufsadeassad 40 Yetuly
wazfnsradl 12 autuly Wevhmvaseusruulsusiuwesiuaudasanuitmfieanslaisaiuy

Tunisihluldvesuuinauanasiassd fideuuzilildinaueinisdaduasiuuniiudn
afuassAnuudangy TumsnmaiamiuAnaiiassdvesiaey Suinrsananduussansnisasy
§redadmiudnauladsdusing (p2) fa1unnin ardulseans nisagudisdedmiunisdadula
Feduysal (p2) udevadlunindenlfinusinisiadusuindedemaduuuudngy Fanmsfine
(G - Study) 1Uun1sAnwTeagus19891811509NLUUKAZILATIZIAILLUTUTIUTDIATLUUATS
LAz ANLULUTUTIUYRIAZUULANLARALARBUIINUVANS 9 Tihaule et nanrldlunisesnuuy

D - Study ¥4n15@nw1 D (D - Study) WunisAnwudesdndulaidenlduvuinaiufnas1eassa



Ui 30 atiufl 2: nangreu - SunaAu 2567
Vol. 30 No. 2: July - December 2024 237

Tuanunsalang 9 waamuaAduUsEans LU LI tovesAz Ul (G - Coefficient) LUS8ULTIBU

Y a

AdulszansanuddeisnazindulaidenliuuuinaudnaswassafiawsadnlUufualaesa

[V
v A W

bilaazuuuasuilianudeiefszAuneanis (Kanjanawasee, 2020) Fslusuifelunaifide
LU UIUBUUIAAINUARASATIATLNUIL@NYDIVAI0NN N191U3U 24 98 BUANNITOIAAINNAR
aseassAlaegrmeamung lifnanudiesalunsviuuuinauAnaseassAveaay wagady
diesdweadnanniulusuasdmaneUssavsnmlumansinlinsuun duldrmdudssavanisagy
Y a o U v Aa uuo‘zc{'nd‘dddl d‘( d{'q‘y | 1 a'dy

gedsdmsudnauladuivg(p)nunvetiefelen 0.74 Fuly lnelleiiansiadmanionsiiuuves
nsasUsedennuidetievenyiveudein Jamnsadenldduiunsiavitladlanuainy
ABINTITHAENTNEINTNTTINAVDINITY TedannaaaiuAINg1I909 Mehrens & Lehmann (1973, as
cited in Buasiripan, 1999) @ana1231 msasialimziuuannnd 1 au lagldrzuuundoidunsiuu
ANNEINNTIVRIKADU Fevslananisinfidanuiiesasiy wagnisunlulddugldasamdeiauiun
Tunsin TwSeswes a1 MuINTeA 10N MMndwINtemaiNinnulletaliinanudissan
M RsIuazau nan1snsitliazuuui deialinsaniuauduese anuan1siwsieinny
wrldadnnsddunudasiannnuazuiudedauuinavdanaliaaiedunisnsialiazuuy

d%l 1 ;Jl dﬁl a U d‘ dl 1 1 1 ﬁl & ¥ U a
g97u uansiasiansandadedundwmasonuundeieveinisiiazuuy Usenaunisindula

BN lgINUIUYBIVB AR UL AL

JolauBuuL
1. Jatauawuglunisiinanisideluld nisdunueinisasialiasuuuLazuuInAINLAn

adassdluld idoiauouuy wuamadsdl

1.1. wuudnanuAnassassaanzamsunsihlvlinedeu wazdn AnuAnas1edssa
YesinGeutulsenfnneudy TnsuuuiamuRnaisasseasinmun 6 aaumsal ¢ Fofmaudes
wazldinalunsiuuugeusiuau 60 Wi lunssuaumsiafiisruiuanunisaivSunasnnanane
auwiiosdvesnsvuuuinenuAnadieasse

1.2 lunslirznuuresnuuinauanadeasse Amuizanlunisinluldegaialy
\HussAUsznevvesmNAns 5u uazauAnades filumsinazdmemiiiosiigs nslvazuuy
Humsbiinssmunsevvesdiaey ansailuldlunsiauasliazuunlilaoynnaimly

1.3 msasuasitmuinasimndulufieaseunquimeuiidululdimun waransn
USuugstiangulanugaade wazniana

2. arausnurlun1svinIduasasaly

2.1 3nmsAnwaddeluasadiive wuinlunisnnalvinguuuvesnanuaneaiy

'
| o

fiA1AudenAReY YBIN1TNTIAALLULEY Fenguinsiaddnuiuiiaeudiedes (3 au) Aty

9 Y



MIEINTIANANITANYT UNINYINMIEIIATY

238  Journal of Educational Measurement, Mahasarakham University

Tunsfinwiassdely msfnwinguidpafiidiuiuanndt 3 au wdahmanisnsaaliazuuy
uFeuliieuiu Indenasionnnwyesn1Insald AzuuLuAnseuvdelsl

2.2 lunmsinwiadisiely amsdnwdieuiiouin lunsdliduluuinnuanadreasss
fifswusensdedamuaraniunisal anas ieanaaiiesdvesdasy waglunistluldsn
mslidasan S1uau 24 4o Wemumnzay

2.3 lunislviazuuunuinlunsasialvasiuuseyanavzdindinnuuususiulunisi
AZUULAUANATINATIAVBIERNTIT Fafulunsdnuaseoly Asadrsuazeanuuunisiiazuuy
AuAnassassAmduLuUdeusatusruvesulay wazamnsaliRzLLUReUNSUTUT AU ILUN

ﬂ']SG]BU‘UENLLG]IaSuﬂﬂa

References

Guilford, J. P. (1967). The Nature of Intelligence. McGraw — Hill.

King, L. (2011). Test Your Creative Thinking. Goodwill Publishing House.

Mehrens, W. A., & Lehmenn, . J. (1973). Measurement and Evaluation in Education and
Psychology. Rinehart and Winston.

Torrance, E. P. (1964). Is Creative Teachable. The Phi Delta Kappa Education Foundation.

Translate Thai References

Buasiripan, A. (1999). Comparison of the summary coefficients of available mathematics
tests. Inspections, the number of inspectors and the experience of the inspectors
vary [Master’s thesis]. Srinakharinwirot University. (in Thai)

Chareonwongsak, K. (2002). Creative thinking. Success Media. (in Thai)

Kanjanawasee, S. (2020). Modern test theory (5th ed.). Chulalongkorn University Press. (in
Thai)

Kanjanawasee, S. (2021). Evaluation theory (10th ed.). Chulalongkorn University Press. (in
Thai)

Tuksino, P. (2021). Educational research methods [Teaching Materials]. Khon Kaen University
Press. (in Thai)

Wongwanich, S. (2021). Design research in education (2nd ed.). Chulalongkorn University

Press. (in Thai)



Uit 30 atudl 2: nangnAs - Suneu 2567
Vol. 30 No. 2: July - December 2024 239

wuININsHRILIANgYlUNsReuSvainAne A Inag
luungiiniangiuan
Guidelines for developing happiness in learning among teaching profession

students in the western region

Winy ansslan i’ wag Andrssas avlagedaun?

Pitak Supannopaph!” and Tippawan Sukjairungwattana®

(Received: April 4, 2024; Revised: June 3, 2024; Accepted: June 6, 2024)

unAnga

nedelundsiifienusonnede 1) Anvissduarugulunaioudvesin@nuiodneg
luwaginiangiuan 2) Wisuimeuaugulunisiseusvesindnuivdnaslungiiniane fuan
Suunmutuditinu 3) Wauuagaseaeulieaiiaauvneuglumstoudvesindnuindnag
luwagdnnangiuan 4) Yuausuwimslumsiawanuavlunsssuivedndnyiivdnasluwn
ninenzTuan 1952108U35T8uuUNaINa 1Y (mixed methods research) lun1s@nwngauunu
Wuteyalpglduuvaaunu e Ao dnfnwiszaulsyans awivineg Tuwaglinians fusan
$1uru 504 Au ldNINNTENLUULYIT Y Tingrideyalasldadiussens nsTemegsiaiig
WUTUTIUNILAET (ANOVA) hazn133tAsesiluiaaaunisiaseasng (SEM) n15@nwLdanann
1938 nsdunwalidedniuindninensfne 919158 wasduImsauzasmans/Anwimans s
nfinenguan $1uau 12 au ldnannsdenuuuiaizas Tinseiteyalasldnisinseiidem
(content analysis) Han15338nudn 1) sduaugulunisiseusvesindnwiviinagluuaginng
nzFuan luamsiuegluszauun (M = 4.01, SD = 0.45) lagiiszauaruarludunisiduiiusam
ﬁu@ﬁuqqﬁqﬂ (M = 4.11, SD = 0.57) 599844170 fuANgudonuasluniIsseu (M = 4.06, SD =

0.53) kAEAUAIUFVFDIVMTEU (M = 3.85, SD = 0.53) muawu 2) szauanuavlunisiieus

L {ef@n 19158 @1913971303181015398N19NNSANYT AMSANEIFERNS UinInenaufauing

v eXe

2 fngfd@ns19158 @191 IMAINANYY AMEANYIAERS UInendeRaling

e

! Assistant Professor, Educational Research Methodology Program, Faculty of Education, Silpakorn
University

2 Assistant Professor, Development Education Program, Faculty of Education, Silpakorn University
NURAMUUNTITY AuzAnwImans uninendefauing
Research scholarship, Faculty of Education, Silpakorn University

* Corresponding Author E-mail: spitak878@gmail.com



TANTNTIANANITANY UNTINYIRBUIIAITA

240 Journal of Educational Measurement, Mahasarakham University
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Matfuauuazanuneauaymnluniens uag (8) msdniuiwinmsuaniudeussuiuenieaseu
mdfsy Anugulumsisews dnAinuivnndnag leaisame

Abstract

This research aimed 1) to study levels of happiness in the learning of students in the
teaching profession in the Western Region, 2) to compare happiness in the learning of students
in the teaching profession in the Western Region, classified by year class, 3) to develop and
examine a causal model of happiness in the learning of students in the teaching profession in
the Western Region, and 4) to present guidelines for developing happiness in the learning of
students in the teaching profession in the Western Region. The research employed Mixed
Methods Research. Quantitative data were collected using a questionnaire. The sample was
504 undergraduate students in the teaching profession in the Western Region, obtained by
stratified random sampling. Data were analyzed using descriptive statistics, one-way ANOVA,
and structural equation modeling (SEM). Qualitative data were collected using interviews with
12 educational psychologists, faculty administrators, and instructors from faculties of education
in the Western Region, who were purposively sampled. Data were analyzed using content
analysis. The findings revealed that: 1) The overall happiness in the learning of students in the
teaching profession in the Western Region, on the whole, was at a high level (M = 4.01, SD =
0.45), as the aspect of having a relationship with others was at the highest level (M = 4.11, SD
= 0.57), followed by self-happiness towards learmning (M = 4.06, SD = 0.53), and happiness with
the courses they are taking (M = 3.85, SD = 0.53), respectively. 2) The results of the comparison
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of happiness in the learning of students in the teaching profession in the Western Region were
not differences. 3) The causal model of happiness in the learning of students in the teaching
profession in the Western Region was consistent with the empirical data. The variable that had
the highest total effect was student-centered learning (TE = .547), followed by self-esteem (TE
=.529) and learning environment (TE = .330), respectively. All variables together described up
to 80.10 percent of the variance of happiness in learning. 4) The guidelines for developing
happiness in the learning of students in the teaching profession in the Western Region were
(1) learning management consisting of a variety of teaching and learning methods, activities,
and media that are modern and appropriate to the course context; (2) learning management
emphasizing students’ participation; (3) learning management focusing on the development of
analytical thinking skills and self-awareness; (4) love, compassion, and friendship given by
instructors and advisors; (5) organizing activities promoting public mind and resilience
enhancement; (6) organizing activities strengthening love, faith and understanding of the
teaching profession, (7) environmental management supporting and facilitating learning and

(8) providing space for learning outside the classroom.

Keywords: happiness in learning, student in the teaching profession, causal model
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Abstract

The purpose of this research was to develop and examine the psychometric
properties of a test for assessing the intercultural competency of upper secondary school
students based on the concept of the intercultural development continuum. The sample
consisted of 604 upper secondary school students from schools under the Office of the Basic
Education Commission (OBEC) in Bangkok. The research tool was an online situational test
measuring intercultural competency based on the concept of the intercultural development
continuum. It was conducted online using the SurveyMonkey website. Data were analyzed
using the Content Validity Index, Cronbach's alpha coefficient, Confirmatory Factor Analysis
methods, and the Graded Response Model (GRM). The findings indicated that: (1) All of the
questions had content validity. (2) The situational online test showed excellent internal
consistency based on Cronbach's alpha (0.937). (3) The results of the Confirmatory Factor
Analysis indicated that the model was consistent with the empirical data. And (4) the results
of the analysis of threshold () and slope parameter (@) using the Graded Response Model
(GRM) suggested that each item had a wide distribution of response results at each ability
level. When considering the value of most thresholds and the slope parameter (&), the slope
parameter value (&) matched the criteria. It indicated that the questions were appropriate and
could classify the abilities of test takers who responded at a good level, Additionally, they

could best provide information for test takers with moderate ability.

Keywords: intercultural competence, situational online test, confirmatory factor analysis,

Graded Response Model
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mideesmaiauaiesdeuazariaaeunuantAMIIdAve U naNTTaUL TN
SausssuALLLNAnANR Bl s e InsTRILNTE W TR ssud MU NS s usERUT TS L AN
moulaty 1unsidenasiau (research and development) lngf3deldvinnisnumuenaisuas
AT A ouAsatufwlsTiFny foaussoussenineiausssunelduufnausoiiowes
ISz sy neinudeyalusuiuuseulal

1. Uszansuasnguiegng

Uszvns e AedniSoussiuduisoudneineutas defaddnaunmenssung

ﬂ’liﬁﬂwﬂﬁﬂguﬁjugm (@ng.) 91U 2,431,676 AU (Office of the National Education Commission,
2023)
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Frag193de fe thisousyiutulssndnuneulats dundinaunaenssunisnsane
%uﬁugm (ang.) wansunnuvuas U 2566

Tnennsuszanartvuinfaod dunuisedinisldlumanisnovaus wnnnitdosen
(Polytomous IRT Model) #asgduunlaiaanislfazuuuuuud1diudu (Graded Response Model:
GRM) § sd ulueadi fwis1dmes7 LA oa9es 2 wasadnes 1ae De Ayala (2009, as cited in
Sakolkijrungroj, 2017) LauadwmmmjmﬁaaéﬁamﬁﬂumiﬂizmmﬁmﬁwﬁLmaﬂuiumamﬂﬁﬂwuu
WUUEUT (Graded Response Model: GRM) psiilaimnn 500 au aghalsfinnu Kerlinger (1986,
as cited in Tangdhanakanond, 2018) tauain Taevhlugiduasldsunsnounduegifesas 60 uaz
Funstleatusneuitldannsaldld Minannseuliinsud wiedmeufiinanmsiisn fedu

v o [

i = [ ¥ a o
W EJ"NLﬂUi']Ui'JiJGU'QJJUﬁLWMLUu‘\]WU'Ju 900 AY

(%
Ya o

114&114’3{]’8114@%5@?4Q’J%Mmi?juwamaﬁﬁxumau (Multistage random sampling) tfla391n
wanzaudmsudnunrvoinduieng Tnefdunaudall

uit 1 dulsadeulunganmamuassiuan 10 Tsadeu Tnel#isnsduedisie (simple
random sampling) lneduan TsaFeuludsdadinmuamenssunisnisfnudui ugiu (ang.)
AN FANNAUNIUAT

Tudi 2 guidenoniouluudarlsnisulneld33nnsquesiedie (simple random

(%
v v

sampling) lngldtiniFouseaudusseudnwineulans (1.4, 5 Lag6) szaAutuaz 30 au LUuUWAYIY
syAutuay 15 au waviduwnAmideseauduas 15 au 91nlsusoudeind1dnaunmenssunig
nsANwITUNUgIY (ang.) TuwangamnamuasItua 10 15aSeu 538 900 A

ﬂ’qmuﬂ'13Lﬁusﬂ’ayjammﬁ'fsa&J"]ﬁa"fﬂlﬁ%’mﬁmauﬂé’umﬂiiqL%‘aué]’aashﬁﬁ’ﬂﬁﬁu 10

¥
a Va v

TssFowdusiuau 711 au sediitelivinnisdndendmeuiinsuiusasgniounde S1uau 604 Au
(AnJudouay 84.95)
2. w3 sdieldlun1s3sy

w3 osflofildlunisideluaded Ao uuuinaniunisalzuuuuesuladdmivussidu
aussauzszwineTausssy f51uru 2 neu Uszneulufe meuil 1 deyariluvestiniFeu neud 2
wuuinanunisalguuuvesulatdmiulssilivaussoug seninedausssy 91w 20 e Useneusie
4 miensFeud sudomansslundngasununandisndinufing mauiay Tausssn wnsAnse
2551 sgdutuiseufnuimeutans 1dud 1. Tassasromedsan 5 40 (socialol - 05) 2. naflesivaes
Usemariawazdenulan 5 98 (civicol - 05) 3. @nsuywevuluussinelne (Humanol - 05) way
4. fmussalnenaraina (cultol - 05) Tnefideimsasnauasiauadodlefllilun1side i

Tunsudl 1 WauinsouuuAnyldlaenisfnwienaisuarauisediisadasiy
aussauzsEInstmussIui eAnundenuanssourseninatmusssy werduuuimalunisains

JamanuluwuuInan1unsal
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Tunaudi 2 "3Lmﬂzﬁlﬁammsﬂwé’ﬂqmiLmuﬂmﬁmﬁmmﬁﬂm ANAUILAZTRIUSTTY
wysdns1w 2551 i evudunsouidonilunisadrstedonlunuuinaniunisel Tnofinosi
N13953a Az kUL ULUUNS A LUULUUTA18AT (polytomous) 311U 5 Fadenanndudu
SanuAnAUR L eIeIINRILSE W TAILSTSL The Intercultural Development Continuum
(IDC) @3 Bennett (2013) lnefiseaziden wazanwuznIsinzLuy A JatuiemudAyueanis
fufuasTurnyamesivainvans sadsanmnsowannauannsalunisdeasegaliuseansam
Tuanzfifeandyiuanuwanianeimusssy Ussneuludae 1) serunislloeusu (denial) Ao
Tufiuansfednuarvosanaiiliaulatamsssudu (disinterest in other cultures) uaznanidsnna
WANANNNIAIUSTIN (avoidance of cultural difference) T 1 Aziuy 2) SEAUNMSSHUTIBUN KA ILAR
(polarization) fie Tufikansdsdnunrvesyarafiontesiaussuvesnumionn (defense) 3o
N3FeUATIAILETINTBINUANT (reversal) 1 2 AzULY 3) SEAUNENEINAAAINANN (minimization)
fo Tufluansdednunzresyaaad “Fu” fanmdlanueaniatausssy (cultural self-
understanding) 1% 3 Azuuu 4) sefUN13EOLTU (acceptance) Ao T uflkansdsdnuasyesyana
AfdnaviolauazivimuadiAtuanuunnsiamsiamsssy aunsadoastiuiausssuldoged
UszAnsam T 4 azuuu uags) seiun1susungAnssu (adaptation) e Tufiuansdsdnuasues
‘qﬂﬂaﬁﬁﬂWiﬂ%’umﬁaumaummﬁm (cognitive frame-shifting) LLazU%’ULU?iaquaﬂiim (behavioral
code-shifting) 19 5 Azuuu TneldTousinailunisasesndentta 5 #iden

Tunoufl 3 muaaaummma@qLﬁam%aqLLUUi’mamumiaigUquaaulaﬁﬁ’m%wimﬁu
aussauzszninedausssy Taelsfidoanasuiu 5 viu lnadufidormngmsiunsaoudsny
Anwdwan 3 vitu ez Wudidorgmesuiauasyssidunasmuig 2 v Wudfiansanany
aonrdosszmrinalenuansourszriniasssuiuidenividsaufine mauuayiausssy 1Hgns
AurnAdrtaunsadaienn (Content validity index; CVI) uazAnLdondadidafainiiunss
Faidemseds (-ovi) wihiu 1.00 Lﬁmmﬂﬁ@,%’mwagiwm 3 - 5 Ay (Polit & Beck, 2017)
wazdnvindunuvaevesulatlagldunannesy surveymonkey IngnanN13MTIREOUNENFIUAIINATS
FailemuesuuuTagnumsal wui edeiemunssdatommete (-cv) EUENQR\I:L%EJ’J?J’]QJ,#I’IQ%M@ 5 AY
fewiiu 1 siavmn 20 4o 210 28 do Anlufesay 71.43 Fuufifelsindendadoidanded
aunsudaionsiete (-ov) wiiiu 1 anun 20 9o dedwnaliedriiaunsadaidonives
Apsiiotien (scale-level CVI wi3e S-cvi) Ailuldfiawindu 1.00

Fumoudl 4 vuuuinanunsaizluuussulaidmiulssdiuaussaur ssrine s
TunmaesldfutniSeuss sutusisoufnuneutans (1.4, 5 ways) darinamnsg. ﬁiﬂﬁﬂﬁjméhasm
U 100 AY

Funauil 5 p9RFBUAANLTisLUdenadesmelufegRsdiUsyAviuoanvesATauUTIA
(Cronbach’s coefficient) 9nsuinuuiallfifusvsudeyaniaesside nieudarhdoya

wanananzbunlulsas sE AU Te YUY IaNssaus sy Tausssuiniseule
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YUABUT 6 NITNTIVADUANUATUTILATIAT19VDIAUTTOUL TEUI1TAUEITUTEIT NS
TATIIAUTENDULT I8 UTU (Confirmatory Factor Analysis: CFA) Ll 9AS19@0 VALY A UYDY
TULPALUIAAAIINA DL DIVDINITWAIUITENINTRAIUGITN wazdias1zimsvlaann1siiines
(threshold; B) wazA1AINTUITIY (slope parameter; a) Tunitiazldnisiiaszilaelalumnanisli
AEWUULUUAWUTY (Graded Response Model: GRM) Litaguualiunisnaudney

3 v
3. MsiuTIvTdaya
1. Uszaruaudulsuiguiaveniideuiasigilunisdauuingniunisalduuy

(%
v a v v W =

soulaudmiuUssdfiuaussouseningTausssy luusunudeyatuinissussduduidseufnw

paulvay (1.4, 5 Lag6) EL‘IJINL?EJ‘LJE?{JQﬁﬂﬁ’]ﬁﬂﬂﬂi\lﬂﬁuzﬂiiuﬂﬂiﬂﬂiﬁﬂwﬁ‘ﬂzuﬁquU (ang.) T
nsammauAsS LY 10 Tsadouiifmuely

2. Aidonnan1sna Uil fnounauAintuasUdIu 91nN1IREUTINNA 604 A1RaY
NS unuALTUIlAe 711 Aneu Anduderay 84.95

4. M3IpTRYidaYa

1. SiaszoanUsznau@ed udu (Confirmatory Factor Analysis: CFA) 1t 9n529@0U
aufuveslunawwAnaus el o1re ISR musTsudns TR Az nuuaand Uiy
pudduty faiinanlvludnwamstazuuy Inefiarsandiduiinnudenndes 1wy A
la-aumas (x2) Ananala-aunlsdusing (relative chi-square: y 2/df) suil Taseiuainumanzay
FaSeudieu (CR) dudinseruanunaundu (GFI) wasdvdsnfiaesvesninurainnioulunis
Uszanaa (RMSEA) (s

2. AT RmNIBleann131dwes (threshold; B) uazA1AugUIIU (slope parameter;
@) Tufidarldnstinseilagldlunanisldasuunuuudisuda (Graded Response Model: GRM)

Waguualtdunneuney

HaN1339Y
fAfoasunanTIdemuingUsrasdniside Taouwisesnidu 3 mou feil

naudl 1 AsradauAIAITiBILULFDnAdasnsludIBgasFuUsEANS uaanIvaq
A39UUI1IA (Cronbach’s coefficient)

NAN1IATIVEDUAINLT BaLUUAILEDARF BN 8Ty (intemal consistency) asuuUn
anrunsalsuuuuesulatdmiuussiiuaussour sevineiamsss melduuanmiuseiloawasnns
finsgninsTaussan $1uau 20 4o Inelignsduusyansuearivesnseuun (Cronbach's alpha
coefficient) Wui1 wuuinaniun1salsuwuvesuladdmsuussilivaussoussenineTausssu da
ArudiBsseniiens 5 e Téun 1. Tassadramnedany 2. naflosfivasusemanuazdaslan

3. AvSuyweruludseinalve uagd. Tausssulveuavaina Ir1AuWessintu 0.737, 0.761, 0.741
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Waz0.772 mudiy Fedasunasinnmylg wagiauigaisadumiigu 0.912 fedeglunue

AWy (Kanjanawasee, 2013) UagilA1AUARIALAGOUNIATIIUYBINITIA SEM WU 0.694

AN519 1 ANANUEIRRUUTRanuNsald I ns NS susEAULTsEL AN IR uUaNe

. p . . y AAIUARIALAREY
ANAUNITIEURY AR (O)
11M3ZI1U (SEM)

1. lassasnanadeny (5 Uo) 0.737 0.196

2. warllasnvesusymarAwazdndlan (5 o) 0.761 0.202

3. dvduywerululszwmalve (5 o) 0.741 0.200

4. Jusssulnewazaina (5 U9) 0.772 0.207

AAuiB ety 0.912 0.694

naufl 2 nan133ATz e UsznauLBeBusy (Confirmatory Factor Analysis: CFA)
YDIUUUINFATUNITAI

nnsAnwanuduiusvesiuUsf dunaldfild Tnaussauzsenine Tausssy wui
Fauvsyndafianuduius fusg 1efidoddynieadavisedu 01 Fulsdaunalddadulseans
andunusogluyae 0.173 - 0.714 fim1 Bartlett’s Test of Sphericity Wiy 4934.547 (p< .01) kanI3
wasnganduius seninsdanlsdunalaunnaeainuesndenanualogeidsdiny wavanvil
Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) 111U 0.897 wansindanusdanala
fauduiusiusazmnrananilvinnsiesduszneudasandnusiiazthluldlunisinses
aedUszneumadufuysitauduiusiu (Vanichbuncha, 2012) Tnenan1siasieviesAuseney
W98 ueu (Confirmatory Factor Analysis: CFA) vaduuuinaniuni1salv Iaelalusunsy LISREL
version 8.72 wui1 lumaiiauaenanesiudeyaidausydng Wnsananala-awals (chi-square)
fAniu 142.072 AneeA1dasy (df) windu 118 mauunagidu (p) windu 0.065 daliinseauainu
naundw (GFI) windu 0.977 il TaseiuaumnzandadSoudiou (CF) windfu 0.998 Asniides

Y9ANRAYNAIEBIVDINTTUTEUUAT (RMSEA) 11U 0.0184 f9A1519 2
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A1919 2 NAN19LATIERIAUSENOULTNEUEU (Confirmatory Factor Analysis: CFA) ¥84uUUin
aounsalzuuuuseulaudmiulssdiuanssous senincinusssy neliiuifnniuseiien

YDINITWAUITERINIRIUSTTU

Yutinasdusznau fuuszans
fauds t R? AZLUU
b(sB) B 29AUsZNBU
Social01 0.039 0.594 15.169** 0.354 0.108
Social02 0.038 0.635 16.623** 0.405 0.075
Social03 0.040 0.497 12.500%* 0.248 0.037
Social0d 0.039 0.586 15.104** 0.347 0.052
Social05 0.040 0.523 13.181** 0.274 0.090
Civic01 0.039 0.582 14.980** 0.339 0.044
Civic02 0.037 0.718 19.631** 0.515 0.151
Civic03 0.040 0.581 14.669** 0.337 0.155
Civic04 0.039 0.552 14.094** 0.305 0.084
Civic05 0.040 0.529 13.385%* 0.283 0.002
Human01 0.040 0.518 13.077** 0.270 0.033
Human02 0.040 0.522 13.218** 0.274 0.054
Human03 0.038 0.667 17.577* 0.447 0.142
Human04 0.041 0.505 12.443%* 0.255 0055
Human05 0.040 0.541 13.502** 0.293 0.090
Culto1 0.041 0.513 12.639** 0.264 0.077
Cult02 0.40 0.549 13.832** 0.300 0.010
Cult03 0.038 0.674 17.837** 0.450 0.145
Culto4 0.038 0.665 17.461% 0.441 0.007
Cult05 0.039 0.586 15.012** 0.344 0.117
Chi-Square = 142.072 df= 118 p = .065 CFl = 0.998
GFl = 0.977 AGFI = 0.959 RMR = 0.024 RMSEA = 0.0184

NUULUR *p<.01

defnrsannmas wuhanmdnessdsznovaasgiu (B) i 20 Fafanudianuuan
waz Suwiadaus 0.497 fie 0.718 wariifeddymieadndisziv .01 i psdUszneuTisianudy
wniiande TefmaunailosfivesusemanAted 2 (civico2) fdiniu 0.718 sesasnie Teran
Fauusssulneuarainaded 3 (culto3) Fawintu 0.674 uway TefaiuTausssulvewazainaded 3
(Human03) fiAuvindy 0.667 Tnedmuuysiuaussougseningiausssy Andusesas 51.5 45.0
uag 44.7 pudadu daudedi fuiminaudidyliosfian fe domniulassadramadsaudod 3
(social03) A1 0.497 Tnedaunlsiuaussaugsynineimusssy Andusevaz 24.8 1Tuly

AIUNTN 1
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63:
497
386
D
4

0 718
oot ‘\ !
A het o 0.581 4

avi 0. 552 = 1.000
. 695 Civic04 = 7 3
0.529

142
)" /D'm
D 52

D )D

HumanOZ

uman(03

/ 0.
f
0. 674
(AN

0. 087\\ . 704 Cul2
0.504
U 19 554
ol CulD3
0./1s4

*
-0.086560 CuliD4

Chi-Square=142.07, df=118, P-value=0.06498, RMEA=0.018

AN 1 NaIATIEALNLAaDIAUSE N U BUSUIB L UL IR0 UNTTO]

pauil 3 namsinnzimsylaadwiniiiaed (threshold; B) uazArAuTusaa (slope
parameter; @) lufiiazldnmsinszilaellunansidasuuunuusidudu (Graded Response
Model: GRM) vasuuuinaaIun1sai
nan1sUsEInaIAmsfimesuastomanudislunanisliazuuuwu g d Uy (Graded
Response Model: GRM) wasiuuTadanunisein tneldlsunsa RStudio duiiseazidensisil
1. MINTIVFDUAINABAAABINANNAU (fit statistic)
HAN1SIIAsITRANdARd BINaNNd LT o318 SUTE I Ul luanis TR Az UL LY

diudY (Graded Response Model: GRM) wui yndegennaesiuiudeyaidelszIndlaefiansan

=

nAnaaf teun y2/df (df.S x2) fanlaiiiu 2 RMSEA (RMSEAS X2) da11aana1 .05 uay

(%
1Y

A1 pvalue fA1annan .05 Fudunsaduayuinlunanisliazuuuiuudiaudu (Graded Response
Model: GRM) @anpaaeiutoyaliausedny waztesnen1siuseiiiuduiiniiunsadlaseasng

(Suksawang, 2013 as cited in Thepsathit et al., 2022) Han1sATEvTauadulUfinnsne 3
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AN 3 HANTITIATIZIAIUABAARDINALNAUYDITDEDUTIITDVBILABNT AL LU UL UUAF UL

(Graded Response Model: GRM)

adudemaiy  Fadedianu XZ df )(2 /df RMSEA p-value
1 Social01 105.915 139 0.76 0.000 0.983
2 Social02 138.361 130 1.06 0.010 0.292
3 Social03 112.660 101 1.12 0.014 0.201
4 Social04 158.768 142 1.12 0.014 0.159
5 Social05 122.163 112 1.09 0.012 0.241
6 Civic01 147.488 141 1.05 0.009 0.337
7 Civic02 141.967 123 1.15 0.016 0.116
8 Civic03 102.772 92 1.12 0.014 0.208
9 Civic04 148.198 141 1.05 0.009 0.322
10 Civic05 163.567 138 1.19 0.018 0.068
11 Human01 121.402 98 1.24 0.020 0.055
12 Human02 158.252 140 1.13 0.015 0.139
13 Human03 163.712 137 1.19 0.018 0.059
14 Human04 134.015 146 0.92 0.000 0.752
15 Human05 135.173 147 0.92 0.000 0.749
16 Cult01 93.073 96 0.97 0.000 0.566
17 Cult02 152.509 139 1.1 0.013 0.205
18 Cult03 113.917 123 0.93 0.000 0.709
19 Cultod 119.263 114 1.05 0.009 0.349
20 Cult05 100.216 95 1.05 0.010 0.337

2. MTAATIERNIT TR0 TNIEgans 1T UN

Tuinan1sldazuuuuuua i ud u (Graded Response Model: GRM) Ainwinsalaas
W35 (B, B2, B3 waz Bs) hazA1Autusiu (slope parameter; @) lnaazdlA1n131dnos
wansaiusete Tnenan1sinssiselunansiinsuuuuuugsuty (Graded Response Model:
GRM) mugadayaiieganudwanistiaszddelunanisliazuuuuuudidudy (Graded
Response Model: GRM) wu31dafi 19 (Cultlod) SA1ainudusu (slope parameter; @) 2.445 waz
fimsslaasnisndines (threshold; B) 1sesarduainteslunin By=-1.077 B,=-0.285 B3 =0.227
way By =1.038 MUSFU Famaniseseniiananudusinsening 1.141 fa 2.445 lnganarudu
921 3 suduusniduaiiiansaumaldunigauiy Aeded 19 7 uay 18 muddulaedian
AN5aUNAVDIYBEDU (Item information Function: IIF) A1el@ Graded Response Model (GRM)

WY 6.22 5.22 kag5.14 MIUE1AU TIUTWANITIATIEYIAIALTEIMUUNG B N1TRaUaLDITRdE U
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#BBNT expected a posterior (EAP) wuiniiAneaniissviviy 0.931 dsogluinausigsann (Ebel,
1972) lngerAuiiies wuunguinisnevaussteasuamsniisudsdldiuanuiedunguinig
nadouLUUR LAY §el58n1sudanauuuiienuld (Adams, 2005 as cited in Thepsathit et al,
2022) fA1TN 4

A1519 4 NANSUSEUIUAINISITLHB5VBITDADN LU TR A IUNT Al

doil IF a B1 B B3 Ba
1 3.18 1.416 -1.438 -0.236 0.562 1.479
2 4.5 1.957 -1.049 -0.119 0.483 1.242
3 2.68 1.261 -1.487 -0.25 0.616 1.401
4 3.93 1.712 -1.186 -0.373 0.37 1.231
5 2.61 1.222 -1.681 -0.484 0.167 1.282
6 3.71 1.602 -1.254 -0.277 0.604 1.419
7 5.22 2.243 -0.945 -0.226 0.346 0.99
8 3.02 1.377 -1.549 -0.506 0.346 1.249
9 2.94 1.39 -1.273 -0.196 0.653 1.397
10 3.21 1.512 -1.225 -0.354 0.386 1.187
11 3.04 1.436 -1.341 -0.381 0.355 1.221
12 2.99 1.421 -1.381 -0.356 0.378 1.136
13 4.46 1.907 -1.079 -0.313 0.387 1.153
14 2.7 1.307 -1.257 -0.387 0.313 1.45
15 291 1.354 -1.283 -0.232 0.57 1.567
16 2.37 1.141 -1.436 -0.454 0.374 1.651
17 3.47 1.565 -1.104 -0.152 0.477 1.452
18 5.14 2.113 -1.077 -0.212 0.419 1.146
19 6.22 2.445 -1.077 -0.285 0.227 1.038
20 2.92 1.463 -1.154 -0.306 0.3 1.153
ﬁ’]m’gﬁl 3.561 1.592 -1.264 -0.305 0.417 1.292
ArANLBa 0.931

3. ANTIHASIEININETAUNFAVDIVDEADU

wuilrgegnegiumuad 32 feransaumaniniu 16.689 s 0 = 0.1 1§Adian
NSINENTAUA UazAINLARIALAG BUNIATTILYBIRUUT R uN1Tal Wufeniw 2 wazaimnsm
wisflmesmsaleading 20 48 arunm 3 waziifieg1edemaInd 19 Lanefin151e 5 wazns
wsdwesimsaloannieludorn 19 (V19) apsuuuiagaiunisals v osanidudomaud 19

ansaumAlaNINTgn Lansfsnn 4
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Test Information and Standard Errors

SE(n)

AN 2 ﬂiWWﬁ’WiﬂumﬂLLagﬂ’J’]@Jﬂa’mLﬂgaulﬂmiﬁﬁusU’eNLLUU’?@ﬁO’]Uﬂ’]Sﬁﬁ"’]

Item Probability Functions

6-4-20246 6420246
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6-4-20246 6420246

[}]

(%

AN 3 ANV LEanT 20 98 VBILUUIAANIUNITAI

A1519 5 f79871999A107U7 19 YBILUUIRENIUNITAI

Fad1au AaLdan
19. 91naeun1sal “lssseuusenialily 1 1. azusiaezlsnuslud wieugnudn
waw 2dl 1 JuntnSeuaiuyalisiamin 2. lundussinuutiunlseseuue lionewselly

TsaGouldl windunudlgmiFesenumnzay 3. ishlassswssuuulufidudemesnus Lilddes
GumﬁqmﬁﬁﬂL%'&Juté'aﬂmﬂﬁmﬁ?uhjmmxamﬁy’q Tnajdnwies

TuSesrwagnm uavmnanedduresyn” o 4. gelimsussmennlilsedeufimsesliieshaauiimies
TansefuanuAniunionsinaulaves IAnaRRNI b

Tini3eunniige 5. widwenvarliunsemmedeey dilafassneiumn

oudlvy et lais
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Item Probability Functions
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3. Avduywevululszmalng uazd. Jaussalneuazanna Wulunuauidedes mswamwuuin
aussousdeTaussy damsunisouseaulseu@ne (Chantarasenanon, 2010) Mesulelsan
aussaugszrinsTausssasessznoulufeiinisaion (value) mnuide (belied uazussvingu
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(2023) AAnwIFALUT 3 42 Teun N13dan1sALTALEs MTAITNAMNUANA1AN1IANAR Lag
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Teacher Professional Capital Scale: Psychometric Properties

and Social Desirability Response Validation

5UEg wERe Y LAz NUaIIIA AISUNTUUN?

Vorachet Saejea’” and Kamonwan Tangdhanakanond?

unAnge
n1533gluasadyviauiniasianunmeadninagnieldvsundssmdalneuaznsiaaey
AaudRdIndiauaslunan1sinveansianiaundu diegrelun1sidese agdein ang. 31w
461 Ay Aleunnnsguiuuratetuneu wn3esllenldlunsideassld 2 wesia laud (1) unsin
NUMNAIPINNNAUIUY 36 U8 wae (2) 119sinAnuUTsauIvesdeny BIDR-16 (Balanced Inventory
of Desirable Responding-16) 41A5TANWAIUIT U A1 10C 81319 0.57-1.00 LAAIIINAIINAT
s & 4 o 1% oA = 1% W
Fallenn Weiluneaedld (n = 56) wudrdimanuiisawuvaennsoiniglulazuuulssney wiu
862 WAy .889 MUAIAU LDLATIEN0IAUTENBUTEITA (N = 231) Nudluman15invesuIngin
a IS A o dy gj IS ~ a -Qy v v Y A v v %
NUMAVIINATIRRUNTutulianuigaiudunendeindenumae 16 9o lnedindlunanisin
v v = U 3 1 14 A a L3 3 IS o ! =
dununilavasusavesAusenaudeslile uazilloTiaszsiesdusenoudedudu nuirlumaiiniiy
aenrnasiudeayaldalseaned (¢° (45) = 59.520, p = .072, CFl = 0.997, RMSEA = 0.03) usiasAusznauy
NI uNywd wazunsandulatianduiusiuniseeumuanuussaumedaulusyaun
TN oUANFURNUT TeNT 1MUY TAINA1ITUA NS N YL VI UM T NT TN e1Tpeiy

ANENLTARNIEIUYDIEROU

J a

ANENIATY NUNIITVITN N1995d@UAMANTMTITATA N15RoUMINANYUITITaUIVDIF AL

v 9

nsAUINANAS ATUTEIINT

! fAnsgautadinfng) 19133 TTIMEINTRAUILINNTIUNNNITANY AMEATAIENS PAINTAINNTIMESY

? 599ANAR313758 N1AITITEUALININGINITANYT AEATAIENS PNAINTAUNTINGS

' Master’s Degree Student, Methodology for Innovation Development in Education, Faculty of Education,
Chulalongkorn University

% Associate Professor, Department of Educational Research and Psychology, Faculty of Education,
Chulalongkorn University
YovoUAYUgAMUMIANWSTAUTMARANWI9In Tudininendopnansaiuminetds enauaaedlulonad
ﬁiJLﬁ"\]Wi%WlW%@]Ui’]‘UﬁW]”I ﬁEJ']ﬂJ‘UiiJi’FUQM% WiﬂL%%inWi%“{]Uiﬂq Do NITW
The Scholarship from the Graduate School, Chulalongkorn University to commemorate The Celebrations

on the Auspicious Occasion of Her Royal Highness Princess Maha Chakri Sirindhorn's 5 Cycle (60th).

* Corresponding Author E-mail: v.saejea@gmail.com



NTANTNTIANANITANYT UNTINYIRBUMIAITAM

274 Journal of Educational Measurement, Mahasarakham University

Abstract

This research aimed to create the Teacher Professional Capital Scale (TPCS) in the
Thai context and validate its psychometric properties and the measurement model developed.
The sample of this research comprised 461 teachers, derived via multistage sampling. Two
instruments were used in this research: (1) 36-item TPCS (with I0C between 0.57-1.00) and
(2) Balanced Inventory of Desirable Responding-16 (BIDR-16) to measure social desirability
response (SDR). After the tryout (n = 56), the internal consistency reliability and composite
reliability for TPCS were computed (.862 and .889 respectively). After analyzing the data with
the EFA (N = 231), the researchers found that the first-order measurement model of TPCS was
reserved, with 16 items left. Then, CFA was conducted, and it was found that the model was
well-congruent with the empirical data ()(2 (45) = 59.520, p = .072, GFI = 0.958; CFl = 0.997,
RMSEA = 0.030 (p = .785)). It was also discovered that Human Capital (HC) and Decisional
Capital (DC) were mildly correlated with SDR, reflecting the relationship between SDR and the

traits that the scale aimed to measure.

Keywords: professional capital, psychometric properties validation, social desirability response,

professional development, in-service teachers

UNUI
a o 2 a = | = [ A v ) Y & Y a
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dapu s wazinalulad nsimuinInegdndunguaddgluniswseumulimdouvesyrains
= \ o < o Y | & A =
nan1sfnwnnairdy waviludssinulunisiauinsundudidu wu n1snseaneiuin1sfing

lWdiosdiu mafwumdnaa “emsdansssn” nsugnilinuulng nsdsuduuuiifiFewdy
d1fgy 8% Jamjuree, 2017) 9g19lsAiny udazdiulauieann1asguazdiusIynIsiIuNTzUIuIS
Ufzunsfnwegeseiiiesmaenmssy nssviunmsiauindnegissliietuediedsiu esn
"mmﬂmmaﬁsﬁjﬂwu (Meesuk et al., 2021; Sangnapaboworn, 2018)

YUBUNI5H3 8UFHTITYITN (Professional Learning Community: PLC) 1 unil sluguuuy
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mMsauAnInasineislsdenlduarduaialiiniululsaSouuszmalne undAndsnalisy
NSRRI 19s a1l pelagnnnsAnwILarin3 8 1uaunn (WU DuFour, 2007; DuFour &
Reeves, 2016; Erawan, 2020; Hairon et al,, 2019) Fsantuiseiiionsiauiusemdlng (Thailand
Development Research Institute: TDR)) lethaidunisludoiausresguralidiiunisiieaun
aunmnsAnwilne Tasmeauaduildfunamoundide wa. 2556 wildsunaneusunasndndu
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ﬂ’l’iL?EJUé’%U’izmﬂ (Maitreephun et al., 2021; Sangnapaboworn, 2018; Wongragsa et al., 2022)
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imﬁwi’mﬂisuﬂﬁa%’wqmumﬂ%uiﬁ'u q Afluuseinelng 1wy TLSOA (nprasitha, 2022) wae
Lesson Study (1u Akiba et al., 2019; Saito, 2012)

ogalsfmu msdufiunisadregurumsdsudilssunsatuayuanniadgndulsitlug
wadnsnands dunpldannszuiunssuiunuilidululumaiendu whellnuidenifoades
fumsuszdiulassnmsfmungueunsEouiiandnesgganinddunuimonatuayy wuanuide
Y94 Meesuk et al. (2021) Lag Wongragsa et al. (2022) equLaua’hmi@ﬁLﬁuﬂﬂil,a‘%ma%’wqmu
mMedsuinunuurensantuiitadvatvayuiiiome wordwaliAnuadninieuinisluszerdy
wazsrezemivlsaieulunietis niouilununulunsiauiseilemdandidulasnisuui
3 Unsinwn udntlmddedwnulivosiasvieudssanagiuitinuisamilinion uazeulifule
Frnnsudndudleuedandnlasnaennmauinauduay WAYNTTUIUNTATUAYUNISYINU
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AudsnsvesililsaSeuniiinag (Faikhamta, 2018; Loima, 2016; Prabjandee, 2019) aa1unisal
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Hargreaves and Fullan (2012) Tidoundsdede “Professional Capital: Transforming
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o

a o

TumsimuinTnagifiusssinmavesnsimunivdnluszezonddedu wazilugasrsnnegi
394 (Collaborative leadership) luszninenguagaieiu (Nolan & Molla, 2017; Osmond-Johnson,
2017; Tong & Razniak, 2017) a8 Hargreaves and Fullan (2012, 2013) ;:Iﬁ'nauaumﬁmf Jeuly
Imumaindnazannvieasiesiinain 3 ssddszneundndinyuaudeiunasiu loun yuuywd
(Human capital) yyudaAx (Social capital) wagyun15andula (Decisional capital) MnANI15HAILN
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Belay et al,, 2022; Tong & Razniak, 2017) TneiflsgaziBen &l (1) Muuyws mnefe e inue
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(Tong & Razniak, 2017, Watts, 2018)
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izéﬁ’umﬁﬁﬂwwuwugm TAVNITRTINEDUNITHOUATUAINUUTITOUIVDIAIANVDININTIN

F/AtUNTIY
Uszunsuasnguaagng
lun1sideaded {adommualivsseinadunsfasulussdunisdnuduil ugu
Tudszwalng lnamruavuInueIngud19819n1un15AUIYa9lUTINTY A-priori Sample Size
Calculator for Structural Equation Models (Soper, n.d.) Inewfleruualifiauindvdnadinands

=

TusgauUiunane s 0.3 ANDIUIAVAINITNAGDU AB .95 I1UIUAIMUTWEN (latent variable) 3 fawUs

'
v

wazmszauted Aty .05 lavuangusiegietuiifagasianulsingnisal (minimum sample size
to detect effect) 081 184 AW wawiilosaNn1sIdsluasadaiidunsinieiosrusenaunaudeding
a A o Yo 2 a Y ! < P 1Y '
wazlBedudy deuinvunaiiegratu 2 wi felddeundt 368 au
v { o y

mslasndeiaeee

VYa o A Yaa ! gj IS a 1 v dy

AIdeidenliismsduuuuvanetuney Tnelisuazideanisedu fail

Daudaiadwmngleeddarinduniienisdu lnedenldnisgudiagrauuuing

Fuunls 4 gine ginieas 2 Jandn salu 8 Sande laud Swiauns ursanssd auasivs1il e
Foum Unusnil us151a wazaaan
2 dulsudsuiitanisGounisaeulussdunsfinutuiiugiu Teefingulsadeudumioe
nsdy ludsdauesdninauamenssunsnisinuduiiugiu (ang) Tasdwunidu 2 nqu fe
ddneusiuiinsdnwuszonne wazdrinauaaiufinsfinuitsening mifjﬂu%’jumauﬁi%
ﬁmm'mwusgjuqﬁLLUUlm'iﬁﬁmﬁ’gu (disproportionated stratified random sampling) vt @414
fegheiifudaunudmauinnne wlddmed adulsaieusiuiedu 32 lsufou edrlsfian
sevismafiudeyanuindfnounduduudesnitiiaants Jeldversduiulsuseusenlny
Qin1Aene 9 Aulasegeanlsaseu 52 lsaseu
3)dushognsnnlsuSouiiguldnnduneud 2 Memsdusogauuuite Tdvuangy
shetlsitfesnindiimuald Ae 368 Au
insasiieflilunnsise
53Tl cﬁﬁ"]’aﬁ'}Lﬁum5ﬂ’wmmmi’mumﬁm%wﬁm%’uﬂgizﬁumiﬁﬂmsﬁjuﬁugm
Tnsdanseviosdusznaugesanienanssidefiiiendes uamsdanneildidu 3 ssdusznou fe
09AUsENOUT 1 Ao vuuywd § 4 Fausd Idud arwfifeatuidoninisasu (Contknow) Aaus
\Aeafuinuensasu (Tchknow) Usgaunisaivinaiuyesas (TeachExp) kagaadnuazduynna
(TchChan) asAusznauil 2 fo yudsau i 4 fued WWun anudtussuifiounslulsaou (RelColl)

n1swanii suadnus/Jeyasendnedu (KnowShan) nsiinsiufanssuiunaung (TchAct) wag
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nsdanatuisu/n1sima (ClasNoti) uazeadUsenaudl 3 Ae yunisdndula & 4 fued ldun
N15189n35 150U (TchMeth) n1sunUgynitaniznin (ProbSolv) NsazNaudn (Reflect) way
miﬁ'ﬁumaaﬁmmﬂwﬂ (KnowDev) (Belay, 2021 as cited in Belay et al., 2022; Chapman et al,,
2016; Hargreaves & Fullan, 2012; Lee, 2022; Liu et al., 2020; Mac & Albertsen, 2020; Melesse &
Belay, 2022; Nolan & Molla, 2017; Osmond-Johnson & Fuhrmann, 2022; Watts, 2018)
mm‘f?u;ﬂ’?%’aﬁwLﬁumsﬁ%"mmmi’mumﬁm%wquswsmummaa Wuuinsuszuneen
7 5z faustaz 3 7o Tnedudemumieuin 2 $o war Femumeau 1 9o dosaued sau 36 T
ot WVidemaiunsfinu 4 vin wagdssifiunanisinw 3 ¥itu 533 7 ¥y AsadeununIw

£ [J [

« Ny a & v v a v ' ¢
LﬂiEN?J@@']u@n']lmiqLGIIQLUEJVT’]ﬂﬁﬂﬁﬂju@?qua@@ﬂaﬂﬂﬁgﬁﬁqﬂsﬂ@ﬂr]fﬂllLLag'JGIQUig?N?I (10C) Wanns

finnsamuindategsening 0.57-1.00 wuirdlvgeglusdufimanzaunainausives Lawthong
(2014) Vil {Adedeniiutosnuliimun Tnesuliunsusuufmufuugiuesivsinand

uanaNty RlMiunsIanIneunIuANUTIsaITesdIRNsULUU BIDR-16 (Balanced
Inventory of Desirable Responding) (Hart et al., 2015) 91u2u 16 90 WUvoentdudosdI1u Ao
Y9 1-8 3jsInmsuaonamuLes (SDE) waedo 9-16 sjefamsdanisenuusesiula (M) Tagldimunty
MnunsTaduatiufidl 40 9o wagvinisfinw 4 ads Usznaudae

1. MsiesieiosdUsznoudedudu (CFA) vosnsinadufy wavasslunadinivan
Formanudifiminessusznautiosoonlnesinsnmnmvesunnsialy udrdauseudiovanduius

1 [ Y < Y 1 L3 = 1w 1 1d Y] [ Y 1
FENMINUIRNTIARUULAN RJUUYD LS LNEUNNTEUBDN mqumamqLﬂuuﬂﬂamlﬂmmu 1,948 f9819

(Myny 2328 U, SD = 8.30, 42901 16-73 T) Hn1ssneauainnuiios () wuusioesduseney fe
SDE agjii .66 uag IM agil .72

2. msfnwiiaes Wunahuuuiaiifautulmidtundusedidmivagyinisnaaeuns
adlennaouANaLTRITRnR ndusedauyanariludiuam 670 au (Mgny 29.43 1, SD = 12.62,
19918 16-70 V) Fnsyenuamuiies () wuuseesdusznou e SDE agil .69 uay IM g .71

3. mﬁﬁﬂmﬁ'am Lﬂuﬂ’liﬂﬂaaUﬂ’J’]mﬁmLL‘U‘UVI@EIE]‘U%?’] (test-retest reliability) lagdl

1w 1

TEEEU 2 FUAINTENININITIINIRSTaLRazAse Tnaudegrauduindnulunnnine dsunanilaly

9
= 1

§9n0Y My = 2046 T, SD = 3.80, Hte1gy 20-51 ) fimsmeudimnuiion () wwuseesduszney
A9 SDE agjﬂ‘/’i 79 uag IM agjﬁ 74 Tnenuilddymadafisesu 001
4. msfnnia Wunsinwmanuesaidasedennasiaraesmndestunguies sl
wazAnuanduiusiunamianeuen nuiedraduyararialy 708 Au (M, = 22.30 T, SD = 8.26,
$991y 16-74 T) finsmenummmnaniies (Q) wuuneesdUszneude SDE Wiy 64 waz IM winfu 73
Tunsideadel] Unideldiamiatunvlnedienisuauinsin BIDR-16 wagU$untuili
ihuiiunawilneg uazWaudusuiuunismey 7 sedu lae 1 vnefs sssdusiduliosiian uas

= U L U -dl
7 AUE0Y ATNNUAIRUNINNIER
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a [y [ v @

Aadelanlunaaesld (try out) Auagifinadnuuzifgiuiiegne uililidregrediuau

Y
¥

57 au tenTiadeuAmantin1sdedfidessiu Thun Aduraduun uazanuifisauuuanades
el Tnesgrinnsdanseyideyanuinldla 56 au wud dengmnaduun (item-total correlation)
9g581119 -0.171 - 0.596 lnederaumaaudrunidlusnnstssyuuywduaznunisdndulad el
grunaduuniduauniednlndqud 1 efiarsanvuszneuduaimuiissuuuasnndesniely
(Cronbach’s Q) wagAITiEsUsEnay (McDonald’s W) aguisd umndadannunisauly Jelé
fnsunidenuniaveanlusiy 8 Ua wndedomnudiuiu 28 4o dmsunisiiusiusiudaya

sl nan1siAT I duRIRN5Ie 1

A15719 1 NANITIATIERAILTENUDIUINTIA

. AMALiBsnauUiy AMALTIBMATUT
1NN
Cronbach’s O McDonald’s W Cronbach’s O McDonald’s W
WRTIANUNIIVITN 847 880 862 889
LYY 570 686 735 754
UVGEGH 778 806 778* 806"
yunsanaula 547 693 746 783

* l3ifinsUSuananuiudamany
nsiiusausaadaya

}%

Afedliunmsiunusndeyannunsinnumaninvesasivasdaeulusedunisfinu

[ (%
v A

Tuitugu Inedwmildoreausiuiielunisiivtoyaide wiausie QR Code WnianuunasunIsiy
Joyauuuseulal lnefinsfanunanisinunusiudeyailussey Iduimunszeznainisiiuloya
Wunan 3 1iou Eeneu-naiau w.a. 2566) ldmnauan 490 fege Fadlefiansanainaii
auysaivesmneuLarnsIATIEiAneussadAdiuidsauuninsgiu (5o) Alidu 0 $1uau
29 #9814 (5.92%) FsldFmoudiviunsiiaszs 461 feogas Tasutanisneumudiuiava-g
dmsunslieseesduszneuledniasasadudu Wudwau 231 waz 230 Megnuaiy

nsiaszidaya
Adelalusinsy Jamovi 2.3.36.0 lumsllasevadfdausseewasn1ssgauranuauda
Be3ndaiiieades loua Arnudios wagnsiesssiesdusenauiBsdsin waglusunsy LISREL
8.72 lumsiasesiesduszneuidediuduadluinanisindusuiiass (Second-order measurement
model) flsgaziBen fail

N1534AT129 AU TENOULTNE 1599

Tunsfnwiadsdl ileliinsliFeesdusznaundnvosumeindnlioguasuiu §ideden
¥msieseinsaareaUseneuldnnsasmdu Principal Axis Factoring (PAF) (Beavers et al., 2013)
LAV ULAULUULLWMAL 2875 Oblimin uenannImadeuasAgIulowusentmagey KMO

Measure of Sampling Adequacy tag Bartlett’s Test of Sphericity Wa2 Qj’iﬁaiﬁmwﬁ‘ﬁliﬁﬂumi
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Fasannseild 2 st fie nsiansanen eigenvalue > 1 wariiansandn p-value lun1snadau
Model Fit Tnedesiiinannndt .05 samuimanmsiinneiliaenadestuinasideladenis {isuas
Fasandademanluansdostusonannisieszsd Tnefinrsananiminesdussneu (factor
loading) uarlnseadnasd ingeelumdn

MsBATISHAYTENaUITIEUEY

Tunsfinwadell fedoninneiininesdussneuluusoresdusznauvasluinanisin
Tnefinarinsiansananudennaovediname (1) aadanaaeulaauads () lavidnauuign
(2) ArtinsiapuANnaunau lan Goodness of Fit Index (GFI) way Comparative Fit Index (CFI)
fiA31nn31 0.95 (3) A1AINARIALAR BUTBIN15UTEUMA TAUA Root Mean Square Error of
Approximation (RMSEA) ag Standard Root Mean Square Residual (SRMR) A 11d'08n71 0.05
(Suksawang, 2014)

N15ATISIAINITABUAIUAIINUTITAUIYDIAIAL

TunsAnwinded §adeidentnismeuniunrulsisaurvesdanu (SOR) lngldunsia
BIDR-16 (Hart et al., 2015) snldUszneu il emseduanduiussening SDR uazesAUszneudu
Tngnnnuindidedfnana azuandliiiuinuinsianainainlasudninaannisneunumuusIsau

vVa o J

9989AY (Kwak et al,, 2021; Paulhus, 1981) {378 1MUALNMNNA15UIUBY Hinkle et al. (2003)

Y
¥

TunisRnsanseivanduius faununedad anduius 00-30 feanduiussiuan 30-50 fia
aviduusen 50-70 fmavduiusuiunans .70-90 fAnavduiusas wag .90-1.00 dmanduiusgenn
HA3Te1denITn1slviAzuuY SDR WUU top-two box (Larson, 2018) Aevndnauliennau
6-7 TutoAuyauin agle 1 avuuu dunudenneu 1-2 Tutenunisau agla 1 agiuy yinlings
vosazuuuidululdde 0-16 azuu iToaziiaszsiduussans anduiusveaiosdu (Pearson

product moment correlation) 5¢1319 SDR ffunuMaIvAnALaraIRUsENauEay

HAN15398
o @ o -3 a = aw o ! Y @ ! A
MnMsiaasiakazdiluinudeyasse dnan1s3denuudlaidu 4 dau fe nsnsiaaeu
wazdlATIEvayalUeu N1TIATIEeIRUsENaULld1I9 MTIATIEiasRUsENaULeE Uy uax
NSATIVABUNIINDUANLANNUTITOU VDI
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NnMsieTzideyad LU st nouinasin dmsuyateyanisiases EFA wuin
dlngaeusglulsassudiindinauanenssunmsnisdnwiuseaudnu (58.44%) dusvaunisel
@oUTENIN 0-5 U (27.27%) wazdiinegiuzsziu an.3 (38.10%) Tuvazigndeyanisiinsiz CFA
WuIanvazveneviidnvauziiediu Ao aeusdlulsuisudeindinauanenssun1snsAne
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M99 2 YayaiugIuneItugneuL1nTin

. daya EFA (N = 231) daya CFA (N = 230)
AMANEML
n % n %

dafim

any. 135 58.44 129 56.09

ANl 96 41.56 101 4391
Usgaunsaldou

0-5 ¥ 63 27.27 67 29.13

6-10 U 49 21.21 54 23.48

11-15 9 39 16.88 22 9.57

16-20 U 23 9.96 22 9.57

21-25 9 9 3.90 12 5.22

26-30 U 31 13.42 37 16.09

31 Yauly 17 7.36 16 6.96
NYFIUL

ATHYY 19 8.23 17 7.39

A1 50 21.65 61 26.52

A2 58 25.10 45 19.57

A3 88 38.10 84 36.52

A0 1 0.43 - -

AL 14 6.06 18 7.83

lylszy 1 0.43 5 217

* yynefengilifinegiue uaesniinauswnis

dedinsiminuiissuuaenndesnisluvounnsin nuitdedanunisauresnnsin
dosmudsnuilanduiusiutomuduludnvasilndgud wheidwnaduungefin Jafiarsunda
fofmaumsauoaninanasiarionun 4 4o Jdldueselmiiianuiesfigatuauedlunusid was
asvdodrurudoanu 24 9o uarlinsenuiulassaiaunasie Tnsflddudssavianuiissuy
aonndesmeluiaatiu (@) whifu 945 wasarduussAnsamuiisssznou (W) whiy 948

N3AATIENBAUTENB VLTI

AN AT Iade VA s udosiuiavia Tudiunsiesgidulsten
v un eI w1Tni A1 initial eigenvalue 1nn71ndl et anun uilainun1snAey Model Fit
ImaLawwﬁ’aLLUinuﬁ“ﬂﬂuﬁﬁmiLLﬂaLﬂuaaq@hwi Tn8daAUN19aY (1D 3, 6, 9, 12) sauiudu
fudsianndndanis §iseTsinsandndenudeausenannisfimsanduseld

n¥aniu §33elddndunisdndadnuiidiininesdusznevtosanusazesdlsenen
ponifleliiunsvagey Model Fit Tnesateamnuanyuuysd 2 9o [@e 5, 7) yudse 4 4o (@e 1,

5, 7, 10) wazyunsanauls 2 4a (de 4, 7) wazdenadfin1sinszidudmiss 3
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ANS19 3 NANNTIATIEVDIAUTENDUINANSIVNDULAL NAIRATDAINY

faufntan
asdUsznau  Tananas Initial Factor SS Cumulative | RMSEA  Model
Lﬁa\iﬁu Eigenvalues  Loadings Loadings % Test (XZ)
HC (8 %9) v 3.817 0.584-0.820 3.817 ar.71 0.055 33.90%
(1) 3.653 (1) 3.457 (1) 28.81
SC (12 99) v 0.576-0.718 0.084 113.5%**
(2) 1.320 (2) 1.910 (2)44.73
DC (8 99) v 3.986 0.570-0.813 3.986 49.83 0.083 52.03%**
RAIAAUDAIN
HC (6 9®) v 3.129 0.659-0.839 3.129 52.16 0.042 12.71
SC (4 99) v 1.982 0.551-0.773 1.982 49.56 0.054 3.361
DC (6 90) v 3.225 0.641-0.804 3.225 53.76 0.033 11.32

*p <.05, % p < .01, ** p < .001, HC = yuuywe, SC = udsay, DC = yun1sindula

4 = b4

AENFIINANITAATDAI1UBBNIINUINTTANUNITVIN 12 To el I19gaIu1T0ng
lassasne 4 fusdgesluusiazosdusznau uinenvdwmasdonuantfidadnifvewinsindulaguriy
a Q‘ [ v 6 ! s ! 0 ! Q’i’ ¢ |
NUTEANTaNdUWUS () 3NINBIAUTENDU WU AIUITVDINUNYYEL A T
7

ANIA r 58I .39-.60 Musveunsandulaian r seming 43-

N
ee
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Lo
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Lo
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Lo
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e
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52U .001 NUIBAMUILABLDIAUTLNOULASFHIUITTanFuUnNUS

M99 4 ADANUILYRINITNBUNINTIANUMIINTINAT aTu 16 T (N = 231)

. & . . AU AulAg
AU Iuude
M SD sk SE ku SE

NuNYed
TchKnow 2 6.275 0.6878 -1.070 0.1601 1.926 0.3189
PedaKnow 2 6.013 0.9004 -1.37 0.1601 2744 0.3189
TeachExp 1 6.113 0.8316 -0.992 0.1601 1.928 0.3189
TchChar 1 5.801 0.9843 -0.943 0.1601 1.882 0.3189
Nudeny
RelColl 1 5.922 0.9838 -1.335 0.1601 3.390 0.3189
KnowShar 1 5.71 1.1298 -1.125 0.1601 1.886 0.3189
TchActi 1 6.26 0.814 -1.145 0.1601 1.59 0.3189

ClasNoti 1 5922 1.0438 -1.162 0.1601 2077 0.3189
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o . . ALY AULAS
AU It
M SD sk SE ku SE

numsandula
TchMeth 2 6.054 0.7706 -0.808 0.1601 1.231 0.3189
ProbSolv 1 6.061 0.8626 -1.019 0.1601 1.896 0.3189
Reflect 2 5.831 0.8633 -0.776 0.1601 1.055 0.3189
KnowDev 1 6.017 0.9462 -0.904 0.1601 0.845 0.3189

Ya o

wananuu FITelalinTeiaduyseansanuiiednass naweuiisuseninanounas

PHINTFATDAIIN UMD ANUASULUAINIUINBALNIA U EULAN T 89l U AUNINT TRty

wazumsinges lnvdvedunaiiArdudsyansanuinewuvasnaneinigluiidigu (Noudn o =
0.909; n&3dm O = 0.929) druduuszansanuisslsenauiiAianaddntas (Mousn W = 0.940;
WAeAR W = 0.932)

N153LAT1LVR9AUTTNBULTIE U

v YV

Meviaannadunsdadeanuluyateyai Ifeladliunsieseilunanisinduduin

409909 TIAYUMIVITNATANMUITU 13U 16 o lagldyadayarnn 230 dreee dA1Adu

WgawuvaanAaosn1ely (O) AU 0.918 wazAueeUsenau (W) winnu 0.926

HAN133ATIEeeAUTENBULTIE uT U uAuN desvatlumanisTanumadvidnvesaging

v a

NWUINIEnaINIsUTULNE Tuwaiaudennassiudeyadisusednud wasldufiasauufgiuin

Y

(%
v v A

lunaauufgIuaenna e uday alteusedny anMeavlngi9a0uAUNANNaY LagA1AIY
ABTALAG BUVBINITUSENTAA W 1uLAMa L unu (X% (45) = 59.520, p = .072; GFI = .958;
CFl = 0.997, RMSEA = 0.038, SRMR = 0.029)

A a a L4 3 S T = & [ =1 3

eI IHan15IlATIziasRUseneududuiinds Fadudiuusuaiivesesdusznaunu

wywe (HO) nudsau (SO waznunisandula (0C) wuinaAminesdUsznovvemnndeninudy
Y A v o w aa ! v ] v A2 o 1 Hd o o 3 o
AU TUUYFAIAYN9ED6 (D < .01) WEAIIBLUTNE 16 AULTUAIVITNF1AYVDIDIAUITENDUVINEIY
fiAndvinesAUsenausening 0.542-0.874 Tnadusiniidmidnesadsenauuinian loud aaus
dl U U ! U 1 dgjdld EOI o o U 4 dl ¥ ! U U 6 o d‘
Neafuinyenisaeu (TchKnow) dudusniindnanuddgdosiign laun anuduiusiuieu

Aslulsasey (RelColl) $18a2tB8ANITIATIEY AN 1 WA #1519 5

6

HIaNATAUNNANITIATIZITRIAUSE N U B USUsUAUTdDY [HuNan1sItATIE AN dUN LS

sgintesilszneuunIivineg (TPO) Badussduseneuduiuiaesiuedusenaunisaiy wuind

o w aa

S o I3 Ao o P Y] I |
AU minesduszneunituddymeada (o < .01) Inefiuminesdusznauluguazuuuiinsgueg

o

1 (% Q{ % v 6

LI 0.946-0.998 LLazﬁﬂmmﬂiz%wﬁawamwumwdwaﬂﬁﬂizﬂauasﬂuszm 0.926-0.998 L@AIIN

NneaAusEnaulANUduRuSiugeIn
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Chi-Square=59.52, df=45,

0.979
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ContKnow [=+0.370

TchKnow [=0.235

TeachExp [==0.50§

TchChar [=0.5

RelColl [=o0.

KnowShar [=+0.

TchActi  [=0.

ClasNoti [=0.6

TchMeth [=0.29

-0.068

ProbSolv [==0.44:

Reflect [=0.311

KnowDev [=+0.47

P-value=0.07220,

RMSEA=0.038

AN 1 UHUANHENTIATIZRIAUsENaUdEu B A UNdD 1R dlanN T IAYUNIINTNAT

A1509 5 nan1sasgviesdusyneulsdudududuiaesesiaanisiaumaindnvesaging

e Ymiinesdusenau . " é’uﬂiiﬁmé
b(SE) [3 AzZBUUBIAUTENBY
ns3AsziasAUsznaususuiiviia
2IAUTENOUNULYYY
ContKnow 0.624 794 .630 177
TchKnow 0.652(0.043) 874 15.234** 765 324
TeachExp 0.655(0.057) .704 11.471* .495 .097
TchChar 0.643(0.057) .699 11.337** .489 121
asAUsENOUNUEIAY
RelColl 0.568 .542 .294 .050
KnowShar 0.612(0.069) 547 8.906** .299 .054
TchActi 0.635(0.081) 146 7.821** .556 291
ClasNoti 0.602(0.084) 631 7.164** .399 .120
psrUsENaUNUMIAndula
TchMeth 0.634 .842 .709 .286
ProbSolv 0.561(0.043) 146 13.115** 557 .168
Reflect 0.677(0.044) .830 15.519** .689 .188
KnowDev 0.650(0.057) 124 11.310** 524 166
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. YwinasdUsznau Fuusyans
ALkUT t R? .
b(SE) [3 AZLUUDIAUTENBU
MIIATziesdUsznaususuides
FadTuyunsivnineg
HC 0.979(0.072) 979 13.621%** 958
SC 0.946(0.116) 946 8.184** .895
DC 0.998(0.066) .998 15.149** .995

AafRANsEanAdaINaunduvadlunaiutayadelszding
(Xz (45) = 59.520, p =.072, GFl = 0.958; CFl = 0.997, RMSEA = 0.030 (p = .785))

TSN GaRaUNUSSEnIN9R U el HC SC HC TPC
HC —
SC 926 —
DC 977 .944 —
TPC 979 946 .998 —

*p < .05 * p< .01, **p< 001

A15M5IVFIUNITNDUAINAIUUSITAUIVDIFIAN
ANSIASIENUINTIANITABUAILAINNUTITOUIVDIEIAN (SDR) Tua1udsedianuiu 16 99
WULTUY 2 MU A NI1TNABNAIAULEY (SDE) waz n1saanisAluUszyivla (IM) ag19ay 8 U8

a ¢ ! = a a = = o & v ~ ::1' v o
Naﬂ']i']LﬁiWSWWUQWIUﬂqW3QNNﬂgLLUULQaE’JLﬂUﬂQ’]ﬂiQMUQWLTJUITJIW LLa%llﬂ']ﬂ'J']llLWENsLﬂaLﬂfNﬂU
N155789UVBIUIATIAAUAUY (SDR: M = 9.08, SD = 3.25; SDE: M = 4.37, SD = 1.63, OL = .61; IM:

M=4.71,5D =213, O = .63)

HANTIATIEVanAUTUSYes SDR, SDE, Uag IM fuyumednines esfusenaugosnsany

Y

93AUsENOU Wasfusligosniiusd wudduUsyumaindn (TPC) fmanduiusiluuinluszdiv

[

AU SDE ag1eildadrAgvieadd (r = .36, p < .001) widanduiusluseauniuiniu SDR ag1d

Y] [ [

HodAn9ada (r = .22, p < .01) wa IM egslifidedAgynisedd (r = .06, p > .05)

o
(%

Tuvginansiieseilussivesdusenaugaeiivany wuitesrusenaunuuyed (HO) wag
aeAUsEnauyun1sinaula (DC) fu SDE lneiimanduiusiulusedunegwiidedfymeads (HC:
r=.42 p < .001; DC: r = 36, p < .001) uaz SDR lawilarandunusluszauaininag1sdiudfgy

NNERRA (HC: r = .29, p < .001; DC: r = .20, p < .001) HANITILATIZTHLUTZAUAIUIY WUIIAIUST

|
LY v 6 LY [

Y UNYWE 3 U Uagdivadivemunsdndula 3 Muslianduiussedudiiunisvasnais

o A

aulesag 19l dadAneEdf wazmniansaaniznsitedyneaifiduddgagnuindiiies

< o

(%

o 1 & 0 & A Y] = & v
2 G]']UQSULW']UUV]"LNWUQ'Tﬁgﬂrlﬁfﬂ@Uﬁ]qﬂﬂquﬂiﬁliﬂuqmaﬁaQﬂm 1982LR8ALUUNINITIN 6
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(%

M3 6 andUITUSU UMM ANLAEMIUTTUNIABUMUAILUTITANMNEAY

SDE IM SDR A SDE IM SDR N

TPC 0.36***  0.06  0.22* v HC 0.42%** 012 0.29%* v

ContKnow 0.39***  (0.13*  (0.28*** v

TchKnow 0.41%** 013  0.29%* v

TeachExp 0.33%**  0.14*  0.26*** v

TchChar 0.28** 002  0.15% v

SC 020 001  0.11 v DC 0.36*** 002  0.20* v

RelColl 0.08 0.01 005 - TchMeth 0.35%** 000  0.17* v

KnowShar 0.07 -0.04 001 - ProbSolv 0.36*** 008  0.23** v

TchActi 0.28%* 009  0.20** v’ | Reflect 0.32*** 000  0.16% v

ClasNoti 0.22%** -0.01 0.11 v KnowDev 0.20** -0.00 0.10 v
*p < .05 * p < .01, ** p<.001, = favduiuslusesus (= 30)

anUsena

[
[ va v

MnwanIsAnuvessideadsd FAdenuiiiuseiduiimsedunofiaduanuusziiu fe
NTLUIUNTNALININTTANUNIT VN HaNTIATIERsAUTENaULE Uy Lagn1InsIvdey
duusyavsanduiusiunismeunumuUnsouesdsa

NITUIUNTNAIUINIATIANUNISIVIIN

) A4 A aw & X o a = a N dAawvo Y
ﬂ'ﬁW@Ju’]Lﬂﬁ'&]\ill@')ﬁlEJIUﬂﬁQULﬂUﬂ'ﬁWWUWUUEWUV’]WWQUQT@QWUWWQQ%W%WWNE\l}ﬂqwu@lﬂ

6 (% (%

98197 Usenaume yuuywed udiny wasyunisdnaula (Hargreaves & Fullan, 2012, 2013) wagil

q

n1sunluusuldegn19ni199219 (WU Belay et al,, 2022; Liu et al., 2020; Melesse & Belay, 2022)

a a a

aglsAnu nszvIuNsHRILILazaTIvaeUAuALTRTFalAN Ao NN TEUIUNISIATIZ

29AUTENDUTNANT9M28 TUNNTIVEATIN LIALTNITARLADNYDAIILDBNTLAINNTLUIUNITILAT L

o Y 1 [

29AUTENOU URATIAIATE Ut IUlLLAaNITInd1IRUNNTaNlAaINNNTEILATIZII U TeTIAs U041

[y

AUNWIVITIN

agslsfinu lusgozusnveamsiaudemauuiasiavumanandnislddonnumnsay

va o 4 4 J

(Negated items) Tun105inA28 1H99910TUNTZUIUNTHAILININTTA HAT8a519TDAIDNNSAY

Y

Tugasiasmglanuligneuiasinaslagudeniuuazandaiunisvinunnsin (Baumgartner et al,,

v
a Ya v 1

2018; Weijters & Baumgartner, 2012) WaisenInensiaudnsintgidenuindennunisavdna
onuaNTAn1dniia 1wy vilimnuiissanas daduiifinfussduseneunusg e udieu uazny
msanaula Tuseninenisneasdlduasn1s3AseieenUsenouled1s1a MeananIsLenaIAlsEnaU
go8laNIznga [ufiiinfussAUszneuudIaNsznIanTiinzdesdUsEnouBad1929 Gaile

fiansandineanuamnnuiiaanduiusnelussdusznavludidndlndauddn Snvisannuiisanielu
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fanfinduguiu mssdunisiademaiuainmsiesziaaifnuiianduiusseninetomany
wazmsis i minesUssneutudulUludnuasiioafufusuees Belay et al. (2022) uag Liu
et al. (2020) fiFnwnasRmuIASoslansonaINIInT TnFuaTUURY
nsEUUNSEAT R aueenanuuualudnuasd ulsliuuuiaduacuazaiunsa
dlUlFlE ety winsiarsaiesaaafiufionideweninisinisuisdiuudy esann

(%
o = = =] 1%

Tumsiuuesianis 9 Sndudesdiafisanuaseuaquueioniig nszaAtauie gy

v ¥ o = v o o A A v = o a
GD']ﬂﬂ']ﬁG]WGU'EJﬂqﬂqﬂaqﬁwﬂqﬂﬂﬂﬂqmijﬂuujﬂLu@'ﬁ'ﬁ/]llﬂ'ﬂqmﬂaqﬂﬂa\iﬂULﬂuvLU (Kruyen et al,, 2013;

Y VA v 1%

Steger et al,, 2023) wazuiiITvazasadernuunarvolussAusznoundnveanumaIndnlay
ﬁﬁﬁqﬁqﬁmmaqﬁaﬂq"gnﬂﬁwmLLm'asaqﬁﬂizﬂauﬁlajma%‘ué’ummmqmuLﬁamlﬁ (Kruyen et al.,
2013) agiu fifotuimsiinsinvifionsndeuwssFsuisunuuataosiuiegdlmidnade
Lﬁammaammmwmaammi@ WU AIAUTUNTE (specificity) a1l (sensitivity) Wagdienau
\Jesfu (Confidence Interval: Cl)

NANTITATITWBIAUTENBULTIB UG

lunsimsesiesdusznouifedudureslimanisianunsisdnes 43denuindmidn
p9fUszNaUTDIIL A Ui tandAdiiniasdUsznaududy 4 (FL: 0.542-0.746) Tasfaysdiid
ihwiintosfianaesiuls fio arwduiusiudiounslulsaFou RelColl) warntsuaniUdsuanus/
Fogaszminetu (Knowshar) gifenuiniminesduszneviitosionneiungldndnumemsdny
voanzlnsuardsaulvemuil Maitreephun et al. (2021) s2usallitil 4 tadeilfuistiadvativayy
LLﬁMTWU’JNﬂ’]iﬁ%jﬂﬁyuﬁ?;m%ml,ﬁﬂﬂ”l‘iL%EJuil“U@\‘iﬂE IWud Tausssudsdunanvuiiadudu
(hierarchical) LHUN1353UNGUNEFIAL (collectivism) HINAMUAIRUTNINFRNUINNTINY kaEN1IY
naAndsanuldutuey uenand msfmungkuunsiwuiednald PLC wuuiisssuues
Usgialngluraanaii i Afdnvagiuy top-down Wusiulenans wazdjuaniud ldsu
veuvang nioufuRegralundnsamidulsafeu lnsveanudeiiluanudsduveslouions
as1eyuIuLanIsiseus (Faikhamta, 2018; Prabjandee, 2019) Snwaizdanannseiuiudi DuFour
and Reeves (2016) nanlimsiasunsuforauundliidule PLC ilsogradealailfvinlmniy
Tsa5eu PLC Tusnléads uilufiesssuufiGendn PLC Lite 7 “Hufanssulfuduansilailiviemde
TniSeundeszuun1sine” (DuFour & Reeves, 2016, p. 71) 3eldenvadatmusssumadndndiin
Usglovimeiuaguazeisoule

AN9A52EBUANUTLANSANFUNUSAUNITNDUAIUAMNUTITAUIVDIFIAN

£
v o 6 v 1A

HANNTIATIZRAENAUNUS TENTNATADUANAINNUTITOUNVDIFIALAUAIU T ® YUVDINUY

v [ '
1 = o w aadqd v

MAPINATNUIIFIV R U InuanuIdunus iuegwllded Agnisaianszau 01 laeaniy

29AUSENBU SDE U99kUUIA BIDR-16 NISLAUVDIANTUNUSIUSLAUMAT 6 AU haZIEAUAININ

4 fU9% wansItemauluinnsIannaunduianulhnenisneunuauUssauvesdsruluseAunil
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Va v A Y

A3 7uiTadunnd1AIUBma 1 U g IR UAUA U LAAIRUN UATUAIUI AUAINITAVDIASLUNTT

Y

a wa

UuReu uagauaiusatunisiesdnnuivatiunndualdase Jerananiladnfiu@ang
AzauUN1TTUS MNENNTA (Akiba et al., 2019; Melesse & Belay, 2022) ¥8961AFH AOUNINTIA
Tun1ensaiug1y SDE nauslAranduiusiudiusdaunudaudn 2 ﬁ’aﬂa%’tuazé’umﬁmmmz

LufidudAyn1eada Wuheadussalszneun1unisdnnisauyssivla (M) 7 AifAnanduius v
faiv umm%wwm’lmvﬂuLsuﬂﬂaﬂusmsaasflusvmummﬂmau
L:uawmsmﬂmaﬂwmmaqamﬂsmau SDE 983119559 BIDR-16 1 9znuq LA sawudiu
msuanseen “egnslidtle” wiolusysuialdddnisaiunisuesnmeuesdu@iin uwesiunnnii
anuduase ST eaduines AN AINLEAINITO UAZNISLAUANATIUAULDS Turazil IM azduy
ﬂmmmaaﬂasm&”’ﬂaLLazi’ﬁaLLazéf’uﬂ’uﬁ‘ﬁ’uL‘%'aqamﬁiiu—ﬁaﬁﬁu (Bou Malham & Saucier, 2016;
Jantawarn, 2013; Lui et al., 2018) Paulhus (2002, as cited in Lui et al., 2018) %ﬁﬂuw:ﬁ'ﬁummmﬁm
BIDR atuifiudsszymeinesrusznaunisdnnismiudseiuladefieuduiusivimuusniidnine,
Fuyadnamen lnglanizyadnnmuuy Big Five Asntanldiduinusiansuenlunisine
W3 BuIil o UAULIASTANI5ABUAINAIINUSI AU IaAY 9na1saumAd anansldiiuaqny
aoandosfussnitavdnnsuazusngmsaifiiniu dewaldnindenlduasiadlunisdisanu
MANINAFVRINULDIALNTAYR BgalsNmu MIRTINEUNTIOUAINAINUTITONIVDIFIALLAL
YSuunmedsnisneadideasdudulae Kwak et al. (2021) lasausiuld 3 38 Ae (1) msidSeuiiey
FBn1sadretemauuuuaunsiazaulaeday (indirect questioning) (2) N1sAARILUSTIduRUS U
SDR 98n21nA15NA15047 kag (3) n15USUMddRandunusunedlu (Partial Correlation) Tuns

AATTRAUNITIATIFSS (SEM) Famsinisanwiidiuselidmsunisivslusuinnm

UaLauauuL
1. Yarawanuzlunisinadagluly

1.1 3nsdanumalndnasinaudul aguazyaainsmanisfinwannsaliluns
dmanueaiiensaaouuuinsufiRnunas msiauindnaslutiagiule

1.2 fusmsanudne) Anwdmen wasguimsnsnulugusdduaSunagaivayy
nswauIndwagamsainsiailddsunldunsiaunuesesagluamsnlussdy
anufne warsvAuaR LT wagoenuuunIRALIT TN sz auiuaudpsnisuaruIUY
funnsnaiy Tasasliinasianmsnoumunnuusisauvesdinuaugiume

1.3 dnnsdneinarinddodunisdnwanunsadinsindlugiueied eaiiodde
BahinaseneviuiedesioldeiBinunmiiie il fasaumelunisihnnudilasudsuutas

Tusgdvanufnu-wanuiinisfinu-Usene didnisaeauniseunisduaiunisimuinanagdely
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2. Yarduanuzlunisivensesaly

[
aa v

2.1 AsTinInsavaeuAuan ATl A smunTILar ALLTBY LazAANINYDS
wiesdlelufinsuiudluouamalunnsnatudiy atu 24 40 wazatu 16 90 Wy MRS
auliuUsildsunesnisin (Measurement Invariance) N15IATIETUUNYNGY (Multiple-group
Analysis) NM5IATILVTOLAUUTIUNG B N1TABUAUBITRADU (Item Response Theory) Y18

2.2 aysiimsfnudadendamareyumadninagiehanudilakagldasaunalunis

BONUUUTZUUMIMYUIAS NN TYINUTBIATUAL AL LU TR I TNAT I ausialy

=

2.3 asihwmsinlluldsiuduieiesdeidodulums@nudulsuieulngluuiunase
agRNIBZILNa W LAmTaUWATENTLTIUSIaMaz AN Urlugnsimuduwuun s

anaslituanudnwdy 9 Tunsiwuininedalanauasdsdusdely
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Abstract

The research aimed to develop indicators of computer, information technology, and
communication skills of 21st-century graduates. The sample consisted of 10 experts in
education, 10 students for the development of indicators of computer, information
technology, and communication skills of 21st- century graduates, and 1,165 students for the
development of indicators of computer, information technology, and communication skills in
the second-order confirmatory factor, selected by multistage sampling. The instrument was a
questionnaire on graduates’ computer, information technology and communication skills,
obtained from the development of indicators and an interview form. The results of the
development of indicators of computer, information technology and communication skills of
21st century graduates revealed that there were 3 components and 51 indicators as follows:
Component 1: computer skills (13 indicators); Component 2: information technology skills (18

indicators); and Component 3: communication skills (20 indicators); and that the model had
2
the construct validity, and it had the statistical significance as X = 661918 , df = 669, p-value =

2
0.5699, CIF = 1.000, TLI = 1.000, RMSEA = 0.000, SRMR = 0.016 and 4 /df = 0.989. Factor loadings

of standard components of the indicators were all statistically significant at the .01 level.

Keywords: indicator development, computer information technology and communication skills,

21st- century graduates
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wazwaluladansaumnauay ndeans wu Maesincee (2016) liauaineulnedenudsusaedly ¢ 37
R L‘U?iamfﬂuﬂulmﬁﬁmmijmmmmaa fianusuinveusedsny Wuaulneiifidnaasluniiaina
waz Wasudy digital Thai inweaearulumnissed 21 Tdun 1) critical thinking and problem
solving 2) creativity and innovation 3) cross-cultural understanding 4) collaboration, teamwork
and leadership 5) communications, information, and media literacy 6) computing and ICT
literacy 7) career and learning skills (Phuwarawan, 2002) lﬁﬂd’nﬁqﬁﬂmﬁmiﬂqﬂEjﬂﬁﬁ'u;:JJL‘%EJu
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103 Minveduansauma Ao uazmnelulad (information, media and technology skills) 3 4FUsznaY
A N13349UasAWNA (information literacy) miiwhﬁ'uﬁla (media literacy) kagn133LMvu
wialuladansauwa (ICT (information, communications & technology) literacy) a1nasAUsEnaU
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FeUszandlaonisiiassiesdusenauidad udusuduiiaes (second order confirmatory factor
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| aa a L4 13 a A v o o A .
A58 1 ANFDANANITIAATITNDIAUIENDUMNE UL UBUAUNEDY (second order confirmatory
factor analysis) FUTTINEEATUADNNIADS WALLLATENTEUVALALNITEDENT

YU uARluANISTEN 21

Animtin
29AUsZNAU Faued 29AUsZNBU SE z R?
1asgu( f)
Al 0.632 ** 0.020 32.339 0.400
A2 0.664** 0.018 37.053 0.442
A3 0.692** 0.017 39.627 0.479
Ad 0.760** 0.014 54517 0.578
A5 0.775** 0.014 54.416 0.600
A6 0.766** 0.014 55.457 0.586
INYLATUABUNILNDS A7 0.703%* 0.017 40.578 0.495
A8 0.740** 0.016 47.245 0.548
A9 0.543** 0.024 22.938 0.295
A10 0.599** 0.021 28.169 0.359
All 0.676** 0.018 36.629 0.457
Al12 0.777** 0.014 57.288 0.603
Al3 0.720** 0.017 41.720 0.518
B1 0.726** 0.014 50.847 0.527
B2 0.768** 0.013 59.679 0.589
B3 0.766** 0.013 60.633 0.586
B4 0.752** 0.013 56.887 0.565
B5 0.837** 0.010 86.657 0.701
B6 0.780** 0.012 63.568 0.608
B7 0.795** 0.012 68.474 0.632
nnvziumalulad B8 0.809** 0.011 74721 0.654
138 ULNA B9 0.833** 0.010 87.250 0.694
B10 0.832** 0.010 87.029 0.692
B11 0.834%** 0.010 87.590 0.696
B12 0.833** 0.010 86.576 0.693
B13 0.831** 0.010 86.124 0.690
B14 0.800** 0.011 71.029 0.640
B15 0.792** 0.011 70.317 0.628
B16 0.838 ** 0.010 88.081 0.702
B17 0.842** 0.009 91.515 0.709
B18 0.948** 0.002 431.176 0.899
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Aimtin
29AUsZNBAU Faued 29AUsZNBU SE z R?
a5z f)
C1 0.838** 0.010 88.128 0.703
2 0.847** 0.009 93.694 0.718
c3 0.850** 0.009 93.958 0.723
ca 0.854** 0.009 96.840 0.730
c5 0.842** 0.009 93.217 0.708
C6 0.850** 0.009 96.771 0.722
c7 0.842** 0.009 92.117 0.709
C8 0.781** 0.012 64.886 0.609
ﬁ'nwéhums%ms 9 0.774%* 0.013 61.078 0.600
C10 0.808** 0.011 76.483 0.653
Cc11 0.776** 0.012 62.596 0.602
c12 0.793** 0.012 67.680 0.629
C13 0.815** 0.012 67.680 0.664
C14 0.805** 0.011 74.330 0.648
C15 0.730** 0.014 51.971 0.533
C16 0.797** 0.011 70.915 0.636
c17 0.756** 0.013 58.483 0.572
c18 0.790** 0.012 68.046 0.624
c19 0.759** 0.013 58.096 0.577
C20 0.761** 0.013 58.453 0.580

v
v o w

WennsanAvtnesdusenauinsgiu (B) vedlunanmsindivstiieunndivedifgy

q ]
(%

Nl AN seav 01 wagdiuadndauminesAalsenauuiniign Ao aeAUsENaUN 2 FaUsd B18

al

Unfnwanusatanuiiunalulagdeats vysandumseunasvenlaindenlasulinumising

'
a 1 =)

p819ls (= 0.948) 5098311AD 89AUTENBUN 3 FAUsT C4 UnAnwiamsafnsedeanslaonisly

weluladnsdoansogeaseassd (4 =0.854) psrUsznaudl 3 fud C3 Weothinwdmauladady
foyarnansanela o udaihAnwaansanumunad walde wasnanszuidsonulosuaz{aule
aggaY wavesdUsznoudl 3 C6 WnAnwdarudilanisldimaluladnisdeans tdegned
U AVENNLAZENADINUAIULANANYNTAIUGTINOENTOUMU (B =0.780) ATNaFU

IS a I

WasanAduUszansn1sdndule (R2) vesiiuadimndinudnden Aaus 0.295 - 0.899

¥
1 o a a o

IngfuandAidusyansnisinuegegane asdUsenaun 2 MUl B18 dndAnwiaiunsauindug
auwmalulagdeans wysanduniseukasuenlaindenlasulvinuvselnvedsls (R? = 0.899)
Je9RINAD B9AUTENOUN 3 MUY C4 UnfAnwaunsainsedeansinenisldinalulagnisdeans

ag9asNaTIA (R? = 0.730) asdusznaun 3 fusd C3 WetnAnwidndulalafudeyaimasandels 9
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WAINANWIAINITANUMIUKEGR HaLde wavkansenuNddenuiedwaryduldegsmunzay (R? =

0.723) MUa1au

A1919 2 AEDARAN1SIATIETIAUTENDULTNBUSUSUAUNEBS (Second order Confirmatory
Factor Analysis) 83AUsENaUBIAUIENBU MinYrAUABNNIADS Lazinalulad

= o a =
ANSEUNALAaENSERETVRIU TR lUARITTEN 21

. FthwinesdUszney
29AUTENOUY SE Z R?
wnsgu B)
PINYLATUABUNLADS 0.867** 0.009 93.008 0.752
nwemumnalulagansaund 0.998%* 0.004 266.454 0.995
ﬁﬂwzﬁ’mmsﬁams 0.959** 0.005 201.872 0.919

Y )

WieninnsaneminesAusznaunnsgiu (8) vedumanisinesdusenauynimitdedifgy

'
aad v

y3afffisedu 01 uaresAUsznoufiamiminesdusznavaniian fio ssdusenaudl 2 fnvedu
wialulaBansaune (B =0.998) so1aeu1fe a3dUsznaudl 3 Wnwedun1sdeans (B =0.959) uaz
a3fUsEnoudl 1 invesupauiinmes (B =0.867) auddu

SofinsanAdudssdvinsdindula (R2) vesesdusenaunndanuindie doust 0.752 -
0.995 lavesdUsznaviifiAnduuszaninsviiuegeanie esrUsznevil 2 sinwesuinalulad
ansaumne (R2 = 0.995) 504891170 aaAUsEnaudl 3 Wnuedun1sdeans (R2 = 0.959) wag

29AUTENBUN 1 YINWEAUABNAIADS (R2 = 0.752 ) AUasU

A1519 3 ANEDANIYATIEDUAIUATIIUAANTITIATIZYIBIAUTEN DU B U UB UAUTIEDS
(Section order Confirmatory Factor Analysis) ¥insga U3 uazinalulad

ANTAUMALALNTFRATUVDIUUA S LUARNITTUN 21

AILUTHE v’ df X /df | p-value | CFI TLI RMSEA | SRMR

SIC 661.918 669 0.989 | 0.5699 | 1.000 1.000 0.000 0.016

NN 3 HANISATIVEBUAUNTWEIIAANT AT s HesRUsnaudsududusuiiaes
(second order confirmatory factor analysis) ¥inwgA1UABNNILABS Inaluladansauineuasy
nsdearsvestudialuanissed 21 nui luwadiauasadslaseadefionsanldainaadanld
nvaeUANUnssvedliiaa Taun 7 SA1 661.918 df T 669 p-value difn 0.5699 CFI &A1 1.000

TLI §lAn 1.000 RMSEA @1 0.000 SRMR @1 0.016 wagA y°/df fld1 0.989
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nndeyaasuladn lunan1sinesdusenaunagiusiinuvesuneuiiunes malulad

ANTAUMALALNITEDANTVDIUUAA L UARITTEN 21 Tulumani153LA1209AUSE N UL U U UAU
i . N a Y a4 = % o
g0 (second order confirmatory factor analysis) dA1unsudislassas1aniednnugonnaniny
P V= '3 Y]

ToyasUszindluseivroudnags Wufe sarusznoukaziiusdnnmlulumaluesduseneuuay

WAy wagdlanuduiusinenyudeiuuasiu fdanim 1

0.297*

C2 |<€—o0.282+

k C3 |<¢—o0.277
IS
:77(;1 R2= 0.752 C4 |€—o.270~
0.414 0.766* 0.248*

<—0.292"

S, L "
o :; «— 0278
N K
0452+ > s 3
< *x
S } ~€—0.291
O
A [oe)
‘(\9 o
0.641—> ) 2 <—o301™
0.543 v, <— 0.400*
* o
) R2=0.919 S
0397 C10 0.347

<— 0.398"

0.371*

0.352*

.998**

0.368**

s,

055 R2= 0.995
809+, 0.376
0306 > |LB9_| 0.833™
532*: 0.005 0423
0.308"—> R
%”{”i
0.304 B11 1 3 0.420
S &N ©
S R 3
0.307—> N <
03107 _ 661.918, df = 669, p-value= 0.5699, CFI = 1.000,
0.360"— B14 B15 B‘IG B17 B18
¢ TLI = 1.000, RMSEA = 0.000, SRMR = 0.016, ){ /df = 0.989
0372"  0298™  0291*  0.101*
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Y 14 = o LY -y a [ L3 =1
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s o/ k4 a ¢ a 1 H LY s [
29AUTENOUN 1 NNYSATUADUNILADS umumuﬂaﬂﬂﬂizﬂaummg’mmmu 0.867
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| Ao o W o & a d' = a )
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v v v
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Y Y
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