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Abstract—The study applied concepts of computational thinking, waterfall
programming, and design-based learning management (DBLM) combined with
a participatory action research (PAR) methodology to obtain an integrated
learning management model (LMM) designed as a base to promote computa-
tional thinking skills (CTS) and programming proficiency. The study used three
groups consisting of 21 volunteer computer education undergraduate students,
three teachers, and three computer studies graduates from the Computer Studies
Department of the Faculty of Education at Dhonburi Rajabhat University in
Thailand. To verify the model, nine educational experts conducted an assess-
ment of the proposed model, and determined that the evaluation standards were
overall at a high level (x = 4.23, SD = 0.44), with the experts feeling that the in-
tegration of the DBLM computational thinking framework, the Waterfall pro-
gramming conceptual framework, and the PAR meeting the study's stated ob-
jectives at the highest level (x = 4.56, SD = 0.53). The proposed model is best
undertaken in five week sessions of five hours each using five exercises per
week. Activity effectiveness is best measured by taking notes, worksheets, and
practicing the learned skills. In conducting this research, there may be obstacles
from learners who may withdraw during research due to personal activities or
becoming discouraged in learning activities based on a five-week schedule,
preventing them from participating every time.

Keywords—computational thinking, design-based learning, participatory ac-
tion research, programming, Thailand

1 Introduction

Globally, student computational thinking skills (CTS) have gained significant im-
portance, with scholars now noting the potential for CTS in improving students' prob-
lem-solving skills and preparation for the 21%-century technology-driven economies
[1]. Moreover, researchers have reported that CTS is a component of an individual’s
universal competence, which when combined with their analytical thinking ability and
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logical reasoning serves as an essential pillar in a contemporary educational curricu-
lum [2], [3]. However, CTS is not a new idea as its roots can be found as far back as
1980 when Seymour Papert discussed the term '‘computational thinking,” as a con-
structionist approach to education. Some years later in 2006, Wing elaborated on CTS
as a method to bring computer science to all levels of education [4] - [6]. Papert’s CT
also focused on the computer's nature as a powerful meta-tool for turning the abstract
into concrete solutions, with the potential to be used across all disciplines [7].

In other international studies, the essential nature and increasing importance of
CTS in a student's education was reported in Denmark. However, the researchers
concluded that educators face many difficulties teaching CTS and are mostly ill-
prepared at teaching it [8]. In Taiwan, CTS has also become a topic of intense debate
in student education, with researchers noting the critical requirement for CTS teacher
pedagogical content training [9].

In Thailand, computer programming has been recognized as an essential skill of
learners in a 21st-century education society. In one example of this focus, computer
studies program students in the Faculty of Education at Thonburi Rajabhat University
(Thailand) are taught CTS through learning to write code, while also exploring critical
thinking and problem-solving skills. However, after a review of the results from these
classes from 2016-2020, we determined that of the 135 students enrolled in object-
oriented programming courses, 60 had higher grades point averages (GPAs) than the
average, while sadly, 44.44% from the observations showed us that the students were
unable to solve problems from the problems given by the teacher.

Therefore, the development of problem-solving and programming should provide
guidelines for teaching and learning that are appropriate for the learners who are the
owners of the problems. As each student has different learning behaviors, the instruc-
tor must be competent in various subjects using learning management tools to rein-
force and increase the desired learning behaviors [10].

As such, we further identified the Waterfall Model as a well-tested and easy-to-use
process for teaching and learning programming [11]. The Waterfall Model has been
used often in Thailand in teaching software engineering courses as its conceptual
design allows a sequence of stages from which the output of each stage becomes the
input for the next stage [12]. It is also one of the most recognized models for software
and programming education in Thailand.

Another easily recognized and often used research methodology that is suitable for
solving research problems is participatory action research (PAR), whose fundamen-
tal focus is engaging both students and instructors at the identification of problems
and joint problem resolution [10], [13], [14].

Therefore, having identified the significant and growing importance of CTS, we
additionally undertook an analysis of what readily available tools and methods were
available to integrate into a CTS learning management model (LMM) that can address
the problem of lack of CTS. Moreover, we sought an LMM that would encourage
students to embrace CTS and the related required coding skills. Therefore, we hope
that the results of this research help apply an integrated LMM as a base design to
promote CTS and programming ability.
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2 Literature review

2.1  Designed-based learning (DBL)

Design-based learning management is a learning management activity that inte-
grates interdisciplinary content, allowing students the ability to take part in the pro-
cess of development, creation, and evaluation of the designed task. In Australia, DBL
is used in engineering curriculums to help students become self-directed, which po-
tentially enhances their abilities at obtaining career and life-long learning skills [15].
Moreover, DBL can serve as an effective approach to learning that is centered on a
design problem-solving structure adopted for a problem-oriented project-based educa-
tion [16]. However, DBL in Thailand is a recent innovation and newer form of in-
structional management involving interdisciplinary integration requiring creativity
and technological innovation to resolve problems systematically. Thus, DBL activities
focus on working and designs which motivates students while making them proud of
their achievements and building their confidence as thinkers, designers, and practi-
tioners.

Furthermore, in earlier research on DBL use in middle-school science classrooms,
success was judged to be based on how well collaboration, deep learning engagement,
and trust between the teacher as facilitator and students took place [17]. In Finland,
research also pointed out that technology alone was not enough and that there needed
to be a concerted effort at developing new technological pedagogical and social infra-
structure to serve its purpose [18]. In the United States, research was conducted on
university student Extracurricular DBL (EDBL) from which the authors concluded
that students build innovative self-efficacy from a process of successful task comple-
tion, social persuasion, and collaborative learning communities with clients, peers,
industry professionals, and faculty [19]. Thus, from a review of these studies and
authors we have summarized the DBL process into six steps including 1) needs identi-
fication, 2) design review, 3) information collection, 4) prototyping, 5) production,
and 6) evaluation.

2.2 Computational thinking skills (CTS)

Computational thinking (CT) has been defined as skills that are used in problem-
solving based on computer science [20], which sits at the core of every computing and
engineering-related discipline [21]. Also, CT can be thought of as a skill while com-
puter science can be thought of as an academic subject.

Also, the importance of computational thinking (CT) skills in early childhood edu-
cation globally has been highlighted by Papadakis [22], who indicated that educators
must not solely focus on a problem-solving process skills (CT) but instead provide
children with new ways to express themselves, which supported their cognitive, lin-
guistic, and socio-emotional development (Computational Fluency-CF).

Moreover, CTS has been stated to entail reflection, coding, design, analysis, and
application, which constitute the scientific methods for computer scientists [21]. Pro-
gram coding is also an important tool for fostering fundamental CTS, which addition-
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ally includes systematic and logical thinking and error recognition and inspection
[23]. CT can also be considered a general problem-solving framework which involves
skills, knowledge, or approaches to problem solving and coding to support these tasks
and concepts [22], [25].

Furthermore, when we analyzed the literature concerning CTS we noticed a pattern
in which four major categories of skills arose. These included the ability to facilitate
problem-solving by decomposing/breaking down data, processes, or problems into
smaller, manageable units which for this study we have labeled as ‘decomposition’.
The next element that was frequently mentioned was the pattern observation, associ-
ated trends, and data regularity which we have labeled as ‘pattern recognition.” The
third element was the ability to identify and prioritize individual components of a
problem or task which we have labeled as the ‘abstraction.” Abstraction has also been
stated as the most essential and highest-level thought process in CT [6]. The fourth
and final CTS element we identified with great frequency was the use of clearly de-
fined steps in a problem's resolution or thought of in another way, the input and out-
put. Thus, we labeled this component as the 'algorithm design’ [3], [6], [10], [25-32].

2.3 Waterfall model programming concept

The Waterfall Model is an early concept adapted from the construction and manu-
facturing industries for use in software development. The first formal use of the term
‘waterfall’ has subsequently been attributed to an article written in 1970 by Winston
Royce [33]. Although there are multiple iterations of the number of tiers and what
each tier is called, for purposes of this paper we have identified five steps including 1)
planning, 2) system analysis, 3) design, 4) system development and 5) system mainte-
nance [12]. Although this model is an early concept in computer programming, many
researchers continue to apply it as part of programming research as it meets user re-
quirements as user inquiries are made and requirements agreements are documented
to achieve mutual understanding [34] - [37].

2.4  Participatory action research (PAR)

Participatory action research (PAR) is a research methodology whose genesis can
be found in the 1940s in which both the researchers and study participants identify a
problem and jointly work together to find a solution. The PAR process also has the
potential to empower people to increase their control over their lives.

Studies have also found that PAR is an effective tool for instructors and students to
work together, whose research protocol often uses simple descriptive statistics and
descriptive analysis to describe the data [13], [14], [38].

Also, numerous researchers who use PAR in their research become involved in the
activities from beginning to end. Finally, in the process of adopting PAR for our
study, we chose concepts outlined by authors including Kemmis and McTaggart as
the main theoretical framework [12], [38] - [40]. Under their framework, we
identified the importance of the development of a plan for improvement (planning)
and the planning implementation for the teaching environment (practice). Also, we
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noted the need for ‘observation’ by each researcher including any input from the
effects of the research’s outcomes. Finally, the fourth tool is ‘reflection’, which
includes the time to reflect on what has transpired including the evaluation and
suggestions for improvement in the next round. The use of these steps to the end of
the process will result in a real and accurate solution to the problem, which has been
visually outlined in Figure 1.

Before Participatory Action Research (PAR)
*  Prepare, familiarize, and understand the research process and each individual’s assigned
participation/tasks in the research.
e Und d the integrated learning 12 model designand use it as the foundation to
promote computational thinking skills (CTS) and programming proficiency.

o

Participatory Action Research Phase

Divide the research participants into three groups.
Develop a plan to design learning activities in accordance with the leamning
management process that promotes CTS and programming proficiency ability.

1st group ing of hers/key particip fonileami
2nd group meeting of researchers/instructors C(:dzs ign leaming
3nd group ing of the hers/graduate group Activayes;

The researchers integrate the results obtained from the 3 sub-group meetings
so that each group is focused on obtaining the same goals.

Group the research participants into three groups.
Formulate a plan of action for learning activities that promote CTS and co-
=00 designed programming abilities.

Action All three research groups follow the learning activities plan.
Review the follow-up observations.

Cycle 2

Reflect on the results of the learning activities from the 2nd round.

o o

Integrated Design-Based Learning Management (IDBLM) Computational Thinking Skills
Use an IDBLM to promote undergraduate student CTS and
programming ability using PAR. Programming Ability

Fig. 1. A conceptual framework for undergraduate CTS and programming ability skills
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3 Methods

The researchers used a systematic review process to collect documents, books,
textbooks, research papers and various types of international and domestic literature
related to design-based learning management (DBLM), computational thinking skills
(CTS), and the development of a conceptual framework using participatory action
research (PAR) to synthesize documents to arrive at the elements necessary for devel-
oping programming skills. Thus, systematic reviews are based on clearly formulated
questions which identify relevant studies, appraise their quality and summarize the
evidence by use of explicit methodology [42].

Moreover, reliable and reputable online databases such as EBSCO, eBook Collec-
tion, ProQuest, Dissertation Theses, SpringerLink, Science Direct eBook and Scopus
were used by the researchers. The sources were then divided into two levels (1) book
research and (2) study from research papers, articles and academic writing papers.
The researchers then examined the credibility of the data by considering the source of
the documents. The documents initially collected had five Thai language papers and
37 foreign language papers in English, with all documents dated from 2010 to 2020.

From this systematic review partial results of this study and research were ob-
tained. Moreover, the design-based integrated learning management model is based
on the computational thinking skills of undergraduate students with a combination of
participatory action research.

3.1  Ethics clearance

Before the implementation of the study, ethics clearance (EC) was obtained from
the university's Human Research Ethics Committee and was granted certificate num-
ber EC-KMITL_64_053. After which, each of the study's 27 volunteer participants
(21 students and six instructors) was assured of the confidential nature of their partic-
ipation and were additionally informed they could withdraw at any time should they
wish to do so.

3.2 Participants and location

In conducting this study, we divided the research participants into multiple groups
consisting of the following:

— Group 1: This group consisted of 21 students in the Computer Studies Department
of the Faculty of Education at Dhonburi Rajabhat University (Thailand) in semes-
ter 2 of the academic year 2020.

— Group 2: This group consisted of three software programming instructors with at
least 5 years of teaching experience.

— Group 3: This group consisted of three individuals who had graduated from the
Computer Studies Department of the Faculty of Education at Thonburi Rajabhat
University (Thailand) with excellent grades in software programming.
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3.3  Standards assessment group

In addition to these three groups who participated in the actual study, there was an
additional group of nine experts who volunteered their time using a panel format to
conduct an educational standards assessment as outlined from the work of
Stufflebeam’s ‘Standards of Practice for Evaluators’ [43]. These included a utility
standard, an accuracy standard, a propriety standard, and a feasibility standard.

3.4 PAR methodology

It was determined that the most effective use of the PAR process was to use a
round of four steps each, linked to the concept of design-based learning management,
the waterfall programming concept, and the development of CTS and programming
skills proficiency.

3.5  Research period

The study allocated 20 hours of classroom time over five weeks to conduct the re-
search and to maximize each participant's benefits. Additionally, from the integration
of the PAR process in determining activities in each step, we then conducted an as-
sessment of the appropriateness of the learning management model developed from
the integration of knowledge as previously outlined.

After we completed the standards assessment of the appropriateness of the learning
management model in all four areas, we then proceeded to design learning activities.
The input was then taken from the data collected from the experts’ brainstorming
session and operational review. From this, it was suggested that each activity be rec-
orded using various techniques including audio, video, and photos.

3.6 Research rounds

In this research, the researchers conducted two rounds of participatory action re-
search (PAR). Round 1 was used to jointly find the needs of the learners in order to
allow each group to jointly design activities to solve common problems from different
perspectives of each group. In Round 2, the students participated in a five-week activ-
ity-based learning management process. At the end of each week, each instructor
collects the data from their observations and measures each students' results for each
weeks’ 5-session, 5-hour program. Finally, a potential third round is possible if from
the reflection and analysis of the results from Rounds 1 and 2, the learners wish to
repeat their activities and develop themselves further.

3.7  Working groups

Moreover, Figure 2 visually depicts the result details from the joint planning un-
dertaken by the three group meetings and the participants including the student partic-
ipants, the teachers, and the study’s authors. All the participants in the study had vary-
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ing properties in terms of knowledge, experience, qualifications, and maturity. There-
fore, it was agreed from the initial meeting that there should be a division into three
groups allowing each group to jointly design activities to solve common problems
from different perspectives of each group. We were then able to summarize the results
from the three sub-meetings to better summarize the design of the learning activities
to be included in the LMM.
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Before Participatory Action Research (PAR)
Prepare, familiarize, and understand the research process and each
individual's assigned participationtask in the research.

G Meeti Understanding of the seed and use of a designed-based integrated
Bm!"P eeting leaming mansgement model to promote computational thinking skills
LALLM (CTS) and programming proficiemcy.

-

Participatory Action Research Phase

@) & 9 Establish a Design-Based
Plan : I
FIIIE:E Tl-l i Learming Activity plan.
Q... 10 @) (09)° Design-Based
ald “UF iy 1y 1 Learning
T Participants Teachers Graduates Activity

o Conduct a meeting sunmmary and then integrate the
alh results into a plan i which everyone is focused on
Researchers g0 came goals.

4ax<4ian

@) & 9 Establish a Design-Based
o L VN YR Learning Activity plan
Participants Teachers Graduates
ﬂﬂmmﬂﬂhﬂi
- Develop computational thinking skills 1.
P Achon Fecord
o T mmﬂmm
p.m' skills testing activities. Record the
practical skills test.

Reflect on the results from the 2™ cycle’s learning activities.
" If the participants wish to develop their CTS further, start a 3™ cycle.

Fig. 2. Participatory action research implementation process for CTS and programming ability
skills
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3.8  Group 1summary

From each individual’s LMM input who participated in Group 1’s meeting, it was
agreed that initial activities should be focused on obtaining knowledge concerning
how much and at what level each student’s CTS and programming abilities were.
Therefore, this would require different types of worksheets as well as diverse activi-
ties that could be carried out by one person or group activity to obtain different per-
spectives.

3.9  Group 2 summary

From each individual’s LMM input who participated in Group 2’s meeting, it was
determined that a successful LMM should let learners practice CTS that results in
their ability to write programs. As such, the group felt that these skills could be ob-
tained from a variety of jointly designed activities, with each student’s CTS achieve-
ment obtained from each activity monitored in parallel. The monitoring process could
either be undertaken by an instructor or a graduate who could mentor each student
and guide them in ways to solve problems.

3.10 Group 3 summary

From each individual's LMM input who participated in Group 3's meeting, it was
determined that there should be activities that encourage students to practice repetitive
CTS. From the summary of the ideas from Group 3, five main activities for CTS and
programming ability promotion ability were established. These consisted of 1) A
review of each student's knowledge of CTS, 2) development of each student's CTS, 3)
integration of CTS and programming knowledge, 4) practical skills training, and 5)
testing of each student’s practical skills by writing a program that is inserted into the
LMM process.

3.11 Four-step process

Moreover, according to the PAR process, each round is supposed to consist of four
steps including planning, action, observation, and reflection (Figure 2). These in-
clude:

Step 1- In the planning phase, there was a meeting in which the researchers, the
student participants, and the teachers jointly formulated a plan for organizing learning
activities which is suitable for each participant and consistent with each step of the
learning management process.

We then organized three group meetings concerning the proposed LMM. In the
meeting the participants developed design activities following each step of the learn-
ing process that encourages student CTS and programming abilities as depicted in
Figure 2. These included the first meeting between the researchers and the students,
the second meeting between the researchers and the teachers, and finally, a third
meeting between the researchers and the former student programming graduates.

84 http://www.i-jep.org



Paper—An Integrated Design-Based Learning Management Model to Promote Thai Undergraduate. ..

Thereafter, we combined the results obtained from the three group meetings into a
single model.

Step 2— Step 2 consisted of following the action plan and bringing the plan togeth-
er for its implementation.

Step 3— Step 3 consisted of observing the results of the implementation of the plan.

Step 4— Step 4 consisted of the evaluation and reflection of the observation results,
taking any problems that arise and resolving these in the next round, making it easier
to understand.

In conducting this research, there may be obstacles from learners who may with-
draw during research due to personal activities or becoming discouraged in learning
activities based on a five-week schedule, preventing them from participating every
time. However, the researchers made efforts to solve these issues by adjusting the
sample during the activities which did not affect the research results.

4 Results

From the input from the multiple meetings, we applied concepts of computational
thinking, waterfall programming, and design-based learning management combined
with a PAR methodology to obtain an integrated designed-based learning manage-
ment model to promote CTS and programming ability. Thereafter, two rounds were
used in which the PAR process was embraced. Results from these rounds are as fol-
lows:

41 Round1

Round 1 used an investigation based on the utilization of the PAR process. From
this, three group meetings were held which consisted of individuals with various qual-
ifications in terms of knowledge, experience, qualifications, and maturity. As such, a
jointly formulated plan using a design-based learning management model (DBLMM)
with activities promoting CTS and programming abilities was conceptualized. More-
over, each group meeting recorded audio of the conversations which helped in the
design and integration of activities to promote learning activities during the next
round.

4.2 Round 2

The researchers used the integration results from Round 1°s meetings to integrate
the results into a revised DBLMM. This resulted in the identification of five activities
to promote learning including 1) knowledge review of CTS and programming ability,
2) CTS development, 3) integration of CTS and knowledge in programming, 4) prac-
tice skills, and 5) a programming skills practice test totaling 20 hours for all five ele-
ments.
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4.3  Educational standards assessment results

To obtain quality research, the researchers conducted an assessment of the appro-
priateness of the integrated DBLMM by adopting precepts laid out from extensive
research and writings from D. L. Stufflebeam who is quoted as having said that, “The
most important purpose of program evaluation is not to prove, but to improve” [43] —
[46]. Embracing these ideas, the nine experts were tasked to give their input on the
context, input, process, and product of the LMM using the four educational assess-
ment standards detailed in Table 1.

Table 1. Appropriateness of an integrated DBLMM to promote CTS and programming ability
of students through PAR

=

Assessment item SD |Quality Level
1. Utility Standards 4411034 High

1.1. The learning management model (LMM) can build a body of knowledge
about the theory of computational thinking and programming ability.

1.2. The LMM can complement the knowledge and build practical skills
related to programming ability.

1.3. From the use of the LMM, participants should be able to apply their
knowledge about theory and practice to computational thinking and pro- 4.00 | 0.00 High
gramming abilities.

1.4. The proposed LMM can be used to study the development and problem-
solving effects of practical skills related to programming ability.

1.5. The proposed LMM can be used to manage participant learning in en-
hancing CTS and programming ability.
2. Feasibility Standards 4.18| 0.44 High

2.1 The methods used in the development of the LMM are suitable for the
context of the participants

2.2 The proposed LMM will encourage participants to develop their CTS and
programming abilities.

2.3 The proposed LMM will be able to address the lack of CTS and pro-
gramming abilities in participants.

2.4 As a result of the proposed LMM, the participants will better understand
the problem in lacking CTS and programming abilities.

2.5 The proposed LMM will help the participants to better develop a piece of
work resulting from better CTS and programming ability.

3. Propriety Standards 4241048 High

3.1 Each step of the learning management process is appropriate for creating
results that are following the objectives or goals set

3.2 The proposed LMM is appropriate for the application of knowledge in
theory for both CTS and the programming abilities of learners.

3.3 The proposed LMM is suitable for developing CTS and programming
abilities.

4.22 | 0.44 High

4.00 | 0.00 High

4111 0.60 High

4.22 | 0.67 High

422|044 High

4.00/ 0.00 High

422|044 High

411 0.60 High

433]0.71 High

422|044 High

4.22 | 0.44 High

411033 High

3.4 The methods used in the development of the proposed LMM are suitable

for the context of the learner. 444053 High

3.5 The proposed LMM's concepts and theory serve as a good base to pro-
mote CTS and the programming ability of learners.

4. Accuracy Standards 4.41| 0.50 High

4.22 | 0.67 High

86 http://www.i-jep.org



Paper—An Integrated Design-Based Learning Management Model to Promote Thai Undergraduate. ..

Assessment item SD |Quiality Level

=

4.1 Applying the concepts of a design-based learning management
(DBLMM) computational thinking framework, a Waterfall programming
conceptual framework, and PAR are well integrated for the proposed devel-
opment of an LMM that meets the stated objectives.

4.2 The development of the proposed integrated design-based LMM which
promotes CTS and programming abilities were correctly derived from the
synthesis and integration of knowledge according to the conceptual frame-

4.56| 0.53 Highest

4.441 053 High

work.

4.3 The development of the proposed integrated design-based LMM which

promotes CTS and programming abilities’ data was systematically collected, | 4.22 | 0.44 High
analysed, and reported.

Average for all four educational assessment standards 4.23| 0.44 High

Results from the nine experts' assessments detailed in Table 1 show that the appro-
priateness of the LMM in all four standards aspects was at a high level (x = 4.23, SD
= 0.44). When each of the four educational assessment criteria was viewed, it was
determined that the utility standard level (x = 4.41, SD = 0.34) and accuracy stand-
ard level (x = 4.41, SD = 0.50) were both ranked similarity highest. They were fol-
lowed by propriety standard (x = 4.41, SD = 0.50) and lastly, feasibility standard (x
= 4.41, SD = 0.50). Finally, it is noteworthy to find that overall the experts felt that
the integration of the DBLMM computational thinking framework, the Waterfall
programming conceptual framework, and the PAR were well-integrated and met the
study's stated objectives (x = 4.56, SD = 0.53).

5 Discussion

For this study the researchers used participative action research methodology and
integrated it with relevant theoretical frameworks, including design-based learning
management, waterfall programming, and computational thinking. However, in con-
ducting research with PAR, there were limitations on various issues, namely the level
of knowledge of the student sample group, the duration of participation in the four
moments of action research (Plan, Act, Observe and Reflect - PAOR) process in each
round for the students, graduates, and instructors [41].

Moreover, as suggested in the step-by-step guide to planning critical PAR projects,
investigators must first make use of a planning phase in which meetings of partici-
pants is undertaken. In these meetings there must be understanding and agreement
concerning the research process and the participants’ agreement about participating
from beginning to final completion. From these processes, the researchers found two
main issues which are discussed as follows:

5.1 Issue 1

From our implementation of the participatory action research process, it was de-
termined that each researcher, co-investigator, and participant should have equal sta-
tus in the conceptualization, participation, and joint evaluation of each step during the
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pre-research stage. From this, it was determined that the PAR process should initially
consist of 2 rounds, each consisting of 4 steps.

Round 1

Planning process. We divided the research participants into three groups, who
were responsible for defining activities to promote learning management that promot-
ed CTS and programming ability.

Planning and observation process. After we divided the participants into three
groups, meetings were held to obtain additional design activities in promoting learn-
ing management. We then collected data from the three groups’ meetings and inte-
grated them into a unified LMM, which resulted in the definition of the following five
learning activities:

1. Activities to review knowledge of CTS and programming ability.

. Activities to develop CTS.

. Activities to integrate CTS and programming knowledge.

. Skills training activities for both individual and group programming practice.
. Programming skills testing activities presented in the reflection process.

aa b~ wN

Round 2

Planning process. Once again, we again divided the planning process into the same
three groups used in the first round, with the participants again tasked with formulat-
ing a plan to implement learning activities that promoted CTS and the ability to pro-
gram together.

Designed procedures and observations. We designed the learning activities for five
weeks, five hours each, based on the five activities that were jointly designed. In do-
ing each activity, the effectiveness of each activity was measured by taking notes,
worksheets, and practice skills.

Reflection process. From the procedure, we used the data recorded from various
achievement measurements together to reflect on the participants of the learning ac-
tivities in Round 2 and if the research participants wished to develop their CTA and
programming abilities by entering the third round by repeating the same process as
the second round.

The participatory action research (PAR) process. The PAR process resulted in the
acquisition of learning that enabled undergraduate student participants to develop
CTS and programming proficiency following the research methodologies based on
various concepts [10], [13], [14], [47], [48].

The resultant outcome was that the research group jointly participated in finding a
model which offered CTS and programming skill training solutions which encouraged
the research participants to learn together to develop activities based on common
needs.

5.2 Issue 2

The IDBLMM to promote CTS and programming abilities of undergraduate stu-
dents used a PAR methodology and was integrated from the conceptual framework
used in the research. The model’s suitability assessment was confirmed by nine ex-
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perts on a case-by-case basis. It was found that in every aspect it was determined that
there was a high level of suitability to the proposed model, conforming to the theory
practically and consistently [43] — [46]. These results are also consistent with another
Thai study in which the four assessment standards were used to assess the robustness
of a proposed learning model [48].

However, it has been pointed out that Papadakis [49], that the use of methodolo-
gies for assessment by ‘educational for children apps’ must be carefully considered as
many apps are lacking in terms of quality and do not meet age-appropriate and other
pedagogical standards.

6 Conclusion

The study set out to embrace three research concepts/methodologies and integrate
them into a learning management model to facilitate the development and promotion
of Thai undergraduate students' computational thinking skills and programming abili-
ties. First, the authors used design-based learning and integrated it with the commonly
known and used Waterfall software development concept. These were then integrated
into a participatory action research methodology in the hopes of obtaining greater
input and collaboration in the development of the proposed model. After being evalu-
ated by nine experts with expertise from a variety of related disciplines, including
Curriculum and Instruction Programs, Educational Technology Programs, Teacher
Professions, Computer Education Programs, Science and Technology Programs and
experts in basic education science learning subject groups, the nine experts concluded
that the proposed model had a high level of robustness.

It was further suggested that the proposed model be undertaken in five week ses-
sions, of five hours each, using five exercises per week. Once again, in the adoption
of the two rounds of Plan, Act, Observe and Reflect (PAOR) suggested for use in
PAR [41], the researchers undertook the following:

In Round 1, the best PAR results are suggested by this study to come from under-
standing the importance of participating in the research from start to finish. It is also
suggested that each session uses a co-researcher with different qualifications, in terms
of knowledge, experience, qualifications and maturity. After that, the participants
should jointly formulate a plan to design learning activities in accordance with the
learning management process. It is also suggested that meetings should be limited to a
small number of participants, in which audio is recorded from the meeting proceed-
ings. Participants should then review their discussion and integrate those results into a
unified format and direction.

In Round 2 activities to promote learning are undertaken. These include: 1) review-
ing knowledge, computational thinking skills and programming ability, 2) developing
computational thinking skills, 3) integration of computational thinking skills and
programming knowledge, 4) practical skills practice, and 5) programming skills test-
ing. This process is divided into 5 weeks of 4 hours each, totaling 20 hours in total.
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Each week after the designed activity, the researchers provide an assessment form
to each unit supervisor to record a follow-up and practical skill test assessment to
determine each learner's achievement during Round 2.

Round 3 concerns the willingness of the students to participate in an additional
round to further their skills.

In doing each activity, the effectiveness of each activity is to be measured by tak-
ing notes, worksheets, and practice skills. The resultant outcome is that the groups
jointly participated in finding a model which offered CTS and programming skill
training which encouraged the participants to learn together to develop activities
based on common needs. The outcome from the study is the plan to use this manage-
ment model in future courses.
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