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Abstract:The aim of this research is to develop a Chem-A 

Module based on STEM approach in Chemical Bond topic. This 

is based on previous studies found that there have problems of 

Chemical Bond topic among students and conventional teaching 

strategies that are less beneficial to the students. Therefore, the 

researcher convince that it is required to find other initiatives in 

enhancing the understanding of students in this topic by using 

teaching strategies based on the STEM approach. It is allign 

with Malaysia's Education Development Plan (2013-2025) who 

wish to apply STEM as a new learning approach to increase 

students' interest and provide them with the challenges of this 

changing world. In addition to the STEM approach, this module 

applies lesson planning through problem-based learning and 

problems are given in the form of scenarios. The objective of this 

research was to look at the effectiveness of the module among 

the students on the Chemical Bond topic and to see the teacher's 

perspective toward this module. The entire design of this 

research is quantitatively in the form of pre experimentation 

based on one group. Sample selection was determined based on a 

purposive sampling method, which is 30 students were selected 

as the sample of the study. This study was initiated with pre-test 

implementation, followed by Chem-A Module exposures and 

ended with post-test. Furthermore, pre-test and post test were 

analyzed descriptively using SPSS software to obtain pre-test 

mean value and post-test mean value and then t-test was used to 

identify whether there was significant difference between pre-test 

and post-test among students. In addition, in looking at the 

teacher's perspective on this module, the questionnaire was 

distributed to 10 teachers and the findings were analyzed using 

SPSS software to obtain the frequency and percentage values for 

each item. Overall, the findings show that Chem-A Modules can 

enhance students' understanding in Chemical Bond topic. This 

is proven by increased marks in post-test compared to pre-test 

and there is a significant difference between pre-test and post-

test. The findings also found that most teachers gave positive 

feedback on this module. In conclusion, this Chem-A Module 

shows good effect in terms of understanding students in the 

Chemical Bond topic and the teacher's perspective on this 

module.  

 

Index terms:Chem-A module, Chemical Bond, STEM 

education, problem based learning  
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I. INTRODUCTION 

 

Today, science and technology are growing rapidly, and 

have a great impact on human life. Thus, science and 

technology education is very important and should be used 

as a compulsory element in the education system. This is to 

provide the young people today to play their part as a 

community that can give contribution to the country. 

According to the Malaysian Education Development 

Blueprint (to achieve skilled manpower in science and 

technology, in 1967, the National Education Policy has 

targeted the percentage of students in science and 

technology stream compared to art stream were at 60:40 by 

2020. However, as of 2012, the participation of students in 

the science stream has not reached 60% and thus, there is a 

worrying decline Because of that, according to Tami et al., 

most students argue that chemistry is a difficult subject and 

this difficulty can be seen in some contexts where students 

need to develop chemical concepts and problem solving 

skills. Therefore, teachers need to play an important role in 

finding effective teaching strategies to improve students' 

achievement in science education especially for Chemistry 

subjects. Hence, this study develops teaching and learning 

modules in the topic of the Chemical Bond using the STEM 

approach. The teaching strategy based on the STEM 

approach is in line with the Malaysia Education Blueprint 

(2013-2025) that wishes to apply STEM as a new learning 

approach to provide students with the challenges of the 

changing world. In addition to the STEM approach, this 

module applies lesson planning through problem-based 

learning and problems are given in the form of scenarios. 

The application of this teaching strategy is also in line with 

the 21st century learning that wants to transform a teacher-

centered learning approach to student-centered learning. 

The main objective of this study is to look at the 

effectiveness of the Chem-A Module among students on the 

topic of the Chemical Bond in terms of understanding and 

to see the teacher's perspective on this module.  

 

II.PROBLEM’ BACKGROUND 

 

states that Chemistry subject is one of the most important 

and difficult subject and have been acknowledged by 

teachers and researchers.  

There are various factors that lead to most students who 

think Chemistry is difficult to master. Among the factors 

identified are the problems of students in mastering the 

topics of the Chemical Bond and the traditional methods of 

teaching today. Many of the previous studies relate the 

problems of students in this topic [12]-[20]. 
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A study by Nimmermark that examines the misconception 

problems of Swedish and South African students on the 

topic of the Chemical Bond found that only 55 to 60% of 

students from different levels of students state that 

potassium chloride exists in molecular form. His entire 

study result summarizes only 20% of the first year students 

of the university who are fully aware of this chemical bond 

topic[21].  

 

In addition, the teacher's teaching strategy affects the 

learning process of the students and thus in the students' 

understanding of the science concepts. The attitude of the 

teacher who uses the traditional method is the cause of the 

difficulty in realizing the teaching process and learning 

more meaningful. This is because traditional teaching is a 

teacher-centered and causes students to be passive in which 

students are not directly involved in the learning process in 

the classroom. In other words, teachers as educator and 

students as mere listeners. Hence, this teaching method fails 

to motivate students to continue learning in chemistry . Not 

only that, this method will cause students to continue with 

their existing concepts as there is no two-way 

communication between teachers and students. However, 

teachers still use teacher-centered teaching methods in 

teaching and learning . According to Nurshamshida et al the 

method only focuses on mastery of content with less 

emphasis on the development of scientific skills and 

attitudes. It is supported by Jesse et astate that it will give 

the less opportunity for students to take on the role in the 

classroom and thus the student participation in the lesson 

will become restricted[1]-[11]. 

 

Hence, in this study, an approach to addressing the 

problems of student difficulties in understanding the 

Chemical Bond topic will be implemented. Chemical Bond 

are among the subjects of Form 4 Chemistry and the theme 

for this topic is matter around us. On the basis of concern to 

the students' perceptions of understanding the concept of 

chemical bonds, a learning module has been developed. The 

purpose of this module is to look at the effectiveness of the 

teaching and learning process using the STEM approach. 

The STEM approach is focused on chemistry courses 

required for most students across science, technology, 

engineering and math (STEM). In addition, according to 

Chonkaew et al., high demand in most countries today is on 

decent researchers and technicians in which they are able to 

identify, adapt and use knowledge in science and 

technology more significantly in developing a unique 

technology. However, most countries across the globe 

experience a small number of learners to study STEM 

knowledge even in the United States and European 

countries Not only that, the interests, motivations, beliefs, 

attitudes, and student's self-esteem towards science and 

technology have also declined Therefore, the module using 

this STEM approach involves students actively to stimulate 

their understanding and interest in learning activities 

especially in understanding the concept of Chemical Bond. 

 

In addition, to improve the effectiveness of the module, the 

STEM approach is applied through problem-based learning 

and the problems are in the form of scenarios. This learning 

is a student-centered approach which according to Senocak 

et al., it encompasses most of the possibilities to improve 

learning, as students become more active and cooperate 

with each other, provide rapid feedback and improve 

student accountability . It is also supported by which states 

that from focusing solely on facts, problem-based learning 

can promote active and self-directed learning based on the 

context of real-life situations. 

 

Hence, this study implements a module of teaching called 

the Chem-A Module specifically for the topic of the 

Chemical Bond. This module applied the teaching strategies 

of STEM approaches through problem-based learning and 

problems are given in the context of the scenario. This 

module is applied to students to see their effectiveness in 

the topic of the Chemical Bond and also identify teachers' 

perceptions of this module[23]-[25]. 

 

 

III. THEOROTICAL FRAMEWORK 

 

This study is based on constructivism theory. This theory 

has different perspectives. According to Kyere 

constructivism refers to a concept that describes the 

learning experience and how one builds knowledge based 

on what has been learned. Jones and BraderAraje point out 

that constructivism has a huge impact on the teaching and 

design of the curriculum as it is found to be effective in the 

current educational approach. In addition, Piaget focuses on 

the active role of the individual in learning because 

according to him, all knowledge is bound to action and 

knows something is to adapt it in the scheme of action.) 

considers constructivism as an epistemology in which 

individuals gain knowledge through understanding, self-

confidence and experience in the real world. Sanders states 

that the real application of knowledge can benefit students 

in learning mathematics and science Constructivism also 

emphasizes that learning is contextual, ie it will not happen 

unless the student can relate an idea or fact to a larger 

system. 

 

It can therefore be seen that the constructivism theory is 

very relevant and meets the characteristics of the ongoing 

study, namely the Chem-A module based on the STEM 

approach. The Chem-A module encourages students to be 

active and ask them to build their knowledge based on the 

concept of chemical bonds they have learned. Additionally, 

activities in this module require students to perform hands-

on activities. Not only that, this module also emphasizes 

problem-based learning and problematic issues.  

 

This is in line with the statement by Dewey that 

mathematics and science learning can be enhanced by 

involving students with realistic and hands-on learning 

opportunities as well as question-based questions. It is also 

supported by which states that hands-on science is required 

to enable students to better understand the content of 

knowledge and process skills. Therefore, based on this 

theory, researchers are confident that the performance of 

students in STEM learning can be improved. Figure 1 

shows the theoretical framework for this study. 
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Figure1:Theorotical Framework  

 

IV. RESEARCH’ OBJECTIVES 

 

The study aims to: 

 

i. Developing Chem-A module based on the 

STEM approach in the Chemical Bond topic.  

ii. Identify the effectiveness of the Chem-A 

modules in the Chemical Bond topic. 

 

• Identifying students' understanding of the 

topic of the Chemical Bond topic. 

• Identifying teachers' perspectives on the 

Chem-A module. 

 

V. METHODOLOGY 

 

Descriptive study using this quantitative approach involves 

30 science stream students in one of the secondary school in 

Johor Bahru. The study was carried out based on a pre-

experimental study design based on a group (O1 X O2) 

where the study was initiated with the pre-test 

implementation, followed by the Chem-A Module 

exposures and ended with the post test implementation. 

Sample selection was determined based on the purposive 

sampling method where this purposed sample was selected 

for the group who had in-depth information on the topic to 

be studied. Pilot study was conducted to obtain the pre-post 

test confidence index. Alpha Cornbach value is 0.78. For 

quantitative methods, researcher use a survey study that 

quantitative data is collected based on the test questions 

given to the students in looking at the effectiveness of the 

module in terms of understanding. Both sets of tests are the 

same questions that comprise of 10 objective questions and 

four subjective questions covering the entire topic of the 

Chemical Bond. Overall, the items in this test are adapted 

from the Malaysian Examination Certificate (SPM) 

questions from 2010 to 2016. The data obtained from the 

tests are reviewed manually and then analyzed descriptively 

in the SPSS package (Statistical Package For Social Science 

Version 22.0) to obtain the frequency values, percentage 

and mean. The t-test (paired sample t-test) is used to 

compare the mean difference of student achievement test 

score in pre test and post test. Next, it also aimed to see 

whether there is a significant difference between these two 

tests. Frequency and percentage techniques are used in 

analyzing each item in the objective part and subjective 

section items. 

 

Furthermore, besides students'understanding, some teachers' 

views were also sought to identify their perceptions of this 

Chem-A module. In order to answer the third question, 10 

teachers were given a questionnaire with the Chem-A 

module. This questionnaire involves closed questions and 

open questions. This method is still in quantitative design. 

The selection of this method is because the data through the 

open question serves as support data to the quantitative 

approach. The set of questionnaire forms is divided into 

three sections, namely Part A, Part B and Part C. Part A 

contains two items namely gender and teaching experience. 

Part B is questions related to the Chem-A Module. In total, 

this section contains 28 items. There are three constructs 

which is the contents of the Chem-A Module containing 10 

items, the teaching strategy on Chem-A Module contains 11 

items and STEM's teaching and learning features consist of 

7 items. While, section C is an open-ended question which 

is a general assessment that requests teachers to give the 

suggestions for improvement and overall opinions or 

suggestions. Answers are written in the blank space 

provided. Frequency and percentage values are also used in 

analyzing questionnaires. Whereas, coding methods will be 

used in open-ended questions. 

 

VI. RESULTS 

 

The Chem-A module is specific to the Chemical Bondtopic 

for Form four chemistry subject. This module is based on 

the ADDIE model, using the STEM approach through 

problem-based learning and the problem is given in the 

form of scenarios. 

The ADDIE model consists of five phases according to the 

sequence of analysis, design, development, implementation 

and evaluation. In the analysis phase, the researchers carry 

out two levels of analysis, namely, the analysis of the 

content and analysis of the user, the student. The results of 

the analysis found that respondents were from good level of 

achievement and respondents consisted of more girls than 

boys. 

 In addition, for content analysis, the researcher identified 

that students already learn the Chemical Bond topic. The 

purpose and objectives of the learning are also identified as 

to apply the STEM approach in Chemical Bond topic and to 

address the problems of students in this topic. The problem 

toward this topic was identified based on past studies in 

which the studies find that students are confused whether 

the compound is an ionic bond or covalent bond, the student 

can not draw the exact compound formation and so on. 

Furthermore, the results of the analysis found that no further 

teaching techniques using STEM approach in this topic was 

applied. Based on the analysis, the design phase is carried 

out for module development. This phase comprises front 

page design, introduction, rationale, module objectives, 

teaching procedures and teaching & learning sessions. After 

both phases of analysis and design are found to be 

appropriate, the Chem-A Module was developed. Hence, 
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the development of Chem-A module is initiated with first  

sections such as the introduction, rationale, goals and 

objectives of the module and the concept of Chemical Bond. 

In addition, this module is continued with the teaching and 

learning section in which this module use the STEM 

approach and the formation of lesson plans for learning that 

applied problem-based learning approaches. The problem is 

in the form of scenarios. Additionally, daily lesson plans 

and answer suggestions were also included in this module. 

The prepared teaching modules have been presented to 

students in the form and arrangement that have been 

developed. The purpose is to see the effectivenessusing this 

new approach which is STEM approach. The results 

showed that the implementation of the Chem-A Module 

took about 1 hour and 30 minutes and the study found that 

the students in the group were able to solve the problem. 

Exposure module ends with evaluation phase. This phase is 

to evaluate the effectiveness of the module in meaningful 

learning in order to overcome the problems in learning 

especially in the topic of the Chemical Bond. Pre and post-

test were given to students and questionnaires for teachers. 

Figure 2 shows the module's front cover, the STEM 

component applied in the module and among the problems 

used. 

 

 

 
Figure2: Module's front cover, the STEM component 

applied in the module and the problems 

The students' understanding was identified based on the 

achievement of students' overall marks in pre-test and post-

test. Student achievement was analyzed by comparing pre-

test and post-test scores. Based on Table 1 which shows the 

achievement of 30 students in pre and post-test, lowest 

score and highest score in pre-test are 16% and 74%. 

Meanwhile, for the post-test, the lowest and highest marks 

are 50% and 95%. Additionally, the significant difference 

of marks was 66%, which is from respondents R14. 

 

Table 1: The Achievement of Students' Overall 

Marks in Pre-Test and Post-Test 

Respondent Pre-test Post-test 

(%) 

Difference 

(%) (%) 

R1 53 61 8 

R2 66 79 13 

R3 60 76 16 

R4 74 87 13 

R5 61 97 36 

R6 16 71 55 

R7 45 71 26 

R8 58 89 31 

R9 30 79 49 

R10 34 61 27 

R11 29 50 21 

R12 32 55 23 

R13 47 89 42 

R14 26 92 66 

R15 18 63 45 

R16 26 61 35 

R17 55 58 3 

R18 66 55 -11 

R19 47 53 6 

R20 55 92 37 

R21 55 84 29 

R22 58 95 37 

R23 66 84 18 

R24 53 82 29 

R25 74 84 10 

R26 63 89 26 

R27 76 84 8 

R28 37 89 52 

R29 58 84 26 

R30 48 82 34 

 

The t-test (paired t-test sample) was conducted to test 

whether there was a significant difference between the 

students’ pre-test score and the students’ post-test score.  
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Table 2 shows an increase in mean scores from 49.53 to 

76.53 which is 27.00. The mean increase clearly shows that 

the use of the Chem-A Module can help increase the level 

of understanding of students in mastering the topic of the 

Chemical Bond. Furthermore, the result of the t-test 

analysis as in Table 3 shows that there is a significant 

difference between the mean score of the pre test and the 

mean score of the post test at the confidence level .05. It can 

be seen that its significant value is .000 and it does not 

exceed .05. Hence, there is a significant difference between 

the mean score of the pre-test and the mean score of the 

post-test. 

 

Table 2: Paired Sample statistics of Pre-Test and 

Post Test 

Test N Mean Std. error 

mean  

Std. 

deviation 

Pre-test 30 49.53 3.0

76 

1

6.850 

Post-test 30 76.53 2.5

86 

1

4.163 

 

Table 3: T-test of Pre & Post-Test 

Paired Differences  

Mean Std. 

deviation 

Std. 

Error 

Mean 

95

% Confidence 

Interval of the 

Difference 

t df Sig. 

(2-

tailed) 

Lower Upper 

-

27.000 

17.122 3.126 -

33.394 

-

20.606 

-

8.637 

29 .000 

 

It can be concluded that the student achievement score in 

the post test (M = 76.53, SD = 2.586) is higher than the 

student achievement score in pre test (M = 49.53, SD = 

3.076). There is a significant difference, T (30) = - 8.637, P, 

0.05, d = 0.720.  

Hence, this study received H1 which is there were 

differences between pre and post-test. By that, it can be 

stated that the difference in the level of achievement of the 

Chemistry topic through post test shows the effects of the 

Chem-A Module exposure that integrates STEM approach. 

 

To look at the effectiveness of the Module Chem-A more 

profoundly, data analysis for each item is performed. Table 

4 shows the six questions for the ion bond construct in the 

objective part. This section is to answer the second 

research’ objective, namely the effectiveness of the module 

in terms of student understanding. The student's decision to 

answer the question correctly and the student's decision to 

answer the question wrongly is shown in frequency (f) and 

also percentage technique (%). 

 

 

Table4: Data analysis for Ionic Bond in Objectives Part 

Item  Pre-test Post-test 

Frequency 
of students 

answer the 

questions 

correctly 

(f) and 

percent 
correct (%) 

Frequency 
of students 

answer the 

questions 

wrongly 

(f) and 

percent 
wrong (%) 

Frequency 
of students 

answer the 

questions 

correctly 

(f) and 

percent 
correct 

(%) 

Frequency 
of students 

answer the 

questions 

wrongly 

(f) and 

percent 
wrong (%) 

1 26 (86.7%) 4 (13.3%) 28 (93.3%) 2 (6.7%) 

2 27 (90.0%) 3 (10.0%) 29 (96.7%) 1 (3.3%) 

3 26 (86.7%) 4 (13.3%) 29 (96.7%) 1 (3.3%) 

5 7 (23.3%) 23 (76.7%) 22 (73.3%) 8 (26.7%) 

6 20 (66.7) 10 (33.3%) 25 (83.3%) 5 (16.7%) 

10 26 (86.7%) 4 (13.3%) 27 (90.0%) 3 (10.0%) 

 

Furthermore, data analysis is continued with the covalent 

bond construct. Table 5 shows four questions for the 

covalent bond construct in the objective part. This section is 

to answer the second research’ objective, namely the 

effectiveness of the module in terms of student 

understanding. The student's decision to answer the 

question correctly and the student's decision to answer the 

question wrongly is shown in frequency (f) and also 

percentage technique (%). 

 

Table 5:  Data analysis for 

Covalent Bond in Objective Part 

Item Pre-test Post-test 

Frequency 

of students 

answer the 

questions 

correctly (f) 

and percent 

correct (%) 

Frequency 

of students 

answer the 

questions 

wrongly (f) 

and percent 

wrong (%) 

Frequency 

of students 

answer the 

questions 

correctly (f) 

and percent 

correct (%) 

Frequency 

of students 

answer the 

questions 

wrongly (f) 

and percent 

wrong (%) 

4 25 (83.3%) 6 (16.7%) 27 (90.0%) 3 (10.0%) 

7 24 (80.0%) 6 (20.0%) 28 (93.3%) 2 (6.7%) 

8 17 (56.7%) 13 (43.3%) 28 (93.3%) 2 (6.7%) 

9 15 (50.0%) 15 (50.0%) 22 (73.3%) 8 (27.3%) 

Table 6: Data analysis for item in subjective part 

Overall, based on the results of the student scoring analysis 

for each item of objective section, the frequency of students 

responding correctly to the post-test increases compared to 

the students answer the questions correctly in the pre-test. 

Hence, this demonstrates that the development of Chem-A 

Module enhances students’ understanding in the Chemical 

Bond topic. It is attributed to the approach of the teaching 

strategy that is based on STEM based on problem-based 

learning and the problem is given in the form of scenarios. 
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Data analysis is continued with items in the subjective 

section. The subjective part consists of four questions that 

cover all the subtopics in the Chemical Bond topic. Table 6 

shows four questions in the subjective section. This section 

is to answer the second research’ objective, namely the 

effectiveness of the module in terms of student 

understanding. The student's decision to answer the 

question correctly and the student's decision to answer the 

question wrongly is shown in frequency (f) and also 

percentage technique (%). 

Based on the analysis of the answers in pre & post-test, it 

can be seen that there is an increase in the frequency of the 

students responding to questions correctly for question 1 up 

to question 3 (a) in the post test compared to the pre test. 

For question 3 (b), score is given based on student response 

level. This question carries 3 marks. Table 7 shows the 

frequency of students getting 0 marks, 1 mark, 2 marks and 

3 marks in pre and post test. 

Table 7:  Data analysis for Queston 3(b) 

 

 

 

 

 

 

 

 

 

 

Next, for question 4, marks are given based on the student's 

answer level. Question 4 carries 10 marks. Table 8 shows 

the frequency of students getting 0 marks, 1 mark up to a 

full score of 10 in pre and post-test. 

Table 8: Data Analysis for Question 4  

Item Pre-test Post-test 

 Frequency of students 

answering the questions 

according to the marks 
(f) and percentage (%) 

 

Frequency of students answering 

the questions according to the 

marks (f) and percentage (%) 
 

4 0 marks: 
13 

(43.3%) 

 
1 marks: 

1 (3.3%) 

 
2 marks: 

0 

 
3 marks: 

1 (3.3%) 

 
4 marks: 

6 

(20.0%) 
 

5 marks: 

3 
(10.0%) 

 
6 marks: 

0 

 
7 marks: 

2 (6.7%) 

 
8 marks: 

4 (13.3%) 

 
9 marks: 

0 

 
10 marks: 

0 

 

0 marks: 
7 (23.3%) 

 

1 marks: 
0 

 

2 marks: 
1 (3.3%) 

 

3 marks: 
1 (3.3%) 

 

4 marks: 
1 (3.3%) 

 

5 marks: 
2 (6.7%) 

 
6 

marks: 

2 
(6.7%) 

 

7 
marks: 

3 

(10.0%) 
 

8 

marks: 
3 

(10.0%) 

 
9 

marks: 

6 
(20.0%) 

 

10 
marks: 

4 

(13.3%) 
 

 

Based on the answers to the questions in question 3 (b) and 

question 4, the frequency of students getting high marks in 

post-test increases compared to the marks in pre-test. Hence, 

this demonstrates that the development Chem-A Module 

enhances students’ understanding in the Chemical Bond 

topic. It is attributed to the approach of the teaching strategy 

that applied STEM through problem-based learning and the 

problem is given in the form of scenarios. Overall, all items 

showed an increase in post-test scores compared to pre-test. 

The efficacy of the Chem-A Modules used to aid the 

learning process of students is further strengthened with the 

perspectives of teachers. The questionnaire consists of four 

constructs namely the content, teaching strategies, teaching 

and learning features of STEM and open question. The first 

construct in this questionnaire was on the contents of the 

Chem-A Module as in Table 9. In the questionnaire, VNT 

represent very not agree, NT represent not agree, A 

represent agree and VA represent very agree. 

 

 

 

 

 

 

Item Pre-test Post-test 

Frequency of 

students 

answer the 

questions 

correctly (f) 

and percent 

correct (%) 

Frequency of 

students 

answer the 

questions 

wrongly (f) 

and percent 

wrong (%)  

Frequency of 

students 

answer the 

questions 

correctly (f) 

and percent 

correct (%) 

Frequency of 

students 

answer the 

questions 

wrongly (f) 

and percent 

wrong (%) 

1(a) 22 (73.3%) 8 (26.7%) 28 (93.3%) 2 (6.7%) 

1(b) 15 (50.0%) 15 (50.0%) 24 (80.0%) 6 (20.0%) 

1(c) 11 (36.7%) 19 (63.3%) 28 (93.3%) 2 (6.7%) 

1(d) 9 (30.0%) 21 (70.0%) 23 (76.7%) 7 (23.3%) 

2(i-Y) 27 (90.0%) 3 (10.0%) 29 (96.7%) 1 (3.3%) 

2(i-Z) 7 (23.3%) 23 (76.7%) 22 (73.3%) 8 (26.7%) 

2(ii) 21 (70.0%) 9 (30.0%) 30 (100.0%) 0 

2(iii) 11 (36.7%) 19 (63.3%) 19 (63.3%) 11 (36.7%) 

3(a) 23 (76.7%) 7 (23.3%) 30 (100.0%) 0 

Item Pre-test Post-test 

 Frequency of students 

answering the questions 

according to the marks (f) 

and percentage (%) 

 

Frequency of students 

answering the questions 

according to the marks (f) and 

percentage (%) 

 

3(b) 0 marks: 

8 (26.6%) 

 

1 marks: 

5 (16.7%) 

 

2 marks: 

17 (56.7%) 

 

3 marks:  

0  

0 marks: 

0 

 

1 marks: 

2 (6.7%) 

 

2 marks: 

19 (63.3%) 

 

3 marks: 

9 (30.0%) 
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Table 9: Frequency and Percentage Value of 

Chem-A Module Content Constructs 

Item Frequency and Percentage (%) 

VNA NA A VA 

1 The teaching 

content of the 

Chem-A Module 
suitable to the 

syllabus of 

learning.  

0 

(0) 

1 

(10) 

4 

(40) 

5 

(50) 

2 No error in the 
content of Chem-A 

Module.  

0 
(0) 

0 
(0) 

7 
(70) 

3 
(30) 

3 The teaching 
materials of the 

Chem-A Module 

are easy to 
understand. 

0 
(0) 

1 
(10) 

3 
(30) 

6 
(60) 

4 Teaching in Chem-

A Modules relevant 

to daily applications 

0 

(0) 

0 

(0) 

6 

(60) 

4 

(40) 

5 Chem-A Module 

information is 

linked to students’ 
prior knowledge  

0 

(0) 

0 

(0) 

6 

(60) 

4 

(40) 

6 The contents of the 

Chem-A Module 
are arranged in 

order 

0 

(0) 

0 

(0) 

5 

(50) 

5 

(50) 

7 Delivery materials 

in the Chem-A 
Module are easy to 

understand 

0 

(0) 

0 

(0) 

4 

(40) 

6 

(60) 

8 No spelling errors 
in the Chem-A 

Module 

0 
(0) 

0 
(0) 

5 
(50) 

5 
(50) 

9 Difficulty levels 

such as terms, 
approaches and 

contents of the 

Chem-A Module 
correspond to target 

groups 

0 

(0) 

0 

(0) 

6 

(60) 

4 

(40) 

10 Teaching 
appropriate for 

various target 

groups 

0 
(0) 

0 
(0) 

6 
(60) 

4 
(40) 

 

The second construct in the questionnaire was about the 

teaching strategy of the Chem-A Module. Table 10 shows 

the frequency value and the percentage of items in the 

teaching strategy construct.In the questionnaire, VNT 

represent very not agree, NT represent not agree, A 

represent agree and VA represent very agree. 

Table 10: Frequency and Percentage of Teaching Strategies 

in the Chem-A Module 

Item Frequency and percentage(%) 

VNT NA A VA 

1 The teaching 

objectives of the 

Chem-A Module are 

clearly written. 

0 

(0) 

0 

(0) 

4 

(40) 

6 

(60) 

2 The teaching 

objectives of the 

Chem-A module can 

be achieved. 

0 

(0) 

0 

(0) 

7 

(70) 

3 

(30) 

3 The Chem-A 

Module teaching 

strategy is in line 

with the students' 

level of thinking. 

0 

(0) 

0 

(0) 

7 

(70) 

3 

(30) 

4 Chem-A Module 

teaching method is 

very effective for 

use. 

0 

(0) 

0 

(0) 

6 

(60) 

4 

(40) 

5 Chem-A Module 

teaching methods 

challenge students' 

minds. 

0 

(0) 

1 

(10) 

5 

(50) 

4 

(40) 

6 Students get to 

involve themselves 

in teaching and 

learning. 

0 

(0) 

0 

(0) 

7 

(70) 

3 

(30) 

 

 
7 Students will be 

happy during the 

teaching and 

learning activities of 

the Chem-A Module. 

0 

(0) 

0 

(0) 

3 

(30) 

7 

(70) 

8 The Chem-A 

Module teaching 

strategy is in line 

with the time 

allocated. 

0 

(0) 

1 

(10) 

6 

(60) 

3 

(30) 

9 The Chem-A module 

helps students 

understand more 

easily. 

0 

(0) 

0 

(0) 

5 

(50) 

5 

(50) 

10 The teaching 

methods in the 

Chem-A Module 

used are easy to 

apply. 

0 

(0) 

0 

(0) 

5 

(50) 

5 

(50) 

11 Chem-A Module 

teaching strategy is 

very interesting 

0 

(0) 

0 

(0) 

4 

(40) 

6 

(60) 

 

The third construct in the questionnaire was about STEM's 

teaching and learning features in the Chem-A Module. 

Table 11 shows the mean score, frequency and percentage 

for this construct.In the questionnaire, VNT represent very 

not agree, NT represent not agree, A represent agree and 

VA represent very agree. 

Table 11: Mean score, Frequency and Percentage of 

STEM Teaching and Learning Features 

 

 

 

 

 

Item Frequency and Percentage (%) 

VNA NA A VA 

1 Implementation of the Chem-A 

Module can enhance students' 

sensitivity to an issue. 

0 

(0) 

0 

(0) 

6 

(60) 

4 

(40

) 

2 Implementation of the Chem-A 

Module can involve students in 

productive team work. 

0 

(0) 

0 

(0) 

5 

(50) 

5 

(50

) 

3 The implementation of Chem-A 

Modules can involve students in 

open inquiries and exploration. 

0 

(0) 

0 

(0) 

5 

(50) 

5 

(50

) 

4 Implementing the Chem-A 

Module requires students to 

provide various answers / solutions 

with justification. 

0 

(0) 

0 

(0) 

6 

(60) 

4 

(40

) 

5 Implementing the Chem-A 

Module requires students to apply 

STEM content understanding. 

0 

(0) 

0 

(0) 

4 

(40) 

6 

(6) 

6 Implementation of the Chem-A 

Module gives students the 

opportunity to improve their 

answers or products. 

0 

(0) 

0 

(0) 

3 

(30) 

7 

(70

) 

7 Implementation of Chem-A 

Modules involves students 

applying designing process skills. 

0 

(0) 

0 

(0) 

3 

(70) 

7 

(70

) 
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In conclusion, from the questionnaire analysis on STEM's 

teaching and learning features in the Chem-A Module, the 

overall data showed that the respondents agreed with almost 

the entire item presented. 

 

For general assessment, there are five open items 

comprising aspects, suggestions and overall views of the 

respondents on Chem-A Module of the Chemical Bond 

topic. Among the aspects favored by the respondents are the 

issues that are given are clear, informative, this module can 

attract students, students can perform their own activities as 

well as fun activities and good module layout and it is 

easier and clearer for teachers to understand. On the other 

hand, the respondents only provide feedback in terms of 

module content ie the use of many sentences and less use of 

diagrams. The suggestions given to improving this module 

are in terms of teaching strategies where they say that 

researchers need to diversify their learning aids, asking 

students to make their own problems based on current 

issues, adding more issues in KBAT and materials and ways 

of building models can be opened to students so they can 

trigger creative ideas. In addition, for content in the module, 

respondents suggested that researchers should reduce the 

use of sentences and build a more comprehensive of daily 

lesson plan. The overall opinion given by respondents is a 

good teaching strategy and the module content that is 

interesting, good and clear. Overall, based on respondents' 

feedback in the questionnaire given, Module Chem-A 

received positive feedback. This indirectly shows that the 

teacher provides a good perspective on this developed 

module. 

 

VII. DISCUSSION 

 

Based on objective and subjective item analysis, it can be 

concluded that students can not answer all the questions 

correctly. This is further reinforced with the findings from 

previous studies that students are experiencing problems in 

the Chemical Bond topic. Nimmermack (2016) states that 

only 20% of the students were fully masteredon the 

Chemical Bond topic . Based on past studies conducted by 

Muhammad Hafidzuddin Misbah (2011), most students are 

confused about the difference between ionic bonds and 

covalent bonds. It can be demonstrated in the pre-test that 

have been implemented. The confusion in ionic bonds and 

covalent bonds were also supported by earlier studies 

carried out by Butts and Smith (1987). 

 

Therefore, it can be concluded that the problems of students 

in the Chemical Bond topicwaerealso accepted by previous 

studies. Thus, the teacher should play a role to overcome 

this problem such as changing the teaching strategy that is 

more focused on the students. It is also supported by 

Heitzmann (2007) which states that the selection of 

appropriate teaching and learning methods can lead to the 

achievement of learning objectives and at the same time 

have a significant impact on the achievement and 

performance of the students. 

 

 

 

 

 

This study has developed the STEM Approach based on the 

STEM Approach which uses this STEM approach through 

problem-based learning (PBL). Next, the problem is given 

in the form of scenarios. As a result of the implementation 

of this module, there was an increase in scores in the post-

test. In addition, the findings show that the frequency of 

students responding correctly to the post-test increases 

compared to the students answer the questions correctly in 

pre-test. In addition, based on the t-test, the studies found 

that there was a significant score difference between pre and 

post-test. Hence, it can be concluded that this module 

demonstrates the effectiveness of the students' 

understanding in the the Chemical Bond topic. This is 

because the teaching strategies used involve students in the 

learning process. 

 

Increasing in students’ understanding is supported by 

previous studies. Among them, the findings of Chonkaew et 

al. (2016) show that there is a significant positive attitude 

towards students in science learning after STEM exposure 

through PBL. This can be seen when students can formulate 

all the knowledge they have learned on their own rather 

than listening to the teacher's teaching alone. Additionally, 

the increasing of students’ understanding in the Chemistry 

topicwas also agreed upon by Becker and Park (2011) 

stating that the STEM integration approach which is usually 

implemented in problem solving activities shows a positive 

impact on students’ learning especially in increasing 

interest and students learning. It is also supported by Kuenzi 

(2008) which states that STEM integration can make 

learning more meaningful and meaningful to the students. 

 

Problem solving in this module encourages students to 

explore something, integrate the theory and apply 

knowledge and skills to find the solutions to overcome the 

problem (Savery, 2006). In addition, the findings by 

Senocak et al., (2007) conducting a study on science 

teaching using PBL indicate that there is a significant 

difference between the mean score of students' scores in 

pre-test and post-test. The findings of the Chem-A Module 

show that the effectiveness of the module among the 

students is also supported by previous studies, Tarhan et al., 

(2008); Afolabi and Akinbobola (2009); Senocak et al., 

(2007) and Yuzhi (2003) stating that teaching using PBL 

shows high academic achievement and significant 

compared to conventional teaching. 

 

In addition, researchers believe that increasing of students’ 

understanding is also due to the use of scenarios as an 

activity problem. It is supported by Trona and Trna (2014) 

which expresses student's interest to be enhanced by 

providing scenarios as a problem. This is because the 

scenario will raise many questions among students. 

 

Hence, it is clear that STEM approach has many benefits to 

the students. The development of Chem-A module involves 

students in all STEM components in which they study 

science, technology, and engineering knowledge in terms of 

building electron structures of compounds visually and 

mathematically. The result of this module reveals  
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significant differences in student post test compared to pre 

test. Therefore, it can be concluded that students' 

understanding increases after the Chem-A Module 

exposures. 

Furthermore, researcher have reviewed the elements found 

in the Chemistry-A Module based on STEM Approach in 

the Chemical Bond topichelp improve students' 

understanding. Overall, the findings show that the use of 

elements in terms of content, teaching strategies and the 

teaching features of the STEM approach in this module is at 

a good level. This means that teachers agree that this 

module is able to increase the level of understanding of the 

students in the Chemical Bond topic. Additionally, this 

module can also improve students' interest in learning the 

topic of Chemistry, which will be easier for students to 

understand and faster for work to solve problems. It is 

supported by Trona and Trna (2014) which expresses 

student's interest to be enhanced by providing scenarios as a 

problem. 

 

VIII. SUMMARY 

 

The findings show that students' understanding of the topic 

of Chemistry is enhanced through the implementation of the 

Chem-A Module based on the STEM approach and this 

module receives positive feedback from teachers. From the 

findings, it can be seen that a teacher who diversifies 

teaching strategies can help students improve their 

understanding of a topic. This is due to the interesting 

learning activities that can enhance student interest and 

encourage active learning to better understand the concept 

of chemical bonds. Active learning can also be seen when 

they are eager to work in groups. It is also agreed by 

Nurshamshida et al., (2013) which states that the way 

teachers deliver teaching and learning are among the factors 

that need to be emphasized in reducing the problem of 

learning concepts. Hence, it is hoped that this module will 

provide an overview of the teachers to apply STEM 

elements in their teaching process. Not only that, this 

module gives teachers the idea of using other teaching 

strategies that can make learning materials more interesting. 
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