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Abstract

This article presents the concept of “Play Quotient” (Play Quotient: Play Q), a new dimension
of intelligence considered as essential to human development, alongside Intelligence Quotient (IQ)
and Emotional Quotient (EQ). Play is not viewed merely as a recreational activity, but as a process
that nurtures balanced physical, cognitive, emotional, and social development. In Thailand, this
concept has been studied and developed since 2006, leading to the establishment of a clear
definition, assessment tools, and standardized norms for play intelligence for children and adolescents
aged 7-15 years. The measurement tools are designed to be easy to use, valid, reliable, and reflective
of key movement competencies relevant to daily life. The article also distinguishes between
“Play-Based Learning” and “Play Intelligence (Play Q),” highlighting that Play Q emphasizes individual
potential and capabilities rather than using play solely as a method for learning. Evidence shows that
Play Q effectively addresses the demands of 21st-century education by reducing sedentary behavior
and promoting critical thinking, analytical skills, imagination and creativity, problem-solving, emotional
regulation, and collaborative skills. Furthermore, it contributes to the development of quality human
capital and supports the sustainable growth of Thailand’s economy and society. Finally, the article
proposes approaches for integrating Play Q into the Thai education system, including curriculum
design, teacher development, learning environment enhancement, and policy recommendations to

improve the quality of Thai education in a comprehensive and sustainable manner.

Keywords: Play intelligence, Assessment Tools and Criteria, Sustainable Holistic Development
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Abstract

This research aimed to compare students’ learning achievement before and after learning
through waste-segregation activities designed to enhance their understanding of solid waste value
using a game-based learning approach with the Waste-Separation Snakes and Ladders for Income
Generation game, and to examine their satisfaction with this learning approach. The target group
consisted of 66 undergraduate students enrolled in the General Education course Love Me, Love the
Environment in the first semester of the 2025 academic year. The research instruments included
(1) the instructional media innovation on waste separation for understanding waste value, which
comprised the Waste-Separation Snakes and Ladders for Income Generation game; and a worksheet
on income-generating waste separation, and a worksheet on waste reduction, separation, and the
benefits and impacts of waste problems; (2) a pre-test and post-test for measuring learning
achievements; and (3) a satisfaction questionnaire. Data analysis involved descriptive statistics for the
comparison of the pre-test and post-test scores; Effectiveness Index (E.l) for assessing learning
progress; and the calculation of the relative gain score. The results of study showed that the students’
post-learning achievement scores (u=18.20, 0=1.21) were higher than their pre-leaming scores (u=13.47,
0=2.88), with all the students had post-learning scores of 80 percent or higher. Furthermore, the
Effectiveness Index (E.l.) indicated that the students’ knowledge increased by 72.39%. Additionally,
the relative gain score showed that all students achieved a high level of progress at 50%. In terms of
student satisfaction, the students expressed the highest level of overall satisfaction (u=4.50, 0=0.08)
with the Waste-Separation Snakes and Ladders for Income Generation game. It can be concluded that
the game-based learning using the Waste-Separation Snakes and Ladders for Income Generation game
can effectively enhance students’ learning achievements and foster a high level of learning

satisfaction.

Keyword: Waste Separation, Value of Solid Waste, Game-Based Learning
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1) uinnssudenisasunisdauenvezilolimsuisyadivestey Gwsznoudie tnudulng
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4) MFVUUUNAGDUNAUS UK TUTEUU Google form tHurian 20 w1l

5) NMSTILUUEDUANALNINBIAINIUTEUU Google form

4. mAnszsiteya msldadaniietes
4.1 Wrseinadugrsmnainisieu

1) WisUsUAMULANANNTDIAZIULED UNDUS B Uazva s e ulneldafi@ifeanssaiun (Descriptive
Statistics) Aade Lavdudouuunasg

2) MIATEdiaNsTfinTuvesidniomn Tnenmsmenduiussavsua (Effectiveness
Index: E.I) (Wgy Aasznis wagautln iniesil, 2545) Faen £, aziivnadaus 0 89 1 Tnganansaudamuming
163 i EL. tesndn 0.20 fisvavisuam a1 EJ. 0.20 — 0.39 fisyavisnaununans wase E. faus 0.40
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(FWIEFTEU X ALWULLAY) - NATINVBIRTUUUNNAUNDUTEY
3) NMTAATIZRAZUUUIAIUINITVDILER TABNITATIAAITNMLINTELINS (Relative gain score)
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naaseuteiinougniesman fe dvesdwesfilidmivrerdunsefiedla nougndes 35 au (Seeay 53.03) 599A37
Ao vezUssanladeluiliiyariagn naugndes 42 au (Feeag 63.64) Maesiinuan uagimesludivwesuan
asfidtudeUszinnla meugndes 55 au (Seway 83.33) uazdelalurey ROF (Refuse Derived Fuel) vianun
mougnAes 57 Au (Seuay 86.36)

= ~ = o < = i = v
N394 1 LU'ﬁEJUW]EJUNa'ﬁllf]%ﬁ‘m'mﬂ’]iLﬁEJUﬂ@‘ULi‘EJULLagVaQLiEJu

318019 NSRRI ASUUUAN  ASHUWANER  AZMUUEHR azuuuade  daudeauu
dn 11ATFIU

nyinnadugud GRIEE! 33 20 5 16 13.18 3.07
neuaaan waaSou 33 20 16 20 18.03 0.95
My innadunyd nauEeu 33 20 6 16 13.76 2.70
ewniings WU 33 20 16 20 18.36 1.41
ﬂjﬁmwaé’qué nowssu 66 20 5 16 13.47 2.88
it 2 Ineniun wiaSeou 66 20 16 20 18.20 1.21
- AUV nouReU 66 3 0 3 2.18 0.88

NAISE 66 3 2 3 2.80 0.44
- NMIAALENYLY nouSYUY 66 14 3 12 8.58 2.35

SR 66 14 10 14 12.44 1.03
- Usglowiliag nouReU 66 3 1 3 2.711 0.49
Han3eny WaASU 66 3 2 3 2.95 0.21

dsuimunnsiiiutuvesianiomn laonismendwiusyansua (Effectiveness Index : E1) iy
mMsFoumsaeundsnisliuinnssudemsaeunisiausnveziitelimsuiisyarvesmes fMmenudulaguenuey
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URINENAY HAANUDITINIUTEN  WNATINVDIATUUUNNAUADY  WATINVBIAZLULYNAUNAS E.l.
insa AZUUULAY Beu Beu
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Abstract

The purposes of this research were 1) to develop small-scale experimental chemistry kit directions
integrated with green chemistry principles on the factors affecting the rate of chemical reactions,
2) to develop small-scale chemistry laboratory directions integrated with green chemistry principles
with an effective criteria equal to 75/75, 3) to compare the academic achievement of students before
and after learning, 4) to compare the integrated science process skills of students before and after
learning, and 5) to compare the environmental awareness of students before and after learning. The
sample group consisted of 40 students selected using cluster random sampling from class 5/3 in the
eleventh grade at Assumption College Rayong during the second semester of the 2024 academic year.
The tools used in conducting the research included 1) small-scale chemistry laboratory directions
integrated with green chemistry principles, 2) lesson plans, 3) an academic achievement test, 4) an
integrated science process skills test, and 5) an environmental awareness test. The statistical methods
used in the research include 1) mean, 2) percentage, 3) standard deviation, and 4) Dependent Samples
t-test. The research results are as follows. 1) The trends of chemical reaction results of the small-scale
experimental chemistry kits directions integrated with green chemistry principles were not different
from standard experimental kits. Small-scale experimental chemistry kits directions integrated with
green chemistry principles were used in small-scale chemistry laboratory directions integrated with
green chemistry principles 2) The effectiveness of small-scale chemistry laboratory directions
integrated with green chemistry principles was the efficiency level is 80.45/78.90. 3) The post-test
scores of the achievement were higher than the pre-test scores at the .05 level. 4) The post-test
scores of the integrated science process skills were higher than the pre-test scores at the .05 level.
5) The post-test scores on environmental awareness were higher than the pre-test scores at the .05

level.
Keyword: Small-Scale Chemistry Laboratory Directions, Green Chemistry Principles.
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Abstract

Audiovisual service provision plays a vital role in enhancing the quality of teaching and learning
in higher education, particularly in technology-intensive faculties such as engineering. However, the
workload of audiovisual academics is diverse and complex, while existing management practices often
lack a systematic approach that accurately reflects actual work characteristics. This study aimed to
(1) analyze the actual workload of audiovisual academics using service behavior data and historical
records obtained from a Digital Workload Management System (DWMS), and (2) examine users’
expectations and satisfaction with audiovisual services provided by the Faculty of Engineering,
Mahasarakham University. The sample consisted of 65 engineering faculty members selected through
purposive sampling. The research instruments included (1) the DWMS, which was entirely developed
by the researcher, and (2) a questionnaire comprising 36 items measuring expectations and satisfaction,
along with 7 open-ended questions. The findings led to the development of an evidence-based
workload allocation model consisting of key components, including the classification of workload into
11 categories, workload units, standard time, and complexity weighting factors.

The evaluation results indicated that the DWMS effectively supports audiovisual workload

management and service delivery in an efficient, transparent, and verifiable manner.

Keywords: Workload Model, Audiovisual Academic Officers, Service Quality,
Digital Workload Management System
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Abstract

The objectives of this study were: 1) to study the effectiveness of a learning activity package based
on cooperative learmning with the Team-Assisted Individualization (TAI) technique on the topic of polynomials
for Mathayomsuksa 2 students, aiming to meet the 80/80 efficiency criterion; 2) to examine the extent to which
students’ mathematics achievement improved following the TAl-based instructional intervention; and 3) to
assess students’ satisfaction with the TAl-oriented cooperative learning environment. The sample consisted of
32 Mathayomsuksa 2 students from Sinpunkhunnawit School during the first semester of the 2025 academic
year. The participants were selected through proportional stratified random sampling and classified into
high-, moderate-, and low-achieving groups. The research instruments comprised six TAl-integrated lesson plans,
a 30-item multiple-choice mathematics achievement test, and a five-point Likert-type satisfaction questionnaire.
Data were analyzed using descriptive statistics and paired-samples t-tests.

The findings revealed that:

1) the learning activity package incorporating cooperative learming with the TAI technique on
the topic of polynomials for Mathayomsuksa 2 students demonstrated an efficiency of 84.43/81.15;

2) students’ mathematics achievement on the topic of polynomials after participating in
cooperative learning with the TAI technique was significantly higher than before the instruction, at the .05
level of statistical significance; and

3) students’ satisfaction with cooperative learning using the TAI technique on the topic of

polynomials for Grade 8 students was at a high level.

Keyword: Cooperative Learning, Team-Assisted Individualization (TAl), Mathematics Achievement, Polynomials
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Abstract
The purposes of this research were 1) to compare students’ 21st-century skills after learning
with interactive Computer-Assisted Instruction (CAl) based on the TPACK Model using a 70 percent
criterion, and 2) to investigate students’ satisfaction toward the interactive CAl based on the TPACK
Model. The sample group consisted of 22 second-year vocational students in the Business Foreign
Language Department at Nakhon Si Thammarat Vocational College who were enrolled in the first
semester of the 2025 academic year and were selected using cluster random sampling. This research
employed a one-group posttest design. The research instruments included were: 1) an interactive CAl
lesson for the Chinese 3 course designed based on the TPACK Model; 2) a set of lesson plans
integrating the TPACK Model with the interactive CAl; 3) an assessment form for 21st-century skills,
including communication, information technology usage, and collaboration skills; and 4) a student
satisfaction questionnaire. The statistics used for data analysis comprised of mean, standard deviation,
percentage, and one-sample t-test.
The key research findings indicate that:
1. The students’ 21st-century skills after learning with the interactive CAl based on the TPACK
Model were greater than the 70 percent criterion at the .05 level of statistical significance.
2. The students’ satisfaction toward the interactive CAl based on the TPACK Model was at

a high level, with a mean of 4.04.

Keywords: Interactive Computer-Assisted Instruction, 21 Century Skills, TPACK Model
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Abstract
The research aimed to 1.) Develop Problem-Based learning activities in conjunction with the
TPACK Model that meet the efficiency criterion of 80/80; 2.) Compare the learning achievement of
students taught using problem-based learning activities in conjunction with the TPACK Model against
the 80% percent; and 3.) Compare problem-solving ability before and after learning. The sample group
consisted of 36 Mathayomsuksa 2/4 students from Kosumwittayasarn School, under the Secondary
Educational Service Area Office Maha Sarakham, during the second semester of the 2024 academic
year. The sample was obtained through clustered random sampling. The research instruments included
problem-based learning activity plans in conjunction with the TPACK Model, a social studies learning
achievement test, and problem-solving ability assessment. Data were analyzed using percentage, mean,
standard deviation(S.D.), efficiency analysis (/), one-sample t-test, and dependent samples t-test.
The results of the study were as follows:
1. The problem-based learning activity plans in Conjunction with the TPACK Model on Social
Studies for Students in Mathayomsuksa 2 were 85.49/82.06
2. The students’ learning achievement reached 82.22 percent, significantly higher than the
criterion level of 80 percent at the .05 level of significance.
3. The students’ post-instruction Problem-Solving ability was significantly higher than their

pre-instruction ability at the .05 level of significance.

Keyword: Problem-Based Learning, TPACK Model, Problem-Solving Ability
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The Development of Training Curriculum “Game Based Learning
to Enhance the Instructional Media Design Competency of Assistant Teacher”
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Abstract

The objectives of this research were: 1) to develop a workshop curriculum on "Game-Based
Learning Management to Enhance Instructional Media Design Competency of Assistant Teachers," and
2) to evaluate the effectiveness of the developed workshop curriculum. The target group consisted
of 20 assistant teachers from Rajavinit Nonthaburi School, selected through purposive sampling. The
research instruments included the workshop curriculum, a knowledge and understanding test on
instructional media design, an instructional media design evaluation form, and a satisfaction questionnaire.
Data were analyzed using percentage, mean, standard deviation, and content analysis.

The research findings revealed that: 1) the workshop curriculum on "Game-Based Learning
Management to Enhance Instructional Media Design Competency of Assistant Teachers" was successfully
developed using the ZEP QUIZ application; provides a comprehensive integration of theoretical and
practical knowledge aimed at strengthening the pedagogical potential of assistant teachers. The
curriculum development process consists of seven systematic stages: 1) Needs analysis, 2) Goal setting,
3) Content selection and organization, 4) Design of learning activities, 5) Design of instructional media,
and 6) Evaluation of learning outcomes. 2) after participating in the activities, the assistant teachers’
knowledge and understanding of Game-Based Learning instructional design via the ZEP QUIZ
application reached an average score of 18.70, or 93.50 percent, with a standard deviation of 1.22,
which was higher than the established criteria; 3) the assistant teachers’ competency in instructional
media design after the training was at the highest level; and 4) the assistant teachers’ satisfaction

after the workshop training was also at the highest level.

Keyword: Training Curriculum, Game-Based Learning, Instructional, Media Design
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Abstract

The objectives are 1) to develop mathematics learning activities on factoring quadratic polynomials
of grade 8 students using Concrete-Pictorial-Abstract(CPA) learning activities to be effective according to
the criteria 75/75, 2) To compare learning achievement in mathematics on factoring quadratic
polynomials of grade 8 students using Concrete-Pictorial-Abstract(CPA) learing activities between
before and after class, and 3) To study the satisfaction of grade 8 students with the mathematics learning
activities using Concrete-Pictorial-Abstract (CPA) learning activities. The sample group was grade 8/3
students at Sarawittaya School, Bangkok District 2, 40 students, derived from cluster random sampling.
Research tools include 8 mathematics learning activity plans. Mathematical learning achievement test
which is a multiple-choice format with 4-choice, 20-questions, and a questionnaire of measuring
satisfaction with mathematics learning activities, 10 items. Statistics used include mean (%), standard
deviation (S.0.), and dependent t-test.

Results of the analysis found that

1) The mathematics learning activity development plan efficiency 77.87/76.20 meets the
specified criteria,

2) The test score after studying was higher than before studying with statistical significance
at the .05 level, and

3) Overall satisfaction was at the highest level with a mean of X =4.78 (5.D.=0.43).

Keyword: Mathematical Learning, Factoring Guadratic Polynomials, CPA (Concrete-Pictorial-Abstract)
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Introduction

Mathematics plays a crucial role in the success of learning in the 21st century because
mathematics helps humans to be creative, think logically and systematically, analyze problems or
situations carefully and thoroughly, help predict, plan, make decisions, and solve problems correctly
and appropriately, and can be applied in real life effectively. In addition, mathematics is a tool for
studying science, technology, and other sciences, which are the foundation for developing quality
human resources of the nation and developing the country’s economy to be on par with other countries.
Therefore, mathematics education must be continuously developed in order to be up-to-date and
consistent with the economic, social, and scientific and technological conditions that are rapidly
advancing in the era of globalization (Ministry of Education, 2017). It can be seen that mathematics
is important to human life, helping humans to be able to solve problems, reason, communicate,
make connections, be creative, and be able to deal with problem situations in the context of real
life. In addition, with the rapid advancement of technology, it is necessary to separate data in order
to use it to make decisions in various contexts correctly and appropriately and analyze problems and
situations that occur thoroughly and carefully. Mathematics is therefore useful for life. For this reason,
each educational institution will use mathematics as a main component in organizing learning to
create a foundation of thinking for solving problems in daily life effectively (Ministry of Education,
2017).

Mathematical concepts are an important foundation for learning mathematics because success
in learning mathematics depends on understanding the correct concepts. If students have the correct
concepts, they will be able to learn and solve mathematical problems well, as well as have the
foundation to connect and think about mathematics well (Mhaijakklang, 2011). There are many causes
of misconceptions, including ignoring the conditions of mathematical theorems, rules, formulas or
definitions, basic knowledge, thinking ability, intellectual level, students’ experiences, and teachers’
context and teaching processes (Amporn Makhanong, 2016). If misconceptions occur, they will have
a significant impact on learning mathematics. Knowledge may be applied incorrectly or cannot be
applied (Suphaphon Phromakas and Sirinpa Kitkeokul, 2021). For the development of learners’ concepts,
learners must have knowledge and experience gained from studying, observing and perceiving
information from real things. Let learners be the ones to set some criteria to differentiate the received
information and summarize the information according to their understanding to create their own
conclusions (Wichai Wongyai and Marut Phatphon, 2019).

The Concrete-Pictorial-Abstract learning activity is a learning activity that teaches from concrete
to abstract. It is a learning management that emphasizes developing the understanding of mathematics
of the learners by using the experiences and learning of the learners to practice the thinking process
and problem solving in a sequential manner. The teacher has a duty to manage learning in all 3 steps:
concrete presentation, picture display, and symbol display (Ministry of Education Republic of Singapore,
2013), which was developed from the learning theory by Bruner’s discovery (1960) that learning is a
social process in which the learners must act and create knowledge by themselves. This is based on
previous experiences or knowledge, and can be divided into 3 stages: learning from action (Enactive

stage), learning from ideas (Iconic stage), and learning symbols and abstractions (Symbolic stage). This
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will promote learners to develop skills in many areas, especially communication skills and solving
problem skills. This is teaching that is appropriate for each stage of development.

From the consideration of mathematical content, the topic of factoring quadratic polynomials is
quite difficult for students because factoring quadratic polynomials requires basic mathematical
knowledge and frequent practice. In addition, teachers must have good teaching techniques and
easy-to-understand methods. Therefore, it is necessary for teachers to find teaching methods or in-
novations to help organize teaching and learning activities to be effective. Students must therefore
rely on their experience from organizing appropriate learning activities by letting students do it them-
selves in a sequential manner and be able to solve problems correctly and efficiently. For the above
reasons, the researcher has applied the learning management based on the Concrete-Pictorial-Abstract
(CPA) learning activities to organize learning on the topic of factoring quadratic polynomials for grade
8 students so that students can solve mathematical problems on factoring quadratic polynomials

through the criteria and achieve the goals set by the curriculum.

Independent variable Dependent variable

J J

Organizing learning activities according to the

Concrete-Pictorial-Abstract (CPA) learning activities - Mathematical learning achievement
has 3 steps as follows: - Satisfaction of students with the mathe-
Step 1: Concrete perception - matics learning activities using Concrete-

Step 2: Image creation
. Pictorial-Abstract (CPA) learning activities
Step 3: Towards symbolism

Figure 1: Research Framework The researcher used the learning activities based on the
concept of Concrete-Pictorial-Abstract (CPA) (Bruner, 1960)

Research Objectives

1) To develop mathematics learning activities on factoring quadratic polynomials of grade 8
students using Concrete-Pictorial-Abstract (CPA) learning activities to be effective according to the
criteria 75/75

2) To compare learning achievement in mathematics on factoring quadratic polynomials of
grade 8 students using Concrete-Pictorial-Abstract (CPA) learning activities between before and after
class

3) To study the satisfaction of grade 8 students with the mathematics learning activities using

Concrete-Pictorial-Abstract (CPA) learning activities.

Research Methodology
This research methods as a pre-experimental design (one-group pretest-posttest). The

researcher conducted the research in the following steps:




nsas natulaguasdaansmsdnun AT .
AnUEANIEIARS UKIINGIFBURIAISA Un 9 aduf 29 unsiau-nunuus 2569

Population and Sample

The study population consists of grade 8 students from Sarawittaya School, under the
jurisdiction of the Office of the Basic Education Commission, Bangkok Metropolitan Area 2. The school
has a total of 583 students enrolled in mathematics courses that follow the 2008 Basic Education
Curriculum (revised 2017). The study was conducted in the first semester of the 2024 academic year.
The sample comprised 40 grade 8 students from class 2/3 of Sarawittaya School, selected through

cluster random sampling

Research Instruments

Study and analyze learning standards, learmer quality, and indicators of the mathematics
subject group on the mathematics learning activities on factoring quadratic polynomials of grade 8
students using Concrete-Pictorial-Abstract (CPA) learning activities. Create a curriculum analysis table
by specifying the content, learning objectives, and the number of tests to be measured according to

the learning objectives. The steps in creating the tool are as follows:

I. Teaching Plan

Mathematics learning activity plan on factoring quadratic polynomials for grade 8 students
using the Concrete-Pictorial-Abstract (CPA) learning activities Study and analyze the learning standards
of learners’ quality and indicators of the mathematics learning group for grade 8 students. Write a
mathematics learning activity development plan on factoring quadratic polynomials for grade 8 stu-
dents using Concrete-Pictorial-Abstract (CPA) learning activities, 8 plans.

The learning activity development plan was presented to the teachers of grade 8 students for
improvement and revision, and then presented to 3 experts in mathematics teaching, curriculum and
teaching, and measurement and evaluation to check the accuracy, appropriateness, consistency, and
feasibility between the learning objectives, content, teaching and learning activities, and measurement
and evaluation. The experts considered and gave their opinions and scores. After that, the learning
activity plan was revised according to the experts’ suggestions. The revised learning activity plan was
tested with students who were not the research sample group. The individual experiment was
conducted with 3 students, consisting of 1 g¢ood student, 1 average student, and 1 weak student, to
find the efficiency according to the 60/60 criteria. After that, the revisions were made and the group
experiment was conducted with 9 students, consisting of 3 good students, 3 average students, and 3
weak students, to find the efficiency according to the 65/65 criteria to find the shortcomings related
to time, teaching media, content, and activities. Then, the defects from the trial were adjusted and
corrected. Then, it was tested in a field with 35 students to find the efficiency according to the
criteria of 70/70 as determined by the researcher as E1/E2, where E1 is doing exercises and minor
tests, and E2 is doing an achievement test in mathematics learning activities on factoring quadratic

polynomials of grade 8 students using Concrete-Pictorial-Abstract (CPA) learning activities. And
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calculated the content validity (Index of Item Objective Congruence: I0C) between 0.67 and 1.00.

From the 8 lesson plans, it is a specification of what will happen in the learning management in
line with the learning objectives divided into 3 steps according to the learning management principles
according to the Concrete-Pictorial-Abstract (CPA) concept (Ministry of Education Republic of Singapore,
2013) as follows:

Step 1 Concrete perception This activity is an introduction to the lesson or content by
starting with using objects, things, things close to the learner or learning media that are concrete in
nature that are consistent with the content of the learning activity for the students to study, touch
or see as real things.

Step 2 Image creation This activity is the step in which the learner creates a conceptual
model by converting concrete things into drawings or using virtual images to represent those things.
The learner will practice to their full potential. The image must be consistent with the content being
studied.

Step 3 Towards symbolization This activity is the transformation of drawings or conceptual
models into symbols, in this case, converting numbers and mathematical notations to be used in
solving problems or finding answers that the students want. This step will allow the learner to see
the image and be able to understand it in an abstract form. There is a presentation to communicate
and convey the mathematical meaning of the learner to others.oothers.is a presentation to communicate

and convey the mathematical meaning of the learner to others.

Il. Academic Achievement Test

The development of a mathematics achievement test on the mathematics learning activities
on factoring quadratic polynomials of grade 8 students using Concrete-Pictorial-Abstract (CPA) learning
activities. It was a 4-choice, 40-question multiple-choice test covering the content on the factorization
of quadratic polynomials. The development of the achievement test was presented to 3 experts in
mathematics teaching, curriculum and instruction, and measurement and evaluation to examine the
appropriateness and consistency between the test, learning objectives, and content. The experts
considered and gave their opinions, and then calculated the content validity (Index of Item Objective
Congruence: I0C) between 0.67 and 1.00. The development of the achievement test was then tested
with grade 8 students who were not in the sample group. who had previously studied the content
about factoring quadratic polynomials, 35 student, then took the test results to find the difficulty
level (p) and discrimination value for each item then selected the test questions to be left with
20-questions, with a reliability value of 0.88, difficulty level between 0.26 - 0.78, discrimination value

between 0.25-0.94, and then took the revised achievement test to try it out with the sample group.
lll. Satisfaction Questionnaire

Study the method of creating a satisfaction questionnaire from the textbook on satisfaction

questionnaires and related research documents. The researcher created a questionnaire to measure

11
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students’ satisfaction towards the organization of a learning activity in mathematics on the
mathematics learning activities on factoring quadratic polynomials of grade 8 students using
Concrete-Pictorial-Abstract (CPA) learning activities, which is a rating scale with 5 levels of scores:
a five-level rating scale: very low, low, medium, high, and very high, with 10 items. The questionnaire
was then presented to 3 experts to examine its appropriateness and consistency with the organization
of a learning activity in mathematics on the mathematics learning activities on factoring quadratic
polynomials of grade 8 students using Concrete-Pictorial-Abstract (CPA) learning activities. The
questionnaire was revised according to the experts’ suggestions and the index of item objective
congruence (I0C) was calculated, which was between 0.67-1.00 and had a reliability of 0.876. The

questionnaire was then presented to the advisor and used with the sample group.

Experimental Conduct and Data Collection

The researcher collected data by requesting cooperation from Sarawittaya School, Office of the
Basic Education Commission, Secondary Education Service Area Office, Bangkok Area 2, which was the
group used in this research by using the learning activity plan for mathematics on the mathematics
learning activities on factoring quadratic polynomials of grade 8 students using Concrete-Pictorial-
Abstract (CPA) learning activities to test with the sample group of students. Then, the students’
mathematics learning achievement test and satisfaction were measured from the questionnaire

created by the researcher.

Data Analysis

The researcher analyzed the data from the experiment by using the results of the achievement
test in mathematics on the mathematics learning activities on factoring quadratic polynomials of grade
8 students using Concrete-Pictorial-Abstract (CPA) learning activities after and before studying to
calculate the mean (), standard deviation (SD), and t-test statistics (non-independent). The results
from the questionnaire to measure satisfaction with the organization of mathematics learning activities
on the mathematics learning activities on factoring quadratic polynomials of grade 8 students using
Concrete-Pictorial-Abstract (CPA) learning activities using the grouping technique of student

achievement were used to calculate the mean (), standard deviation (SD), respectively.

Research Results
Research results on the development of mathematics learning activities on the mathematics
learning activities on factoring quadratic polynomials of grade 8 students using Concrete-Pictorial-
Abstract (CPA) learning activities.
1. The results of mathematics learning activities on factoring quadratic polynomials of grade
8 students using Concrete-Pictorial-Abstract (CPA) learning activities to be effective according to the
criteria 75/75, found that the efficiency of the mathematics learning activities was 77.87/76.20, which-

was in accordance with the set criteria, as shown in Table 1
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Table 1 the efficiency results of mathematics learning activities on factoring quadratic polynomials
of grade 8 students using Concrete-Pictorial-Abstract (CPA)

score n Full score  Average score Percentage
Exercises and quizzes during learning activities 40 60 46.72 77.87
Post-study mathematics achievement test 40 20 15.24 76.20

E /E = T77.87/76.20

2. The average score before learning was 8.20 points, the average score after learning was
15.24 points from a full score of 20 points. When comparing the average scores after learning and
before learning using the dependent t-test, it was found that the average score after learning was

significantly higher than the average score before learning at the .05 level, as shown in Table 2

Table 2 comparison learning achievement in mathematics on factoring quadratic polynomials of grade 8

students using Concrete-Pictorial-Abstract (CPA) learning activities between before and after class

Experimental group  n x SD t df sig.
Before studying 40 8.20 0.96 .
13.87 39 .00
After Study a0 15.24 0.01

Note: * Statistically significant at the .05 level.

3. The level of satisfaction with satisfaction of grade 8 students with the mathematics learning
activities using Concrete-Pictorial-Abstract (CPA) learning activities, overall satisfaction was at the very
high level with a mean of =4.78 (SD=0.43), as shown in table 3.

Table 3 satisfaction of grade 8 students with the mathematics learning activities using Concrete

-Pictorial-Abstract (CPA) learning activities.

Items (X) S.D. Meaning  Order Number

1. content, teaching and learning are organized according

to the steps from easy to difficult using Concrete-Pictorial- 4.82 0.24  very high 3
Abstract (CPA) learning activities

2. Students actively participate in the learning activities a.79 0.46  very high 5
3. mathematics learning activities help develop oneself 4.85 0.32  very high 1
4. During the instructional process, the teacher stimulates 4.80 0.27  very high 4

students through questioning

5. The teacher consistently provides guidance and reinforcement  4.78 0.32  very high 6
during the learning activities

6. This was followed by mathematics as a subject that is not boring  4.74 0.36  very high 9

7. The appropriateness of the time allocated for organizing mathe-  4.70 0.41  very high 10
matics learning activities on the factoring quadratic polynomials
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8. teaching media helps students to be interested in learning 4.83 0.37  very high 2

9. Students are able to know the results of the subtests 4.75 0.33  very high 8

immediately in order to see their own learning progress

10. The teacher has clear assessment criteria a.77 0.42  very high 7

Total average 4.78 0.43 very high -

Discussion

From the research results of organizing learning activities on the mathematics learning activities
on factoring quadratic polynomials of grade 8 students using Concrete-Pictorial-Abstract (CPA) learning

activities, the researcher discussed the results from the research findings as follows:

From the analysis of the efficiency of the mathematics learning activity development plan on
the mathematics learning activities on factoring quadratic polynomials of grade 8 students using Concrete-
Pictorial-Abstract (CPA) learning activities, the efficiency was 77.87/76.20, which was in accordance
with the criteria of 75/75 that the researcher had set since the beginning before the research because
the researcher had created the mathematics learning activity plan by focusing on the learer in every
step, which was in accordance with what the Institute for the Promotion of Teaching Science and
Technology (2008) stated that the principle of learning management in mathematics that focuses on
the learner is to give the learner an opportunity to think and solve problems by themselves. The
teacher plays a part in organizing the content and activities to be consistent with the learner’s interests
and abilities, taking into account the differences between individuals. The teacher acts as a consultant
who provides advice and guidance on the shortcomings of organizing learning activities in this manner,
giving the learner an opportunity to think together, solve problems, consult, discuss, and express
opinions with reason, helping the learner to develop both knowledge, skills, thinking processes, and
experiences. Therefore, the learning activities created by the researcher stimulate thinking and
analysis so that the students can learn the skills of analyzing quadratic equations with one variable
from reading and can analyze and separate them. Write in the given problem and write the process
in the steps of the problem solving by using the CPA learning activities. The main highlight is that it is
an organization of learning activities that allow students to learn mathematics through tangible things.
Then convert it into images and can be written in mathematical symbols. The CPA learning management
also helps students to be able to communicate and convey mathematical meanings more. Which is
consistent with Chaiyong Phromwong (2013) who said that the production of media or teaching
activity sets, before actually using them, the media must be tested for efficiency to see whether the
media or teaching activity sets make learners have more knowledge or not, how effective it is in
helping the teaching and learning process proceed efficiently, whether it is related to the achievement
or not, and to what extent learners are satisfied with the media or teaching activity sets. The producer
of the media or teaching activity sets must take the media or teaching activity sets to find quality,

which is called efficiency testing.
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2. From the study of the academic achievement of the students, it was found that the academic
achievement of the students after studying with the mathematics learning activity on the mathematics
learning activities on factoring quadratic polynomials of grade 8 students using Concrete-Pictorial
-Abstract (CPA) learning activities created by the researcher found that the average score before
studying was 8.20 points, the average score after studying was 15.24 points out of a full score of 20
points. When comparing the average scores after studying and before studying using the dependent
t-test, it was found that the average score after studying was significantly higher than the average
score before studying at a statistical level of .05, indicating that the mathematics learning activity
created by the researcher can develop the academic achievement of the students. This is because
the mathematics learning activity created by the researcher uses the learning activity based on the
Concrete-Pictorial-Abstract (CPA) learning activities, which is designed with appropriate steps. Learning
mathematics from easy to more difficult subjects allow students to gradually understand and students
also learn by starting from concrete and tangible things to abstract things, resulting in students having
a deep understanding of mathematics. This is consistent with the research of Nattawut Chotiwinyu
(2021) who studied the ability to solve mathematical problems and academic achievement on the
topic of linear equations with one variable through a learning activity set based on the Concrete-
Pictorial-Abstract (CPA) learning activity. It was found that the academic achievement on the topic of

linear equations with one variable was higher than the specified criteria.

3. From the study of students’ satisfaction with the mathematics learning activities created
by the researcher, it was found that students were most satisfied with the mathematics learning
activities created by the researcher in the top 3 rankings: mathematics learning activities help develop
oneself with an average value ( X = 4.85, S.D.=0.32), second is teaching media helps students to be
interested in learning with an average value (X =4.83, S.D.=0.37), and third is activities that are
consistent with content, teaching, and learning are organized according to the steps from easy to
difficult using the teaching method based on the Concrete-Pictorial-Abstract (CPA) learning activities
with an average value (X =4.82, S.D.=0.24). It can be seen that all 3 rankings, students were most
satisfied with learning. This is because the researcher designed the learning activities to be
appropriate for learning mathematics and arranged the learning management from easy to difficult
content, starting from using concrete and tangible media to abstract things, resulting in students
having a deeper understanding of mathematics. In addition, students participated in the learning
activities, resulting in students being more interested in learning mathematics. However, it was found
that Students are able to know the results of the subtests immediately in order to see their own
learning progress, the average value ( X =4.75, S.D.=0.33), it was followed by Mathematics as a subject
that is not boring, with an average value ( X =4.74, S.D.=0.36) and the appropriateness of the time for
organizing learning activities in Mathematics on factoring quadratic polynomials, with an average
value (= 4.70, SD = 0.41), which was at the highest level. This is because in each exam, the teacher

must check the answers, which takes time to check, so students cannot know the score of the episode
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immediately. In addition, because some students learn quickly what the teacher teaches, when the
teacher uses the learning management based on the CPA concept, which is teaching from concrete
to tangible things, it results in some students feeling that their abilities are not challenged because
they already understand the abstract content, so there is no need to start from concrete and tangible
things. For the above reasons, students are satisfied with the 3 issues in the last order. However, the
average level of satisfaction in learning with the mathematics learning activity set created by the
researcher was at the highest level overall with an average value (X =4.78, S.D.=0.43), which is
consistent with the research of Petchchanok Chanhom, Ratchada Wiriyapong, and Wanin Suphap
(2020) who studied the learning management based on the Concrete-Pictorial-Abstract concept with
the bar model to develop learning achievement in mathematics for grade 8 students. It was found
that the satisfaction of grade 8 students towards the learning management based on the Concrete-

Pictorial-Abstract concept with the bar model in mathematics was at a very high level.
Conclusion

From the discussion of the research results of the 3 items mentioned above, the research on
the development of learning activities in mathematics on the mathematics learning activities on
factoring quadratic polynomials of grade 8 students using Concrete-Pictorial-Abstract (CPA) learning
activities was effective at 77.87/76.20, which was in accordance with the set criteria. The students’
learning achievement in mathematics on the factoring quadratic polynomials of grade 8 students
after studying was significantly higher than before studying at a statistical level of .05, and the overall
satisfaction level was at the highest level with an average value ( X =4.78, S.D.=0.43). This is because
the researcher has created a mathematics learning activity development plan under the content and
learning objectives that cover all steps and also take into account the differences between individuals.
The researcher has emphasized real-life probability situations, which makes the learners aware of the
importance of mathematics in applying it to daily life. Therefore, the researcher has used the
Concrete-Pictorial-Abstract (CPA) learning activities as a guideline for creating a mathematics learning
activity development plan for teaching and learning, which resulted in the researcher being successful

in this research.
Suggestions
Suggestions for applying the research results

1. Organizing learning activities using the Concrete Pictorial Abstract (CPA) learning activities in
the concrete media usage stage, teachers should select a variety of concrete media that are
appropriate for the content or context and are easy to use so that students can solve problems from
concrete media with understanding and convenience in use. They should also consider the

characteristics of concrete media that can be easily modeled into pictures.

2. Choosing activities for organizing learning activities using the Concrete Pictorial Abstract

(CPA) learning activities. Teachers should select learning activities for students to practice and solve



Journal of Educational Technology and Communications
Vol. 9 No. 29 January-February 2026 Faculty of Education Mahasarakham University

problems by linking concrete media, pictures to mathematical symbols from a variety of situations
or situations that students are familiar with and consistent with real life so that students gain

experience in analyzing problems and solving problems correctly.
Suggestions for future research

1. In this research, the researcher studied the development of mathematics learning activities
on the subject of factoring quadratic polynomials for grade 8 students using the teaching method
based on the Concrete-Pictorial-Abstract (CPA) learning activities. Organizing learning activities using
this concept is a continuous connection of knowledge. and promote students to solve problems.
Therefore, in the next research, other variables should be studied, such as the study of the ability to
solve mathematical problems on the topic of conic sections of grade 8 students who learn with the

Concrete-Pictorial-Abstract (CPA) learning activities.

2. There should be a study of organizing learning activities using the Concrete Pictorial- Abstract
(CPA) concept with other tangible media that students are interested in that can promote students

to have mathematical concepts.

Knowledge Gained from the Study

1.Empirical Knowledge

This study provides empirical evidence that a concept-based Concrete-Pictorial-Abstract (CPA)
module significantly enhances Grade 8 students’ learning achievement in the factoring quadratic
polynomials. The findings demonstrate measurable improvements in students’ conceptual
understanding, procedural accuracy, and ability to transition from concrete representations to abstract
symbolic forms. The results validate CPA as an effective instructional approach for lower secondary
algebra.

2.Pedagogical Knowledge

The study deepens pedagogical understanding of how concept-based sequencing within the
CPA framework supports students’ cognitive development in algebra. It shows that engaging students
with concrete manipulatives and pictorial representations before introducing abstract factorization
formulas helps reduce misconceptions, supports meaning-making, and increases student engagement.
The study also highlights the role of guided questioning and representation translation in fostering
algebraic thinking.

3.Instructional Knowledge

This research contributes instructional knowledge by providing a structured CPA-based learning
module that teachers can use to teach factoring quadratic polynomials expressions. It offers practical
insights into lesson design, learning activities, and assessment strategies aligned with the CPA stages.
The module serves as a replicable instructional model that can be adapted for other algebraic topics
and grade levels. Instruction as an effective approach for developing conceptual understanding and

algebraic reasoning in secondary mathematics.
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