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Abstract  
A STEAM-based learning unit was designed to promote high school students’ understanding of a 
ceramic concept. There are four lesson plans in the learning unit that consisted of four topics of the 
ceramic concept: an introduction to the ceramic, properties and production processes of the ceramic, 
ceramic production, and a study of ceramic efficiency. Learning activities in each lesson plan were 
created using STEAM-based learning as a framework. The learning unit was implemented to 28 Thai 
high school students in the Talent Enrichment Program (TEP) who enrolled in an advanced chemistry 
elective course and collected data using one group pretest-posttest design. This research aims to 
study students' understanding of the ceramic concept after the implementation of the STEAM-based 
learning unit. A Ceramic Conceptual Test (CCT) was designed to be a tool for collecting data before 
and after implementation with a reliability score of 0.71. The descriptive statistics use in this research 
were mean and standard deviation. The results were interpreted using mean comparison and the 
relative gain scores as hypothesis statistics. The result from the mean comparison shows that the 
average posttest score (10.32±1.49) was significantly higher than the average pretest score 
(5.64±1.57), which was statistically different at the .05 level. The results for the relative gain scores 
indicate that the majority of the students have developed their understanding of the ceramic concept at 
a moderate level. This learning unit can be utilized to be a practical STEAM-based activity in chemistry 
for high school students. 
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1. Introduction 
According to the twelfth national economic and social development plan (2017-2021), Thailand has 
focused on preparing the STEM workforce and empowering people of all ages to realize the 
importance of learning science and mathematics [1]. By focusing on the country's population to grow 
up with quality and develop skills relevant to the labor market needs and have the skills necessary for 
the 21st-century life of people of different ages as appropriate [2]. It also provides the preparation of 
the science and technology workforce that will change the world in the future [3]. 
Chemistry is a branch of science that most students find difficult. Students lack knowledge and 
understanding of chemistry content, and the students do not know how the chemistry they learn can 
be used in their daily life [4]. Students have such thinking as the result of the traditional classroom 
activities, with the teacher center method [5]. Moreover, students lack the opportunity to act and to 
express their thought 
Teachers play a key role to encourage students to learn and making them realize the importance of 
chemistry in daily life [6]. According to the 12th national economic and social development Plan, a 
STEAM-based activity could be used as a model to activate students' curiosity and interest in 
chemistry. The STEAM stands for integrating learning activities of five disciplines: Science, 
Technology, Engineering, Arts, and Mathematics [7]. The STEAM-based activities can promote 
students’ understanding of various topics of chemistry such as hydrocarbon, petroleum, solubility, 
thermochemistry, and acid-base [8]. Moreover, the activities could allow students to use their creativity 
and to recognize themselves about creativity [9]. Hence, STEAM-based learning has been one of the 
most active research during this decade. However, the challenge of the development of STEAM-
based learning activity in chemistry is finding the context that can be harmonized with other 
components of the STEAM framework. 
In this report, a STEAM-based learning activity using the ceramic concept was developed.  Ceramic 
products are wildly used in Thailand. The ceramic industry is one of the main industries that increase 
the GDP of Thailand's economy [10]. The science behind ceramic production including inorganic 
compounds that can be related to many chemistry topics such as the types and properties of 
substances, stoichiometry, etc. The developed STEAM-based learning activity on ceramic concepts 
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was implemented to high school students.  This study aims to examine students' understanding of 
ceramic after the implementation. The research question central to this study addressed was: 
• Can the developed STEAM-based learning activity promote students’ understanding of the ceramic 
concept? 

 
2. Research methodology 
2.1 Participants 
The participants were 28 grade 10 students who enrolled in the Talent Enrichment Program (TEP) at 
Bangpakok Wittayakom School, Bangkok, Thailand, in the 2020 academic year, who enrolled in an 
advanced chemistry elective course selected by the purposive sampling method.  
 

2.2 Research tools 
This study was designed to be experimental research using the one-group pretest-posttest design. 
The treatment of this study is a STEAM-based learning activity. A Ceramic Conceptual Test (CCT) 
was used to be a tool for investigating students’ understanding. The CCT has 15 multiple-choice 
questions for a pre-and-post with a full score of 15. Two experts specializing in ceramics and 
chemistry laboratory professionals and one expert in chemistry teaching have reviewed this test. The 
Kuder-Richardson 21 for the Ceramic test was 0.71, showing that it was highly reliable. From the 
quality measuring of instruments, difficulty levels of 0.31 to 0.72, and a discrimination power value was 
from 0.31 to 0.50. 
 

2.3 Data analysis 
This study used the dependent t-test for analysis of the research hypothesis was the ceramic 
conceptual understanding between pre-test and post-test scores, and analyzed the progress of 
students' understanding level after the intervention by using the Relative Gain Score. 
 

3. STEAM-based learning unit 
In the developed STEAM-based learning activity, students learned ceramic concepts step by step. 
Students were engaged to explore the fundamentals of ceramics, including the manufacturing 
process, via hands-on activities. Then, they were asked to design an experiment to investigate the 
efficiency of the ceramic, which could give them a better understanding of the ceramic’s properties. 
The lesson plan was divided into four main topics which allowed students to perform a variety of 
learning activities based on STEAM. The time spent learning each topic about 1 hour 40 minutes and 
some extra time for learning activities outside the classroom to develop and study the experimental 
results. 
 

Table 1. STEAM Learning Plans Presented with Relevant Topics and Students’ Activities 

STEAM learning Plan Learning topic Students’ Activity 

1. Introduction to the 
ceramic 

The meaning of ceramic and the 
main materials in ceramic 

Students design a presentation 
about the knowledge. 
"Introduction to Ceramic" in 
Infographic A4 media format. 

2. Production processes 
and properties of ceramic 

Ceramic properties and the 
production processes of ceramic 

Students write a flowchart of an 
A4 paper lab using symbols and 
according to the specified 
conditions. 

3. Preliminary ceramic 
production 

The ceramic production 
processes to be able to do it in the 
laboratory 

Students work together to find 
suitable ratios to produce ceramic 
that meet certain conditions. 

4. A study of ceramic 
efficiency 

The test of the ceramic 
performance related to their 
thermal conductivity and porosity 

Students adapted the results from 
the experiment to optimize the 
heat resistance of ceramic.  

 
4. Results and discussion 
A result from the CCT pre-and post-test of 28 students showed that the mean of the post-test score 
(10.32±1.49) was significantly higher than the mean of pre-test score (5.64±1.57), which was 
statistically different at 95% confidence (see Table 4). The pre-and post-test scores of individual 
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students and a percentage of the relative gain score and their interpretation are shown in Table 3. The 
relative gain score results show that 25 out of 28 students have developed their understanding of the 
ceramic concept at a moderate or upper level. This might because the STEAM-based learning activity 
made students engaged and provided them an opportunity to perform various hands-on activities for 
constructing knowledge about ceramic under teacher guidance. In addition, lesson plans 3 and 4 
provided the students like a real scientist by planning their experiment, analyzing data obtained from 
the experiment, finding a conclusion, and discussing the results based on knowledge of the ceramic 
they have gained. This indicates that lab work and hands-on activities are beneficial to help students 
understand concepts [11,12]. 

Table 3: Student Results from the Ceramic test and Relative Gain Score 

No. 

a
Test score Relative 

Gain 

Score 

(%) 

b
Interpretation No. 

a
Test score Relative 

Gain 

Score 

(%) 

b
Interpretation Pre-

test 

Post-

test 
Pre-test 

Post-

test 

1 6 11 55.56 High 15 7 10 37.50 Moderate 

2 6 11 55.56 High 16 6 10 44.44 Moderate 

3 4 9 45.45 Moderate 17 7 11 50.00 Moderate 

4 7 11 50.00 Moderate 18 6 12 66.67 High 

5 7 12 62.50 High 19 5 10 50.00 Moderate 

6 7 12 62.50 High 20 5 10 50.00 Moderate 

7 4 9 45.45 Moderate 21 6 9 33.33 Moderate 

8 5 8 30.00 Moderate 22 7 9 25.00 Low 

9 5 10 50.00 Moderate 23 7 8 12.50 Low 

10 4 8 36.36 Moderate 24 3 10 58.33 High 

11 5 14 90.00 Very high 25 8 12 57.14 High 

12 6 12 66.67 High 26 3 8 41.67 Moderate 

13 6 10 44.44 Moderate 27 2 10 61.54 High 

14 5 11 60.00 High 28 7 9 25.00 Low 

Table 4: The mean of the Ceramic test pre-and post-test and Relative Gain Score 
a
Pre-test

 a
Post-test

 
Relative Gain Score (%)

 b
Interpretation

 

5.64±1.57 10.32±1.49 49.50±15.77 Moderate
 

a
The CCT has a full score of 15 points. 

b
The interpretations are based on the following criteria: very high-level (75−100), high-level (50 – less than 75), 

middle-level (25 – less than 50), and Early-level (0 – less than 25) [13]. 

5. Conclusion 

The results of the ceramic conceptual test showed the majority of students had developed a better 
understanding of the ceramic concept after the intervention at a moderate level. The results clearly 
indicated that the learning unit is effective in terms of promoting students’ understanding of the 
concepts. This learning unit can be utilized to be a practical STEAM-based activity in chemistry for 
high school students. 
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