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ABSTRACT 

A good knowledge about Science, Technology, Engineering, and Mathematics (STEM) integration is essential 

for chemistry teachers before they are implementing a successful chemistry learning using STEM approach. This 

paper reported in-service chemistry teachers’ prior knowledge in integrating STEM in high school chemistry 

learning. A descriptive study was adopted in this research. A number of 82 in-service chemistry teachers who 

teach in senior high schools in Yogyakarta were established as the research sample. Research sample was drawn 

from Sleman and Bantul Regency, Yogyakarta, Indonesia through saturated sampling. The initial knowledge 

about STEM of in-service chemistry teachers were captured using STEM Knowledge Questionnaire (STEM-

KQ) consisting of 7 open-ended questions. The in-service chemistry teachers’ response toward this STEM-KQ 

were analysed following qualitative descriptive method using content analysis with interpretative coding. The 

findings of this study revealed that in-service chemistry teachers have understand the basic concept of STEM, 

still it needs to be enhanced. Most of in-service chemistry teachers have known the definition and position of 

STEM. However, they still have a lack knowledge about the example of STEM implementation in the chemistry 

lesson. Therefore, the in-service chemistry teachers need to follow workshop that provide guidance on how to 

implement STEM approach in chemistry learning. Thus, through this activity, the in-service chemistry teachers 

develop their skills in preparing STEM learning that implied on their readiness in integrating STEM in the 

chemistry learning activities. 

Keywords: In-service chemistry teachers, Prior knowledge, STEM approach, High school chemistry. 

 1. INTRODUCTION 

The global economy and advancement of 

technology in the industrial revolution era of 4.0 

requires human resources readiness that not only 

have excellent competencies but also be able to solve 

problems around them from various perspectives 

involving science and technology. Such conditions 

have been realized and anticipated by all parties 

including academics, researchers, and observers of 

education. This competency demand has changed 

students' views on how to learn, communicate, and 

interact with their surrounding environment in order 

to attain a better quality of live. Therefore, to meet 

this issue, the presence of STEM (Science, 

Technology, Engineering, & Mathematics) is 

essential as a part of educational reformation efforts 

and as a basis in providing future success [1,2]. The 

STEM integration also empowers students to be able 

to adapt and achieve a success in the rapidly 

changing of the world, including changes in 

chemistry education. Chemistry belongs to complex 

science that served as a foundation of another 

science. It can’t be denied that chemistry content 

can’t be understood by one perspective only. 

Accordingly, linking the chemistry concept with 

another science concept is needed in order to achieve 

comprehensive understanding, thus it will be 

meaningful to solve everyday problems. However, 

recent chemistry teaching only oriented on mastery 
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the concept without relating with another point of 

view of different science field. Such when chemistry 

teachers taught chemical bonding topic, they explain 

the kind and structure of the bonding, but they did not 

deliver the application of those concept in the daily 

life that combine with another science field [3]. Still, 

many students in the field of chemistry have a lack 

experience in using the basic concepts of chemistry. 

This fact implied on the high number of students who 

encounter difficulties in processing information 

obtained when they are learning chemistry [4]. 

Therefore, facilitating students to link the chemistry 

concept with another science concept is needed in 

chemistry teaching in order to face real world 

problems. 

STEM learning is very potential to train students 

in solving real world issues, thus the integration of 

STEM in chemistry learning activities strongly 

recommended [5]. Through STEM integration, 

students will be equipped and given experience about 

the use of STEM, such in applying the basic concepts 

of chemistry which applicable to the foundation in 

the lifelong learning process. Moreover, STEM 

approach is correlate the four fields of science 

covering the science, technology, engineering, and 

mathematics into one holistic union. Thus, STEM 

approach could encourage the student to designing, 

developing, and utilizing technology; sharpening 

their cognitive; and yielding science as the basis in 

learning chemistry. Since STEM learning allows the 

correlation of the four fields of science, it could 

develop students’ higher order thinking skills and 

increase students’ 21st century learning skills. STEM 

approach is essential as provisions and foundations 

for students to be success not only in the school but 

also in the subsequent levels [6], thus it should be 

widely implemented in chemistry teaching. However, 

the STEM integration is rarely conducted such in 

chemistry teaching, therefore the benefit of STEM in 

the chemistry teaching not felt yet. 

On the other hand, the STEM approach is a new 

phenomenon that has received worldwide attention as 

a project to develop educational system [2]. STEM 

has been adopted by many programmes as an 

important focus to improve global competitiveness 

[7]. Through STEM, students could develop their 

interest in learning and increase their willingness to 

pursue in the STEM careers [8-12]. It also develops 

students’ analytical thinking skills and attitudes 

towards science learning [13]; improves quantitative 

skills [14]; and enhances teachers’ competencies 

[15]. Thus, the use of STEM is strongly considerable 

to be implemented in the teaching instruction. 

Unfortunately, the STEM integration in Indonesia 

still scarcely experienced. The main factor that makes 

this phenomenon happens caused by in-service 

teachers’ knowledge or perception toward STEM 

learning in teaching chemistry [16]. The chemistry 

teachers should not only know the term and definition 

of STEM, but also familiar on how to integrate 

science which is chemistry combined with 

technology, engineering, and mathematics. They 

should understand about the basic concept of STEM, 

the urgency of the STEM approach, STEM 

integration in chemistry teaching, and the factors in 

implementing STEM in order to perceive meaningful 

chemistry teaching using STEM. Still, the STEM 

implementation was varied through several 

pedagogies, i.e., problem-based learning, discovery 

learning, project-based learning, and inquiry learning 

that signified on the optimization in improving 

chemistry teaching quality [17,18]. 

Considering aforementioned discussion, as a 

subject that must be understood for high school 

students, delivering chemistry material needs to be 

designed in a meaningful way in order to increase 

students’ motivation and interest in learning 

chemistry. The chemical content was delivered by the 

teacher must emphasize the relevance of chemical 

concepts to the lives of the students [19]. Through 

STEM, the relevance of chemistry materials to 

students' everyday lives will be clearer. Integrating 

STEM in this occasion is needed, as an effort to train 

students in solving everyday problems. Thus, as a 

basis in applying STEM, a good knowledge of in-

service chemistry teachers about STEM in the 

chemistry teaching is essential before they could 

integrate STEM as a basis in delivering chemistry 

materials [20]. The more knowledge in-service 

teachers have, the more opportunity they will 

successfully implement STEM in chemistry teaching. 

This good knowledge regarding STEM integration 

will contribute the in-service teachers to be more 

confident in preparing, implementing, and evaluating 

STEM teaching [21]. Therefore, the purpose of this 

research accordingly to investigate in-service 

chemistry teachers’ prior knowledge regarding 

STEM integration in high school chemistry learning. 

The research question guided the present study:  

How was in-service teachers’ prior knowledge 

regarding STEM integration in high school chemistry 

learning? 

2. METHODS 

The research methods covering the research 

design and participants, data collection, and data 

analysis conducted in this study explained in this 

section.  
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2.1. The Research Design and Participants 

This study adopted descriptive research, thus 

there was no experimental manipulation given toward 

the participants in this research. The participants in 

this research were in-service chemistry teachers who 

teach chemistry in senior high school in Sleman and 

Bantul regency, Yogyakarta, Indonesia. These 

samples established following saturated sampling 

technique since all of the in-service chemistry 

teachers in these two regencies were enrolled in the 

data collection process. However, there were several 

in-service chemistry teachers who did not response 

the instrument given by the researcher. Thus, only 82 

in-service chemistry teachers who voluntary agree to 

participate in this research and response the 

instrument. A total number of this participants had 

similar economic background and had attained 

bachelor of education in chemistry degree as the 

requirement of chemistry teacher. However, they 

were varied in the term of gender, teaching 

experience, and teaching grade as shown in Table 1. 

In order to achieve a meaningful learning using 

STEM integration in chemistry learning, a good 

understanding about STEM itself is essential. Thus, 

this research concerned on describing in-service 

chemistry teachers’ initial knowledge toward STEM 

integration in chemistry learning. The sample 

collection was conducted one time, thus it indicated 

that the data of in-service chemistry teachers’ prior 

knowledge about STEM were captured one time in a 

certain moment.  

2.2. Data Collection 

A non-test technique using STEM Knowledge 

Questionnaire (STEM-KQ) which consist of 7 open-

ended questions was used to capture the data in this 

research. This STEM-KQ accordingly used to collect 

the data of in-service chemistry teachers’ initial 

knowledge about STEM integration in chemistry 

teaching. The STEM-KQ covered 4 sub dimensions 

concerning STEM approach. They are basic 

knowledge about STEM approach; the possibility to 

implement STEM in chemistry teaching; the example 

of STEM integration in chemistry; also, the 

advantages and weakness using STEM in chemistry 

teaching, following [12,17,22-24]. The summary of 

open-ended questions with its indicator and sub-

dimension on STEM-KQ was shown in Table 2.

 

Table 1. Demographic features of the participants 

Parameter Frequency Percentage (%) 

Gender 

Male 16 19.51 

Female 66 80.49 

Teaching Experience 

< 1 year 6 7.32 

1 – 10 years 15 18.29 

11- 20 years 29 35.37 

> 20 years 32 39.02 

Teaching Grade 

X 13 15.85 

XI 9 10.98 

XII 13 15.85 

X and XI 12 14.64 

X and XII 7 8.54 

XI and XII 15 18.29 

X, XI, and XII 13 15.85 
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Table 2. Open ended questions on STEM-KQ 

Sub Dimension of 

STEM 

Indicators Question 

Number 

Question 

Basic knowledge 

about STEM 

approach 

Knowing the source of 

STEM knowledge 

 

1 Have you heard the term of STEM? If you so, 

where are you hear about it? 

Explaining the definition 

of STEM approach 

2 What do you know about STEM? 

Possibility to 

implement STEM 

in chemistry 

teaching 

Giving point of view 

about STEM integration in 

chemistry teaching 

3 According to your opinion, does the STEM 

approach could be used in chemistry 

teaching? Give an example! 

Determining appropriate 

chemistry materials to 

integrate STEM approach 

4 What kind of chemistry materials that suitable 

to implement STEM approach? Give an 

example! 

Example of STEM 

integration 

Explaining in-service 

teacher experience(s) in 

implementing STEM 

approach 

5 Have you implemented STEM approach in 

chemistry teaching? Explain your answer! 

Advantages and 

weakness using 

STEM in chemistry 

teaching 

Analysing the weakness 

using STEM integration 

 

6 What is the weakness of STEM approach in 

chemistry teaching? 

 

Analysing the advantages 

using STEM approach 

7 What is the advantages of STEM approach in 

chemistry teaching? 

 

The content validation analysis was conducted 

before the STEM-KQ was used as the data collection 

tool in this research. Two experts were confirmed the 

content validity of the STEM-KQ. The experts were 

chosen due to their research record and experience in 

conducting STEM related research. They gave 

feedback about the STEM-KQ in the area of the 

appropriateness of STEM knowledge with the sub-

dimension and the question, the appropriateness 

construction of the question, and the appropriateness 

of the Indonesian grammar rule. STEM-KQ was 

revised following the experts’ feedbacks. Then, it 

was well distributed into the participants through 

online form. The participants need to response the 

STEM-KQ for 30 minutes  

2.3. Data Analysis 

The in-service chemistry teachers’ response toward 

STEM-KQ were analysed following qualitative 

descriptive method. As suggested by Miles and 

Huberman [25], the analysis activity of qualitative 

data was done iteratively and continuously until 

complete. Moreover, the process of qualitative data 

analysis in this research employed content analysis 

with interpretative coding [26]. Hence, the in-service 

chemistry teacher response concerning their 

knowledge about STEM were analysed based on 

STEM concept. The coding process conducted on 

each question, thus each question had different 

number of themes. This qualitative analysis covering 

data reduction, data display, and verification. 

3. RESULTS AND DISCUSSION 

This section explains the findings of this research 

with its discussion. The findings of this research 

presented according to each open-ended question on 

STEM-KQ. Therefore, there were 7 coding results 

since this research used 7 open-ended question in this 

research, consisting the source of STEM knowledge, 

the definition of STEM approach, point of view 

toward STEM integration in chemistry teaching, 

appropriate chemistry materials to integrate STEM 

approach, in-service teacher experience(s) in 

implementing STEM approach, also advantages and 

weakness using STEM in chemistry teaching. 
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3.1. The Source of STEM Knowledge 

The first question in the STEM-KQ was “Have you 

heard the term of STEM? If you so, where are you 

hear about it?”. The participants’ response for this 

question signified that 97.56% stated that they had 

heard about the term of STEM and the rest confirmed 

that they had not even heard the term of STEM. Thus, 

the term of STEM is familiar for most of in-service 

chemistry teachers in this research. The results of 

reduction data concerning the answer of this question 

presented in Table 3. 

Examining the data on Table 3, most of in-service 

teacher have known the term of STEM through 

workshop and technical guidance (signified 37.50% 

from the total participants). Majority of these 

activities were held in chemistry subjects’ teacher 

association or known as ‘MGMP’ in Yogyakarta, 

Indonesia. The organizing committee conducted this 

occasion in order to increase in-service chemistry 

teachers’ competence using STEM approach. Thus, 

the Indonesian government are supporting the in-

service chemistry teachers to apply STEM in their 

teaching activities. In addition, professional 

development programme designed to encourage the 

collaboration among in-service chemistry teachers in 

integrating STEM approach [27]. The in-service 

teachers could share their knowledge with others 

through MGMP in order to bring new insights in 

designing chemistry teaching [28]. The results of this 

research confirmed the previous work conducted by 

Nugroho, Permanasari, and Firman [29] that declare 

more than a half of the in-service teachers who 

participated in MGMP were help them to implement 

STEM teaching. 

Phrased differently, despite through formal 

activities, in-service chemistry teachers knew the 

term of STEM informally by their friends; and 

another learning sources such as internet, journals, 

and textbook respectively 16.25% and 12.5%. These 

values indicated that in-service chemistry teachers 

were curious about the term of STEM in chemistry 

teaching. Thus, they are looking for any resources 

about STEM to discern everything about STEM 

integration in chemistry teaching. 

3.2. The Definition of STEM Approach 

After most of the participants declared that they have 

been heard the term of STEM, the following question 

that asked was “What do you know about STEM?”. 

Thus, the response regarding this question yields 

from the participants that stated have heard the 

STEM name. The reduction from the findings 

regarding this question were coded into 9 themes as 

seen in Table 4. 

Table 4. The findings on the definition of STEM approach 

Response Frequency  Percentage (%) 

Modern teaching using recent technology  2 2.50 

Learning approach to overcome daily life problems  9 11.25 

Learning instruction that develop 21st century learning skills  3 3.75 

Learning approach that integrates science, technology, engineering and 

mathematics 
50 62.50 

Multi-disciplinary learning  6 7.50 

Student centred learning  4 5.00 

Table 3. Reduction data on the source of STEM knowledge 

Response Frequency  Percentage (%) 

Short course regarding STEM 10 12.50 

Conference 2 2.50 

Internet, Journal, and Textbook 10 12.50 

Friend 13 16.25 

Workshop and technical guidance 30 37.50 

n/A 8 10.00 
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Learning approach 2 2.50 

n/A 4 5.00 

 

The data on Table 4 shows that most of in-service 

chemistry teachers declared that STEM is an 

approach that integrates science, technology, 

engineering, and mathematics (signified as many as 

62.50% of the total participants). Another response 

from in-service chemistry teachers implied that the 

STEM approach is a learning approach to overcome 

daily life problems, learning instruction to develop 

students’ 21st century learning skills, student centred 

learning instruction, and so on. As suggest by 

Kennedy and Odell [17], STEM is an approach that 

integrates technology and engineering into science 

and mathematics through scientific investigations and 

engineering process design. In line with Stohlman 

[24] that he describes STEM approach as an effort to 

integrate science, technology, engineering, and 

mathematics into one comprehensive knowledge. The 

STEM learning would be more effective if the in-

service teachers had a good understanding concerning 

science discipline and figure out the chemistry 

concept from various science perspectives [30]. Thus, 

the in-service chemistry teachers’ opinion regarding 

STEM definition is mostly correct. 

On the other hand, only 5% of the participants’ 

responses the definition of STEM can’t be coded 

since they describe STEM approach into wrong 

definition. These participants explain STEM as 

learning method, learning system, and learning 

model. Still, this number of incorrect responses is 

small and is possible to be conceptually change by 

developing in-service chemistry teachers’ knowledge 

regarding STEM through varied resources. 

3.3. Point of View of STEM Integration in 

Chemistry Teaching 

The following open-ended question regarding 

“According to your opinion, does the STEM 

approach could be used in chemistry teaching? Give 

an example!”, aims to investigate in-service 

chemistry teachers’ point of view in STEM 

integration in chemistry teaching. A total of 98% of 

the total participants suggest that STEM approach 

can be integrated in the chemistry teaching. Several 

participants giving their example about the activity 

that might become an option to implement chemistry 

teaching using STEM approach. The results of coding 

process concerning the example of STEM integration 

briefly presented in Table 5. 

Table 5 explains the example of STEM 

implementation in chemistry teaching according to 

in-service chemistry teachers’ opinion. Making ice 

cream using the concept of freezing point depression 

and making a lamp using fruits as energy sources 

based on electrolyte and non-electrolyte solution 

concept became the most popular according to the 

participants when they need to integrate STEM in 

chemistry. In integrating STEM approach when 

teaching chemistry, the teacher should be linking the 

chemistry content with everyday phenomenon. 

Therefore, the relevance of chemistry teaching with 

daily life would reveal and it could increase students’ 

interest and chemical literacy [19,31] also positive 

attitudes toward science [32,33]. 

Table 5. The example of STEM integration in chemistry teaching 

Response Frequency  Percentage (%) 

Making ice cream according to the concept of colligative properties of 

solution  
4 18.18 

Making ‘rocket’ using stoichiometry reaction  1 4.54 

Constructing measurement tool to investigate soil and water quality pH 2 9.09 

The tackling of polymer/ plastic waste  2 9.09 

Using RAR in electronic configuration materials  1 4.54 

Making environmentally friendly soap by tackling the waste of cooking oil  2 9.09 

Using QR code for compound nomenclature materials  1 4.54 

Making a lamp using fruits as the energy sources following the electrolyte 

and non-electrolyte solution also voltaic cell concept  
3 13.64 

Designing prototype in polymer materials  1 4.54 
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Making a jam based on colloid concept  1 4.54 

Water purifying using coagulation concept  2 9.09 

Phenomena of get electric shock  1 4.54 

Making a simple distillation apparatus  1 4.54 

 

3.4. Appropriate Chemistry Topics to 

Integrate STEM Approach 

In this sub-dimension, the in-service chemistry 

teachers asked “What kind of chemistry topics that 

suitable to implement STEM approach? Give an 

example!”. The participants’ response concerning 

this question yields more than the total number of the 

participants since each participant could giving their 

point of view more than one. The findings concerning 

this question depict in Table 6. Table 6 describes the 

teaching topics that appropriate to implement STEM 

approach in chemistry teaching. It sought that 

majority of the in-service chemistry teachers state 

that STEM approach very suitable with redox 

reaction and electrochemistry concept. The in-service 

chemistry teachers’ give the example of making 

voltaic cell using fruits solution extract or another 

material close to the students. Another example found 

that making mongoose peel extract as an antioxidant 

agent in the colligative properties of solution concept. 

Further, the in-service chemistry teachers explain that 

purifying water could become alternative in teaching 

colloidal material using STEM. Thus, as 

aforementioned discussion, the in-service chemistry 

teachers need to analyse the appropriate chemistry 

content along with the implementation of STEM 

approach.  

The in-service chemistry teachers should make 

sure that the content topics could be integrated the 

four disciplines such as in the redox and 

electrochemistry concept which is electroplating [34]. 

According to science concept, the electroplating 

phenomenon describes the concept of electrolysis, 

electroplating, and Faraday law. Based on 

technology, presents the tools set, electrode, solution, 

and current sources. The engineering discipline 

covered the design of the metal coating procedures 

with certain layer thickness and area. Finally, 

according to Mathematics field, the electroplating 

phenomenon concern on calculating the mass of 

metal needed for metal coating with a certain layer 

thickness. Therefore, the in-service teachers should 

analyse the content of chemistry topics covering the 

four fields of STEM before they could integrate the 

STEM approach in chemistry teaching. 

Table 6. Appropriate chemistry topics to integrate STEM approach 

Response Frequency  Percentage (%) 

Reduction-Oxidation Reaction and Electrochemistry 27 25.00 

Chemical Bonding 2 1.85 

Hydrocarbon 9 8.33 

Acid and Base 11 10.18 

Stoichiometry 4 3.70 

Colligative Properties Solution 12 11.11 

Polymerization 3 2.78 

Colloid 6 5.56 

Reaction Rate 7 6.48 

Chemical Nomenclature 1 0.93 

Thermochemistry 5 4.63 

Electrolyte-Non-Electrolyte Solution 11 10.18 

Chemical Equilibrium 7 6.48 

Petroleum 2 1.85 

n/A 1 0.93 
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3.5. In-service Teacher Experience(s) in 

Implementing STEM Approach 

Another question that asks in-service chemistry 

teachers concern in their experience(s) in 

implementing STEM approach. The question “Have 

you implement STEM approach in chemistry 

teaching? Explain your answer!” yields that there are 

still limited number of in-service teachers have 

integrated STEM in their teaching activities. The 

number of in-service chemistry teachers that had 

implemented STEM teaching not exceed than a half 

of the total participants. It was implied that in-service 

chemistry teachers still have a lack of experience in 

integrating STEM. The participants who had 

integrated STEM describing their experience in the 

context of chemistry teaching.  

 

Table 7. In-service teacher experience(s) in implementing STEM approach 

Participant Experience(s) 

Participant 4 

“I had used STEM approach for several chemistry topics such as asking the students to 

make ‘rocket’ when teaching stoichiometry reaction topic, demanding the students to 

create biodiesel when teaching petroleum topic, and making food product when 

teaching acid-base topic”. 

Participant 7 
“I had been teaching introduction of chemistry in the everyday life for my students by 

asking the students to make soap and hand sanitizer”.  

Participant 10 
“I’ve implemented STEM by asking the students to make healthy ice cream in the 

colloid material”. 

Participant 17 
“Yes, making ice-cream using natural materials in the colligative properties solution 

concept”.  

Participant 33 

“Yes, I have. In the molecular geometry material, I demand my students to create 

sleeping lamp with the geometry of molecule. I’ve also used QR Code in teaching 

nomenclature of the chemical compound material”.  

Participant 49 
“I had asked my student to design and create electrolyte and non-electrolyte solution 

tool and tested it in the sea water of Parangtritis Beach”.  

Participant 50 
“Yes, I have implemented STEM approach by demanding the students to make natural 

indicator in the acid base material”.  

Participant 76 “Yes, the students need to design the distillation tool and the procedure to purify water”.  

Participant 48 
“Yes, by asking the students to create distillation tool and gilding tool also making ice 

cream”.  

Participant 81 “I have demanded my students to design a processing plastic waste into fuel”.  

 

Several participants’ responses toward their 

experience in integrating STEM presented in Table 7. 

Examining the data on Table 7, the participants 

describe very good example regarding their 

experience in integrating STEM. The participants 

explain the implementation of STEM to overcome 

everyday issues just like making antioxidant ice 

cream from mongoose peel using colligative 

properties solution, colloid, and even stoichiometric 

concept. The implementation of STEM approach in 

the chemistry teaching is considerably such an 

interesting learning environment. However, the 

number of participants still have a lack experience 

and skill in integrating STEM. Thus, they need to 

improve their skills to prepare chemistry teaching 

through any resources. 

3.6. The Weakness Using STEM Integration 

The following question asks the participants’ 

opinion regarding the drawbacks of STEM 

integration in high school chemistry teaching. They 

asked “What is the weakness of STEM approach in 

chemistry teaching?”. The participants’ response 
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concerning this question classified into 7 groups as 

shown in Table 8. The fewer number of the 

participants that have not yet been implemented 

STEM approach related to the weakness of STEM 

approach in chemistry lesson. Seeing the data 

presented in the Table 8, most of in-service chemistry 

teachers revealed that they need longer time 

allocation in implementing STEM teaching. This 

difficulty in line with Sheffield et al. [35] work that 

suggest the drawbacks of STEM approach caused by 

the limited time allocation, teacher competence, and 

the curriculum. Pedagogy competences were needed 

to improve teachers’ ability in managing the STEM 

teaching. the teachers need to be creative, accept 

other ideas, and had rational thinking when teaching 

STEM [36]. Another difficulty encounter by the 

participants is not all of chemistry materials could be 

teach using STEM approach. They state that it is 

difficult to design chemistry teaching in the certain 

chemistry topic. The in-service chemistry teachers 

analyse the chemistry concept that appropriate to be 

implemented using STEM should have several 

characteristics i.e., the content that emphasize with 

the context, practice, solution, problem and product 

making. 

3.7. The Advantages Using STEM Approach 

Not only the drawbacks,, the participants also 

describe the advantages using STEM approach in 

chemistry teaching. Accordingly, the last question 

aims to examine in-service chemistry teachers’ point 

of view regarding the advantages of STEM teaching 

by asking “What is the advantages of STEM 

approach in chemistry teaching?”. Table 9 presents 

the findings concerning this question, it yields 8 

groups theme. 

Table 8. The drawbacks of STEM integration 

Response Frequency  Percentage (%) 

Limited in the certain materials and competence  14 17.07 

Need longer time allocation in perceiving teaching instruction  33 40.24 

Require complete facilities and infrastructures  7 8.54 

Influenced by the ability of students  8 9.76 

Requiring a good teachers’ competencies  10 12.20 

Limited on tools, materials, and costs  3 3.66 

Do not know 5 6.09 

n/A 2 2.44 

 

Table 9. The advantages in integrating STEM 

Response Frequency  Percentage (%) 

Increasing 4C competencies (Critical Thinking, Communication, 

Creativity, Collaboration) 
21 25.61 

Enhancing students’ understanding and application of the learning 

materials in everyday lives  
33 40.24 

Improving students’ interest and motivation to learn chemistry  14 17.07 

Upgrading in-service teachers’ creativity in designing learning 

environments  
2 2.44 

Increasing students’ engagement since STEM belongs to student centred 

learning paradigm  
6 7.32 

Following the development of 21st century learning  1 1.22 

Yielding a product  1 1.22 

Utilizing materials that close with students’ life  1 1.22 

n/A 3 3.66 
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The findings about participants’ opinion on 

STEM integration describe in Table 9 were revealed 

that most of in-service chemistry teachers agree that 

STEM could enhances students’ understanding and 

application of the learning materials in daily lives. It 

also increases students’ 21st century learning skills 

competencies covering critical thinking, 

communication, creativity, and collaboration 

confirmed by [37,38] work. Further, as suggest by 

Roberts et al. [39] the STEM approach brings the 

students to gain a new experience that elaborate their 

understanding on STEM content and attract their 

interest. Only 3.66% from the total of participant 

state that they are not know the advantages of STEM 

integration. This number implied on the participants’ 

awareness toward the benefits using STEM in 

chemistry teaching to attain meaningful chemistry 

learning. 

4. CONCLUSION 

Designing chemistry learning environment that 

could attract students’ engagement and motivation in 

learning chemistry become the challenge for all of 

chemistry teachers. The presence of STEM teaching 

is likely possible to increase students’ interest in 

learning chemistry. It also develops students’ 21st 

century learning competencies such as critical 

thinking, communication, creativity, and 

collaboration. Therefore, the implementation of 

STEM approach should be considerable to be 

implemented in chemistry teaching. However, the 

chemistry teachers should have a good knowledge 

about STEM before they are applying STEM 

approach in chemistry teaching in order to maintain 

meaningful learning for the students. The findings of 

this research revealed that in-service chemistry 

teachers’ prior knowledge regarding STEM were 

equally good. Almost all of the teachers have 

understood the definition and position of STEM. 

Unfortunately, they had a lack experience concerning 

the example of STEM implementation in chemistry 

lesson. Therefore, they require to accompany 

workshop that supply a guidance on the step of 

implementing STEM in chemistry lesson. This 

activity brings the in-service chemistry teachers 

develop their understanding, knowledge, and 

experience in preparing STEM teaching in chemistry. 

Thus, a meaningful chemistry learning using STEM 

approach could be achieved. 

Considering the findings of this research, it 

suggests to examine the effectiveness of the 

implementation of STEM integration in chemistry 

teaching with a deep analysis. The survey could be 

conducted in the term on how the in-service 

chemistry teachers integrate STEM using varied 

pedagogies such as project-based learning [17,36]; 

problem-based learning [17]; inquiry learning [18] 

and blended learning [40]. The blended learning 

became a considerable choice since it could develop 

students’ self-efficacy [41] and students’ self-

regulated learning [42,43]. Therefore, the STEM 

integration in chemistry teaching not only increase 

students’ cognitive but also students’ affective and 

behaviour. Seeing the result of this research, the 

collaborative learning based STSE could be 

performed with the distinction of chemistry subject 

areas and the grade level with the extent of research 

samples. For future studies, it is suggested to use 

blended learning mode in delivering chemistry 

content knowledge using STSE approach because the 

presence of online learning in this mode gives 

significant effects on students’ self-efficacy as the 

part of motivation expectancy value [44] and 

students’ self-regulated learning [43]. Moreover, the 

addition of computer assisted instruction could be 

employ because it enables in improving students’ 

performance and motivation in the certain subject 

[18] such as through flipped class room [40]. Thus, 

the effectiveness of collaborative learning based 

STSE in comprehensive result will be reveal. 
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