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Abstract

Teaching computational thinking develops students in analytical thinking, systematic thinking, step by step reasoning
to solve problems, applicable to real-life problems, and can be integrated across a wide range of disciplines,
combining knowledge to create works and extend knowledge to other subjects. The objective of this study was to
examine the outcomes of a curriculum to enhance learning management competency in computational thinking for
lower secondary teachers. The samples were 4 teachers selected by purposive sampling, and 123 grade 8 students
selected by the criterion of 70% from private schools under Mahasarakham Provincial Education Office, Office of
the Private Education Commission, Thailand. The instruments for the lower secondary teachers were; 1) a test to
measure knowledge and understanding of teachers' computational thinking learning management, 2) an assessment
form for learning activity design ability, and 3) an observational form of learning management ability, while a
computational thinking ability test was employed to the students. The data were analyzed by mean, percentage,
standard deviation, and the Wilcoxon signed rank test. The results were; 1) the teachers after the workshop had
higher knowledge and understanding of computational thinking learning management than before the workshop; 2)
the teachers were able to design learning management that promotes computational thinking at a high level; 3) the
teachers were able to provide learning management that promotes computational thinking: overall, the average was
good; and 4) the students' computational thinking ability after learning was higher than before learning at a statistical
level of .05.
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1. Introduction

Learning management in the 21st century is an era in which people will face rapid, drastic, twisted, and unexpected
changes. People in the modern world, therefore need to be highly skilled in learning and adapting. Teachers are
regarded as an important force in driving education, responsible for learning management to develop students to be
quality and up to date with changes. They must be knowledgeable, able to manage to learn, have up-to-date
knowledge, and broadness, know the world, and keep pace with advances in science and technology and the changes
that occur all around (Chumchit, 2007). For teachers' learning management competencies, teachers must be able to
integrate learning within and between subject groups in line with real life, have learning designs that are suitable for
learners, prepare systematic learning plans, provide hands-on learning activities to enable students to think, do and
solve problems, use a variety of materials and learning resources to promote learning, and assess and improve
effective learning management. For the development of teacher competency must be considered from the changing
social context, focusing on teachers to develop themselves to have higher competencies, leading to effective
performance, aiming for the greatest benefit to the development of learning management and the quality of learners
is important (Office of the Education Council, 2008).

Education management in Thailand today has changed in many aspects. The curriculum in the 21st century aims to
develop people with the characteristics of knowledge, learning skills, thinking skills, and life skills. The Ministry of
Education has an important and urgent policy to improve the Basic Education Core Curriculum (B.E. 2551) in the
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learning areas of mathematics, science, and technology (Bureau of Academic and Educational Standards, 2018). The
policy and focus of the fiscal year 2020 aimed to provide teaching and learning that was in line with the national
strategy, especially the urgent policy on preparing people for the 21st century. The Ministry of Education has
therefore announced a policy focused on teaching and learning the rational and step-by-step thinking skills (coding)
of students from kindergarten to vocational levels and developing teachers' expertise in teaching English and
computer languages (Ministry of Education, 2019). In the age of digital and technology that grows rapidly and plays
arole in everyone's daily lives, learning to code (coding) is therefore necessary for the new generation of youngsters
as well as entrepreneurs, and to keep pace with the world, coding is therefore a necessity in Thai education
(Deprasert, 2019). Coding is now included in the basic teaching curriculum for schools across the country (Institute
for the Promotion of Teaching Science and Technology, 2017).

The most important element of learning to code is teaching computational thinking, which will help develop
children's critical thinking process, thinking systematically, and reasoning step by step to solve problems.
Computational thinking is the science of learning methods used in problem solving, system design, and analytical
thinking, analyzing the behavior of things based on the basic concepts of computation by using mathematical
methods to help find answers, analyze data, and create solutions step by step (algorithms). Learners can apply
computational thinking skills to solve real-life problems, integrate with various disciplines, combine knowledge to
create works, and extend knowledge to other subjects (Barr & Stephenson, 2011; Csizmadia et al., 2015; Lockwood
& Mooney, 2018; Wing, 2006; and the Institute for the Promotion of Teaching Science and Technology, 2017).

Teachers' learning management competencies consist of core competencies and line competencies; in
particular, teachers must have line competencies in learning management, which is their main function. In learning
management, teachers must have five competencies, namely: 1) the ability to design learning activities; 2) the ability
to create learning management plans; 3) the ability to organize learning activities; 4) the ability to use technology and
media in learning management; and 5) the ability to measure and evaluate results (Office of the Education Council,
2008; Wangmeejongmee & Naipat, 2017; Office of the Basic Education Commission, 2010; The Secretariat of the
Teachers' Council of Thailand, 2005; Panich Phlinchai, 2016; Warinin, 2014; Ministry of Education, 2017; and
Parson, 1996).

The researcher, as a supervisor, has supervised and monitored the educational management results of private schools
under Mahasarakham Provincial Education Office and found that the learning management according to the school
curriculum of teachers still lacked knowledge, understanding, and skills in learning management, had no sufficient
knowledge of learning management and learning process design in relation to learning standards and curriculum
indicators, and teachers did not analyze learning standards and core curriculum indicators according to the Basic
Education Core Curriculum 2008 and were unable to design self-learning management. Most teachers teach based on
textbooks, explaining knowledge from textbooks to students with activities based on exercises in textbooks rather
than having student practice critical thinking and problem-solving skills. The students participated in the learning
activities relatively little, and the design of learning measurement and evaluation was inconsistent with the teaching
and learning activities (Mahasarakham Provincial Education Office, 2019).

For the reasons mentioned above, the researcher has developed a curriculum to enhance learning management
competency for lower secondary school teachers that promotes computational thinking so that learners can create
new knowledge using various thinking approaches, applying and modifying learning methods by problem-solving
and problem-based learning based on constructivist theories. In this study, the implementation outcomes of the
curriculum will be presented.

2. Conceptual Framework of the Curriculum

The conceptual framework of the curriculum to enhance learning management competency in computational
thinking for the lower secondary teachers composed of can be illustrated in Figure 1.
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[ Concept/Theory ]

1. Constructivist Theory
(Vygotsky's Sociocultural
Theory)

Creation of knowledge and
learning by interacting with
other people and
environments, relying on
prior knowledge, experience,
and cognitive structure as the
basis for learning.

2. Adult learning Theory
(Knowles, 1964).
1) Needs and interests; 2)
Usetul learning materials; 3)
Life-related situations; and
4) Learning-enhancing
environments.

3. Computational Thinking
(IPST)

Analytical thinking process,

thinking systematically by

using reasoning step by step

to solve problems according

to the following steps:

1) Decomposition

2) Pattern Recognition

3) Abstraction

4) Algorithm

4. Analytical Thinking
(Bloom)

The ability to classify data or
problems, to find parts,
components and importance
of events, stories or content,
finding relationships to be
analyzed to find the true
cause of what happened
systematically.

5. Problem Solving
Understanding the problem
by identifying the problem,
analyzing it, proposing a
solution, and explaining the
results of solving that
problem

[ Independent Variable ]

1. Principles
It is a curriculum that focuses
on developing teachers to have
knowledge, understanding,
skills, and ability to manage
learning by emphasizing self-
learning by doing, practicing,
analyzing thinking, solving
problems, exchanging
knowledge, showing opinions
and reflections, cooperating,
helping each other and
focusing on applying
knowledge to real practice.

2. Objectives
1) To promote and develop
teachers to have knowledge
and understanding of
computational thinking,
learning design, learning
management, media creation
and measurement and
evaluation
2) To promote and develop
teachers' abilities in designing
learning activities and
measuring and evaluating
learning outcomes that
promote computational
thinking.

3. Contents

Unit 1 Decomposition
Unit 2 Pattern Recognition
Unit 3 Abstraction
Unit 4 Algorithm

4. Activities
1) Training activities: Conduct
the workshop according to 4
steps of training activities:
Step 1: Preparing, Step 2:
Action Learning, Step 3:
Sharing & Reflecting, and
Step 4: Conclusion &
Evaluation.
2) Post-training activities:
Supervise and follow-up using
a classroom observation.

5. Training materials
Course manuals, knowledge
sheets, activity sheets,
materials and equipment.

[ Dependent Variable ]

Implementation Outcomes
1) Teachers have knowledge
and understanding of
computational thinking,
learning design, learning
management methods, media
use, measurement and
evaluation of computational
thinking learning
management.

2) Teachers have the ability
to design learning
management that promotes
computational thinking.

3) Teachers are
knowledgeable and capable
of organizing learning
activities, using learning
media, being able to measure
and evaluate learning
outcomes that promote
computational thinking.

4) Learners have
computational thinking
abilities.

Figure 1. The Conceptual Framework of the Curriculum to Enhance Learning Management Competency in
Computational Thinking for the Lower Secondary Teachers
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3. Method
3.1 Participants

The participants were 4 teachers who had a minimum of three years of teaching experience in science and technology,
selected by purposive sampling from 14 teachers from 7 private schools under the Mahasarakham Provincial
Education Office, Office of the Private Education Commission, Thailand. Moreover, 123 grade 8 students were
selected by the criterion of 70% of each class: 65 of 96, 34 of 52, 15 of 24, and 9 of 13. The study took 2 days of the
workshop (14 hours) and 12 weeks for learning management in the classrooms during the second semester of the
academic year 2021.

3.2 Instruments

The research instruments were: 1) a test to measure knowledge and understanding of teachers' computational
thinking in learning management with 30 multiple-choice items for pre-test and post-test (rtt=0.95); 2) an assessment
form for learning activity design ability with 20 items on a 5-point Likert scale (the highest level of appropriateness:
x=4.54, S.D.=0.55); 3) an observational form of learning management ability with 18 items on a 5-point Likert scale
(a high level of appropriateness: x=4.43, S.D.=0.53); and 4) a computational thinking ability test for the students
with 30 multiple choice items for pre-test and post-test (rtt=0.98). The instruments' quality was verified by 5 experts
whose expertise was in the fields of curriculum, measurement, and evaluation, training, and learning management.

3.3 Data Collection

During the 2nd semester of the academic year 2021, the data collection was divided into 2 phases. In Phase 1, the 4
teachers attended a workshop held by the researchers to learn and apply principles and theories relevant to the
curriculum: adult learning and constructivism. The workshop was composed of 4 steps including, Step 1: Preparing,
Step 2: Action Learning, Step 3: Sharing & Reflecting, and Step 4: Conclusion & Evaluation. During the workshop,
their learning management was observed and assessed for the first time. This took 14 hours out of 2 days. In Phase 2,
the teachers were assigned to implement the curriculum in the classroom after the workshop. During the 12 weeks of
learning management, they were observed, reflected on, and coached by their peers and the experts (the second
observation). Both offline and online follow-up and supervision were closely carried out.

3.4 Data Analysis

In order to analyze the data from the test to measure teachers' knowledge and understanding of computational
thinking in learning management, the assessment form for learning activity design ability, and the observational form
of learning management ability, the researchers employed the use of the Statistical Package for Social Sciences
(SPSS): mean, percentage, and standard deviation. Furthermore, the Wilcoxon signed rank test was applied to
examine the difference between the pre-test and post-test scores of the students' computational thinking ability.

4. Results

The curriculum to enhance learning management competency in computational thinking for the lower secondary
teachers composed of 4 elements as shown in Figure 2.

The form of the training activities was a workshop where teachers were trained according to the content of units 1-4.
The activities consisted of activities to clarify the objectives of training, pre-tests, training activities, and post-tests.
There were four steps to the training activities, as follows: Step 1: Preparing—the trainers motivate learning, arouse
interest in participants using game activities, and use Q&A to check and review knowledge and understanding of the
training content. They discuss and reflect on the existing knowledge and understanding. Step 2: Action
Learning—the trainers provide knowledge by allowing the participants to understand the content issues learned,
practice activities according to each learning unit by designing and planning the activities in a sequence of steps
systematically, and do self-directed activities. Step 3: Sharing & Reflecting—the participants participate in
discussions, present the results of the activities, share knowledge, and reflect on the issues learned from the activities.
And Step 4: Conclusion & Evaluation—the participants review and build knowledge by comparing their initial ideas
with those at the end of the lesson, summarizing knowledge for themselves, and the trainers evaluate the results after
the lesson at the end of each unit.
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1. Principles
1.1) It is a curriculum that emphasizes on teachers' competency in learning management,
knowledge, understanding, skills and abilities in learning management of computational
thinking, applying knowledge of computational thinking as a base for organizing learning
activities by integrating technology in activity design in line with learning standards and
indicators in science and technology learning subjects according to the basic education core
curriculum, B.E. 2551 (revised version 2017).
1.2) The curriculum emphasizes self-learning by practicing, analytical thinking, systematic
problem solving with rational steps according to the concept of computational thinking,
sharing learning and reflection, expressing opinions, providing cooperate, help each other of
the participants.
1.3) The curriculum focuses on training to apply knowledge to real work under an
atmosphere of freedom in learning and working, supervised by trainers who provides
training.

2. Objectives
2.1) To develop teachers to have knowledge and understanding about concepts, principles,
goals, importance of computational thinking, learning design, learning activities, media use,
and measurement and evaluation of computational thinking.
2.2) To develop teachers to be able to produce learning that promotes computational thinking
and to be able to choose teaching and learning materials.
2.3) To develop teachers to be able to organize learning activities and evaluate learning
outcomes that promote computational thinking.

3. Curriculum Structure

3.1) Contents:

Unit 1 Decomposition

Unit 2 Pattern Recognition

Unit 3 Abstraction

Unit 4 Algorithm
3.2) Activities:
Conduct the workshop based on the content of unit 1-4 and trainers to educate
participants on practical training, presentation of practical results, reflection on practice
results, measurement and evaluation, and post-training activities by supervision, using
guided techniques to observe the class.
3.3) Training materials: course manuals, knowledge sheets, activity sheets, materials and
equipment.
3.4) Measurement and Evaluation: measure and evaluate according to actual conditions.
3.5) Training duration: 2 days in-room training and 12 weeks in-class follow-up.

4. Measurement and Evaluation
4.1) Test knowledge before and after using the curriculum to enhance learning
management competence.
4.2) Assess the ability to design learning.
4.3) Evaluate the ability to manage learning in the classroom.
4.4) Evaluate students' computational thinking abilities.

Figure 2. The Elements of the Curriculum to Enhance Learning Management Competency in Computational
Thinking for the Lower Secondary Teachers

4.1 Knowledge and Understanding of Teachers' Computational Thinking Learning Management

The participants (4 teachers) took the pre-test and post-test with 30 multiple choice items to measure their knowledge
and understanding of computational thinking learning management, and the comparison of test results before and
after the workshop can be illustrated in Table 1.
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Table 1. Comparison of Knowledge and Understanding of Teachers' Computational Thinking Learning Management

before and after the Workshop

No. Pre-test Score Post-test Score Mean difference
(30) (30)

1 17 28 11.00
2 13 26 13.00
3 11 22 11.00
4 14 23 9.00
Total score 55 99 44.00
X 13.75 24.75 11.00
S.D. 2.50 2.75 1.63
Percentage 45.83 82.50 36.67

As seen in Table 1, while the pre-test mean score was 13.75 (S.D.=2.50), the post-test mean score was 24.75
(8.D.=2.75), The mean difference between the pre-test score and the post-test score was 11.00 (S.D.=0.25; and
36.67%). Therefore, this indicated that the teachers after the workshop had higher knowledge and understanding of

computational thinking learning management than before the workshop.

4.2 Teachers' Ability to Design Learning Management That Promotes Computational Thinking

Table 2. The Teachers’ Learning Activity Design Ability That Promotes Computational Thinking

Ttems Results
Mean S.D. Interpretation

Learning Unit
1. Learning standards, indicators, key competencies of learners are appropriately linked. 4.50 0.57 high
2. Concepts, subject matter, and learning standards/indicators are consistent. 4.50 0.57 high
3. Learning activities are consistent with learning subject matter, learning standards and indicators. 4.25 0.50 high
4. Learning activities cover the development of learners to have knowledge and ability to think 4.00  0.00 high
computationally.
5. Learning activities can lead learners to create tasks. 4.25 0.50 high
6. The assessment was consistent with learning standards and the Computational Thinking Ability 4.00 0.00 high
indicators.
7. Evaluation criteria can reflect learner quality according to standards/indicators. 4.25 0.50 high
8. The learning materials are appropriate enough for each activity. 4.50 0.57 high
9. The timing of the learning unit is appropriate for the learning activities. 450  0.57 high
10. Learning units can be used to manage learning for students. 450  0.57 high
Lesson plan
11. The lesson plans are consistent with the specified learning unit. 4.50 0.57 high
12. The lesson plans have all components related to each other. 4.25 0.50 high
13. The lesson plans have appropriate assignments/tasks. 4.25 0.50 high
14. The lesson plans determine the appropriate materials, equipment, media and learning resources 3.75 0.50 high
in line with the learning content and learning activities.
15. Learning activities are suitable for the learners and their level. 4.00  0.00 high
16. Learning activities are diverse and practical. 4.25 0.50 high
17. Learning activities promote the students' computational thinking. 4.25 0.50 high
18. Activities focus on learners to learn from real practices. 3.75 0.50 high
19. Measurement and evaluation are consistent with the learning standard/indicators. 4.00 0.81 high
20. A wide range of learners' computational thinking abilities were assessed. 4.25 0.50 high
Total Score 4.22 0.46 high

Note. 4.51 —5.00 = the highest 3.51 —4.50 = a high 2.51 — 3.50 = a moderate

1.51 -2.50=alow 1.00 — 1.50 = the lowest
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The assessment form with 20 items was used to assess the participants’ learning activity design ability and the
findings can be seen in Table 2.

As shown in Table 2, the mean score of learning activity design ability that promotes computational thinking in every
item was at a high level (3.75-4.50). The total score from this instrument was 4.22 (S.D.=0.46). Thus, the teachers
had the learning activity design ability at a high level.

4.3 Teachers' Ability to Provide Learning Management That Promotes Computational Thinking

The findings from the observational form of learning management ability with 18 items used for the classroom
observation 2 rounds can be presented in Table 3.

Overall, the participants' ability to provide learning management that promotes computational thinking was at a good
level, according to Table 3 (x=3.70, S.D.=0.71). When considering each round, the mean score of the first round was
3.10 (S.D.=0.47). Moreover, almost every item of it was at a fair level (x=2.58-3.33) except Item 1, which was at a
very good level (X=4.83, S.D.=0.39). For the second round, the mean score increased to a good level (x=4.30,
S.D.=0.45). Apparently, every item in the second round was higher than the first.

In addition, the observations found from the experimental curriculum in the training room showed that at first, the
teachers were anxious about participating in activities, did not dare to express their opinions, and waited to follow
the trainers' instructions, which meant the trainers often had to encourage participants to express their thoughts by
using leading questions. In Unit 1 Decomposition, the trainees performed rigorous activities. When entering the
preparation phase of the training that the trainers had planned, the participants played games, watched video media
and video clips, and found answers to everyday problems that the trainers presented, which relieved their anxiety and
made them eager to find answers from practice, both from playing games and performing activities. Participants
talked with their fellow teachers, exchanged ideas, and received help from their fellow teachers, making them ready
to learn and showing their potential very well. However, due to the small number of participants affecting the process
of discussion and the exchange of knowledge, which was limited to only 4 people, there was only 1 group to
exchange knowledge, which made it possible to express opinions from previous experiences of teachers that were not
diverse. In each activity, the participants participated in every step of the activity, and exchanges of knowledge and
opinions were inserted into the activity process. And when problems arose, the participants would help each other
propose guidelines and find solutions together in the group.

Furthermore, the results of the observation of the teacher's learning management in the classroom were revealed. The
teachers managed the learning based on the designed learning management plans. While the researcher or the
observers recorded the activities that occurred in the class, it was found that in the early stages, teachers used
questions to encourage students to answer all the time. They did not express their ideas or explain their answers
because they were not familiar with the teaching methods and were not confident, afraid that the answer would be
wrong, and there were strangers sitting in the classroom, so they did not dare to express their opinions. The students
must be encouraged by using leading questions at all times. Some groups of students still did not sequence the events
that had happened as well as they should have. The groups that thought outside the box were caused by the advice of
the teacher; they still couldn't think for themselves. The teacher set the framework for work, which the students were
not allowed to do independently. In subsequent activities, when the teacher initiated the activity according to the
lesson plan, the students participated and cooperated very well. Learning management could continue smoothly;
students could express their rationale for the activity and then summarize the concepts to connect them to knowledge.
Students were more assertive and learned happily.

From discussions with teachers and co-observers, the results of learning management could be reflected as follows:

"In group work, students should divide their responsibilities so everyone can participate in the activity." "Students
take pride in the group's work and love working with others" (Observer).

"Group presentations, if students were to use a larger and clearer medium, would be great since students sitting at the
back could not see what their peers were presenting" (co-observer).

"I want friends to do activities together; everyone plays a lot of fun games." (Students).

Students cooperate and are interested in activities as well. For people who don't like to express their opinions when
they have done an activity, instead invite friends to do activities together. People who don't like to talk have the
opportunity to chat with friends while doing activities. Students are happy and fun to learn, as can be seen from their
facial expressions, their voices, their conversations, and their constant laughter. Sometimes there are complaints
when peers disagree. (Teachers)
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Table 3. The Teachers’ Learning Management Ability That Promotes Computational Thinking

Training Room Observation Classroom Observation
Items Round 1 Round 2
Mean S.D. Interpretation  Mean S.D. Interpretation

1. The teacher had a learning management plan 4.83 0.39 Very good 4.92 0.29 Very good
that promoted computational thinking.
2. The teacher proceeded the instruction in a 3.25 0.45 Fair 4.42 0.51 Good
sequential manner according to the lesson plan.
3. The teacher organized learning that 3.33 0.65 Fair 4.42 0.51 Good
encouraged learners to think in parts.
4. The teacher organized learning that 3.08 0.51 Fair 4.25 0.45 Good
encouraged learners to think in patterns.
5. The teacher organized learning that 2.83 0.58 Fair 4.08 0.29 Good
encouraged learners to think abstractly.
6. The teacher organized learning that 2.92 0.67 Fair 4.17 0.39 Good
encouraged learners to think in steps
(algorithms).
7. The teacher used questions to encourage 3.08 0.51 Fair 4.50 0.52 Good
students to practice computational thinking.
8. The teacher associated prior knowledge or 3.00 0.43 Fair 4.42 0.51 Good
experiences with the lessons or content being
taught.
9. The teacher had a variety of ways to 3.00 0.43 Fair 4.08 0.29 Good
encourage students to practice computational
thinking.
10. The teacher organized activities for students 3.08 0.51 Fair 4.33 0.49 Good
to practice computational thinking.
11. The teacher had a variety of computational 2.67 0.49 Fair 3.83 0.58 Good
thinking assessment methods.
12. Learners reacted by answering questions and 3.08 0.29 Fair 4.25 0.45 Good
expressing themselves appropriately.
13. Learners had a discussion and exchange of 3.00 0.60 Fair 4.50 0.52 Good
ideas about the content they were learning.
14. Learners were free to think and work. 3.17 0.58 Fair 4.42 0.51 Good
15. Learners were able to separate issues from 3.00 0.60 Fair 4.33 0.49 Good

problem situations and propose solutions.

16. Learners practiced analyzing and solving 3.00 0.74 Fair 4.25 0.45 Good
problems from the activities in the lesson.

17. Students expressed their opinions, exchanged 2.92 0.51 Fair 4.50 0.52 Good
discussions with friends before summarizing

knowledge and answering questions in the

lesson.

18. Learners could apply the knowledge learned 2.58 0.51 Fair 3.75 0.45 Good
in their daily lives.

Mean 3.10 0.47 Fair 4.30 0.45 Good
Overall I 30 e Good
Note. 4.51-5.00 = Very good 3.51 -4.50 =Good 2.51 —3.50 = Fair

1.51 — 2.50 = Should be improved 1.00 — 1.50 = Must be improved
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4.4 The Students' Computational Thinking Ability

The participants (123 students) took the pre-test and post-test with 30 multiple-choice items to measure their
computational thinking ability, and the comparison of test results before and after learning through the curriculum
can be demonstrated in Table 4.

Table 4. Comparison of Students' Computational Thinking Ability before and after Learning

Test n Full score Mean S.D. Wilcoxon Value Wilcoxon
(1-tailed)
Pre-test 123 30 16.66 4.04 9.64 .000*
Post-test 123 30 28.72 3.79

Note. *p<.05

As demonstrated in Table 4, the pre-test mean score was 16.66 (S.D.=4.04) while the post-test mean score was 28.72
(S.D.=3.79). The Wilcoxon value was 9.64. Therefore, the average score of students' computational thinking ability
after learning was significantly higher than before learning at the .05 level. It can be easily demonstrated by Bar
Chart 1.

30 28.72

25

20
16.66

15 ™ Mean

=SD.
10

.04 .79

Pre-test Post-test

Chart 1. The Students' Computational Thinking Ability before and after Learning

5. Discussion

In addition to the above, the researcher developed the curriculum to enhance learning management competency in
computational thinking for the lower secondary teachers according to the R&D process. The curriculum with 4
elements was verified and rated as having a high level of appropriateness by experts (Xx=4.32, S.D.=0.67). The
implementation outcomes indicated that the curriculum was effective in increasing teachers' learning management
competency in computational thinking as well as students' computational thinking abilities. The findings can be
discussed as follows:

1) The teachers had a higher level of knowledge and understanding of learning management that promoted
computational thinking. This was because the researcher had designed the curriculum with a systematic curriculum
development process that truly corresponded to the needs and interests of the trainees. The content of the training
activities in the curriculum was what the participants wanted to study, which consisted of content according to the
elements of computational thinking in all 4 areas. And when the training was completed, the participants could
actually apply the knowledge and experience gained in the classroom. In addition, the participants learned by doing
by themselves and sharing what they learned from doing and discovering in a friendly training atmosphere where
everyone was free to express themselves. There was reflection on the results of the practice, resulting in quality
development according to the desired goals. This was in line with the concept of constructivist theory (Laowreandee,
2009; and Vella, 1995), which stated that knowledge and the method of acquiring knowledge by creating
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self-knowledge, interacting with other people and the environment, and learning were more effective if they were
learned by doing rather than by taking. This was consistent with the research of Baytak, Land and Smith (2011),
Rodriguez del Rey et al. (2021), and Knie, Standl and Schwarzer (2022) who had conducted studies on the
application of computational thinking to training courses. The results showed that the implementation of
computational concepts in the educational curriculum affected the understanding of the principles of computational
thinking development. There was a statistically significant difference before and after use at the .05 level and the
participants' satisfaction was at a high level.

2) The teachers had overall ability in designing learning management that promote computational thinking at a high
level. This was because teachers had learned by doing activities, practicing thinking, and designing learning
management in accordance with the Basic Education Curriculum (B.E. 2551) (2017 revised edition). This was the
development of the knowledge, skills, characteristics, and abilities of teachers to have competency in managing
learning in computational thinking in accordance with the goals set by the curriculum. In addition, the workshop was
suitable and consistent between the components of the curriculum and the training activities in terms of content and
time. The workshop was to provide knowledge and practice together. This was in line with constructivist theory and
the principle of adult learning that learning became more effective when trainees were exposed to hands-on and
repetitive practice. Practical training would make the trainees lessons clear and durable. In addition, the participants
exchanged knowledge with each other by bringing what they learned to discussions with the trainers, who shared
their knowledge and guided them by linking the relationship between what they did not know and what they already
knew. Moreover, the experience of the participants was considered a valuable source of knowledge. The different
experiences of each adult class member allowed participants to benefit from each other (Knowles, 1975). This was in
harmony with the concept of constructivist learning, which holds that learning is an action process involving finding
solutions to problems by ourselves through the process of absorbing information. Presenting a variety of information
using both techniques and methods would help stimulate the scaling of the intellectual structure (Chaijaroen, 2008).
The practical approach to learning rather than learning to memorize according to the teacher differed from the
traditional approach to teacher-led learning (Fosnot and Perry, 1996; Glasersfeld, 1991; Wilson, 1996; Cobb, 1994;
and Bell, 1993). This was consistent with the research of Conrad (1996), who conducted a quasi-experimental study
on grade 5 students using constructivism to develop thinking skills using scientific processes. The results showed
that the learners had skills in thinking, including critical thinking and creative thinking. Likewise, Dol (2015) studied
the development of animation media by drawing flowcharts for algorithm development. The results showed that the
learners' learning achievement after learning was greater than before learning, and that the learners were very
satisfied with learning with this type of media.

3) The teachers had the learning management ability that promoted computational thinking at a good level. This was
because the researcher conducted the workshop through the training process, causing teachers to learn by doing
activities, practicing thinking, and practicing, which led to the development of knowledge, skills, characteristics, and
abilities of teachers to achieve competency to manage learning in computational thinking according to the goals set
by the curriculum. In addition, teachers' ability to manage learning at a good level was a result of being supervised in
the management of learning by trainers and fellow teachers who provided guidance in the form of guided supervision.
The teachers reflected on the results of their teaching, guided the teaching of teachers, and finally, teachers were the
ones who summarized the results of the recommendations to obtain the main principles to improve teaching and
learning management. As a result, learners achieved their objectives in learning management and had higher learning
outcomes. This was in line with the concepts of Panlert (2007); Phumi (2006), and Moon (2004), which stated that
guidance helped individuals reflect on their abilities to identify areas of need, helping them apply knowledge to work
and develop their abilities. Similarly to the principles of adult learning, the learning principles that must be applied in
the design and development of competency curricula are that learning becomes more effective when trainees perform
repetitive tasks (Stone, 2013). This was in harmony with the studies of Lye and Koh (2014), Bower et al. (2015), and
Menolli and Neto (2022), who researched the application of concepts and principles of computational thinking to
solve problems in the daily lives of learners by experimenting with practical training for science and mathematics
teachers using simulations developed with Python programs. It was found that teachers were more confident in
developing their students' computational thinking abilities after participating in the workshop. Learners could gain a
greater understanding of the subject matter, and accessible common technologies could help foster computational
thinking in everyday life.

4) The computational thinking ability of the students after learning was higher than before at the statistical
significance level of .05. This was because the teachers had been trained in the design of learning activities in the
content that met the standards and indicators of the curriculum by designing a variety of learning activities in line
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with the needs of the learners and organizing learning activities using games, digital media, computers, and
smartphones with a focus on the learners. This was consistent with the concept of learning according to the
constructivist theory that learning was a hands-on process of finding self-solving solutions through the process of
absorbing information. Presenting a variety of information using both techniques and methods would help stimulate
the scaling of the intellectual structure (Sumalee Chaijaroen, 2008). This was in line with Wu, 2018, Poolsawas, 2017,
Phadung et al., 2018, and Suphaluk (2018), who studied the promotion of computational thinking skills in learners.
The results of the study revealed that the learners had different learning outcomes before and after learning at a
statistical significance level of .05.

6. Conclusion

The curriculum to enhance learning management competency in computational thinking for the lower secondary
teachers had four elements, including principles, objectives, curriculum structure, and measurement and evaluation.
The 4 steps of training activities consisting of Step 1: Preparing, Step 2: Action Learning, Step 3: Sharing &
Reflecting, and Step 4: Conclusion & Evaluation were conducted during the workshop. Obviously, the curriculum
was beneficial to improving teachers' learning management competency in computational thinking, as their higher
knowledge and understanding of computational thinking learning management, their learning activity design ability
at a high level, and their ability to provide learning management that promotes computational thinking were at a
good level, as well as their students' computational thinking ability after learning was significantly higher than before
learning, as mentioned above. The objective of this study was therefore achieved: to investigate the outcomes of a
curriculum to enhance learning management competency in computational thinking for lower secondary teachers.

7. Recommendation

For implementing the curriculum, the needs of teachers should be studied before using it because it was created to
meet the needs of private school teachers under Mahasarakham Provincial Education Office. The contents are in the
science and technology learning subject group, where the needs of teachers in each context may be different.
Additionally, the duration should be adjusted to be flexible according to the content and the trainee teachers, so that
the training process is in line with the needs of the trainees and has continuity in performance. For further studies, a
curriculum to enhance learning management competency in computational thinking should be developed in other
subject areas with a variety of learning styles to encourage learners to have the skills and processes to solve problems
encountered in daily life. Moreover, the outcomes of applying knowledge to the subject content in other learning
subjects should be investigated in order to create continuity and develop computational thinking skills.
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