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PREFACE  
 

The International Conference on Science Education and Teacher Professional Development 

(ICon) is a biennial event conducted by SEAMEO QITEP in Science (SEAQIS). In 2018, 

SEAQIS conducted the conference in collaboration with Education Quality Assurance Agency 

(LPMP) of Bali Province from 17-19 September 2019 at LPMP of Bali Province, Denpasar, 

Bali, Indonesia. The Second Ki Hajar Dewantara (KHD) Award became on of the sessions of 

the conference. In fact, the conference is the seventh conference held since the establishment 

of SEAQIS. The conference was convened under the theme “Innovation in Teaching, Learning, 

and Student Engagement through the Implementation of STEM Education”. This theme 

highlighted the importance of STEM education in this industrial revolution 4.0 era where 

science, technology, engineering, and mathematics education should be integrated to prepare 

students in facing the 21st century challenges.  

 

There were twenty-five outstanding science teachers, the Second KHD Award nominees from 

Indonesia, Lao PDR, Malaysia, Philippines, Singapore, Thailand, and Timor Leste presented 

their research papers. 
 

This Proceedings exclusively contains the Second KHD Award nominees’ papers with 

intention to highlight only the papers of the best science teachers in Southeast Asia. It provides 

opportunities for readers to engage with papers presented by the participants during the 

conferences. Among them are three papers of the Best Science Teachers in Southeast Asia 

2018. Notably, it is expected that this proceedings could act as a record of the Second KHD 

Award nominees’ conference as well as a future resource for readers. 
 

Many academicians, practitioners, teachers, and education personnel were interested in 

attending the conference. They considered that the event could give them insight on the 

innovative implementation of STEM education. The audiences were enabled to learn and share 

their thoughts with other best practices during the sessions. This gave more emphasis on the 

quality and the significance of similar programmes in the future.  
 

Furthermore, we would like to thank all participants for their contributions to the conference 

and this proceedings. Our sincere gratitude goes to the LPMP of Bali Province team for the 

collaboration, Professor Lew Hee-chan from the Korean National University of Education, Dr. 

Gatot Hari Priowirjanto from SEAMEO Secretariat, Ms Dini Adiba Septanti from the Ministry 

of Education and Culture (Indonesia) for their contributions and participations as the Second 

KHD Award board of judges, as well as to all reviewers for their devoted assistance in 

reviewing the papers. 
 

Hope you enjoy the proceedings and find ideas of the writers inspiring and motivating in the 

proceedings. 

 

Dr Indrawati 

Director  
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ABOUT THE KI HAJAR DEWANTARA AWARD 

 

Acknowledgment of teacher dedication in bringing and elevate a nation through excellent 

education process is necessity. SEAQIS as a regional institution that focused on improvement 

of science teacher performance has been called to give appreciation to tireless effort of teacher 

in shaping a nation. As an effort in appreciating science teachers’ dedication, SEAQIS initiated 

a programme to acknowledge science teachers’ dedication and tireless efforts in bringing 

science learning into the excellent level. 

 

The programme is called the Ki Hajar Dewantara Award. This concept derives from the 

inspiration of the founding father of National Education, the late Ki Hajar Dewantara for his 

unceasing commitment to make education a contribution towards human liberation. The award 

was presented to the 30 selected best science teachers in form of a travel grant as a privilege to 

attend the International Conference in Science Education and Teacher Professional 

Development (ICon) 2018. 

 

The conference becomes a forum for science teachers, researchers, and academics to share best 

practice in science education. The nominees of the award are selected based on their 

outstanding achievements, contribution, and dedication in science education as well as their 

innovations which are written in research papers. 

 

In 2018, the Ki Hajar Dewantara Award was conducted under the theme of Innovation in 

Teaching, Learning, and Student Engagement through the Implementation of STEM 

Education. It was held from 17 to 19 September 2019 at Education Quality Assurance Agency 

of Bali Province, Bali, Indonesia. 

 

From the selection process, there were selected twenty-five nominees of the Second KHD 

Award, namely: 

No. Name Institution Country 

1.  Sisaket Ya 

Phewkhamphom 

Luangprabang Teacher Training 

College 

Lao PDR 

2.  Norhailmi Bin Abdul 

Mutalib 

SMK Jerlun Malaysia 

3.  Bryant C. Acar DepEd in Science High School Philippines 

4.  Koh Chee Kiang Victoria School Singapore 

5.  Somsak Techakosit Kasetsart University Laboratory 

School 

Thailand 

6.  Daniel Gusmao Saint Pedro College Comoro Timor Leste 

7.  Atik Joedarni SMPN 4 Kediri Indonesia 

8.  Diah Mayasari SMPN 3 Margahayu Indonesia 

9.  Dini Siti Anggraeni SMKN 1 Bandung Indonesia 

10.  Dodi Maulana SMAN 21 Medan Indonesia 

11.  Fera Maulidya Sukarno SMPN 1 Subang Indonesia 

12.  Ida Ayu Dewi Susiani SMA Trinitas Indonesia 

13.  Jaka Afriana SMP Negeri 6 Sambas Indonesia 

14.  Lia Laela Sarah SMAS Laboratorium Percontohan UPI Indonesia 
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No. Name Institution Country 

15.  Ni Putu Ayu Hervina 

Sanjayanti 

PKBM Widya Aksara Indonesia 

16.  Perma Bakti SMP Yayasan Pupuk Kaltim Indonesia 

17.  Petri Priyatni SMA Plus N 2 Banyuasin III Indonesia 

18.  Priyanto SDN 22 Penjernang Indonesia 

19.  Qoriatul Azizah SDN Punten 01 Indonesia 

20.  Radiah SMAN 8 Malinau Indonesia 

21.  Sarina Hanifah SMA Darul Hikam Internasional Indonesia 

22.  Sudarno SMP Negeri 2 Cibungbulang Indonesia 

23.  Syahrir Mulyana SMK Plus Bina Teknik Indonesia 

24.  Wijaya Jati SMP Negeri 1 Candimulyo Indonesia 

25.  Zainul Mustofa SMK Al Munawwariyyah Indonesia 

 

From the eleven SEAMEO Member countries, there were seven countries sending their 

representative as the nominees to the regional selection phase competing for the title of 

Regional Best Science Teacher of Southeast Asia. This regional selection phase was conducted 

during the International Conference from 17 to 19 September 2018 in Bali. All the nominees 

were given travel grants to participate and have been entitled to deliver their research papers in 

the International Conference. The country representative nominees are listed in the table below 

No. Name Institution Country 

1. Dini Siti Anggraeni SMKN 1 Bandung Indonesia 

2. Sisaket Ya Phewkhamphom 
Luangprabang Teacher Training College 

 
Lao PDR 

3. Norhailmi Bin Abdul Mutalib SMK Jerlun, Kedah Malaysia 

4. Bryant C. Acar DepEd in Science High School, Cebu Philippines 

5. Koh Chee Kiang Victoria School Singapore 

6. 

Somsak Techakosit 

 

 

 

Kasetsart University Laboratory School, 

Center for Educational Research and 

Development 

Thailand 

7. Daniel Gusmao Saint Pedro College Comoro, Dili 
Timor Leste 

 

 

During the conference, one nominee from each SEAMEO Member Country was requested to 

present their research papers. Their presentations were assessed by board of judges to select 

three KHD Award winners. As the result, the judges selected three winners of the Second Ki 

Hajar Dewantara Award. The first place was Mr Koh Che Kiang from Singapore, the second 

place was Mr Bryant C. Acar from Philippines, and the third place was Ms Dini Siti Anggraeni 

from Indonesia.  
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CURRICULUM VITAE 

THE 1ST PLACE OF THE SECOND KI HAJAR DEWANTARA AWARD 

 

 

 

Name : Koh Chee Kiang 

Birth Place and Date : Singapore, 17 September 1967 

Nationality : Singaporean 

Highest Education Degree : Bachelor of Information System and 

   Computer Science 

Teaching Experience : 17 years 

Institution : Victoria School, Singapore 

Email : koh_chee_kiang@moe.edu.sg 

 

Achievements in Last 5 Years 

▪ 2018  

CCA NPCC awarded 18th consecutive Gold for UOPA 

▪ 2017 

Testimonial and Commendation Award Outstanding Contribution Award to the School 

▪ 2016 

Testimonials for Excellent Contribution to NPCC 

▪ 2013 

Certificate of Appreciation for (i) Lesson Idea contribution on Energy to ICT 

Connection accepted and published in ICT in Action and (ii) Conducting sharing cum 

workshop “Mentoring and Coaching – The Victoria School Journey” at Academy of 

Singapore Teachers 
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CURRICULUM VITAE 

THE 2ND PLACE OF THE SECOND KI HAJAR DEWANTARA AWARD 

 

 

 

Name : Bryant Caballes Acar  

Birth Place and Date : Cebu City, 20 January 1978 

Nationality : Filipino 

Highest Education Degree : ▪ Doctor of Educational Management 

   ▪ Doctor of Science Education 

Teaching Experience : 18 years 

Institution : DepEd in Science High School, Cebu, 

   Philippines 

Email : bryantacar@gmail.com 

 

 

Achievements in Last 5 Years 

▪ 2017 

Second Place Winner Coach - Applied Science Research- DepEd Regin VII 09-11 

November 2017 

▪ 2017 

Coach - First Place Winner in SciTech Writing Competition - Division Presscon 11 

November 2017 

▪ 2017 

Certificate of Completion on Action Research January 2018, DepEd Division of Lapu-

Lapu City 
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CURRICULUM VITAE 

THE 3RD PLACE OF THE SECOND KI HAJAR DEWANTARA AWARD 

 

 

 

Name : Dini Siti Anggraeni 

Birth Place and Date : Bandung, 23 April 1985 

Nationality : Indonesian 

Highest Education Degree : Master of biology management 

Teaching Experience : 8 years 

Institution : SMKN 1 Bandung (Bandung No. 1 

   Vocational School), Indonesia 

Email : dinirossi46@gmail.com 

 

 

Achievements in Last 5 Years 

▪ 2018 

Finalist of 2018 Southeast Asia Creative Camp: Urban Agriculture Competition, 

conducted by SEAMEO BIOTROP, collaborated with SEAMEO Secretariat and 

Directorate of Vocational Education, Ministry of Education and Culture of the Republic 

of Indonesia. 

▪ 2017 

Finalist of Youth Creation (Cinematography in Health and Nutrition) 2017 competition 

for national level, conducted by SEAMEO RECFON. 

▪ 2016 

Coordinating Teacher in the project entitled “Save the Energy, Save Our Present, Save 

Our Future” which was adjudged as the 1st Prize Winner of the 2016 SEAMEO-Japan 

ESD Award Theme: Saving Energy, conducted by SEAMEO Secretariat, Ministry of 

Education, Culture, Sports, and Technology, Japan, and Collaborated with UNESCO 

region Asia Pacific. 
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FOSTERING THE JOY OF LEARNING THROUGH 

PHYSICS INQUIRY AND STEM ACTIVITIES 
 

Koh Chee Kiang, Pang Jeng Heng 
1. Victoria School 

2, Siglap Link, Singapore 448880 

Corresponding author: koh_chee_kiang@moe.edu.sg 

2. Victoria School 

2, Siglap Link, Singapore 448880 

Corresponding author: pang_jeng_heng@moe.edu.sg 
 
 

ABSTRACT 
Fostering the joy of learning in students is a current national thrust of the Ministry of Education (Singapore) 

to better prepare them for a future where continual learning is needed to thrive in a fast changing and 

technology- driven world. Students in our school learn Physics through investigative inquiry-based hands-on 

activities that focus on real-world applications of the scientific approach in problem solving. Modelling our 

inquiry-based lessons after the 5E Learning Cycle, we designed activities where students worked 

cooperatively in groups, presented and discussed their solutions using the whiteboarding process. 
 

In this study, we used both quantitative (questionnaire) and qualitative (focus group interview) feedback 

to evaluate the impact of our inquiry-based activities and use of whiteboarding on students’ joy in learning. 

Our findings suggested that our students experienced more joy in learning, were more confident in forming 

and communicating explanations through meaning-making, were better engaged and had a keener interest and 

motivation towards learning. In this process we noted that our students acquired attributes of an engaged 

learner and demonstrated beginning inclinations of a life-long learner. 

 
Keywords: Joy of learning, 5E Learning Cycle, STEM, Physics inquiry, Whiteboarding 

 

 
INTRODUCTION 

Focus on STEM and joy of Learning In recent years, it has become the norm that many students shun 

Engineering and STEM-related courses in the university not just in Singapore but also in many countries. This 

mind-set of avoiding this field has also occurred to more and more students in my school as fewer students 

aspire to Science/Engineering related careers. 
 

During a visit to Silicon Valley in 2016, our Prime Minister Lee Hsien Loong emphasised the need for 

Singapore to change its perceptions of engineers, not to see it as a support function but as a challenging, 

exciting and meaningful job (Au-Yong, 2016). 
 

Related to this call to get more students interested in a STEM career, the Ministry of Education in a 

recent press release emphasised the need to nurture students’ joy of learning and innovation through 

involving students in hands-on, experiential learning, which allows them to explore and discover their 

interests and passions through applying their knowledge and skills in real-world contexts (Ministry of 

Education, Singapore, 2018). 
 

Nurturing the joy of learning goes beyond just trying to make lessons fun – it is about learning that is 

meaningful and engaging so that students become engaged learners and lifelong learners (Ministry of 

Education, Singapore, 2018). 

 

In the light of the above national thrust towards fostering the joy of learning and promotion of STEM -

related careers, my school Physics unit pondered what could be done to enthuse students and to inspire them to 

consider Engineering and STEM-related careers favourably. I discussed with my Subject Head and we both 

decided to embark on the practitioner research to review and refine our Physics formal and informal 

instructional programmes with the aim of exposing our students to varied applied activities involving 

Science, Technology,Engineering and Mathematics (STEM).  We envisage the potential benefits of this 

research to include nurturing the students to experience the joy of learning through meaningful and engaging 

activities, becoming engaged learners and acquiring the disposition of life-long learning. 

In our school Physics informal instructional programmer, we wanted to create a blended learning 

mailto:koh_chee_kiang@moe.edu.sg
mailto:koh_chee_kiang@moe.edu.sg
mailto:pang_jeng_heng@moe.edu.sg
mailto:pang_jeng_heng@moe.edu.sg
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environment that shows students how the scientific method can be applied to everyday life. The activities 

should teach students scientific thinking and focus on the real-world applications of problem solving. Our 

STEM enrichment activities like the programming of drones and Arduino coding classes will complement and 

enhance the inquired-based approach adopted during our classroom teaching and learning. I am a believer that 

we should ignite the passion for Physics and STEM-related learning when the students first enter our school at 

Secondary one. Many students may have the inclination for STEM but are not provided with the opportunity to 

realise it. As such, my colleagues and I embarked on a workshop this year to introduce block programming of 

Micro:bits to the entire cohort of 320 secondary one students (Picture 1). The aim of this workshop is to raise 

awareness and appreciation of STEM through the exposure to programming, electronic components and how 

these can interact with their surroundings. 

 

 

 
 

Picture 1. Micro:bit workshop for Secondary one 

students 

 
In addition, for Secondary two and three students, I have also initiated an Arduino elective to enable 

students to acquire simple programming, electronics and robotics skills. Students who are inclined are 

encouraged to participate in competitions using Arduino. To complement the Arduino elective, we have also 

installed a solar- powered environment monitoring station next to our school pond which provides a platform 

for students to collect the real-time data through varied sensors (Picture 2). Students will be able to process the 

collected data to understand the trend of environmental changes of the pond and its surrounding. Data from the 

sensors can also be used to power other Arduino devices for sensing the environment and perform motorised 

functions. 

 
 

 
 

 
Picture 2. Solar-powered environment monitoring station with graph plots on pond variables such as pH and 

temperature 
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To further enhance our students’ interest in STEM, we provide STEM-related challenges in the form of 

various national competitions since 2016. We mentored students for the annual East Zone A*Star Science Fair 

where our students researched on engineering solutions to solve real-world problems. We trained students for 

the annual Singapore Young Physicist Tournament (SYPT) that involved improving their abilities to solve 

complicated physics problems, to present solutions in a convincing way, and to defend their arguments in 

scientific discussions. We also mentored students for the annual Nanyang Polytechnic Science and Technology 

Challenge (Picture 3), Ngee Ann Polytechnic Aero-Challenge and the Drone Odyssey competition by Science 

Centre Singapore. We also guided our students in the annual Singapore University of Technology and Design 

(SUTD) Electric Vehicle Design Challenge (Picture 4) and the Tan Kah Kee Young Inventors Awards. 
 

 

 
Picture 3. Nanyang Polytechnic Science and Technology Challenge 

2017 

 

 
 

 
 

Picture 4. Singapore University of Technology and Design 

(SUTD) Electric Vehicle Design Challenge 

 

Reviewing and Refining School Physics Formal Instructional Programmer 

In the case of our school Physics formal instructional programme, a range of hands-on and minds-on 

inquiry based activities are used to foster the joy of learning. Students experienced inquiry-based activities cutting 

across various topics of mechanics, waves, electricity and magnetism in the Upper Secondary syllabus. 

 
For engaged learning, the use of 5E inquiry-based instructional model (Bybee et al, 2006) was used 

together with various learning tools such as ICT, mathematical graphing, data logger (Pictures 5a and 5b) and 

whiteboards. To foster meaning-making, students are given STEM-related problem-solving tasks to apply 

their conceptual understanding to real-world contexts. 

 
For our Secondary four students, we tasked them to work in groups to collaboratively do research, 

design and assemble microphone/speaker with budget constraint. The project entails testing the technical 

performance such frequency range and loudness, reflection of processes, and presentation of concepts and 
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technical implementation. This simulates an authentic engineering product design (Pictures 6a and 6b). 
 

 
 

Picture 5a. Use of datalogger Picture 5b. Use of graphing 

 

 

 
Picture 6a. Speaker-making by students and presentation 

 

 

 
Picture 6b. Speaker-making by students and presentation 

 
Of special mention was the use of the whiteboarding (Yost, 2003) (Picture 7) as a collaborative learning 

process for student-student interaction and teacher-student interaction with the aim of co-construction of 
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knowledge. This collaborative learning process through whiteboarding served as a foundation for students to 

acquire the disposition of a life-long learner. 
 

 
Picture 7. Whiteboarding as a collaborative learning process 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 
 

Research Method 

Our research study used a mixed method approach. With both quantitative and qualitative data, we aim to 

provide both a statistical analysis of findings as well as to tap into participants’ perspectives. Data was 

collected through a questionnaire administered to Secondary 3 students (n = 155) and Secondary 4 students (n 

= 139). This questionnaire consisted of six questions grouped into three domains related to the research 

focus of ‘joy of learning’ to foster engaged learners, life-long learners and learners involved in meaning-

making. Two focus group interviews with six students were also conducted to collect students’ perspectives 

on their learning experiences. 
 

Procedure: Inquiry-based activities and whiteboarding 

A total of nine inquiry-based activities were carried out by our Upper Secondary students over 2 years 

(three activities in Secondary 3 and six activities in Secondary four). After performing a series of three of these 

inquiry- based activities, the students used whiteboarding as a learning process and as a presentation 

format of their findings. Pictures with brief descriptions of six of the inquiry-based activities: ‘Faraday’s law of 

electromagnetic induction’, ‘Bouncing ball’, ‘D.C. motor’, ‘Tension Protractor’, ‘Speed of sound’ and ‘Light-

dependent resistor’ are in Annex A.  Student worksheet examples for three inquiry-based activities: ‘Cartesian 

diver’, ‘Transformer’ and ‘Force on cart’ are in Annex B. 
 

The students worked in collaborative groups of four to carry out the tasks as specified in the inquiry-based 

activity worksheets. As mentioned above, the students presented their findings and explanations to the class at 

the last session after three activities via whiteboarding (Yost, 2003). The instructional sequence of the 

inquiry-based activities followed closely the BCSE 5E inquiry model to enhance student learning (Bybee, 

2006). In our physics lessons, the 5 Es were implemented in the following way: 
 

The Engagement phase was already done for students as they can make connections between their past 

and current learning experiences, from their prior conceptions. The students were taught the concepts in earlier 

lessons. 
 

For Exploration phase, each task provided experiences for students to probe student's prior 

understanding, to generate new ideas, to explore questions, and to conduct an investigation. Here the members 

in a group would jointly performed the task and noted their observations. 
 

The Explanation phase focused students’ attention on a particular aspect of their engagement and 

exploration experiences and provided opportunities to demonstrate their conceptual understanding and 

process skills. As the students showed the class their whiteboards and explained their findings from data 

collected or problem solution, they were immersed in the Explanation, Elaboration and Evaluation phases. 

 
In the Elaboration phase, the subsequent questions in the tasks challenged and extended students’ 

conceptual understanding and skills. Through new experiences, the students developed deeper and broader 
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understanding, more information, and adequate skills. Students applied their understanding of the concept and 

abilities by conducting additional activities. During their presentation, they were required to respond to the 

deeper probing questions. 
 

The Evaluation phase encouraged students to assess their understanding and abilities, allowed peers 

and teachers to evaluate their classmate presenters’ progress toward achieving the learning outcomes. The 

students listening to presenters can post questions or their viewpoints to encourage deeper probing. The 

teacher may occasionally ask questions, probing the student's understanding and directing the student's 

learning process. 

 
Data collection: Questionnaire 

At the end of each whiteboarding, the students were asked to complete a questionnaire known as 

“Reflection on the authentic learning activities”. This six-item questionnaire based on a 4-point Likert scale of 

‘1 for strongly disagree’, ‘2 for disagree’, ‘3 for agree’ and ‘4 for strongly agree’ was used to collect data on 

students’ perception of their joy of learning covering three domains of ‘engaged learner’ (items 1 and 4), 

‘meaning-making’ (items 2 and 6) and ‘life-long learner’ (items 3 and 5) (Annex C). 
 

For our statistical analysis, we computed the mean score for each item (𝜇) and used the STDEV.P 

function of EXCEL to find the standard deviation (𝜎), followed by the Coefficient of Variance (CV).  We 

also computed the average dimension mean (𝜇) and used the STDEV.P function of EXCEL to find the 

standard deviation (𝜎), then the Coefficient of Variance (CV). This analysis will provide an indication of the 

impact the inquiry-based activities and whiteboarding have in fostering students’ joy in learning that is 

meaningful, engaging and promotes life-long learning dispositions. 

 

Three free-response questions in the questionnaire were used to further collect students’ written feedback 

on their learning experiences. Students were asked to reflect on the physics concepts they learned, what 

they found interesting and what they still had questions on. 
 

Data collection: Focus group interviews 

To gain deeper insights into our students’ perceptions of ‘doing Science’ and their learning through the 

inquiry- based activities, we carried out Focused Group Interviews with three Secondary 3 and three Secondary 4 

students. We took reference to the practical guides from Williams & Katz (2001) as we prepared our questions 

for the FGIs. The guiding questions for the interviewers are: 

 
1)  What do you think of the white boarding activities? How does it spur your interest in Science? 

 2)  Is there any area that you felt can be improved? How do you think the activities can be more engaging 

for the purpose of learning? For example, the activity on sound; ping pong ball, transformer, solenoid, 

Cartesian diver? 

3) “I can relate better to real world application through this activity.” is one of the feedback questions.To 

what extent do you agree/disagree with this? 

 4) “The activities help me to have a deeper or clearer understanding of the Physics concept taught in 

class.” is a survey question. To what extent do you agree/disagree with this? 

 

RESULT AND DISCUSSION 
 

   Analysis: Questionnaire 

The questionnaire was administered to our Secondary 3 (n = 155) and Secondary 4 (n = 139) physics 

students. The data obtained as well as the computed information is illustrated in the tables and charts below. 

Table 1 and Chart 1 is for Secondary 3 students and Table 2 and Chart 2 is for Secondary 4 students. 
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Table 1. Secondary 3 students’ feedback: mean, standard deviation and coefficient of variance 
 mean Stdev CV 1 2 3 4 Total 

Engaged Learner         

I have enjoyed this session of hands-on activities. 3.38 0.52 0.16 0 4 85 58 147 

I learn to cooperate with my group mates through 

the activities. 

 

3.22 
 

0.57 
 

0.18 
 

1 
 

14 
 

90 
 

43 
 

148 

average 3.30 0.55 0.17      

Meaning-Making         

I can relate better to real world application through 

this activity. 

 

3.28 
 

0.58 
 

0.18 
 

8 
 

10 
 

84 
 

53 
 

155 

The activities help me to have a deeper or clearer 

understanding of the Physics concept taught in 

class. 

 
3.38 

 
0.58 

 
0.17 

 
1 

 
5 

 
84 

 
58 

 
148 

average 3.33 0.58 0.17      

Life-long Learner         

I  feel  more  confident  to  question,  clarify  and 

reflect on my learning through the activities. 

 

3.22 
 

0.57 
 

0.18 
 

0 
 

16 
 

93 
 

39 
 

148 

The hands-on activities help to spur my interest in 

the topic(s). 

 

3.13 
 

0.70 
 

0.22 
 

6 
 

23 
 

74 
 

48 
 

151 

average 3.18 0.64 0.20      
 
 

Chart 1. Secondary 3 Feedback Mean Score by item and dimensions 

 
 

The Secondary 3 students’ feedback showed mean average of 3.18 and above for the three dimensions of 

‘engaged learner’, ‘meaning-making’ and ‘life-long learner’ out of 4 where 4 is highly agreeable, with standard 

deviation of 0.55-0.64 and Coefficient of Variance (CV) of 0.17-0.20. The low CV indicates the data is highly 

reliable since it is significantly below 1.00, considered as low-variance. 
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Table 2. Secondary 4 students’ feedback mean, standard deviation and coefficient of variance 
 mean Stdev CV 1 2 3 4 Total 

Engaged Learner         

I have enjoyed this session of hands-on activities. 3.31 0.59 0.18 1 6 81 51 139 

I learn to cooperate with my group mates through 

the activities. 

 
3.17 

 
0.65 

 
0.20 

 
2 

 
13 

 
83 

 
41 

 
139 

average 3.24 0.62 0.19      

Meaning Making         

I can relate better to real world application through 

this activity. 

 
3.17 

 
0.65 

 
0.21 

 
1 

 
17 

 
78 

 
42 

 
138 

The activities help me to have a deeper or clearer 

understanding of the Physics concept taught in 

class. 

 
 

3.22 

 
 

0.58 

 
 

0.18 

 
 

0 

 
 

12 

 
 

85 

 
 

42 

 
 

139 

average 3.20 0.62 0.20      

Life-long Learner         

I  feel  more  confident  to  question,  clarify  and 

reflect on my learning through the activities. 

 
3.08 

 
0.55 

 
0.18 

 
0 

 
16 

 
96 

 
27 

 
139 

The hands-on activities help to spur my interest in 

the topic(s). 

 
3.11 

 
0.70 

 
0.22 

 
2 

 
21 

 
76 

 
40 

 
139 

average 3.10 0.63 0.20      
 

 
 

Chart 2. Secondary 4 Feedback Mean Score by item and dimensions 

 
 

The Secondary 4 students’ feedback showed mean average of 3.10 and above for the three dimensions of 

‘engaged learner’, ‘meaning-making’ and ‘life-long learner’ out of 4 where 4 is highly agreeable, with standard 

deviation of 0.62-0.63 and Coefficient of Variance (CV) of 0.19-0.20. The low CV indicates the data is highly 

reliable since it is significantly below 1.00, considered as low-variance. 

 

The responses from the Secondary 3 and Secondary 4 groups of students shows that the mean scores for 

“I have enjoyed this session of hands on activities”, “The activities help me to have a deeper or clearer 

understanding of the Physics concept taught in class” and “I can relate better to real world application through 

this activity” are the three highest item scores for both groups. This shows that our objective of creating a more 

meaningful and enjoyable experience of science learning for our students has been well received. It also 

suggests that the students can relate better to how empirical data is being collected and analysed for more 

meaningful discussions to take place. 
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The responses from the Secondary 3 and Secondary 4 groups of students shows that the mean scores for 

“I feel more confident to question, clarify and reflect on my learning through the activities” and “The hands-on 

activities help to spur my interest in the topic(s)” are the two lowest item scores for both groups. This shows 

that our objective of fostering dispositions for life-long learning such as intrinsic motivation and self-reflection 

is less well received compared to engaging learning and meaning-making. 

 

The written feedback from students generally collaborated with the scores in the questionnaire items. 

The following are examples of students’ written feedback related to being engaged in their learning and the 

process of meaning-making: 

 
“I found it interesting to capture data and apply the concepts to practical issues.” 

 

“Whiteboarding activities and presentation in the lab as well as applying theory to explain real life 

scenario interesting.” 
 

“This provided a hands-on experience that is refreshing from the usual pen and paper theory, and 

also gave us a chance to learn new things through observation and practical learning.” 
 

Analysis: Focus group interviews 

The Focused Group Interviews (FGI) with 2 groups of students comprising of three Secondary 3 

and three Secondary 4 students respectively provided salient points on students’ perception of their learning 

experiences (Annex D). 

 

Students reflected positively to being given the opportunity to engage with their peers and teacher in 

discussions and using their knowledge of Science in real-world and STEM-related applications. The 

following are some examples from the FGIs on students’ perceptions of their learning: 

 
“Actually I find it a good classroom environment to actually share ... more opportunity for you to 

discuss ideas in the whiteboarding activity, students can just shout out their ideas, their viewpoints then 

can start a new discussion.” 
 

“It is more interesting and more fun and it is something not really seen before. For example, the 

Cartesian diver, I think that was the first time I got to know what it is about. I also dive deeper into 

the world of Science and how these amazing things work.” 
 

“It is a step in the correct direction. Perhaps a bit more real life example like engineering 

applications. Then insert that into the questions.” 
 

 
 

CONCLUSION 
Quantitative and qualitative evaluations of the intervention showed that our students developed a better 

understanding in the Physics topics. They were more confident in forming and communicating explanations 

and they showed a higher level of interest and motivation. Students found the inquiry-based activities and 

whiteboarding learning process interesting and meaningful. In particular, they enjoyed and found meaning in 

“the sharing of our classmates” and “hands-on activities”. Comparing with normal classroom instruction, they 

noted that the intervention “provide a hands-on experience that is refreshing from the normal pen-and-paper 

theory” that afforded them deeper learning opportunities: “I was able to see how physics concepts learnt in 

classroom can apply to real life” and to “dive deeper into the world of Science and how these amazing things 

work”. 

 
The activities have also made a positive impact on the Secondary 3 and the Secondary 4 students in the 

three dimensions related to joy of learning: meaning-making, engaged learner and life-long learner. In 

particular, students found that the inquiry-based activities and whiteboarding provided opportunities for them to 

deepen their learning and apply their knowledge in real-world applications. 

 
Reflecting on the feedback given by students and on our observations, we have the following 

considerations as guiding points for our review on Areas for Improvement: 

 
1.  Review the time allocated for the various tasks; 

2.  Provide more time for group preparation for the presentation; 

3.  To review the questions to include some authentic engineering application: 
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4.  Keep a record of the possible levels of responses from our students and list down some 

effective guiding questions for them so that the lessons are scaffolded for different ability 

learners; 

5.  Track the number of students who graduated and continue to pursue a STEM related education or 

career as an indicator of success for our programme. 

 
With our inquiry activities and whiteboarding process to promote stronger link between theory and 

practice of the scientific approach, our students are more engaged in a collaborative environment to use 

questions to deepen their understanding. This classroom approach also serves as a basis for developing a 

greater interest in STEM. We have also observed an increase in participation in our informal STEM-related 

programme, with more students enrolling for our cohort enrichment activities as well as for the various STEM 

competitions. Students have also expressed a greater joy in learning from these opportunities provided, were 

more confident in forming and communicating explanations and attained a higher level of interest, curiosity 

and motivation in learning. It is also encouraging to see them trying to draw connections between physics 

concepts and the physical phenomena happening around them. 
 

Further research 

We will be conducting a quiz in Term 3 to determine if the inquiry-based activities and whiteboarding 

learning process has a positive impact on students’ conceptual understanding in physics, comparing an 

experimental group with a control group for Secondary 3 and 4 classes. We will then use statistical t-test 

function from Excel to determine if there is a significant difference in the ability of both groups to handle the 

same set of questions on related concepts. 
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ABSTRACT 
The study utilized an experimental design to determine the effectiveness of the Guided and Immersive Training 

Approach to enhance the knowledge and skills of the Grade 11 STEM Students in conducting Science 

Investigatory Project. The program was given to the thirty-one students in three months’ time. 

 

On the level of knowledge before the training reveals to be fair while after the implementation reveals that majority 

of the students scored excellent. The level of skills before the approach reveals a fair rating while after reveals a 

very good rating. The test scores in knowledge before and after the implementation were significant.  The skills 

before and after the implementation are also significantly differed. This means that the approach was effective.  

Three themes emerge as an impact to students and those are:  Develops Inquisitive Mind; Develops creative 

attitude and Develops passion for research.   

 

Science Investigatory Project Making can effectively become fun; worthy; experiential opportunity for the 

students who are well guided and exposed in an immersive training approach. The study is a proof that there is 

“Life” in Science and that knowledge and skills in research can be honed in the most conducive environment in 

developing the inquisitive and creative minds as well as the passion for Science Research enthusiasts.  

 

 

Keywords:  guided, immersive, training, experimental, investigatory 

 

INTRODUCTION 
Science investigatory projects have long been familiar events in public schools as a research endeavor to 

inculcate the scientific inquiry skills of the students in Asian countries, particularly in the Philippines.  The 

investigatory aspect of science projects fits well with current reform efforts guided by such publications as 

"Benchmarks for Scientific Literacy," and the "National and International Science Education Standards." 

Classroom science is steadily being transformed into a process-driven, inquiry-based area of study, and science 

investigatory projects provide additional opportunities for students to become personally and directly involved in 

scientific investigation. 
 

High School students participate in science investigatory projects for a variety of reasons: to stimulate 

student interest in science; to develop their knowledge and skills in scientific investigation; to provide students 

with opportunities for research and active inquiry; to publicly recognize students' completed projects; and to 

provide students with opportunities to share their work (Perry, 2005). Learning some scientific facts or principles 

is a valuable fringe benefit for students doing science projects, but the primary objective for science project work 

is to teach students to think. However, public high schools in the Philippines, especially in Lapu-Lapu City, the 

research locale find it hard to train students to accomplish a science investigatory project for multitude of reasons: 

there are no trained teachers to mentor the students; lack of budget; lack of facilities; and lack of extensive training 

program for the students.     

 

The researcher whose background is in Research teaching in College and who has an extensive experience 

in experimental research in University for twelve years, have thought to map out a Guided and Immersive Training 

Program to develop the knowledge and skills of the students in conducting science research. The researcher joined 

the Department of Education and is currently assigned in Science and Technology Education Center, the only 

science and technology school in Lapu-Lapu City, Philippines. The researcher found out that since the 

establishment of the school in 1995, there was no strong and comprehensive training program done in the school.  

Hence, it is in this like manner, that the researcher was convinced to roll out a comprehensive training program to 

benefit the students; the school; the division; the region and the nation and in order to make Science Research a 

fun and exciting endeavor to do.    
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The research determined the effectiveness of Guided and Immersive Training Approach to enhance the 

knowledge and skills of the Grade 11 Students in Science Investigatory Project, Science and Technology 

Education Center (STEC), Lapu-Lapu City, Cebu, Philippines.  

Specifically, the study determined to answer the following questions: 

1. What is the level of knowledge of the Grade 11 Students based on their scores in science investigatory 

project written examination before and after the implementation of the Guided and Immersive Training 

Approach? 

2. What is the level of skills of the Grade 11 students based on the ratings of their science investigatory project 

output in Grade 10 before and after the Guided and Immersive Training Approach was implemented? 

3. Is there a significant difference in the: 

3.1 The knowledge of the Grade 11 students before and after the Guided and Immersive Training Approach 

was implemented; 

3.2 The Skills of the Grade 11 students before and after the Guided and Immersive Training Approach was 

implemented? 

4. What is the impact of the Guided and Immersive Training Approach towards the attitude and interest of the 

Grade 11 students in conducting the Science Investigatory Project? 

 

Null Hypotheses 

Ho:  There is no significant difference in the following: 

1. The knowledge of the Grade 11 students before and after the Guided and Immersive Training Approach was 

implemented; and 

2. The Skills of the Grade 11 students before and after the Guided and Immersive Training Approach was 

implemented. 

 

 
 

 

METHODOLOGY, ANALYSIS, DESIGN AND IMPLEMENTATION 
 

The study utilized a pre-test, post-test experimental research design to determine the effectiveness of the 

Guided and Immersive Training Approach to enhance the knowledge and skills of the Grade 11 STEM Students 

in conducting Science Investigatory Project. The study employs both quantitative and qualitative approaches in 

gathering and interpreting the data. The design is to assess the improvement of knowledge and skills based on the 

intervention program given to the students in 3 months’ time from October 2017-January 2018.  A research 

protocol involving students in the training; experts and field researchers; and animal testing was established.  A 

parental consent and informed consent were also secured. Qualitative approach was also used to gather the 

reflective responses of the students in the impact of the training approach to their behavior and interest in 



 

 

 
 

13 

conducting the SIP through Focus Group Discussion. The FGD was also used to clarify answers and reinforce 

discussion of the results of the study. 

 

The research participants were the Grade 11 students who are taking STEM (Science, Technology, 

Engineering and Mathematics) class in STEC SY 2017-2018. There is a total of 31 students who were involved 

in the study.  The students were exposed to the guided and immersive training approach in conducting an 

investigatory project for 3 months. The students were grouped into 5 teams for their investigatory project for the 

entire semester.  

 

There were three research instruments that were utilized in the study. First were the fifty items multiple 

choice examinations prepared by the researcher.  The examination covered the investigatory projects concepts 

from definition, types, procedure, sampling, instruments, and presentation of data, analysis and interpretation of 

results and drawing conclusion and recommendations. The prepared examination was pre-tested to the Grade 11 

students who were not part of the study. The scores were categorized into four levels to measure the level of 

knowledge of the Grade 11 students in their knowledge of the investigatory project making.  

 

The Second instrument was the tool on the level of skills of the Grade 11 students in doing investigatory 

projects.  The research tool was a Science Fair Project Evaluative Tool (SFPET), a standard evaluative tool derived 

from the International Science Research Fair Project Association (ISRFPA).  The tool is utilized in district 

competition for investigatory project contest.  The SFPET is composed of four dimensions: Scope and Theoretical 

Dimension; Methodological Dimension; Interpretative and Out-put Dimension; Presentational Dimension. 

 

The third tool is the qualitative question “How has the Guided and Immersive Training Approach contribute 

to your attitude as a student-researcher? The answers are categorized into themes and presented appropriately. 

 

The researcher sought the permission from the Schools Division Superintendent and Principal to conduct the 

study.  The Grade 11 students under the teaching advisory of the researcher were oriented on the mechanics of the 

research undertaking and the phases in conducting the investigatory project. 

 

Since research involves a tedious process, the students were assigned into specific groupings.  Each group 

was composed of six-seven members and so there were five groups for the study.  

 

Design and Implementation 
Table. 1. Phase 1: The Pre-Testing of Knowledge and Skills 

 

PHASE 1: The Pre-Testing of Knowledge and Skills                Duration:  5 Days 

Area Tested Mechanism Testing Perfect Score 

Knowledge Written Test Test paper 50 

 

Skills Self-Assessment Standardized Tool Likert scale  

4-Very Good 

3- Good 

2- Fair 

2- Poor 

Pre-Testing. The students were tested for their knowledge and skills in conducting a Science Investigatory 

Project prior to the implementation of the Immersive Training Approach. The fifty items IP examination was 

formulated by the researcher and was pre-tested to the Grade 11 students who were not part of the study. The 

skills were tested through self-assessment of the students based on their current skills in conducting SIP, a standard 

evaluative tool derived from the International Science Research Fair Project Association (ISRFPA).  The tool is 

utilized in district competition for investigatory project contest.  The SFPET is composed of four dimensions: 

Scope and Theoretical Dimension; Methodological Dimension; Interpretative and Out-put Dimension; 

Presentational Dimension. To validate the responses, a Focus Group Discussion selecting the team leaders of each 

group was done. 

 
Table 2. Phase 2: The Classroom Lecture and Input 

PHASE 2: The Classroom Lecture and Input  

Duration:  4 weeks 

Topics Strategies Time Output 

Introduction to Science Investigatory 

Project 

-Interactive discussion 

 

-Audio-Visual Presentation 

4 weeks (one-month time) Proposed Title 

Proposal Paper 

The Types of Investigatory project 



 

 
 

 

14 

14 

The Research Questions  

-Showing Format and 

Sample Works 
The Research Design 

The Rationale 

The Review of Related Literature 

The Research Methodology 

 

The Classroom Lecture and Input.  In this phase the teacher/researcher conducted the 3 weeks 

comprehensive lecture discussion of the parts and concepts of the research project proposal.  Sample works and 

audio-visual presentation were provided to stimulate productive and enhanced learning. The time is set 6 hours in 

a week for four weeks or equivalent to one month.  The output of the phase 2 will be the written proposal paper.  

  
 

Table 3. Phase 3: The Writing of Research Proposal 

PHASE 3: Writing of Research Proposal 

Duration:  2 weeks 

Groupings Members Category Topic 

Group 1 6 members Life Science Research Antimicrobial Effect of Neem Tree Extract to Species of 

Dysenteric Bacilli (Shigella dysenteriae) 

Group 2 6 members Life Science Research Histochemical Test and Antibacterial Effect of Oakleaf 

Fern Extracts 

Group 3 6 members Physical Science Research IMPROVISED DUST MONITORING MACHINE 

Group 4 6 members Robotics and Intelligent Machine Robotrash 2.0: Waste Segregator Robot 

Group 5 7 members Robotics and Intelligent Machines ROBOSAVER:  Life Saving Robots during Disaster and 

Emergency 

 

In Phase 3, students are asked to choose their category and topics to work on and were guided in the writing 

for the research questions/objectives and for the proposal paper format.  The review of related literature was then 

accomplished.  During the search for the review, the students found out that there were a lot of related studies 

conducted both local and international.  They reviewed the used tools and methods and made a comprehensive 

research on the testing procedures, materials use and assessment/testing of products. The methods were then 

written and lastly the rationale of the study.  When all the parts of the proposal paper almost completed, the 

researcher invited external experts to provide more guide and elucidation of the conduct of the Investigatory 

project.  

 
Table 4. Phase 4: Resource Speakers’ Input and Enhancement 

PHASE 4: Resource Speakers’ Input and Enhancement 

Duration: 6 Days 

Day Topic Speaker Budget 

1 Science Investigatory Project: Value 

Orientation 

 

Mr. Manuel Belandres (University 

Research Teacher, USPF) 

Php 2,000 

2 SIP Dimension 1: Scope and Theoretical 

Background 

 

Mrs. Jean L. Woodrow (Research 

Specialist, University of Southern 

Philippines) 

Php 2,000 

3 Dimension 2: Methodological Design: 

Experimental; Laboratory Testing and 

Intelligent Machineries 

Mr. Hans J. Jefferson (Lab Technician 

and Instructor in University of San 

Carlos, Natural Science Department) 

Php 2,000 

4 Dimension 3: Analytical & Interpretative 

Scope  

Miss. Michelle G. Dighay (Licensed 

Statistician and field researcher) 

Php 2,000 

5 Dimension 4: Presentation and Display 

 

Engr. James P. Tumulak (Licensed Field 

Engineer; Draft Expert and Technical 

Researcher) 

Php 2,000 

 

In this Phase III of the research, the researcher orchestrated and organized a 5-Day Forum and Workshops 

to enhance the knowledge and skills of the students through the input of the experts from the field. The program 

is stated below:  

 

SCIENCE INVESTIGATORY PROJECT TRAINING-WORKSHOP:  

ENHANCING SCIENTIFIC INQUIRY AND APPLICATION 

STEC SHS 

Opening Program 

I.  Morning Praise ------------------   Grade 11 Students 

II.  Rationale -----------------------   Mrs. Lina M. Maiso, Principal 

III.  Key Note Speech --------------   Dr. Bryant C. Acar, Department of Science 

Topic: SCIENCE INVESTIGATORY PROJECT TRAINING-WORKSHOP:  
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        ENHANCING SCIENTIFIC INQUIRY AND APPLICATION 

IV. Mechanics of the Training-Workshop – Ms. Lai-chi Arrieta, Team leader, STEM Class 

V. Training-Workshop Proper 

Day:  Day 1 

Time:  1:00-5:00 pm 

Topic:  Science Investigatory Project: Value Orientation 

Speaker: Mr. Manuel Belandres (University Research teacher, USPF) 

Participants:  Grade 11 Students 

Budget:  Php 2,000  
Table 5. Training Workshop Matrix Day 1 

Specific Objectives 

 

Lecture Content Workshops Desired 

Output 

At the end of the day, the 

students would be able to: 

 

- learn valued topics on SIP 

orientation 

 

- list down SIP planning 

procedures and competencies 

 

- share SIP ethical 

commitments 

 

 

 

A. SIP Definition 

 

B. Types of SIP 

 

C. SIP as an Experimental 

Research 

 

D. Planning an SIP 

 

E. SIP Competencies 

 

F. Ethical consideration  

A. Sketch a schematic 

diagram on SIP definition and 

types 

 

B. Brainstorm and list down 

procedures in SIP planning 

 

C. Produce a play portraying 

the Sip competencies 

 

D. form pocket discussion on 

SIP ethical issues 

The students should be able 

to present the following: 

 

A. SIP Schematic Diagram 

 

B. Chart on SIP steps and 

procedures 

 

C. Dramatize SIP 

competencies 

 

D. Resolve SIP ethical issues 

through debate 

 

Day:  Day 2 

Time: 8:00-5:00 PM 

Topic: SIP Dimension 1: Scope and Theoretical Background 

Speaker:   Jean L. Woodrow (Research Manager, University of Southern Philippines) 

Participants:  Grade 11 Students, Science teachers and the resource speaker 

Proposed Budget: Php 2,000 
Table 6. Training Workshop Matrix Day 2 

Specific Objectives 

 

Lecture Content Workshops Desired 

Output 

At the end of the day, the 

students would be able to: 

 

- learn how to look for 

related theories and SIP 

studies 

 

- master note-taking and 

writing bibliography 

 

- identify and state SIP 

problems 

 

- state the SIP hypothesis and 

significance of the study 

A. Review of Related SIP 

 

B. Theory and Model 

Framework 

 

C. Note taking and 

Bibliography 

 

D. Problem Identification 

 

E. Problem Statement 

 

F. Hypothesis 

 

G. Significance of the SIP 

topic 

  

 

A. Reviewing previous SIP 

and identify strengths and 

weaknesses on the review of 

related studies and the use of 

theories 

 

B. Practice note taking and 

bibliography – index card 

method 

 

C. Writing SIP problems, 

hypothesis and significance 

of study 

The students should be able 

to present the following: 

 

A. list of comments on the 

reviewed SIP based on the 

review of related studies and 

theories 

 

B. index card with the sample 

bibliography 

 

C. Sip problems, hypothesis 

and significance of study for 

comments and suggestions of 

the resource speaker. 

 

Day:  Day 3 

Time: 8:00-5:00 PM 

Topic: SIP Dimension 2: Methodological Design: Experimental;  

          Laboratory Testing and Intelligent Machineries 

Speaker:  Mr. Hans J. Jefferson (Instructor in University of San Carlos, Natural Science Department) 

Participants:  Grade 11 Students 

Proposed Budget: Php 2,000 

 
Table 7. Training Workshop Matrix Day 3 

Specific Objectives 

 

Lecture Content Workshops Desired 

Output 



 

 
 

 

16 

16 

At the end of the day, the 

students would be able to: 

 

- identify SIP problem 

variables 

 

- select subjects, sample size, 

setting and techniques 

 

- exposed to different 

laboratory techniques 

 

- learn the data gathering 

procedures through 

experimental methods 

 

- learn the basic use of 

intelligent machines like 

sensors and Robot kits 

A. identifying the variables 

of the study 

 

B. Selecting the subjects, 

sample size, research setting 

and sampling techniques. 

 

C. Preparation on Laboratory 

Experiments 

 

D. data gathering through 

varied lab testing (water, 

soil, air, bacteria, etc.) 

 

E. Basic Robotic Kit and 

Intelligent Machines 

A. Practice test on identifying 

problem variables 

 

B. Choosing appropriate 

subjects, setting and 

techniques. 

 

C. Hands-on laboratory 

testing and observation 

 

D. Use of Robot Kit 

 

E. Use of programming tool 

for intelligent machines 

The students should be able 

to present the following: 

 

A. completed test on problem 

variables 

 

B. Test observation forms 

and test results 

 

C. Robot assembly and 

programming 

 

D. completed task required 

 

Day:  Day 4 

Time: 8:00-12:00 noon 

Topic: SIP Dimension 3: Analytical & Interpretative Scope  

Speaker:  Miss. Michelle G. Dighay (Licensed Statistician and field researcher) 

Participants:  Grade 11 Students 

Proposed Budget: Php 2,000 

 
Table 8. Training Workshop Matrix Day 4 

Specific Objectives 

 

Lecture Content Workshops Desired 

Output 

At the end of the day, the 

students would be able to: 

 

- write sample discussion and 

interpretation of data using 

Statistics 

 

- write sample conclusion and 

recommendations 

 

- suggest and formulate output 

and products of SIP 

 

A. Using Statistical Software for 

Data Analysis and Interpretation 

 

B. Discussion and interpretation 

of the findings 

 

C. Drawing Conclusions and 

Recommendations 

 

D. SIP out-put, products, and 

action plan based on the findings. 

A. Sample Statistical 

Computation 

 

B. Writing the findings 

and interpretation 

 

C. Writing conclusions 

and recommendations 

 

D. Designing products 

 

E. Brainstorming SIP 

output and action plan 

  

The students should be 

able to present the 

following: 

 

A. oral presentation on 

findings and 

interpretation 

 

B. Oral presentation on 

conclusion and 

recommendations 

 

C. Product display 

 

D. Action plan 

 

Day:  Day 5 

Time: 8:00-12:00 noon 

Topic: SIP Dimension 4: Presentation and Display 

Speaker:  Engr. James P. Tumulak (Licensed Field Engineer; Draft Expert and Technical Researcher) 

Participants:  Grade 11 Students 

Proposed Budget: Php 2,000 

 
Table 9. Training Workshop Matrix Day 5 

Specific Objectives 

 

Lecture Content Workshops Desired 

Output 

At the end of the day, the 

students would be able to: 

 

 

- identify the do’s and don’ts in 

SIP presentation 

 

- make a sample display board 

 

- present the output through 

reporting 

A.  Dos and Don’ts in SIP 

Presentation 

 

B. SIP Display Board 

 

C. SIP Reporting 

 

D. Technology, set-up or 

availability of the finished or 

sample products. 

 

 

A. Creating Display Board 

 

B. SIP Reporting 

 

C. Setting up SIP finished 

products 

The students should be 

able to present the 

following: 

 

A. display boards 

 

B. SIP report 

 

C. set-up products and 

display 



 

 

 
 

17 

- present a sample set up and 

sample products 

Closing Program 

Day 6 – 8:00-12:00 noon 

I. Morning Praise        --------------------   Grade 11 Students 

II. Keynote Speech: 

     Science Investigatory Project: A Call for Challenge 

                         By:  MRS. LINA M. MAISO, STEC Principal 

III. Synthesis of the Training-Workshop 

IV. Feed Backing and Response from the Participants 

V. Presentation of the Research Proposal and Critiquing 

VI. Opening of Exhibits of the Participants’ output during the training-workshop 

VII. Awarding of certificates and Best SIP Proposal/ Study 

VIII. Closing Remarks ------------------------- Dr. Bryant C. Acar, SIP Teacher 

 
Table 10. Phase 5. Construction of Materials, laboratory Testing and Field Work 

PHASE 5: Construction of Materials; Laboratory Testing and Field Work 

Duration:  4 weeks 

Groupings Topic Venue/Shop Extension 

Group 1 Antimicrobial Effect of Neem Tree 

Extract to Species of Dysenteric 

Bacilli (Shigella dysenteriae) 

School Bio Lab – Experimentation 

(Testing of Zone of Inhibition 

through the Plate Inoculation) 

University of San Carlos, Parasitology 

Unit – for the Culture of the Bacteria 

Group 2 Histochemical Test and 

Antibacterial Effect of Oakleaf 

Fern Extracts 

School Bio Lab- Experimentation Department of Science and 

Technology – Histochemical Analysis 

of the Oaklef ferns 

 

University of San Carlos, Parasitology 

Unit – for the Culture of the Bacteria 

Group 3 IMPROVISED DUST 

MONITORING MACHINE 

School Engineering Shop of the 

mechanical set up  

Basak Road for the Dust testing  

Group 4 Robotrash 2.0: Waste Segregator 

Robot 

School Engineering Shop Department of Science and 

Technology to seek advice for the 

Ultrasonic sensors 

Group 5 ROBOSAVER:  Life Saving 

Robots during Disaster and 

Emergency 

School Engineering Shop Department of Science and 

Technology to seek advice for the 

Ultrasonic sensors 

 

Phase 5 consists of Construction of Materials; Laboratory Testing and Field Work.  The students are guided 

for the materials to be utilized in their respective researches and were ushered to the laboratories for safety 

operation and testing. Students were also immersed to universities and DOST for the bacteria culture; 

histochemical analysis and ultrasonic sensors and needed programming of the Robots.  The students had a hands-

on experience during the visits and laboratory preparation of agar-agar for bacteria culture and histochemical 

analysis. The students were guided of the tools and set up as well as protective measure before, during and after 

the laboratory testing. The immersion made their research more meaningful and successful.    

 
Table 11. Phase 6. The Classroom Lecture and Input for the Results and Discussion; Product Presentation and Post Test 

PHASE 6: The Classroom Lecture and Input for the Results and Discussion; Product Presentation and Post Test  

Duration:  2 weeks 

Topics Strategies Time Output 

Presentation, Analysis and Interpretation 

of Data 

 

Conclusion and Recommendation 

 

Display Board 

-Interactive discussion 

 

-Audio-Visual Presentation 

 

-Showing Format and 

Sample Works 

2 weeks Final Presentation 

 

 

Post Test 

Category 

 

Knowledge 

 

Skills 

Test 

 

Written 

 

Evaluation of Output 

 

 

Phase 6 would be the writing and interpreting of the data collected. But before the actual writing there will be a 

guided lecture on how to write the findings of the data.  Statistical software will also be utilized to interpret the 

data.  After the lecture, write up followed and finalization of the output.  The Phase will culminate through final 

defense of the research and Display Board Presentation; Posttest and Product evaluation. 
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Judges’ Ratings of the IP 

There were three invited judges from the unified district to rate the output of the 5 teams. The judges’ ratings 

were based from tool developed by the International Science Research Fair Project Association (ISRFPA).  The 

ratings measured the level of skills of the students in doing the IP. 

To give an in-depth to the experimental study, the following statistical treatments were utilized: 

1.  Simple Percentage. This was utilized to present the level of knowledge of the Grade 11 students in 

conducting SIP before and after the implementation of guided and immersive training approach. 

2.  Weighted Mean.  This was utilized to provide a data on the level of skills of the grade 11 students in 

doing investigatory project before and after the implementation of guided and immersive training approach.  

3.  Z-test for Mean difference. This was utilized to measure the significant difference on the level of 

knowledge and level of skills of the students before and after the implementation of the guided and immersive 

training approach in Science Investigatory project making.  

 

RESULTS AND DISCUSSION 

 
Table 12. Level of Knowledge of Grade 11 Students in Science Investigatory Project Before  

and After the Implementation of the Guided and Immersive Training Approach 

Range Equivalent Before After 

F % f % 

 

46-50 

 

Excellent 

 

0 

 

0 

 

19 

 

61 

36-45 Very Good 0 0 12 39 

26-35 Good 13 42 0 0 

16-25 Fair 11 35 0 0 

1-15 Poor 7 23 0 0 

Total 31 100 31 100 

 

Average 

 

24 

 

Fair 

 

45 

 

Very Good 

 

Table 12 presents the level of knowledge in science investigatory projects of the grade 11 students before 

and after the Guided and Immersive Training Approach. The students were given a fifty-item matching type test. 

The examination covered the investigatory projects concepts from definition, types, procedure, sampling, 

instruments, and presentation of data, analysis and interpretation of results and drawing conclusion and 

recommendations. The prepared examination was pre-tested to the 11th grade students which were not part of the 

study. The scores were categorized into five levels to measure the level of knowledge of the tenth-grade students. 

 

The data before the implementation reveals that there are no students who scored within the range of Very 

Good and Excellent; 13 (42%) scored 26-35 which is interpreted as Good; 11 (35%) scored 16-25 which is 

interpreted as fair; and 7 ((23%) got scores of 1-15 with Poor as interpretation. The average score is 24 which is 

equivalent to Fair. Although there are more students who scored from 26-35 equivalent to Good but there are also 

students who scored poorly. This means that the Grade 11 students could fairly recall their knowledge in doing 

Science Investigatory Project in Junior High School. Based on interview (Focus Group Discussion) the students 

shared that although most of them have experienced doing an investigatory project since 7th grade as requirement 

in the class; the teachers really did not integrate Science Investigatory project as a lecture and laboratory course 

and students were left on their own to do an independent work for their SIP.  While there are also students who 

really did not experience doing an investigatory project since in their schools; only prime sections were tasked to 

perform an SIP.   

 

The data after the implementation reveals that there are 19 (61%) students who scored a range of 46-50 

equivalent to Excellent; and 12 (39%) scored 36-45 equivalent to Very Good. The average score is 45 which is 

equivalent to Very Good. It is noteworthy enough to know that majority of the students scored excellently. Based 

on interview (Focus Group Discussion); the Guided and Immersive approach gave the students the extensive and 

comprehensive training on how to do and accomplish the Science Investigatory project.  The lecture notes; 

PowerPoint and hand-with formats were helpful tools in the recall and mastery of terms; procedures and steps. 

The input lecture of the teacher/mentor and the invited experts were compelling and provided advance knowledge 

of the students.   
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Table 13. Level of Skills in Science Investigatory Project of Grade 11 Students  

Before and After the Guided and Immersive Training Approach 

Indicators Before After 

Mean I Mean I 

I.SCOPE & THEORETICAL DIMENSION     

Average 1.63 P 3.61 VG 

II. METHODOLOGICAL DIMENSION     

Average 1.84 F 3.94 VG 

III.INTERPRETATIVE AND OUTPUT DIMENSION     

Average 1.73 F 3.93 VG 

IV.  PRESENTATIONAL DIMENSION     

Average 2.66 G 4.00 VG 

 

Weighted Mean 

 

1.97 

 

Fair 

 

3.87 

 

 

Very 

Good 

Legend 

  3.26- 4.00      Very Good        Exhibits highest degree of skills in doing SIP. 

  2.51- 3.25        Good              Exhibits average degree of skills in doing SIP 

  1.76 - 2.50        Fair                Exhibits considerable degree of skills in doing SIP 

  1.00 - 1.75        Poor               Exhibits least degree of skills in SIP and needs improvement 

 

Table 13 presents the level of skills in investigatory science projects of the 11th grade students before and 

after the Guided and Immersive Training Approach.   The used research tool was a Science Fair Project Evaluative 

Tool (SFPET), a standard evaluative tool derived from the International Science Research Fair Project Association 

(ISRFPA).  The tool is utilized in district competition for investigatory project contest.  The SFPET is composed 

of four dimensions: Scope and Theoretical Dimension; Methodological Dimension; Interpretative and Output 

Dimension; Presentational Dimension. 

 

The data on Skills in SIP before the implementation of the Guided and Immersive Training approach reveals 

an average weighted mean of 1.97 which is interpreted as Fair. This means that the skills of the students are 

considerably average. Specifically, in terms of Scope and Theoretical Dimension, the average is 1.63 interpreted 

as Poor; the Methodological dimension is 1.84 interpreted as Fair; Interpretative and Output Dimension is 1.73 

interpreted as Poor and Presentational skills is 2.66 interpreted as Good. Among the four dimensions, Scope and 

Theoretical is the least evaluated skills.  Based on interview (Focus Group Discussion) the students were not 

guided by their teachers in Junior High School on how to do state and write a problem and its objectives and more 

so in doing a literature review. The Interpretative and Output dimension is also low. Students were not guided on 

the use of statistics and table presentation of the results. Again, the students repeatedly shared that there was no 

proper lecture and input that was given by the teachers. The SIP is more of a project that should be done at home. 

The teachers will only check the progress of the work every now and then. The students were honest to rate their 

skills and further validated and clarified during the group discussion.   

 

 The data on Skills in SIP after the implementation of the Guided and Immersive Training approach reveals 

an average weighted mean of 3.87 which is interpreted as Very Good. This means that the skills of the students 

are already proficient after being exposed to the Guided and Immersive Training Approach for three months’ time. 

The ratings were based on the judges’ ratings on their output (paper and product) and presentation.  

 

In the Scope and Theoretical Dimension, the data reveals that the 11th grade students were rated 3.61 (Very 

Good).  This means that the students exhibit high skills in SIP.  This can be attributed to the comprehensive 

trainings of the students where necessary information was thoroughly provided by the science teacher/mentor and 

the external experts. A well-guided approach in formulating the significance of the study, research theories and 

statement of the problem was well provided through lecture and notes.  Students are encouraged to come up with 

authentic and novel experiments and so there are only limited reviews on related studies and theories. 

 

In Methodological Design, the 11th grade students have a mean rating of 3.94 (Very Good). This means that 

the students are process-oriented and well-guided in the procedures of doing the science investigatory project. 

This implies the basic understanding of the students on the importance of utilizing an appropriate research design 

which serves as springboard to a reliable and very good study.   

 

On Interpretative and Output Dimension, the 11th grade students were given a rating of 3.93 (Very Good).  

Generally, this means that the students are able to discuss and present the results comprehensively. The findings 

are well founded and presented.  The conclusions and recommendations are sound and valid  
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On the Presentational Dimension, the 11th grade students are rated with a perfect mean of 4.00 (Very Good). 

This means that the students are able to present their studies in a comprehensive manner.  The guidelines in the 

presentation of SIP are followed and the presenters are articulate in the presentation of findings and results.   
 

Table 14. Test of Difference in the Knowledge and Skills of Grade 11 Students in Science Investigatory Project Before and After the 

Implementation of the Guided and Immersive Training Approach 

Aspects Test Scores Computed Z 
Critical 

value 
Decision Interpretation 

Knowledge 
Pre 

Post 

24 

45 
4.826 2.368 Reject Ho Significant 

Skills 
Pre 

Post 

1.98 

3.87 
5.242 2.368 Reject Ho Significant 

 

Table 14 presents the test of difference in the Knowledge and Skills of Grade 11 Students in Science 

Investigatory Project before and after the implementation of the Guided and Immersive Training Approach.  In 

Knowledge, the computed z is 4.826 which is higher than the critical value of 2.368 and so the null hypothesis is 

rejected. This means that the test scores in knowledge of SIP before and after the implementation is significant.  

In the same manner, the skills before and after the implementation also significantly differ with a z test of 4.242 

and a critical value of 2.368. This means that the Guided and Immersive Training Approach in teaching and 

learning Science Investigatory project is effective. The approach has been very effective in augmenting the 

technical and scientific skills of the students.  The Guided approach has set a clear direction on “what to do and 

how to do it” and the Immersive approach has provided a hands-on and experiential learning to students in a 

simulation room or laboratories. The inputs of the mentor; external experts and judges were very helpful in 

refining and mastering the concepts and producing the intended and expected outcomes.  

 
Table 15. Impact of the Guided and Immersive Training Approach towards the attitude and interest of the Grade 11 students in conducting 

the Science Investigatory Project 

Themes Key Informants 

Develops Inquisitive Mind and Attitude Atom, Neuron, Cell, Tissue, & Star 

Develops Creative Mind and Attitude Neuron, Cell, Tissue, Star 

Develops passion and excitement for Research Neuron, Cell, Tissue, Star, Atom 

 

Table 15 presents the impact of the Guided and Immersive Training Approach towards the attitude and 

interest of the Grade 11 students in conducting the Science Investigatory Project. The data was gathered through 

Qualitative approach using the Focus Group Discussion of the team leaders of the five research teams.  Based on 

the discussion, three (3) themes emerge and these are:  Develops Inquisitive Mind and attitude; Develops creative 

mind and attitude and develops passion and excitement for research.   

 

On the theme “Develops Inquisitive Mind and Attitude,” five (5) key informants agreed that the 

implementation of the guided and immersive training approach has improved the inquisitive mind and attitude of 

the students. This means that the theoretical skills of the students on parts; ability to conceptualize a 

question/objective for research has been honed. Neuron said, “The inputs of the mentor in the classroom and the 

experts in research have clarified everything about the do`s and don’ts about research.”  Cell added, “What we 

enjoy in the 3 months training and exposure is that we are given the opportunity to think of our own concepts even 

if it started to be so impossible to do, but we were happy to know that it got clearer as we progressed in the study.”  

Star emphasized, “We started with a question and a puzzle in our mind and we were given the support to 

accomplish what seemed to unsure for us at first.” 

 

On the theme “Develops Creative Mind and Attitude,” four (4) key informants agreed that the 

implementation of the guided and immersive training approach has improved the creative mind and attitude of the 

students. This means that the creative and manipulative skills of the students were tested and developed.  Cell 

cited,” Our study on Robotics has allowed us to enjoy have fun and brought out our inner creative sides.  In fact, 

I never knew I had it in me when I was able to mechanically operate a sensor and dynamo for our robot project. 

We gave our gratitude to the trainer and robotics expert who challenged us and for being so patient in training 

us.”  Tissues added, “Our experimental project was so tedious but we were so innovative in the procedures and 

the use of the techniques required of the study.  The prodding of our mentor was very very very useful.”  Star 
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shared, “I was surprised that I was able to create something that I would not have done without the extensive 

training and support of the people who made the program possible.” 

 

On the theme “Develops Passion and Excitement,” five (5) key informants agreed that the implementation 

of the guided and immersive training approach has developed the passion and excitement to conduct the research. 

This means that the students are enjoying and learning the research in a most conducive and supportive way 

possible. Star shared, “We were nervous and apprehensive at first and we feel that the training program could be 

very stiff and boring.  However, as we progressed, I personally feel excited on following and doing the next steps 

of our experiments. Sometimes, even in my sleep, I dreamt of the activity and what we are doing in the 

laboratories.  I feel like I am a real scientist.  I will enroll and join again next year.  Neuron discussed, “The best 

part was when we were reaping awards in the district, division and regionals. It was the best feeling ever. I am 

fulfilled knowing that I have accomplished.  It is like every day I want to wake up early in the morning and go to 

the laboratory to continue our research and excited to find out the outcome.”     

 

CONCLUSION 

Research undertaking such as the Science Investigatory project Making can be effectively become fun; 

worthy; experiential opportunity for the students who are well-guided and exposed in an immersive training 

approach. The study is a proof that there is Life in Science and that knowledge and skills in research can be honed 

in an environment most conducive in developing the inquisitive and creative minds as well as the passion and 

engaging attitude among the teachers and students.   

 

CURRENTLY:  The Training Program is now adapted in 13 other schools of DepEd LLC Division.  
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ABSTRACT 

It can be difficult for teachers to develop engineering curriculum for the classroom due to time constraints, limited 

access to resources, and lack of knowledge about the benefits and potential success in the classroom. Another 

challenge to incorporate engineering into the classroom is the teacher’s and student’s misconceptions about 

engineering. In the other hand, based on the performance test, students’ problem-solving skill in SMK Negeri 1 

Bandung was in low level although their achievement score was higher than school standards. The purpose of 

this study is to develop problem solving skills of vocational school students using engineering design process 

through STEM approach. The design of this research is classroom action research with two cycles. Data has been 

collected using observation checklist, self and peer assessment, and interview. Research findings reveal that 

students experience development of the problem-solving steps from 26.77% to 82.44% for correct sub skill 

problem identification, 21.16% to 80.36% for sub skill applying previous knowledge, 22.22% to 68.56% for sub 

skill identifying information, 18.56% to 72.68% for sub skill designing and conducting experiment, and 15.24% 

to 60.24% for sub skills analyzing and interpreting results. In conclusion, the findings indicate that the EDP is a 

great tool that teachers can use in their coursework to enhance their problem-solving skills as well as introduce 

them to engineering disciplines. It was determined that this experience and using the EDP helped students do 

better in the subjects by giving them a structured framework and approach to solve problems; it gave them a 

guideline to follow and it allowed them to break the problems down into smaller pieces to work on and allowed 

them to follow a flow chart method to help decide what step to take next. 

 

Keywords: Problem Solving Skill, Engineering Design Process, 5E Model, STEM learning, Waste Management 

 

 

INTRODUCTION 

 

Background 
SMK Negeri 1 Bandung is located in the center of Bandung city, it has a mission to become an Adiwiyata 

school and a healthy school. The school is active in SEA Creative Camp for Urban Agriculture program organized 

by SEAMEO Secretariat, SEAMEO Biotroph in cooperation with Indonesia Ministry of Education and Culture. 

According to FAO (2004), urban agriculture provides many benefits for microeconomic of urban household 

sector. Also, Kauffman and Bailkey (2000) stated that urban agriculture can manifest food self-sufficiency, which 

involves not only food availability, but also the quality, the price, and the value of the food nutrients. 

 

SMK Negeri 1 Bandung has a narrow area (5240 m2), but the school management try to participate to 

improve food self-sufficiency. The school is developing cultivation system such as hydroponic and vertical 

garden. The system is not only a solution for the limited land in school, but also can produce high-quality of 

vegetables and fruits. Hydroponics system according to Sardare and Admane (2013) has many advantages such 

as space saver, effective use of plant nutrients, water-efficient, no weeds, fewer pests and plant diseases, stable 

and higher yields, fewer fertilizers and insecticides used, etc. Although hydroponics cultivation has many 

advantages, but there are some encountered problems. Between others, the price of AB Mix fertilizer is relatively 

expensive and the microbiome plant is rare to find it be sold around rather than conventional ground plants. 

 

On the other hand, SMK Negeri 1 Bandung has a school canteen that produces many foods and beverages. 

Every day, the canteens provide food and drink for more than 1000 students. Thus, the canteen organic wastes are 

made as well. These organic waste certainly are smelly and can be a source of disease. However, organic waste 

still consists of micronutrients that can be a source of useful material to produce liquid organic fertilizer, organic 

liquid pesticides, compost, etc. Hence, despite of the problems that occurred, the waste materials can be beneficial 
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as a solution to solve the problem, due to the high price of fertilizer and the abundance of waste, furthermore it 

can be used as a learning media as well.   

During the learning, students were expected to design solution to overcome the problems. The design should 

be able to process the school canteen organic waste into products that can help the growth of vegetables, especially 

hydroponic vegetables in schools. Based on a deeper literature study, students can add another material to improve 

their product.  

 

Reflection on Previous Teaching and Learning 
I have been teaching science for eight years in a regular public school. Based on my experience, I have found 

that during my lessons, the majority of my students are not able to identify problem, break down the problem into 

manageable parts, examine possible solution, and until act effectively and decisively to solve real-life problems. 

Many times students understand the science concepts, but they are confused to apply the concept to solve or to 

overcome the real-life problems. For example, students understand about waste materials and the waste 

management concepts, but they are unsuccessful to apply the concepts to solve waste materials problems. 

Moreover, they did not know how to organize or to recycle waste materials into beneficial product such as organic 

fertilizer. Another example, they understood about the cultivation of crops, but they have not tried to apply it in 

schools to address the problem of narrow school land. Perhaps, it is because students were unable to develop and 

to use their problem solving skill to solve real-world problems. 

 

The lack of students' problem solving skills may be because of implementing traditional teaching methods, 

such as lecturing, which sharpen rote and memory. This method does not provide enough space for students to 

develop their multi-dimensional skill, and vice versa it makes students to become passive information recipients, 

so that students accustomed to being passive and have a “low tolerance for challenge” (Hansen and Stephens, 

2000). In addition, they also were not fostered to evaluate evidence, arguments, and alternative points of view 

before judging a decision and solving various types of problems. In other words, students were not able to apply 

their knowledge to solve real-life problems scientifically. Therefore, teaching and learning activities at this point 

were not preparing students to adapt and to survive as well as to success in work and life. 

 

Issues that Required Attention 

Although I found my students facing many problems in science. I were only focusing on improving students’ 

problem solving skills related to the concept waste management to produce the proper products that can be used 

for cultivated plants growth in the school. From this issue, we tried to overcome the real-life problem by using a 

design, model, and appropriate approach in teaching and learning process in class, so students could improve their 

problem solving skills.  

Numerous studies claimed that 5E model with STEM approach makes learning interdisciplinary can benefit 

students’ learning and gives them opportunities to get 21st century skills such as problem solving, analysis, 

adaptability, communication and self-management (Sugiarti, Suyatno, and Sanjaya, 2018). Furthermore, this 

model is students’ centered; developing students’ accountability, responsibility and lifelong skills. On the other 

hand, the uniqueness of implementing STEM approach is caused by the existence of engineering design process 

which required students to apply the knowledge from every field of STEM. Considering the benefits of this model 

and approach, I conducted classroom action research focusing on the integrating engineering design process to 5E 

instructional model with STEM approach. 

 

Problem Formulation of the Research 
The main problem formulation of the research is does integrated Engineering Design Process in STEM 

learning able to develop students’ problem solving skills? How does the implementation of the engineering design 

in STEM learning?  

 

Objectives of the Research 
The objectives of the research are: 

1. To improve student’s problem solving skills using the engineering design process integration in STEM 

approach in waste management topic.  

2. To analyze the implementation of engineering design process in STEM learning. 

 

The Benefits of the Research 
The results of this study are expected to be useful for: 

1. Students 
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The use of engineering design process integrated in STEM approach is expected can develop student’s 21st 

century skills especially problem solving, and other skills such as analysis, adaptability, communication and 

self-management. It also provides a comfortable learning atmosphere, an increased pleasure of learning and 

motivation so the students can obtain optimum learning results. 

2. Science teachers 

As the input to improve teachers' skills in selecting and developing varied and suitable learning strategies 

which can be implemented effectively and efficiently so that students can gain meaningful learning and 

develop many life skills.  

3. Schools 

As the input in the process of learning science and it is expected to improve the quality of science 

teaching in schools in particular and school quality in general. 

 

METHOD, ANALYSIS, DESIGN, AND  IMPLEMENTATION 

Method and Design 
This research is a classroom action research (PTK) and the research method used is descriptive and 

quantitative methods. One characteristic of classroom action research is cyclic or measured steps and cycle-

planned. So the design of this study conducted in two cycles. Each cycle consisted of three meetings through the 

phases of Planning (Plan), Acting (Action), Observing (Observation), and Reflecting (Reflection). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Classroom Action Research Design 

 

Planning 

In this phase, the researcher analyzed 2013 curriculum to choose basic competency, to determine the topic, 

learning objectives and indicator of achievement. In order to achieve the learning objectives, the researcher made 

lesson plans that integrated engineering design process in STEM learning. The researcher used 5E’s model to 

implement STEM approach. The use of STEM approach in learning enables students to solve their real-life 

problems comprehensively. While, engineering design process provides students a tool to solve their problems 

systematically.   

 

As the nature of STEM learning, the lesson began with a real-life problem, in this case the problem is about 

canteen organic waste. The real situation of canteen organic waste has been shown through pictures and direct 

observations to engage students. Furthermore, students were given a worksheet that consist of a problem scenario, 

which is an engineering-based problem, and guided by engineering-based questions. During the lesson, students 

were using engineering design process to design a solution collaboratively as shown below. 
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Figure 2. Engineering Design Process 

 

Table 1. Description of lesson plan from the initial conditions to the second cycle 

Initial Conditions Cycle I Cycle II 

1. Learning activities that 

were implemented were 

conventional approach and 

teacher center. 

2. Learning method that was 

used was dominated by 

lecture method. 

3. Learning media that were 

used which are power point 

and book. 

1. The engineering design 

process was applied in 

STEM learning and 5E was 

the instructional model. 

2. Experimental method was 

dominating in the lesson. 

3. Varied learning media were 

used, such as: learning 

video, school’s canteen 

environment, power point, 

and internet. 

1. The engineering design 

process was applied in 

STEM learning and 5E 

was the instructional 

model. 

2. Experimental method was 

dominating in the lesson. 

3. Varied learning media were 

used, such as: learning 

video, school’s canteen 

environment, power point, 

and internet. 

Revised Plan in the 2nd cycle: 

The lesson plan in the second 

cycle was revised based on the 

reflection of first cycle. The 

pedagogical was strengthened, 

namely optimizing teacher’s 

guidance, so that engineering 

design process could run 

optimally, and revising the 

worksheet to improve the 

student's problem solving 

skills. 

 

Acting 

At this phase, the researcher implemented the lesson plan. The engineering design process (EDP) was 

integrated in STEM learning using 5E’s instructional model. At the beginning of the lesson, students were shown 

the real-life problem about canteen organic waste through pictures and direct observation. They asked to solve the 

problem by implementing EDP. In order to guide students to define problem correctly, the problem scenario was 

given by the researcher. After that, students worked collaboratively and interdependently to design a solution 

guided with a worksheet. The design was presented by students to give feedback from teacher and other students 

before they test the design. Therefore, students made the design and record the result. The result of the observation 

was presented to reflect and to redesign. At this stage, the researcher provided self and peer assessment to obtain 

information about the developing students’ problem solving skills. Those instruments will be filled and collected 

after the class is completed. 

 

Observing 

While students designed, tested, and promoted their model; the researcher observed the specific elements of 

problem-solving skills that had been developed through engineering design process by using observation sheet.  
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Reflecting 

Based on the result of self-assessment, peer assessment, as well as observation, the researcher defined the 

number of students who develop their problem solving skills. The development of problem solving skills are 

determined by observing carefully the number of problem solving sub-skills used in solving problem. These sub-

skills are stated in the self-assessment form and peer assessment form. Based on those findings, the researcher 

conducted interviews with students in order to obtain the clear picture of the development of students’ problem 

solving skills through engineering design process. The design solution and the product of the project were 

analyzed as well. 
 

Data Collection 

Related to the research questions, some instruments were used to collect the data. The types of instrument 

are summarized in the following table: 

 

Table 2. Research questions, data to be collected, and instrument that will be used to collect the 

data 

Research Question Data to be Collected Instruments 

Does integrated 

Engineering Design 

Process in STEM 

learning able to develop 

student’s problem 

solving? 

Data that indicated the development of 

students’ attitude towards problem solving 

skills: 

1. Identifying problem of the experiment 

correctly; 

2. Applying previous knowledge; 

3. Identifying information; 

4. Designing and conducting experiments; 

5. Analyzing and interpreting results. 

 

Self-assessment 

Peer-assessment 

interview 

 

How does the 

implementation of the 

engineering design 

process in STEM 

learning? 

Data that indicated the implementation of 

the engineering design process in STEM 

learning.  

 

 

Observation rubric 

Interview  

 

Analysis 
This research used several instruments to collect the data, there are: peer assessment and self-assessment 

rubric; observation sheet. Peer assessment and self-assessment rubric were used to get the students’ problem 

solving development data. Once the data collected, the data were analyzed descriptively. The observation sheet 

were used to collect information about students’ activities during the lessons. The learning observation were 

analyzed descriptively to understand the engineering design process in STEM learning. 

 

Implementation 
The Class Action Research was conducted in the class X UPW 2 SMK Negeri 1 Bandung at the second 

semester of the academic year 2017/2018. The researcher is a Science teacher who collaborated with a 

mathematics teacher, an entrepreneur teacher, and a Bahasa Indonesia teacher. There were two cycles where each 

cycle is consisted of three meetings and each meeting has 2 x 40 minutes of time allocation.  

Cycle I held on June, 2018. As for the second cycle was made on June, 2018. The action carried out during 

school hours IPA according to schedule. These activities are carried out in accordance with the second semester 

of the program that has been planned by science teachers based curriculum SBC in SMK Negeri 1 Bandung. The 

division of the allocation of research time can be seen clearly in the following table: 

 

Table 3. Time Allocation Research 

No Description of Activities 
Month 

April May June 

1 Prepare Proposal √   

2 Arrange tools and instruments tend Research  √  

3 Data collection by conducting : 

a. cycle I 

b. cycle II 

  

 

 

√ 

√ 
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No Description of Activities 
Month 

April May June 

4 Data analysis   √ 

5 Arrange the research report   √ 

 

RESULT AND DISCUSSION 
SMK Negeri 1 Bandung is an academically strong vocational high school in West Java located in Bandung 

city. Based on the results of the national examination Year 2013, five students from SMK Negeri 1 Bandung 

become top ten students who achieved the highest score in the province, thus this school is considered as the best 

vocational school in West Java Province this year similar to the previous years. 

 

 

Student’s Problem-Solving Skills Development through Integrated EDP in STEM 

Learning 
Target observation of this research is the development of students’ problem solving skills through integrated 

Engineering Design Process in STEM learning on waste management topic. Result of the students’ problem 

solving skills from the research is shown on the diagram below. 

 

 
 

Description of the First Cycle 

Based on the diagram above, first cycle reveals that there is a development of students’ problem-solving 

skills for all aspects compare to the preliminary data. The highest development of students’ problem solving skills 

is in “Identifying the problem correctly” sub skill. In this sub skill, students have significant development from 

26.77% to 54.88% (28.11% increased). For this sub skill, students only formulate a few questions that depend on 

others, and yet they do not understand the main problem. Furthermore, they also lack of skill to define the problem 

correctly and do not seek the information source. Thus, students’ identifying problem skill is low. After conducting 

the first cycle, students can formulate more questions than before. This thing still needs to be improved because 

they still have some difficulties formulating questions and they rely on a few sources. 

 

The other sub skills also have significant development. Applying previous knowledge skill is increased 

24.25%, from 21.16% at the beginning and 45.41% at the end of first cycle. The obstacles in applying previous 

knowledge skill in the initial research are students need other team member to teach them and they do not share 

knowledge among team. Furthermore, they also unable to make connection to previous knowledge, because they 

are unwilling to review summaries of prior knowledge for useful information. After conducting the first cycle, 
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students exchanged some information, do discussion, and apply limited amount of prior knowledge to current 

problem. 

In the other hand, data from Identifying information, designing and conducting experiment, and analyzing 

and interpreting results sub skills do not show similar trend. For identifying information skill, students only 

develop from 22.22% to 39.24% (17.02% Increase). For designing and conducting experiment skill, students only 

develop from 18.56% to 36.55% (17.99% Increase). For analyzing and interpreting results, students only develop 

from 15.24% to 32.76% (17.52% Increase). Students only mastering the basic level of problem solving skills. 

They still have occasional difficulty in using information effectively in problem solving. Besides of that, they still 

depend on the team member to accomplish designing and conducting experiment. They use new methods and 

tools, but may not accurately explain the correct conclusion from result. These findings disclose that students’ 

problem solving skills need to be improved to the advanced level in the next second cycle.  

 

Description of the Second Cycle 

Based on the diagram above, there is significant development of students’ problem solving skills for all 

aspects compare to the first cycle. The highest development of students’ problem solving skills is in designing 

and conducting experiment sub skill. In this sub skill, students develop significantly from 36.55% to 72.68% 

(36.13% Increase). In this phase, students can describe planned experiments, relate hypotheses to previous 

knowledge, and identify necessary steps and timeline for project. Besides of that, most students can use results to 

refine plan continuously, and collect raw and summarized data comprehensively. 

 

The other sub skills develop significant as well. Applying previous knowledge is increased 34.95% from 

45.41% to 80.36%). In this phase, all team member work together to gain knowledge, apply, and synthesize 

information. Every member listens respectfully to the others opinion. Furthermore, students mostly can apply 

previous knowledge on current problem effectively and integrate with new information to assist problem solving 

process. 

 

In the other hand, the data from identifying problem and main objectives, identifying information, and 

analyzing and interpreting results sub skills reveal a similar trend, but not quite significant. Identifying problem 

and main objectives skill has been developed from 54.88% to 82.44% (27.44% Increase). For identifying 

information skill, students only develop from 39.24% to 68.56% (29.32% Increase). For analyzing and interpreting 

results, students only develop from 32.76% to 60.24% (27.48% Increase). These findings disclose that students’ 

problem solving skills improved to the advanced level in the second cycle. Perhaps the improvement of the skills 

because the integration of engineering design process in the Stem learning could have students to develop their 

students’ problem solving skills. Another reason is the lesson plan as revised based on the reflection of first cycle, 

so that implementation of the learning was better than before. The pedagogical was strengthened as well, namely 

optimizing teacher’s guidance, so that engineering design process could be applied optimally, and revising the 

worksheet can help students to improve their problem solving skills.  

 

Feedback from the students consisted of an increased understanding of what engineering was based on pre 

and post survey results, an increased excitement about the material presented in class (as observed by the authors 

and the teachers), and an increased understanding of the material presented in the classroom based on pre and post 

assessment scores. Students also commented that having the clear steps of the EDP made it much easier to follow 

along and to understand the assignment. Several students also mentioned that they felt relieved that they would 

have multiple opportunities to work on their liquid organic fertilizer design and testing. Previously they had not 

had the chance to make design changes and therefore relied on an initial design and test method for their liquid 

organic fertilizer. 

 

According the research, conducted by Mangold & Robinson (2013), the EDP is a great tool that teachers can 

use in their coursework to enhance their problem solving skills as well as introduce them to engineering 

disciplines. This is caused by the design process, the engineering approach to identifying and solving problems, 

is (1) highly iterative, (2) open-ended, in that a problem may have many possible solutions, (3) a meaningful 

context for learning scientific, mathematical, and technological concepts, and (4) a stimulus to systems thinking, 

modeling, and analysis. Furthermore Mangold & Robinson (2013) explained that in all of these ways, engineering 

design is a potentially useful pedagogical strategy. It was determined that this experience and using the EDP 

helped students do better in the subjects taken in middle school by giving them a structured framework and 

approach to solve problems; it gave them a guideline to follow and it allowed them to break the problems down 

into smaller pieces to work on and allowed them to follow a flow chart method to help decide what step to take 

next. 
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Table 4. Description of the students learning activities  

EDP Initial Conditions Cycle I Cycle II Reflections 

Define the 

problem 

 

 

 

 

 

 

 

Plan solutions 

 

 

 

 

 

 

 

 

Make a model 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test the model 

 

Students are very 

difficult to restate 

the problem in their 

words, brainstormed 

none but one 

solution, and 

communicate the 

idea unclearly. 

 

Students do not 

formulate plan 

solutions 

 

 

 

 

 

 

Students do not 

design a model  

 

 

 

 

 

 

 

 

 

 

 

 

Student do not test a 

model 

Students are quite 

difficult to restate 

the problem in their 

words, brainstormed 

one to two 

solutions, and 

communicate the 

idea clearly enough. 

 

Students quite 

clearly 

communicate “why” 

they chose the 

design along with 

why they chose the 

tools and/or 

materials. 

 

Students produce 

quite complete 

sketches and 

provide a quite clear 

design of their 

product, 

furthermore they try 

to follow their 

design when 

producing the 

product (liquid 

organic fertilizer). 

 

 

Students are quite 

clear explaining 

Students are quite 

easy to restate the 

problem in their 

words, brainstormed 

more than two 

solutions, and 

communicate the 

idea clearly. 

 

Students very 

clearly 

communicate “why” 

they chose the 

design along with 

why they chose the 

tools and/or 

materials. 

 

Students produce 

complete sketches 

including labels that 

identify components 

and purpose, and 

also provide a clear 

design of their 

product, 

furthermore they 

follow their design 

when producing the 

product (liquid 

organic fertilizer). 

 

Students are clear 

explaining how they 

From the initial 

conditions to final 

conditions there is 

increased activity 

of students in 

engineering design 

process followed 

by improving the 

performance of 

students in 

practical activities 

which reflecting 

the improvement of 

their problem 

solving skill. 
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EDP Initial Conditions Cycle I Cycle II Reflections 

 

 

 

 

Reflect and 

redesign 

 

 

 

 

 

 

 

 

Students do not do 

reflecting and 

redesigning. 

how they test their 

liquid organic 

fertilizer. 

 

With limitation, 

students can identify 

whether the liquid 

organic fertilizer 

was successful and 

what made it 

successful. 

Furthermore, with 

guidance from the 

teacher they also 

can give 

information about 

how their 

improvement 

effected their 

additional trials. 

 

test their liquid 

organic fertilizer. 

 

 

Students can 

identify whether the 

liquid organic 

fertilizer was 

successful and what 

made it successful. 

Furthermore, they 

also can give the 

detail information 

about how their 

improvement 

effected their 

additional trials 

later. 

 

 

 

CONCLUSION 
Based on the results and discussion, it can be concluded that: 

1. The integration of engineering design process in STEM learning develop students’ problem solving skills.  

2. The results showed that the use of engineering design process through STEM approach develop students’ 

problem solving skills significantly from initial research to second cycle of research. Students experience 

development the problem solving steps from 26.77% to 82.44% for sub skill identifying the problem 

correctly, 21.16% to 80.36% for sub skill applying previous knowledge, 22.22% to 68.56% for sub skill 

identifying information, 18.56% to 72.68% for sub skill designing and conducting experiment, and 15.24% 

to 60.24% for sub skills analyzing and interpreting results. 

3. The observation and interview showed engineering design process can develop student’s problem solving 

skills, because it gave them a guideline to follow and it allowed them to break the problems down into 

smaller pieces to work on and allowed them to follow a flow chart method to help decide what step to take 

next. (based on the data of cycle I and II experiments) 

4. The role of teachers in science learning process using engineering design process through STEM approach 

is a facilitator and learning resources that can guide and direct students to find solutions with respect to the 

provided their real-life problems.  

5. The courage and the ability to solve the problem is the basis for students in using engineering design 

process through STEM approach to be more successful. 

 

The researcher proposes some recommendations as follow: 

 

1. Teachers should be a facilitator and learning resources that can stimulate students to participate actively to 

solve the problems.  

2. Teachers conduct an analysis of the various issues involved, so it can be solved immediately.  

3. Students should be more active in implementing engineering design process through STEM approach in 

other concepts to increase their problem solving skills.  

4. Students should be able to analyze an effective and appropriate for any problems that occur to immediately 

be able to find a solution.  
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ABSTRACT 

Based on daily teaching at the Public Junior High School, it is shown the researchers are using inquiry learning. 

Teachers sometimes use many tool in the process of students` experiment and we also give them hands-on, 

inquiry-based, and in-curriculum learning methods. The trial shows that students react to science as relevant 

occurrence in their life. Thus, it increases students` enthusiasm and engagement with Science, Technology, 

Engineering & Maths (STEM) subjects. Furthermore, teachers will acquire various learning strategy because of 

students` enthusiasm and engagement. Therefore, this study is aimed to determine students learning outcomes in 

psychomotoric and affective domains. In the process of teaching Science of Food Materials and Sources, the 

students will be divided into a certain number of groups to make various foods from the waste and also making 

fuel briquette. From that learning process, it is expected that students be able to: (1) Save environment by 

recycling, (2) find various food from waste to subtitute rice. (3) make fuel briquette, (4) save our Earth from waste, 

and (5) implement this material in daily life. 

 

Keywords: inquiry learning, crisis food, crisis energy, hands-on, save our Earth. 

 

INTRODUCTION 
 

Background of Study 

The Public Junior High School 4 Kediri is promoting international healthy and environmental-friendly 

school. In that case, the school is providing complete facilities and also advanced students` input. Some of the 

facilities are two Laboratories for implementing inquiry learning which are Biology and Physics Laboratories. 

The Minimum Student`s Achievement and Award Criteria (KKM) for science is 75 for each individual. In other 

words, it is 85% of the science`s score to pass the KKM. In Junior High School 4 Kediri, the class VII-H which 

consists of 13 males and 16 females are clever, active and creative students. Their parents give them good facilities 

to support their study. But in the midterm, only 9 students passed The Minimum Student`s Achievement and 

Award Criteria (KKM). “One of the teacher duties is knowing students` difficulties in getting better education 

(TIM JICA 2008:30). Based on the finding of the preliminary study in the class VII-H, the problems are: (1) the 

teaching and learning process is teacher-centered, (2) the students are less active and having low achievement, (3) 

Teachers have not applied various strategy of learning and it led to monotonous teaching, (4) students only have 

conceptual study, and (5) the students cannot work in team during the experiment. After following IBSE, the 

teacher is greatly motivated to overcome the problem by implementing inquiry learning to improve the activeness 

and learning achievement of the 7th graders of Public Junior High School 4 Kediri. The inquiry learning is chosen 

to solve the problems within students because inquiry learning will give students experience. The advantage of 

experiment for students are (Susanto, 2002:65): (1) students are able to practice scientist method, (2) Students 

will get a useful discovery, (3) students are able to practice scientist attitude, (4) Students are able to practice to 

make a result of experiment, and (5) Students are able to comprehend a basic yet fundamental useful theory. It is 

very important to use laboratory for learning everything but we need Science and Technology Education 

Leveraging Relevance (STELR) for Renewable Energy and  food resource that will make the students be open-

minded in seeing crisis energy and crisis food. After the IBSE program, inquiry learning will be implemented in 

The Public Junior High School 4 Kediri. 

 

Statement of Problems 

According to the background, the general problem of the study is to check the implementation result of the 

experiment for science teaching of students at The Public Junior High School 4 Kediri. In order to answer the 

question the researcher raises some subsidiary questions as follows. 

http://www.stelr.org.au/stelrishands-on
http://www.stelr.org.au/new-page-73
http://www.stelr.org.au/curriculum
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1. Do the teachers of The Public Junior High School 4 Kediri have implemented inquiry learning in food 

resource subject to improve the students’s learning achievement? 

2. Do the teachers of The Public Junior High School 4 Kediri have implemented inquiry learning in renewable 

energy subject to improve the students’s learning achievement? 

 

Purpose of the Study 

In this report, the study is aimed to know whether the teachers  have  implemented the inquiry learning in 

food resource and renewable energy subject in order to improve the students activeness and learning achievement 

at The Public Junior High School 4 Kediri. 

 

Importance of the Study 

After analyzing the problems, the researcher would like to get practical and theoretical benefits as follows. 

  

For the writer: 

1. The finding of  this research will be useful for teachers who are interested in analyzing teaching method for 

secondary school. 

2. It will give experience and clear understanding about the process of  implementing inquiry learning for 

teachers 

3. It will give contribution to science teacher and it can be a reference to improve their ability and competence 

in teaching Science For the Students 

 

For the students: 

1. By implementing inquiry learning in science study, the students can improve their capability in activeness 

and  learning achievement.  

2. By implementing inquiry learning in science study, the students can enjoy learning science. 

3. By implementing inquiry learning in science study, the students can get more experience and deeper 

understanding by hands-on. 

4. By implementing inquiry learning in science study, the students can save the earth. 

5. By implementing inquiry learning in science study, the students can implement it in their daily life. 

 

For Government:  

1. By implementing inquiry learning in science study, the government will get excellent teacher. 

2. By implementing inquiry learning in science study, the government will get young earth saviors. 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

 

METHOD 

The research design of this study is an action research which is conducted with an aim to improve the 

quality of learning practice in the classroom. The methods focus on the students or their academic process that 

occur in the classroom . 

 

Main Activities: 

1. Give information how to do experiment  

2. Devide students into groups consist of 5 or 6 students each group.     

3. Help studentsto do experiment and to discuss about resource food and renewable energy 

4. Give time to present the result of discussion 

5. Give comment about the result of the discussion 

6. Give reward to active students 

7. Ask students to implemanting their project at home with their parents 

8. Ask students to collect their project a week 

 

ANALYSIS 

1. The students are interested to learn science. 

2. The students make their project from rubbish in daily life. 

3. More than 85% of the students, they got higher score or equal to 75. 

4. More than 75% of the students give good responses to learn science 

5. To know the effectiveness of a method in teaching learning process, some techniques of analyzing data were 

required. In classroom experiment, the researcher used qualitative description analysis. It is research methods 
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that acquire result by depicting fact and data. In this study, it is used with a purpose to know the students` 

respond to study activity and also students’ activities during the study process. 

6. Test: a test was given to measure the students’s cognitive ability when they learn inquiry method. By this 

test, researcher can know the effectiveness of using the inquiry method.  

7. Observation: The observation list was given to a teacher to observe the classroom research to know how 

his/her responses of students ability in their experiment and project.  

 

DESIGN 

Students were divided into a number of  groups  and they choosed their own idea in food resource and 

renewable energy-themed project. The students later shared the teacher of their project. Here are the projects from 

the students: 

 

GROUP 1:Making Cheese Stick from Jackfruit Seeds 
Table 1: Nutrient of Jackfruit  Seeds 

 

 

 

source: Direktorat.Gizi.Depkes,2009 

Tools: 

1. Pan                2. Spoon            3. Knife  

4. Blender `         5. Tray               6. Stove 

7. Mortar             8. Sieveter 

Material : 

1. Jackfruit  Seeds           2. Salt 

The Process of Making Jackfruit Seeds PowderWash the 
jackfruit seeds.  

1. Boil the jackfruit seed for about 10-15 minutes. You may 

add salt to dispel the smell. 

2. Sift the seeds with 2-3 mm sifter 

3. Dry the seeds below the sunlight for about 3-4 days.  

4. Crumble the seeds with blender until it changes into 

powder.  

5. Sift the crumbled powder and separate the coarse one to be 

crumbled again with the blender.  

6. The powder is ready to be cheese stick ingredient. 

 

 

 

Group 2: Making Noodles from Avocado Seeds 
Table 1: Nutrient of Avocado  Seeds 

NO. Nutrient Consist 

1. Water 75 g 

2. Energy 92 Kal 

3. Protein 6.8 g 

4. Fat 1.7 g 

5. Carbs 12.5 g 

6. Fiber 0.9 g 

7. Calcium 440 mg 

8. Potasium 259 mg 

9. Posfor 70 mg 

10. Ferrum 7 mg 

11. Zinc 0.16 mg 

12. ß-karoten 6.78 mg 

13. Tiamin (vitamine B1) 0.06 mg 

14. Riboflavin (vitamine B2) 0.05 mg 

15. Niacin (vitamine B3) 0.8 mg 

16. Vitamine C 220 mg 

 

The tools: 

1. Pan                4. Spoon             7. Knife  

2. Blender          5. Tray             8. Stove 

NO Consists 

of: 

Unripe

d 

Jackfru

it 

Riped 

Jackfru

it 

Jackfruit 

Seeds 

1.  Energy 

(kkal) 

51 106 165 

2. Protein 

(g) 

2,0 1,2 4,2 

3. Fatty 

Acids 

0,4 0,3 0,1 

4. Carbs 11,3 27,6 36,7 

5. Calcium 

(mg) 

45 20 33 

6. Posfor 

(mg) 

29 19 200 

7. Ferrum 

(mg) 

0,5 0,9 1,0 

8. Vitamin

e A (SI) 

25 330 0 

9. Vitamin

e B (mg) 

0,07 0,07 0,20 

10. Vitamin

e C (mg) 

9 7 10 

11. Water 

(g) 

05,4 70 57,7 
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3. Mortar            6. Sifter 

 

Material : 

1. Avocado Seeds         2. Salt 

 

The process of making powder avocado seeds powder 

 

1. Wash the avocado Seeds.  

2. Boil the avocado seeds for 10-15 minutes and add salt to remove the smell from the Avocado Seeds.  

3. Sift the seeds with 2-3 mm sifter 

4. Dry the seeds below the sunlight for about 3-4 days.  

5. Crumble the seeds with blender until it changes into powder.  

6. Sift the crumbled powder and separate the coarse one to be crumbled again with the blender.  

7. The powder is ready to be noodles ingredient. 

 

The Pictures of the Process 

 
Picture 1. Washing the Avocado Seeds 

 

 
Picture 2.2 Cutting Avocado seeds 

 

 
Picture 2.3 Crushing the avocado seeds 

 

 
Picture 2.4. Soften the Avocado Seeds 

 
Picture 2.5. Powder Avocado 

 

 
Picture 2.6. Making noodles 

 

 
Picture 2.8. The noodle is ready 

 

 
Picture 2.9 ready to be eaten 

 

Group 3: Making meatball from seeds 

 

Nutrient of Jackfruit  Seeds (100 gr): 
• Carbs                   28.3 gram 

• Minerale               67 gram 

• Energy                  520 KJ atau 124.8 kal 

• Fat                        2.5 gram 

• Protein                 2.5 gram 

• Fiber                    1.4 gram 

 

Tools: 

1. Pan           4. Spoon  7. Knife 

2. Blende r   5. Tray     8.Stove 

3. Mortar     6. Sifter 

 

Materials : 

1. Jackfruit  Seeds           2. Salt 
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The Process of Making Powder from Kingfruit Seeds 

1. Wash the Kingfruit Seeds. 

2. Boil the Kingfruit Seed for 10-15 minutes and add salt to remove the seeds` smell. 

3. Hole the seeds with 2-3 mm diameter to make the seeds dry. 

4. Dry the seeds below the sun for 3-4 days. 

5. Crush the kingfruit seeds by blender until its shape as smooth as powder. 

6. Sift the less smooth one and soften it again by blender 

7. King fruit seeds powder is ready to be used as meatball ingredient. 
 

Group 4: Candy from Drumstick (Kelor) Leaves 

 

The Tools: 

1. Pan     2. Blender 3. Small Plate 

4. Spoon 5. Stove 

 

Materials: 

1. Drumstick Leaves     2. Water      3. Sugar 

 

he process of making candy from drumstick (kelor) leaves 

1. Prepare the materials 

2. Blend 8 spoon of Kelor Leaves and water. 

3. Prepare the pan on the stove 

4. Adds 8 spoon of  Kelor Leaves liquid 

5. Adds 4 spoon of Sugar 

6. Stir the mixture for about 8 minutes, until it turns brown. 

7. Put the liquid in the mold that you desire. 

8. Put it in a freezer. 

9. Wait until it got frozen solid. 

10. Then take it from the freezer 

11. Your drumstick (kelor) leaves candy is ready to be eaten. 

 

The pictures of the Process 

 
Picture 4.1 The Material 

 

 
Picture 4.2 Mix The Material on The Stove 

 

 
Picture 4.3 Stir This Material 

 

 
Picture 4.4 Stir until Brown 

 

 
Picture 4.4. Printing that   You Want 

 
Picture 4.5. Store it in a freezer 
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Picture 4.6. The candy is ready to be eaten 

 

 

Group 5: Fuel Briquette from Leaves with Carbonization 

The tools: 

1) Stove       5) Spoon        8) Saw 

2) Thin       6) Pan   9)  Water Pipe 

3) Spatula    7) Scissors 

4)  Elenmeyer Glass 

Materials: 

1) 1 kg Ash 3) 1 ounce starch powder 

2) 900 ml water 

 

The Process How to Make Fuel Briquette from Leaves with Carbonization 

 

A. Making the ash with carbonization 

1. Burn dry leaves in Tin. Don’t forget to cover it to make the carbonization happens. 

2. Wait until the ash formed into a solid material. 

3. After it is cold, take about 1kg ash. 

 

B. Making the glue from starch powder 

1. Boils 700 ml water 

2. Adds 2 ounce of starch powder  into the water and stir it down. 

3. Waits until it gets cold and it will be ready to use. 

 

B. Making the Fuel Briquette 

1. Mix glue and ash, stir till they are blended. 

2. Form this material with  water pipe with 3 cm thickness. 

3. Dry below the sun for 3-5 days. 

 

The Picture of the Process 

 
Picture 5.1. Making Glue from Starch Powder 

 

 

 

Picture 5.2. Making Fuel Briquette at Students Home 

 

 

 
Picture 6.3. Fuel Briquette

 

 

 

 

Group 6: Fuel Briquette from Leaves without Carbonization 

The tools: 

1) Stove       5) Spoon        8) Saw 
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2) Thin       6) Pan   9)  Water Pipe 

3) Spatula    7) Scissors 

4)  Elenmeyer Glass 

Materials: 

1) 1 kg Ash 3) 1 ounce starch powder 

2) 900 ml water 

 

The Process How to Make Fuel Briquette from Leaves without Carbonization 

A. Making the ash without Carbonization 

1. Crush the leaves or cut them down. 

2. Dry the leaves until it gets soften as powder. 

3. Take 1kg powder for the ingredient. 

 

B. Make glue from starch powder 

1. Boils 700 ml water 

2. Adds 2 ounce starch powder  into the water and stir it. 

3. Waits until the glue is cold 

4.  

C. Make Fuel Briquette 

1. Mix glue and powder leaves, stir till they are blended. 

2. Form this material with  water pipe with 3 cm thickness. 

3. Dry below the Sun for 3-5 days. 

 

The picture of the making process 

 
Picture 6.1. Making Glue from Starch Powder 

 

 

Picture 6.2. Making Fuel Briquette 

 

 

 
Picture 6.3. Fuel Briquette 

 

 

RESULT AND DISCUSSION 
 

The increase of Students` Achievement 

Inquiry method can increase students achievement, which affect their cognitive and psychomotoric domain. 

 

Students Achievement with Cognitive Domain 

Generally, the student achievement have been increased. This Increase influences external fact, Gagne 

(1982), in Nasution (1982:137) that: “External fact consists of: (1) Contiguity, (2) repetition. Inquiry method 

triggers students to explore the subject and it also makes them remember what they have done of the project. In 

other words, students can make a new food resource and other renewable energy. 

 

Students Achievement with Psychomotoric Domain 

From an increase of students` achievement, Ibrahim dkk (2000) stated that “In cooperative learning every 

student in group must be working in team and help one each other to do group duties. It is purposed to exercise 
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students to do beneficial relationship”. In students` experiment, the activeness and discussion were increased, 

because every group knows their job. Teacher also helps them by giving motivation. Teacher give students reward 

point for their present, question, answer, and suggestion. This point is another form of extrinsic motivation. 

Rusyan, Kusdinar, Arifin (1989:125) stated that “reward comes from external rewards”. Nurhadi (2004:70), 

mentioned that “In cooperative learning, giving a gift is one way to make each group be encouraged”. 

  

CONCLUSION 
The implementation of inquiry learning  resource food is beneficial to improve the students’s learning 

achievement. 

 

The implementation of inquiry learning  renewable energy is suitable to improve the students’s learning 

achievement. 
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ABSTRACT 

Salt is an important mineral that gives many benefits to a person’s health. Most of the salt is consumed by the 

population of Timor-Leste is of 4 brands: “Sal do mar de Timor Leste”, “Sal iodadu Globus”, “Masin tradisionál”, 

and “Timorganic salt”. Among these brands, perhaps the most consumed brands are “Masin sal do mar de Timor 

Leste” and “Sal iodadu Globus”. Some of these brands contain iodine, but don’t list the concentration, and others 

don’t contain iodine.  The objective of this research is to analyze the concentration of iodine in these salts and 

compare it to the pattern of WHO.  This research will help to prevent IDD, Iodine deficiency disorders.  IDD is a 

global problem of public health, largely resulting people consuming low iodine salt for many years.  This research 

has identified the different concentrations of iodine in each of the brands listed through iodometric titration. The 

reagents used were KIO3, Na2S2O3.5H2O, KI, H2SO4and starch. The results of this research show that the brands 

“Masin sal do mar de Timor Leste” and “Sal iodadu Globus” contain iodine, and the other two don’t.  

 

Keyword: salt, iodine, iodine deficiency disorders, symptoms, iodine determination 

 

INTRODUCTION 
Masin (salt) is a basic necessity for people to eat and preserve their food such as fish, fruit, and others in 

their every day’s life. In general, people use salt because it improves taste.  Because of this, to put iodine into salt 

is an effective means to resolve the problems of iodine deficiency in the human body.  To increase the quality of 

public health, people should choose and consume iodized salt.  

 

Iodine is a type of mineral that is important for the growth of human body and the development of brain. It 

is also important for the formation of thyroid hormone, which has a function to control the metabolic process and 

reproduction.   

 

Iodized salt is salt fortified with iodine.  Many times, iodine is added to salt in the form of potassium iodine 

(KIO3).  WHO recommends in order avoiding IDD, people should eat iodized salt.  IDD are caused by human 

systems not getting enough iodine.  According to expert health research, people with iodine deficiency for a time 

are at risk of getting a sickness called goiter, and children’s’ growth is also affected.  On the other hand, if excess 

iodine is consumed, other sickness may arise such as hypertension, stroke, digestive problems, etc. WHO gives a 

standard of 30 to 80 ppm of iodine in salt. 

 

The facts today are the consumed salt in Timor-Leste does not follow the standard of the WHO. WHO 

recommends children less than pre-school age consumes 90mg of iodine, from 6 to 12 years of age 120 mg of 

iodine, for youth and adult 150mg, and for pregnant and nursing mothers 250mg (WHO, 2007). 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

 
Methods Used to Determine Iodine 

An adequate method must be used to carry out research activities.  There are various methods for testing 

iodine content in salt.  The following method was used: 

 

1. Rapid testing kits method  

Rapid testing kits method is a qualitative method that to see iodine`s presence.  This method is important 

because before it can be checked quantitatively, to see its presence before it is being confirmed.  This method does 

not give information regarding to the concentration. 

 

2. The titration method 
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World-wide researchers accept the titration method for determining the quantity of iodine in salt. One type 

of titration used is called the iodometric titration or the redox titration. This method is often used because it is 

easy and it does not require many materials, although it is not the most rigorous method.  

 

Titration is a process to calculate the volume of one unknown substance in a burette by watching when it 

reaches a final point of equivalence. The final equivalence point is indicated by the change in color of an indicator 

within the substance.  

 

Iodometric titration is a redox reaction that involves titrating iodine in order to calculate the concentration 

of iodine in the solution together with a control solution of sodium thiosulphate. The indicator is a solution of 

starch. 

 

Before starting titration, the salt is mixed with KI solution with the objective of reducing it to form iodine 

(I2) in salt solution, and H2SO4 is added with the objective of acidifying the solution.  In the solution, iodine was 

formed, and sodium thiosulfate was formed.  The reactions are as follows: 

IO3
- + 5I- + 6H+      →     3I2 + 3H2O 

 I2 + 2S2O3
2-       →   2I2 + S4O6

2- 

 

ANALYSIS 

 

Instruments and chemical reagent 

a. Instruments 

• Burette and stand  

• Erlenmeyer flask 250 mL 

• Beaker 250 mL 

• Volumetric flask 100 mL 

• Measuring Cylinder100 mL 

• Spatula 

• Drop pipette or dropper  

• Mixer rod 

• Analytical balance 

• Funnel 

• Graduated pipette 10 mL 

b. Chemical reagents 

• Standard solution of Na2S2O3 (Sodium Thiosulphate) 0.1050 N 

• Sulfuric Acid (H2SO4)4N 

• Potassium Iodide (KI) 2% 

• Starch0.5% 

• Salts 

• Distilled Water 

 

Preparation of solutions 

a. Prepare the solusaun of H2SO44N 

Battery acid is often at a concentration of 96% and thus considered a strong acid and has a density of 1.84g/ml 

and a molecular mass of 98 g/mol.  

 

With this information:  

1. We can calculate the concentration of the strong acid with the following formula: 

NN

x
xx

N

x
SO

dxx
N

36

2
08,98

84,19610

sequivalent ofnumber 
HofWeightMolecular 

%10

42

=

=

=

 

2. Calculate the volume of strong H2SO4 

Formula; 
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N1 x V1 = N2 x V2 

N1=36 N 

N2=4 N 

V1=…? 

V2= 100 ml 

N1.V1=N2.V2 

36.V1=4.100 

V1=100 x 4/36 

V1=11,11 ml 

Thus, strong battery acid to 11 ml should be taken from the bottle.   

 

3. Making a solution of H2SO4 4 N in 100 mL 

• Use a Graduated pipette to measure sulfuric acid to 11ml and keep it in the volumetric flask.  

• Add distilled water to 100 ml and shake.  

• Transfer from the volumetric flask to empty bottle and put on a label. 

 

b. Prepare solution KI 2% 

1. Calculate mass of KI 

Formula; 

g2solute  theof Mass

%100
g100

solute  theof Mass
2%

%100
solution Mass

solute  theof Mass
/%

=

=

=

x

xVm

 

2. Prepare 100 mLof KI 2% solution. 

• Use a balance to weigh 2g of KI and dissolve it in the water.  

• Put this in the volumetric flask.  

• Add distilled water to 100 ml.  

• Transfer from the volumetric flask to another empty bottle and put on the label.  

c. Preparation of starch solution 0.5% 

1. Calculate the mass of starch.  

Formula; 

g0,5solute  theof Mass

%100
g100

solute  theof Mass
%0,5

%100
solution Mass

solute  theof Mass
/%

=

=

=

x

xVm

 

2. Make 0,5 % starch solution with 100 mL  

• Use a balance to weigh 0.5grams of starch and dissolve it in the water.  

• Put it in the volumetric flask. 

• Add distilled water to 100ml.  

• Transfer from volumetric flask to empty bottle and put on a label. 

 

d. Prepare solution of Na2S2O3.5H2O 0,1 N, 100 mL 

Formula: 

gMass

x
Mass

mLV
x

Mass
N

48,2

100

1000

284,186
1,0

)(

1000

 weightEquivalent

=

=

=
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Weigh 2,48 g ofNa2S2O3.5H2Oto dissolve in water and put in volumetric flask, then add distilled water to 

100ml 

 

e. Prepare solution of KIO3 0,1 N, 100 mL 

Formula; 

gMass

x
Mass

mLV
x

Mass
N

356,0

100

1000

35,6
1,0

)(

1000

 weightEquivalent

=

=

=

 

Weigh KIO3 0,356 g to dissolve in water and put in volumetric flask, then add distilled water to 100 mL 

 

f. Standardizing the iodine solution 

Use graduated pipette to measure 10 mL of KIO3 0,1 N and put it into an Erlenmeyer flask.  Add 5 ml of KI 

and 5 mL of H2SO4 4 N to the Erlenmeyer jar. Start titration with the sodium thiosulfate solution. When the yellow 

color is nearly lost, stop the titration and add five drops of starch indicator, then continue titrating until the 

solution’s blue color is all lost. Finally, calculate the normality of the sodium thiosulphate.   

 

Qualification of iodine in table salt samples 

In order to know qualitatively whether or not there is iodine in salt, 2 spoons full of each type of salt were 

measured and put them into cups.  5 mL of KI and 5mL of H2SO44 N was added, as well as 5 drops of indicator 

for starch.  Upon observation, if the cup shows a blue color, that means this type of salt contains iodine, and vice 

versa.   

 

 

 

Picture.1. The results of qualification of potassium iodate in table salt samples  

 
 

Quantification of iodate in samples 

In order to quantify the concentration of iodine in salt, the method of iodometric titration is used.  Ten grams 

of salt of each type is put into an Erlenmeyer flask together with 100mL of distilled water.  Then 5mL of H2SO4 

and 5 drops of KI as well as 5 drops of starch indicator are added.  Titration is begun with sodium thiosulfate in 

which the concentration is known.   

 

Picture 2. The results of quantification of iodate in table salt samples 
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RESULT AND DISCUSSION 

According to informal research, the Timor-Leste’s population has consumed traditional salt for many years 

since the Portuguese occupation. Since there has been no control on the intake of iodine, many of the population 

of Timor have met with sickness related to the thyroid.  After independence, public information began about the 

importance of eating salt fortified with potassium iodide (KIO3). This research result shows the traditional salt of 

Timor does not indeed contain much iodine, and another brand that contains iodine. 

 

We found this was an excellent way for our students to learn the process and value of titration, and to observe 

first-hand the methods for identifying minerals present in a substance.  In addition, this information is now 

securely known by these students, who will disseminate it to their friends and family, and perhaps even to other 

teachers.  In this way, this simple research has made a significant impact on the public health of a local community.  

 

Table 1. Qualitative test results 

Salt Brand 
Color Intensity of Each Sample 

Obs 
KI Starch 

Saldo mar de Timor 

Leste Yellow Purple 
positive containing 

iodine 

Sal iodaduglobus 
Yellow Purple 

positive containing 

iodine 

Masin tradisionál No discoloration No discoloration Negative  

Timorganic salt No discoloration No discoloration Negative 

 

 

Table 2. Quantitative test results 

Salt Brand 
Volume Titration (ml) 

Iodine levels 
1 2 3 Average 

Saldo mar de Timor Leste 0,3 0,3 0,2 0,23 30,62 ppm 

Sal iodaduglobus 0,1 0,1 1 0,4 53,25 ppm 

 

 

CALCULATION ANALYSIS 

1.  Standardization of KIO3 

The titration results from Na2S2O30.1 N with KIO3 0.1 N                        

Vol. titration 1: 1,9 ml 

Vol. titration 2: 1,1 ml 

Vol. titration 3: 0,2 ml 

Vol. average titration: 1,066 ml  

KIO3               = Na2S2O3 

V1. N1            = V2. N2 

10 mL. 0,1 N = 1,067 mL. N2  

1                  = 1,067. N2 

N2                    = 0,9372 N 

So, the normality of Na2S2O3 in this iodometric titration is 0,9372 N 
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2. Dilute the standard solution of sodium thiosulfate 

10 mL of Na2S2O3 0,0979 N is diluted in 250 mL water 

(V1. N1) Na2S2O3 = (V2. N2) H2O 

10,0 mL. 0,9372 N = 250. N2 

N2                     = 0,0374 N 

 

3. Iodine levels in branded salt   

a. Brand Salt “Sal do mar de Timor Leste” 

Equivalent weight of KIO3 = 35,6 

Mass sample = 10,000 gram 

Vt1 = 0,3 mL 

Vt2 = 0,3 mL 

Vt3 = 0,2 mL 

Final titration volume = 0,23 mL 

N Na2S2O3 = 0,0374 N 

meq KI03 = mek Na2S2O3 

                 = Vt. N 

                 = 0,23 x 0,0374 

                 = 0,0086 meq 

mgKI03 = meq KI03 x Equivalent weight (Eqw) 

                 = 0,0086 x 35,6  

                 = 0,3062 mg 

ppmKIOppm

xKIOppm

x
KIOmg

KIOppm

62,30

10
 10,000

3062,0

10
 samplesalt  of Mass

3

6

3

63

3

=

=

=

 

 

b. Brand Salt “Sal iodadu globus” 

Equivalent weight of KIO3 = 35,6 

Mass sample = 10,0004 g 

Vt1 = 0,1 mL 

Vt2 = 0,1mL 

Vt3 = 1mL 

Final titration volume = 0,4 mL 

N Na2S2O3 = 0,0374N 

meq KI03 = mek Na2S2O3 

                 = Vt. N 

                 = 0,4 x 0,0374 

                 = 0,0149 meq 

mg KI03     = meq KI03 xEqw 

                 = 0,0149 x 35,6  

                 = 0,5325 mg 

ppmKIOppm

xKIOppm

x
KIOmg

KIOppm

247,53

10
 10,0004

5325,0

10
 samplesalt  of Mass

3

6

3

63

3

=

=

=

 

 

CONCLUSION 
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Based on the results of this research, we can conclude that some of the salt consumed by Timorese has 

iodine, though the concentration is not listed on the label, and other salt has no iodine. 
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ABSTRACT 
The Research about investigation of The Effect of Enrichment in the Concept of Pascal-laws Based on 

STEM Education on Critical and Creative Thinking Skills of 8th grade Students are conducted as an effort 

to follow up the lack of development of Critical and Creative Thinking Skills on the students. The research 

was conducted using weak experiments designs, the type of the one group pretest-postest designs and 

involves eighth graders aged between 14-15 years as research subjects for five meetings. The data was 

obtained through student worksheets and observations. Data processing to see N-Gain was used Microsoft 

Excel 2007 and the results showed that there was an increase in the percentage of critical thinking skill score 

from 58% (pretest) to 89% (post-test) with high category increase (N-gain.0.74). While student creativity also 

rose from 15% (pretest) to 81% (post-test) with moderate category increase (N-gain.0.68). Students' creation 

tools on STEM's educational enrichment program are Hydraulic Glass Cleaners. 

 

Keywords: critical and creative thinking skills, enrichment program, STEM education, Pascal Law. 

 

INTRODUCTION 
The teaching process is an information and environmental arrangement that facilitates the learning in 

order students can develop new knowledge, skills or attitudes through interaction with information and 

environment (Depdiknas, Media Pembelajaran, 2005). The success of the teaching process can be measured one 

of them with the value of assessment or evaluation. This value can be a picture of students' absorption and class 

absorption of a given concept. 

 

The learning process is called successful if the students' absorption on a concept reaches the Minimum 

Exhaustiveness Criteria (KKM). In one class, the level of achievement of learning belief criteria is divided into 

three groups of achievement that is students who scored below KKM, reach KKM and exceed KKM. Three 

groups of students are given different services. Students who scored below KKM received remedial 

services. Students who have fulfilled the KKM score undertook the learning process for the next concept, 

while the students whose daily test score exceeded the KKM got the enrichment service. 

 

Currently more teachers are doing a remedial service for students who get daily test scores under the 

KKM, whereas students who get the scores above KKM rarely or even do not get enrichment services. Students 

who score above the KKM have a high potential for cognitive abilities. If this student's potential is not 

developed then it will be lost. 

 

One reason that enrichment services are not done because teachers have difficulty determining 

appropriate models or approaches. Appropriate models or approaches for students with high cognitive ability 

must be challenged. One approach that challenges high-thinking students is STEM education. 

 

STEM 
Science, Technology, Engineering and Mathematics (STEM) education is a problem-based learning that 

places scientific investigation and application of mathematics in the context of designing technology as a form 

of problem solving. In general, scientific inquiry education is rare in technological education and the activity 

of technological design is rarely happened science class. But in everyday life design and scientific inquiry 

are routinely used simultaneously as technical solutions to real-world problems (Sanders, 2009). As an 

emerging trend in education, STEM is used to address real-world situations through a process-based design of 

problem-solving as used by engineers and scientists (Williams, 2011). Some of the benefits of STEM education 

are making students a problem solver, inventor, innovator, independent, logical thinker, technology literate, 

able to link culture and history with education, and be able to connect STEM education with the world of 
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work (Morrison, 2006). 

 

The application of STEM education is suitable for science learning. STEM-based education learning can 

train students in applying their knowledge to create designs as a form of environmental-related problem 

solving by utilizing technology. STEM can improve knowledge mastery, apply knowledge to solve 

problems, and encourage students to create something new. STEM education supported by PBL, PjBL, and 

cooperative learning is expected to actualize both competencies. Several studies in Indonesia have shown that 

STEM education can increase science literacy, creativity, and problem-solving skills. STEM education is one 

of potential alternative learning used to build 21st century skills (Permanasari, 2016). 

 

Application of STEM education in integrated learning during the learning process. STEM education 

measures are as follows; (1) Aspects of Science in STEM education are skills of using knowledge and the 

process of science in understanding natural phenomena and manipulating the symptoms so that it can be 

implemented; (2) Aspect Technology is the skills of learners in knowing how new technologies can be 

developed, the skills of using technology and how technology can be used in facilitating human work; (3) 

Aspect Engineering has five phases of phase in the learning process; and (4) Mathematical aspects are 

skills used to analyze, reason, communicate ideas effectively, solve problems and interpret solutions based 

on calculation and data mathematically (Hannover, 2011). 

 

The engineering aspect in STEM education is a skill that a person has to operate or assemble 

something. Bligh, (2015) classifies engineering aspects to refer to the application of science knowledge and 

skills in using technology in creating a way that has benefits. In the middle school level physics learning this 

aspect is implemented as a skill in using tools and composing a design to achieve a goal such as the skill of 

entering the mathematical language in program language. 

 

Currently STEM education is still rarely used intact in the science learning process. Though STEM 

education is very suitable for use in science learning process. One concept of science that can be developed 

through STEM education is the concept of pascal law. In the process of learning pascal legal concepts are 

generally given up to science stages in the STEM education is the skills to use knowledge and the process of 

science in understanding natural phenomena and manipulate the symptoms so that it can be implemented. 

STEM's next educational step is not done. Though the concept of Pascal can be a good medium to learn to 

develop a design based on science that can be used in everyday life. 

 

Implementation of STEM education in the daily learning process is still constrained by the heterogeneity 

of cognitive abilities, interests and talents of students. Not all students are enjoy and interested in science. 

Therefore researchers are trying to develop STEM education not in regular class but classes in enrichment 

program. 

 

Steps of STEM (Syukri, 2013) 

Observation 

On this observation step, students make observations on various phenomena contained in everyday 

environment that has a connection with the concept of science that is being taught. 

 

New ideas 

Students observe and get information about various phenomena or products that related to the topic of 

science that is discussed, then students are doing step of new idea, students have to think of ideas or products 

different from existing ones. 

 

Innovation 

Students outline the steps that must be taken to realize the new idea 

 

Creation 

Students make product based on the new idea in accordance with the information previously obtained. 

 

Value (society) 

Products made by Students should be useful for everyday life. 

 

Enrichment 
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Competency-based curriculum gives meaning that the education process must be able to deliver the 

students to master with the predefined standards. National standards have a mission to make education 

excellence and equitable for all.  Students learn in their own way to achieve that standard. Competency-

based curriculum relies on social reconstruction and technology, meaning learning is done by emphasizing 

individual interaction with the environment so that students can gain their own knowledge (self-regulated). 

The learning which done in the classroom should be able to help the students to understand the meaning of 

knowledge through methods that give creation to find. Students are trained to be able to have high 

competitiveness with a number of competitors in the community. Assessments in a curriculum based on 

competency consist of grade assessment, basic skills tests, final assessment of educational units and 

certification. Classroom assessments are conducted by the teacher to determine the level of progress and 

student learning outcomes, diagnose learning difficulties, provide feedback on the learning process, and the 

determinants of classroom increases. (Susilana, 2009). The results of the class assessment can be used as the 

basis for the preparation of improvement programs and enrichment programs. 

 

Improvement programs and enrichment programs are the result of the continuous use of evaluations 

based on criteria and views on differences in the accuracy of student learning and school administration. 

The improvement program is aimed at those who have not mastered certain competencies, while the enrichment 

program is given to the students who master the lesson units (Suryosubroto, 1997). 

 

The form of enrichment program can be either deepening or extending the concept that has been learned 

in the lesson material presented. The deepening or extension of this concept is not taught in the next unit of 

lesson units. The enrichment program can also add some activities that have not been included in the subject 

lesson. These activities may include activities relating to socio- cultural activities that not be related to the 

subject matter or activities that are still within the scope of the subject matter. Motivate, attract and challenge 

students to gain additional knowledge (Suryosubroto, 1997). But now science teachers still rarely use the 

enrichment program as expressed by the Suryosubroto. In general, science teachers do not have enrichment 

programs for students who have values that exceed KKM.  Some science teachers who have enrichment 

programs contain only exercise questions. Therefore, it is necessary to develop enrichment program that can 

develop students' competence which exceeds KKM value even better. Based on this STEM education is very 

suitable for use on enrichment program. Through STEM education students are expected to practice 

developing critical thinking skills and creative which is a skill that must be owned by 21st century students. 

 

Critical Thinking and Creation 
Krulik & Rudnick (1995) make the reasoning divide that is part of thinking. The rate is above 

remembering. In reasoning categorized in basic thinking, critical thinking and creative thinking. The category 

is not discrete and is very difficult to define precisely. Here are indicators that show each level. 

 

Table 1: Reasoning Level (Thinking) of Krulik and Rudnick 
Basic 

-   Understanding of concepts 

-   Recognizing a concept when it appears in a setting 

Critical 

-   Examining, relating, and evaluating all aspects of a situation or problem. 

-   Focusing on parts of a situation or problem. 

-   Gathering and organizing information. 

-   Validating and analyzing information. 

-   Remembering and associating previously learned information. 

-   Determining reasonableness of an answer. 

-   Drawing valid conclusions. 

-   Analytical and reflexive in nature. 

Creative 

-   Original, effective, and produces a complex product. 

-   Inventive. 

-   Synthesizing ideas. 

-   Generating ideas. 

-   Applying ideas. 

 

Critical Thinking is a reasonable, or reasonably-based, reflective thinking way to determine what to do 

and believe. Wade (1995) identifies eight critical thinking characteristics, which include: 

• Formulate questions, 

• Restricting problems, 

• Testing data, 
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• Analyze various information, 

• Avoiding highly emotional considerations, 

• Avoid over-simplification, 

• Consider various interpretations, 

• Tolerate ambiguity. 

 

Johnson (2002) explains that critical thinking organizes processes used in mental activities such as 

problem solving, decision making, convincing, and analyzing scientific assumptions and discoveries. Critical 

thinking is an ability to reason in an organized way. Critical thinking is also an ability to systematically 

evaluate the quality of self-thinking and others. Creative thinking is a mental activity that considers 

authenticity and insight (idea). Thinking critically and creatively allows students to study the problem 

systematically, bringing together many challenges in an organized way, formulating innovative questions and 

designing or designing original solutions. Creative thinking as opposed to destructive thinking involves 

searching for opportunities to change things for the better. Creative thinking does not explicitly organize 

processes, such as critical thinking. Creative thinking is a habit of sharp thinking with intuition, moving an 

imagination, revealing new possibilities, unveiling amazing ideas and inspiring unexpected ideas. This 

understanding distinguishes firmly from creative thinking and critical thinking. 

 

Creative Thinking is a divergent thought, producing something new or different. Engage having different 

ideas that are good or better than previous ideas. Creative thinking refers to the processes to produce a creative 

product that is a new work (innovative) derived from activities / activities that are directed to the goal. 

Creative thinking involves intensive production that meets newness, one is said to be creative when it comes 

to making something new, even if something new has been produced by others, it can still be said to be 

creative (Weisberg, 2006). A person's creativity can help in solving problems. 

 

A person's level of creativity criterion can be used by observing fluency, novelty, and flexibility. Ability 

is stratified as used in the creative thinking skills (Siswono, 2008) as follows Table 2. 

 

Table 2. Level of Creativity Criterion 
Level Characteristics 

Level 4 

(Very creative) 

Students are able to demonstrate fluency, flexibility, and novelty or novelty 

and flexibility in solving and raising problems. 

Level 3 

(creative) 

Students are able to show fluency and novelty or fluency and flexibility in 

solving or raising problems. 

Level 2 

(Simply Creative) 

Students are able to show novelty or flexibility in solving or raising problems. 

Level 1 

(Less Creative) 

Students are able to show fluency in solving or raising problems. 

Level 0 

(Not Creative) 

. 

Students are unable to show the three aspects of the indicator of creative 

thinking 

 

Fluency in problem solving refers to the ability of students to provide answers to various and correct 

problems, while in the filing of problems refers to the ability of students to make the problem as well as 

completion of a variety and true. Some answers to the problem are said to vary, when the answers appear 

different and follow a certain pattern. In the case of a problem, some problems are said to vary, if the 

problem uses the same concepts as the previous problem but with different attributes or problems that are 

generally recognized by the students. Flexibility in problem solving refers to the ability of learners to solve 

problems in different ways. 

 

Flexibility in filing issues refers to students' ability to pose problems that have different ways of 

resolving. The novelty in problem solving refers to the ability of the student to answer the problem with several 

different but valuable answers or one "unusual" answer done by the individual (student) at his or her level of 

knowledge. Some answers are said to be different, if they look different and do not follow a particular 

pattern. The novelty in filing a problem refers to a student's ability to pose a problem different from the 

previously proposed problem. Two problems are raised differently when the mathematical or contextual 

concepts used are different or unusual for students to make at their level of knowledge. These three indicators 

are used as the basis for categorizing the characteristics of students' creative thinking in solving and raising 

daily problems with the application of Pascal's law, in particular the concept of hydraulic pumps. 
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METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

 

METHOD 
Types of Research 

This research uses weak experiments designs, types of the one group pretest-posttest designs. Therefore 

in this study did not use class control. This study was conducted 4 times a meeting, to observe the development 

of critical and creative thinking skills. 

 

Research Subject 

The subjects involved were 8th grade SMPN academic year of 2017-2018 with 22 males and 20 females. 

Samples were chosen by using cluster random sampling method (Fraenkel, 2006). 

 

Limitations Research 

In order for this research directional, scope of the study is limited to the following points. Measurements 

of critical and creative thinking levels on the subject were done at the beginning of the study before treatment 

and after receiving treatment using the same instrument in the form of student sub-topic work the concepts 

studied were Pressure Substances consisting of Solids Pressure, Liquid Pressure and Pascal's Law. Data on the 

development of critical and creative thinking is obtained from the result of the measurement of student 

worksheet scores, exhibition board scores and products of students' creations. The rubric of critical students' 

criterion assessment criteria is adapted from the identification of eight critical thinking characteristics (Wade, 

1995), whereas the Rubric assessment of creative product results is based on the skill of creative thinking 

(Siswono, 2008). 

 

Research Procedure 

Stage of Preparation 

Activities undertaken in the preparation of research are: 

a. Conducting a literature study on STEM Education, critical and creative thinking skills 

b. Conducting preliminary study to the school of research location, to get information about the condition of 

the class to be studied, to know the initial condition of the student's value and to discuss the problems faced 

by the teacher at this time. 

c. Sets the sample of the study as an experimental class. 

d. Develop learning tools consisting of (1) Syllabus; (2) Learning implementation plan (RPP); (3) Pretest / 

postes problem of written test, critical and creative thinking; (4) STEM educational student worksheets (5) 

criteria for critical thinking and creative thinking 

 

Implementation Phase Research 

The implementation of the research begins by holding a pretest activity. Pretest activities are filled by 

testing the skills of critical and creative thinking. This research was conducted 5 times meeting. The enrichment 

program starts with the second stage of STEM, because in the regular learning process the first stage is 

students make observations on various phenomena contained in the everyday environment that has links with 

the concept of Pascal law. The enrichment program lasted five meetings, consisting of one meeting of 

students who continued the STEM education stage to the second stage of the students having to think about 

ideas or products related to Pascal's law different from those already existed. 

 

The next 2 meetings of students perform the stages of Innovation and Creation which is the phase of the 

application phase of pascal legal concepts and skills in using technology in creating a way or tool that has 

benefits. At this stage students must describe the steps that must be done to realize the new idea, continued 

Students make product based on the new idea in accordance with the information previously obtained. The final 

stages of students communicate the benefits of the products they make for everyday life. 

 

Observation Stage 

Observations were made from the 1st to 5th meeting. The observed variables were the development of 

critical and creative thinking skills. All variables are measured and observed before and after the 

enrichment program. The results of measurements in the form of data score of student worksheets for the 

development of critical and creative thinking skills. 

 

1.1 TECHNIQUES AND DATA COLLECTION INSTRUMENT 
Data collection techniques are listed in Table 3. 
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Table 3. Data Collection Techniques 

No. Data 

source 

Data Type 

Level of ability 

Data collection 

technique 

Instrument 

 

1. 
 

Student 

 

Critical thinking skills 
 

Performance tests 
Student worksheet, 

observation sheet 
 

2. 
 

Student 
 

creative 
 

Performance tests 
Student worksheet, 

observation sheet 

 

Data Collection Instrument 

The instruments used in this study are student worksheets and observation sheet of student activities. 

Obtaining data from student worksheets and observation sheets of student activities in the form of scores. 

Assessment is done before (pretest) enrichment program is at the time of regular learning process. The 

second penalty is done after the enrichment program using STEM education. 

 

Technical Data Analysis 

Data Analysis Technique done after data collected from research result. Data obtained from score of 

student work sheet and student activity observation sheet. Data derived from skill score of student skill and 

observation sheet were processed by using formula: 

 

P =   f   X 100 % Information:  P : percentage of answers 

n f : frequency of answers n : 

many respondents 

(Sudjana, 2009) 

 

To make the percentage category score the values of all variables are determined by the criteria as listed 

in Table 4. 

Table 4. Category of Learning Outcomes 
Range Criterion of critical thinking 

Arikunto (2002) 

Creative 

(Siswono, 2008) 

80-100% Very Good Tingkat  4 

(Sangat Kreatif) 

70-79% Good Tingkat 3 

(Kreatif) 

56-69% Medium Tingkat 2 

(Cukup Kreatif) 

<55% Less Tingkat 1 

(Kurang Kreatif) 

0  Tingkat 0 

(Tidak Kreatif) 

 

Then calculated the value of the increase by calculating the gain index using the following 

formula. 

 
 

(Meltzer, 2002) 
 

To  create  a  score  category  the  scores  of  enhanced  critical  and  creative  thinking  skills  are 

determined by the criteria as listed in Table 3.7. 

 

 

Table 5.  Category N-Gain 
Range Criteria 

g > 0,70 High 

0,30 ≤ g ≤ 0,70 Medium 

g ≤ 0,30 Low 

 

RESULT AND DISCUSSION 

 

Research Results 
In this study obtained the percentage of students' work sheet score for critical and creative thinking skills. 
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The average percentage score of pretest critical thinking skills is 58%. This means that students before the 

treatment already have moderate category critical thinking skills, while the percentage of creative pretest score 

is 15%, including in the category of creative ability level 1. The percentage of this score indicates students are 

still less creative in finding new ideas. After the enrichment program obtained the percentage score of creative 

ability increased to 73% (postest) this  value  including  good  category  (creative)  and  critical  thinking  skills  

increased  to  81% including very good category. The N-gain calculation of 0.73 (high) and creative thinking is 

0.68 (medium). Average recapitulation Score Pre-Post Test and N-gain are listed in the Table 6. 

 

Table 6. Average Recapitulation Percentage Score Pre-Post Test and N-gain 

 Pre (%) Post (%) N-Gain 

Critical thinking 58 81 0.73 

Creative 15 73 0.68 

 

 
(a) 

Figure 1. (a) Photo of Activity analyzes various information about technology 

 

 
 

(b) (c) (d) 

 

 
 

(e) (f) (g) 

 
Figure 2. (b),(c),(d),(e),(f),(g) Photo of Processing Process of Hydraulic Glass Cleaner 

 

Discussion 
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The process of enrichment programming using STEM education begins with students formulating 

questions, limiting problems, testing data, analyzing various information about technology relating to the 

utilization of pascal law in everyday life. This activity is proven to improve the skills of critical category 

thinking (N-Gain 0.73). Enrichment activities are continuing by identifying the problems that exist in everyday 

life, one of which is the difficulty of cleaning glass in high windows. Students then design a window glass 

cleaner using a hydraulic system that can maintain a high place. The process of solving the problem, 

mathematically calculating it, to design and assemble the hydraulic glass cleaner tool was to increase the 

creativity of the students, as seen from the increase of creativity percentage score of students from 15% to 

73% of this improvement including the medium category (N-Gain 0.68). Through this STEM-based 

educational enrichment program is created a new tool that is a hydraulic glass cleaner that can solve problems 

in everyday life. STEM education stage is able to train skilled students to think critically and creatively in 

using science concepts to solve problems in everyday life. Skills are needed in the community and the 

workplace of the 21st century. Graph of Average Recapitulation Percentage Score Pre-Post Test are listed in 

the Figure 3, and Graph of Average Recapitulation Percentage Score N-gain are listed in the Figure 4. 
 

Figure 3. Graph of Average Recapitulation Percentage Score Pre-Post Test 

 

Figure 4. Graph of Average Recapitulation Percentage Score N-gain 
 

CONCLUSION 
According to the research data results, it is concluded that: 

• STEM-based enrichment can enhance critical thinking and creative skills of 8th grade students on the 

Pascal Law concept. 

• STEM-based enrichment on pascal legal concepts guides students to create hydraulic glass cleaning 

tools as a science-based problem-solving implementation. 
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ABSTRACT 
The purposes of this research are: (1) to determine the significance of synectic instructional models based on 

mind map toward students achievement; (2) to determine the significance of creativity toward students 

achievement; (3) to determine the significance of the interaction between instructional models and creativity 

toward students achievement. The sample was taken using cluster random sampling which the first class as 

experiment class applied synectic instructional models based mind on map and second class as control class 

applied synectic instructional models. The instruments used in this research are learning physics instrument 

consist of 5 essay questions and mathematical creativity in narrative instrument consist of 8 questions stated 

valid and reliable. The result of this research are: (1) The students achievement who applied with synectis  

learning models based on mind map better than students achievement applied with synectic models; (2) The 

students achievement who have high creativity better than students achievement who have low creativity; (3) 

Synectis instructional models based on mind map and the creativity were interacted toward students’ 

achievement. 

 
INTRODUCTION 

Learning  Physics  ideally  appeals  to  students  because  it  describes  the  phenomena  of  nature.  

Natural phenomena are packaged in the form of facts, concepts, principles, and laws in physics learning. 

The truth of a concept needs to be tested by performing observation and experimentation. The process of 

testing the truth or legal concept, then link it by the fact it takes thinking ability, attitude, and skills creatively. 

The creativity of the students in learning need to developed by giving discretion in finding information to 

troubleshoot the issue, disclose his thoughts and ideas freely. The selection of the model of instructional is one 

of the efforts to stimulate liveliness and creativity of the student so that he can learn better. Effective social 

interactions inquiry model used in physics learning to enhance the liveliness of the students (Andriani, 2011). 

Inquiry models is good for increasing students’ activity but less appropriate to increase students creativity 

learning.  Project Base Learning models with pear and self-assessment is also an effective learning to enhance 

the creativity and student activities (Yunianta, 2012), but in the study increased creativity tested with N-gain 

belongs to a low of less than 0.3. 

 

It’s important to choose an instructional models to improve students’ creativity. One of the 

instructional models that can be used to develop students ' creativity is synectic models. Synectic is a model that 

can be applied in all areas of the curriculum, either science or arts to enhance the creativity of both individually 

or in groups. Synectic will take students on a metaphorical mindset development efforts that are the foundation 

of creative thinking. Synectic models oriented problem solving skills, creative expression, empathy and 

insight in social relationships (Joyce, 2010). 

 

School as a formal institution is required to provide quality learning to the students. In this case, a 

teacher claimed plays an active role in creating effective teaching and learning. Learning will be effective if 

students are actively engaged in learning. Particularly to the study of physics, activity done found knowledge 

students will leave an impression and a learning experience that is easier to remember than passive students 

receive knowledge from a teacher. Until today, a physics lesson still considered a difficult and boring lessons 

and occupy the last position as the preferred choice of subjects by students. This is because the learning model 

does not vary. Learning designed teacher-centered, where teachers present the learning methods of lectures and 

students just see and listen to it. It is similar with the results of interviews with teachers of Physics in SMA 

Negeri 1 Babalan, District of Langkat. He said it's hard to teach physics by applying a model of learning. 
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While physics is taught with a method of group discussion, students were not able to discuss the concept of 

Physics in depth, so that physics is taught with a method of speaking engagements. The limitations of the 

tools in the laboratory has also become an obstacle in learning physics, making it difficult to conduct 

experiments. 

 

Results of the survey in SMA Negeri 1 Babalan, District of Langkat show that learning physics is done 

directly, teachers teaching methods lectures and occasional discussion groups. Students never did an 

experiment in the lab. Students do not actively seek and find their own knowledge, learning is saturating. 

Knowledge is only sourced from teachers and textbooks, students never could work up knowledge. Physics has 

always been the most difficult lessons to learn and have an impact on the results of the study are low 

anyway. Students solve difficult problems of Physics in everyday life are presented in the lesson. To resolve 

the above problem the learning model used must be able to develop student creativity. Synectic can be 

applied not only to development of a common creative power, but also for the development of responses 

creative on a variety of issues (Joyce, 2010). Strategic goals of synectic is solved and concept problems with 

new way to propose approaches personal as in the classroom. So synectic students are able to create new 

creations to solve their problems. 

 

METHODS 
The research was conducted in SMA Negeri 1 Babalan, District of Langkat grade X mathematics and 

natural sciences in second period (second semester) on February Academic Year 2013/2014. The population in 

this research consist of all the students grade X SMA Negeri 1 Babalan, District of Langkat period 2013/2014. 

The summary of population that consist of 4 parallel classes entirely 145 students. The sample in this research 

divide by two classes, namely control class and experiment class. The first class as experiment class applied 

synectic instructional models based mind on map and second class as control class applied synectic 

instructional models. This research consists of the 3 variables, namely independent variable, moderator 

variable and dependent variable. Independent variable is synectic instructional model, moderator variable is 

creativity and dependent variable in this research is students’ achievement. This research uses the quasy 

alphabets experiment (experiment of the artificial). According to Suryabrata (2008), artificial experiments aim 

to obtain information which is estimated for information that can be obtained with the actual experiment in 

circumstances which do not allow to control all the relevant variables. Research design in this research is 

Two Group Pretest-Postes Design. As for the research design ANAVA 2 x 2 shown in Table 1. 

 

Table 1. ANAVA Research Design 

    
To test the hypothesis of this research used analysis techniques data by analysis of variance (ANOVA) 

two tails (2 x 2 factorial design) with a significant level α = 0.05 or 5%. 

 

RESULTS AND DISCUSSION 

 

Results 
Description of the data on the results consists of cognitive learning and students’ creativity using 

learning synectic model-based mind map. Experimental classes scored an average of 17.29 and synectic 

learning model on the control class scored an average of 12.58. Testing done using SPSS 16.0 with t-test free 
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sample. Then both the data tested normality and homogeneity. The nomality test shown in Table 2. 

 

Table 2. The Normality Test 

Source: SPSS 16.0 output 

 
Based on Kolmogrof-Smirnov obtained value the significance of the results of experiment class is 

0.124. These results indicate that kolmogrof-smirnov is higher than 0.05, then the data on the experiment then 

data on the experiment class is normal distributed. Test equality of variances and the average value of Test 

of Homogeneity using variance pretes with spss 16.0 and the test results shown in Table 3. 

 

Table 3. Test of Variance Homogeneity 

 
Source: SPSS 16.0 output 

 

The test results in Table 3 shows the value of F for results learn 1.006 with significance 0.319. Based on 

the results, Fvalue < Ftable and significant count higher than α = 0.05, so can be concluded pretest data of control 

class and experimental class have the same variance or homogeneous. 

 

Table 4. ANOVA Statistics 
 

Source: SPSS 16.0 output 

Table 4 shows the results of a study based on the level of creativity in classroom experiments. Students 

with high creativity has an average of 15.50 achievement and the standard deviation of 1.72 and students with 

low creativity has an average achievement of 9.00 and a standard deviation of 1.83. Research of ANAVA 
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output can be seen in Table 5. 

 
Table 5. Output Calculation ANAVA 2 x 2 

Source: SPSS 16.0 output 

 

Based on table 4 calculation of ANAVA on significant class obtained significant results of 0.001 and 

it’s lower than α = 0.05. So, there are significant difference of students achievement who are taught through 

synectis instructional models based on mind map and synectic models. The significant results obtained 

studying creativity 0.001 and significant is significant lower than α = 0.05. So, students’ achievement who 

have high creativity are different than students’ achievement who have low creativity. The significant class * 

the level of creativity is 0.001 and lower than α = 0.05. So, there are interactions between synectis 

instructional models based on mind map and synectic models toward students creativity in physics . This can 

be seen in Figure 1. 

 

 
Figure 1. Interaction Models of Creativity 

Source: SPSS 16.0 Output 

 

From Figure 1. It can be seen the graph of the relationship between the instructional models and 

students achievement at higher and lower levels of creativity. There was a significant interaction between 

learning and creativity in the model affect physics students’ achievement. 

 

DISCUSSION 
 

The Influence of Synectic Instructional Model-Based Mind Map toward Physics Students Achievement 

Synectic learning models is one of a kind of instructional models which focus to involvement students 

to make various forms of activity of the metaphor in order to increase intelligence and developing the creativity 

of the students. Synectic instructional model helps students to be able to look at an issue not from one 

corner (Joyce, 2010). Students are invited to play imagines their own self into other people or imagine 

things that are close to them. The process of drafting the cognitive structure in the thought of students is 

carried out by the analogies existing problems with their situations close to the experience of the students. 

The distance between distant analogy problems of learning and the mind of the students can be bridged in the 
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learning process. They found the ideas of creative new ideas in cognitive structure of students that are relevant 

can improve student achievement. 

When learning, students enthusiastically perform experiments to prove personal analogy they have made 

before. Analogies are irrational became more rational with proof at trial, such as diving with analo gies goes 

into the cage, the cow gets into the cage then the smell of cow manure getting stabbed from all directions.  

Where the process of such metaphors found in common with concept of hydrostatic pressure, increasingly in 

the position of a point then the greater the perceived pressures and the pressures coming from all directions. 

Students feel the physics become closer and more real with proof-proof during the trial.. The process of 

metaphor as a personal analogy, made a direct analogy and conflict of the solid is done in a new atmosphere 

of learning in learning physics. Students do not feel that physics is merely recite the lesson and calculate which 

make them tired. There are other ways to make students learn physics knowledge that inspires students, not 

limited to knowledge of science and technology. The role of the social problems that are manifested in learning 

and students’ freedom to convey his thinking analogy make students forget that physics was scary as long as 

they feel. 

 

The use of mind maps also help students in doing the process of remembering. Analogy and 

experimental findings are poured in a more real graphics so that the students can visualize his thoughts. By 

using bright colors to make students interested in learning. The emergence of creative ideas students are also 

not apart of the exciting images poured in mind  map. These images are linked to each other through 

proof experiments and activities contained in the metaphor of synectic instructional models. 

 

The Influence of Creativity toward Physics Students Achievement 

In  the  study of creativity,  Munandar  (2009)  says  the  creativity  is  a  process  which  is  reflected  in  

the smoothness, suppleness or flexibility (versatility) and originality in thinking as well as the ability to 

elaborate on (develop, enrich and detail) of an idea. The environment is where individuals interact it can support 

the development of creativity where the creativity used to deal with the various problems that exist when 

interacting with their surroundings and search for various an alternative solution so that it can be achieved 

in strong adaptability. The students are said to learn if he is able to solve the problems he faced. Success in 

solving the problem of giving the impact on learning outcomes. Creativity in problem solving role, where the 

more creative a student then the variable is troubleshooting and impact on students achievement. 

 

The Interaction between Synectic Instructional Model-Based Mind Map and Creativity in 

Affecting Students Achievement 

At the time of learning, students are able to expose what is the rationale of the right against the 

requested analogy. Such analogies as pressure foot stepped on, because his legs had just trodden under foot by 

his friend. Open stance also makes one person can provide more than one analogy, Students are able to create a 

smooth with original ideas based on his experience. The selection of interesting images and colors when you 

create a mind map also be indicators that creativity takes an important role in supporting the results of the 

study. Images relating to the static fluid material such as a glass of water, a pitcher who is being spilled liquid 

in it, an open water tap and many other images. Similarly, the selection of colors are combined in charmingly 

beautiful unfinished as a form of elaboration that is original work of each student. With the support of the 

students creativity contained in the mind map synergy learning stages on the model synectic. Students are able 

to recommend to study the diversity that exists in the ocean floor is not the one having to do dives directly, but 

can be done by creating a virtual sea floor, so without diving we can see the seabed. The term ghost sea (on the 

concepts of physics is the pressure) which reflects the time of dives can be ignored. Creative ideas appear 

because the students creativity contained in the mind map to interact with the process of synectic instructional 

models metaphor. 

 

CONCLUSION 
Based on the results of data analysis and discussion it can be concluded that; 

a. Students who are taught with synectic instructional models -based mind map will get a better 

learning results compared to students taught with the synectic intsructional models. 

b. Students who have a high learning creativity will earn a better achievement than students with low 

learning creativity. There are interactions between model-based sinektik learning mind maps with 

creativity learned in influencing the result learned students. 
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ABSTRACT 

The idea of this teaching innovation is aimed to explore how the implementation of environmental 

education integrated science through the development of learning models Investigating, Evaluating 

Environmental Issues and action (IEEIA) a r e  expected able to build a good score for environmental 

literacy students (in this article were tested on middle school students, then disseminated to primary school 

year 6). The model constructions could be developed through a series of Research and Development 

became more widely with huge impact, even to realize a Green School. Teaching materials are arranged 

based on syntax of IEEIA (consisting of seven stages of learning) wh ic h is  developed specifically to 

accommodate all of the components of environmental literacy. Effectiveness was measured using a 

standard assessment, Middle School Environmental Literacy Survey (MSELS) and it  i s  equipped with 

other instrumentation such as questionnaires and observations at each stage of learning. The conclusion of 

the study shows that IEEIA model could "awake" the environmental awareness of students to not only "lip 

service" in an environmental ethic, but making them as agents to drive responsible on the environment in 

their communities, a n d  also fostering to create a climate of environmental awareness in school. 

 

Keyw ords: Environmental Education, Environmental Literacy, Teaching Material, IEEIA model, MSELS 

Instrument. 
 

INTRODUCTION 

 
Environmental issues are increasingly considered to be an emergency since human domination of the 

environment; it is exacerbated as technology advances (Oktem in Karatekin, 2012; Kostova & Vladimirova, 

2010). However, it is very difficult to solve the acute environmental problems without any public awareness to 

be involved and responsible. Therefore, it is a top priority of a number of countries to seek to arouse the 

concerns of the public, taking immediate steps to prevent environmental conditions that continue to decline 

through the role of environmental education (UNECE Strategy in Erdogan, Kostova, Marcinkowski, 2009; 

Yildiz, Sipahioglu, Yilmaz in Karatekin, 2012; Kostova & Vladimirova, 2010). 

 

Environmental education is actually a process that aims to improve the quality of life by empowering 

communities to solve and prevent environmental problems (US EPA, Unal & Dimiski in Karatekin, 2012). 

Therefore, environmental education must be considered important and need special attention in order to 

prepare citizens to participate in efforts to create a sustainable environment (UNECE Strategy in Erdogan, 

Kostova, Marcinkowski, 2009) and is expected to improve understanding, awareness, respect, the student's 

responsibility for the importance of the environment and the impact of human activity on the natural 

environment (Volk in Chu et al., 2007). 

 

The main goal of environmental education is to make students literate of the environment (Disinger & 

Roth, Hungerford, Peyton & Wilke, Iozzi, Leveault, Marcinkowski, Stapp, UNESCO in Negev et al., 

2008; Chu et al., 2007; Erdogan, Kostova, Marcinkowski,  2009). Environmental literacy is defined as 

working mechanism knowledge of natural environment, then the role of humans in it to preserve sustainable 

environments (Roth, Harvey, Orr in Krnel & Naglic, 2009; Erdogan, Kostova, Marcinkowski, 2009; 

Karatekin 2012) 

 

Regarding to this, Hungerford & Volk (1990) argued that environmental literacy has special 

characteristics, since environmental literacy serves as an assessment in environmental educat ion (Chu et 

al., 2007; Erdogan, Kostova, Marcinkowski, 2009). The environmental literacy of junior high school 
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students can be assessed using a special instrument called the Middle School Environmental Literacy Survey 

(MSELS). 

• In environmental literacy it encompasses the components; ecological knowledge, cognitive 

skills, attitude, and   "action"   or b e h a v i o r  (Simmons   in E r d o g a n , Kostova, Marcinkowski, 

2009). Hungerford & Volk (1990) explained it with the phrase "characteristic of citizens 

responsible towards environment", they are able to use their knowledge to determine and take 

appropriate action in environmental problems solving in society. 

 

• The curriculum approach that has an environmental literacy vision is generally inclusive 

integrated into science lessons (Chu et al., 2007; Erdogan, Kostova, Marcinkowski, 2009; 

Meagher, 2009; Krnel & Naglic, 2009; Meagher, 2009; Negev et al.,  2008), where Science is 

considered to be the basis knowledge of environmental education (Kostova & Vladimirova, 

2010). 

 

• Various obstacles that are often encountered in integrated environmental in science education 

are; only a small part of the science study. Lessons are very limited, exclusively discussed only 

in one chapter. So often less attention, it is difficult to realize the internalization of value in a 

sustainable manner. 

 

• Another problem, the integrated environmental education curriculum is less flexible, pegged to 

the book, is felt to put too much emphasis on the knowledge aspect, while other literacy 

dimensions, such as affective and behavior have not been touched (Negev et al., 2008). 

Environmental education ideally is also related to political, social and economic issues, but in 

science subjects these important issues are poorly discussed (Chu et al., 2007). 

 

• Environmental education programs have not provided opportunities for students to take active 

action (Chu et al., 2007). It remains to be criticized that environmental literacy lessons are putting 

too much a 'behavioral' aspect, that most student activities are organized top-down rather than 

meaningful learning (Krnel & Naglic, 2009).  This resulted in a failure to change the behavior of 

students, because it is based on the idea of "behaviorism". To change student behavior, teachers 

prepare strategies to change their thinking first, through decision making that develops critical 

thinking and competence to act (Krnel & Naglic, 2009). 

 

• Assessment provided only touches the cognitive domain.  Whereas for environmental educat ion, 

must also be assessed other dimensions, such as; thinking skills, attitudes and behavior. It is 

often reported that insufficient time achievement targets serve as a reason for teachers to 

communicate without innovation. 

 

• Another t h i n g  t h a t  s t i l l  n e g l e c t e d  i s  t he  i n v o l v e m e n t    of f a m i l i e s  a t  ho me  a n d  

c o m m u n i t y  environment to synergize in environmental education, whereas the component is 

very influential in building students' environmental literacy (Chu et al., 2007). 

 

• Moreover, the p r o b l e m    facing t h e  e n v i r o n m e n t    is a  s y s t e m ic , complex, broad-based   

issue encompassing e co no mic , social and environmental p i l l a r s  (ISSD, 2004).  However, 

cit ing the phrase "Global Thinking of Local Actions", is an interesting way to remind students that 

while environmental issues are faced with a global scope, the most effective ones are addressed at 

the individual or community level. The phrase also reinforces how important it is for students to 

examine their own behavior, understanding how individual actions affect global issues (Wood, 

1993). 

 

• Variables t h a t  influence environmental behavior has been examined by Hungerford & Volk 

(1990) it concluded that environmental attitudes, awareness and sensitivity as well as knowledge of 

environmental issues are important, but these variables are not the only key predictors of 

responsible environmental behavior. 
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• Further, Hungerford & Volk (Marcinkowski, 2001) developed an Investigating and Evaluating 

Environmental Issue and Action (IEEIA) model that offer a way for students to participate in 

environmental action processes. Because according to him, allegedly there are two main 

elements that are very important in the development of responsible citizenship on the 

environment, namely; (1) feelings of belonging, engaging in environmental issues, and (2) feeling 

"empowered" in trying to help overcome environmental problems, and both elements can be 

realized by this model (CISDE, 2012). 

 

• In environmental education the role of teacher in the class becomes very important because as 

educators we can have a life-long impact on students, by incorporating environmental education 

strategies into learning. Thus, the quality of the environment is directly related to student life. 

Creativity and innovation of teachers when determining teaching and learning strategies was 

investigated able to boost students' environmental literacy (Kostova & Vladimirova, 2010). 

 

• Therefore, it is necessary to combine selectively traditional and innovative learning through the 

use of the best approaches, knowledge and techniques (Wood, 1993). Based on these substantive 

theories, an innovational work was developed in the form of development environmental education 

model with manual book in the form of teaching materials, prepared based on the suitability of the 

special environmental literacy assessment, Middle School Environmental Literacy Survey (MSELS), 

with modification of instructional model of Investigating Environmental Issue and Action 

(IEEIA). This instructional can be used as a handbook for teachers in learning integrated 

environmental education science through the best method. 

 

• Integrated environmental education in science should be able to function as a democratic 

educational context that internalizes environmental caring values, empowers students and enables 

them to experience social responsibility. 

 

• To go to these targets, this paper explored how the development of IEEIA model is expected to 

build a good predicate for the students' environmental literacy. In addition, it is continuously 

developed how this IEEIA model becomes more practical and applicable, in a wider segment 

with greater impact. 

 
METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

 

 
Picture 1. Summary of Research Design 
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In this research design approach of Research and Development (R & D) with Four-D model 

development (Thiagarajan, Sammel, Sommel, 1974) is used. This model consists of 4 stages: 

 

The first stage is Define. This stage can be spelled out into several analysis points, including; 1) Front- 

end analysis, in this case IEEIA learning model was originally applied in a limited class of students SMPN 1 

Subang West Java, in the second semester. The effectiveness of this model is measured using MSELS-specific   

environmental literacy assessments, assessment of worksheet on each learning syntax, and judging on the 

student's environmental action presentation.  After that it was attempted on the classes in parallel, with a 

similar assessment.  Then it was applied to whole classes in school, but with more simple assessment, only 

environmental action (keep using IEEIA rules). Then researchers tried it to be implemented at elementary 

schools in Subang Regency, through the IEEIA environmental action assessment. 2) Learner analysis, the 

students that involved in the first time of the research are from 1st grader which consists of 7 students (from 

fast learner class). Then it was applied to the whole class 7. After that, it was applied to the entire class (7, 8, 

and 9), and it was tried in elementary school students Subang Regency. 3) Task Analysis, compiled a series of 

student tasks each step IEEIA syntax in the form of worksheets following the rubric assessment. Created 

worksheets are always connected in parallel with indicators of learning in the national curriculum as well as 

indicators of environmental literacy items (MSELS). 4) Concept analysis, on the material "The Role of 

Humans on the Environment", through the analysis concepts which contained in Cambridge’s literature (Kwan 

& Lam, 2007).  5)  Specifying instructional objectives Literacy of the environment is not only built from the 

components of knowledge, but also the cognitive, affective, and environmentally responsible behaviors. 

Therefore, the IEEIA model is proven in accommodating each of these components. 

 

The second stage is Design. Some designs that must be prepared to each other; 1) Construction of 

criterion-referenced test, for evaluation tools selected MSELS because it is an evaluation suggested by experts 

in assessing environmental   literacy that refers to the Simmons framework (four components of environmental 

literacy) (Negev et al., 2008; Chu et al. 2007). This form of criteria is available to audiences at their level, 

which is reserved for middle school students. MSELS scores constrict on environmental literacy status 

(low, medium, high). MSELS adaptation was tested after the IEEIA model treatment. But it is also 

supported by other instrument, such as the rubric of environmental action assessment.  2) Media selection, 

selected media in the form of multimedia, which is able to inspire students rationally and emotionally about 

the facts of the phenomenon of environmental damage caused by human activities.  3)  Format selection, 4) 

Detailed learning scenario, describe how the learning process will take place in the classroom.  5)  Resource- 

management formats, provided interesting handouts for students, containing environmental issues, are also 

enriched with the text of the Earth Charter.  Students are very open to go around in investigating issues in the 

surrounding environment 6) Mastery-learning formats; students are given the flexibility to take the theme of 

environmental action according to their interests, the opportunity to evaluate themselves in daily journals. 7) 

Self-Instructional print formats, students are given independent tasks to read news on environmental issues 

listed on the newspaper, and trained to understand, interpret the value contained, and find the most 

appropriate   solution.  8)  Self- Instructional Multimedia formats, prepared modules in the form of 

PowerPoint slides that ask students to investigate environmental issues, then ask for physical evidence in the 

form of PowerPoint billing formats, or videos, blogs, even YouTube. 9) Formats for small-group learning, in 

IEEIA model, students also often work in small groups, they try to choose environmental action projects, and 

then they are asked to present them. 10) Computer-based formats, teacher replacement computer systems 

which is not conducted in this study. 

 

Third stage is Develop. At this stage the developments are carried out: 1) Expert appraisal, the most 

direct impact with students is the District Environmental Agency (DLH) Subang as a judge in the assessment 

of environmental action students from the beginning of IEEIA implementation, as well as a great appreciation 

of the agency plus an award from the regional head (Bupati). 2) Development testing, experts are involved, 

including to validate the instrument, concept analysis, discourse analysis. 

 

The fourth stage is Disseminate.  

1) Summative evaluation, selected evaluation design that allows to be applied to the model of learning 

with a wider coverage, in the form of rubric assessment of environmental action that still pay 

attention to the signs in the components of environmental literacy.  

2) Final packaging, the whole apek supporting learning is recorded in a teaching material that 

cultivated in an ISBN book, so that it can be disseminated in a more comfortable with scientific 

ethics. 
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3) Diffusion, promoted the momentum of environmental action, began inviting elementary school 

teachers to be facilitated in a dissemination forum of the IEEIA environment learning model, then 

invited to participate in the district-level environmental action competition, rather producing 

butterfly effect. 

 

The operational definition of the environmental literacy components can be described as follows: 

a. Environmental education is the field of education to realize people who have the knowledge, 

awareness, and skills to play an active role in preserving and improving the quality of the 

environment (Law No.23 of 1997). 

b. Teaching Materials is a technical reference to teaching students.  Included in it; competency 

standards, assessment   analysis, macro/micro   structure, learning   scenarios, student handouts, 

worksheet along with assessment rubrics, and evaluation instruments. 

c. The Middle School Environmental Literacy Survey (MSELS), a special instrument recommended 

by experts in assessing environmental literacy, refers to the criteria of the Simmons framework 

(Negev et al., 2008; Chu et al., 2007). It is designed for middle school students which have been 

adjusted to the child's developmental level, tested for its validity and reliability. However, it still 

involves expert consideration to fit the language, local environmental and cultural context (Chu et 

al., 2007). 

d. Knowledge of ecology, is a knowledge and understanding of important concepts in ecology, 

principles and theories about how environmental systems work and their interactions with social 

systems. 

e. Cognitive skills, is the ability to analyze, synthesize and evaluate information on environmental 

issues or other issues. 

f. An environmental affective, a factor in the individual that reflects the interpersonal level and the 

tendency of action to the problem or environmental issues. 

g. Actions of behavior or responsible for the environment, including active participation in 

environmental problem solving, as well as other environmentally responsible actions such as; action 

consumption, environmental management, legal action, persuasive, and political action. (Krnel & 

Naglic, 2009; Negev et al., 2008; Karatekin, 2012; Kostova & Vladimirova, 2010; Chu et al., 2007; 

Erdogan, Kostova, Marcinkowski, 2009). 

 

RESULT AND DISCUSSION 

 

Analysis of MSELS Score Results 

The researchers focused on measuring the environmental literacy of junior high school students using 

the Middle School Environmental Literacy Survey (MSELS) standard assessment. Measurement of students' 

environmental literacy is done after the treatment (posttest). The assumption, the environmental literacy 

score that occurs during posttest can be a parameter to the effectiveness of IEEIA learning. To determine 

the level of students’ environmental l i t e r ac y, MSELS test results should first be classified into the units 

of components (Ecological Knowledge, Cognitive Skills, Affective, and Environmental Responsible 

Behavior). After that, the scores obtained can be categorized into the level of environmental literacy; 

high, medium or low (NAAEE, 2011). The composition of scores for each component of environmental 

literacy is expressed in Table 1 below: 
 

Table 1. MSELS Score Composition Each Component of Environmental 

Literacy 

 
Environmental Literacy 

Components 

Range Score Average 

(n=28) 

Categor

y Ecological Knowledge 
0-60 

51,81 High 

-   Basic of Ecology   

Environmental Affective 
12-60 

43,65 Medium 

-   Sensitivity towards Environment 

-   Feeling about the Environment 

-   Verbal Commitment 

 

Cognitive Skills 0-60 
44, 56 High
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-   Identification Issue. 

 
Environmental Literacy Components Range Score Average (n=28)

 Category 

-   Analysis Issue 

-   Action Plan 

 

Behavioral Responsibility towards Environment 12-60 
43, 68 Medium

 

-   Actual Commitment 

 
 

Total Score for Environment Literacy 
24-240183, 69 High 

 

 

 

For each component is given a range of scores and categorizations. For Ecological Knowledge and 

Cognitive Skills score, Low category = 0-20, Medium = 21-40, and High = 41-60; for Environmental 

Affective and Behavioral scores, Low category = 12-27, Medium = 28-44, and High = 45-60; while for 

Environmental Literacy Level (total score of all four components), Low = 24-96, Medium = 97-168, and 

Height = 169-240. 

 

An analysis result of the students' literacy scores obtained from each of the constituent components, as 

follows: 

 

Ecology Knowledge Component 

The Ecology Knowledge Component composed of the Ecology Basics section variable results in a 

high category. This high score is suspected because some environmental concepts have been studied by 

previous students in Ecosystem Chapters. Concerning this, the IEEIA model is in line with the BSNP 

curriculum, which cites the statement that: 

 

"In initiating the IEEIA learning model, students are assumed to have knowledge of basic ecological 

conceptual prerequisites, such as; components in ecosystems, interactions in ecosystems, population 

dynamics "(Hungerford & Volk, 1990). 

 
This success is strongly supported by special teaching materials that have been designed in accordance 

with indicators about the MSELS section of Ecology Basics which amounted to 17 items about. Design of 

IEEIA teaching material scenarios prepared for the first stage; Introduction of Environmental Issues/Issues, 

not only to the point of addressing environmental issues, but rather systematically packaged into apperception 

of ecological material related to popular environmental issues, and facilitated when there is still miss 

conception. The issues raised are also deliberately designed in relation to the goal learning assessment.

Cognitive Skills Components. 

 

The resulting cognitive skill component is in the high category. This component is incorporated into the 

question variable; Identification Issue, Analysis Issue, and Action Plan. Data related to table 1. is 

communicated in the form of graph percentage for the components of Cognitive Skills component variable, 

presented in Picture 2. below: 

 
Picture 2. Comparison of Composite Scores on Cognitive Skills Components 

 

The graph can be contrasting the acquisition of the Cognitive Skills component variable. It appears that 

in the Identification Issues are still low, this can be understood when the IEEIA learning process at the stage 
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of Problem Identification and Environmental Issues in the classroom. On that stage, each student is instructed 

to identify the environmental issues listed in the newspaper. It was revealed that, only a few students were 

eloquent in recording data from articles, or in other words identifying issues.  In general, students experience   

confusion after reading the article.  In this case, the environmental literacy is closely related to the literacy 

ability of reading (Hungerford & Volk in Cisde, 2012), that's why the IEEIA in this study has not been able to 

push up the test results for theIssue Identification variable significantly.  

 

However, on the variable Analysis Issue, the scores are very high. On that stage, students are asked to 

explore the meaning of the value contained in articles on environmental issues. The method is considered 

successful enough to train students' Issue Analysis. 

 

For variables about the Plan of Action, when considered the form is quite unique; which consists of 68-

75 items, each item contains a statement of action strategies, which in story is used to save the land 

(environment). The guidance states that students are only allowed to choose two strategies of action that they 

think is best. 

 

In theory, a good action plan requires an action strategy that can meet several criteria, including; "Aims 

to realize good Human Resources and Natural Resources; Competent in obtaining facts and values; The 

principle of fairness in processes and outcomes; Optimistic about people's strengths, not their weaknesses; 

Opening opportunities for learning and considering efficiency "(Dietz, 2003). But in the implementation of 

IEEIA learning in the classroom, it seems that the motivation to the students in the form of "start from self", 

or "small thing big impact" is very strong, so the students choose less efficient plan of action. This is the 

material of evaluation, that for IEEIA learning in the future, to emphasize students do smart act in finding 

solutions related to the environment by upholding the prin

ciples of the best action strategy criteria. 

 

Environmental Affective Components 

Affective components obtained by students are in moderate category. This component consists of 

variable part questions; how do you think about your environment, you and environmental sensitivity, and 

how you feel about the environment. Picture 3 describes the variable about the component of the Affective 

Environment. 

 
 

The low score in the Environmental Sens it ivit y section related to the shape of question.  In the 

guidance of the matter explained that, sensitive to the environment means to have positive feelings towards 

t h e  env ir o nme nt .  But o f t he e le ve nt h  i t e m  nu mb e r  o f  quest ions f o r  E nv ir o nment a l  

Sensitivity, s ix  of them are represented by questions about  how often students doing outdoor activities, 

such as; fishing, hiking, camping, and bird watching. Revealed in class discussions, these habits are rarely 

done students for several reasons, such as; few are involved in the scouting, time spent on private lesson 

and schoolwork, p a r e nt s  are less supportive, and  issues of interest or disinterest. 

 

But there is unexpected thing when finding data about the section How You Think About the 

Environment, the category score is not very satisfactory.  After being traced, researchers found an amazing 

thing. For students, environmental issues are often encountered in their daily life, whether delivered in 

school, or through electronic media, in this case they just know it but they have not done anything related to 

it. When they were examined using the worksheet “Water and Electricity Daily Usage Survey “, the 

conclusion is students realize that the determination to save resources, was not that easy to do. It affects the 
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score of the part of your Thoughts about the Environment. Students are aware that their thinking has felt that 

they have been saving water and electricity very often, but once recorded in the diary, it is ‘not that often’. 

 

In this case, the IEEIA learning process has an important role to "awaken” the awareness that 

students' thought to save environment has been limited to lip service. The discourse is worthy of material 

for brainstorming. This awakening of environmental awareness i s  the main point of IEEIA's success in the 

Affective Environment component, isn’t it? 

For other variables, brilliant results appear in the How Your Sides to the Environment section. After the 

IEEIA implementation, this love grew 97.1%. This feeling of love for the environment is recognized as one 

of the important variables in improving students' environmental literacy. 

 

Environmentally Responsible Components 

The fourth component, Responsible for the Environment, is the culmination of the behavior change 

model developed by IEEIA, the score is 72.80%. Important point, IEEIA inspires students' goodwill to 

ethicize the environment in real terms. So, the change in student standards is the cause of less satisfactory 

results of the score, not the essence of responsible behavior itself. Because the inner part of the students 

after this lesson is no longer just a lip service in saving environmental action, it gives rise to "intentions" 

born from the feeling of "Yes, I can!” As expressed by the developers, Hungerford & Volk (1990) 

concluded that in addition   to   environmental   attitudes, awareness   and   sensitivity   as   well   as   

knowledge   of environmental issues is the key predictors of responsible environmental behavior. 

Environmental education must also go beyond awareness and knowledge to include variables "sense of 

belonging" and "power". 

 
The results of the analysis are supported by a series of data when the observations were conducted, 

including the results of the Environmental Questionnaire which, in writing, the students stated "their beliefs" 

have done something for the environment, for example by writing the words "I have planted, sorting waste," 

"I can use bikes, water "," I can turn off the lights when not in use ". So, this is the real action of the 

Responsible to the Environment component grown through the IEEIA. Particularly for this component, the 

IEEIA model not only tries to build responsiveness to individual student environments, but creates superior 

individuals who are able to inspire their community to care for the environment, through the Stages of 

Environmental Action learning. For the results and the pro cess , m a n y  a d u l t s  c a n no t  imag ine , 

s e v e n t h  g r a d e r s  a r e  ab le  t o  perfo rm s p e c t a c u l a r  environmental action movements that can 

inspire colleagues, as well as the surrounding community environment. Does not this mean the most 

important key in measuring environmental responsibility? 

 
As for the acquisition of collected non- test results through observation records during the seven 

stages of IEEIA study a r e  referring to the rubric of worksheet assessment and Environmental Action and 

it indicates that the students obtain very satisfactory results for each component of environmental literacy, 

including affective and responsible behaviors. This indicates that MSELS instruments in the form of 

written tests still have weaknesses in photographing real aspects of student attitudes and behavior. This 

indicates that authentic instrumentation is mo r e  required in addition to the use of written tests such as 

MSELS, in capturing students' attitudes and behaviors. 

 

Student Learning Experience in Environmental Action 

The climax of the overall learning stage of Investigating, Evaluating Environmental Issues and Action 

(IEEIA) is an Action-caring environment. A series of previous syntax stages, namely; Introduction of 

Environmental Investigation Strategy, Collecting Data, Interpreting Data, Investigating Environmental Issues, 

and Developing Action Plans. 

After going through the whole stages, they arrived at the final stage, the Environmental Action. At this 

stage, students are encouraged to become capable of changing to their communities. Therefore, it is necessary 

to prepare special “ammunition for being given to students of the Earth Charter which contains treaties of 

human species throughout the world to guard the Planet. In order to develop a deep impression, the principles 

in the Earth Charter, which are the foundation of the Action, will take “Guided through Worksheet "Earth 

Charter"”. At the Environmental Action stage, students are part of the solution to environmental issues by 

taking a concrete action. 

 

Environmental Action Plan is guided through worksheet "Action Plan and Doing Action". In Action 

plans, students are offered several possible project options, or some students propose ideas in which they are 

inspired from other schools that are champions of the national environment. But creatively students are able 
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independently with their various ways, in doing something for the environment. This style is contained in 

the theme raised by each group in the Environmental Action, as shown in Table 1. 

 

 

 

 

 

 

 
Table 1. The Theme of Environmental Action 

 

After performing Environmental Action independently, students are enthusiastically preparing the 

documentation result to be used as a report on Power Point Slides, accompanied by Poster Environment in 

Presentation Action, which is held to welcome World Environment Day. Because the activity of the 

Presentation of Action was designed to be quite grand by involving the school's external elements (Regional 

Environment Department/ DLH) as the judge of Presentation Action. 

 

The Environmental Action Activities emphasize the development of "character". Presentation of 

activities  aimed  at;  (1)  Increasing  students'  appreciation   of  the  environment,   (2)  Increasing awareness 

of junior high school students in advance protecting the environment, (3) fostering the curiosity, creativity 

and innovation of adolescents through environmental care activities, (4) become a community of 

environmentalists, (5) Develop a healthy competitive atmosphere in the field of environment, (6) Develop an 

academic climate to enhance students' creativity, (7) Develop scientific communication skills. 

 

With all efforts and hard work of students in implementing Environmental Action and Presentation of 

Action, they should get the appreciation as a form of 'celebration'. It was awarded a charter from the Head of 

Subang Regent to all students involved in the Environmental Action in the Investigating, Evaluating, 

Environmental Issue and Action (IEEIA) program, as well as some souvenirs and gifts for the best group in 

action presentation. 

 

Dissemination 

 Aksi Lingkungan 
Clean and Honest Toilet Spenza 

Planting Chili community 

School Trash Bank 

Educate Elementary School Students to 

Plant 

Tree Action at School 
Creating Blogs for the Environment 

Care 
Creating Fans Page "Save Our Earth" 

in Face 

Book 
Fundraising for Tree-Planting Action 

in 

Schools 

Uploading the "Love of the 

Environment" Poem to Youtube 

Planting House Medicinal Plants 

(TOGA) in 

School Environment 
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The change that occurs after achieving success for IEEIA class-level implementation, is the emergence 

of environmental love ripples.  This condition requires further reinforcement, disseminating IEEIA on the 

school level. To facilitate this, with all the limitations that exist, both in terms of teachers and the time 

required, and then made some modifications. With the same reference- the IEEIA model was transformed into 

an Inter-Class Environment Action Competition. 

The students' enthusiasm is very high, simultaneously they move to do anything for the environment, 

and this grassroots movement of energy is also felt by teachers and principals. Environmental values are so 

internalized; they speak up, take initiative, and act creatively. This synergy makes the school climate so 

echoed "care for the environment", which delivers the school achieved the title of Environmental Culture 

School (Adiwiyata) at the City, Provincial, to National level. The Adiwiyata Program is an assessment and 

appreciation for environmental education which criteria of assessment is done comprehensively (Regulation 

of the Minister of Environment of the Republic Indonesia, 2013). 

 

In addition to Adiwiyata School, thanks to the 'spirit of the environment' owned, the school is also 

appreciated as a Healthy School. The student environmental activist was appointed as the champion of 

Sanitation Ambassadors at the Provincial level, receiving the West Java Governor's award. Today schools 

have a culture of Trash Bank, Biopori, Certified Healthy Cafeteria, Green House, Composter by LIPI 

technology, Dry Composter in each class, cycling students appreciate and ride public transport, utilizing 

secondhand water, students campaigning on merchants not to use Styrofoam, toilets cleaned and self-

managed by students. How amazing. 

 

This success brings a great responsibility. They’re wriggled in his hand to jump out, spread. In later 

years, IEEIA dissemination was conducted to primary school teachers throughout the District. To encourage 

its implementation, there was an Environmental Action Competition for elementary school in Subang 

Regency, hoping that there would be a wide impact butterfly effect, moving many people to love the 

environment from the very beginning. 

 

 

 

CONCLUSION 

The development of the Investigating, Evaluating Environmental Issues and Action (IEEIA) model is 

considered capable of growing students' environmental literacy, which is the highest goal of environmental 

education programs. 

 

IEEIA can accommodate all components of environmental literacy, with a unique syntax consisting of 

seven learning stages systematically; highly compatible with environmental standard literacy assessment, the 

Middle School Environmental Literacy Survey (MSELS) such as key-and-lock key is the best option right 

now for literacy environment. The IEEIA learning effectiveness parameters were measured using test assays 

(MSELS) and non-test (Environmental Questionnaire, Worksheet- Rubric Assessment, and Environmental 

Action Presentation). For range of environmental literacy, it was scored 0-240, after implementation of IEEIA 

model the score is 183,69 which is categorized as high score. However, MSELS instruments in the form of 

written tests still have weaknesses in capturing real aspects of student attitudes and behaviors that should be 

sustained by other behavioral observations. 

 

The learning of the Investigating, Evaluating Environmental Issues and Action (IEEIA) model conforms 

to the demands of national education objectives, offering a way that enables students to participate in 

environmental action that processes to be the best option right now to educate students about the 

environment. Although IEEIA is not perfect, IEEIA is considered able to "lighten" the students' 

environmental awareness to not just "lip service" in ethical environment, but at the same time do real action is 

responsible for the environment, not only individually but also to move responsibility in the community 

where they are able to advocate local public policy about the destruction of the surrounding environment, 

which leads to social movements.  The IEEIA model can be developed flexibly to be practically applied to 

cross the curriculum with considerable impact in arousing students' environmental awareness.  
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ABSTRACT 

The learning process in Indonesian schools that commonly still focused the result of learning towards 

knowledge and had not yet pushed students’ potentials towards creating contextual work, individually as well as 

in a group to create work based on solving problems. The aim of this research is the emergence of an 

instructional model that provide students with high value tasks that foster rigorous subject matter engagement, 

by engaging students in authentic tasks result in specific learning essentials in the current standart-based 

educational model, while connecting K-12 by adopting STEM PBL Education. As for the benefits, this 

research will form students who are creative in utilizing Indonesian biodiversity to solve problems within the 

community. Post learning process, the Seven-step EDP has succeeded in guiding the students to more and 

deeper literation so that they can build their project well and present their work in a beautiful and elegant 

way. The result shows that the students’ knowledge on the growing advantage of Indonesian biodiversity at 

the average of 2 points (on 1 to 10 scale) after being tested ‘t’. 21st century skills aspects can be elevated, 

such as Critical thinking at 82,1%; Collaboration at 92,9%; Creation at 71,4%; Communication at 96,4% and it 

is liked by the students 100%. 

 
Keywords: Seven-step EDP, STEM PBL, Urslic Acid, Ocinum Sanctum, Indonesian Biodivesity 

 

INTRODUCTION 
In 2015, the quality of education in Indonesia was still placed within the 10 countries with the lowest 

quality of education, this rank was taken from the Global School Ranking. This could have been caused by the 

teachings in Indonesian schools that commonly still focused the result of learning towards knowledge and 

had not yet pushed students’ potentials towards creating contextual work, individually as well as in a group 

to create work based on solving problems (Psychology Binus, 2017; IK Sudarsana, 2016; M.Hidayat, 2011). 

 

Teachings through said method has also been also applied to teachings pertaining to the benefits of 

Indonesian biodiversity. Even though Indonesia, with its floral diversity, is home to many plants nutritious 

for the body. These plants, of course, need proper processing in order to be consumable and absorbable by the 

body, an example is the Tulsi plant/Holy Basil (Ocimum sanctum).  Tulsi  (Ocimum  sanctum)  is  known  to  

hold  many  benefits  that  is  to  say  as  an antioxidant, antithyroid, antimycotic, antibacterial and anti-stress 

(Marc Maurice Cohen. 2014). 

 

On the other hand, teachings that correspond with the current needs are teachings that equip students with 

the ability to solve various contextual problems so that they are able to survive well in the 21st century. The 

teachings of now have to be able to equip students with capabilities needed to face the 21st century, such as 

critical thinking, collaboration, creation, communication, which can be reached if teachings were holistic and 

enjoyable for instance by adopting STEM PBL Education into K-12 Class. 

 

As the pressures build and the pressure from external constituents force schools to relegate good teaching 

to the back burner while putting testing for accountability front and center, there must be an instructional model 

that provides students with high value tasks that foster rigorous subject matter engagement. We define 

STEM PBL as an ill-defined task within a well-defined outcome situated with a contextually rich task 

requiring students to solve several problems which when considered in their entirety showcase student 
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mastery of several concepts of various STEM subjects. 

Based on this, we are interested in conducting an assessment concerning teachings which adopt STEM 

PBL into the topic of Indonesian biodiversity utilization and application as well as the creation of a work 

able to become a solution to a societal problem present within a community due to the increased pressures of 

life (stress). This activity constitutes as a project-based learning process done by students with teachers 

functioning only as facilitators. 

 

The aim of this research is the emergence of an instructional model that provide students with high 

value tasks that foster rigorous subject matter engagement, by engaging students in authentic tasks result in 

specific learning essentials in the current standart-based educational model, while connecting K-12 and post-

secondary education and addressing the future workplace learning needs. As for the benefits, this research will 

form students who are creative in utilizing Indonesian biodiversity to solve problems within the community. 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

Implementation and design of Learning by using Seven-step Design Process 
When learning the advantage of Indonesian biodiversity, students are given a question on the benefits 

of Indonesian biodiversity for Life. The number of students able to answer is observed. Teachers then 

dig into the student’s knowledge concerning various benefits of Indonesian biodiversity. Students are 

given motivation on the material to be learnt. From there on, these steps are taken: students are grouped 

into several small groups consisting of 4-5 people. Students are then asked to search for real benefits of 

Indonesian biodiversity used to solve problems within the community, teachers act as facilitators using 

the Seven-step Engineering Design Process (James R. Morgan, et all,.2013 ( see fig.1)).  

 

The engineering design process is a series of steps that guides engineering teams as we solve 

problems. The design process is iterative, meaning that we repeat the steps as many times as needed, 

making improvements along the way as we learn from failure and uncover new design possibilities to 

arrive at great solutions. Overarching themes of the engineering design process are teamwork and 

design.  Strengthen  our  students’  understanding  of open-ended design  as encourage them to work 

together to brainstorm new ideas, apply science and math concepts, test prototypes and analyze data and 

aim for creativity and practicality in their solutions. Project- based learning engages learners of all ages-

and fosters STEM literacy. The design process applies to problems big and small, global, local and 

personal. Remember, it is important for student to DO engineering, not just talk about the steps of the 

process. Make sure we include some hands-on fun! 

 

Step 1: Identify Problem and Constraints 

Although this task may seem minor, it is actually of great importance. By identifying the problem, 

engineers clearly and concisely describe the goal of the planned design work. This provides an 

opportunity for all In addition to defining the design goal, the team needs to identify all. 
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Picture 1. The Frame of Thinking 

 

Appropriate constraints and criteria. Constraints are limitations, such as time and supplies. Criteria are 

desirable characteristics of the final product, such as: 

• Is there a currently concerning problem needing to be solved in the community? 

Take for example a situation discovered by a group of students of an increase in cases of stress. 

• What plan could be used to overcome this problem? 

 

To handle these cases of stress, the group of students discovered the Holy Basil/Tulsi (Ocinum Sanctum) as 

the best solution to the mentioned problem compared to chocolates, raspberries, etc. 

 

It is important to note that constraints are either met or not met, while criteria can be judged and used to 

compare numerous project ideas. 
 

 
Picture 2. Students are grouped into several small groups then asked to search for real advantage of Indonesian 

biodiversity used to solve problems within the community 

 

Step 2: Research 

 

Background research provides information necessary to formulate and critically analyze design ideas. It 

is most efficient for engineers to investigate prior work on the specific topic of their design in an attempt 

to avoid duplicating effort. Finally, environmental issues related to the project  must  be researched  so  

negative  effects  can  be  minimized. In understanding  these properties,  engineers  often  rely  on  design 

and  implementation  of  experiments  followed  by analysis of collected data. The selection of materials is key 

for satisfying project constraints, such as: 

• The availability of the Ocinum Sanctum plant. 

• Nutrient  content  endurance towards  heat,  to  be  researched  when  choosing basic  material 

commodities. 

• Shipping processes and fees, negotiated bulk pricing, reliability. 

All need to be investigated when selecting a basic ingredients. 

 

  
Picture 3. Investigated when selecting a basic ingredients. 

 

Step 3: Ideate 

 

Effective design involves the generation of multiple solution ideas, and creativity is an essential part of 
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this process. To this end, design engineers often employ brainstorming techniques. Brainstorming is 

particularly useful for attacking specific (rather than general) problems and where a collection of good, 

fresh, new ideas is needed. Therefore, brainstorming techniques should be used to develop a thorough list of 

ideas for solving the problem and to identify all risks and benefits associated with each idea. 

 

Through brainstorming, a group of students discovered that Ocinum Sanctum contain ursolat acid that 

can become a Basic Material Adaptogenic Agent in Tranquilizer Herbal Candies to relieving stress. 

 

Step 4: Analyze Ideas 

After preliminary ideas have been identified during the Ideation step, they need to be refined and more 

fully developed. Engineering applies math, science and technology principles for this purpose.  The 

results of these models must be analyzed within the context of the project criteria and constraints in order to 

identify the viable alternatives, so that the design efforts may be concentrated in refining and improving 

those options. Engineering requires students to grapple with complex systems. Engineering design does not 

address a single correct answer; rather it aims to identify the best solution out of several possibilities. 

 

In this step, the group of students obtained an analysis on the utilization of Ursolic acid in Ocinum 

Sanctum leaves as the basic material for Tranquilizer Herbal Candies for Adaptogenic Agents in relieving 

stress. 

 

 

Step 5: Build 

After applying mathematics, science, and technology to fully develop the best design idea, an attempt 

at building a full-size working model, or prototype, should be undertaken. Materials, suppliers, and 

assembly processes must be finalized in order to build the prototype. Remember, products  are  not  always  

physical.  For  example,  the  goal  of  a  project  may  be  to  define  a new process. The Build phase is still 

applicable, as processes need to be built and tested as well. 

 

At this stage, students did an experiment on the making of herbal candy, keeping in mind that the recipe 

has to be created based on the available number of Ocinum Sanctum leaves as the basic ingredients, various 

concentrations of herbal candy based on the percentage of Ocinum Sanctum leaf extract used. What’s the most 

interesting is that they experienced trial and error in their effort to create their herbal candy. 

 
Picture 4. ‘Build’ their herbal candy 

 
Step 6: Test and Refine 

The prototype’s performance will be experimentally evaluated and tested under all possible 

conditions. For each evaluation, thorough documentation should be recorded, including predictions, testing 

conditions, observations, and results.  A common item of known size (so as to provide a sense of scale), the 

date,  Finally, during tests, teachers should ensure that detailed observation notes are recorded. After testing 

and observing a prototype, new information will be identified that may improve the design. At this point, it is 

important to go back to the start of the Ideation phase to brainstorm alterations, analyze and select an updated or 

alternative design, build a new prototype, retest, and refine again. 
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In this step, the students conducted a survey in order to know the level of organoleptics of their created 

herbal candy. They also conducted a lab test using Liebermann-Buchard’s test to detect the amount of Ursolat 

acid within the herbal candy. 

 
Picture 5. ‘Test’ their herbal candy, (a). Laboratory Test, (b). Organoleptik Survey 

 
Step 7: Communicate and Reflect 

Engineering design requires effective communication. Now, engineering problems require experience in 

at least four styles of communication: interpersonal, oral, visual and written. More importantly, this activity 

will improve metacognition, and thinking about thinking leads to deeper learning. 

 

 
 

Picture 6. They not only communicated the product of their project in front of their friends and school teachers but 

also in front The Judges of National Science Competition 
 

This part in particular is the peak of our happiness, as they not only communicated the product of their 

project in front of their friends and school teachers but also managed to present: 

 

Their research proposal in front of Indonesian Science Festival jurors, achieving the 2017 Bronze 

Certificate Award 
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Their research project in the Indonesian Science Projects Olympiad 2018, achieving the Silver medal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Picture 7. Achieving the Silver medal in the Indonesian Science Projects Olympiad 2018 

 

 

METHOD AND ANALYSIS OF LEARNING BY USING SEVEN-STEP DESIGN 

PROCESS 
The method used is a quantitative dominant - qualitative less dominant method (Creswell, 1998) with  the  

sampling  units  being  the  grade  10  students  of  Trinitas  Senior  High  School  year 2017/2018. A simple 

quantitative method is used when counting the number of chosen answers given by respondents towards 

questions on the questionnaire through tabulation and calculating the sum. Meanwhile, the qualitative method 

is used to analyse written answers given by responders, where a number of questions on the questionnaire are 

open and also give space for responders to state their opinion and perception on learning about the advantage 

of Indonesian biodiversity. Besides that, the researcher also has the opportunity to informally converse face-to- 

face with several respondents from Trinitas Senior High School in Bandung in order to further know about 

aforementioned learning. The analysis towards the learning effectiveness according to Subagyo (2000) using a 

simple statistical method, that is: 
 

 
 

Percentage result interpretation referring to a table developed by Arikunto (1998) as seen in Table 

1 below: 
Tabel 1. Value Interpretation (%) 

Value Effectiveness Value Interpretation Effectiveness 

80% - 100% High 

60% - 79,9% Sufficient 

40% - 59,9% Rather Low 

20% - 39,9% Low 

0% - 19,9% Very Low 
Source : Arikunto, 1998 

 

The Process of Making The Candy 
The process of making the candy has been carried out using principles, materials and simple equipment. 

Materials and tools required are: water, sugar, light corn syrup, thermometer, pot, spoon, measuring cup. A 
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measure which is used in the manufacture of candy is 25 ml of sugar, 100 ml of water and 37.5 ml of light 

corn syrup. If candy is mixed with extracts of the leaves of Ocimum sanctum extract then it will be made 

with water until it reaches 25 ml. As for the manufacturing process are: 

a. Stir in sugar and water into a pan on the stove that is already burning. 

b. Stir the sugar and water mixture continuously. 

c. After a while, enter the light corn syrup into a pan. 

d. Mix well, then wait up to a boil (it reaches a temperature of + 100 ° C) and the texture of a thick 

and sticky start candy. 

e. Pour the candy in liquid form to the top of the plastic and wait to cool and harden. 

 

Clear candy can be produced with a low moisture content and the addition of glucose syrup (light corn 

syrup) that will maintain a high viscosity. The temperature used to make the moisture content reaches 

approximately 3% is + 100°C resulting in low water content (1-3%), forming a supersaturated solution that 

produces non crystalline "glassy texture", which resembles a glass clear and hard texture and has a relative 

humidity below 30%. This causes tend to easily absorb moisture around it, so it requires packaging materials. 

 

Two problems that can occur on hard candy is sticknes and graining (crystallization). Stickness occurs 

because of the rising water levels on the candy so the candy is more hygroscopic. This problem can be 

overcomed by using sucrose and inverting sugar. But the ratio between sucrose and inverted sugar needs to be 

adjusted, due to errors ratio of both these materials can cause the graining or crystallization. Storage at  high 

temperature and RH can also cause problems of stickness and graining, because candy absorbs water, so 

RH storage should be kept so that no more than 45%. Hard candy is expected not to sticky or crystallized 

when received by consumers, then accuracy formulas and the controlling process is very important. Save time 

candy may reach 12 months, so that the game can be done realistically with the high quality of the candy and 

the price is relatively cheap (Faridah, 2008). 

 

The Determination of The Existence of Ocimum sanctum Compound Ursolic Acid 

According to Cardenas (2004), ursolic acid includes triterpenoid compounds, for which its existence 

can be tested by Liebermann-Bucchard method (1 drop of concentrated sulfuric acid and 3 drops of 

anhydrous acetic acid). In steroid / triterpenoid test, positive indicator is indicated by the formation of red for 

triterpenoid, blue, green or purple for steroid formation, and if positive both, red color will be changed with 

blue, green or purple. 

 

Test of the presence of ursolic acid in Ocimum sanctum can also be done by comparing pure ursolic acid 

dropped on chromatogram (paper plate) and reacted using vaniline-sulfuric acid, UV 254, and UV 366. The 

results obtained proved the presence of ursolic acid in leaves Tulsi (Ocimum sanctum) because of the similarity 

in the similarity of the substance of the substance when viewed in comparison with the result of the vanillin 

sulfuric reagent. 

 

Ocimum sanctum (Tulsi) Classification Ocimum sanctum 

 

 
Picture 8. Ocimum sanctum (Krishna Tulsi) 

Source: Alternative Medicine, Healthy Living, Wellness, (2016) 

 

Kingdom: Plantae 

Subkingdom: Tracheobionta Super 

Divisi: Spermatophyta 

Divisi: Magnoliophyta 

http://www.gorejuvenate.com/category/alternative-medicine/
http://www.gorejuvenate.com/category/healthy-living/
http://www.gorejuvenate.com/category/wellness/
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Kelas: Asteridae 

Ordo: Lamiales 

Famili: Lamiaceae 

Genus: Ocinum L 

Spesies: Ocimum sanctum 

 

Ocimum sanctum is a plant that is easy to grow anywhere such as plantations, fields, curb, and rice 

fields. This plant’s origin is from Indian subcontinent, then spread throughout Southeast Asia and it is 

cultivated. Tulsi was originally cultivated for the purposes of religious rituals, medications, and essential oils. 

The commonly known names for this plant other than Ocimum sanctum are Holy Basil, and Tulasi. Since 

hundred years ago, Tulsi plants were used in Ayurvedic medicine. In the treatment system, Tulsi plants are 

known as adaptogens, which are substrates that can control the balance of various metabolic processes and 

prevent stress. In addition Tulsi also has antibacterial properties, namely subtrates that can resist and kill 

bacteria. Ocimum sanctum or Tulsi is touted as a medicinal plant. Tulsi is also known as the "Queen of Herbs" 

because it is considered as the most sacred herbs ever found. Ocimum sanctum is an annual plant that grows 

crawling and flowering throughout the year. Plants will grow if the growth site of the land and the environment 

is suitable, it can even be a cover crop. 

 
Benefits of Ocimum sanctum 

Ocimum sanctum has a sharp and slightly bitter taste and has a functional curing nature because of the 

hundreds of phytochemical compounds present in it; such as antibiotics and antihelminthic (anti-worming), also 

support health in a variety of ways, including helping the body to adapt to stress, cleanse the blood, and relieve 

respiration (Maya Muchtar, 2016). 

 

Other Ocimum sanctum benefits include antioxidants, antiinflammation, insect repellent or insect repellent 

especially mosquitoes, treating various kinds of poisoning, influenza ("flu"), swine flu, diabetes, asthma, 

bronchitis, earache, headaches, abdominal pain, heart disease , fever, viral hepatitis,  malaria,  stress,  and  

tuberculosis. Tulsi leaf (Ocimum sanctum) is considered an adaptogen or anti-stress agent. Recent studies 

show that its leaves protect significantly against stress. Healthy people can chew 12 leaves of Tulsi, twice a 

day, to prevent stress. Ocimum s. has been shown to prevent changes in brain neurotransmitters showing a direct 

anti-stress effect in the central nervous system. Animal studies have shown that promoted dopaminergic 

activity soothes and stabilizes mood activity. One study found an increase in GABA neurotransmission 

activated by Ocimum s. to exert a normalizing effect on immune modulation. 

 

Like other adaptogens, Ocimum has been proved to prevent both humoral and cell-related stress 

responses, and the researchers demonstrated a soothing mechanism as an underlying contributor. Calming 

effects can also be extended to the blood vessels as Ocimum has proven to be both vasodilating and 

hypotensive. It shows a positive effect on cognitive abilities, and has a possible application for dementia. 

 

 

The Content of Chemical Compounds 

 
Picture 9. Ursolic Acid Strucutre, Formula: C30H48O3 (Source : ChemSpider, (2015)) 

 
 

 

 
 

 

Table 2. Chemicals Compound in Tulsi 

http://id.wikipedia.org/w/index.php?title=Centella&amp;action=edit&amp;redlink=1
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No Substance Composition 

1. Tanin 4,6% 

2. Linalool 48,4% 

3. 1,8-cineol 12,2% 

4. Eugenol 6,6 % 

5. Methyl cinnamate 6,2% 

6. α-cubebene 5,7% 

7. Caryophyllene 2,5% 

8. β-ocimene 2,1% 

9. α-farnesene 2,0% 
Source : IlmuKimia, (2016) 

 

Benefits of Ursolic Acid in Ocimum sanctum 

Ursolic acid expressed in the Tulsi plant (Ocimum sanctum) has antistress or anti-adaptogenic effects 

on humans. As one of the main elements of Tulsi leaf (Ocimum sanctum), Ursolic acid has been reported to 

have antifertility activity in mice that have been associated with antiestrogenic effects. It is possible that it can 

inhibit spermatogenesis in men and egg implantation in women. Tulsi leaf extract (Ocimum sanctum) is a 

potential adaptogenic agent to reduce muscle atrophy of the brain and make the nerves become relaxed. 

 

RESULT AND DISCUSSION 
Post learning using STEM PBL, there was an increase in the knowledge aspect with an average of 9.3. The 

students’ knowledge on the growing advantage of Indonesian Biodiversity increases at the average of 2 points 

(on 1 to 10 scale) after being tested ‘t’ (P Value = 2.02432E-18). As well as an increase in 21st century skills 

aspects, as such: 

 
Table 3: Result of Seven-step Engineering Design Process 

21st century skills aspects Percentage (%) Effectiveness Interpretation Effectiveness 

Critical thinking 82.1 82.1 High 

Collaboration 92.9 92.9 High 

Creation 71.4 71.4 Sufficient 

Communication 96.4 96.4 High 
Source : Primary Data, 2017 

 

For everyone to know, because the Seven-step Engineering Design Process was done, like it or not the 

design has succeeded in guiding the students to more and deeper literation so that they can build their 

project well and present their work in a beautiful and elegant way.This is due to the lessons using a seven-step 

design that have this happen: 

a. Provides students with high value tasks that foster rigorous subject matter engagement couse STEM 

PBL as an ill-defined task within a well-defined outcome situated with a contextually rich task 

requiring students to solve several problems which when considered in their entirety showcase 

student mastery of several concepts of various STEM subjects. 

b. Well-defined outcomes include clear expectations for learning connected to local, state, and 

national standards and clearly defined expectations and constraints for the completion of the task. 

c. Defined task allows students the freedom to interpret the problem, constraints, and criteria 

informed by their subject area knowledge to formulate diverse solutions that will meet the well-

defined outcome. 

d. Engage students in authentic tasks that result in specific learning essential in the current 

standards-based educational model, while connecting K-12 and post-secondary education and 

addressing the future workplace learning needs. 

e. The learning resulting from engineering fits well with accepted learning cycles and instructional models. 

One widely used instructional model is the BSCS 5E model (Bybee & Landes, 1988), which provides 

a structured sequence of learning steps. Table 4 summarizes the steps of the 5E model and ties them 
to steps in the engineering design process. This comparison also could be extended to the Science 

Curriculum Improvement Study learning cycle (Karplus & Their, 1967) or other models. Regardless of 
the model used, it is sufficient to say that engineering design enhances the learning process. 
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Description : +++ Contains many Triterpenoids ++ Contains enough Triterpenoids 

 + Contains Triterpenoids - Not detected 

 

Table 4. Alignment of 5E Model with Engineering Design Process 

5 E step Design Process step 

Engagement Identify problem and constraints 

Exploration Research; Ideate; Analyze ideas 

Explanation Research; Ideate; Analyze ideas 

Extension Build; Communicate 

Evaluation Test and refine; Reflect 
Source: (James R. Morgan, et all. 2013) 

 

Analysis of Existence of Ursolic Acid in Tranquilizer Herbal Candy 
The ursolic acid belongs to the class of pentacyclic triterpenoid compounds naturally found in most 

herbs and fruiting plants. Thus, the test for the presence of ursolic acid compounds in tranquilizer herbal candy 

with Tulsi leaf base material can be performed by Liebermann- Buchard test. As for Liebermann-Bucchard test 

result on Tulsi leaf (Ocimum sanctum) shown in the picture below. 

 

 
Picture 10. Liebermann Bucchard Test Result (Source: Primary Data, 2017) 

 

Seen from picture 10, Liebermann-Bucchard Liquids and Liebermann-Bucchard + Water Solutions are 

used as controls, light yellow. Tranquilizer herbal candy with original content shows light yellow color like 

control (Liebermann-Bucchard solution). Plate containing tranquilizer herbal candy (with 30% and 70% 

extract) + Liebermann-Bucchard solution, can be seen Liebermann-Bucchard solution reacts positively by 

showing a red-green color due to the presence of ursolic acid in tranquilizer herbal candy that looks like Ocimum 

sanctum extract color. 

 
Table 5:  Ursolic Acid Content Analysis in Tranquilizer Herbal Candy 

Criteria Herbal   Candy   + 

Liebermann- 

Bucchard solution 

Herbal Candy + 

Water 

Ocimum sanctum 

Extract + Liebermann- 

Bucchard solution 

Ocimum 

sanctum  Extract 

+ Water 

Color Red-Green Pseudo-Brown Red-Green Brown 

Total +++ - +++ - 

 

 

 

Based on the results of ursolic acid test, herbal candy from Ocimum sanctum is positively proved to 

contain ursolic acid compounds that are useful to reduce. Similarly, the positive Ocimum sanctum extract 

contains ursolic acid compounds that have similar function. This means that the content of ursolic acid is good 

for brain health and can be felt and benefited from herbal candies of Ocimum sanctum. In addition, the 

manufacture of candy with cooking does not eliminate the efficacy of Ocimum sanctum itself. Rather, the 

efficacy of Ocimum sanctum is packed to be more appealing to be consumed by all walks of life. In general, 

Ocimum sanctum serves as a heparoprotector that protects liver cells from various damages caused by toxins 

and harmful substances. 

 

CONCLUSION 
Discovery learning or problem solving is the best way to prepare our students for jobs that do not even 

exist today (Resnick, 1999).  As technology and problems evolve at an ever increasing pace, students need to 
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develop the skills to creatively apply fundamental principles to new challenges. Although knowledge of 

language arts, social studies, science, and mathematics have traditionally been the fundamentals of the 

Indonesian educational system, students in the 21st century require an  expanded  set  of  basic  skills  that  

emphasize thinking and  problem-solving. In particular, students must be able to connect knowledge and skills 

learned in one topic area to another topic area as well as make connections to real-life applications of that 

knowledge. Engineering PBL inherently addresses these needs, though it is complex in nature and spans 

multiple disciplines. The  design  process  provides  a  structure  for  approaching  complex  problems  while 

encouraging creativity in achieving project goals (James R. Morgan, et all. 2013). Projects are easily 

adaptable to meet the needs of different student populations by changing project criteria, constraints, and 

overall project duration. Students with diverse learning styles all benefit from the project, as different stages 

are more directly related to different learning styles. This allows students  to  operate  within  their  

comfort  zone  at  least  part  of  the  time  and  can  provide an environment that  allows  them  to  learn  

from  their  mistakes  safely.  The  questioning  and analytical elements of the process also serve as self-

assessments on the state of each student’s own learning and understanding. Additionally, projects emphasize 

21st century skills, such as teamwork, communication, and  problem-solving skills  that  will  be  important 

to  all  students regardless of their future educational or career goals. 
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ABSTRACT 

STEM  (science,  technology,  engineering  and  mathematics)  is  a  new  innovation  in  science learning. This 

integration aims to make science learning more meaningful and equip students with 21st century skills. 

Research conducted on basic competencies that are abstract is the human digestive system. Abstract 

teaching materials can not be shown directly to the students so that the required visualization media is 

LOCKEY (lock and key). The links S, T, E, M are as follows: technology is product of LOCKEY, engineering 

and mathematics used in designing different lock and key pairs to study the concept of science. LOCKEY 

props made from local wisdom are projects created by students in groups. The goal to be achieved in this 

learning innovation work is to know the improvement of creativity and student learning outcomes using 

LOCKEY props made from local potency in SMP Negeri 6 Sambas. The research method used is classroom 

action research. Based on data analysis, the average student creativity score increased from 63.73 in the first 

cycle to 85.00 in the second cycle. Student learning outcomes also increase, both aspects of knowledge, 

scientific attitude and skills aspect. The conclusion of this study gives meaning that the utilization of local 

wisdom in learning STEM in accordance with the demands of the times and can realize the achievement of 

national education goals that are characterized by Indonesia. 

 
Keywords: STEM, Teaching Aids LOCKEY, Local Wisdom 
 

 
 

INTRODUCTION 
Learning activities as part of the education process can not be separated from the role of teachers that 

make students learn. A series of student activities in learning to build new knowledge requires the expertise of a 

teacher in "packing" the learning into effective and achieving the goals of the curriculum. What the student 

learns is strongly influenced by what his teacher teaches, so this implies  the  relationship  between  teacher  

teaching  (pedagogic)  and  the  content  of the  taught material (National Research Council, 1996). 

According to Susanta (2013), the combination o f content  knowledge  and  teacher's  ability  to  choose  

strategy  in  teaching  learning  materials  to students is pedagogical content knowledge (PCK). 

 
Shulman identifies PCK as the "topic" most often taught in the subject area (Susanta, 2013). Knowledge 

science content representations are very effective when taught by analogy, illustration, examples, explanations 

and demonstrations. So it can be interpreted that how to facilitate students learning learning materials include 

strategy analogies, illustrations, examples, explanations and demonstrations. In science learning, there are some 

basic competencies which are difficult because of the abstract nature of light, electricity, circulatory system and 

digestive system. Chemical digestion material felt by some students is difficult because it can not be seen 

directly/abstract how enzyme works. Abstract material can not be demonstrated directly to the students so that 

visualization visualization tools are needed to be easily understood by the students. 

 

Chemical digestion learning based on PCK can be taught through the analogy of lock and key. Firman 

(2016) reveals that analogies belong to the form of representation of abstract concepts through  bridging.  So  the  

authors  feel  the  need  to  innovate  in  teaching  chemistry  digestion materials using props LOCKEY (lock and 

key). LOCKEY props are expected to facilitate students to  learn  the  chemical  digestion  material  so  that  it  

is  expected  to  improve  student  learning outcomes. 

In an effort to facilitate learning science, teachers and / or students can develop by designing and creating 

simple (homemade) learning tools. Product development LOCKEY although simple in physical appearance, but 

can support the working principles and concepts of science taught so as not to cause misconception because it 

has been in accordance with PCK. 
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The use of LOCKEY props in the learning process is an innovation of teachers in facilitating students to 

understand the material being taught. Because the students in accepting the learning experience or studying their 

learning materials still need things, events that are concrete, easily observable or observable, so the experiences 

will be more easily understood. Student involvement in the manufacture of LOCKEY props begins with the 

process of designing t heir own form of locks and locks couples to train students' creativity. Creativity is the 

focus of student learning outcomes in the 21st century (Trilling & Fadel, 2009). 

Facilities and infrastructure information and communication technology (ICT) for schools in the region is 

still not evenly distributed. While the demand for learning in the 2013 curriculum that seeks to prepare students 

ready to face the challenges of the 21st century with ICT literacy. Of course this should be addressed wisely by 

teachers to always innovate and empower what is available  in the environment. The environment  is a rich 

source of knowledge,  moreover the concept of science that studies natural phenomena. Indonesia has a wide 

range of local potentials that can be developed in the learning process. Local potentials that exist in various 

regions in Indonesia have various types. These potentials may include geographical, cultural, natural and human 

resources. 

 

LOCKEY props utilize materials that are easy to come by, efficient and environmentally friendly. The 

materials used are local potential around the student's residence or school environment. Local- based IPA 

learning can be implemented in the classroom or outside the classroom. Implementation in the classroom by 

bringing local potential products into the classroom as a material for making learning aids. This is in line with 

Parmin's (2015) research, that science and local wisdom can be combined as a material that can be learned at 

once. LOCKEY props are expected to train students ' creativity and learning outcomes while still putting 

forward local potentials for local wisdom to be maintained so as to contribute to the achievement of national 

education goals that characterize Indonesia. 

 

The local potential in the student's residence area is used as the basic material of LOCKEY props in the 

form of residual material of rumbia or sago. Rumbia used by the surrounding community to take leaves to make 

the roof of the house while the stem rumbia is used as animal feed and sago flour. Residual in the form of midrib 

will usually be left by the tree or sago grass. Usually local children will take leftover midrib as an ingredient to 

make their own toys. Thus, the utilization of used materials available in the environment can be maximized so 

that students will be trained in maintaining and conserving the environment (Widiyatmoko & Pamelasari, 2012). 

 

Implementation  of  LOCKEY  props  on  chemical  digestion  materials  in  the  learning  process requires 

an appropriate learning approach. The approach used is STEM-based learning. STEM- based learning as an 

effort to present 21st century learning that integrates technology, engineering and mathematics in science 

learning. STEM integration is expected to maximize the role of LOCKEY props as an effective and efficient 

IPA learning tool. The STEM approach prepares students to develop the skills required to compete in the 21st 

century (Sanders, 2009; Becker & Park, 2011), such as technological skills, proficient communication and 

problem solving (Bell, 2010).  Learning  is  integrated  through  the  stages  of  conceptualization  (science),  

application (engineering & mathematics), creation (technology) and simulation (communication) at the core of 

learning. 

 

Identification of problem in this research is not yet equality of ICT facilities and infrastructure for schools 

in Indonesia so that require teacher have to innovate make simple props based on non ICT. 
 

Teachers  also  rarely  take  advantage  of  local  potential  in  classroom  learning  so  that  science 

learning seems theoretical and lacks the widest space for creative students. Local potential is a regional 

characteristic that can be used as teaching aids and learning aids. Utilization of local potential in learning can 

realize the achievement of national education goals that are characterized by Indonesia. As part of the 21st 

century STEM study of international study results (PISA and TIMSS) shows that a number of developed 

countries have exceeded the achievements of the United States in education (Barcelona, 2014). 

 

This study aims to describe the improvement of students' creativity using LOCKEY props based on local 

potential through STEM-Based learning and analyzing the improvement of student learning outcomes using 

LOCKEY props through STEM-based learning. 

 

The results of this study will provide benefits for: 1) students directly in designing and making props 

LOCKEY so as to be able to construct knowledge through learning experience experienced. To train students' 

creativity in supporting 21st century learning to improve science learning outcomes; 2) teachers can train 

students' creativity so that science learning is more active and innovative; 3) add insight into STEM-based 
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learning and learning resources that can be developed as an alternative in improving the quality of science 

learning process by providing a direct learning experience; 4) exploit local potency of area as source of learning 

or props which is cheap and easy to obtain; and 5) the work of this innovation can be used as a reference for 

colleagues in schools, both for science teachers and other subject teachers in utilizing local wisdom. 

 
METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

 
Method 

This research  is a classroom action research.  Classroom action research  is research done by teachers  in 

their  own classes to  improve the  learning  process.  According  to  Suparno  (2007) classroom action 

research in the process of spiral reflection: planning, action, observation, reflection, plan improved, further 

implications, observation, reflection, and so on. The process of spiral reflection requires another teacher as an 

observer. 

 

This research is collaborative ie research done together with colleagues to overcome the problems that 

occur in the classroom. Fraenkel, et al. (2011) suggests that collaboration between teacher/stakeholder and 

researcher is very important in jointly exploring and assessing the real problem faced. Especially in the activities 

of diagnosing problems, preparing proposals, implementing actions and analyzing data. Researchers and 

teachers have roles a nd responsibilities that need each other and complement each other to achieve the goal. 

The role of cooperation is crucial to the success of classroom action research (CAR). 

 

The research was conducted in SMP Negeri 6 Sambas on the students of class VIII B odd semester of 

academic year 2017/2018 amounted to 20 people by using LOCKEY props on the material of chemical 

digestion system. 

 
Analysis 

Student creativity can be seen from the process of designing LOCKEY props and the resulting 

product.  Process  creativity  is  assessed  using  a  peer  assessment  sheet  in  which  students  are involved in 

assessing their own peers in one group while product creativity is measured by indicators:  (1)  new  products,  

(2)  new  procedures,  (3)  outcomes  of  the  unique  qualities  of individuals / groups in their interactions with 

the environment, (4) Original and (5) meaningfulness based on processes and products. 

 

The result of science learning is the level of mastery achieved by students in the process of science 

learning according to the predetermined objectives of the curriculum. Learning outcomes are measured  on  

knowledge  competencies,  scientific  attitudes  and  skills.  The  assessment  of knowledge competence will 

refer to Bloom's cognitive domain revised by Anderson & Krathwohl (Kemdikbud, 2016). The scientific 

attitude indicators are adapted from Kemdikbud (2014) while the skills competencies are based on 

performance appraisals for the product. Product assessment aims to assess students' skills in making certain 

products in relation to the achievement of learning objectives in the classroom (Kemdikbud, 2016). Data 

collection techniques can be seen in Table 1. 

 
Table 1 Data Collection Techniques 

 
Aspects Indicators Instrument 

Creativity ((1) new product, (2) new procedure, (3) 

result of unique quality of individual / group in 

interaction with environment, (4) Original and 

(5) meaningfulness based on process 

and product 

Peer Assessment and 

Sheet product ratings and 

sections 

Knowledge emembering (C1), understanding (C2), 

applying (C3) and analyzing (C4) 

Multiple choice items (pretest 

and posttest) 

Scientific Attitudes 1) Curiosity, 2) Careful, 3) Honest, 4) 

Cooperation and 5) Environmental Care Self 

Assessment (Questionnaire Likert scale) 

Self Assessment 

(Questionnaire Likert scale) 

Student Skills 1) Preparation of tools and materials, 2) 

Drawing design, 3) Physical form, 4) 

Innovation props LOCKEY 

Product   rating   sheets   and 

sections 

 



 

 
 
 
 
 
 
 

 

88 

Test items are prepared and developed based on indicators and learning objectives. Before the instrument is 

used, the validity and reliability of the instrument must first be performed. Intruments validity based on content 

validity, content validity (construct validity) is done by detailing and pairing each item with indicator problem 

(Arikunto, 2012). After validated the instrument tested to the students of class VIII A who had studied the 

energy and business material then analyzed using SPSS to know the reliability of the test instrument. The 

test results of the instrument were processed using SPSS 17 with Cronbach's Alpha reliability test. The 

following results are presented in Table 2. 

 
Table 2. Reliability of Instrument Test Results 

 
 

Cronbach's Alpha 
Cronbach's Alpha Based on 

Standardized Items 

N of Items  

.748 .742  20 

 

 
Based on Table 2, the reliability of Cronbach's Alpha instruments of knowledge competence test is 0.748 

with high category (consulted on the reliability test category according to Arikunto, 2012). Once tested, the 

questions are given after completion of the action on cycle I and  cycle II . Problems of multiple choice 

form amounted to 20 questions for knowledge test, scientific attitude evaluation using Likert scale amounted to 

20 statements and skill assessment using 4 indicators. 

 
Design 

 

Planning 

At the planning stage the study determines the focus of events that need special attention to be 

observed and makes an observation instrument to record the facts that occurred during the action. The research 

instrument consists of observation sheet and interview. Then analyze the syllabus and develop the lesson plan 

(RPP) that will be presented in the learning process in the classroom, student worksheet (LKS), research 

instrument in the form of knowledge, imitative attitude questionnaire and rubric skill. 

 
Implementation (Acting) 

Implement every step planned in the lesson. At the time of the learning process takes place, learners 

do all the learning activities, while the teacher guides the process of learning, observing the activities of 

learners and motivate learners to be active in learning. In addition, teachers are assisted by observers to 

assess the creativity of the process during the learning process to fit the learning objectives. 

 
Observing 

In  the  implementation  of  learning  process  with  contextual approach  take  place,  then  at  t hat 

moment can be done recording or recording, documentation to behavior and activity of learners in observation 

sheet and as material of reflection for next cycle. In the observation stage, the researcher was assisted by 

colleagues who served as observers and collaborators who observed the students'  attitudes  during  the  learning  

process  and  gave  an  assessment  of the  researchers  in applying LOCKEY props. 

 
Reflecting 

At this stage researchers and collaborators collect data obtained from previous stages to analyze the 

learning process of learners that have been implemented using LOCKEY props. If there are deficiencies in 

the learning process, then in the next cycle can be taken steps to improve the learning process carried out 

properly and in accordance wit h the expected. The cohesive design of the research cycle in this classroom 

action research can be seen in Picture 1. 

  



 

 
 
 
 
 
 
 

 

89 
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Cycle II 

 

 
 
 

Implementation 

STEM-based learning 

 
Observing 

 

 
? 

 

Picture 1. Research Design 

  
Implementation 

Learning is carried out in two cycles, the first cycle up to the stage of conceptualization (science) and 

application (engineering & mathematics). While the second cycle of the creation stage (technology) to the 

simulation (communication). Learning STEM developed by the author aims for the use of props LOCKEY can 

bring the creativity of students, the process of learning to build knowledge competencies, attitudes and skills, 

and the active involvement of students in building new knowledge. This development is based on activity-based 

learning. The idea of activity-based learning is based on an understanding of students as active learners. So that 

students are given the opportunity to explore the ability and provide the learning environment optimally so that 

learning becomes fun and long lasting (Kemdikbud, 2015). 

 
The reasons for using STEM learning are: first, conceptualization (science) will connect the students' 

initial knowledge through scientific explanation of chemical digestion materials so that students are used as 

center of learning (student centered) by constructing new knowledge in accordance with the concept of 

scientists. Second, the knowledge gained is applied in designing LOCKEY props in building meaningful 

learning. The design of substrate pairs, enzymes and products of two-dimentional Picture (mathematics) with 

different shapes. Third, the students' skills can be trained by making LOCKEY props based on local potential 

according to the design at the application stage. LOCKEY props can function in explaining the working system 

of enzymes through the analogy of lock and key. In addition, students' creativity can be honed. Fourth, through 

simulation to find the lock and key pair made by another group of students work together and collaborate 

in the group. Implementation of STEM learning is presented in Picture 2. 
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Picture 2. Implementation STEM Learning with Teaching Aids LOCKEY 

 

 
RESULT AND DISCUSSION 

 
The First Cycle 

The planning phase of cycle I begins by preparing all the lesson plans that will be applied in this 

research. Researchers design learning designs that can improve learning outcomes by applying LOCKEY  

props.  The  preparation  includes:  1)  curriculum  study  to  determine  competency standards, basic competencies 

and learning indicators to be conveyed by designing and making LOCKEY props; 2) making lesson plans (RPP) by 

applying LOCKEY props; 3) making student worksheets (LKS) by applying LOCKEY props, 4) making test 

instruments used for each cycle test, and 5) making observation sheet of teacher action and rubric assessment. 

 

Stage action, the teacher tried to apply props LOCKEY in accordance with RPP. The steps of action in the first 

cycle started a preliminary consisting of apperception and motivation and then continued the conceptualization phase 

of integrated science as well as integrated application stage engineering  and  mathematics.  In  closing  activities,  

students  and  teachers  together  reflect  on learning about the concepts they have learned. Through question and 

answer, students make conclusions from the learning of chemical digestion material. The teacher reminded the 

students at the next meeting to bring LOCKEY tools and materials in the form of semi-finished (not yet finishing). 

 

Observations at the student action stage still find it difficult to design through the process of drawing the shape 

of locks and padlocks. Students' difficulties because they are challenged make each build / shape different. Paired 

locks and padlocks would not be suitable if they were not analogous to the working system of enzymes, substrates and 

products. So the students need a long 

time in designing a wake-up form that will later be made props. While the learning outcomes in cycle I are 

presented in Table 3. 

 
Table 3 Learning Results Cycle I 

Learning outcomes Average 
Percentage of 

mastery 
Creativity 67,73  - Knowledge 70,25 70% 

Scientific attitude 78,91 95% 

Skills 80,00 80% 

 
Reflection on the results of the first cycle action, the learning process using LOCKEY props on the 

chemical digestion system material able to make the students more conditioned to learn a nd more active. 

Through the creation of LOCKEY props that train students to apply engineering and mathematics so as to make 
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the product (technology) through science learning. Students also have responsibility for themselves and also 

their group in completing the project. 

 

Based on the results of reflection, it is concluded that the students' learning ability has not met the expected 

learning completeness criteria. Indicator of achievement determined in this research is 80% learners have value 

above minimal mastery criteria that is 70. But in this cycle I completeness of cooperation, knowledge, and skill 

of learners still get value under minimal mastery criteria. Therefore, the researcher along with the Collabolator 

decided to continue the study of this class action into cycle II. 

 
Second Cycle 

Planning phase in cycle II based on reflection from cycle I. Researcher designing instructional design 

that can improve learning result by applying LOCKEY props. The preparation includes: 1) reviewing the lesson 

plan (RPP) of cycle II, 2) making student worksheets by applying LOCKEY props, and 3) creating the 

LOCKEY props play simulation rules. 

 

Stage action, the teacher tried to apply props LOCKEY in accordance with RPP. The steps of action in 

cycle I begins the introduction which consists of apperception by asking the results of the design and materials 

brought in the form of semi-finished. Then continue the creation stage that produces product (technology) and 

the simulation stage as communication. In closing activities, students and teachers together reflect on learning 

about the concepts they have learned. Through question and answer, students make conclusions from the 

learning of chemical digestion material. The teacher reminded the students of the subject matter of the next 

meeting. 

 

The results of observations at the stage of action, activity and student enthusiasm increased. Students are 

motivated to complete the product made in order to function properly and simulated by other groups. With the 

allocation of time in the simulation, students work together and collaborate to complete the search for locks and 

locks. While the learning result in cycle II is presented in Table 4. 

 
Table 4. Learning Results Cycle II 

Learning 

outcomes 
Average

 

Percentage of mastery 

Kreativitas  85,00  - Pengetahuan 81,75  80% Sikap 

ilmiah 82,00 100% Keterampilan  83,59  100% 

 

 
 

Reflection on the results of the second cycle action, the learning process using LOCKEY props on the 

chemical digestion system material able to train the creativity of students, improve the learning outcomes both 

knowledge, scientific attitude and skills. And achieved the goal of action is marked by the percentage of 

student completeness has reached 80% with a value of   ≥ 70. Based on a series of activities from cycles I 

and II, students have dilatihkan integration of technology, engineering, mathematics in learning science. In 

addition, students are motivated to compete in groups. 

 

Based on the results of reflection, it is concluded that the students' learning ability has met the expected 

learning completeness criteria. The achievement of the indicator of the success of the action set out in this 

study is 80% of the learners have value above minimal mastery criteria that is 70. So that the researcher along 

with the collaborator decide not to continue the action in the next cycle. 
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Description Enhancement of Student Creativity 

 

 

 
 

Picture 3 Graph of Increasing Student Creativity Mean Value 
 

 
Based on Picture 3, the students' creativity assessment has increased from 67.73 in the first cycle  to  85.00  

in  the  second  cycle.  The  final  achievement  of  students'  creativity  with  the acquisition of 85.00 indicates 

that the learning of STEM has trained creativity so that there is improvement. In line with the research 

conducted by Kurniawan (2013), it is concluded that students' creativity is increasing because students make 

the media through drawing and feel that there are different teaching methods which are applied by the 

teachers in the class to make the students very enthusiastic in doing learning activities. The results of Yahya's 

(2014) study also supported this study with the results of creativity of the process (cycle I) and product (cycle II) 

with an average value of 85.10 and 83.33 respectively. 

 

But the achievement of creativity process of designing LOCKEY media still has not reached  80%  average  

value.  Some  of the  causes  are:  (1)  only  some  students  are  skilled  at modifying or making the product so 

it still needs to be trained continuously; (2) students are not yet accustomed to developing ideas / ideas or 

products; and (3) students are easily affected when expressing   opinions.   Therefore,   science   learning   needs   

to   trace   the   student's   creativity continuously on the appropriate material / other topics. As for the 

creativity footage students design and make LOCKEY media products can be seen in Picture 4. 
 

 
 
 
 
 
 
 
 
 
 
 
 

(a) Trailer: (a) cycle I and (b) cycle II (b) Picture 4 Student Creativity  
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Improved Learning Results Science 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Picture 5 Graph of Achievement Average Score of Student Learning Results 

 
The difference of knowledge achievement occurs because in the learning process using LOCKEY props 

through STEM integrated stages in an integrated manner. In addition, each stage of learning is a repetition of 

the essential concepts of chemical digestion materials so as to enhance long-term memory of the students 

(Matlin, 2009). Learning by discovering and constructing their own knowledge makes learning more 

meaningful through real experience so that students' retention becomes better. 

 

Student learning outcomes on attitudinal competencies also differ. This is caused in learning to develop  

students'  curiosity,  honest  attitude,  do  something  carefully  and  can  train  student cooperation in one 

group. 

 

The process of designing and making LOCKEY props makes students active, cooperative and 

collaborative with their groups. This is in line with the findings of Widiyatmoko & Pamelasari (2012) that 

based on data analysis, product development can improve students' skills in developing and producing learning 

aids / science learning media with second-hand materials. 

 

CONCLUSION 
Overall, the conclusions in the implementation of STEM learning are: 1). the use of LOCKEY props 

made from local potential through STEM-based learning can improve students' creativity in SMP Negeri 6 

Sambas. The difference in the average value of creativity cycle I was 67.73 and increased to 85.00 in cycle 

II; and 2). student learning outcomes increase from cycle I to cycle II using LOCKEY props through STEM-

based learning. There is an increase in the achievement of the average value of knowledge competence, 

scientific attitude and skills. 

 

The basic ingredients of LOCKEY media are the local wisdom that exist in the author's school 

environment. It is recommended that teachers be able to replace materials appropriate to local areas that 

have the same and possible characteristics. For example styrofoam, palm stem residue and so on. If available 

ICT facilities and infrastructure in schools and teachers qualified in the field of  ICT,  it  is  recommended  

that  teachers  can  create  animated  analogy  lock  and  key  based multimedia 
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ABSTRACT 

This study was a classroom research project which was focused on improving student’s practices in inquiry 

based learning using technology enhance worksheet. The subjects of this research were twelfth grade 

students from Laboratory Senior High School UPI. This study was conducted in two cycle which two main 

sub-concept were electric force and electric field. The data were collected by observation and test. The data 

obtained were presented in qualitatively and quantitatively.  The finding  indicated  that  there  were  

improvement  of  student’s  scientific  activities  and  scientific practices especially on observing, collecting 

data, analyzing and concluding. In the first cycle, just five percent students could concluding correctly by 

answer worksheet even though many students did learning actively. After implementation the first cycle, we 

noted some reflections to make a new plan for next cycle. In the next cycle, sixty percent students could 

concluding correctly. In addition, the research show that the posttest score in first cycle is 60,27 and second 

cycle is 70,79. 

 
Keywords: student’s activity, inquiry learning, worksheet 
 

 

 

INTRODUCTION 
 
 The learning outcome of students grade XII Secondary Senior High School Laboratory School UPI 

were not in line with expectation in the middle year test result. There were only ten from thirty five students who 

got more than sixty in the score result. Even though the learning process have been done by student centre 

principle and constructivisme. More students did not wonted doing learning by scientific approach or construct 

their own knowledge. They looks not confident to had done their task and often asked to their friends or 

teacher if their answer was correct, absolutely they were affraid about mistaken. In other activities learning 

such as observing, collecting data, analyzing and concluding, more students preferred to wait for the teacher’s 

said than tried to do by their self or read the instruction instead. Wondering why they have no habits in 

independences learning and not confident to express their opinion? 

 
 From the discussion with the other teacher who has been taught in grade XI level, the result found that 

the main problem was because of so many concepts in physics were abstract and difficult to do experiment in 

laboratory especially in secondary high school. There are two kind of concepts in physics, realistic concepts and 

abstract concepts. The difference of kind concept should cause the difference of learning teaching method and 

approaches. But both of them have to stay design learning with constructivist, students-centre learning and 

improving student’s scientific practices. And designing learning-teaching for abstract concept more difficult 

than or realistic concept, some of teachers some time ignore about that and sometime avoid that. 

 
 One of the abstract concepts is electricity, starting from the conceptual of charges, interaction of 

charges, electric force, electric field and electric potential energy. How can the students find type of charges? 

Then how can students formulate electric force of two charges? And how can students understand bout electric 

field and other thing of electricity such as thunderbolt. While all of them is abstract concept, could not learnt 

by experiment in laboratory especially in secondary high school. Because of some concepts could not learnt by 

hands on experiment, so we need a strategy, approach, method and some material which make meaningful 

learning,  construct the knowledge by students self, and improving scientific practices. 

 
 One of the strategy to make meaningful learning is inquiry. Through inquiry, students is trained 
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independently, step by step construct their knowledge. National Research Council said that there are three 

types of inquiry. There are more teacher-directed, less teacher-directed and student centered. In the first type, 

teacher give more instruction or guiding both in doing experiment and finding the concept. Teacher will give 

some question that should be answered by students (guided inquiry). The experiment or investigation in the first 

type is more often a confirmation activity. In the second type, teacher’s instruction less than in the first type. 

Teacher would give some question for students, and by the answer the question students could finding the 

concepts (guided inquiry). Finally in the third type, students have more chance to construct their knowledge, 

even to construct the experiment or investigation to finding concept (open inquiry). 

 
 Along the development of learning theory, inquiry is not just an investigation or experiment. Carl J.  

Wenning explained about level of inquiry starting from discovery learning to hypothetical inquiry. 

Wenning (2017) in the workshop of inquiry learning repeatedly told that students learn science widely and 

deeply by inquiry.    Six level in inquiry, there are discovery learning, interactive demonstration, 

inquiry lesson, inquiry laboratory, real world application dan hypothetical inquiry (Wenning, Levels of 

Inquiry and Modeling Method of Science Teaching, 2017). Every level have some commonly scientific 

practices and intellectual skill purposes, different purposes. 

 
 To achieve the goal of learning and improve scientific practices or scientific activities, we need 

some material to make students learning independently. Worksheet, one of material which is oft en to used, the 

dominant teaching learning material. However the concept is more abstract then we need technology to 

enhance learning process. Worksheet which is enhanced by technology as known as Technology Enhanced 

Worksheet. 

 
 According to Oxford Dictionaries Online (2011), enhanced is defined as “an increase or improvement 

in quality, value, or extent. Technology Enhanced Learning (TEL) is not just using technology as learning 

material in learning process but also to enhance quality of learning and to value of learning. The advantages of 

TEL are (HEFCE 2009, 2): 

a. Efficiency, cost-effective, time-saving and sustainable learning. 

b. Enhancedment, Improve processes and results. 

c. Transformation-Radical, positive changes in the process or in the introduction of new 

    concepts. 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 
 This study used class action research as methodology. The subject of this research were XII MIPA 1 

2017-2018 school academic year, Secondary High School of Laboratory School, UPI. There were two 

cycles of learning including planning, implementation and reflection in every cycle. In the first cycle, the 

concepts were about charges and electric force and in the second cycle were about electric field and electric 

potential energy. The outline of the design of this research could be presented by Picture 1. 

 
Picture 1. Research Desain 
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 In the implementation of learning process, students learnt by using worksheet which have been 

designed in the planning session. After having done the worksheet, students have a chance to discussed and 

found the true of concept, some correction if there was misconception and also to affirmation. During learning 

process, we did an observation and wrote some note to described students activities. This note have function as 

consideration to make the next planning for the next cycle. Then in the end of learning, students got a posttest. 

From the posttest, we could got an effective learning criteria. 

 
 Therefore, there were some data would be collected in this research. The data were: 

1. Description of student’s activities 

2. Valuing worksheet for scientific practices 

3. Posttest 

 
 Description of student’s activities was used to analyze the need to improve learning quality. In the 

observation process, teacher was assisted by two observers. During implementation, the observers focus to 

write the observation of student’s activities. The results of observation are pictures, narration and the number of 

students did active learning during implementation. 

 
 For scientific practices, we used the student’s responses in the worksheet. Every student’s response was 

matched by the ideal answer of scientific practice and was determined whether true/almost true answer, false 

answer and not answer. Then we calculated the number ever y kind of answer, number of true answer, false 

answer and not answer. Finally we made calculation the result of scientific practice from each number. 

From the calculation, we could conclude about improving student’s practice from first cycle to second cycle. 

 
 According the posttest score, we used criteria based to analyze learning effectively. Maximum 

score for each posttest was 100. Then we calculated mean score of all students in the class. Based on the mean 

score and criteria in table 1, we determined learning effectively. 

Table 1. Learning Effectivity Category 

 

Mean Score Category 

80 > Very Good 

60 – 79 Good 

40 – 59 Enough 

21 – 39 Low 

0 – 20 Very Low 

 

Implementation 

 In the first cycle, the technologies in the worksheet was displayed with laptops and mobile phones. 

There are several media used on laptops such as power point, flash and phet java based. Display of some of the 

technologies used in the first cycle can be seen in Picture 2. In addition, in the first cycle learning, students 

were also given a real simulation of the interaction of two balloons polished with styrofoam. There were 

two main concepts in the first cycle. The concepts were interaction between charge and electric force. 

 
After observing the interaction of two balloons, the students observed the interaction through 

video of two glass rods which had been polished with woolen cloth and the interaction of glass rod with plastic.  

Furthermore,  by  using  a  worksheet  that  has  been  designed  specially,  students construct their knowledge 

of the interaction and explain how the interaction process. In the first cycle, students were also directed by 

using a worksheet to be able to formulate a large of electric force and how to apply it. 
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Picture 2. Technologies in the First Cycle 

 

 In the second cycle, the content of material that students should learn more abstract. Students should 

understood about electric field around the point charge, electric field around the continuous charge and electric 

field around the conductor sphere. These three sub-content concepts to be studied are quite difficult to be 

observed in real simulation. Therefore digital media technology was needed to make meaningful learning. 

 
 Some of the technologies used in the second cycle are wolfram applications, phet java based 

applications and some videos from Youtube. In the second cycle, in the beginning students must understood 

the concept of electric flux. This concept is learned through the use of wolfram applications that can show the 

visualization of the number of electric force lines when the electric field or the area of cross-section is altered. 

Then students formulated a large electric field around the point charge through the phet application, 

understanding about the electric field around the continuous charge and electric field around the conductor 

sphere the by viewing the video show from Professor Lewin which can be freely accessed on Youtube. Some 

of the video images shown can be seen in Picture 3. 

 

 
Picture 3. Some Video in The Second Cycle 

 

 
Some picture of student’s activities that show enthusiastic in learning process could be saw in 

Picture 4. 

 

 
Picture 4. Some picture of student’s activities 
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RESULT AND DISCUSSION 

 
 Generally during the learning process, the students were active and enthusiastic. Some students 

were not accustomed yet to scientific act ivities in the first cycle but after the second cycle almost of students 

were actively involved in learning process. The students did the learning in accordance with the lesson plans 

and perform activities in accordance with the worksheet that has been designed. To see student’s activities 

during the learning can be seen in table.2. 

 
Tabel 2. The Result of Student’s Activities 

Konsep / Tujuan 

Pembelajaran 

Aktifitas Siswa 

First Cycle 

Apersepi  15 peserta didik langsung membuka buku 

 Saat diberikan contoh penjumlahan vektor (resultan vektor), 21 peserta didik 

memperhatikan 

Menjelaskan 

fenomena gejala 

listrik statis 

 Ketika ditunjukkan balon, semua kelompok memperhatikan 

 Saat hendak demonstrasi, perwakilan dari 5 kelompok ingin mencoba 

 Saat diminta mengisi LKS, 6 kelompok langsung berdiskusi 

 Saat salah satu kelompok diminta menyampaikan jawabannya, kelompok lain 

berdiskusi sendiri 

 Setelah diberikan konfirmasi dan diminta perwakilan satu kelompok kembali 

menyampaikan apa yang telah ditangkapnya, 2 kelompok memperhatikan 

 Ditayangkan animasi phet, 6 kelompok terlihat antusias 

 Ketika mencoba animasi, semua kelompok memperhatikan, 4 kelompok langsung 

mendiskusikan penyebab dari fenomena demonstrasi 

 Saat diberikan verifikasi, semua kelompok memperhatikan 

 

  Ketika diminta untuk menuliskan kesimpulan, 5 kelompok langsung berdiskusi 

Menjelaskan 

gaya 

elektrostatik 

 Ketika ditampilkan animasi, semua kelompok (7 kelompok) 

memperhatikan 

 Saat diberi tabel data, 6 kelompok langsung berdiskusi 

 Ketika merumuskan persamaan, 28 orang memperhatikan 

 Saat mencari nilai konstanta, hanya 26 orang yang memperhatikan 

Menganalisis 

resultan gaya pada 

dua muatan atau lebih 

 Saat ditampilkan aplikasi hockey, semua kelompok tampak antusias dan 

mengexplore aplikasi tersebut 

 Saat presentasi, 3 kelompok memperhatikan dan 2 kelompok mengisi 

LKS 

 Saat presentasi kedua, 4 kelompok memperhatikan 

Second Cycle 

Memahami 

medan listrik di 

sekitar muatan titik 

 Saat apersepsi, 3 kelompok berdiskusi, mencoba untuk menjawab 

 Diperlihatkan animasi, 4 kelompok memperhatikan 

 Saat diberi tugas, 3 kelompok langsung mengerjakan 

 Diperlihatkan kembali animasinya, 23 orang memperhatikan 

 Saat ditunjukkan tabel data, 1 kelompok antusias 

Mengaplikasika 

n konsep medan 

listrik akibat 2 

muatan atau lebih 

 Diberikan animasi, 6 kelompok antusias dan menjawab 

 Diminta mengerjakan LKS, 7 kelompok langsung mengerjakan 

 Saat animasi diputar ulang, 7 kelompok memperhatikan 



 

 
 
 
 
 
 
 

 

100 

Menjelaskan 

konsep energi 

potensial listrik 

 Saat diberi Quiz, 3 kelompok langsung berdiskusi, 5 kelompok langsung 

mengerjakan 

 Selama mengerjakan Quiz, 4 kelompok aktif berdiskusi dan bertanya 

Menjelaskan 

konsep potensial 

listrik 

 Saat diberikan pengantar, 6 kelompok memperhatikan 

 Ketika diberi pertanyaan, semua kelompok antusias menjawab 

 Diberikan animasi, hanya 20 orang yang memperhatikan 

 
 Based on the observations during the lesson, in the first time not all groups directly worked on or 

actively involved. But after some time teacher gave time to worked on the worksheet, all the groups could 

finished the worksheet well. Then based on the answers written on the worksheet by students, some of the 

results of scientific practices obtained by students can be seen in table 2. 

 
Tabel 3. The Result of Scientific Practice 

 

 
Scientific Activity 

True (Almost True) False Not Answer 

1st 

Cycle 

2nd 

Cycle 

1st 

Cycl e 

2nd 

Cycle 

1st 

Cycle 

2nd 

Cycle 

Observing 15 26 3 1 17 8 

Collecting Data 19 26 7 1 13 8 

Analyzing  Data for trend 

and relationship 

15 26 2 2 18 7 

Describing 24 26 10 3 1 6 

Concluding 2 21 0 0 33 14 

 

 

 In the first cycle, for observing practice, only 15 students participated with correct observations 

while 17 others did not respond. It is possible they did not understand what to do because when the learning 

took place some groups asked the other group how to the observing process. But in the second cycle of 

learning, there was an increment in the number of students who were able to do observing that as many as 26 

people and who did not answer only 8 people. Similarly, for other scientific practices, there was an increment 

from the first cycle to the second cycle. 

 
 A very interesting scientific practice to be concerned was concluding. In the first cycle, even 

though they have reached the stage of describing, but the number of students who are able to write conclusions 

only 2 people from 35 learners. Why this could happen, there was a thing that we found when learning goes 

on in the first cycle, the students could not conclude because they did not confidence to write down the 

results of their conclusions, in other words "fear of wrong." But in the second cycle there was a significant 

increase, 21 students (60 percent) able to write the data conclusions correctly. Thus it can be concluded that 

there is an increase in the number of learners who are able to perform scientific activities from the first cycle to 

the second cycle. It also shows an increase in the motivation of learners in the classroom based on their active 

involvement during learning. 

 
 According to the result of mean posttest score, the result of learning effectivity could be seen in 

Picture in table. 4. The first cycle has 60,27 of mean score with good category and the second cycle has 70,79 

of mean score with good category. Therefore there was an improvement of learning effectivity with 10,72 

of gain score. 

 
Table 4. The Result of Learning Effectivity 

 

No. Cycle Posttest Score Criteria 

1 First 60,27 Good 

2 Second 70,79 Good 

 

CONCLUSION 
 
 Based on the finding obtained in this study, it can be concluded that: 

1. There were improvement of the student’s scientific practices especially on observing, collecting 
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data, analyzing and concluding. 

2. The  posttest  score  in  the  first  cycle  is  60,27  which  has  good  category  in  learning effectivity. 

3. The posttest score is in the second cycle is 70,79 which has good category in learning effectivity 

4. There was an improvement of learning effectivity with 10,72 of gain score. 

5. Through technology enhance worksheet inquiry, there were improvement of student’s motivation 

in joining teaching-learning activities of physics class. 
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ABSTRACT 

This study is aimed to find out: 1) how to improve students' learning result 2) the description of science learning 

results in students with the implementation of guided inquiry learning model based on Tri Pramana concept. This 

type of research is a classroom action research. The population of this study is the students of class X Paket C 

Equivalent of SMA PKBM Widya Aksara in amount about 30 people in the first semester of the academic year 

2017/2018. Student learning outcomes data were collected with multiple choice tests. The data collections were 

analyzed using descriptive statistical analysis and quantitative descriptive analysis. The results of this study in the 

first cycle are the average learning outcomes reached 77.6% and on the second cycle average learning outcomes 

reached 89.8%. So, it can be interpreted in STEM learning based on Tri Pramana can improve science learning 

results. 

 

Keywords: guided inquiry, Tri Pramana, learning results 

 

INTRODUCTION 
The development of science and technology (IPTEK) is currently happening very rapidly and affect all 

aspects of community life. With the development of science and technology, it must be balanced with human 

resources (HR) quality. One effort that can be done to improve human resources is to improve the quality of 

science education. Various efforts have been made by the government to improve the quality of science education 

in Indonesia, such as the development of science learning models, the development of science learning media, the 

upgrading of teachers, the provision of facilities that support science learning, and the trainings (Depdiknas, 2004). 

However, the obtained results are still far from expectations. Trends International Mathematics and Sciences 

Study (TIMSS) in 2011 reported that the students' IPA skills of Elementary School (SD) in Indonesia were ranked 

34th out of 38 surveyed countries. This fact shows that the quality of science learning in Indonesia still needs to 

be improved. 

 

There are several problems that are often become the factors of low learning outcomes of science students. 

First, learning is still centered on teachers (teacher centered). Students seem to learn as good listeners. This is very 

contradicting to the view of constructivism, which views knowledge as the thing that the learners build alone. 

Second, the school has a less attention to the arrangement of the learning environment. Third, students are less 

interested in learning science. It happens due to students' ignorance of the benefits they gain from learning science. 

All these problems will ultimately lead to the redundancy of students' science learning outcomes. In addition to 

the problems that have been described above, the low learning outcomes of science students also caused by 

mistakes in teaching students 

 

Based on field observations, the problems above were also encountered in one of the non- formal education 

of Community Learning Activities Center (PKBM) Widya Aksara equivalent program of equivalent C-equivalent 

of SMA. Because of Widya Aksara is a non-formal school, the main problem is in learning outcomes, which is 

caused by the lack of learning motivation. Furthermore, the model and or method used by teachers in the learning 

process in Widya Aksara is still conventional. Conventional learning is the learning that still focusses on teacher 

activity (teacher centered) who sees that the new learning process can take place if there is a teacher, while if there 

is no teacher then the learning process will not be able to take place. It causes students to become only a passive 

learning object. From the observation result, it is known that the science score of 30 students are varied. 13 (44,8%) 

students got B-, 10 (34,5%) students got B +, 3 (10,3%) got A-, 3 (10,3%) students got A+. The score is based on 

the middle value of the second semester. By seeing the score of students, they need to be improved so that the 

sciences of students that they achieve are more than B+ score. 

mailto:sanjayantihervina@gmail.com
mailto:sanjayantihervina@gmail.com
mailto:wyndarmayanti@gmail.com
mailto:wyndarmayanti@gmail.com
mailto:madewardana@yahoo.com
mailto:madewardana@yahoo.com
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Picture 1. Student`s Classroom Condition in PKBM Widya Aksara 

 

Based on the problems, it is necessary to stay updated to science learning activities that can embrace science 

learning behavior that close to the idea of constructivism. The idea of constructivism holds the process of learning; 

it makes students to dig and build their own knowledge. Thus, the learning activities will be more into student 

activity (student centered). This opinion is supported by Lapono (2009), which states the concept of learning based 

on constructivism learning theory. It is a new knowledge self-built by learners actively based on student 

experience. However, the teacher's role in constructivism does not necessarily disappear altogether, but instead 

he/she turns into facilitator, mediator, and motivator. 

 

One approach to learning that embraces constructivism is learning STEM. STEM (Science, technology, 

engineering and mathematics) education is now an alternative to science learning that can build a generation that 

capable of facing a challenging 21st century. STEM is suitable to be applied in high school, because this learning 

model requires students who are willing to find their own knowledge. However, students not really do what they 

desire in the learning process but they are guided by their teachers to construct their knowledge. 

 

The four characteristics are based on the definition described by Torlakson (2014), namely: (1) a science 

that represents knowledge of laws and concepts that apply in nature; (2) technology is a skill or a system used in 

organizing communities, organizations, knowledge or designing and using an artificial tool that facilitates 

employment; (3) engineering or engineering is the knowledge to operate or design a procedure for solving a 

problem; and (4) mathematics is the science that links between quantities, numbers and spaces that require only 

logical arguments without or accompanied by empirical evidence. All of these aspects can make knowledge more 

meaningful if integrated into the learning process. 

 

This STEM learning model is made based on local wisdom concept of Bali Tri Pramana. This concept 

teaches about three ways to gain knowledge by listening (Sabda Pramana), observing (Pratyaksa Pramana), and 

reasoning (Anumana Pramana). This concept emphasizes on students` knowledge acquisition that is not developed 

in one way, but in the three ways that is included in Tri Pramana. Thus, student knowledge will be attached better 

and will not be forgotten. This research will be supported by several theoretical foundations, namely learning 

outcomes, science in primary schools, STEM model, Tri Pramana, and conventional learning. Further explanation 

of the theoretical point will be described as follows. Learning outcomes are a change in the behavior and abilities 

of a person after receiving a learning experience that tends toward a better direction. 

 

According to Sumantri and Johar (1999), the STEM learning model has several advantages: (1) helping 

students to think more comprehensively; (2) broaden students' insight in science; (3) taking into account the 

characteristics of students in particular; (4) democratic way in learning so that students can participate in 

determining plan with the teacher about the topic to be discussed, and (5) teaching unit will be in the level of 

development, interest, and talent of learners so that learning will be more meaningful. This approach also fosters 

a deeper understanding of the concept of science and mathematics and their application in real-life context. 

Specifically, students who participate in STEM activities show better performance and a positive attitude towards 

STEM subjects. 

 

STEM model is based on Tri Pramana; it has advantages from other model because there is an implied local 

wisdom of Tri Pramana. So, in addition to the result of science learning of students increase, students in non 

formal education will also automatically preserve local culture which is currently increasingly eroded by 

globalization. Also, the next advantage is the students will enhance their ability to hear and speak (sabda 

pramana), observe in a practice (pratyaksa pramana), and reasoning in drawing conclusions (anumana pramana). 

The main advantage is to facilitate the process of teaching and learning in the non-formal education environment 
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that seems to have the characteristics of various students. This means that STEM Tri Pramana emphasizes the 

concept that a certain person can gain knowledge in various ways, not only by listening to the teacher in the class, 

but also by observation and reasoning. Therefore, with the application of STEM-based innovative Tri Pramana, 

the results of science learning can be increased and ultimately will lead to improving the quality of education. 

According to Sudjana (2006), learning outcomes can be classified into three domains, which are the cognitive 

domain, affective domain, and psychomotor domain. The cognitive domain is related to the intellectual learning 

outcomes that consist of six aspects. Those aspects are knowledge or memory, understanding, application, 

analysis, synthesis, and evaluation. The first three aspects are called low-level cognitive and the latter three aspects 

are high-level cognitive. Affective areas deal with the attitude that consists of five aspects which are acceptance, 

answers or reactions, assessment, organization, and internalization. The psychomotor domain deals with skills 

learning outcomes and acting skills. There are six aspects of the psychomotor domain, which are reflex movement, 

basic movement skills, perceptual ability, harmony or precision, complex skill movements, and expressive and 

interpretative movements. However, in this study the results of study that will be conducted only the results of 

learning cognitive domain. The learning outcomes of this cognitive domain will be measured using instruments 

of multiple-choice tests and essays. The subjects used in this research are science subjects. 

 

Based on the above background, the researcher submits a research proposal entitled Implementation of 

STEM Learning Based on Local Wisdom of Bali Tri Pramana to Improve the Science Learning Results in 

Non-Formal Education. This study aims to 1) improve students' science learning outcomes 2) make a description 

of science learning outcomes in students with the implementation of STEM learning model based on Tri Pramana 

concept in second grade students in second semester of academic year 2017/2018 at PKBM Widya Aksara. 

 

METHOD, ANALYSIS, DESIGN, IMPLEMENTATION 

Method 
This research type is Class Action Research (PTK). Hopkins in Komalasari, (2010), formulated a classroom 

action research as a study that combine research procedures with substantive action, an action performed with 

STEM discipline, or a person's attempt to understand what happened, while engaging in a repair and change 

procedure. While Suhardjono (Komalasari, 2010), said that classroom action research is a study conducted by 

teacher, in collaboration with other researchers (or self-administered by the teacher who acts as a researcher) in 

the classroom or at the school where he teaches with emphasis on refinement or improvement process and practical 

learning. 

 

The steps of this classroom action research are: the preparation stage, the diagnostic, the classroom action 

plan, to solve the problem. Classroom action procedures are: (1) planning (Planning), (2) implementation of class 

action (Action), (3) Observation and reflection in every Hopkins cycle (Arikunto, 2010). 

 

The subjects of the study were teachers and students of class X Package C Equivalent of SMA PKBM Widya 

Aksara Lesson Year 2017/2018 with 30 students. This research was conducted in class X Package C Equivalent 

of SMA PKBM Widya Aksara Lesson Year 2017/2018. This study was conducted in the odd semester of the 

academic year 2017/2018. Three months implementation time, from January to June 2018. 
 

Analysis 
Student learning outcomes data were collected with multiple choice tests. The collected data were analyzed 

using descriptive statistical analysis and quantitative descriptive analysis. Learning in applying STEM model 

based on Tri Pramana in this research is said to be successful if there is an increase of student activity in learning 

from cycle 1 to cycle II and reaching ≥ 65%. The improvement of student learning outcomes in learning from 

cycle 1 to cycle II reached the value of ≥ 65. 

 

Design 
The learning design used is STEM Learning based Tri Pramana. Students PKBM Widya Aksara, who is 

students of non-formal education, is expected to implement meaningful learning. Classroom action research 

design is generally shown as follows. 
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Picture 2: Model Spiral PTK Kemmis dan Taggart Action Research 

 

 

 

 

 

 

 

Here is shown the 

implementation 

classroom action 

research design as a reflection of STEM learning -based Tri 

Pramana. 

  
STEM LEARNING BASED ON LOCAL WISDOM OF 

BALI TRI PRAMANA 

Observasi 

the study population 

is the students of 

class X Package C 

Equivalent of SMA 

PKBM Widya 

Aksarawith total 30 

people 

 

Student learning 

outcomes data 

were collected 

with multiple 

choice t 

ests. The data 

collected were 
The OUTPUT will be 

made in the form of 

articles and it will be 

published scientifically, 

either through seminars 

or publications in 

scientific journals 

THE INDICATOR AND PROGRAMMING PLANS WHO 

WANT TO ACHIEVE are: 

1. The result of the learning result if using STEM Learning 

based on Tri Pramana will be good. 

2. STEM Learning based on Tri Pramana will get better 

learning outcomes when compared to conventional models, 

 

SYNTAX STEM LEARNING BASED ON LOCAL 

WISDOM OF BALI TRI PRAMANA: 

Apperception activity:  

The teacher starts by presenting and motivating the 

students, and conveying the learning objectives 

Core activities 

➢ Science, students observe an experiment, then 

provide temporary answers to questions about the 

experiment 

➢ Technology, learning combined with pratyaksa 

pramana (observing), at this stage students perform 

experiments with technology or practicum tools and 

record the observed results obtained 

➢ Engineering, students use techniques or procedures 

in managing the practicum, which are derived from 

(a) the meaning negotiations combined with the 

sabda pramana (listening), at this stage the students 

conduct class discussions related to the experiment 

(b) the application of the concept he has. 

➢ Mathematics, students analyze experimental data 

with formulas based on existing theory 

End activities 

Making conclusions and evaluations combined with 

anumana pramana (reasoning), at this stage students 

conclude the experimental results they have done with 

guidance from the teacher. 

ACTION/ 

IMPLEMENTATI

ON PLANNING: 

1. Setting up 

subjects and 

objects  

2. Plan the RPP 

REFLECTIO

N 
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Implementation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photos with Student (PD) Package C equivalent SMA Non Formal education 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SCIENCE, PD observes an experiment, then gives a 

temporary answer to the question of the experiment 

 

TECHNOLOGY, During the inquiry coupled with 

pratyak pramana, at this stage the PD performs 

experiments and records the observed results obtained 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ENGEENERING, consisting of (a) the meaning 

negotiation combined with the pramana word, at this 

stage the PD conducts a class discussion related to 

the experiment 

 

 

 

 MATH, (b) Application of the concept, at this stage 

PD apply the concepts it has by answering the given 

LKS. 
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(c) making conclusions combined with premises 

anumana, at this stage PD concludes the 

experimental results they have done with guidance 

from the teacher. 

 

The Chair of the Presentation Group delivered what 

was discussed in the group discussion 

 

RESULT AND DISCUSSION 

 

Result 
The results are based on the analysis of classroom action research data on the first cycle, students' learning 

outcomes were 77.6%. Once converted to a 5-point PAP guideline, that percentage is in sufficient criteria. After 

the improvement in cycle II, there was an increase of the average percentage of students' learning achievement to 

89.8%. Once converted to a 5-point PAP guideline, the value is at high criteria. This shows that there is an increase 

of 12.2% from cycle I to cycle II. 

 The end of result test of cycle II shows the student learning outcomes have reached the established 

success criteria. From the implementation of actions that have been done by using guided inquiry model based 

on Tri Pramana, the result of science learning of students in PKBM Widya Aksara, Banjar District can be seen 

on table 2 below. 

 

Stage 

 

Percentage of Science Value 

Learning Outcomes 

Category 

Cycle I 77,6 % enough 

Cycle II 89,8 % High 

Table 2. Research Results in Cycle I and Cycle I 

 

The results of the analysis of the students' science learning outcomes with the test methods in cycles I and II 

are shown in the graph. The results graph of the analysis of students' science learning outcomes with the test 

methods in cycles I and II are as follows. 

 

 
Gambar 2. Science Learning Result Analysis Recapitulation on Cycle 1 and 2 

 

Based on the reflection of cycle II, the implementation of STEM based on Local Wisdom Tri Pramana can 

improve the learning outcomes of science students of class X PKBM WIDYA AKSARA. This means that the 

learning outcome of the IPA meets the predefined success criteria, so the research is stopped. 
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Discussion 
The results of this study indicate that the application of STEM with Local Wisdom Tri Pamana can improve 

the learning outcomes of science students of class X PKBM WIDYA AKSARA. Student learning outcomes after 

the first cycle of cycle I and cycle II have been improved. Based on the results of data analysis obtained from 

cycle I, the average percentage of students' science learning achievement reached 77.6%. When converted based 

on PAP scale 5, the learning result that is obtained in cycle I can be categorized enough. Furthermore, based on 

the analysis of data cycle II, obtained a percentage of 89.8%. If converted to LAP, the number is included in the 

high category. Based on the data above, there is an increase of students' learning outcomes from cycle I to cycle 

II. Increased student learning outcomes are caused by several factors. First, the application of Tri Pramana based 

STEM learning is carried out in accordance with the procedure. Implementation of Tri Pramana based STEM 

learning model that is implemented in accordance with the procedure is very important role to improve students' 

learning outcomes. STEM-based learning Tri Pramana at Pratyaksa stage (direct observation), makes students 

interested in following the learning process because students can manipulate concrete objects using the five senses. 

Furthermore, the learning process allows students to discover their own learned concepts (sabda). 

 

The gained knowledge from these activities is linked to the knowledge that has been documented in various 

literatures without being always dependent on the teacher. This process will result in stronger internalization and 

retention of concepts after the obtained facts are matched to the learning resources (Anumana). Students become 

more challenged to learn and solve all the problems IPA encountered, so that knowledge will be more meaningful 

for students. The use of STEM learning based on Tri Pramana will make students understand better the integration 

between practical and theoretical concepts. This learning process will make students' understanding of a material 

will be last longer in their mind, so that their learning outcomes increase. This is in line with the opinion of Subagia 

and Wiratma (2007) stating that the selection of STEM-based learning Tri Pramana can improve the ability of 

analysis and critical thinking in the learning process, so that students' understanding becomes better. Furthermore, 

the application of Tri Pramana based on STEM learning model also provides an opportunity for students to follow 

active learning. Active learning leads to better learning activities and fun and it improves learning outcomes. If 

students are already active then they will feel happy with the learning activities that occur, so that learning 

becomes meaningful. 

 

The statement above is supported by a research that is done by Subagia and Wiratma (2008), who found that 

the application of the Tri Pramana cycle model that is integrated with learning models in science learning that 

able to encourage students to be active and creative in learning, and to develop the learning atmosphere which are 

fun. The results of this study imply that the Tri Pamana Local Wisdom STEM approach is more effectively applied 

than conventional learning. The implementation of the Tri Pramana Local Wisdom STEM approach in science 

teaching provides wider space for teachers to instill local wisdom values, especially those related to the 

preservation of the environment from an early age to equivalent high school students so as to create a more 

realistic, harmonious and meaningful learning atmosphere. 

 

The results of this study are also supported by other research results related to the STEM approach, namely 

Dewi (2011) study which found that the application of STEM approach can improve the learning outcomes of 

fourth grade science students and research conducted by Madra (2012) found that there are differences in attitude 

scientific knowledge between groups of students who are studying with STEM learning models with groups of 

students learning with conventional learning models. Although the study does not integrate Precarian Local 

Wisdom, it may still have relevance for the results of this study. 

 

So, it can be said that the implementation of Tri Pramana based STEM learning can improve the learning 

outcomes of science students of class X PKBM WIDYA AKSARA, Banjar Sub-district, Buleleng Regency in the 

academic year 2017/2018
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CONCLUSSION 

Based on the results of classroom action research conducted in class X PKBM WIDYA AKSARA, the 

implementation of guided inquiry model based on Tri Pramana can improve the learning outcomes of science 

students of class X PKBM WIDYA AKSARA, Banjar Sub-district, Buleleng Regency in the academic year 

2017/2018. In the first cycle, the average learning outcomes of IPA students was 77.3 the mean percentage was 

77.6% with sufficient predicate. In the second cycle, there is an increase in the average learning outcomes to 

89.5 with an average percentage of 89.8% (high predicate). The difference in learning outcomes in cycle I and 

cycle II were 12.2%. 
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ABSTRACT 

 
Tour de Jantung is a student-centred STEM activity that can increase the students’ skill on learning science 

through inquiry approach. Student-centred learning aims to develop learner autonomy and independence by 

putting the responsibility for the learning path in the hands of students by imparting them with skills and basis 

on how to learn a specific subject required to measure up to the specific performance requirement (Hannafin, 

2010). This study is to identify the achievement of learning outcomes of identifying human heart structure and 

its relationship with blood pathway in blood circulatory system. As the result, through interview, students are 

able to identify the correct structure in human heart and able to describe the pathway in blood circulatory 

system. Students also show tremendous increase in achievement especially in term of their motivation, interest 

in learning and learning strategies after the activity. Indirectly, the activity is able to increase the students’ 

achievement by using 21st century learning and STEM approach. The activity could be used in related science 

activities that have same difficulty level of content, to help students to understand the concept better.  

 

Keywords: STEM, student-centred, inquiry, 5E Model of Learning, high order thinking skill 

 

 

INTRODUCTION 
Malaysia low performance in TIMSS and PISA is at an alarming level, hence many authorities in this 

country need to take a swift action to curb this issue. It also implicates the country in the future. The 

competitiveness of countries that priority focused on STEM development have given good impact on their 

development as modern country. In addition to that, through the 4th Industrial Revolution, it notifies us to equip 

our students with 21st century skills, such as critical thinking, collaboration, creativity and communication. 

 

The objective of this research is to identify the achievement of students’ learning outcomes of identifying 

human heart structure and its relationship with blood pathway in blood circulatory system. This is important for 

the students so that they can relate the learning to the function of the heart and the roles of blood circulation in 

materials transportation. 

 

Tour de Jantung activity can increase the students’ motivation, interest in learning and their learning 

strategies towards STEM subject in an interesting way. Indirectly, the activity is able to increase the students’ 

achievement towards 21st century learning and STEM approach, by imparting the students with future skills 

such as critical thinking, collaboration, creativity and communication. Tour de Jantung activity also 

recommended to be used in related science activity that have the same difficulty level of content, to ensure the 

students to understand the concept better.  

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 
The framework of this action research is based on Kemmis and MacTaggart (1988). There are four steps, 

 

Step 1: Reflection 

Step 2: Planning 

Step 3: Acting 

Step 4: Observing 

 

Based on this model, action research is a continuous cycle involving the aforementioned steps. It starts 

with reflection process by teacher. Early review is done by teacher after learning problem surfaced in classroom. 

The researcher identifies problem faced by the students. Planning is made and action implemented to lay out 

intervention to the problem. Observation is made to monitor the progress based on the intervention. During 
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observation, researcher reflects whether the intervention is able to overcome the problem or otherwise. 

 

Target Group 
25 students from 2 Arif are involved in this action research to identify their achievement on learning 

outcomes of identifying human heart structure and its relationship with blood pathway in blood circulatory 

system. They are selected based on their average and low performance during Mid-Year Assessment. Research 

is done in a rural secondary school in Ayer Hitam, Kedah. Total of 25 Malay students from 2 Arif which 

consists of 12 boys and 13 girls are involved in this research. 

 

Interview has been used to measure their achievement. Students are chosen based on their performance; 

high, average and low achiever. Interview transcript will be coded in the themes of achievement, interest, 

learning strategies and motivation. 

 

In order to equip students with the appropriate skills, student-centred learning is a good approach to 

develop learner autonomy and independence in the hands of students to challenge their ability as a learner in this 

century. 

 

Student-centred learning 
Student-centred learning aims to develop learner autonomy and independence by putting the responsibility 

for the learning path in the hands of students by imparting them with skills and basis on how to learn a specific 

subject required to measure up to the specific performance requirement. 

 

Students responsibility and independence help to develop characteristics of lifelong learners-motivation, 

self-evaluation, time management and the skills to access information. Research in student learning underscores 

the importance of concentrating on what learners do, and why they think they are doing it, rather than what the 

teacher does (Biggs, 1999). 

 

Tour de Jantung 
Tour de Jantung is a student-centred learning activity that gives autonomy and independence to students to 

explore their learning outcomes in a fun way. The learning outcome is to identify human heart structure and its 

relationship with blood pathway in blood circulatory system. To deliver the lesson to the students, teacher used 

5E Model of Learning to instill inquiry method among students. 

 

 

 
Picture 1. Concept of Tour de Jantung 
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Materials 

For Tour de Jantung activity, these materials are prepared before the activity took place such as: 

a. Labels for heart structure (Auricle and Ventricle) 

b. Labels for vein (Vena Cava and Pulmonary Vein) 

c. Label for arteries (Aorta and Pulmonary Artery) 

d. Model of Lungs 

e. Model of human body 

f. Red Cards to represent Oxygenated Blood 

g. Blue Cards to represent Deoxygenated Blood 

h. Map of Tour de Jantung. 

 

 
Picture 2. The materials 

 

Phase 1: Engage 

Teacher asks students the differences between human transportation system and plant transportation 

system. Teacher guides students that lead them to relate it with the function of heart in human transportation 

system. 

 

Phase 2: Explore 

Students are divided into group of 5 students. Students are given map of Tour de Jantung to discuss the 

best way to move inside the simulation. In this activity, students will represent as red blood cell. Students can 

refer to their textbook as their reference as well.

 

 
Picture 3. The arrangement of Tour de Jantung 

 

In order to make the activity meaningful, students are given activity sheet to help them to do the activity. 

They need to fill up the worksheet while they are doing the task by exploring Tour de Jantung. They may work 

in team, collaboratively. 

 

Phase 3: Explain 

After the exploration, students move to their group and discuss the best way to move in the simulation. 

Their movement represent blood circulation in human system. Every group will present their pathway of blood 
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flow in human based on their Tour de Jantung activity.  

 
Picture 4. Presentation of blood flow in human transportation system 

 

Phase 4: Elaborate 

Students’ critical thinking are being tested by giving them situation that might happen during heart attack. 

They worked in group collaboratively to discuss what really happens during the attack and the best solution for 

them to overcome the situation. Each group will present their outcomes afterwards. 

 

Phase 5: Evaluate 

Students are guided by teacher to reflect on what they learn through Tour de Jantung activity. Students 

relate it with the learning outcomes, to identify human heart structure and its relationship with blood pathway in 

blood circulatory system. Students also share their group outcomes when they are given situation to solve and 

relate it with their real-life situation.  

 

RESULT AND DISCUSSION 
As a result, 25 students are able to achieve learning outcomes that have been set by the researcher. The 

learning outcome is to identify human heart structure and its relationship with blood pathway in blood 

circulatory system. Students are able to describe the full process of blood circulation, including the structure and 

process involved. 

 

Student-centred learning approach was successful and effectual as a technique toward teaching pupils, and 

provide the opportunity for social acceptance and self-confidence and also improve mental ability (Asoodeh, 

2012). Therefore, this action research is parallel to past research. 

 

From an interview with high achiever students, Student A stated that, “I would love to learn science 

everyday”. This reflects that the activity had become the learning strategies for the student to learn more in 

science. 

 

For average performance students, Student B said, “I am so happy learning science with my fellow friends 

today. Actually, I didn’t feel like I’m learning science. Today’s lesson is really cool”. This is a proof that the 

activity had increased the students’ interest in learning science. 

 

Student C, low performance students said, “I was lazy to join in my class activities. However, seeing my 

friends were so eager and excited doing all the activities, I feel so motivated to do so”. Therefore, this interview 

clearly portrays that the student becomes more motivated to learn science after experienced this learning 

activity. 

 

CONCLUSION 
As a conclusion, Tour de Jantung activity can increase the students’ motivation, interest in learning and 

their learning strategies towards STEM subject. Indirectly, the activity is able to increase the students’ 

achievement towards 21st century learning and STEM approach, by giving the students future skills like critical 

thinking, collaboration, creativity and communication. Tour de Jantung activity is also recommended to be used 

in related science activities that have same difficulty level of content, to help students to understand the concept 

better. 
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ABSTRACT 

STEM is one of actual steps for science teachers in the city of Bontang to improve their teaching and pedagogical 

competency. To succeed the program, we have got an assistance and support from one of the chemical 

companies, PT KNI. We held some events on March 4 2017 by having some competitions which include: 

catapult ball bounce competition, water filtering, water sea evaporating, and ferns discovery. Participants of 

this event are 75 science teachers of junior high school in Bontang. The objective of this event is to provide 

some challenges to science teachers to find some ways to survive on the beach. Over there, there are only dirty 

water, sea water, some species of ferns, and some species of wild animal. They will survive if they have an 

idea and are able to make some innovations by filtering dirty water and evaporating sea water to get fresh 

water. Searching ferns is a challenge to get edible vegetables and creating catapult is a challenge to defense 

themselves from wild animals that will potentially attack them. This challenge is also one way to get nutrition 

sources from the animal nearby. In short, teachers are challenged to solve their problems in order to survive 

by utilizing any resources in their surroundings. 

 
Keywords: STEM challenge to the science teacher 

 

INTRODUCTION 
Qualified  learning  result  always  become  a  measure  for  the  success  of  learning  process.  Whatever 

methods, strategics, learning approaches, learning models are applied in teaching without showing the 

rising result qualit y learning is failed. So the enhancing skills and teaching methodology to apply fun science 

learning includes content knowledge is the most important things. To solve this problem needs to get 

meaningful learning to create our learning nearer to our life. So that the science learned in school is not only a 

collection of facts, but also the process of acquiring facts based on the abilit y to use the basic knowledge of 

science to predict or explain various phenomena.STEM is an educational program developed to prepare 

primar y and secondar y students for college and graduate study in the fields of science, technology, 

engineering, and mathematics (STEM). It is accordance with explanantions of Sarah Chapman and Vivian 

Rebecca that Education plays a key role in STEM engagement and in  many cases can be the first  exposure 

to  STEM for many  young children. Early childhood, primar y and secondar y  education  provide  many  

avenues  to  promote  STEM  engagement,  such  as  providing  learning experiences through curriculum-

related activities, relevance by linking in real world experiences, expertise by linking in industry and 

research, and extension programs and experiences, such as mentorships. In addition to subject-specific 

learning,  STEM aims to  foster inquiring  minds,  logical  reasoning,  and  collaboration  skills. 

 

Therefore STEM learning that be packed in an good event would be more rise of outcomes to implement 

values of STEM to solve poor of teaching and pedagogical competence. Based on it graduates of STEM 

STELR programme have idea to disseminate STEM STELR knowledges. 

 

This programme disseminate to other science teachers in the cit y to choose STEM learning as one of 

actual steps for science teachers in the city of Bontang to improve their teaching and pedagogical competency 

in the event. Packaging of event that will be held should be able to accommodate values of STEM standard 

skills.So we choose some activit ies which include: catapult ball bounce competition, water filtering, water sea 

evaporating, and ferns discover y. Surely, these competition have to packed in event that be expected can 

hold values of STEM standard skills. Participants of this event are 75 science teachers of junior high school in 

the city. The goal of this event is implemented values of STEM to solve poor of teaching and pedagogical 

competence in the pack of event that could provide some challenges to science teachers to find some ways to 

survive in Bontang. 
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Bontang is an industrial area surrounded by hilly terrain, valle ys, seas, and swamps. Meanwhile, to get 

clean water is quite difficult because the ground water tastes sour so even if want to get fresh water must 

be through the digging of deep wells. While the population is concentrated in the coastal areas. Such 

geographical and demographic conditions make it a challenge to carry out a survival with simple technology. 

Survival with this simple technology is very supportive if in a state of emergency without electrical energy 

for example during a tsunami disaster, volcano erupts, earthquakes, floods etc. Therefore, the idea of survival 

with simple technology is still relevant whenever and wherever we are. Furthermore, simple technology is still 

ver y necessar y because it does not depend on electrical energy. 

 

We  will  see  how  electrical  energy  is  so  important  and  irreplaceable  in  its  existence  to  support  

modern technology, in other words the existence of modern technology is heavily dependent on electrical 

energy. There is modern technology which electrical energy is needed for example: electric iron, rice cooker, 

refrigerator, washing machine, water pump, wall clock, electric stove, lighting, laptop, television, radio etc. 

 

The next idea is to utilize simple technology and to reduce the scoop area of survival, namely in the area of 

the beach. Over there, there are only dirt y water, sea water, some species of ferns, and some species of wild 

animal. They will survive if they have an idea and are able to make some innovations by filtering dirt y 

water, evaporating sea water to get fresh water from sea water. Searching ferns is a challenge to get edible 

vegetables and creating catapult is a challenge to defense themselves from wild animals that will potentially 

attack them. This challenge is also one way to get nutrition sources from the animal nearby. In short, teachers 

are challenged to solve their problems in order to survive by utilizing any resources in their surrounding. 

 

Identification and focus area in this research are: How to could improve the motivation of participant 

performance in their group to implement values of STEM.Based on the background above, researchers 

formulate this problem as follows: Does program in packed of event STEM challenges to the science 

teachers could improve the motivation of participant performance in their group to implement values of 

STEM Standard Skills? 

  

Based on the description of the problem formulation, the usefulness of this research: Special uses: 

1. Knowing whether implementation of dissemination STEM Learning in packed of event that could provide 

some challenges to science teachers to find some ways to survive. 

2. Knowing the steps that need to be done in teaching and learning to implement values of STEM Standard 

Skills as a solution to overcome the problems in the learning process. Common uses are: 

a. For teachers are expected to use the STEM Learning in the learning process, even a science teacher 

at the unit level of education is lower, such as primar y, or higher is also expected to use the results 

of research this in an effort learning innovation. 

b. For schools are expected to help improve the quality of learning outcomes science subjects. 

3. For developers of education and research are expected to increase the amount of information that can be 

revealed from science concepts taught 

 

The purpose of this study is: 

1. to identify the problems that occur to disseminate the STEM learning process. 

2. to identifying the cause of problems that occur to disseminate the STEM learning process. 

3. to identify evidence can be gathered to help search for the fact problems to disseminate the STEM 

learning process. 

4. to identify ways and means together such evidence. 

 

The steps that need to be done in teaching and learning to implement values of STEM as a solution to 

overcome the problems in the learning process. There  is  no  universal  definition  of STEM.  The  term 

commonly refers  to  the  integration of four disciplines,  namely  science,  technology  engineering  and  

mathematics.  STEM  is described as being “distinct and complementar y approaches to knowledge and 

practice that have been proven to produce benefit to society” (Office of the Chief Scientist, 2013). However, 

there are also challenges within the use of terminology within STEM fields - with Science, Technology or 

Engineering often being used interchangeably and without clear definition. For the purposes of this research 

report, we adopt the definition described by the Education Council of Australia (2015). STEM education is “a 

term used to refer collectively to the teaching of the disciplines within its umbrella – science, technology, 

engineering and mathematics – and also to a cross-disciplinary approach to teaching that  increases student  

interest  in STEM-related fields and improves students’ problem solving and critical analysis skills” 

(Education Council,2015). 
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STEM  develops  a  set  of  thinking,  reasoning,  teamwork,  investigative,  and  creative skills that 

students can use in all areas of their lives. STEM is not a standalone class, it is a way to intentionally 

incorporate different subjects across an existing curriculum. Here is a quick rundown of the STEM 

acronym: Science: The study of the natural world. Technology: One surprise the STEM definition for 

technology includes any product made by humans to meet a want or need. (So much for all technology 

being digital.) A chair is technology; so is a pencil. Any product kids create to solve a problem can be 

regarded as technology.  Engineering: The design process kids use to solve problems. Math: The 

language of numbers, shapes, and quantities that seems so irrelevant to many students. 

 

STEM aims to foster inquiring minds, logical reasoning, and collaboration skills. STEM has seven standard  

skills:  (1)  Learn  and  apply  the  content,  (2)  Integrate  content,  (3)  Interpret  and   communicate 

information  (4)  Engage  in  the  investigation,  (5)  Engage  in   the  logical reasoning,  (6) Collaborate as 

a team (7) Applying appropriate technology (Margaret Rouse: 2013). 

 

 
 

Certain learner-centered methods lead to improved learning outcomes, greater development of critical 

high-level skills, and increased retention in science, technology, engineering, and mathematics (STEM) 

disciplines. 

 

The Ideal teacher performance accordance their hours fly should be able to adapt with their students 

condition and ready to do implementation about STEM on ever y approach, method, strategy, model that is 

done in the learning process in the classroom. Teaching and Learning STEM  presents  a trove of practical 

research- based   strategies   for   designing   and  assessing  students'  learning.  Teachers  could  implement  

learning  in accordance with the values of STEM learning through some ways: 

• Conduct class sessions in which students are actively engaged, no matter how large the class 

• Make good use of technology in all activities classrooms, without using modern technology only but 

simple technology is choose optionalit y to use. 

• Assess how well students are acquiring the knowledge, skills, and conceptual understanding the 

course is designed to teach 

• Help students develop expert problem-solving skills and skills in communication, creative thinking, 

critical thinking, high-performance teamwork, and self-directed learning 

• Meet  the  learning  needs  of  STEM  students  with  a  broad  diversity  of  attributes  and 

backgrounds 

 

The advantage of this step is the strategies presented in Teaching and Learning STEM don't   require 

revolutionary time-intensive  changes  in  your  teaching,  but  rather  a  gradual integration of traditional 

and new methods. The result will be continual improvement in your teaching and your students' learning. 

 

STEM lessons often seem similar to science lessons and experiments, and in some ways, they are. After 

all, genuine science experiences are hands-on and inquiry-based. But if you look at the basics of an 

“ideal” STEM lesson, we will see some substantial differences. 
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Here are six characteristics of a great  STEM lesson. these guidelines are to  collaborate with 
other teachers and create lessons that apply technology to what students are learning in science and math 
(and other subjects as well). Anne Jolly (2014) 

1. STEM lessons focus on real-world issues and problems.
 

In STEM lessons, students address real social, 

economic, and environmental problems and seek solutions. The biggest “aha” STEM moment came when 

we 

moved to a new position and faced a class of science students who had given up on school. STEM lessons help 

students go deeper in their understanding of important science and mathematics concepts. Anne Jolly 

(2016) 

2. STEM lessons are guided by the engineering design process to provide a flexible process that  takes  

students from  identifying  a  problem or  a  design  challenge   to  creating  and developing a solution. 

3. STEM lessons immerse students in hands-on inquiry and open-ended exploration. In STEM lessons, the 

path to learning is open ended, within constraints. (Constraints generally involve things like available 

materials.) The students’ work is hands-on and collaborative, and decisions about solutions are student-

generated. Students communicate to share ideas and redesign  their  protot ypes  as  needed.  They 

control  their  own  ideas  and design their own investigations. 

4. STEM lessons involve students in productive teamwork. Helping students work together as a productive 

team is never an easy job. It becomes exponentially easier if all STEM teachers at a school work together 

to implement teamwork, using the same language, procedures, and expectations for students. If you want 

a jumpstart on building specific student-teamwork skills, 

5. STEM lessons apply rigorous math and science content your students are learning. In our STEM lessons, 

we should purposely connect and integrate content from math and science courses. Plan to collaborate 

with other math and/or science teachers to gain insight into how course objectives can be interwoven in a 

given lesson. Students can then begin to see that science and math are not isolated subjects, but work 

together to solve problems. This adds relevance to their math and science learning. In STEM, students 

also use technology in appropriate ways and design their own products (also technologies). 

6.  STEM  lessons  allow  for  multiple  right  answers  and  reframe  failure  as  a  necessar y part  of learning. 

Sometimes we should design our science labs so that all teams would replicate the same results or verify or 

refute a hypothesis. Students were studying specific science content and the whole idea was to provide 

insight into cause and effect by manipulating variables. 

 

STEM classes, by contrast, always provide opportunity for multiple right answers and approaches. 

The STEM environment offers rich possibilities for creative solutions. When designing and testing prototypes, 

teams may flounder and fail to solve the problem. That’s okay. They are expected to learn from what went 

wrong, and try again. Failure is considered a positive step on the way to discover and design solutions. 

 

Creating STEM lessons, so where can you find quality STEM lessons? An online search of “STEM 

lessons” will yield plent y of results. A word of caution, however: Not ever ything that claims to be STEM is 

actually STEM. 
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Based on considerations of infrastructure, accommodation, transport, cost, and time the research was 

conducted in Bontang, in the second semester academic year 2016/2017. The research period is for 3 months, 

from March to May 2017. 

 

The method used in this research is a best practice research method. This type of research can be done in 

the field of organizational development, management, health or medicine, education, and so forth. In the field 

of education research can be done on a micro or macro scale. In the micro-scale, for example done in the 

classroom during the course of a teaching and learning activities for a given subject on the subject. 

 
Data Research Analysis 

 

Plan of Research 

On the planning of research, Graduate of STELR STEM partner teachers are asked to give input on 

STEM materials that researcher will do. The materials are some challenges to science teachers to find some 

ways to survive on the beach. Over there, there are only dirt y water, sea water, some species of ferns, and 

some species of wild animal. They will survive if they have an idea and are able to make some innovation 

by filtering dirt y water, evaporating sea water to get fresh water from sea water. Searching ferns is a challenge 

to get edible vegetables and creating catapult is a challenge to defense themselves from wild animals that will 

potentially attack them. This challenge is also one way to get nutrition sources from the animal nearby. In 

short, teachers are challenged to solve their problems in order to survive by utilizing any resources in their 

surrounding. 

 

The researcher then compiled a worksheet of activities, which included catapult ball bounce competition, 

water filtering, sea water evaporating, and ferns discovery. Each worksheet has an arrangement frame that is 

description of activities, tools and materials, step experiment. In this case the worksheet that has been 

prepared by the researcher at the event is as a guide during the activit y. The hope is that there will be no 

principal error and contradict the value of the STEM concept. Worksheet for this event attached. 
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Meanwhile, to measure the motivation of participants, the instrument was developed in the form o f  

observation sheet  that  is the  motivation observation sheet. To  support the data that  has  been  

collected, the researcher develops a field note document and activit y observation sheet. 

 

This is done so that at the time of taking data the observers no longer feel difficulty or confusion 

about what to do or observed. Observat ions are given prior to the execution of data retrieval. Then with 

the obstetricians discuss the motivation sheet, as well as the field notes and observations of the 

implementation of learning. That wa y, together with the observer can equate the perception of all the 

things written in the observations that have been prepared and will be used in data retrieval. 

 

Participant motivation 

The participant's motivation can be seen from the participant's activity during the activity. 

Motivated  aspects  are  measured  based  on  four  kinds  of  behavior  that  sign  of  an  increase  in  

motivation. Observation of the participants' motivations at the time of the lesson took place with the 

help of two observers 

 

 
The test result  data will be analyzed descriptively   quantitatively by percentage, that is by finding 

the mean value (mean) and percentage of success.   The mean or average mean according to formula by 

Arikunto Suharsimi (2010: 284 – 285)  is as follows 

 
To know the percentage of motivation of each aspect can be seen in table percentage motivation of each 

aspect of pre-activit y. 
 

No 
 

Aspect 
 

Score total 
 

% 
 

Category 

1 The role of Participants in the group 651 72,33 high motivation 

2 Liveliness of the participants 215 71,00 high motivation 

3 Collaboration participants in complete the task 213 70,33 high motivation 
 

4 
Utilization of learning sources undertaken 

by participants and completeness of task 

 

904 
 

75,33 
 

high motivation 

 
From table motivation data learning participants appears that among the four aspects of observed 

motivation, aspects of utilization of learning sources undertaken by participants and completeness of tasks 

have the highest percentage the category of learning motivation of the largest percentage participants in the 

high motivation category reached 75.33%. To know graphic of motivation data learning participants for pre 

event as showen below 
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Based on table of data above that among the seven aspects of the implementation data values of STEM 

Standard Skills  for each aspect  pre activity aspects have the  highest  percentage category is  aspect 

applying  appropriate  reached  77,67%.  And  the  lowest  percentage  category  is  aspect  Apply  and 

Integrate the contentreached 72,33%. 
 

 
 

To know the percentage of motivation of each aspect can be seen in table percentage motivation of each 

aspect of post-activity as shown below: 
 

No 
 

Aspect 
 

Score total 
 

% 
 

Category 

1 The role of Participants in the group 763 84,78 high motivation 

2 Liveliness of the participants 247 82,33 high motivation 

3 Collaboration participants in complete the task 242 80,67 high motivation 

4 
Utilization of   learning sources  undertaken by 
participants and completeness of task 

1035 86,25 high motivation 

 
From table motivation data learning participants appears that among the four aspects of observed 

motivation are rised, aspect the role of Participants in the group category reached 84,78%, aspect Liveliness 

of the participants category reached 82,33%, aspect collaboration participants in complete the task category 

reached 80,67%, and aspects of utilization of learning sources undertaken by participants and completeness of 
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tasks have the highest percentage the category of learning motivation of the largest percentage participants in 

the high motivation category reached 86.25%. to know graphic of motivation data learning participants for post 

event as showen below: 

 

THE PERCENTAGE OF MOTIVATION FOR EACH ASPECT OF POST ACTIVITY 
 

 
 
The data of implementation values of STEM Standard Skills for each aspect post activity as shown below. 

 

Number Aspect Score Percentage Category 

1 Learn the content 508 84,67 Highest Motivation 

2 Apply and Integrate the content  

257 
 

85,67 Highest Motivation 

3 Interpret and Communicate information  

486 
 

81,00 Highest Motivation 

4 Engage in the investigation  

259 
 

86,33 Highest Motivation 

5 Engage in logical reasoning  

255 
 

85,00 Highest Motivation 

6 Collaborate as a team technology  

250 
 

83,33 Highest Motivation 

7 Applying appropriate 
 

253 
 

84.33 Highest Motivation 

 

Based  on table of data above  that  among the  seven aspects of the  implementation data values of  

STEM Standard Skills  for each aspect  pre activity aspects have the highest  percentage category is aspect 

Engage in the investigation reached 86,33%. And the lowest percentage category is aspect Interpret and 

Communicate information reached 81,00%. 
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Number Aspect Pre Post Description 

1 Learn the content 69,00 84,67 rise 15,67 point 

 

To know comparison of percentage of motivation of each aspect between pre and post activit y can be seen 

percentage of motivation on each aspect in pre and post event as shown below: 
 

 

No Aspect Pre Post Description 

 
1 

 
The role of Participants in the group 

 
70,39 

 
84,78 

 
rise14,39 point 

2 Liveliness of the participants 69,41 82,33 rise 12,92 point 

 
3 

 
Collaboration participants in complete the task 

 
71,39 

 
80,67 

 
rise 9,28 point 

 
4 

Utilization  of  learning  sources  undertaken  by 

participants and completeness of tasks 

 
81,91 

 
86,25 

 
rise 4,34 point 

 
Table of Comparison the implementation values of STEM Standard Skills for each aspect between pre and 

post activity as shown below. 

 

 

 

 

 

  

THE GRAPHIC OF COMPARISON THE IMPLEMENTATION VALUES OF STEM STANDARD 

SKILLS FOR EACH ASPECT BETWEEN PRE AND POST ACTIVITY 

Post     Pre 

Applying appropriate 

 
Collaborate as a team 
technology 

 

 
 

Engage in logical 
reasoning 

 

 
Engage in the 
investigation 

 
Interpret and Communicate 

information 
 

Apply and Integrate the content 
Learn the content 

 
0 20 40 60 80
 100 

 

 
 

 

2 Apply and Integrate the content 72,33 85,67 rise 13,33 point 

3 Interpret and Communicate information 73,00 81,00 rise 8,00 point 

4 Engage in the investigation 76,33 86,33 rise 10,00 point 

5 Engage in logical reasoning 76,67 85,00 rise 8,33 point 

6 Collaborate as a team technology 73,33 83,33 rise 10,00 point 

7 Applying appropriate 77,67 84,33 rise 6,67 point 
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Reflection Implementation of activities with comparison of pre event activities (routine meetings of 

MGMP IPA SMP/MTs) 

 

At the end of the activity or activit y is called post event reflection of activit y. This reflection is useful to 

know the shortcomings and advantages contained during the activity, while the shortcomings and advantages 

are: 
1)   The committee has facilitated the participants during the event. This can be seen from the increased  
process 

of  activeness   during  the   discussion   compared   to   pre-event   routine meeting  events  

MGMP  IPA SMP/MTs, participants who ask questions, quality questions asked by participants, 

the existence of the same work between participants in completing the task and the increase in 

learning resources utilized by participants has increased. 

2) The  result  of  reflection  on  the  post  event,  it  is  known  that  the  participants  experienced  

motivation improvement.  This  means  that  prior   planned  improvements   to  the  STEM 

Challenge to the Science Teacher (post event) event have been successful. So obtaining a 

conclusion of learning in this post event also has been successful 

 
DISCUSSION 

In  this  study,  the  motivations  measured  by  four  kinds  observed  motivation  indicators:  1)  the  role 

of the participants in the group, 2) the participant's participation in the class, 3) Participant co-operation in 

completing the task given by the teacher, and 4) The utilization of the learning resource by participants  and  

completeness  of  the  task.  Motivation  measurement  is  also  based  on  participants'  learning outcomes with 

the assumption that if the participant's learning motivation is high then the results tend to be high. In some 

cases there are participants who are in the activity appear less active or less motivated but the results are high, 

so the shortcomings in the observation sheet by the observer are covered with the participants' learning 

outcomes. 

 
CHART OF COMPARISON OF MOTIVATION FOR EACH ASPECT BETWEEN PRE AND POST 

ACTIVITY 

 

 
 

From the motivation data made by the average percentage observer for the role of participants in the 

group at the pre-event was 70,39%, the post event increased to 84,78% rise14,39 point. Aspects of liveliness 

of the participants at the pre-event was 69,41%, the post event encreased to 82,33% rise 12,92 point. 

Aspects of collaboration participants in complete the task at the pre even was 71,39%, the post event was 

80,67% rise 9,28 point. Aspects of utilization of learning sources undertaken by participants and completeness 

of tasks at the pre- event was 81,91% the post event increased to 86,25% rise 4,34 point. 

 

From Table of Comparison the implementation values of STEM Standard Skills for each aspect 

between pre and post activity made by the average percentage observer for aspect learn the content at the 
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pre-event was 69,00% the post event increased to 84,67% rise 15,67 point, for aspect   apply and 

Integrate the content at the pre-event was 72,33%, the post event increased to 85,67% rise 13,33 point, 

aspect interpret and Communicate information at the pre- event was 73,00% the post event increased to 

81,00% rise 8,00 point, aspect engage in the investigation at the pre-event was 76,33% the post event 

increased to 86,33% rise 10,00 point, aspect engage in logical reasoning at the pre-event was 76,67% the 

post event increased to 85,00% rise 8,33 point, aspect collaborate as a team technology at the pre-event 

was 73,33% the post event increased to 83,33% rise 10,00 point, aspect applying appropriate at the pre- 

event was 77,67% the post event increased to 84,33% rise 6,77 point. 

 

Based explanation above accordance with STEM aims to foster inquiring minds, logical reasoning, and 

collaboration skills. STEM has seven standard skills: (1) Learn and apply the content, (2) Integrate content, 

(3) Interpret and communicate information (4) Engage in the investigation, (5) Engage in the logical reasoning, 

(6) Collaborate  as  a  team  (7)  Applying  appropriate  technology  (Margaret  Rouse:  2013).  And  so  

on  the implementation values of STEM Standard Skills for each aspect should improved in line with 

motivation data learning of participants. 

 

Changes of learning motivation of participants in this study occurred due to several factors, In pre-

event participants are divided into 10 groups with no regard to the ability and skills of participants. This leads 

participants with low cognitive levels to tend to be inactive looking for data from reading sources but to seek 

answers directly from one group of partners. While participants with high cognitive tend to work individually 

so that the interaction between participants lacked. In the post event the positioning pattern into 10 groups, this 

pattern makes intensity of participants interaction increased, collaboration in the same group began to be seen 

from the beginning. 

 

In addition to the above, there are also supporting and inhibiting factors that occur during the process of 

activities that take place are: 

1. Factors that support the implementation of problem-based learning by using STEM in improving the 

process skills and learning outcomes of participants are: a) High enthusiasm of participants to new 

learning innovations, b) these participants have been accustomed to self-learning activities, c) activities 

able to attract the attention of participants because it is ver y challenging to do creations, d) conceptual 

guidance described in the worksheet. 

2. Factors  that  impede  the  implementation  of learning-based  learning  problems  by 
using 

STEM in improving the process skills and learning outcomes of participants are: 

a) the 

presence of apathetic participants, b) lack of facilities or media that can facilitate the mastery of the 

concept of participants, c) inadequate access of participants to move freely to observe the process of 

activity d) the time of learning taken up to the useless. 

 
CONCLUSIONS 

Based on the results of research and discussion that have been described previously, can be concluded that: 

 

1. Implementation of dissemination STEM STELR program in packed of event that could provide 

some challenges to science teachers to find some ways to survive on the beach can improve the 

learning motivation of participants of STEM Challenge to the science teachers. 
 

2. Factors  that  support  the  implementation  of problem-based  learning  by using  STEM  in 

improving the process skills and learning outcomes of participants are: a) High enthusiasm of 

participants to new learning innovations, b) these participants have been accustomed to self-

learning activities, c) activities able to attract the attention of participants because it is ver y 

challenging to do creations, d) conceptual guidance described in the worksheet. 

3. Factors that  hinder  the  implementation  of problems  based  learning  by using  STEM  in 

improving the process skills and learning outcomes of participants are: a) the presence of apathetic 

participants, b) lack of facilities or media that can facilitate the mastery of the concept of 

participants, c) inadequate access of participants to move freely to observe the process of activit y d) 

the time of learning taken up to the useless. 
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SUGGESTIONS 
The suggestions that researchers can put forward by referring to the findings during the study are as 

follows. 

 

1. For faculty that want to apply STEM Approach should do the following matters. 1) the diversity of academic 

ability, 2) the number of participants in the class, 3) the availability of the source book of learning, 4) the 

relationship with STEM approach to teaching materials. 

2.  To  facilitate  participants  in  groups  and  collaborations,  it  is  best  to   provide  a  learning 

experience related to the real-world situations of participants (contextual learning or Contextual 

learning) to foster an attitude, creative, active and socially responsible. 
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ABSTRACT 

This study discusses the application of STEM approach in chemistry learning using guided inquiry model. This 

research is purposed to know the effectiveness of application of guided inquiry-based STEM approach to 

improve science process skill. This research is designed in the form of class action by taking the material of 

electrolyte and non- electrolyte solution which is carried out in two cycles. The research data were obtained 

through pretest, post-test, and as well as a non-test technique. The test technique is carried out in the form of 

preliminary test, final test and student worksheet. The non-test technique is carried out through observation by 

using the observation sheet. Research data is processed using percentage analysis. The results showed that 

STEM approach with guided inquiry model that applied can foster the science process skill and train students' 

scientific attitude. 
 

Keywords: STEM, inquiry guided, science process skill. 
 

INTRODUCTION 
 

Background 
 

The main goal of learning science is to describe the optimal learning strategy to encourage initiative and 

facilitate learners' learning. This science is more appropriately seen as applied science that bridges learning 

theory and learning practices, something which Dewey (1960) and then by Glaser (1976) said that it is an urgent 

matters. Thus it can be said that the learning sciences pay attention to efforts to improve understanding and 

improve the learning process (Uno, 2007: v-vi). It is included in this chemistry. 

 

Chemistry is a subject that tends to be a subject that only can be understood by learners. If the learner is 

confronted with a certain material when he is not ready to understand it, he will not only fail to learn but will 

also avoid the lesson. This could be due to the use of traditional learning systems. In traditional learning systems 

learners are given only oral knowledge (lectures) so that learners only receive knowledge in the form so without 

experiencing what they learn. Though learning will be more meaningful if learners experience themselves what 

is learned rather than just the knowledge that is given orally. 

 

Given that each learner has different levels of thinking, and the likelihood of a learner's difficulties in 

solving a problem. So with the skills and expertise possessed by a teacher, teachers are expected to be able to 

choose the right model of learning so that learners master the lessons in accordance with the targets to be 

achieved in the curriculum. 

 

In improving the learning process, various efforts are required along with the conditions of learning. The 

purpose of learning conditions here is the purpose of the field of study; constraints of material delivery, as well 

as the characteristics of appropriate classroom learners take place. Usually the characteristics of the field of 

study and the characteristics of different learners require different approaches and learning models. 

 

There are some principal problems found by researchers in class X MIPA 3 SMA Plus N 2 Banyuasin III 

during the observation, as follows: 
 

1. Introduction in the form of an attempt to draw the attention of learners into the topic of discussion, 

through a brief explanation of sub important subject in the discussion is rarely done. 
 

2. The core activity, i.e. the material is delivered in discussion but many learners who still tend to be 
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passive in the group. 
 

3. Concluding activities are often not accompanied by the delivery of conclusions and solutions to 

problematize some learners` questions. 
 

4. There is still learning that only takes one direction, many learners are not actively follow the discussion 

activities in the classroom and they do not express their opinion at all. 
 

5. Learning activities conducted through the method of discussion, but it does not display auxiliary 

media in explaining the material, the learning process is still done in abstract. 
 

6. The lack of variety of learning systems leads learners to get bored quickly. 
 

From the above findings, researchers trying to find solutions to these problems using STEM approach are 

expected to further increase the interest of learners following the learning. Researchers also want to increase 

science skills skill of students of class X MIPA 3 SMA Plus Negeri 2 Banyuasin III. 
 

Learners easily understand complicated and abstract concepts when they are accompanied by concrete 

examples. That is one of the underlying reasons of the need to apply science process skills. Dimyati and Moedjiono 

(2002: 141), there are a variety of process skills, such as skills that consists of basic science skills, starting from 

observing, classifying, predicting, measuring, reconciling and communicating, and the integrated skills of the 

science process (integrated skill), from the identification of variables to the most complex, that is experiment. 

Process skills can develop the ability to observe, classify, assess / interpret, forecast, apply, plan research, 

communicate, (Sumantri and Permana, 2001: 97-100; Hamalik, 2008: 150-151; Usman, 2008: 42-43 Usman 

and Setiawati, 1993: 78-79; Nuryani, 2005: 80-81). 
 

Learning outcomes are not just a mastery of knowledge, but also the skills in seeing, analyzing, and 

solving problems, making plans and organizing divisions of labor; thus the activities and products resulting 

from this learning activity are assessed. 
 

Joyoatmojo (2006) summarized the opinions of some experts and suggested such skills or abilities and 

attitudes that can make a person with a high degree of flexibility in dealing with changes around him, 

including in association, in work, or within an organization. A person who has been trained with science 

process skills will have an honest personality, and meticulous, so as to be able to socialize with the community. 
 

Electrolyte and non-electrolyte solution materials with guided inquiry-based STEM approach are expected 

to improve the science process skills of MIPA 3 class X students in SMA Plus N 2 Banyuasin III on TP 

2017/2018. 
 

Formulation of the problem (research question) 
Based on the background above, the problem is: "How the guided Inquiry STEM- based approach is can 

improve the science process skills (PPP) on the material of electrolyte and non-electrolyte solution of class X 

students MIPA 3 SMA Plus Negeri 2 Banyuasin III?" 
 

Research purposes 
The purpose of this study is to improve the science process skills in electrolyte and non-electrolyte solute 

materials by using guided Inquiry-based STEM approach. 
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Benefits of research 
Benefits that can be obtained from this research are: 

 

For teachers 

As a contribution for teachers thinking about the application of STEM approach in improving the quality 

of learning in schools and can improve the skills of students' learning process. 

 

For Learners 

Generating and developing creativity to improve the science process skills of learners in the learning process 

in order to solve problems and understand and apply the concepts learned in everyday life. C. For school 

 

This research can be a feedback to improve the effectiveness and efficiency of learning. Improve the 

quality of learning in schools through improving teacher performance.  

 

For researchers 

For the researchers themselves, this research can be used as a reference for further research action in the 

future. 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 
 

Research Approach 
The used approach in this research is qualitative but some of the data require quantitative approach to 

generate the answer. 
 

Place and Time of Research 
The research was conducted in SMA Plus Negeri 2 Banyuasin III in class X MIPA 3 semester of the 

year of Lesson 2017/2018, on 13 - 29 January 2018. 
 

Research Subject 
This research subject is all students of class X MIPA 3 that consist of 12 male students and 18 female 

students. 
 

Research Methods 

This study is a classroom action research with an activity cycle consisting of two cycles. Each cycle is 

done 2 i n  times a meeting. Each cycle includes: planning, action, observation, and reflection. The work 

procedure can in general be explained by a general description of classroom action research (Arikunto 2006: 

74). 
 

 
 

Picture 1. Classroom Action Research Stages 

 

This research belongs to the classroom action research. Some reasons why classroom action research 

(PTK) becomes one of the approaches in improving or improving the quality of learning are: 

(1) A problem-solving approach that is not just trial and error, 

(2) Working on the factual issues that teachers face in learning 

(3) No need to leave the main task, namely teaching, 

(4) Teachers as researchers, 
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(5) Developing teacher's academic and professional climate, 

(6) It can be implemented immediately when the need arises, 

(7) It is implemented with the aim of improvement, 

(8) The research cost is cheap, 

(9) Bending or flexible design, 

(10) Analysis of data is instantaneous and uncomplicated, (11) The benefits are clear and direct. 
 

In doing this research the author is assisted by a colleague who acts as a collaborator who qualified S1 and 

educational background Chemistry. 
 

Class Action Research Procedures 

This classroom action research is carried out continuously, i.e. through cycles 1, and 2. So in this case, 

after the treatment that has not been improved, the improvement will be made in the next cycle. The execution of 

activities carried out each cycle is as follows: 
 

CYCLE I 

Material: Understanding and sample of electrolyte and non-electrolyte solution 
 

Time : 4 x 45 minutes (2 meetings) Planning Stage 

a. Plan the lessons that will be applied in the teaching and learning process. After observing several times in 

class X MIPA 3 SMA Plus Negeri 2 Banyuasin III, the researcher applied STEM approach as a solution in 

learning problem. 

b. Develop a lesson improvement plan (RPP) that contains learning steps using a guided inquiry- based STEM 

approach in each sub subject. 

c. Preparing learners worksheets that are related to the material to be submitted, i.e. understanding and sample 

of electrolyte solution. 

d. Prepare the tools and materials to be used in the practicum of understanding and the types of colloids as 

applied teaching methods. 

e. Compile and make test questions of understanding and examples of electrolyte solutions to assess learners' 

learning outcomes. 

f. Create an observation sheet to see how the learner is doing during the learning process. 

g. Assess the affective and psychomotor aspects of the learner using an assessment sheet. 

2. Implementation of Action 

1) Preliminary 

The teacher apperception by conveying the purpose of learning and motivate learners to learn and perform 

apperception, namely: 

a) What is an electrolyte solution? 

b) What are examples of electrolyte solutions? 

2). Core Activities 

 

Implementation of STEM 

a. Learners are grouped heterogeneously, 5 people in one group to conduct discussion and practice. 

b. Students are given LKPD by teachers to conduct discussions in practice. 

c. Learners are asked by the teacher to prepare the prepared electrolyte solution materials. For the first and 

second meetings, the prepared medium is an electrolyte solution (milk, salt solution, and water). Teacher 

exemplifies how to experiment. 

d. Learners conduct experiments in accordance with LKPD, through teacher guidance of 

learners connecting their initial knowledge with new circumstances found during practice. e. Find Your 

Own Problems and Solutions 

In this phase the teacher guides the learner in finding the main issues of the material as well as solving it on 

their own. Based on the order of inquiry found in LKPD: 
 

(a)  formulate the problem 

(b)  proposed hypothesis 
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(c)  collecting data 

(d)  testing the hypothesis 

(e)  making a conclusion 

(f)   LKPD which is distributed by teacher there are questions related to the practicum that has been 

implemented. (Asking). 

(g) The teacher asks one of the group representatives to present the results of the discussion. 

(h) Teachers and learners together reflect lessons at this meeting by re-ordering learners' knowledge related 

to learning events that have been passed. 

(i) In the teaching process, the teacher provides a real assessment covering the cognitive aspects (tests at the 

next meeting), affective, and psychomotor through the observer with the prepared sheets, both students in small 

groups as well as in the class as a whole. 

 

Closing Activity 

Learners and teachers make conclusions and teachers give reinforcement. For the meeting of this cycle, 

the conclusion is that there is a mixture other than the true solution and the crude suspension of the electrolyte 

solution can conduct an electric current. 

3. Observation Stage 

 

At this stage an observation of the process that occurs in the action learning (descriptor attached). The 

observed things are: 

a) STEM  approaches  that  occur  to  learners  in  learning  activities  are  recorded  in  the monitoring 

instruments of learners and field notes. 

b) Skills of students' learning process during the learning process with STEM approach. 

 

Reflection Stage 

This stage is aimed at the test results of learners, so that is known whether the purpose of learning is 

achieved or not. The reflection stage is the final stage in cycle I. At this stage the researcher held a reflection 

based on the evaluation result on the initial test (T1). The results of the observations in the analysis are taken to 

get an idea of how the impact of taken actions and what things should be the best fit to the next action. 
 

CYCLE II is based on the results of cycle I 

In Cycle II, students are given the opportunity to make an electrolyte test kit with their own creations and 

innovations. Then the electrolyte test device made by the learner is used in the chemical lab to distinguish the 

electrolyte and non-electrolyte solution. 
 

Data collection technique 
 

1. Test 

Collecting data about learning outcomes of learners is conducted with tests, while the data collection tool is a 

matter of tests with multiple choice form. This research is done twice, which consists of: 

a. the first test that is given at the end of the first action (T1) 

b. the second test that is given at the end of the second action (T2) 
 

2. Observation sheet 

To know the psychomotor and affective ability, it must be done with observation sheet. In the observation 

sheet, it is described as a reference to know psychomotor and affective ability of learners during the 

learning activity. The Science Process Capability (PPP) is measured by an observation sheet. 
 

Data Analysis Technique 

The steps of data processing are: 

1. To find out the increase of learning outcomes by calculating the average value or percentage of learning 

outcomes of learners before the action is done with learning outcomes after the action is taken on each cycle. 
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2. Assessment 

a. The value of learning outcomes (cognitive) is obtained by using the formula: 

Student scores = correct answer.  x 100 % 

Maximum scores (Arikunto 2002: 236) 

b. The average value of learners is sought with the following formula:  score student 

c. Assessment of affective and psychomotor used the following formula: 
 

NA% = 
n 

N 

 

x100% 

 

 

NP% = 

 

n 
x100% 

N 
 

Information: 

NA% = Percentage of affective value of learners gained NP% = Percentage of psychomotor value of learners 

gained n = number of scores obtained 

N = maximum number of scores 
 

Implementation 

The learning steps with guided inquiry based STEM approach as follows: 
1. The teacher explains the material of electrolyte and non-electrolyte solution then gives 
some examples in everyday life 
2. The teacher divides the learner into 6 groups. 

3. The teacher asks the learners to prepare the need for a chemistry lab within 7 days. 
4. The  teacher  requested  group  representatives  to  prepare  for  the  manufacture  of electrolyte test 
kits. 

5. Master  modeled  the  making  of  electrolyte  test  kits,  then  gave  the  learners  the opportunity to 
make them. 

6. Each group works to make an electrolyte test kit in accordance with the guidance of the supervising 
teacher. 
7. Learners are directly involved in the manufacture of electrolyte test kits which is the basic idea. 

8. Students perform the manufacture of electrolyte test equipment with cooperation in the group. How to 
make props is very simple and easy. By utilizing lights, cables, batteries (electricity) and giving carbon 
electrodes. 

9. After the electrolyte test kits are completed, the teacher begins to explain the working concept of the 
electrolyte test equipment. 

10. Teachers teach using a modest tool in a chemistry laboratory and compare it with an electrolyte test 
kit 
11. Learners use the electrolyte test equipment they make in learning. 

 
RESULT AND DISCUSSION 

In the school where this research is held the students are usually only with the learning of chemistry 

lecture and discussion methods. Learners are rarely confronted with a chemical lab due to chemical laboratory 

limitations. Before the learning process is conducted using STEM approach, there is a complete obtained data 

which are: 
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Table 1. Completed Learning Outcomes Learners Before Action (T0) 

 

 

 
Score 

 

The number of 

Student 

 
% Student 

 
Completed 

The number 

of Student 

complete 

 
%Completed 

(student) (%)  student (%) 

85 – 100 3 10,00% complete  
16 

 
53,33% 

75 – 84 13 43,33% complete 

65 – 74 6 20,00% incomplete  

 
14 

 

 
46,67% 55 – 64 5 16,67% incomplete 

≤ 54 3 20,00% incomplete 

 30 100,00%  100,00% 

Information: 

Number of learners: 30 

Number of learners who complete the study: 16 

Number of students who have not finished learning: 14 

Classically the percentage of learners who achieve mastery learning: 53.33% 
 

The development of science process skills for MIPA3 class X students in SMA Plus N 2 Banyuasin III on 

electrolyte and non-electrolyte solution materials, is divided into several components, i.e. components planning, 

implementing and communicating. The following details of the components are presented in Table 2. 
 
Table 2. Finishing Data of classical Science Process Skill Practicum of Electrolyte and Non Electrolyte Solution 

 

No Component of Science process Cycle I Cycle II 

1 Planning: 

Understanding the concept Define tools and 

materials Determine the work steps Average of 

each component 

 
70.50% 

75 % 

80% 

76.17% 

 
85 % 

80% 

87% 

86% 
2 Doing : 

Preparing tools and materials 

Experiment 

Data retrieval 

Spruce up tools and materials 

Average of each component 

 
78% 

75 % 

70% 

77% 

75% 

 
88% 

85 % 

80% 

87% 

85% 
3 Communicating: 

Observation result Data analysis Discussion 

Conclusion 

 
75 % 

70% 

77% 

75% 

 
88% 

85 % 

90% 

90% 

 Average of each Component 75.14 86.4 

 Average science process skill of each cycle 75 86 

 Classic mastery 7.5 8.6 

 

In Table 2 it can be seen that the classical completeness of the science process skills in the first cycle has 

not met the indicator set. According Mulyasa (2002), the complete learners psychomotor aspect is 75% 

individually and classical mastery psychomotor aspect is 85%. This is because learning with guided Inquiry 

models is new for learners. In the first cycle students have not understood the system applied, especially in terms 

of charging LKPD. Learners are still confused in 
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understanding the questions that exist in LKPD, but they do not dare to ask questions. Learners are more 

waiting for teachers to come to their group. 
 
Table 3. Completion of Learning Outcomes Learners Cycle One (T1) 

 

 

 
Score 

The 

number of 

Student 

 
% Student 

 
Completed 

The number of 

Student complete 
 
%Completed 

(student) (%) student (%) 

85 – 100 3 10,00% complete  

 
18 

 

 
60,00% 75 – 84 15 50,00% complete 

65 – 74 6 20,00% incomplete  
 
 

 
12 

 
 
 

 
40,00% 

55 – 64 4 13,33% incomplete 

≤ 54 2 20,00% incomplete 

 30 100,00%  100,00% 

Information: 

Number of learners: 30 

Number of learners who complete the study: 18 

Number of students who have not finished learning: 12 

Classically the percentage of learners who achieve mastery learning: 60.00% 

 
From table 3 can be seen an increase in learning mastery where learners got the value of ≥ 75 for about 18 

people (60.00%). Although there has been an increase in the completeness of learning but they have not yet 

achieved learning completeness in the classical 85%. But there has been an increase in the average value of 

learning outcomes that is 71.72 
 

Learning activities that have been applied in research location used more of lecture methods, so that 

learning involving learners directly in the experiment that has never been applied. Therefore, learners are 

less experienced in experimenting. They are less successful in learning cycle I. In accordance with the opinion 

Purwanto (1999), it is influenced by internal factors and external factors. One of the external factors that 

influence learning outcomes is the learner's opportunity to engage directly in the learning process, such as the 

opportunity to experiment. Investigations or experiments can train learners to acquire the skills of the science 

process (Riess, 2000). 
 

The following data of learning outcomes of learners in cycle II can be seen in the table is the cumulative 

frequency distribution table that learners learn. 
 

Table 4. Completeness of Learning Outcomes Learners Cycle II (T2) 

 

 
Score 

The number of 

Student 

 

% Student 

 

Completed 
The number of 

Student complete 

 

%Completed 

(student) (%) Student (%) 

85 – 100 5 16,67% Complete  
25 

 
83,33% 

75 – 84 20 66,67% Complete 

65 – 74 2 6,67% Incomplete  

 
5 

 

 
16,67% 

55 – 64 1 3,33% Incomplete 

 

≤ 54 

 

2 

 

20,00% 
Incomplete 
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30 

 
100,00% 

   
100,00% 

 
Information: 

Number of learners: 30 

Number of learners who complete the study: 25 

Number of students who have not finished learning: 5 

Classically the percentage of learners who achieve mastery learning: 83.33% 
 

From table 4 it can be seen that the learning outcomes of students have increased from cycle I with the 

percentage of students who expressed learning in cycle II is equal to 83.33% or 25 students who expressed 

complete learning. 

 

Learning outcomes are obtained during this learning process from before until the second cycle has 

increased. But it has not yet achieved a classical increase in learning as much as 85% of learners. Recapitulation 

of frequency distribution of learning result from before action until cycle II can be seen in following table. 
 

Table 5. Recapitulation of learning outcomes Learners 

 
Test 

 
Average Score 

The number of Student 

complete 

 

Completed (%) 

T0 69,79 9 53,33 

T1 71,72 18 60,00 

 

T2 

79,03 25 83,33 

 

Overall, from cycle I to cycle II, the percentage of mastering the skills of the science process for each 

component tends to increase. This increase shows that the skills of the science process begin to grow and form 

along with the habits that are practiced continuously. 

 

Teacher briefing to learners and application of learning method has a very big influence for the 

improvement of the skill of science process. This is in accordance with the opinion of Sudjana (2006) that the 

teaching strategies that demand the activeness and participation of learners are able to change the behavior of 

learners more effectively and efficiently so as to achieve optimal learning outcomes. The activities of learners 

who use the entire sense apparatus that they have in learning will improve the understanding and skills of the 

science process. 

 

Affective ability is relatively slow due to affective ability cannot be developed in a short time. Actual 

affective abilities include a scientific attitude will arise when learners gain repeated experience with the habit that 

is done continuously. This is in accordance with the opinion expressed by Djamarah (2012) that learning can be 

interpreted as a process of behavior change due to experience and practice. 

 

As a note, it should be stated that there are some factors that are less controllable in this study. Not all 

components of learners' attitudes can be observed directly, because attitudes cannot be observed in a short time 

but it takes a long time and there are external factors that affect the results of research that cannot be observed by 

researchers, such as psychological and health learners during the learning process. 

 

Here is the documentation during cycle II learners make electrolyte test kits with their creations and 

innovations then use in the chemistry lab. 
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Picture 2. Documentation of researchers in chemistry learning with STEM Approach to improve science process skills 
 

Chemistry laboratory conditions in SMA Plus N 2 Banyuasin III are inadequate. Chemistry Laboratory is 

often used as a meeting place and meeting various activities in school. As a result learners can rarely practice in 

the laboratory. With the limitations of tools, materials and chemistry laboratories make the idea arise for 

chemistry without laboratory learning. With STEM approach learners are guided to connect all activities of 

Science, Technology, Engineering and Mathematics. 

 

SMA Plus N 2 Banyuasin III is a flagship school in Banyuasin district, South Sumatra Province. KKM for 

Chemistry subject is 75. Students with 75-83 value range get C grade. B value can be achieved for 83-90 value 

range. 
 

CONCLUSION 

Based on the results of the research above, there are several conclusions which are: (1) Skills of the science 

process can be grown in the students by applying STEM approach based on guided inquiry learning model, (2) 

Guided inquiry based learning can also be used to obtain mastery of learning materials effectively, (3) STEM 

approach in chemistry learning can improve students' creativity and innovation by making various practicum 

tools through teacher guidance and direction in guided inquiry model. 
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ABSTRACT 
An integer is a number consisting of a positive number and a negative number. The sum of the integers is a 

combination of two positive and negative numbers. if the number with the same value is combined the result 

will be zero. Dragon Egg Media is a medium designed to utilize used materials made of duplex paper, color 

paper, traces of eggs (eggs) and plastic egg toys. The egg spot will represent a negative number and a plastic 

ball represents a positive number, then it will be paired or combined. Once combined it will be placed in a 

designed place like a dragon shape. Trees and eggs of zero and unpaired grades show the answer, if there is no 

partner is tre then it is negative and if the unpaired plastic eggs are positive.  The use of  dragon  egg  media  is  

very interesting to be used in elementary schools because the media is designed according to the characteristics 

of elementary school students. Dragon eggs media are also able to increase the understanding of addition 

concept. 

 

Keywords: addition, integer, dragon egg medium 

 

INTRODUCTION 

Permendikbud No. 65 year 2013 curriculum on the standard process, that learning emphasizes a scientific 

approach that includes observing, questioning, trying, reasoning and communicating.  So it is desirable that 

learning produces work-based discovery problems.  Primary  school  (SD)  age  6  -  12  years  is  a concrete  

operational  period  (Piageut,  2006).  The importance of real-based learning in accordance with the world of 

students greatly facilitates students to understand the concepts in the content of subject matter. 

 

Mathematics learning in primary school is one of the subjects that is guided by the rules of science and 

technology. This shows that elementary mathematics has characteristics, namely: (1) has an abstract study 

object (2) has a consistent deductive thinking pattern Suherman (2006: 55). Mathematics as a study of 

abstract objects is of course very difficult to be understood by elementary students who have not been able to 

think formally, because the orientation is still associated with concrete objects. 

 

Given the importance of mathematics to elementary school students, it is necessary to find a way to teach 

math that is more interesting and not boring, according to PAKEM (Active, Creative, Effective and Fun). In 

addition, mathematics should also be useful and relevant to student life. Subanji (2013), further explains that 

the learning of mathematics at the level of basic education should be emphasized on the mastery of basic 

skills of mathematics itself. A prominent skill is the skill of mastery of basic arithmetic operations (addition, 

subtraction, multiplication and division).  Therefore, in the learning of mathematics there are two aspects that 

need to be considered, namely: (1) mathematics as a tool to solve problems, and (2) mathematics is a 

collection of skills that must be studied. The two aspects of mathematics mentioned above need to be given 

proportional attention. A well-received concept in the mind of the student will facilitate the understanding of 

subsequent concepts. For that reason, the  presentation of  new topics should  begin  at  the  simplest  stage  

to  a  more complex stage, from the concrete to the abstract, from the child's immediate environment to the 

wider environment.z 

 

So this is where the importance of using media in learning mathematics. Learning media are all forms 

that can be used to distribute messages or content of lessons, stimulate the thoughts, feelings and attention of 

students Ibrahim and Syaodih (2003:112). Physical or manipulative objects to model mathematical concepts are 

important tools to help students learn math. 

 

In studying mathematics, materials or objects of manipulation are concrete objects that are specially 

designed and can be tinkered in an attempt to understand a mathematical concept. Estiningsih et al (2005) 

asserted that the objects that can be manipulated by students are very useful to solve the number and the 

mailto:ory25@g.mail.com
mailto:ory25@g.mail.com
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development of mathematical ideas. 

 

The problems that often experienced by students tend to be less challenged when they have to learn 

math because mathematics is considered difficult and boring. Learning that happens students tend to 

memorize the concepts and not contextual. Less optimal teachers in using learning media is one of the factors 

causing mathematics less desirable among students. At SDN Punten 01 in class IV, in the academic year 

2016/2017 the value of mathematics under KKM 7.0 is an average of 5.6. In the second semester when 

KD. Counting operations of student integers are confused and do not understand. So that the low value 

effect on the matter of integers is an average of 5.6. When completing the sum operation the students cannot 

solve correctly. 

 

Based  on  the  questionnaire  which  is  spread  out  only  3  students  who choose math the rest is another 

lesson. This shows that they are less interested in math lessons. 

Based on the background and thought stated above, the purpose of this research is to increase the understanding 

of the concept of addition of integers to the dragon egg medium. Dragon eggs are designed using used 

materials that reused is easy to get. Materials and tools needed include the place of egg (tre), paper duplek, 

balls / egg plastic glue color paper and scissors. In the concept of the sum of integers where the eggs are cut 

into pieces represent negative numbers and the ball represents positive plastic. When completing the sum, the 

eggs and plastic balls will be paired, then placed in the dragon body. And the unpaired shows the answer 

of the problem. 

 

Therefore, this research is titled "Development of Dragon Egg Media for Learning of Sum Total 

Addition in Grade IV Elementary School", which motivates author and teacher of class IV in SDN Punten 

01 to improve understanding of concept about integer count operation. To complement this research developed 

learning media which is named "Dragon Egg". 
 

RESEARCH METHODOLOGY 
This study describes the study of learning development using dragon egg media on the concept of addition 

of integers using a scientific approach with demonstration and cooperative methods. 

Design Initial stage of activity is to design the media "Dragon Egg" consisting of positive number represented 

plastic ball and negatives represented pieces of eggs trays (picture 1). 
 

 
Picture 1. Dragon Egg Media 

 

Dragons are made from separate pieces of cut paper, and attached on the colorful papers to be more 

attractive and can be combined according to the needs of the number of numbers. The eggs are also cut into 

pieces in large quantities representing negative numbers. And the plastic egg represents a positive number.  
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The next step is to design the learning with a scientific approach that consists of (1) Students observe how 

to use the Dragon Egg Media which is demonstrated by the teacher (2) The student is given the opportunity to 

ask questions about what is not understood or the temporary hypothesis (3) Students try to do the count the 

summing of integers with numbers in self-determination using Dragon Egg Media (4) proves the concept that 

summing is the incorporation or addition of a group of numbers or more into a numb er which is a the 

amount concreted  with the  Dragon Egg Media.   The piece of  tre is representing the positive number 

and the plastic ball represents the negative number which when they are combined will be found the sum 

of integers. TRE and the plastic ball when they are paired will be zero and if no pair indicates the answer. If 

there is no pair of plastic ball then (5) Students work on the board in turns and corrects each other's work 

individually or in groups. 

 

Methods in this study using Demonstration and Cooperative, the researchers divide the group for the 

dissemination of media. Students alternately and independently work on the problem individually. After that the 

problem about the sum of integers of each group will be presented in order to be solved in groups. 

 

IMPLEMENTATION OF TRIAL TEST I 

The first trial meeting was held on Wednesday, February 19, 2016, a one- on-one 3 x 35 'with a total of 

20 students consisting of: 

 

1.  Planning (Planning) in this planning phase of t h e  teacher made lesson plan plan (RPP) semester II 

with SK.5. Sums and subtracts integers. KD.5.1. Sums up integers.  In addition to RPP, the teacher also  

prepared  media  validation sheets, and assessment sheets. 

 

2.  Implementation of Action (Action). In implementing the learning action starting at 09.15 - 11.00 WIB (3 X 

35 ') with the following steps: 

 

a. Preliminary activities 

Open the learning process by greeting, praying, student attendance, brain gymnastics and singing songs 1,2 

and 3, conveying learning objectives and activities that students will do. 

 

b. Core activities 

Students are divided into 5 groups to observe the demonstration of how to use Dragon Egg Media. Students are 

given the opportunity to ask questions and do a round counting count with the Dragon dragon medium. 

Students exchange works and work on the board. Students discuss the story of the sum of integers and 

presentations. 

 

c. Closing Activity 

Students and teachers conclude learning, reinforcing and reflecting and giving feedback. 
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3. Observation 

At the observation stage the researcher is assisted by two observers from colleagues, using validity test sheet 

Media of Dragon Egg covering content and construct aspects (1) Conformity with student character (2) 

Conformity with learning objective (3) Conformity of media with learning material (4) ) Media suitability with 

environmental conditions. 

 

4. Reflection 

Based on data from the observation sheet the researcher did a reflection to improve the use and construction of 

Dragon Egg media at the next meeting. 
 

THE RESULT OF MEDIA PRACTICALITY 

Test the practicality of Dragon Egg media that has been used in KD mathematics learning. The sum of 

integers on February 19, 2016. Based on the observations of the observer and the student's response there is a 

lack of practicality on the Dragon Egg construct that is the height of the egg box 6 cm, this turns the size 

too deep so when used for the place is not visible at the time the child put the egg pair and tre in it. So in 

practical by changing the height of the dragon egg box to 3 cm. The positive integer represented by the tennis 

ball is less practical because the tennis ball can bounce. This gives the students the opportunity to use as a toy 

tool, this condition greatly affects the learning situation and will disrupt the student's learning concentration. 

So in the next trial need a revision on the test medium Dragon Eggs. 

The student's response shows the dragon egg medium is very easy to use, the students are interested in it, 

but they place the eggs and tre in the dragon body too deep so it does not appear from the side. 

 

 

THE VALIDATION RESULT OF MEDIA EFFECTIVENESS 

From the results of observation of content validation and construct of media using likert scale of 1-5 

ranges obtained the following results (Table 1.) and (Table 2.) Table 1. Average content validation score. 

 

 

 

NO 

 

 

ASPECT 

VALIDATOR 

I II 

1. Media support students to find the concept; 

- Summing is the merging process 

- Couple of tre and plastic ball = 0 

- Unpaired rest is the sum 

 

 

 

 

4 

 

 

 

 

5 

2. Media allows students to understand the concept of 

addition of integers 

 

4 

 

4 

3. The media supports the students in making it easier 

to solve the problem of the summing of integers 

 

4 

 

3 

4. Media provides a real experience for students 4 4 

 TOTAL 16 16 

 RERATA 4 4 

 RERATA VALIDATOR 4 

 

From the experiments on understanding the concept of addition of integers shows student learning 

outcomes as follows: 
 

NO THE NUMBER OF 

 

STUDENTS 

VALUE PROSENTASE 

1 6 20-50 30 % 
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2 9 50-70 45 % 

3 5 70-10 25 % 

 

Tabel.2. Average construct of validation score 

 

NO 

 

ASPECTS 

VALIDATOR 

I II 

1. The size of the media corresponds to the physical 

Student 

 

3 

 

3 

2. Color according to the characteristics of students 3 3 

3. Utilizing environmentally friendly materials 4 4 

4. Easy to operate by student 3 3 

5. Utilization does not interfere with other PBM class 4 4 

 TOTAL 17 17 

 RERATA 3.4 3.4 

Media validation = content score + construct score 

 

The result of media usage in test 1 for content effectiveness is 4. On construct effectiveness show score 

3,4, According to Arikunto.2002, if media validation score 2,6 - 3,4 then media it enough valid and can be used 

with little revision. 
 

THE RESULT OF REVISION 

1.  Change the height of the box where dragon eggs and tre which originally measuring 6 cm to 3 cm. 

2.  Replacing a ping pong ball with a toy egg from a plastic representing a positive number. 

 

 
Picture 2. Dragon Egg after Revision 

 

The second media test on learning was held on Saturday, 5th of March 2016, one time face-to-face 3 

x 35' with a total of 20 students consisting of: 

 

1.  Planning. 

In this planning phase, the teacher makes lesson plan plan (RPP) semester II with SK.5. Sums and subtracts 

integers. KD.5.1. Sums up integers. In addition to RPP, the teacher also prepared a sheet of media validation 

and assessment sheets. 

 

2.  Implementation of Action 

In implementing learning action starting at 09.15 - 11.00 WIB (3 X 35 ') with the following steps: 

 

a. Preliminary activities 

Open learning by greeting, praying, student attendance, brain gymnastics and singing songs 1, 2 and 3, 

conveying learning objectives and activities that students will do. 

 

b. Core activities 

Students are divided into 5 groups then they observe the demonstration of how to use Egg Media. Students are 

given the opportunity to ask questions and calculate the sum of rounds with the Dragon medium. Students 

exchange works on the board. Students discuss the story of the sum of integers and presentations. c. Closing 

Activity Students and teachers conclude learning, reinforcing and reflecting and giving feedback. 
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3. Observation 

At the observation stage the researcher is assisted by two observers from colleagues and from the validity 

expert of the high lithography, using the validity test sheet of Dragon Egg Media covering aspects (1) 

Conformity with the student's character (2) Conformity with the learning objective (3) learning (4) Media 

suitability with environmental conditions. 

 

4. Reflection 

Based  on  data  from  the  observation  sheet,  researchers  do  reflection  of learning by using dragon eggs 

media that can improve the understanding of the concept of addition of integers. 

 

RESULT OF TRIAL TEST II PREDICTION OF MEDIA 
Test the practicality of Dragon Egg media that has been used in KD mathematics learning. The sum of 

integers on March 5, 2016. Based on the observations of the observer and the students' response shows the 

dragon egg medium is very easy to use, students are interested because the color and shape in accordance with 

the characteristics of students.This is because the dragon egg media has been revised.siswa easy to understand 

the concept sum of integers. 

 

VALIDATION RESULT OF MEDIA EFFECTIVENESS 

From the results of observation of content validation and construct of media using likert scale of 1-5 

ranges obtained the following results (Table 1.) and (Table 2.). 

 

Table 1. Average content validation score 

 

 

NO 

 

 

ASPECTS 

VALIDATOR 

I II 

1. Media support students find the concept; 

- - Summing is the merging process 

- - Couple of tre and plastic ball = 0 

- - Unpaired rest is the sum 

 

 

 

 

4 

 

 

 

 

5 

2. Media allows students to understand the concept of 

addition of integers 

 

4 

 

4 

3. The media supports the students in making it easier 

to solve the problem of the summing of integers 

 

4 

 

4 

4. Media provides a real experience for students 4 4 

 TOTAL 16 16 

 RERATA 4 4.25 

 RERATA VALIDATOR 4.12 

 

 

From the trial of the second meeting on understanding the concept of addition of integers shows the 

results of student learning as follows: 

 

NO THE NUMBER OF 

 

STUDENTS 

VALUE PROSENTASE 

1 3 20-50 15 % 

2 8 50-70 40% 

3 9 70-10 45 % 
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Table.2. Average construct validation score 

 

NO 
 

ASPECTS 
VALIDATOR 

  I   II  

1. The size of the media corresponds to the physical 

Student 

  

4 

   

4 

2. Color according to the characteristics of students  4   4 

3. Utilizing environmentally friendly materials  4   4 

4. Easy to operate by students  4   4 

5. Utilization does not interfere with other PBM class  4   4 

 TOTAL  20   20 

 RERATA  4   4 

 RERATA VALIDATOR   4   

Media validation = content score + construct score 

 

The result of media usage in trial II for content effectiveness got score 4. On construct  effectivity  show  

score  4,  According  to  Arikunto.2002,  if  media validation score is 3.4 - 4.2 then media is valid and can be 

used without revision. 

 

CONCLUSIONS AND RECOMMENDATIONS 

The dragon egg medium is designed using environmentally friendly materials and is quite simple. Can be 

used to increase the understanding of the concept of addition of integers. Improving student learning outcomes 

from an average grade of 5.6 to 8.2. 

 

SUGGESTION 
Teachers should be more creative to create and design useful media to facilitate the delivery of 

learning materials. It should not focus on the sum but can be used in the reduction of integers. 

 

REFERENCES 

Arikunto,S.2013.Dasar – dasar penilaian.Jakarta.Bumi Aksara Subanji,2013.Pembelajaran Matematika Kreatif  

Dan Inovatif Malang. Universitas Negeri Malang.PT Pertamina 

Ibrahim dan Saodih 2006. Pentingnya  Media Dalam  Pembelajaran Matematika Jakarta Gramedia 

Jaab  G  & JaabDeW.2014. What  Is  Realistic Mathematic Education Roterdam.Roterdam 

University.

 

 

 

 

  



 

 
 
 
 
 
 
 

 

145 

THE EFFECT OF LEARNING TREFFINGER AND TORRANCE TEST 

OF CREATIVE THINKING (TTCT) MODELS 

TO CRITICAL THINKING ABILITY 

 

Radiah 
SMAN 8 Malinau 

Jl. Cipta Utama, Kuala Lapang, Malinau District, North Kalimantan Province 

Corresponding author: radiah.ripai@yahoo.co.id 

 
ABSTRACT 

The study was aimed at finding out the effect of Treffinger learning model and Torrance Test of Creative 

Thinking (TTCT) on the students’ critical thinking skills for senior high school in Biology Learning. This study 

was a quasi-experimental using the factorial design involving 120 students of the Senior High School 4 and 

8 Malinau as the sample. The result show that (1) the students’ critical thinking skills of the group of 

students who learned through  the Treffinger learning model was higher than that of those who learned 

through conventional learning model, students who learned through the Treffinger learning model get average 

of value 70,917 but Conventional model get average of value 64,383 (2) the students’ critical thinking skills 

of the group of students who were TTCT  was higher than that of those convensonal assessment, students who 

were TTCT get average of value 72,433 but Conventional model get average of value 62,867 (3) there was not 

an interaction effect between learning model and form assessment on the students’ critical thinking skills. 

 
Keywords: Treffinger, TTCT, Critical, Biology 

 
INTRODUCTION 

The result of study of latest years have received that the quality of education in Indonesia is low. PERC 

(2000) reports that the quality of education in Indonesia is ranked 12th out of 12 countries in Asia. Indonesia’s 

rangking is below vietnam. The word   Economic Form Swedan (2000), Indonesia has a low 

competitiveness, which is ranked 37th of 57 country. UNDP (2000) The quality of Indonesia Human 

Resources is 109th of 174 countries. Indonesia was left behind with other Asean country , Singapore is ranked 

24 th, Malaysia is ranked 61th, Thailand is ranked 

 

76th and Philipines is 72Th. Unesco (2000) Human Development Index, in terms of education, health, and 

incomes of each individu showing that Indonesia human development index is droped. Of the 174 countries in the 

world, Indonesia is in the 102nd (1996), the 99th (1997), 105th (1998), and the 109th (1999). The low quality of 

education in Indonesia is also evident in the International Student Assessment Program,PISA,  (2003), (2006), and 

(2009) The result is low. Trends in International Mathematics and Science Studies,TIMSS, (2011) The average of 

science’s value in grade VIII was 406 and is in the 40th position of 42 countries. The percentage of our students 

who can answer the question of low level as much as 54%, median level as much as 19%, high level of 3% and 

none of the students who can answer advanced as much (0%). 

 

The inability of Indonesi’s student answer the questions in PISA and TIMMS because they are not  familiar  

with  the  questios  that  measure  the  high  level  skill  of  the  analysis,  synthesis, evaluation, and  creativity,  and 

most  of the teachers in  Indonesia are still using conventional learning models. The study of Biology do not only 

lern about consepts but The student must learn learningful. Students learn to be meaningful if the material in the 

learning is related to the real situation close to the student's daily life. Learning and assessment models that can 

relate concep and real situation are the Treffinger learning model and Torrance Test of Creative Thinking 

assessment. 

 

Learning  models  are  one  of  the  factors  that  can  influence  the  achievement  of  learning outcomes. 

Selection of learning models need to get attention in the implementation of learning activities. Applying an 

appropriate, innovative, and varied learning model, the teacher will be able to improve the quality of learning and 

student learning outcomes. Conversely, if the model used is not appropriate, less innovative, and less varied, then 

the quality of learning and learning outcomes obtained by students will be less. One of the learning models that are 

currently being developed is a learning model that can develop students' critical thinking skills. 

 

Utami  Munandar  (2012)  Treffinger  learning  models  is  one  of  the  learning  models  that encourage 
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creative learning. This learning model consists of three levels, starting with the basics then proceeding to the more 

complex creative thinking functions. At Treffinger TK 1 and 2 students are encouraged in skills building activities 

to then deal with real life issues on the third level. 

 

The  Treffinger  model  aims  to  enhance  the  creative  learning  that  depicts  a  three-tier arrangement 

beginning with the basic elements and uplifting creative functions. The Treffinger learning model illustrates 

lessons ranging from simple ones. The steps are designed in three levels. Level I, basic diverging techniques, 

techniques that are open-ended questions and brainstorming suggestions. Level II, process and compound, a 

technique that is an analogy. Level III, answer the problem in real challenge. The technique used is to explore 

creative problems (Problem Based). 

 

Conny Semiawan (1987) explains three levels in the Treffinger learning model: 

 

Level I, Divergent Function 

At this level learning emphasizes openness and possibilities. The divergent functions consist of  fluency,  

flexibility,  originality,  and  elaboration  in  thinking.  Level  I  is  the  basis  for developing creativity. The 

purpose of this stage is to prepare the material that will be given to the students. Technique used is technique of 

heating, that is 1). provide open-ended questions that generate interest and stimulate the curiosity of learners to 

get ideas as much as possible, 2) techniques of thinking and feeling, namely to provide questions that can 

lead to various answers, 3). brainstorming advice, ie openness when giving ideas, receiving and getting many 

ideas, 4). list of ideas writing, ie by writing ideas owned by learners 5). the preparation of properties, ie 

techniques that  aim to bring up  many ideas about  an  object.  6). a  forced relationship, that is, to acquire 

a new idea by imposing a relationship between objects. The technique is useful to encourage students to 

express their ideas or answers in problem solving. 

 

Level II, the process of thinking and feeling compound 

At this stage includes openness to multiple feelings and conflicts, focusing attention to the problem, and 

encouraging in creating and creating. At this stage, learners will be directed to be broad-minded and have a 

role in more complex and challenging activities. The benefit of this level is to prepare learners to become 

researchers who are able to solve problems and challenges in everyday life creatively. This stage aims to 

understand the concept and enrich the insights by linking the previous material with the next material. 

 

Techniques used at this level include: 

1)  Morphological analysis, ie identifying new ideas by studying the problem structure. 

2)  Role play, namely directing learners to overcome conflicts and problems that exist in his life. 

3)  Synectics, the technique of bringing together different ideas by using figures for a new view. 

 

Level III, involvement in real challenges 

At this stage learners utilize the skills that have been obtained in stages I and II on real-world problems or  

that occur  in everyday life. This is  an attempt to direct the involvement of learners in asking questions 

independently. Creative learning leads to the identification of problems, questions that pertain to the problem, and 

the use of learning resources that focus on improving outcomes. 

 

From the levels of the Treffinger learning model mentioned above can be disclosed if Treffinger's  strategy  

and  learning  techniques  can  assist  teachers  in  developing  students' creative thinking skills. Treffinger learning 

model is very effective in improving student creativity used in the use of the curriculum as a whole, because it 

allows modification of both content, process, product, and environment. But the most influential on the increase in 

creativity that is in the process and product modifications. 

 

Treffinger models of both cognitive and affective processes are developed with a range in complexity. A faster 

learner may continue to work in kindergarten III if they have achieved level I or level II skills, to apply them in 

daily life if necessary. Thus students learn a variety of skills and can apply them if needed. Treffinger learning 

results are students able to use the skills acquired from learning activities for real or daily life challenges. Thus 

learning model Treffinger is a model of learning that encourages learners to build creativity skills. 
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Another factor that affects learning outcomes is the form of assessment that teachers use. Sumarna 

Supranata (2004), the assessment is to conclude and interpret facts and make professional basic considerations 

to take policy on a set of information about learners. Suharsimi Arikunto (2013)  assessment  is  a  decision  

against  something  with  good-bad  measure.  Djaali  (2000) assessment means to judge something by making 

a decision on something by referring to a certain measure, such as judging good or bad, healthy or sick, clever or 

stupid, high or low. 

 

Torrance Test Creative Thinking (TTCT) was developed by Dr. E. Paul Torrance in 1966. Kyung  Heem  

Kim  explains that TTCT is the most  widely used  creativity test  in  measuring creativity in education in the 

world. This is similar to that proposed by Solange Wechsler: "... Torrance neither conclude that his tests are judged 

by all dimensions of creativity ..". (Solange Wechsler, 2006) TTCT is a assessment that can be used to measure all 

forms of creativity. Torrance suggested the following uses for the tests : (1) to understand the human mind and its 

functioning and development (2) to discover effective bases for individualizing instruction (3) to provide clues for 

remedial and psychotherapeutic programs (4) to evaluate the effects of educational programs, materials, curricula, 

and teaching procedures (5)To be aware of latent potentialities. (Kyung Hee Kim, 2006). 

 

Thus it can be said that Torrance Test of Creative Thinking (TTCT) is a creativity assessment that  can  be  

used  in  general  such  as in  classroom  learning activities,  assessment  of  learning outcomes, measuring student 

creativity as well as improve student creativity. 

 

Solange Wechsler  (2006) TTCT is a test  tool  that  can  be used  to measure all  forms of creativity. Utami 

Munandar (2012) Torrance test can be given individually or in groups The verbal form  consists  of  seven  sub-

tests:  (1)  ask  and  Guess,  (2)  guessing  causes,  (3)  guessing consequences, (4) the product improvement 

activity, (5) Unusual uses activities, (6) not common question, (7) and predicted activity. The figural form consists 

of three sub-tests: (1) picture construction, (2) picture completion and (3) Line and circles. The results of the study 

Abdul Kamil Marizi (2007) concluded that the TTCT assessment can improve student creativity. TTCT 

assessment and Treffinger model learning provide motivations for students to  think critically. 

 

Although TTCT is commonly used for assessment in identifying gifted children. However TTCT can be used 

in research and experimentation, for general use, for instructional planning, and for determining learners' abilities. 

In this research TTCT will be used to evaluate the learning process.  TTCT can trigger  stimulant expressions 

(simultaneously)  from  some creative mental oration to measure fluency, flexibility, originality, and elaboration. 

 

Utami Munandar (2012) TTCT consists of verbal forms and figural forms, both of which are related to the 

creative process and encompass different types of thinking. The test is specifically designed  to  make  students'  

activities  interesting  and  challenging,  ranging  from  pre-school education to high school. TTCT can be used 

individually or in groups. Kaufman, J Plucker & J Bear (2008) The verbal has seven  subtests. For the first three 

tasks, the examince is asked to refer to a picture at the beginning of the test booklet. For example, in form A, the 

picture is of an elf staring, at its reflection in a pool of water. These first three tasks are considered part of the Ask- 

and-Guess section: 1). Asking, in which a participant asks as many questions as possible about the picture; 2). 

Guessing Causes, in which a participant lists possible causes for the pictured action; 3). Guessing Consequences, in 

which a participant lists possible consequenses for the pictured action. 4). Product Improvement, in wcich a 

participant is asked to make changes to improve a toy (e.g.,a stuffed animal); 5). Unusual Uses, in which a 

participant ia asked to think of many different possible uses for an ordinary item. (e.g.,a cardboard box); 6). 

Unusual Question, in which a participant asks as many question as possible about an ordinary item (this item does 

not appear in later editions); and 7). Just Suppose, in which a participant is asked to “just suppose” that an 

improbable situation has happened then list possible ramifications. The Figural forms have three subtests: 1). 

Picture Construction, in which a participant uses a basic shape and expands on it to create a picture; 2). Picture 

Compeletion, in which a participant is asked to finish and title incomplete drawings; and, 3). Lines/Circles, in 

which a participant is asked to modify many different series or lines (form A) or circles (Form B). 

 

Screen verbal tests for fluency, flexibility, and originality, while figural tests plus scores for elaboration. The 

implementation of TTCT is given a time limit in doing the test because in some degree TTCT requires that there is 

a press (push, pressure) to trigger the student's creative mental function, this can lead and stimulate students to 

think creatively. (Utami Munandar, 2012: 58-66). 
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Acording to Dewey, Hickman and Alexander (1998) critical thinking can also be   associated with the 

scientific method (used in science oriented subjects), where a problem is identified, an hyphotesis, formulated, 

relevant data collected, analysed and evaluated and conclusions drawn from the outcome, thus ”scientific 

thinking”. Ennis (1992) and Pohl (2005) define critical thinking as disciplined mental activies where opinions 

are evaluated, ambiguity identified and judgments made that can guide the improvement of values in order to 

make correct decisions in everyday life situations.   Russel   (1999)  understands   critical   thinking   as  the   

process   of   evaluation   or categorization in terms of basic knowledge previously gained. Cluster (2001) 

considers critical thinking as independent thinking. In this case the information is a starting point but not a 

terminal one of  critical thinking is bent on convincing argumentation; it is social thinking. Koray, et al (2007)  

states that  the application  of  critical  thinking  in  everyday life  will  not  be  wrong  in identifying the 

problem. A person who is capable of critical thinking uses critical thinking skills in recognizing valid and 

invalid problems in general with science poses, analyzing and evaluating opinions, analyzing interdisciplinary 

regression, rational interpretation, determining and evaluating assumptions, and it can also be said that critical 

thinking is a factor important in influencing one's success. 

 

Robert Ennis (2011) Critical thinking is a reasonable and reflective thinking that focuses on deciding what 

to believe or do. Thus, critical thinking is to guide students in solving problems by identifying, evaluating, 

concluding and issuing opinions. This can be developed in the learning activities using the Treffinger model and 

the Torrance Test of Creative Thinking (TTCT) assessment. 

 

The objectives this research are: 

a. To know the level of critical thinking skills of high school students in studying Biology between 

students who get the learning model Treffinger and students who get the conventional learning model. 

b. To know the values used by high school students in Biology learning between students and students 

who are looking for students. 

c. To know the interaction between the application of learning model Treffinger and TTCT form to the 

thinking ability of high school students in Biology learning. 

d. To know the values used by high school students in studying Biology between students who get the 

learning model with TTCT and Conventional learning Model with TTCT statistics. 

e. To know the values used by high school students in studying Biology between students who seek 

learning with Conventional and students who get Conventional learning model with Conventional 

reading. 

f. To know the values used by students in studying Biology between students who are taught with TTCT 

and students who get the model of learning with Conventional. 

g. To know the values used by high school students in studying Biology between students who get 

Conventional learning models with TTCT information and Conventional learning models with 

conventional facts. 

 

Benefits this research is The toeritis benefit from this research is to provide insight into the development of 

science in the field of learning, especially related to the effort of developing learning theory and efforts to make 

new innovations in the development of learnin g model. Mainly related to the effort to know the application 

of learning theory and the development of theoretical scholarship related to the influence of the application 

of Treffinger learning model, conventional  learning  model,  TTCT  assessment  and  conventional  

assessment  of  students' critical thinking ability in Biology learning,  and The practical benefits of this 

research are to provide knowledge and alternative learning models, especially those related to the 

implementation of Treffinger model, conventional learning model, TTCT, and ISI on Biology subjects. 

 

METHOD, ANALYSIS, DESIGN, AND  IMPLEMENTATION 
This research was conducted at SMAN 4 Malinau and SMAN 8 Malinau, North Kalimantan Province. 

SMAN 4 and 8 Malinau have a parallel class, with all parallel classes homogeneous because there is no 

grouping based on students' ability, and this school also implements the curriculum 13.This research was 

conducted since February until July 2017. 
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Method and Design 

This research is a Quasi-Experimental using factorial design. Most participant in the study (n=120) in 

Malinau District as sample. 60 students came from SMAN 4 Malinau as a Treffinger Model learning group 

and 60 students of SMAN 8 Malinau as a conventional learning group. Each group of 30 students were 

assessed by Torrance Test of Creative Thinking and 30 students were given conventional assessment. Samples 

were determined by the design random group technique, from the selected sampling result of three classes of  

experimental groups, and one control group that did not receive treatment at all. 

 

This  study  examines  the  influence  of  the  Treffinger  learning  model  and  an  alternative assessment of 

the assessment adapted from the Torrance Test of Creative Thinking (TTCT) on the critical thinking skills of 

high school students in Biology learning. This experimental study used Treatment by Subject Design 2 x 2, 

namely Treffinger learning model (A1) and conventional learning model (A2) as active variable. The 

assessment technique of Torrance Test of Creative Thinking (TTCT) (B1) and Conventional Assessment 

(B2) on the Field of Biology Study as attribute variable (level), while as dependent variable is the 

critical thinking ability of Biology. Methods and designs or experimental designs are presented in Table 1. 

 
Table 1. Method and design eksperimen 

Treatment Variables Learning Models 

Treffinger (A1) Conventional (A2) 

Assessment 

(B) 

TTCT (B1) A1B1 (30 students) A2B1 (30 students) Conventional 

(B2) A1B2 (30 students) A2B2 (30 students) 
Control Group 

 

Analysis Validation 

The critical thinking instrument used to measure students' critical thinking skills is a valid and 

realible. Validity was calculated using the moment product correlation and instrument reabiality using 

Cronbach alpha KR20 with r = 0.713. Type of instrument that will be used in this research is in the form of 

esay test as many as 11 item. collection technique data in this research is the result of the final test (post 

test) that is the test done after the learning is finished, the purpose is to know the critical thinking ability of 

the students after the treatment both in the experimental class and control class. 

 

The instrument critical thinking was first assessed by three experts consisting of four lecturers, three 

lecturers of Biology and one lecturer of Educational Research and Evaluation to find out how far the critical 

thinking instrument precisely measures what is really to be measured in accordance with concept or 

conceptual definition and indicator based on the theoretical reference set. Expert recommendations aim to 

be able to know the accuracy or relevance of the instrument items with a measuring goal. as described in the 

definition of concept, operational definition, and grid. 

 

The second phase involves twenty panelists consisting of twenty graduate students of Biology who 

assess  the  appropriateness  of  the  statement  with  the  indicator  present  in  the  lattice  of  the instrument 

of critical thinking. The results of the assessment are analyzed to find out the content validity index with 

CVR (Content VaMity Ratio) and construct validity with convergent reference. 
 

Table 2. The Result of instrument validity 

 

No item Expert Validity 
Penelist 
Validity 

Description 

 

1 1 0,5 0,5 Valid 
2 2 0,5 0,4 Valid 

3 3 0.5 0,4 Valid 

4 4 1,0 1,0 Valid 

5 5 0,5 0,8 Valid 

6 6 0,5 0,7 Valid 

7 7 0,5 0,8 Valid 

8 8 1,0 0,9 Valid 

9 9 1,0 0,9 Valid 

10 10 1,0 1,0 Valid 

11 11 1,0 1,0 Valid 

12 12 0,5 0,4 Valid 
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After the instrument of critical thinking ability of high school students in Biology study is analyzed by 

content and construct validity test, the extent of the instrument is tested empirical. Empirical test aims to 

determine the validity  and the reliability of the instrument. The instrument was tested by using 30 respondents 

of class XI IPA. 

 

The validity of critical thinking instruments is calculated by using the Product Moment Correlation formula 

by calculating the correlation coefficient between the score of th e instrument item and the total score of the 

instrument. The results of the analysis show that the correlation coefficient of critical thinking instrument 

items to 1 s.d 12. 

 
Table 3. The results of empirical validity 

 
No Item r-count r-table Describsion 

1 1 0,562 0,361 Valid 

2 2 0,557 0,361 Valid 

3 3 0,515 0,361 Valid 

4 4 0,364 0,361 Valid 

5 5 0,555 0,361 Valid 

6 6 0,436 0,361 Valid 

7 7 0,404 0,361 Valid 

8 8 0,415 0,361 Valid 

9 9 0,763 0,361 Valid 

10 10 0,339 0,361 In valid 

11 11 0,463 0,361 Valid 

12 12 0,597 0,361 Valid 
 

The results of the analysis in the table above shows that obtained 11 items a valid question. 

 

Reliability 

The  second  validation  performed  on  the  research  instrument  is  calculating  reliability,  to determine 

the degree of realibility of this instrument using the Cronbach KR20 alpha reliability. The general criteria used 

is ρreliability ≥ 0.707, then the instrument is declared reliable. The result of  analysis shows the reliability 

coefficient of 0.713 greater than the criteria used. Means the critical thinking instrument has qualified 

steadiness, so it can serve as a tool for measuring the critical thinking variable. 

 
Data Analysis 

In order that the conclusion obtained from testing the research hypothesis can be accounted scientifically, 

then performed statistical analysis techniques that must meet the requirements are: 

 

1) data normality, and 2) homogeneity of variance. In this study, the normality test of the data was tested  

and  analyzed  by  Kolmogorov-Smirnov  and  Saphira  Wilk  techniques  using  the  SPSS program, and 

complete calculation results were in the appendix. The statistical hypothesis to be tested is the students' critical 

thinking ability with the test criteria: accept H0 if p-value ≤ 0.05 and reject H0 if with p-value> from 0.05. 

Based on the calculation on the normality test, obtained statistical price for Kolmogorov-Smirnov> from 0.05, 

H0 received. This suggests that this research data comes from a normally distributed population. 

 
Table 4. . Summary of Normality Test Report Result with Kolmogorov-Smirnov and Shapiro Wilk Test. average entry 

 

Kolmogorov-Smirnova Shapiro-Wilk 
 

 KELAS  Statistic Df  Sig

. 
 Statistic Df  Sig.  

BERPIKIR KRITIS A1  .102  60  .194 .973  60  .208 

 A2  .087  60  .200*
 .974  60  .230 

 B1  .093  60  .200*
 .982  60  .502 

 B2  .095  60  .200*
 .962  60  .058 

 A1B1  .115  30  .200*
 .974  30  .651 

 A1B2  .131  30  .199 .937  30  .077 

 A2B1  .139  30  .144 .967  30  .466 

 A2B2  .103  30  .200*
 .943  30  .107 

a. Lilliefors Significance Correction 
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TTCT 

 
After the data from the population are normally distributed and derived from the same or homogeneous 

variant, then analyzed using two way Varian Analysis (ANAVA) with factorial design 2 x 2 where the 

analysis of the two-way variant is used to test the hypothesis showing the mean  difference  between  the  

groups  -group  sample.  Two  way  anava  is  used  to  know  two important things: main effect and 

influence of interaction. if the interactions of A and B show significant results, then proceed with testing the 

simple effect A at levels B1 and B2 with the t- Dunnet test. 

 
Implementation 

 
1)   Identify Biology materials for high school students of class X of academic year 2016/2017. 

2)   Develop learning tools in accordance with the material and model of Treffinger learning. 

Learning tools consist of: syllabus, instructional program plan (RPP) and Student worksheet 

(LKS). This program plan (RPP) provides an overview of the Treffinger learning process. 

3)   Writing  TTCT  instruments,  instrumentsTorrance  Test  of  Creative  Thinking  (TTCT)  to 

measure students' attachment to the subject matter of each Basic Competence (KD) in the 

experimental group. 

Steps for making and using Torrance instruments Test of Creative Thinking (TTCT) 

4)   The type of instrument adapted from the Torrance Test of Creative Thinking (TTCT) is a 

written test. The instrument was developed by the researchers themselves. The first stage of 

development of this instrument is to synthesize TTCT theories of some psychologists. Based on 

these indicators, the researcher combines the competencies that exist in the field of Biology study 

of class X of semester 2 to the statements that become point in TTCT instrument. 

5)   TTCT Instrument Validity Testing 

To determine the extent to which the TTCT instrument accurately measures what is really to be 

measured in accordance with conceptual or conceptual definitions and indicators based on 

theoretical reference set, the instrument is first assessed by three experts. The expert consists of 

one lecturer of Psychology and two lecturers of Biology. Expert recommendation aims to know 

the accuracy or relevance of the instrument items with a measuring goal. as defined in the 

definition of concept, operational definition, and grid. 

6)   Carry out the Treffinger learning activities in experimental and conventional learning groups to 

the control group. The learning of Treffinger in the control group was carried out by the Biology 

Teachers of SMAN 4 Malinau and SMAN 8 Malinau who taught in class X which was the 

sample of the selected population. Learning activities held as many as 8 times of meetings, each 

Basic Competence is presented as many as 4 meetings. 

7)   Conduct testing of learning outcomes using TTCT instruments and conventional valuation 

instruments on experimental and control groups. 

In more detail, operational measures of Treffinger learning model, Conventional learning model, 

TTCT assessment and conventional assessment are presented in the table 2. 

 
Tabel 5. Recapitulation of Operational Treatment 

 

 
Treatmen

t 

Treffinger Learning Models TTCT 

Conventional 
Assessment 

Treffinger Learning
 

 
Conventional 

Learning 
 

Material Biodiversity Biodiversity Biodiversity Biodiversity 

Time Mornng Morning Morning Morning 

Frequency of 

learning activities 

Once every week @ 3 

x 45 Minutes 

Once every week @ 

3 x 45 Minutes 

Once every week @ 

3 x 45 Minutes 

Once every week @ 

3 x 45 Minutes 

Number of test Twice Twice Twice Twice 

frequency of eight meetings eight meetings eight meetings eight meetings 
treatment 
Final score Cognitive Cognitive Cognitive cognitive 

Assessment Type TTCT Conventional 

Assessment 

TTCT Conventional 

Assessment 

Rubric TTCT Rubric Conventional Rubric TTCT Rubric Conventional Rubric 

Post Test Critical Thinking 

Tests 

Critical Thinking 

Tests 

Critical Thinking 

Tests 

Critical Thinking 

Tests 



 

 
 
 
 
 
 
 

 

152 

 

3.   RESULT AND DISCUSSION 

 
The ability of students and the control group can be known by making 11 items in post test. The 

difference in mean score of students' critical thinking skills is presented in Table 3. 
 

Table 6. The difference in mean score of students’ critical thinking skills 

Standard 
 
Average 

Siswa 
Treatment 

Average Deviatio
n 

Difference 
Signifikansi 

Leaning 

Models 

Assessmen

t Models 

Interaction 

Effect 

   Treffinger  70,917  1,016   
20,292 0,000 

Conventional 64,383 8,377 

   TTCT  72,750  8,850   
43,508 0,000 

Conventional 62,867 8,347 

Assessment 

Learning 
2,738 0,101

 

a.R squared = .356 (Adjusted R Squared = .348) 

 
The result of the analysis show that the critical thinking ability of students learning with Treffinger 

model learning is higher than students learning with Conventional learning model. Similarly, students' 

critical thinking skills with the Torrance Test of Creative Thinking (TTCT) assessment are higher than   

Conventional assessment model. The influence of the Treffinger Model and the valuation is possible 

because the Treffinger learning model and TTCT assessment are aptly used in improving critical 

thinking skills. This is suitable with research conducted by Yuli Ifana Sari and Dwi Fauzia Putra found 

that students' critical and creative thinking skills can be improved by Treffinger learning. This is 

consistent with Fathiah Alatas's research result that critical thinking and conceptual understanding in 

Treffinger model has correlation. 

 

Similarly,  students'  critical thinking  skills given  the Torrance Test  of Creative Thinking 

(TTCT) assessment are higher than those given Conventional ratings. The advantages of this TTCT 

assessment in accordance with the results of the research of Abdul Kamil Marisi in his research 

concluded that by developing a test of Torrance Test of Creative Thinking (TTCT) in measuring  the  

ability  to  think  creativity  students  can  improve  students'  fluency  in  making inquiries,  guess  the  

causes  of  events,  develop  benefits  an  object,  and  use  someth ing  in  a remarkable way. This is   

suaitable with Kyung Hee Kim's research from Eastern Michigan University concludes that Torrance 

Test of Creative Thinking (TTCT) is a good measure of creativity and is not only used to identify the 

creativity of gifted children but also to discover and encourage the creativity of everyday life. 

 

The  Treffinger  learning  model  and  TTCT  assessment  lead  students  to  divergent  and 

convergent thinking. Guilford (1981) argues that divergent and convergent thinking is broadly characterized 

by fluency, flexibility, and originality. While convergent thinking dig deep in one correct answer. Critical 

thinking ability is developed through the convergent thinking process found in the learning step of 

Treffinger   in Level 3 model that is real problem solving and assessment on TTCT point in solving real 

problem. The above statement of research is supported by the study of the theory that Biology learning is 

not just about learning concepts but learning meaningfully. Meaning in this case students know the purpose 

of learning Biology, students learn meaningful if the material in learning is linked in the real world close to 

the student's daily life. 

 

The result of descriptive analysis above shows that there are difference of mean (p-value = 0,000> 

0,05) critical thinking ability of students who learn with learning model of Treffinger and who study with 

model of conventional learning. Similarly, students 'critical thinking skills with the Torrance Test of 

Creative Thinking (TTCT) assessment and the conventional assessment model, there is a mean difference 

(p-value = 0,000> 0.05) of students' critical thinking skills with TTCT assessment and conventional 

assessment. The results of the above analysis also show that there is no interaction effect (p-value = 0.101> 

0.05) between the learning model and the assessment. The effect  of the interaction  between  the learning 

model  and  the assessment of students' critical thinking skills is presented in Figure 1. 
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Treffinger    TTCT   

Conventional 

76,90   

64,93 

Conventional TTCT 67,97 

Learning Conventional 60,80 

 

 

 
Figure 1. Graph The Influence of Interaction Between Model Learning and Assessment of  Students' Critical Thinking 

Skills 

 
Data analysis indicates an interaction between the Treffinger learning model and TTCT assessment of 

critical thinking skills. This is in accordance with the results of Ni Made Arri Sudani's research, et al 

that there is an interaction effect between the learning model (Treffinger and Conventional) with students' 

thinking ability on the problem solving ability of Mathematics. 

 

Because there is an average difference to the critical thinking ability between the methods and the 

assessments used, and there is an interaction effect between the learning model with student ability, then the test 

is continued by using the t-test. The t-test aims to determine the mean differences of the six treatment groups.  

Since there is an average difference in the criteria used, the test is continued by using the t-test. The t-test aims 

to determine the mean differences of the six treatment groups. 
 

Table 7. The average difference of treatment groups 

Treatment group 
Average Average 

defferenc
e 

 
Signifikansi 

TTCT    Treffinger  76,90   
8,933 0,000 

Conventional 67,97 

Conventiona
l assessment 

   Treffinger  64,93   
4,133 0,188 

Conventional 60,80 

 
 
 
 

*The average difference at significance = 0,05 

 

16,100 0,000 

 
7,167 0,004 

 

The results of the analysis show that there is a difference in the level of critical thinking ability of the 

experimental class with the control class. This means that learning of the Treffinger model and the Torrance 

Test of Creative Thinking (TTCT) assessment have an effect on the students' critical thinking ability. The 

influence of the Treffinger Model and the  valuation is possible because the Treffinger learning model and 

TTCT assessment are aptly used in improving critial thinking skills. This is in suitable with research 

conducted by Yuli Ifana Sari and Dwi Fauzia  Putra  found  that  students'  critical  and  creative  thinking  skills  

can  be  improved  by Treffinger learning. This is consistent with Fathiah Alatas's research result that critical 

thinking and conceptual understanding in Treffinger model has correlation. 

 

Similarly,  students'  critical  thinking  skills  with  the  Torrance  Test  of  Creative  Thinking (TTCT) 

assessment are higher than those given conventional assessment. The fruitfulness of the TTCT assessment are also 

supported by the results of the research of Abdul Kamil Marisi in his research concluding that by developing tests 

of Torrance Test of Creative Thinking (TTCT) in measuring students 'creativity thinking ability can improve 

students' fluency in making inquiries, guess the cause of events, an object, and use something in a remarkable way. 

This is in suitable with Kyung Hee Kim's research from Eastern Michigan University concludes that Torrance Test 

of Creative Thinking (TTCT) is a good measure of creativity and is not only used to identify the creativity of gifted 

children but also to discover and encourage the creativity of their life. 
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The  Treffinger  learning  model  and  TTCT  assessment  lead  students  to  divergent  and convergent 

thinking. Guilford (1981) in Utami Munandar (2012) states that divergent and convergent thinking is broadly 

characterized by fluency, flexibility, and originality. While convergent thinking dig deep in one correct answer. 

 

Critical thinking ability is developed through the convergent thinking process found in the learning step of 

Treffinger TK 3 and assessment TTCT when students completed many problem solving. The above statement of 

research is supported by the study of the theory that Biology learning is not  just about  learning concepts but 

learning meaningfully.  Meaning in  this case students know the purpose of learning Biology,  students learn 

meaningful  if the material in learning is linked in the real world close to the student's daily life. 

 

Although the Treffinger learning model and TTCT assessment can improve critical thinking skills, data 

analysis shows that there is no interaction between the Treffinger learning model and TTCT assessment, thus the 

influence of the learning model and the judgment on critical thinking skills is the same. In this research TTCT will 

be used to evaluate the learning process. 

 

Torrance Test of Craetive Thinking (TTCT) is intended to trigger stimulant expressions (simultaneously) from 

some creative mental oration that primarily measures fluency, flexibility, originality, and elaboration. Therefore, 

there is a correspondence between the use of TTCT assessment in learning with the Treffinger learning model, 

which is equally to increase the critical thinking ability in solving real life problems of the students. 

Implementation of TTCT assessment requires teachers and students to do high activity in learning. This of course 

can be facilitated by the Treffinger learning model because in its application it provides sufficient space for 

students to think high level. According to W.S. Winkel S.J (2012), the methods and evaluation tools used should be 

in accordance with the kinds of achievements that they want to produce. 

 

For groups of students who get TTCT assessments have a high degree of critical thinking skills when taught 

by Treffinger model learning rather than conventional models, this is because students who get TTCT assessment 

have high-level, creative thinking skills in solving real-life problems, liking challenges and not just stuck in one 

correct answer, so it fits the Treffinger learning model that gives sufficient space to students for high-level 

thinking. When compared with conventional appraisal, TTCT assessment is excellent in measuring students' high-

order thinking skills. 

 

For students who are given a conventional assessment, students taught by the Tr effinger model have higher 

critical thinking skills than learning with conventional models, although not significantly different. This is because 

the assessment of this model is only suitable for conventional learning model. Wina Sanjaya (2008) Expository 

method is a teaching method that is widely used by teachers where the teacher is more to speak in the class while 

the students only listen to the teacher explanation. According to research results Ni Made Arri Sudani et al (2013) 

that the critical thinking skills of students who are taught Conventional learning model is lower than students 

taught by Treffinger learning model. 

 

For students who have received the Treffinger learning model, they have a higher critical thinking ability 

when given a TTCT rating than the Conventional assessment. While for students who get the conventional learning 

model, have higher critical thinking skills when given TTCT assessment than conventional assessment. 

Conventional learning model is very suitable to use with Conventional assessment, although has many 

shortcomings. The development of test usage, especially the essay test, is due to the fact that the testing system 

has several advantages, such as reaching a wide range of materials, executing in a short time and can be 

checked quickly. In the conventional learning model, TTCT assessment is not given enough  space in its 

application, because the active in learning is non-student teacher. Group of students taught with Conventional 

learning model, and given TTCT assessment seen students have difficulty because TTCT assessment measure 

high level of student whereas student who get Conventional learning of student creativity in solving 

problem requiring high level thinking ability not developed consequently their difficulties with assessment 

measure high-level capabilities. 

 
CONCLUSION 

In  summary,  we  have  studied  the  Influence  Treffinger  Learning  and  TTCT  models  on students' 

critical thinking skills by Quasi-Experimental using factorial design, the results indicate that The group of 

students who are given the Treffinger learning model has higher thinking ability than  the  conventional  learning  

model,  the groups of  students who  get the Torrance Test  of 
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Creative Thinking (TTCT) have higher thinking skills, And there is an interaction effect between the 

Treffinger learning model and testing the Creativity Test (TTCT) on students' critical thinking skills. 

 

The interaction effect between Treffinger Learning and TTCT assessment models is reason to analize 

average difference to the critical thinking ability any treatment. Analize average difference to the critical 

thinking ability by t-dunnet tests, the results indicate that students with TTCT Assessment and the Treffinger 

learning model has  higher critical thinking skills  than students with TTCT assessment and conventional 

learning model, the students studied with Treffinger Learning Model  has critical thinking skills higher if 

we give TTCT assessment than conventional assessment, and the students studied with conventional 

learning models has critical thinking skills higher if we give TTCT assessment model than conventional 

assessment model. 

 

Based on the conclusions can be suggested to the teacher to apply the model of learning Treffinger 

model and TTCT assessment to improve students' critical thinking skills. It is also suggested that in the 

application of Treffinger's learning, teachers must understand in depth the levels of Treffinger learning, 

and the proper use of techniques. For further research, it is advisable to examine the effect of Treffinger 

and TTCT model learning on other variables or develop an assessment of TTCT models in subjects 
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ABSTRACT 
The twenty first century can’t obviate people to master various skills in order to be ready for the 

globalization era. The aim of this study is to stimulate and figure out the 21
st 

century skills in terms 
of critical thinking, communication, collaboration, and creativity skills. The STEM based learning 
was implemented through electricity circuit for housing project. STEM-based learning on 

electrolyte is effective to stimulate students’ 21
st 

century skills with good category based on 

observation sheet and very good category based on students’ questionnaire for all 21
st  

century 
skills aspect. The highest percentage based on the observation skill is communication skill 
(71,35%).  Meanwhile  the  highest  percentage  based  on  the  students’  questionnaire  is  critical 
thinking and collaboration skills (84,17%). The correlation category shows that the improvement 
for observation sheet and students’ questionnaire are needed in order to improve assessment rubric 
particularly in critical thinking skills (r = 0,67), communication skills (r = 0,60) and creativity 
skills (r = 0,33). A value of r = 0,85  implies that there is high correlation between the observation 
sheet and students questionnaire on collaboraton skill. 

 
 

Key Words: 21
st 

century skills, chemistry, electrolyte, STEM 
 

 
 

INTRODUCTION 
To embrace challenges presented by the twenty first century, students are expected to 

master 21
st 

century skills, in order to ready them to compete in this globalization era. According 
to the United States-base Partnership for 21

st  
century skills, the following are the most important 

skills required for 21st century education: critical thinking, communication, collaboration, and 
creativity. The need for 21

st 
century skills is clearly explicit in the framework of National 

curriculum (K-13) for upper secondary level: to prepare Indonesian people by acquiring some sets 
of ability to live as a faithful, productive, creative and innovative citizen. In 2015, Study of 
Global Creativity Index (GCI) showed that Indonesia scored very lowwith only 0.202 point, and 
ranked 115 out of 139 participating countries. Arguably, one of the reasons behind this is that 
the education system in Indonesia emphasizes more on test. Soedjadi (2000) and Rohaeti (2010) 
said  that the practice of teaching in Indonesia focused on content of a subject rather than 
developing students' critical thinking skills. 

 
Based on studies above, it is necessary to find someways to implement 21

st 
century skills here 

in Indonesia.STEM (Science-Technology-Engineering-Mathematics) based education provides a 

learning experience that introduces 21
st 

century skills to students because STEM skills contribute 
to the development and growth of industrialized and modern societies (Ratelle et al, 2005). STEM 
education has sharpened students’ creativity skills through activities that require students to think 
out of the box (Larkin, 2015). Implementation of STEM-based learning has been done in some 

mailto:hanifah.sarina@gmail.com
mailto:zamzam@smak1bpk.penabur.sch.id
https://en.wikipedia.org/wiki/Critical_thinking
https://en.wikipedia.org/wiki/Communication
https://en.wikipedia.org/wiki/Collaboration
https://en.wikipedia.org/wiki/Creativity
https://en.wikipedia.org/wiki/Critical_thinking
https://en.wikipedia.org/wiki/Communication
https://en.wikipedia.org/wiki/Collaboration
https://en.wikipedia.org/wiki/Creativity
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developing countries but still slightly applied in Indonesia, especially in chemistry learning in high 

school level. This study is conducted to bring a picture of students’ 21
st 

century skills assessment 
with the implementation of STEM based learning on the topic of electrolyte. The lesson plan, 
worksheet, assessment and questionnaire are enclosed. 

 
The definition of STEM refers to each field of that constitutes its acronym; Science, 

Technology, Engineering  and  Mathematics.  Science refers  to  the  study  of  the  nature  and  

its  behavior. Technology refers to methods, systems, and devices which are the result of 

scientific knowledge being  used  for  practical purposes.  Engineering  refers  to  designing  and 

constructing  engines. Mathematics is a study of number, quantities and calculations involved in 

it. When it comes to education term, STEM is much more complex. STEM-based learning is an 

idea of educating students in four specific disciplines — science, technology, engineering and 

mathematics – to create integrated learning based on the real world applications. There are some 

aspects to be considered related to STEM-based learning design process; identify, brainstorm, 

design, construct, evaluate, re-design and share solution. 
 

 
Identify 

 

 
Brainstorm 

 

 
 

Design 
 

 
 

Construct 

 

 
Evaluate 

 

 
 

Re-design 
 

 
 

Solution 

 

 
Picture 1. STEM-based Learning Design Process 

 

 
 

METHOD, IMPLEMENTATION AND ANALYSIS 

 

Method 
This study uses the ADDIE research method which is developed by Dick & Carrey (2005). There 

are 5 stages of ADDIE method which are Analysis, Design, Development, Implementation and 

Evaluation. 

 
In the analysis stage, the needs of the learning process are identified according to the national 

curriculum  and  students’  character  to  improve  the  quality  of  the  learning  process  itself. 

To create a lesson plan, all of the learning strategies were adjusted with competency standard 

which   are   analyzing   electrolyte   solution   and   non-electrolyte   solution   based   on   electric 

conductivity; designing, performing, concluding and presenting experimental results to determine 

the properties of electrolyte solutions and non-electrolyte solutions. 

 
The design stage includes the construction of lesson plan, observation sheet, learning sources and 

https://www.collinsdictionary.com/dictionary/english/refer
https://www.collinsdictionary.com/dictionary/english/scientific
https://www.collinsdictionary.com/dictionary/english/purpose
https://www.collinsdictionary.com/dictionary/english/construct
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students’ questionnaire. The observation sheet for students’ 21
st  

century skills is adapted from 

TORCH skills based on The Career Internship Network (CIN), a program of the Youth 

Development Institute in New York. The learning sources of this study were experimental tools 

such as wire, zinc and copper plates, crocodile clips, LED and various fruits as source of 

electrolytes.  Students’  questionnaires  were  designed  as  all  positives  statements  refer  to  all 

indicators assessed in the observation sheet and were using the Likert scale as assessment guide. 

 
Suggestions from experts are accepted for improvement of the lesson plan, observation sheet and 

students’ questionnaire. These are included in the development stage. The experts are asked to 

evaluate the relevance or accuracy of objectives, basic competencies and learning indicators. They 

are also asked to evaluate the relevance or accuracy of learning materials and learning media used. 

 
The implementation stage is conducted in chemistry learning hours for students X grader in 
electrolyte chapter. This research use one group sample without any control classroom. The total 
of the participants were 16 high school students in Bandung with the random sampling technique. 
After the implementation stage, the data were analyzed by converting into the percentage and 

correlate the teacher observation with the students’ questionnaire concerning the 21
st 

century skills 
experience during the learning process. 

 

The evaluation stage explains the correlation between the students’ 21
st 

century skills assessment; 

students’ questionnaire and interview; and the field notes during the learning process to improve 

the quality of STEM based learning. The simplified ADDIE method is shown in picture 2. 
 

 
Analyze Design Development 

 
 
 
 
 

Evaluation Implementation 
 
 
 

Picture 2. Stages of ADDIE method 

 
Implementation 

The implementation stage of this study was conducted on chemistry class where students were 

given a task to generate electricity and arrange the circuit for housing. Students studied strong and 

weak electrolyte concept and identified substances produced by fruits and vegetables that 

wouldfacilitate strong source of electrolyte. The teacher determined price tags for each fruit and 

vegetable and gave all students similar amount of credit to purchase the materials. Students were 

free to choose any material as long as they were within the budget. Students were challenged to 

turn on LEDlamps as bright and as many as possiblewhile spending the fewest credits. Zinc and 

copper plates were given as the source of electricity. Wire and crocodile clips were also given to 

connect the electrolytes. After designing process, the circuit was tested and the students were able 

to re-design the circuit based on the observation they have found. The best team was awarded in 

order to stimulate learning and to promote good attitude. 

 
Analysis 

Students’ performances were assessed by the observer. There are four skills which were needed to 

be assessed. Each skill has some indicators to be assessed. The communication skills include 

active listening, effective oral presentation and communication, communicating opinions, use of 

language and use of vocabulary skills. The critical thinking skills include brainstorming, 

brainstorming collaboration and taking different viewpoints skills. The creative skills include 

generating possible solutions, strategies for reaching goals and anticipating problem skills. Last, 

the collaboration skills include working in groups, engagement and managing conflict skills. 

 
The observation sheet of students’ 21

st 
century skills were analyzed using the rating scale with the 

score 1 to 4 according to the assessment rubric as scoring reference. The score were converted into 
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the percentage where ratio of score and maximum score expressed as a fraction of 100 for each 

indicator. The students’ questionnaires are all positive statement and were analyzed using Likert 

scale with the score 1 to 5 according to the statement strongly disagree, disagree, doubt, agree and 

strongly agree. The score of students’ questionnaires were also converted into the percentage. The 

correlation  between  observation  sheet  and  students  questionnaire  for  each  indicator  were 

calculated to see how strongly pairs of variables are related. Correlation was calculated according 

to Pearson’s . 

 
RESULT AND DISCUSSION 

Each   of   the   21
st     

century   skills   that   is   discussed   in   this   study,   including   critical 

thinking, communication, collaboration,     and creativity,is     interpreted     as     percentage     and 

represented in several indicators adapted from TORCH skills. 

 
Critical Thinking 

There are various definitions of critical thinking, but generally they are refering to a skill 

concerning to judge, or to evaluate a given problem or topic.  Elder and Paul (2010) explained 

critical thinking as the process of analyzing and assessing thinking with a view to improving it. In 

this study, there are three indicators to asses regarding critical thinking skills. First indicator is 

brainstorming where students are expected to think lots of new ideas with or without specific 

guidelines. Along with the brainstorming skill, the second indicator is brainstorming collaboration 

where the students are expected to form more ideas and also help others think of ideas. The last 

indicator is taking different viewpoint where the students are asked to look at situations and 

process from a variety of viewpoints in order to identify problems. The observer assessed 

communication while the students were having group discussion and performing electricity circuit 

ideas. The percentage of each indicator and the result of correlation are shown in table 1 and 

picture 3. 

 
Tabel 1. Percentage of Observation Sheet and Students’ Questionnaire on Critical Thinking Skill Assessment 

 
 

No Indicator 
Observation 
Sheet (%) 

Students' 

Questionnaire 

(%) 

 

Correlation 

(r) 

 
Category 

 

1 Brainstorming 60,94 85,00 
 

2 Brainstorming collaboration 73,44 85,00 
 

3 Taking different viewpoint 57,29 82,50 

Mean 63,89 84,17 

 
 
0,67 Moderate 
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Picture 3. Percentage Chart of Observation Sheet 

and Students’ Questionnaire on Critical Thinking Skill Assessment 

https://en.wikipedia.org/wiki/Critical_thinking
https://en.wikipedia.org/wiki/Critical_thinking
https://en.wikipedia.org/wiki/Critical_thinking
https://en.wikipedia.org/wiki/Communication
https://en.wikipedia.org/wiki/Collaboration
https://en.wikipedia.org/wiki/Creativity
https://www.sciencedirect.com/science/article/pii/S0898589815000832#bib0095
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No 

 
Indicator 

 

Observation 

Sheet (%) 

 

Students' 

Questionnaire (%) 

 
Correlation 

 
Category 

1 
 

2 

Active listening 
 

Effective oral presentation 

81,77 
 

74,48 

81,25 
 

85,00 

  

      3 Uses of language 64,58 80,00   

4 Uses of vocabulary 64,58 73,75   

Mean (��) 71,35 80,00   
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Table 1 and picture 3 informs that the highest percentage of observation sheet on critical thinking 

skill is brainstorming collaboration skill with the percentage 73,44 % while the highest percentage 

of students’ questionnaire are both brainstorming and brainstorming collaboration skills with the 

percentage 85,00 %. The mean of students’ critical thinking skills is 63,89 % according to 

observation sheet and is 84,17% according to students questionnaire. A value of 0,67 implies that 

there is moderate correlation between the observation sheet and students questionnaire based on 

Guilford (1956). According to student opinion, STEM-based learning has positive impact on their 

critical thinking skills. Some students said that through working in a group they can share some 

ideas with others in order to complete the task effectively in such given time. 

 
Communication Skills 

Four indicators were assessed in communication skills. The first is active listening where the 

students are expected to listen actively to others and thinking about areas of agreement as well as 

disagreement. The second indicator is effective oral presentation and communication skill showing 

how well students are able to communicate their ideas concisely, whether to a group or to another 

individual. The third indicator is uses of language skill, which is about the language students use to 

communicate with others in certain situation. The last indicator is uses of vocabulary skill where 

the students are expected to adjust their vocabulary according to who the audience is. The observer 

assessed  communication  while  the  students  were  performing  electricity  circuit  ideas.  The 

percentage of each indicator and the result of correlation are shown in table 2 and picture 4. 

 
Tabel 2. Percentage of Observation Sheet and Students’ Questionnaire on Communication Skill Assessment 

 

 
 
 
 
 
 

0,60 Moderate 
 

 
 
 
 
 

90 
 

80 
 

70 
 

60 
 

50 
 

40 
 

30 
 

20 
 

10 
 

0 

Active listening   Effective oral 

presentation 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Uses of 

language 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Uses of 

vocabulary 

 
 
 
 
 
 
 
 
 
Observation Sheet 
 

Students' Questionnaire 

 
Indicator of  Communication  Skill Assesment 

 
 

Picture 4. Percentage Chart of Observation Sheet 

and Students’ Questionnaire on Communication Skill Assessment 

 
Table 2 and picture 4 shows that the highest percentage of observation sheet on communication 

skill is active listening skill with the percentage 81,77 % while the highest percentage of students’ 

questionnaire is active effective oral presentation skill with the percentage 85,00 %. The mean of 

students’  communication  skills  is  71,35  %  according  to  observation  sheet  and  is  80,00  % 
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according to students questionnaire. A value of 0,60 implies that there is moderate correlation 

between the observation sheet and students questionnaire. According to student opinion, STEM- 

based learning has positive impact on their communication skills because they were asked to 

convey their ideas in good manner, actively participate in discussion, respect to others opinion and 

become a good listener. 

 
Collaboration Skills 

In this study, there are three indicators to be assessed related to collaboration skills. First is 

managing  conflict  skill  representing  how  students  can  manage  conflict  with  group  members 

effectively and their awareness of others' emotions, perspectives, and behaviors within a group. 

The second indicator is engagement skill. Students are expected to be enganged in his/hergroup 

tasks and discussions and actively participate in the groupworks.  The last skill is working together 

in groups. The students are not only expected to actively contribute to finish the project but also to 

help the group come to a consensus. The observer assessed collaboration skills while the students 

were doing the task given and were re-designing the electricity circuit. The percentage of each 

indicator and the result of correlation are shown in table 3 and picture 5. 

 
Tabel 3. Percentage of Observation Sheet and Students’ Questionnaire on Collaboration Skill Assessment 

 

 

No Indicator 
Observation 

Sheet (%) 

Students' 

Questionnaire (%) 
Correlation Category

 
 

1 Managing conflict 75,00 85,00 
 

2 Engagement 65,10 83,75 
 

3 Work in group 70,31 83,75 

Mean (��) 70,13 84,17 
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Picture 5. Percentage Chart of Observation Sheet 

and Students’ Questionnaire on Collaboration Skill Assessment 

 
Table 2 and picture 3 shows that the highest percentage of observation sheet on collaboration skills 

is managing conflict skill with the percentage 75,00 %. It shows the same phenomenon for the 

students’ questionnaire where managing conflict skill placed the highest percentage worth 85,00 %. 

The mean of students’ collaboration skills is 70,13 % according to observation sheet and is 84,17 

% according to students questionnaire. A value of 0,85  implies that there is high correlation 

between the observation sheet and students questionnaire. According to student opinion, they 

experienced many things in collaboration skill such as how they can reach an agreement with 

someone who had different view and how they accept the agreement if it didn’t suit with their 

opinion. 
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Strategies for reaching goals 59,38 78,75 0,33 Low 

Anticipating problems 58,85 80,00   
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Creativity Skills 
There are three indicators to be assessed in creativity skill. First is generating possible solutions 

where the students are expected to think about various possible solutions or approaches to a 

problem or project and to evaluate those using criteria of practicality, efficiency to choose the best 

solution. The second indicator is strategies for reaching goals. This skill evaluates how students 

can come up with several sub-goals, and variety of ways to achieve them. The last indicator is 

anticipating problem skills where students should think about what's going on in a project in order 

to anticipate and avoid different kinds of problems. The observer assessed collaboration skills 

while the students were doing the task given and were re-designing the electricity circuit. The 

percentage of each indicator and the result of correlation are shown in table 4 and picture 6. 
 
 

Tabel 4. Percentage of Observation Sheet and Students’ Questionnaire on Creativity  Skill Assessment 

 
No 

Indicator 
Observation 

Sheet (%) 

Students' 

Questionnaire 

(%) 

 
Correlation Category 

1 Generate possible solution 61,46 80,00 

2 
 

3 

Mean (��) 59,89 79,58
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Picture 6. Percentage Chart of Observation Sheet 

and Students’ Questionnaire on Creativity Skill Assessment 

 
According to table 3 and picture 4, the highest percentage of observation sheet on creativity skills 

is generate possible solution skill with the percentage 61,46 % while the highest percentage of 

students’ questionnaire are generate possible solution  and anticipating problems skill with the 

percentage 80,00 % The mean of students’ creativity skills is 59,89 % according to observation 

sheet and is 79,58% according to students questionnaire. A value of 0,33  implies that there is low 

correlation  between  the  observation  sheet  and  students  questionnaire.  Based  on  students’ 

interview, STEM-based learning has affected their creativity skill. With some problems given by 

the teacher, the students said that they learn something new, think about the strategy and create 

possible solutions to build the best electricity circuit. 
 

Based on the observation, we can conclude that the highest percentage of students’ 21
st  

century 
skill is communication skill (71,35%) while the lowest percentage is creativity skill (59,89%). 

Meanwhile, the highest percentage of students’ 21
st  

century skill is crit ical thinking and 
collaboration skill (84,17%) while the lowest percentage is creativity skill (79,58%) concerning 

the students questionnaire. The results show that students’ 21
st  

century skills are good based on 
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observation sheet and are very good based on students’ questionnaire according to Riduan (2004). 
The correlation category shows that the improvement for observation sheet and students’ 
questionnaire are needed in order to improve assessment rubric particularly in critical thinking, 
communication and creativity skills. These results are proving that this STEM-based learning on 

electrolyte chapter is effective to stimulate students’ 21
st 

century skill. 
 

Tabel 5. Percentage of Observation Sheet and Students’ Questionnaire on Students’ 21
st 

Century Skill 

 
 

Skills 

 

Observation 

Sheet (%) 

 

Students 

Questionnaire (%) 

 

Correlation 

(r) 

 
Category 

Critical Thinking 63,89 84,17 0,67 Moderate 

Communication 71,35 80,00 0,60 Moderate 

Collaboration 70,13 84,17 0,85 High 

  Creativity   59,89   79,58   0,33   Low   

 
 

CONCLUSION 
The implementation of STEM-based learning on electrolyte is effective to stimulate students’ 21

st
 

century skills particularly critical thinking, collaboration, communication and creativity skills 

through electricity circuit for housing project. The highest percentage based on the observation 

skill is communication skill (71,35%). Meanwhile the highest percentage based on the students’ 

questionnaire is critical thinking and collaboration skills (84,17%). The correlation category shows 

that the improvement for observation sheet and students’ questionnaire are needed in order to 

improve assessment rubric particularly in critical thinking (r = 0,67), communication (r = 0,60) 

and creativity skills (r = 0,33). 
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ABSTRACT 

Hydraulic Ram (HR) has a function to take water from the lower area to the higher one without electricity. This 

study aims to 1) study about how the HR works and 2) test its efficiency. This test is a pilot study in which it 

can be adapted to use in local conditions with natural water sources effectively. Results of the test showed that 

the HR 1"/$%% can pump water up to as high as 4, 5, and 6 meters respectively. Water at 3 meters height has 

efficiency at 42.69%, 4 meters has 38.40% and 5 meters has 27.06% respectively. The study also found that, 

averagely, in one minute, HR1/2’’ could pump water 8.11 liters up to 3 meters height, 5.47 liters up to 4 meters 

height and 3.06 liters up to 5 meters height respectively. 

 
Keywords: Hydraulic ram, efficiency, natural water sources. 

 

INTRODUCTION 

Nowadays our society is transforming into the society of learning and knowledge is a valuable factor that 

stimulates the development. Each nation who has strength in intelligence would perform better than other 
nations. Our world is now becoming the world of information and becomes one with borderless.  Economics, 

social, politics, culture, environment, science and technology  affect  all human being including daily life, social 

value throughout education. Social-economics development strategy 2030 stated that we should take social and 
culture as a top priority as a strategy for development that emphasizes on improving our quality of life step by 

step. Reducing poverty, improving education sector, culture, and quality of labor in a better way. The 
governmental vision and strategy of development up to 2030 mentioned that “Lao people will equally get 

qualitative education so that they can develop themselves and become good citizens, discipline, healthy, 

competence and professionals so that they will develop the country to be sustainable, civilized, and able to link 
and comparable in international society”. National education strategy 2006-2015 recommended that we should 

gradually improve the quality of teaching - learning standard, modernization and moving forwards closely to 

international standard. At the same time, it should be paralleled to human resource development that will serve 
national social-economic development in each zone, province, and local area. Learning should be going 

alongside with practice. Education cooperates with production physically; school education cooperates with 
education in family and society. Taking an account of education and moral as the main part, materials, 

experimental matters and planning to initiate ICT to operate education (Ministry of Education and Sports, 2008, 

p. 32). 

 
In Luang Prabang province, energy supply has increased in last year. Electricity of Laos in Luang 

Prabang branch has supplied electricity to customers  182,211,561  Kwh in total or equivalent  to 100.45%.  In 

comparing  to the year 2016, it has increased  26,198,756  Kwh (in the year 2015 is 156,012,805 Kwh) equal 
to 16.79% and the money increased 210,633,395 Kip (Lao currency) or 1.29%. In 2017, the price was 748 

Kip/Kwh (year 2016 was 739 Kip) (A report of Loss and Safety of Electricity service center of Luang Prabang, 
2018). In short, the usage of electricity in Luang Prabang is increasing. This may be because of the growth of 

houses, businesses, the business about entertainment, international organization, public, agriculture, industry, and 

education and sports that use electricity extravagantly. Comparatively, this usage rate is higher than those in 
developed countries. Therefore, the Electricity of Laos issued 10 years development plan to improve the system 

since 2015 – 2025 in which it aims to ensure that all Lao people have access permanent electricity in  order  to  

improve  their  lives,  develop  social-  economics  step  by  step.  Hopefully, it will  be achievable 90% of all 
households throughout the country in 2020. Although the electricity within the country has enough for the Lao 

people, we still need to find alternative energy as much as we can to save the energy and use as suitable for 
current status. 

 
The principle of water pumping has been discovered more than 200 years ago since 1772 by a water 

supply technician in Bristol in England and it has been developed by Frenchman Joseph Michel Montgolfier  in 

mailto:sisakhetoh@gmail.com
mailto:sisakhetoh@gmail.com
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1796. Later in 1956, Dr. Miyazawa utilized this principle and invented the water pump machine using 

hydropower. Though, it was not popularized because of some constraints: poor performance  than other 
machines,  more water wasted during the pumping  process than gaining, some water leak out from the valve. 

However, if the price of petrol and electricity increases, this type of pumping machine will be alternatively 
useful in the future. 

 
This HR is suitable for water source with strong current such as, waterfall or water that is flowing but 

low pressure or the level of inputs water (so-called “head”) is not so high but able to lift water to a higher level 
by finding the level of inputs water 1 meter then it will be able to lift water up to 7 

– 8 meters or if carefully design, then it might be able to lift up to 10 meters. Due to the fact that when this 

HR works, some part of the water will leak in the valve; therefore, this HR is appropriate with huge water source 
because the wasted water can be useful for other areas. However, this HR is not suitable for water supply. As for 

Luang Prabang province, this principle has not yet been adopted. From the survey, Luang Prabang province has 
many water sources. Therefore, this HR is suitable to use as an alternative mechanism for those using electricity 

and petrol. If Luang Prabang province uses this HR without electricity, it will be very useful for the society to 

minimize the cost. 

 
This HR has a function to work on its own without using electricity, petrol or manpower. Its working is 

starting from the sudden change of the flow in the inputs water that creates and increases the pressure in the 

machine in a short time. Simply say, when the water current flows appropriately from higher level against the 
waste valve then this valve will be opened (we will hear the sound of hit) and that will increase water pressure. 

This will force water flow into pressure vessel through the delivery check valve in which it can be opened only 

one way as well. When the water flows into the pressure vessel, the air inside will be pressed then the pressure 
will be increased. However, that air pressure has no other ways out, so it pushes water out from the pressure 

vessel through the delivery pipe to the outlet through that double pressure. This HR work function can be 
explained in 3 steps as below: 

1) The force of moving water: While the waste valve is opening because of the pressure, the water from outside 

will flow into HR in the inlet (drive pipe) and leak out at the waste valve then the speed of the water will be 
gradually increased (A). When the speed reaches a certain point (Vm) water current will go through the waste 

valve then the kinetic energy will suddenly close the waste valve (B). 

2) Water delivery: When the waste valve is closed, the pressure inside HR will be highly increased. This high 
pressure will be able to press the pressure inside the pressure vessel then the delivery valve will be opened  and 

forces some water to flow into the outlet (delivery  pipe) (C). Whereas,  the pressure inside HR will be 
decreasing until it could not press the water flow. At the same time, the pressure inside the pressure vessel will 

close the delivery valve (D). 

3) Return flow: water will flow back to the inlet and that will make pressure inside HR lower. After that, the 
pressure of the air and atmosphere outside will come in via the waste valve and wait there to be pushed to the 

pressure vessel in another cycle (this is the process of adding air into the pressure vessel to replace the air that 

might be gone with water flow). The lower pressure makes the waste valve open again and that is the complete 
cycle of HR’s function. 

 
When the HR starts  working,  it will work  continuously  under  the system  that is called  “water 

hammer” that has the working cycle in every minute. Therefore, it is sometimes called “self-acting ram  
hammer”  if  it  has  water  source  inputs  to  the  system  sufficiently.  Water hammer  is  the phenomenon that 

the pressure inside the pipe freely changes but strong. The velocity of the water current affects the water 
hammer, for example, the immediate closing of the waste valve changes the speed of the water flow. This 

sudden change makes the momentum of the water flow transforms to the force. If this force hits the pipe too 

strong then it will be damaged. So, we use this principle and transform that point into advantage by using 
material that can control that force of pressure so that we can bring those water in natural sources to use in our 

desired works. 
 

The objective of this study was two folds: 

1) To study the function of HR without electricity 
2) To test HR’s efficiency without electricity 

 
METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

Step 1: Firstly, connect a drive pipe into the inlet of the HR and connect a delivery pipe with the 

outlet of the HR. Then put the pipe that connected to the outlet to the high position, 3 meters, in this case. After 

that let the water in and activate the waste valve, after waiting 2 minutes  HR starts working. Three (3) 
minutes later, the water comes out from the outlet. This test lasts for 5 minutes. The test takes 5 times 

iteratively. After that, we increase the height to 4 and 5 meters respectively. 
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Step 2: We measure the volume of the water from the inlet of the HR by measuring the volume of the 

water from the inlet and read the time it uses from the timekeeper in one second and read the water level from 
the beaker (liquid measuring cup). After that, take the volume of the water from the experiment both water 

from inlet and outlet to calculate the efficiency of the HR. 
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Picture 1: The design diagram and the working principle of the hydraulic ram 

 
 
 

 

RESULTS 

Tabel 1. Experiment result 1 (Measuring water from the outlet with 3, 4 and 5 meters in 5 minutes) 

Time (min)  
The volume of water of each level 

3 m  4 m  5 m 
1  40.24  27.3  15.71 

2  41.1  27.56  15.5 

3  40.5  27.21  15.24 
4  40.3  27.6  15.31 

5  40.56  27.1  15.34 

Average  40.54  27.35 
 15.42 
 



 

 
 
 
 
 
 
 

 

168 

 

The result of the first experiment (see table 1) shows that the volume of the water from the outlet 
with the water level 3 meters height has the average value of 40.54 liters/ 5 minutes. While the volume of 

the water from the outlet with the water level 4 meters height has the average value of 27.35 liters / 5 minutes. 
Also, the volume of the water from the outlet with the water level 5 meters height has the average value of 15.42 

liters/ 5 minutes. 

 
Tabel 2. Experiment result 2 (Measuring water from the inlet in one second) 

 
No Time (second) Volume (liter) 

1 1.46 2.76 

2 1.43 2.31 

3 1.35 2.12 

4 1.62 2.81 

5 1.54 2.66 

Average 1.48 2.53 

 

From the Table 2, it shows us that in average 1.48 second we can measure the volume of the water 

from the inlet as 2.53 liters. 

 

DISCUSSIONS AND CONCLUSION 
Based on the data from Table 1 & 2, this study can be concluded as follow: 

 

Tabel 3. Flow rate at 3, 4 and 5 meters in 1 minute 
 

No 
The volume of water of each level 

3 m 4 m 5 m 

1 8.05 5.46 3.14 

2 8.22 5.51 3.1 

3 8.1 5.44 3.05 

4 8.06 5.52 3.06 

5 8.11 5.42 3.07 

Average 8.11 5.47 3.08 

 
Tabel 4. Inlet flow rate (Measuring water from the outlet with 3, 4 and 5 meters in 5 minutes) 

No Flow rate (liter / minute) 

1 115.07 

2 117.48 

3 124.44 

4 103.7 

5 109.09 

Average 113.96 

 
 

Based on the data from the experiment. This study can find the efficiency of the HR in each different 
level as below: 

 



 

 
 
 
 
 
 
 

 

169 

 
 

The results of the experiment show that HR 1"/$%% in 3, 4, 5 meters height has efficiency to pump 
water in 42.69 %, 38.40 % and 27.06 % respectively. Considering when the HR works in one minute in the 
water level at 3 meters height, averagely, it has 8.11 L/min, 4 meters height has 5.47 L/min and 5 meters 
height has 3.06 L/min averagely. The results of the experiment revealed that the more the level of outlet is 
higher the lower the efficiency of HR will be. This is because of the pressure in the pressure vessel. This 
pressure will be more or less is depending on the height of the water flow from the inlet. Therefore, in order 
to pump water into the higher areas we should use dam or waterfall with strong water current flow. The 
higher level of water source is, the higher pressure of HR will be so that it can pump water up to the higher 
areas. 
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ABSTRACT 

The objectives of this research were 1) to develop the learning activity of Scientific Imagineering through  

social  media  in  order  to  enhance  competencies  for  learners;  2)  to  evaluate  the development of 

competencies for learners who participated in the learning activity of Scientific Imagineering. The sample 

group consisted of 31 Matthayom 5 (equivalent to 11th grade) students in Science-Technology program in 

academic year 2017 at Kasetsart University Laboratory School center for Educational Research and 

Development. Students used the learning activity of Scientific Imagineering through  social  media,  which  had  

been  assessed  by  10  experts,  to  learn  about electromagnetic spectrum in Physics class. After carrying out 

the learning activity of Scientific Imagineering through social media, students performed self-evaluation on 

their competency development. The results of this research showed that 1) the learning activity of Scientific 

Imagineering through social media in order to enhance competencies for learners consisted of 6 steps, 

namely imagine, study, design, develop, present and evaluate and according to the quality evaluation done by 

experts, the learning activity was extremely suitable; 2) according to the students’ evaluation of their 

competency development, they strongly agreed that the learning activity of Scientific Imagineering through 

social media helped them develop their competencies for learners. 

 
Keywords: Scientific Imagineering, competencies for learners, Social Media, STEM Literacy 
 

 
 

INTRODUCTION 
Rapid  advancement  in  computer  technology  and  network  system,  continuous  growth  of 

knowledge-based economy, as well as expectation of personal service with added value have been the driving 

force behind dramatic changes at present [1].   Social and economic development requires educational 

system which equips the young with new set of skills and competencies that would allow them to fully benefit 

from the learning society they are in now and to actively contribute to the development of economy under the 

principle of knowledge as assets. These skills and competencies are referred to as 21st  century skills and 

competencies which are more suitable for the emerging model of economic and social development than the 

skills and competencies required in the past century which were more suitable for industry and production [2]. 

 
Competency refers to knowledge, skills and characteristics which help the young to unlock their full 

potential. It is an important foundation for building ability to read, write, calculate and learn other subjects. 

The student’s ability to learn will naturally increase from learning experience in school, therefore, schools 

established competencies as the criteria for graduating from school and practicing specific profession [3], [4], 

[5], [6]. 

 

Student’s competencies are like the root of strong ability to learn but they do not get enough attention 

because they are not visible while knowledge and skills are like green leaves which are clearly visible and thus, 

receive more attention. Lack of encouragement to develop competencies naturally exerts empirical impact on 

learning of knowledge and skills [6]. 

mailto:techakosit@gmail.com
mailto:techakosit@gmail.com
mailto:prachyanun@hotmail.com
mailto:prachyanun@hotmail.com


 

 
 
 
 
 
 
 

 

171 

 

 
Basic Education Core Curriculum B.E. 2551 (A.D. 2008) is Thailand’s core curriculum. Its objectives are 

to develop learners to be decent, intelligent and have the capability to study at higher level and practice 

profession. One of the goals is that learners, after completing basic education, have the knowledge as well as 

the ability to communicate, think, solve problems and use technologies, as well as ability to use life skills [7]. 

These are called the 5 competencies for learners. 

 

As Facebook has become a popular social media which allows users to interact and co-work in a virtual 

community [8], teachers can also use Facebook as an educational tool [9]. Students have positive attitude toward 

learning with Facebook as the educational tool [10] and they use Facebook to deliver course material and 

support learning [11]. 

 

The learning model of Scientific Imagineering is a scientific learning process integrated with 

engineer’s innovation process. It consisted of 6  learning steps, which are 1 )  imagine 2 )  study 3) design 4) 

develop 5) present and 6) evaluate [12]. 

 

 
Picture 1. The learning model of Scientific Imagineering through AR in order to enhance 

STEM literacy [12] 

 

 
Techakosit & Nilsook [13] found that the learning model of Scientific Imagineering could develop STEM 

Literacy, which consists of 6 elements as shown in Picture 2: 

 

 
Picture 2. Elements of STEM literacy [13] 
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As seen in Picture 2, STEM literacy consists of 1) the ability to identify STEM problems 2) the ability to 

seek new knowledge 3) the application of the STEM concept 4) the ability to solve problems using STEM 

5) the ability to communicate information relating to STEM and 6) the ability to make decisions based on 

STEM. These elements were similar to the 5 competencies for learners. Therefore, the researcher was interested 

in studying the enhancement of competencies for learners through the use of the learning model of Scientific 

Imagineering. This research would establish guidelines for teachers in basic education level in planning classes 

so as to develop and evaluate competencies for learners. 

 

RESEARCH OBJECTIVES 
1. To develop the learning activity of Scientific Imagineering through social media in order to enhance 

competencies for learners in Matthayom 5 (equivalent to 11th grade) on the subject of 

electromagnetic spectrum. 

 
2. To evaluate the development of competencies among Matthayom 5 students who learned through the 

learning activity of Scientific Imagineering. 

 

METHODOLOGY 
The group of learners studied in this research consisted of 31 Matthayom 5 students in Science-

Technology program in academic year 2017 at Kasetsart University Laboratory School center for 

Educational Research and Development. 

 
Data collection tool was learner’s competency development evaluation form to evaluate competencies of 

students who learned through the use of the learning activity of Scientific Imagineering. 

 
Research Procedure 

1. Review literature about Scientific Imagineering and competencies for learners. 

2. Design the learning activity of Scientific Imagineering through social media in order to enhance 

competencies for learners based on content about electromagnetic spectrum. 

3. Design a tool to assess the quality of the learning activity of Scientific Imagineering through social 

media in order to enhance competencies for learners. 

4. Present the learning activity of Scientific Imagineering through social media in order to enhance 

competencies for learners to 10 experts in learning design for Science and subjects relating to STEM 

and ask them to evaluate the quality of the learning activity. 

5. Revise the learning activity according to experts’ comments. 

6. Design a tool for evaluating competencies of learner. 

7. Present the evaluation form for competencies of learners to 3 experts in measurement and evaluation to 

evaluate the content validity of the evaluation form. 

8. Revise the evaluation form according to experts’ comments. 

9. Apply the learning activity of Scientific Imagineering through social media in order to enhance 

competencies for learners to the studied group, consisting of 31 Matthayom 5 students in Science-

Technology program during January to March 2018 in academic year 2017 at Kasetsart University 

Laboratory School center for Educational Research and Development. 

10. Have the students in the studied group complete self-evaluation form on the development of their 

competencies for learners through the learning activity of Scientific Imagineering. 

 
Analyze the result of self-evaluation form on the development of competencies for learners using mean and 

standard deviation (S.D.). The interpretation of the mean value is as follows: 

4.50 - 5.00 means extremely suitable/strongly agree. 

3.50 - 4.49 means suitable/agree. 

2.50 - 3.49 means neither suitable nor unsuitable/neither agree nor disagree. 

1.50 - 2.49 means unsuitable/disagree. 

1.00 - 1.49 means extremely unsuitable/strongly disagree. 
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RESULT AND DISCUSSION 
The design of the learning activity of Scientific Imagineering through social media in order to enhance 

competencies for learners in Matthayom 5 on the subject of electromagnetic spectrum consisted of 6 phases 

of activities as shown in Picture 3. 

 
Note: means teacher means students 

Picture 3. The learning activity of Scientific Imagineering through social media in order to enhance 

competencies for learners 

“Imagine” is the first step of the learning activity of Scientific Imagineering. It is the beginning of the 

inspiration step. This step takes one period (50 minutes) in classroom to explain. “Study” is a step in the quest 

for knowledge. Students spend three weeks outside the classroom to find relevant content and then post it on 

Facebook. The teacher follows the post of the students and encourages then by “linking” the content. “Design” 

is the process of changing what is imagined into reality. This step takes two periods in the classroom with 

each group of students brainstorming way to plan and design the cartoon. The teacher determined that the 

length of the cartoon must not exceed six pages. Each group of students drafts a storyboard. “Develop” is the 

process of making the storyboard from the design step into a real cartoon. This step takes four periods. 

“Present” is the step in which students post their cartoons on Facebook. Teacher and students read and study 

spectrum of electromagnetic wave from all of the cartoon. Students spend three week outside the classroom to 

study. The last step is evaluation. Teacher and students are given the opportunity to rate the cartoons by 

clicking on Facebook. During “study” and “present” steps when students spend time outside the classroom, 

the teacher can teach other content. 

 

The outcome of the development of the learning activity of Scientific Imagineering through social media in 

order to enhance competencies for learners consisted of 6 steps, namely imagine, study, design, develop, 
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present and evaluate. The steps were in alignment with the learning process of Scientific Imagineering 

through AR in order to enhance STEM literacy presented by Techakosit & Nilsook [12]. The difference was 

that the technology used to support learning in this research was Facebook. 

The result of quality evaluation for the learning activity of Scientific Imagineering through social media by 

experts is as shown in Table 1. 

 
Tabel 1. The result of quality evaluation for the learning activity of Scientific Imagineering through social media in order to enhance 

competencies for learners done by experts

 

 
The Learning Activity of Scientific Imagineering through 

Social Media in order to enhance competencies for Learners 

 

MEAN 

 

S.D. 

 

Interpretation 

Imagine 4.90 0.32 Extremely suitable 

Study 5.00 0.00 Extremely suitable 

Design 4.90 0.32 Extremely suitable 

Develop 4.80 0.42 Extremely suitable 

Present 4.90 0.32 Extremely suitable 

Evaluate 4.80 0.42 Extremely suitable 

 
 

According to Table 1, the experts found that the learning activity of Scientific Imagineering through social 

network was extremely suitable for enhancing competencies for learners (Mean = 4.88 and S.D. = 0 .8 7 ) . This 

finding was in alignment with Techakosit & Nilsook [12] who stated that the learning model of Scientific 

Imagineering was extremely suitable for enhancing STEM literacy. STEM literacy is a set of abilities which are 

similar to some of the competencies for learners. Therefore, the experts’ opinion was that the learning activity of 

Scientific Imagineering through social network was extremely suitable for promoting the development of 

competencies for learners. 

 

 
 
Picture 4. Samples of cartoons made by students who focused on radio wave 

 
 

As for the result of the students’ evaluation on the development of their competencies for learners in 

Matthayom 5 for students who participated in the learning activity of Scientific Imagineering are presented aspect 
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by aspect as follows: 

 
Tabel 2. The evaluation result of the ability to communicate aspect of the learning activity of Scientific Imagineering through social 

media in order to enhance competencies for learner 

Ability to Communicate MEAN S.D. Interpretation 

1. I practiced story telling or I was able explain the knowledge I 

gained through research to my friends. 

 

4.23 

 

0.50 

 

Agree 

2 .  I exchanged opinions with friends while engaging in the 

activity. 

 

4.47 

 

0.51 

 

Strongly agree 

3 . I, together with friends, wrote a summary of the knowledge 

we have researched so that friends in other groups could 

understand. 

 
4.50 

 
0.63 

 
Strongly agree 

4 . I persuaded friends in my group to work together and finish 

drawing the cartoon. 

 

4.27 

 

0.72 

 

Agree 

5 . I discussed with friends when any disagreement arose while 

working. 

 

4.43 

 

0.77 

 

Agree 

6. I have learned how to explain my reasoning to persuade them 

to agree with my opinion. 

 

4.33 

 

0.66 

 

Agree 

7. I verbally encouraged my friends to finish the task. 4.47 0.73 Agree 

Overall development of ability to communicate 4.40 0.65 Agree 

 
 

According to Table 2, the students agreed that the learning activity of Scientific Imagineering through  social  

media  they  took  part  in  developed  the  ability  to  communicate  aspect  of competencies for learners (Mean = 

4.40 and S.D. = 0.65). 
 

Tabel 3. The evaluation result of the ability to think aspect of the learning activity of Scientific Imagineering through social media in 

order to enhance competencies for learners 

Ability to Think MEAN S.D. Interpretation 

1 . I planned and set schedule for doing research and drawing 

cartoons with friends. 

 

4.27 

 

0.69 

 

Agree 

2. I followed the schedule until the objective was achieved. 4.17 0.65 Agree 

3. I think the cartoon is original and unique. 4.70 0.47 Strongly agree 

4. I was flexible and could adjust the plan according to changes 

in situation. 

 

4.60 

 

0.56 

 

Strongly agree 

5 . I gathered knowledge from various sources and summarized it 

into content used to draw the cartoon. 

 

4.53 

 

0.57 

 

Strongly agree 

6   I was able to think  independently while working on  the 

cartoon. 

 

4.70 

 

0.47 

 

Strongly agree 

7. My friends and I solved problems rationally while working on 

the cartoon. 

 

4.50 

 

0.51 

 

Strongly agree 

Overall development of ability to think 4.51 0.59 Strongly agree 

 
 

According to Table 3, the students strongly agreed that the learning activity of Scientific Imagineering 

through social media they took part in developed the ability to think aspect of competencies for learners (Mean 

= 3.92 and S.D. = 0.88). 
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Tabel 4. The evaluation result of the ability to solve problem aspect of the learning activity of Scientific 

Imagineering through social media in order to enhance competencies for learners 

 
Ability to solve problem MEAN S.D. Interpretation 

1. I had the chance to think of different solutions to solve 

problems which occurred while working on the cartoon. 

 

4.53 

 

0.57 

 

Strongly agree 

2 .  The work I have done this time can be applied to other 

works. 

 

4.60 

 

0.57 

 

Strongly agree 

3. I came up with different alternatives for making cartoon. 4.60 0.55 Strongly agree 

4 . I considered advantages and disadvantages of each cartoon 

making method before making decision. 

 

4.67 

 

0.55 

 

Strongly agree 

5 .  I carefully used information to solve problems occurred 

while working. 

 

4.43 

 

0.63 

 

Agree 

6 .  The outcome of the cartoon created was a result of 

adjustments made to solve problems while working on the 

cartoon. 

 
4.57 

 
0.50 

 
Strongly agree 

7. A step-by-step plan was devised to prevent problems. 4.47 0.63 Agree 

Overall development of ability to solve problem 4.55 0.55 Strongly agree 

 

 
According to Table 4, the students strongly agreed that the learning activity of Scientific Imagineering 

through social media they took part in developed the ability to solve problem which was one of the 

competencies (Mean= 4.55 and S.D. = 0.55). 

 
Tabel 5. The evaluation result of the ability to use life skill aspect of the learning activity of Scientific Imagineering through social 

media in order to enhance competencies for learners 

Ability to use life skill MEAN S.D. Interpretation 

1 .  I tried to do the task I have been assigned to smoothly 

complete the cartoon. 

 

4.67 

 

0.55 

 

Strongly agree 

2 . I am happy to share the knowledge of the cartoon and the 

enjoyment one gets from reading it with friends in other groups. 

 

4.47 

 

0.57 

 

Agree 

3. I practiced my patience for friends’ opinions while working. 4.57 0.57 Strongly agree 

4. I am proud that I have helped my friends and contributed to the 

completion of the cartoon. 

 

4.67 

 

0.48 

 

Strongly agree 

5. I practiced my responsibility for work. 4.50 0.63 Strongly agree 

6. I have realized the value of work process and the cartoon. 4.43 0.63 Agree 

7 .  I exercised my patience when I waited to listen to friends 

with different opinions. 

 

4.37 

 

0.72 

 

Agree 

Overall development of ability to use life skill 4.52 0.60 Strongly agree 

 
 

According to Table 5, the students strongly agreed that the learning activity of Scientific Imagineering 

through social media they took part in developed the ability to use life skill aspect of competencies for learners 

(Mean = 4.52 and S.D. = 0.60). 

 
Tabel 6. The evaluation result of the ability to use technology aspect of the learning activity of Scientific 

Imagineering through social media in order to enhance competencies for learner 

Ability to Use Technology MEAN S.D. Interpretation 

1.I used technology to present my task to the class. 4.57 0.57 Strongly agree 

2. I used technology to help making the cartoon creatively. 4.70 0.53 Strongly agree 

3. I learned that the information retrieved from the internet must 

come from a reliable source if I want to refer to it. 

 

4.40 

 

0.67 

 

Agree 

4. I used technology to save cost, reduce number of steps and 

solve problems. 

 

4.57 

 

0.63 

 

Strongly agree 
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Ability to Use Technology MEAN S.D. Interpretation 

5. I selected appropriate technology for communication in order 

to complete the cartoon. 

 

4.47 
 

0.57 
 

Agree 

6 .  I used technology to communicate and share information 

appropriately. 

 

4.60 

 

0.50 

 

Strongly agree 

7. I took advantages of technology for learning. 4.50 0.57 Strongly agree 

Overall development of ability to use technology 4.54 0.58 Strongly agree 

 
According to Table 6, the students strongly agreed that the learning activity of Scientific Imagineering 

through social media they took part in developed the ability to use life aspect of competencies for learners 

(Mean=4.54 and S.D. = 0.58). 

 

Overall, the students strongly agreed that their competencies for learners had been developed through 

participating in  the  learning  activity of  Scientific  Imagineering through  social  media (Mean = 4.5 0 and S.D. 

= 0 .59) . This is in line with Techakosit & Nilsook [13]’s finding that the ‘develop’ step of the learning model 

of Scientific Imagineering through AR in order to enhance STEM literacy could enhance the ability to solve 

problem, which is one of the 5 competencies for learners. It is also in alignment with Gonçalves [14]’s finding 

that all students agreed that features and capability of Facebook could contribute to the development of ability to 

use technology aspect of competencies for learners. 
 

CONCLUSION 
The development of the learning activity of Scientific Imagineering through social media in order to 

enhance competencies for learners showed that it consisted of 6 steps, namely imagine, study, design, develop, 

present and evaluate. The result of quality evaluation of the learning activity of Scientific Imagineering through 

social media completed by 10 experts showed that the learning activity was extremely suitable for enhancing the 

competencies of learners (Mean = 4.88 and S.D.= 0.87). 

 

According to the learners’ self-evaluation completed by learners who had participated in the learning 

activity, the learners strongly agreed that the learning activity of Scientific Imagineering through social media 

helped them develop their competencies for learners (Mean=4.50 and S.D.=0.59). 
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ABSTRACT 

Based on a conducted preliminary study at Public Junior School 2 Cibungbulang, Bogor Regency, there 

were as many as 90% have a less understanding (from 35 learners) about the concepts of natural sciences. The 

study showed that 90% of test results of low learners are under the minimum standard. According to the 

questionnaires of class VIII, the material tends to be monotonous (lecturing). This study aims to determine the 

improvement of the conceptualization of the inquiries are Discovery Learning, Interactive Demonstration, 

Inquiry Lesson, Inquiry Laboratory, Real-world Applications and Hypothetical Inquiry. The research used 4D 

Research and Development method from Thiagarajan which consists of four stages: defining, designing, 

developing and disseminating. The implementation of learning involved all students of class VIII.7 Public 

Junior School 2 Cibungbulang Bogor regency. The instruments are written tests and questionnaire responses 

from learners. The results showed that the development of Input for six levels can improve the concept of 

mastery with an N gain of 0.51. 

 
Keywords: Inquiry for six levels, Mastery of concepts 

 
 

INTRODUCTION 

 Public Junior High School 2 of Cibungbulang Bogor is one of the public schools that implement the 

2013 curriculum starting from the academic year 2016/2017. The main substance of the curriculum of 2013, 

especially on the subject of Natural Sciences is taught by using a scientific approach. The scientific approach 

requires learners to act actively and discover concepts learning through observing, questioning, trying, 

associating and communicating activities (Kemdikbud, 2016:8). In this case, finding and constructing concept is 

an important activity that learners do with the guidance and services of educators. One of the relevant learning 

models for discovery and concept building is inquiry learning. Inquiry Learning in Natural Sciences may lead 

learners to understand Natural Sciences as a whole (comprehensive) that is Natural Sciences as a process, 

attitude, and product. Inquiry means questioning, examination and investigation that is as a general process to 

seek or to understand of information that involves students’ ability in a systematic, critical, logical, analytical 

and confident way (Trianto, 2011:20).  The advantages of inquiry learning are emphasis on the balance of 

cognitive, affective, and psychomotor aspects development so that learning is more meaningful and in 

accordance with the development of modern learning psychology (Zuriyani, 2010:23). The principles of inquiry 

study proposed by Hamruni (2012:42) are oriented towards intellectual development, the principle of 

interaction, the principle of asking, the principle of learning to think and the principle of openness. 

 

According to the content of Junior High School Competency Standard, students are expected to have 

creative, productive, critical, independent, collaborative, and communicative thinking and acting skills through 

scientific or scientific approach (Kemdikbud, 2016:25). This required Competency Standard in learning is very 

necessary to develop a real application concept that is accompanied by the growth of soul independence of 

learners. The concept is an abstract notion of generalization of specific examples. According to Bereiter, (1995) 

and Mayer & Wittrock (1996), a very important thing in teaching the concept is seen from how well learners in 

understanding the material and the extent to which teachers can teach the material so that it becomes meaningful 

learning (Slavin, 2011:67). 

 

Mastery of concepts according to Maknun (2015:32) is one of the intellectual skills that associate with 

the cognitive abilities of learners. Learners can be said to be dominating the concept if learners are able to define 

concepts, identify, and give examples of concepts in other forms (which are not the same as textbooks). Mastery 

of concepts can be intended as a form of the ability of learners to understand the meaning of scientific concepts, 

these concepts both in theory and in their own application (Dahar, 2006:35). According to Son (2014:48) 



 

 
 
 
 
 
 
 

 

180 

mastery of the concept is the ability of learners to understand the concepts, both before the learning process, 

during the learning process, and after the learning process. 

 

Based on the description above, can be understood how the importance of the concept of Natural Science 

in the students themselves. In addition to the teaching and learning process of science, teachers should know the 

development of students especially the one that relate to the intellectual learners so that teachers can adjust the 

lesson materials that will be taught and how to teach it. Learning science through inquiry will inculcate the soul 

of constructivism in learners so that the obtained knowledge will be more meaningful and embedded by 

character values. But in fact, the process of science lessons of junior high school has not been optimal led to 

inquiry activities of learners. Learning is still inclined to study science only as a product (memorizing the 

concepts, theories or laws of science). Learners are not accustomed to be creative to find concepts that result of 

self-learner to be lazy thinking, uncooperative, not constructive, and not innovative. 

 

Based on observations through Focus Group Discussion on students of Class VIII.7 Public Junior High 

School 2 Cibungbulang Bogor at Lesson 2017/2018 shows that: 1) learners who have the character of tenacity 

and persistence in doing learning tasks only 13% (5 of 39 learner), 2) learners who have activeness of problem 

solving only 8% (3 out of 39 students), 3) learners who are cooperative in study group are 15% (6 of 39 

students), and 4) participants students who have a sense of curiosity to new things only 21% (8 of 39 learners). 

In average, the percentage is 14.25% (low category). Based on these data, it is necessary to update the design of 

science learning strategies to make better quality learning. Learning orientation focuses on inquiry learning for 

six levels that emphasizes the provision of direct learning experiences through process skills and learning 

attitudes. 

 

The point is that knowledge will be meaningful when searched and found by the learners themselves. 

Encouraged by the ideas above, the authors try to be creative to motivate learners by designing learning inquiry 

for six levels. Inquiry for six levels is an inquiry learning model through six stages; they are Discovery 

Learning, Interactive Demonstration, Inquiry Lesson, Inquiry Laboratory, Real-world Applications and 

Hypothetical Inquiry (at adobsi from Wenning, 2015). Inquiry learning provides students with the opportunity to 

ask questions, plan an inquiry to answer questions, collect data/evidence based on the results of the investigation 

or from various sources, communicate and maintain the results of its investigation. In the stage of Discovery 

Learning, it is expected that learners are able to build the initial concepts based on direct experiences. Interactive 

Demonstration presents the phenomenon of demonstration activities and asks questions to investigate what will 

happen. In Inquiry lesson, learners can identify scientific principles and relationships. Inquiry Laboratory 

expects that learners can make empirical laws based on the measurement of variables. 

 

Meanwhile in Real-world Applications learners can solve problems related to authentic situations. To 

make it perfect in the phase of Hypothetical Inquiry that learners can generate hypotheses and test it or learn to 

observe phenomena. The ability to be trained through inquiry for six levels learning is 1) identifying questions 

leading to scientific inquiry, 2) designing and conducting scientific investigations, 3) using technology and math 

to improve investigation, 4) formulating and revising scientific explanations using logic and evidence, 5) 

recognize and analyze alternative explanations and models, and 6) communicate and propose scientific 

arguments. 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 

 

Method 

Method Research using research and development method. Research and development method is a 

research method used to produce a specific product and test the effectiveness of the use of the product 

(Sugiyono (2013: 407). This research refers to 4D from Thiagarajan which consists of four stages are defining, 

designing, developing and disseminating. The research was conducted in Public Junior High School 2 

Cibungbulang Bogor Regency amounting to 35 students of class VIII.7 Year Lesson 2017/2018. 

 

Analysis 

This development study is needed to analyze and to test the effectiveness of the product, while the 

research is needed in the community. In this study, a product is developed by Inquiry for Six Levels learning 

model on Food Digestion System material to improve the mastery of concept. The analysis is done at each stage 

of research and development of 4D as follows: 
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a.  Definition stage (define) 

The defining stage is useful for defining and it needs in the learning process and collecting various 

information which is related to the product being developed. In this stage is divided into several steps, namely: 

 

1) Preliminary Analysis (Front-end Analysis) 

A preliminary analysis was conducted to determine the basic problems in the development of the Inquiry 

for Six Levels model. At this stage, the facts and their alternatives to the solution are resolved by making it 

easier to determine the initial steps in developing the Inquiry for Six Levels model. Front-end Analysis aims to 

bring up and define the basic problems faced in the learning of learners but it needs more innovation. This 

analysis will produce a description of facts, expectations, and alternative solutions to basic problems that 

facilitate the determination or selection of learning models developed. The basic problem that generally occurs 

in science learning of students of Public Junior High School 2 Cibungbulang Bogor is the lack of motivation 

and enthusiasm of learners in learning. 

 

2) Analysis of Learners 

Student analysis is very important for the beginning of the planning through observing the characteristics 

of learners by considering the characteristics, abilities, and experiences of learners, both as a group and 

individuals. In general, the characteristics of students Public Junior High School 2 Cibungbulang Bogor class 

VIII.7 have fewer good learning characteristics because the learners focus less attention at accepting materials 

and academic ability. 

 

3) Task Analysis 

The task analysis aims to identify the main tasks that the learner will perform. Task analysis consists of 

analysis of Basic Competence related materials to be developed. In this research procedure, there are steps 

performed, namely Define, Design, Develop and Disseminate. 

 

b. Designing 

After getting the problem from the defining stage, the researcher then carried out the design stage. This 

design stage aims to design a learning model that can be used in science learning. This design stage includes: 

 

1) Testing (criterion-test construction) 

Preparation of the test instrument based on the preparation of learning objectives that become 

benchmarks mastery of the concept of learners. The test instrument used in this study appears as in table 1 

below: 

 

 
 

The format selection was done in the first step so that the selected format is related to the learning 

materials. Selection of the presentation form was adapted to the learning media used. The selection of formats in 

development was intended by designing the content of learning, selection of approaches, and learning resources, 

organizing and designing learning models. 

 
c.  Development Stage 

This development stage aims to produce a model of Inquiry learning that has been revised based on 

expert input and testing to learners. There are two steps in this stage which are as follows: 

 

1) Expert Validation (expert appraisal) 

This expert validation serves in validating the content of the Natural Science material before being tested 

and the validation results were used to revise the initial product. The results of this validation were used as an 

improvement material for the perfection of inquiry model implemented. After the draft that the author has 

validated and revised, then the author did produce the draft II. The second draft II was tested to the learner in a 

limited field trial phase. 
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2) Product Testing (development testing) 

After the validation of experts then the researcher conducted a field trial that is aimed to discover the 

results of implementation. The purpose of this development stage is to produce the final form of Inquiry 

learning model based on the input of expert experts or practitioners and test result data. 

 
d. Dissemination stage 

The purpose of this phase is to disseminate the Inquiry for Six Levels learning model and promote it to 

other junior high schools. In this research, the research results were developed to Public Junior High School 1 

Leuwiliang Bogor Regency. 

 
Design 

Inquiry Lesson Design on Inquiry for Six Levels are Discovery Learning, Interactive Demonstration, 

Inquiry Lesson, Inquiry Laboratory, Real-world Applications dan Hypothetical Inquiry. This learner be able to 

1) build concepts based on direct experience, 2) demonstrate phenomena and ask questions, 3) identify 

principles and scientific relations, 4) deriving empirical laws based on variable measurement, (5) solving 

problems related to authentic situations, and 6) generating hypotheses and testing hypotheses and explanations 

for observed phenomena. In the form of diagrams, ideas and instructional designs are shown in Figure 2: 
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The research refers to the 4D research and development model consisting of four stages are define, 

design, development and dissemination as shown in Figure 1 below: 

 

Implementation 
In general, the application of Inquiry for Six Levels model in science learning in Public Junior High 

School 2 Cibungbulang Bogor Regency can be described as follows: 
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a.  The ability of training through the Inquiry for Six Levels model: 

1. Identify questions that lead to scientific inquiry. 

2. Design and conduct a scientific investigation. 

3. Using technology and math to improve the investigation. 

4. Formulating and revising scientific explanations using logic and evidence. 

5. Recognizing and analyzing alternative explanations and models. 

6. Communicating and proposing scientific arguments. 

 
b. Teacher Performance on Inquiry for Six Levels model: 

1. The teacher organizes a learning-centered class on the learner. 

2. The teacher focuses on questioning as an active mode of inquiry. 

3. The teacher challenges the learner to think and ask questions. 

4. Teachers encourage learners to debate and discuss among learners. 

5. The teacher provides various levels and flows of inquiry. 

6. The teacher acts as a guide (facilitator) in giving as little direction as possible to the learners. 

7. The teacher arises learners’ interests to actively participate and seek new information and ideas. 

8. The teacher avoids the dominance of appearance and authoritarian acting. 

9. The teacher emphasizes how learners know and what the learners know. 

10. Teachers use appropriate questioning skills, namely waiting times, variations, difficulty levels, and 

spreads. 

11. The teacher responds appropriately to what the learners are saying or doing that contributes to the 

lesson. 

12. The teacher raises, corrects, and utilizes the learners' previous knowledge. 

 
c.  Performance Learners on the Inquiry for Six Levels model: 

1. Learners build concepts / principles / relationships based on direct observations, using data provided by 

the teacher. 

2. Learners connect the independent variables and dependent variables to establish empirical law based on 

evidence gathered from the experiment. 

3. Learners make specific predictions based on general principles or laws. 

4. Learners make decisions, maintain evidence-based conclusions. 

5. Learners develop and test hypotheses for further observation and or experimentation. 

 

Stages of instructional activities in Inquiry for Six Levels include six stages: Discovery Learning, 

Interactive Demonstration, Inquiry Lesson, Inquiry Laboratory, Real-world Applications and Hypothetical 

Inquiry. 

1. Discovery Learning. At the Discovery Learning stage, learners build early concepts based on direct 

experience. Skills to be developed are Rudimentary Skills which include classifying, conceptualizing, 

concluding, contextualizing, sorting, generalizing and identifying problems. 

2. Interactive Demonstration. At the Interactive Demonstration stage, learners (in study groups) present 

phenomenon demonstration activities and ask questions to investigate what will happen (make 

predictions). Skills to be developed include basic skills (Basic Skills) including estimating, explaining, 

predicting, and using conditional thinking (if, then). 

3. Lesson Inquiry. At the Inquiry Lesson stage, learners (in study groups) can identify scientific 

principles and relationships. Skills to be developed include intermediate skills (A mediate Skills) 

including applying knowledge / information, describing relationships, obtaining simple quantitative 

data, using combinatorial thinking, and using correlational thinking. 

4. Laboratory Inquiry. At the Inquiry Laboratory stage, learners make empirical laws based on the 

measurement of variables that have been done. The skills to be developed are Integrative Skills that 

include defining exactly the problems that must be studied, defining precisely the systems to be 

studied, designing and conducting a controlled scientific investigation, interpreting quantitative data to 

establish laws that use logic. 

5. Real-world Applications. At the Real-world Applications stage, learners can solve problems related 

to authentic situations. Culminating Skills include using causal reasoning to distinguish events from 

cause and effect, using causal reasoning to distinguish correlations from cause and effect, using data 

and mathematics in real-world problem solving, summarizes for the purpose of logically justifying 

conclusions based on empirical evidence, using proportional reasoning to make predictions, and 
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determining whether the answer to a problem or question makes sense including the size and or the 

unit. 

6. Hypothetical Inquiry. At the Hypothetical Inquiry stage, learners can generate hypotheses and test 

them or exploit the observed phenomena. The skills developed are prime facilitation (Advanced Skills) 

which involves generating predictions through the process of 

7. Deduction, generating and evaluating analogies, thinking analogically, thinking to assimilate 

concepts, summing up the consequences of their conclusions or judgments, and reflective thinking. 

 

RESULTS AND DISCUSSION 
Results and discussion of each stage of research and development are carried out as follows: 

 
Results 

a. Problem Analysis Results 

Interviews were conducted on science teachers who taught in class VIII that is as many as two people 

and to class VIII students as many as three people taken based on the value of knowledge. The research consists 

of 1 learner who has a low knowledge value, 1 person with medium value of knowledge and 1 person with a 

high value of knowledge. The results of class interviews with VIII teacher and class VIII students are shown in 

Table 2 below: 

 

Table 2. The Results of Interviews with Teacher and Students 

No 

Name Respondents Interview Results 

Gemala Pratiwi, M.Pd 

Classroom 
teacher of 
class VIII 

Most of the IPA materials were difficult for 
learners and many learners were not interested 
in the science materials because the school 
facilities were not yet supportive for science 
learning, so I strongly agree that an Inquiry 
learning model is made for the concepts of IPA 

more easily understood by the students. 1 

2 Iwan Kurniawan, S.Pd 

Classroom 
teacher of 
class VIII 

the Inquiry model could help learners to 
examine the science materials more intensively 

and meaningfully. 

3 Widya 
Learners/ 
students 

learning    science    is    very    difficult    and 
saturating, but if the learning system makes 
use of a laboratory and the inquiry method 

then I am very happy. 

4 Purnama Alam 
Learners/ 
students 

Sometimes learning science is not understandable so 

if there is a task I will cheat or just copy homework 

of others 

5 Nirma 
Learners/ 
students 

Science lesson is difficult; sometimes it is 
boring. 

 
After knowing the problems that happened in the field through the interview the authors concluded 

that the main problem that makes the low mastery of the concept of Natural Science is a less precise learning 

model or less in accordance with the characteristics of learners, the main step that must be done is to change the 

model of learning that is using model Inquiry for Six Levels. 
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b. Test of mastering the concept of Natural Science 

Students in the experimental group were given about 40 items of multiple choice. In the trial data is 

limited to multiple choice test in the form of student's answer done by item analysis. The item analysis includes: 

validity, reliability, difficulty level, distinguishing power. 

 
c. Testing the Effectiveness of the Model on Target 

The data used to know the effectiveness of Inquiry for six level learning models obtained from Pre-test 

and Post-test activities given to the students is by giving the form of multiple choice questions (PG) as much as 

33 items to measure the mastery of the concept of learners as shown by Table 3 below: 

 
Table 3. Analysis of the Pretest and the Posttest on Concepts Mastery 

No Implementation Data Pretest Posttest 
    

1 Number of Students 35 students 35 students 
    

2 Average of Concepts Mastery 40.95 70.95 
    

3 Highest Score 85 86,7 
    

4 Lowest Score 53 70 
    

5 N-gain 0.51 (fair)  
    

6 %N-gain 51%  
    

 
Based on the results of data processing as a whole from the four indicators of mastery of the tested 

concepts obtained a mean% N-Gain 51% including the medium category according to Hake (1999). 

 
d. Learners’ Response 

Questionnaires were used to determine the responses of learners to the model of Inquiry for six levels in 

science learning. These questionnaires were given to 35 students of Public Junior High School 2 Cibungbulang 

Bogor Regency class VIII.7. The results of these learners' responses using the Likert scale and then searched the 

number of scores and percentages. The results of the analysis of the students' responses are shown in Table 4. 

 
 

In Table 4, according to Arikunto's criteria (2010:65), students' responses to the effectiveness aspect of 

85% category are very good, 93% motivation aspect is very good category and 84% category activity aspect is 

very good. So, from the number of students’ class VIII.7 as many as 35 people 90.18% gave very good 

responses when learning by using the model of Inquiry for six levels. 

 
Discussion 

a. Mastery of Concepts 
Data result of mastery analysis of the concept of multiple choice questions as much as 33 items has been 

tested to the students as many as 35 people in class VIII.7 consists of four indicators. In the assessment of 

mastery of the concept of learners, the use of the model developed gives a positive influence, it is characterized 

by the increase of pre-test results to the post-test with average n-gain concept mastery skills for 35 students class 

VIII.7 of 51 % according to Hake (1999:87) criteria included in the medium category. Furthermore, to see the 

percentage increase in mastery of the overall concept can be seen through Figure 3. 
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b. Results of Learners Response Questionnaire 

To know the response of learners after following the learning activity by using the Inquiry for six levels 

model, then the questionnaire of the respondent's response at the end of the learning activities to the VIII.7 

students as many as 35 people. Questionnaire response that is given to learners consists of positive statements 

and negative statements with 23 grains statement consists of three aspects of effectiveness, motivation in 

learning science and active in learning. The results of the questionnaire of the learners' responses are presented 

in Figure 4 

. 

Based on the responses of the learners on these three aspects, the average percentage obtained for the 

three classes VIII.7, with an average percentage of statements of 90. 18% based on Arikunto criteria (2010:59) 

including the category is very good. This indicates that the learners responded positively to the model of Inquiry 

for six levels that have been developed, so it can be said also that the use of Inquiry for six levels model gives a 

positive influence on science learning. 

 
Inquiry learning emphasizes the activities of learners, among learners, with teachers and learning 

resources in finding the concept of knowledge. Chiappetta and Koballa (2010: 105), defines Natural Science 

there are dimensions of ways of thinking, ways of investigation, building of science and its relation with 

technology and society. Natural Science is defined as a practical subject to develop the learners by providing 

opportunities to interact with each other. Based on the explanation from experts, it can be concluded that 

Natural Science is essentially a collection of knowledge about the universe and its symptoms also with the 

development of technology and its application in society life which is obtained through scientific process to 

form scientific behavior. Added by McNeill and Pimentel (Williams, 2011:91), the implementation of science 

lessons in the classroom is not only for the sake of understanding the data and make conclusions, but learners 

should also be able to consider alternative conclusions as well as dare to criticize the conclusions given by 

others during the discussion. Learners need to be taught methods to debate in science learning and teachers need 

to evaluate the questions of learners when discussing the topic of the debate. 

 
The process of inquiry/discovery of learners can be trained step by step. According Wenning (2011:107), 

the learner systematically handles various levels of inquiry: discovery learning, interactive demonstrations, 

inquiry lessons, inquiry labs, and hypothetical inquiry (also called inquiry spectrum). Teachers will help learners 

develop a broader range of intellectual and scientific process skills. According to Wenning CJ (2011:134), "the 
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inquiry spectrum is a hierarchical approach to teaching science in a fashion that is likely to increase student 

conceptual understanding as well as develops the understanding of scientific inquiry and the nature of science". 

 
The characteristics of inquiry learning can be demonstrated by the performance of teachers and learners 

as described in Table 5. The development of science lessons is demonstrated by the good performance of 

teachers and learners. Performance is a kinetic of the performance of a job. Teachers and learners through the 

process of inquiry can be good, resulting in successful development of science learning. This achievement in the 

form of an increase of students' understanding of the science materials, positive attitude of learners to the 

inquiry process, and teacher activities have met the learning-based inquiry. 

 

 
 

Based on the results of the interviews, the students proved enthusiastic in following the inquiry learning 

process, and feel easier in understanding a concept presented, but there are also learners who feel the learning 

process is too fast to follow. In general, learners love the process of inquiry learning. The most preferred thing 

is when the students do practice and the teacher explains the materials and no part that is not preferred by 

learners of the learning process. It further encouraged the learners to learn science like this (many of practice 

activities). However, in this inquiry study there are several problems and efforts that have been overcome as 

presented in Table 6 as follows: 
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Table 6. Barriers and Problem-Solving Learning Inquiry 

No Implementation Barriers Solution to problem 

1. 
Learners find difficulties in 

connecting some concepts of science 
Teachers   encourage   learners   by   demonstrating experiments 

using several Natural Science tools as models. 

2. 
The liveliness of the learner is not    

maximal and    evenly distributed in 

all learners 

Teachers involve learners to be active by allowing learners to ask 

questions or express the results of their discussion, when learners 

are stimulated to think through questions asked by teachers, as 

well as when learners are invited to experiment. 
 

The teacher uses a way of responding to the wrong student’s 

opinion by writing his opinion first on the chalkboard to be both 

reviewed. 

3. 
The critical thinking skills of 
learners have not been trained 

At the time of experimental activity, teachers always ask 

questions that drill the ability of critical and creative thinking, and 

lead learners find   a   concept   or   relationship   between   the 

variables being studied. 

4. 

Learners are not accustomed 
to making cause and effect 
relationships and to explain 

the reasons 

Teachers are always focused on guiding questions. This is 

apparent when teachers invite students to predict the concept of 

IPA with usefulness in everyday life 

 
The teacher makes illustrations of both experiments, and together 

learners seek to relate the concept of science to the reality of life 

5. 
Learners are less challenged to study 

the science materials 

The teacher demonstrates two different types of experiments 

 
Teachers also ask learners to estimate and assume the concept of 

science 

6. 
Learners are still used to ask step by 

step experiments and not used to 

design their own activities 

At the beginning of the learning the teacher invites students to 

brainstorm about the symptoms phenomenon of motion through 

the questions posed. 

 
The tools and materials needed for the experiment are prepared, 

and the learners themselves are required to assemble their 

experimental tools. 

7. 
Learners are not accustomed 
to predict and issue problems 

Teacher asks what will happen if Toddlers are fed 
like adults?  What happens to a person when consuming certain 

foods excessively? 

8. 

Learners   are   not   used   to 

discussing the trend patterns 
that   look, differentiate   and search 

for data equations 

The teacher trains each group and suggests the relationship 

between   variables; all learners together with the teacher 

formulate the patterns. 

 

CONCLUSION 
This study successfully developed the model of the Inquiry for six levels for mastery of science concepts 

for class VIII in the Junior High School. The use of the developed model has a positive effect, namely the 

increase of pre-test results to the post-test with the average n-gain ability of concept mastering is 51% (medium 

category). The results of the responses of learners in terms of effectiveness, motivation in learning science and 

activeness in learning obtained an average percentage of 90, 18% (very good category). 
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 ABSTRACT 
In line with the progress and development of the era, the world community is very concerned about the 

occurrence of environmental damage is increasingly widespread. Complex environmental problems such as 

ecosystem damage, species extinction, elevated CO2 gas levels in the air to forest destruction are not surprising 

news. School, is one of the institutions with strategic potential for youth awareness building about 

environmental problems. During this mission of environmental education in schools inserted through the 

process of learning Science/Social Science is still "Text-book Oriented" and does not give students the 

opportunity to be directly involved in understanding the complexity of environmental problems. The 

Application of News-Based Learning Model is implemented in the VII-A class of SMP Negeri 2 Mungkid, 

Magelang District Even Semester of the 2014/2015 Lesson Year, consisting of 32 students consisting of 16 sons 

and 16 daughters. Overall classroom action research takes place through 4 cycles where each cycle uses 4 

different cuts as a source of news material in the classroom. The Learning Strategy used consists of five 

strategic steps which are sub-activities designed specifically for the enhancement of environmental awareness, 

such as: (1) Knowledge Round, (2) Reading Meaning, (3) Comparing and Equating, (4) Double Entry and ( 5) 

Synetics. These five strategic steps are enclosed as a unity of teacher-student activity sequences in an effort to 

improve students' understanding of ecosystem material. Based on the research data, the frequency of students' 

responses to the environmental damaging actions of alternative answers to students varies from cycle to cycle. It 

can be concluded that students' understanding of the complexity of environmental problems is increasing. With 

the increase of students 'understanding of the complexity of environmental problems means increased students' 

understanding of the concept of ecosystem. This condition shows that the application of news-based learning 

model has a positive effect on the effort to increase students' understanding on the concept of ecosystem. This 

has a direct effect on the improvement of student achievement outcomes on the concept of ecosystem. In the 

first cycle, the students who got the value of replication of the concept of ≥65 new ecosystem reached 45% (14 

out of 32 students), in the second cycle reached 57% (18 out of 32 students) while in the third cycle reached 

65% (21 out of 32 students) and with increasingly steady mastery teachers to the strategy of applying news-

based learning model in the end the number of students who are able to obtain ≥ 65 in the 4th cycle reached 

88% (28 out of 32 students). Therefore the application of news-based learning model able to improve the 

achievement of student learning outcomes on the concept of ecosystems it is recommended that teachers are 

willing to adopt a model of news-based learning in every teaching time in the classroom. 

 

Keywords: News-Based Learning Model, Ecosystem Concept, Awareness of Circle, News Articles, Classroom 

Learning Process. 

 

 

INTRODUCTION 

 
Background 

Science is one of the unique science because the object studied is a living creature with very high 

dynamics and natural environment that affect its survival. Every living creature has the nature, behavior and 

habits that always change as the situation changes and the environmental conditions of his life. 

 

Humans, as the most perfect beings, play a huge role in the process of environmental change. This is 

reflected in the existence of environmental degradation that every time continues to grow in line with the 

increasing variety of human needs. One way to prevent the occurrence of environmental damage is to increase 
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human awareness of the sustainability of the environment where life. This effort will be more visible results if 

started as early as possible through the Teaching and Learning Process in the classroom. 

 

Overall, this research focuses on the application of News-Based Learning Model as an effort to improve 

the learning achievement of VII-A students of SMP Negeri 2 Mungkid in the even semester of the academic 

year 2014/2015 which is expected to be achieved at the end of the learning process in line with the increasing 

awareness of students on environmental issues life. 

 

This assumption arises from the belief that with the increasing understanding of students 'understanding of 

environmental conservation efforts will also increase students' understanding of the concept of ecosystems that 

are closely related to various environmental problems. This assumption is also reinforced by Andreas Priyono 

(1998) which gives an important indication of (a) low awareness among the majority of students on 

environmental issues and (b) has not been seriously developed formal environmental education models in 

elementary, junior high schools and high school. Awareness of students who still low on environmental 

problems is sourced from the learning system that has not provided sufficient portion of environmental 

education. Even in the curriculum of Basic and Intermediate Education has not explicitly include environmental 

education for students. Integrated environmental education messages (entrusted) to science and social studies. 

 

Problem Formulation 
Based on the things that have been described in the background, the focus of the problems and reality 

found in the field, the classroom action research problem can be formulated: Is the teacher's action by applying 

the News-Based Learning Model to: 

1. Increase students' understanding of ecosystem material up to 70%? 

2. Increasing the achievement of learning result of ecosystem material up to 70%? 

3. Develop students' reasoning power to create things that are closely related to efforts to preserve the 

environment in the neighborhood up to 70%? 

 

Objectives and Benefits of Research 
Research Objectives 

a. General purpose: 

In general, this classroom action research aims to improve students' understanding of ecosystem material. 

This effort is specifically done by training the students to get used to thinking towards the environment by using 

newspaper newspaper clipping through the application of News-Based Learning Model. 

 

b. Special purpose: 

The Implementation of News-Based Learning Model aims to: 

1. Improving achievement of student learning outcomes on ecosystem material. 

2. Awaken awareness of students as early as possible on environmental issues. 

3. Provide opportunities for students to learn and be directly involved in environmental saving efforts. 

4. Increase information, motivation and skills of students to save the environment. 

5. Improve the quality of conscious, caring and motivated human resources to act to save the 

environment. 

 

Research Benefits 

a. For student: 

1. Improve understanding of learning materials 

2. Develop positive interpersonal relationshSocial Science 

3. Improving critical learning skills, active, dynamic and creative 

 

 

a. For Teacher: 

1. Improving the skills and professionalism of teachers in managing teaching and learning activities in the 

classroom. 

2. Improve teachers' understanding of various teaching strategies. 

3. Improve teacher performance quality. 

 

b. For School: 

1. Add input materials about variations of learning methods to improve student learning outcomes. 
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2. As a matter of consideration for the making of new policies on the implementation of education in 

schools. 

3. Improve the quality of learning in schools that have an impact on improving school performance in 

academics. 

 

METHODS, ANALYSIS, DESIGN AND IMPLEMENTATION 

 
Research Methods 
Type of Research 

Research is classified as Class Action Research (Collaborative Action Research). Proof of hypothesis is 

not done using certain statistical rules but the conclusion is based on descriptive-qualitative analysis, where data 

processing is analyzed based on mature and directed thinking. 

 

Place of Research 
The research was conducted at SMP Negeri 2 Mungkid, Magelang District 

 

Research time 

Even semester of academic year 2014/2015 from January to May 2015 

 

Data Source 
The required data is obtained using an instrument consisting of: 

a. School Questionnaire for Students/Teachers containing about: 

• Status of Environmental Education in School 

• Development of Environmental Education 

b. Environmental Awareness Questionnaire which contains: 

• Ten activities that have the potential to damage the environment 

• Nineteen consequences of the above ten activities. 

c. Student Portfolio 

d. Learning Logs Students 

e. Interview 

f. Environmental Observations 

 
Research Subject 

VII-A students of SMP Negeri 2 Mungkid, Magelang District, which are 32 students and consist of 16 

male and 16 female students with varying socio-economic level and family background. 

 
Data Collection Techniques 

In general, in Classroom Action Research (CAR), two types of data (both qualitative and quantitative 

data) are used to describe changes that occur such as: changes in student performance, teachers and changes in 

classroom atmosphere. The required data were obtained using instruments consisting of: (1) questionnaires, (2) 

anquate, (3) student portfolio results and (4) observations of practical and realistic student activities both inside 

and outside the classroom. 

The questionnaire used to reveal the level of students' understanding of ecosystems focused on the 

aspects of environmental awareness contains 10 questions that address the causal relationship between human 

activities that have the potential to damage the environment and the consequences it brings to the ecosystem 

balance. There are 10 daily human activities that have the potential to cause environmental damage and the 

consequences (consequences) that each of these actions can inflict. Students are asked to express an opinion 

about the consequences (consequences) that can be generated by each action that has been determined in the 

questionnaire by circling the letter in front of the choice of answers that have been provided. 

To strengthen the data obtained, students express the expression, using a questionnaire containing (1) the 

environmental education status in schools, (2) the development of environmental education in schools and (3) 

the students' experience in helping to reduce environmental problems that can disrupt the balance ecosystem. At 

the end of the questionnaire there are also questions to explore to what extent the students are impressed with 

the application of the News-Based Learning Model and the activities of news utilization in the teaching and 

learning process in the classroom. Information obtained from the questionnaire is the main data to reveal the 

level of students' understanding of ecosystems that are focused on environmental issues. As supporting data on 

students' expression of ecosystem problems focused on environmental issues, it is also necessary to observe the 
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classroom and school yard. Some information about observations is recorded and documented as supporting 

data. 

 
Data Validity 

To ensure the validity of data obtained, beginning with the preparation of a good instrument that is a valid 

and reliable instrument. A valid instrument is an instrument capable of measuring what should be measured, 

while a reliable instrument that is a consistent (exact/accurate) instrument measures what should be measured. 

In this research, data validation is done by: 

Face Validity: Researchers and collaborators in Classroom Action Research (CAR) check each 

other/judge/decide the validity of instruments and data in the collaborative process of CAR. 

Triangulation: using various data sources to improve the quality of the assessment. In this study triangulation 

sourced on: Student Portfolio, Learning Logs students/collaborators and student activities associated with his 

attitude towards the concept of ecosystems related to practical and realistic environmental problems in the sense 

really can be realized by students such as: the arrangement of the park inside and outside the classroom, 

decorate the class and so on. Data is valid if the 3 data sources are able to show the same thing to the 

implementation of News-Based Learning Model that became the focus of research. In this case the 3 data 

sources are able to show/describe the significant relationship to the change of attitude and behavior of students 

after the implementation of News-Based Learning Model. 

 

Data Analysis Technique 
To find out the results of research, conducted an analysis of the data obtained by data analysis that is 

descriptive-qualitative. 

• Descriptive analysis is conducted to describe the implementation of news-based learning model is 

done and also to calculate the percentage of students who successfully meet the target 

implementation of news-based learning model. Students are said to meet the target if as many as 70% 

of respondent students (22 out of 32 students) can achieve the minimal ability of the ideal result. 

• Qualitative analysis is conducted using a flow method that includes data reduction, data 

presentation and verification or conclusion. Data reduction is the process of selecting, focusing 

attention and simplifying rough data obtained based on special records in the field. Data reduction is 

performed at each time a single action ends. Presentation of data is done to facilitate the 

understanding of the amount of information obtained from each time to perform an action that gives 

the possibility for immediate inference. Based on the information collected, a gradual inference is 

obtained to obtain a high degree of accuracy. 
 

Indicators of Successful Classroom Action Research 

To find out where the success rate of Classroom Action Research is used Indicators as follows: 

1. Increased understanding of students on the concept of ecosystems at least 20% 

2. Increased achievement of student learning outcomes on the concept of ecosystems at least 20% 

3. Increased understanding of students to environmental problems at least 20% 

4. Increased ability to think "Critical-Reflective" students at least 10% 

5. At least 75% of grade VII-A students are able to prepare a realistic action plan-practically can be 

implemented according to the student's ability. 

 

Research Design 
Action Overview 

This research uses the research model of Kemmis and Taggart (Arikunto, Suharsimi, 2002), which is 

spiral from the first cycle to the next cycle. 
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Figure 1: Flow Chart of Classroom Action Research 

 

Based on the above research flow, the researcher makes the initial plan, as follows: 

• Before conducting the research, the researcher formulates the problem formulation, the objectives of 

the study, prepares the action plan, and the learning device. 

• Measures and observations, including actions undertaken by researchers as an effort to build 

understanding of student concepts and observe the results or impact of the implementation of News-

Based Learning Model. 

• Reflection, the researcher examines, sees and considers the results or the impact of the action 

performed on the basis of the observation sheet filled by the observer. 

• A revised plan, based on the reflection of the observer to be carried out in the next cycle. 

 

Implementation of News-Based Learning Model 

In accordance with the action plan that has been prepared, the implementation of the learning model takes 

place in the sequence of steps as follows: 

a. Distribute questionnaire 1 to the students.  

• Questionnaire is used to determine the students' understanding of the concept of ecosystem. The 

teacher guides the students to understand the content and intent of the questionnaire. 

b. Distribute questionnaire 2 to the students.  

• This questionnaire is used to determine the level of students' initial awareness about environmental 

issues.  

• Questionnaire contains 10 questions with the possibility of more than one answer. Without having 

to tell the answer, give sufficient time and guidance to the students in filling in the questionnaire. 

c. Begin teaching by applying the News-Based Learning Model with sufficient time allocation according 

to the prepared RPP. 

d. During the learning process, teachers and collaborators record important events in the classroom 

including student expression in following the learning process. 

e. Collecting all results of student activities to be treated as portfolios which are then analyzed for quality 

by the criteria: (a) does it reflect an increased understanding of the ecosystem concept leading to 

environmental issues, (b) does it reflect an increase in self-expression, and (c) whether it reflects the 

quality of a practical or realistic action plan. 

f. At the end of each activity, teachers, students and collaborators write "learning logs". 

g. From the aspect of students, teachers use learning logs of students to understand the students' 

expression of the learning model that has been followed. 

h. Perform this activity several times (3-4 cycles) to obtain a real picture of changes in the level of 

students' understanding of the concept of ecosystem that leads to increased awareness of students to 

efforts to save the environment either macro or micro. 

 

2.4.1 Action Scenario 

a. First Cycle 

NO Phase Activity 

1 Perencanaan a. Researchers discuss with peers about problems that arise during the learning of 
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NO Phase Activity 

(Planning) ecosystem materials. 

b. Researchers propose an alternative action to increase student activity in learning so 

as to improve learning outcomes 

c. The researcher requests permission from the principal to conduct a CAR 

d. Researcher makes RPP 

e. Researchers compile questionnaires, observation sheets, evaluation tools and 

questions. 

2 Tindakan 

(Acting) 

Stage I: 

a. Teachers perform apersepsi at the beginning of the cycle to know the initial condition 

of students before being given action / treatment. 

b. Teachers inform about learning objectives and learning materials to be learned to 

students. 

c. The teacher delivered the first discussion material in the form of newspaper clipping 

entitled "Balak Mountain Forest Cleared by Raider Groups" 

d. The teacher gives directions and briefly explains the first and second learning models 

to be used: "Circle of Knowledge" and "Reading for Meaning" 

1. "Circle of Knowledge" defined as "Knowledge Circumference", emphasizes 

student activity in: (1) possessing and understanding qualified ecosystem articles, 

(2) self-reading with 5W and 1H focus ie Who, What, Where, When , Why, How 

and (3) argue in class discussions to improve understanding of the news articles 

discussed. At the end of the activity, the teacher directs students to link the main 

content of news articles with ecosystem concepts that can be extracted through 

the news articles concerned. 

2. "Reading for Meaning" interpreted as "Meaningful Reading" emphasizes 

student activity in further understanding of the articles being read. Through 

Reading for Meaning students are faced with 3 main questions that are directed to 

link reading content with ecosystem concepts as the main subject of learning 

according to syllabus and prepared lesson plan are: (1) What is said by the news, 

(2) What does the reading mean? (3) What is the meaning of the reading for the 

students. The focus of this Reading for Meaning activity is an effort to improve 

the process of understanding and internalizing students themselves on ecosystem 

issues that become news topics. 

Stage II: 

• Students work on the worksheets that teachers have provided in groups 

Stage III :. 

• Presentation of each group about the outcome of their discussion and other groups 

responding. 

Stage IV: 

• Assessment of student learning outcomes. 

Stage V: 

• Reflecting at the end of the meeting so that students feel that today they learn 

something that is very useful for their life, and ask students to fill learning log. 

3 Pengamatan 

(Observing) 

In this study, researchers asked the help of collaborators to observe and record events 

during the study, including: 

- Student attitude when listening to teacher explanation, 

- Classroom atmosphere when applied learning model 

- Student activity during learning. 

- Positive or negative symptoms that appear at the time of action 

- Teacher activity during learning 

4 Refleksi 

(Reflecting)      

- Teachers and observers analyze observations. 

- Teachers process the results of observation, questionnaires, interviews and test 

results and findings of events during learning. 

- Students are given the opportunity to express opinions and feedback on what is 

experienced during the lesson. 

- If in cycle I has not reached the indicator as expected or can not solve the problem 

then it needs to be continued in research activity on cycle II. 
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b. Second Cycle:  

NO Phase Activity 

1 Perencanaan 

(Planning) 

- Researchers discuss with colleagues about problems that arise during the learning 

cycle I. 

Researchers propose an alternative action to increase student activity in learning so as 

to improve learning outcomes 

- The researcher makes the revised RPP 

- Researchers compile questionnaires, observation sheets, evaluation tools and 

questions. 

2 Tindakan 

(Acting) 

Stage I: 

 Teachers perform apersepsi at the beginning of the cycle to know the initial condition 

of students before being given action / treatment. 

 Teachers inform about learning objectives and learning materials to be learned to 

students. 

 The teacher delivered the second discussion material in the form of newspaper 

clipping entitled "10 Years Again The Teak Will Destroyed" 

 The teacher gives directions and briefly explains the third learning model to be used 

which is Compare and Contrast:  

➢ This learning model focuses on training students to be able to respond to read 

information. 

➢ Through this activity students are actively involved in the critical thinking process 

to determine attitudes toward ecosystem problems that are reflected in the attitude 

of supporting environmentalists or otherwise supporting the activities of looters 

who exploit natural resources. 

➢ Compare and Contrast provides a strong foundation for students to be able to take 

the right decision according to their conscience and be guided by positive norms. 

Stage II: 

- Students work on the worksheets that teachers have provided in groups 

Stage III :. 

- Presentation of each group about the outcome of their discussion and other groups 

responding. 

Stage IV: 

- Assessment of student learning outcomes. 

Stage V: 

- Reflecting at the end of the meeting so that students feel that today they learn 

something that is very useful for their life, and ask students to fill learning log. 

3 Pengamatan 

(Observing) 

In this study, researchers asked the help of collaborators to observe and record events 

during the study, including: 

- Student attitude when listening to teacher explanation, 

- Classroom atmosphere when applied learning model 

- Student activity during learning. 

- Positive or negative symptoms that appear at the time of action 

- Teacher activity during learning 

4 Refleksi 

(Reflecting)      

- Teachers and observers analyze observations. 

- Teachers process the results of observation, questionnaires, interviews and test results 

and findings of events during learning. 

Students are given the opportunity to express opinions and feedback on what is 

experienced during the lesson. 

- If in cycle II has not reached the indicator as expected or not able to overcome the 

problem then need to be continued in the research activity in cycle III. 

 

c. Third Cycle: 

NO Phase Activity 

1 Perencanaan 

(Planning) 

- Researchers discuss with colleagues about the problems that arise during the learning 

cycle II. 

- Researchers propose an alternative action to increase student activity in learning so as 

to improve learning outcomes 

- The researcher makes the revised RPP 
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- Researchers compile questionnaires, observation sheets, evaluation tools and 

questions. 

2 Tindakan 

(Acting) 

Stage I: 

 Teachers perform apersepsi at the beginning of the cycle to know the initial condition 

of students before being given action / treatment. 

 Teachers inform about learning objectives and learning materials to be learned to 

students. 

 The teacher delivered the third discussion material in the form of newspaper clipping 

entitled "Dirty Water Due to Degraded Forest" 

 The teacher gives directions and briefly explains the fourth learning model to be used 

that is "Double Entry"  

➢ This learning model trains students to be able to develop critical reading skills 

and improve critical thinking skills. 

➢ Armed with the important things that are extracted from the articles they read, 

students are motivated to express their concerns through the creation of the 

"Action Plan" on these important matters through: (1) making/writing 

poems/prose, (2) writing opinions/learning logs, (3) painting, (4) writing protest 

letters or (5) doing other activities as an expression of self to the problems 

extracted from the articles being read. 

➢ Through this activity students are trained to engage in high-level learning 

activities where students are actively involved in critical thinking processes to 

define attitudes and plan concrete actions in response to environmental problems 

encountered and trained to determine the impacts that can be generated on 

surrounding ecosystems. 

Stage II: 

- Students work on the worksheets that teachers have provided in groups 

Stage III :. 

- Presentation of each group about the outcome of their discussion and other groups 

responding. 

Stage IV: 

- Assessment of student learning outcomes. 

Stage V: 

- Reflecting at the end of the meeting so that students feel that today they learn 

something that is very useful for their life, and ask students to fill learning log. 

3 Pengamatan 

(Observing) 

In this study, researchers asked the help of collaborators to observe and record events 

during the study, including: 

- Student attitude when listening to teacher explanation, 

- Classroom atmosphere when applied learning model 

- Student activity during learning. 

- Positive or negative symptoms that appear at the time of action 

- Teacher activity during learning 

4 Refleksi 

(Reflecting)      
• Teachers and observers analyze observations. 

• Teachers process the results of observation, questionnaires, interviews and test results 

and findings of events during learning. 

• Students are given the opportunity to express opinions and feedback on what is 

experienced during the lesson. 

• If in the third cycle has not reached the indicator as expected or not able to overcome 

the problem then it needs to be continued in research activities on the IV cycle. 

 
d. Fourth Cycle: 

NO Phase Activity 

1 Perencanaan 

(Planning) 

- Researchers discuss with colleagues about the problems that arise during the learning 

cycle III. 

- Researchers propose an alternative action to increase student activity in learning so as 

to improve learning outcomes 

- The researcher makes the revised RPP 

- Researchers compile questionnaires, observation sheets, evaluation tools and 

questions. 
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2 Tindakan 

(Acting) 

Stage I: 

 Teachers perform apersepsi at the beginning of the cycle to know the initial condition 

of students before being given action / treatment. 

 Teachers inform about learning objectives and learning materials to be learned to 

students. 

 The teacher delivered the fourth discussion material in a newspaper clipping entitled 

"Five British Citizens Walking the World With Bicycles" 

 The teacher gives directions and briefly explains the fifth learning model that will be 

used "Synetics".  

• This learning model trains students to develop a metaphor language (metaphor). 

• Through this activity students are involved in an activity that focuses on improving 

students' ability to view environmental issues that impact on the emergence of 

ecosystem problems as a personal issue. 

• Students are motivated to appreciate the ecosystem problems encountered and 

encouraged to see themselves as victims of the ecosystem problems they 

encounter. 

• Students are motivated in order to express the situation in creative ways into the 

real thing through poetry / prose, protest, short stories and so on. 

• Students' work on sinetics and multiple inputs is expected to indicate that students 

are actively involved cognitively and emotionally in the learning process. 

Stage II: 

- Students work on the worksheets that teachers have provided in groups 

Stage III :. 

- Presentation of each group about the outcome of their discussion and other groups 

responding. 

Stage IV: 

- Assessment of student learning outcomes. 

Stage V: 

- Reflecting at the end of the meeting so that students feel that today they learn 

something that is very useful for their life, and ask students to fill learning log. 

3 Pengamatan 

(Observing) 

In this study, researchers asked the help of collaborators to observe and record events 

during the study, including: 

- Student attitude when listening to teacher explanation, 

- Classroom atmosphere when applied learning model 

- Student activity during learning. 

- Positive or negative symptoms that appear at the time of action 

- Teacher activity during learning  

4 Refleksi 

(Reflecting)      
• Teachers and observers analyze observations. 

• Teachers process the results of observation, questionnaires, interviews and test results 

and findings of events during learning. 

• Students are given the opportunity to express opinions and feedback on what is 

experienced during the lesson. 

RESULT AND DISCUSSION 

 
Class Action Research Results 

Level of Student Awareness to Environmental Problems in Initial Condition 

To obtain a picture of the students' level of awareness of environmental issues, the respondents consisting 

of 32 students of grade VII-A SMP Negeri 2 Mungkid Magelang were asked to answer a questionnaire 

containing 10 questions of causal relations of a potentially destructive activity environment. The results showed 

that in general the level of students' knowledge of the complexity of environmental problems tended to be very 

simple. Based on the questionnaire given, the results obtained as presented in the following table: 

 

Table 1: Student's Answers on Causal RelationshSocial Science 

 

Consequences 

10 activities that can damage the environment ( N = 32 ) 

1 2 3 4 5 6 7 8 9 10 
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Consequences 

10 activities that can damage the environment ( N = 32 ) 

1 2 3 4 5 6 7 8 9 10 

A 4 28 7 8 3 4 24 23 10 2 

B 2 8 2 2 1 3 4 10 2 7 

C 18 1 26 1 2 8 1 1 1 2 

D 3 3 9 1 3 10 1 1 1 8 

E 11 11 11 4 31 4 1 1 4 1 

F 3 1 2 6 2 6 1 1 2 1 

G 6 6 7 1 14 1 2 0 3 0 

H 18 18 1 3 2 4 1 3 2 0 

I 2 1 4 0 9 2 19 1 18 1 

J 6 6 1 2 1 2 2 19 4 1 

K 2 2 3 2 4 1 3 0 5 1 

L 1 2 3 4 4 1 3 1 2 1 

M 21 21 1 4 1 24 1 0 1 8 

N 1 1 2 1 2 1 3 1 2 1 

O 3 3 2 1 4 2 2 0 2 1 

P 2 2 4 1 5 1 6 2 7 1 

Q 2 2 1 1 1 2 0 1 4 1 

R 2 10 11 3 2 2 3 1 1 1 

S 1 1 28 2 0 1 1 0 2 1 

 

Based on the above table it is known that students' concepts of causal relationshSocial Science between 

potentially harmful actions of the environment and consequent consequences tend to regard short-term 

relationshSocial Science. Students have not been able to develop their knowledge by linking environmental 

problems faced with other more complex processes. For example action no 2 that is: dissipate electrical energy; 

more than 50% (28 of 32) students answer/choose alternative A (economic loss). 

 

This suggests that the students' knowledge of causality is short-term and superficial: it is capable of 

linking facts with other problems that are still very simple. If concluded, the level of awareness of students to 

environmental problems in general is still low. Can be said so because the students have not been able to see a 

long series of actions that have the potential to damage the environment in a macro. Student understanding is 

based more on factual knowledge than reflective thinking about future environmental risks. The above example 

can be explained through the following scheme: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tourism Losses 

 

                                    
 

Scattering Electrical Energy  

Increased work activity of power plant 
 

Increased use of fuel oil 

Increased SO2 gas emissions into Earth's atmosphere 

Acid rain 

Forest Degradation (Deforestation) 

Exploitation of 

natural resources 

Environmental 

Degradation 
Pedesaan 

Species Extinction 

Economic Losses 

$ 



 

 

 
 
 
 
 
 

 

202 

 

 

Figure 2. The Relationship between Daily Activities and Environmental Impacts 

 

Based on the schematic description above, it is clear that the act of scattering electrical energy can pose 

short/long-term environmental risks / hazards. For students who are able to think long term reflective can 

understand that the act of scattering electrical energy can cause acid rain which eventually leads to the 

occurrence of forest destruction (deforestation). If the students' logic has reached the level of reflective thinking 

then the students will be able to understand that the action no.2 (scattering of electrical energy), no.5 (high 

exhaust emissions on motorcycles), and no.7 (scattering of AC usage) is actually a similar act of energy 

scattering. Similarly, action no.4 (consuming non-recycled packs) and no.8 (like enjoying fast-food/hamburger 

meals) are similar actions that involve the use of raw materials such as: (a) fuel to produce plastics and (b) wood 

for paper production. The environmental risks that these actions can cause are also enormous. Similar to the 

above measures, actions no.1 (disposing of hazardous waste), No. 6 (littering), no.9 (using perfume spray), very 

closely related to waste (waste) problems that have serious impact on the process of natural balance. The data 

summarized in the table also indicates the inability of students to develop a reflective way of thinking, that is, 

with at least students choosing an alternative scientific answer such as: (a) high CO2 emissions, (b) increase of 

SO2, (c) greenhouse effect and (d) acid rain. 
 

Level of Student Awareness to Environmental Issues 

The level of Student Awareness on Environmental Issues is also very low. Such conditions are also seen 

in student answers when students are asked questions about environmental issues such as the following: "As a 

student, what has been done to reduce environmental problems such as: (1) Issues of Deforestation, (2) 

Greenhouse Issues , (3) Issue of Depletion of Ozone Layer, (4) Garbage Issue, (5) Issues of Sound Pollution, (6) 

Population Explosion Issues, (7) Air Pollution Issues and (8) Issues of Natural Resources Depletion? .Student 

expressions conveyed through student answers are generally less realistic and show a relatively low level of 

understanding. Recapitulation of student answers presented in the following table: 

 
Table 2. Student's Answer on Forest Deforestation Issues (Σ = 32) 

No. Action Taken Amount 

   1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Prevent fire 

Counseling 

Banning tree felling 

Reforestation (reforestation) 

Selective logging 

Donate funds for reforestation 

Save paper and wood usage 

Get involved in Nature Lovers activities 

3 

2 

4 

16 

4 

1 

1 

1 

 

The data in the table indicates that the answer most frequently submitted by the students is reforestation 

(16 answers). This fact shows that students still do not have the practical knowledge to cope with deforestation. 

This answer is less realistic because it is impossible for a student to set aside time to plant bare areas, cut trees 

selectively, prevent fire and so on. The more realistic and relative answers students can make to reduce 

deforestation are: (1) donate funds for reforestation, (2) save paper usage / matches or (3) engage in Nature 

Lovers activities. Unfortunately, the alternative answers are not getting enough portions. Similarly to the 

greenhouse issue. In general, students do not understand the true understanding of the greenhouse effect. The 

answers are presented in the following table: 

 
Table 3. Student's Answer to the Issue of Greenhouse Effect (Σ = 32) 

No. Action Taken Amount 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Ventilation 

Reduce freon 

Clean the glass 

Efficient use of air conditioning 

Not building a greenhouse 

Reduce air pollution material 

Reduces motor vehicle fumes 

Planting trees in the environment 

Etc 

4 

1 

6 

2 

9 

2 

1 

5 

2 
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Based on the data in the table above, it is known that students do not have enough knowledge on the 

meaning of greenhouse effect. This can be seen in the answers that indicate a misconception about the notion of 

greenhouse effect such as answer no.5 (not building greenhouse) and answer no.3 (clean the glass). This 

assumption is reinforced by the most frequent answer frequency in answer no.5 (not building a greenhouse). 

 

Meanwhile, on the issue of the depletion of the ozone layer indicates that students already have the 

concept of greenhouse effect. This assumption appears based on the data presented in the following table: 
 

Table 4. Student Answers to the Issue of Depletion of Ozone Layer 

No. Action Taken Amount 

1. 

2. 

3. 

4. 

5. 

6. 

Reforestation 

Use liquid perfume 

Reduce exhaust emissions 

Reduced spray use 

Reduces ozone depleting substances 

Reduced use of air conditioner / refrigerator 

3 

2 

3 

14 

4 

6 

 

The data above shows that the most common answer is the reduction in the use of perfume spray. This is 

quite hopeful, because the level of students' understanding of the causes of depletion of the ozone layer is 

relatively high for the size of junior high school students. As already known that factors causing the depletion of 

the ozone layer include the use of freon chemicals in air conditioners, refrigerators and "spray". However, the 

students' answers to what has been done to participate in reducing the environmental issues of the depletion of 

the ozone layer are still not very firm. Answer no.2 (switching to liquid perfume) is actually the most realistic 

answer for students to do, but unfortunately the frequency is the least. Based on this fact, it can be concluded 

that although students 'understanding of the issue of the depletion of the ozone layer is relatively good, the 

students' answers are still less realistic. This indicates students' awareness of environmental issues is still low. 

 

The fourth environmental problem is "Air Pollution". As with previous environmental problems, students' 

general answers are scientifically acceptable but not realistic for students of junior high school age. The 

complete data obtained is presented in the following table: 

 
Table 5. Students' answers to the issue of Air Pollution (Σ = 32) 

No. Action Taken Amount 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Reduce cigarettes 

Reforestation reforestation 

Does not burn garbage 

Make a garden at home 

Reduce vehicle fumes 

Using pollution-free fuel 

Using non-motorized vehicles 

1 

15 

3 

2 

6 

3 

2 

 

Based on the above table, student answer no.2 (reforestation dilaksisaan) is the answer given most. 

Scientifically this answer is correct but less realistic students do. When students do reforestation, while most of 

the time is used to study in school. A more realistic answer is answer no.1 (reduce cigarettes), no. 4 (making a 

garden at home) and no.7 (using non-motorized vehicles). However, the answers are not given much by the 

students. This fact proves that students' awareness of the problem of air pollution is still weak. 

 

Slightly different from the environmental issues discussed earlier, students' responses to drinking water 

problems show a good level of awareness. The student's most widely asked answer is "saving water". 

Scientifically this answer is correct and realistic in the sense that students are able to do it themselves. Saving 

water can be done at school, at home and wherever he is. The full answer is presented in the following table: 

 
Table 6. Student answers to Drinking Water (Σ = 32) 

No. Action Taken Amount 

1. 

2. 

3. 

Save water 

Preserving the forest 

Filter factory waste 

18 

6 

4 
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No. Action Taken Amount 

4. 

5. 

Do not contaminate drinking water 

Do not throw garbage in the river 

2 

2 

 

According to the above table the most common answer is "save water". This answer is very realistic 

meaning can be dilakssiswaan by students. Thus it can be concluded that students' awareness of drinking water 

problem is relatively good. 

 

The simplicity of the mindset of students is still visible when it comes to waste problems. The concept of 

handling garbage issues submitted by students has not focused on ecosystem (environmental) balance. The 

answer most students give is "burning". As one way to overcome the waste, especially in urban environment, 

burning garbage actually cause air pollution that greatly affect human life. More data can be learned through the 

following table: 

 
Table 7. Students' Answer to the Garbage Problem (Σ = 32) 

No. Action Taken Amount 

1. 

2. 

3. 

4. 

Burned 

Heaps of garbage 

Recycling 

Throw garbage in its place 

14 

4 

1 

13 

 

Based on the above table, it is clear that answer no.1 (burned) is the answer that most students give. This 

shows the students' mindset is not yet environmentally sound, because by burning the garbage it will trigger an 

increase in air pollution. This condition further strengthens the assumption that the level of students' awareness 

of environmental issues is still weak. 

 

The same condition also appears from students' answers to four other environmental problems: (a) noise 

pollution, (b) coastal pollution, (c) depletion of natural resources and (d) population explosion. The answers 

given by the students are not realistic according to the students' personal abilities. More data summarized in the 

following table: 

 
Table 8. Student's Answer to Four Environmental Problems (Σ = 32) 

No. Environmental Problem Action Taken  Amount 

1. Sound Pollution - Decreases the volume 

- Using silencers 

 24 

8 

2. Coastal pollution - Giving sanctions to offenders 

- Do not throw garbage on the beach 

 7 

25 

3. Degradation of SDA - Save electricity 

- Saves Natural Resources 

 14 

18 

4. Population explosion - Transmigration 

- Join Family Planning 

 5 

27 

 

The data in the table above shows that in general students' answers are less based on reflective thinking, 

not leading to practical problem solving can be done by students. For example, the answer "will take family 

planning". This is not possible for students. It would be more realistic if the student replied: "I will help small 

family campaigns, happy and prosperous". The expected answers are: (i) cycling to the school given the distance 

not too far away, (ii) persuading the owner of the vehicle to improve the vehicle's exhaust quality, (iii) telling 

parents not to add siblings or (iv) not to shop for goods with plastic wrap. Such answers are more realistic and 

environmentally sound because students are able to do them. Meanwhile, from the results of class observations, 

has not seen the display of student expression on the classroom walls such as: painting, caricature, essay or 

poetry as a form of student care to environmental problems. In general, the classroom is filled with displays of 

official images from teachers, such as pictures of presidents, heroes, schedules and classroom organizational 

structures. This condition indicates that students' awareness of environmental problems has not yet been 

institutionalized in schools. Based on the above research results it is necessary to conclude that students' 

awareness of the environmental problem needs to be improved. Environmental education that has been applied, 

is adjusted and refined to equip students with the development of awareness and concern for environmental 

problems. 
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Level of Student's Understanding on Environmental Risks 

Based on the observation of the learning process during the implementation of the news-based learning 

model and supported by the results of teacher diaries, collaborators and the results of the reflection of 

accompanying actions, there is a change in attitude and student learning outcomes to the complexity of 

environmental issues discussed, as presented in the graph the following: 

 

 
Figure 3. Frequency of students' responses to environmental destructive actions 

 

 

Based on the graph above, it can be seen that the frequency of students' positive responses to 

environmental risks has a higher and more varied tendency. In other words, the knowledge of the students of 

class VII-A SMP Negeri 2 Mungkid, Magelang (N = 32) to the causal relationship between the actions that 

damage the environment and the resulting consequences becomes better and varies from one activity cycle to 

the next activity cycle. All the actions of environmental damage are getting more and more varied answers. For 

example, the action of "scattering energy" (actions 2, 4 and 8) in the initial conditions (cycle I) each obtained 

answers with frequencies: 26, 15 and 19. In cycle II, each increased to: 30, 31 and 29. Likewise, the other 

actions (5, 7, 1, 3, 9, 10) tend to gain more frequency of answers. This condition proves that the knowledge of 

the students of class VII-A SMP Negeri 2 Mungkid, Magelang increasingly reflective on the cause-effect 

relationship between actions that cause environmental damage and the risk of environmental damage that can 

occur. 

 

Based on the above facts, it can be concluded that the implementation of Learning-Based Learning Model 

can improve students' understanding of the complexity of ecosystem problems related to environmental issues. 

With increasing students' understanding of the short-term and long-term risks of an environmentally destructive 

action, it is expected to encourage students to better recognize possible consequences. The minimum knowledge 

expected to be developed by each student at the end of the learning process is an understanding of the wide 

range of environmental risks that may arise from an action that destroys the environment. 

 

Level of Students’ Understanding on Environmental Issue in Learning 

In detail the steps of applying the News-Based Learning Model can be explained as follows: 

 

Circle of Knowledge 

It is one of the model of news-based learning that emphasizes students' understanding of the contents of 

environmental news articles being discussed. This model encourages students to look at important aspects of the 

environmental articles that include: what aspects, who, where, when, why and how. This activity model is 

implemented as an initial activity before other activity models. In this activity students are encouraged to 

explore the importance of understanding about environmental issues and directed to mengkliping environmental 

news that comes from local newspapers. The news that became the focus of the activities were: (a) Balak 

Mountain Forest Cleared by Raiders, (b) Five Britons Around the World, (c) 10 Years Again The Teak Will 

Destroyed and (d) Dirty Water Due to Forests Destroyed. All news articles underscore the need for forest saving 

efforts. News on forests has been chosen as the focus of activities because forest degradation (deforestation of 

teak forests) is the most prominent ecosystem damage phenomenon in Central Java today. The results showed 

that the majority of students (85%) were able to understand the contents of the article well, given the ability of 

students in the disclosure of news content with their own language (paraphrasing) quite prominent. Some 

student works are presented below: 
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Balak Mountain Forest is damaged by being cleared by the reforestation of the small reforestation forest 

of ABRI Manunggal Reboisasi (AMR). Cleared to be used as raw material for charcoal industry. The looter 

community misinterpreted the community forestry program (HKM) which was launched to tackle forest 

encroachment. For them the forest is the property of the people and the free community to do anything in the 

forest area (David Eka Andrea, VII-A, 30 Jan 2015). 

 

Balak Forest deforestation is done by a swarm of looters clearance in the forest of Mount Balak is done 

freely. Bald deforestation of Mount Balak is the result of misinterpreting the local community about the HKM 

program. They do individual forest destruction and cluster without fear of law enforcement. Lands in the area is 

also traded to communities from outside the province of Lampung. This massive destruction of forests is not 

only happening in Balak Mountain Forest alone, but it also occurs in almost all forests in Lampung province. 

(Lina Nur Faizah, VII-A, January 30, 2015) 

 

Reading for Meaning 

It is the second learning model. This model is given as the second activity after the Knowledge Circle 

with the aim of improving the re-understanding of news article content and meaning search for readers. The 

main purpose of this activity is to arouse students' emotions about the content of the news articles being studied, 

through the question: "What does this reading mean to you as a student?". The results showed that in general 

(85%) students are able to express the meaning of news article content read. Some examples of student 

expression:  

 

The meaning of reading for me is for us to safeguard the forest because the forest is a priceless natural 

resource. Because the forest can also prevent disasters such as landslides, floods etc. In addition, the forest is 

also a place of the now increasingly rare fauna (Abdul Mujib, VII-A, 06 February 2015). 

 

This reading seems to me very good, I can take examples that I should imitate and which I do not imitate. 

For example I should not imitate the attitude of the looters but instead I can imitate the actions of the forest 

police. I can also help preserve the forest by planting trees in my neighborhood (Litundira Elsiwi, VII-A, 06 

February 2015) 

 

Raise awareness of the need for forests for us and we can not log illegally so as not to happen things we 

do not want, for example: floods, landslides etc. (Sri Wahyuni, VII-A, 06 February 2015) 

 

The meaning of reading for me is that I can imitate the attitude of the savior and I become aware of the 

importance of maintaining the sustainability of huta. Forests are the source of life of living things. So we need to 

preserve it if we need to reforest the reforestation for barren forest. (Rani Febrianti, VII-A, 06 February 2015). 

 

Student expression as revealed in the above article indicates that there is strong indication that this 

learning model is able to encourage better emotional involvement of students about the environmental problems 

faced. 

 

Compare-Equate (Compare and Contrast) 

Is the third learning model. This model is given as an activity after "Meaningful Reading" with the aim of 

improving students' ability to make decisions through the analysis of the advantages and disadvantages of the 

actors presented in the news articles that are the subject of learning. The fundamental goal involved in this 

activity is to prepare students to be able to make decisions when faced with environmental problems through the 

question: "The msiswaah party you choose to address the environmental issues contained in the news articles 

you read?" The results show that most students (75%) can show critical analysis of environmental news and take 

self-determination in addressing environmental issues as presented in the following student writing examples: 

 

I think both the loggers and the MoF are the same, that both have enjoyed the forest products. One took 

the forest indiscriminately, and the others had enjoyed the forest systematically. Nevertheless, I will continue to 

support efforts to conserve forests (Ulfa Tusholihah, VII-A, 06 Peb 2015) 

 

The equation is that people cut down forests to provide for their livelihoods while the security apparatus 

also enjoys forests to meet their needs as well. The difference is that security forces are working to prevent 

people from illegally logging. I will support the security forces for the sake of forest conservation in Indonesia. 

(Achmad Rimanto, VII-A, 06 February 2015). 
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Equally citizens who have the obligation to maintain and preserve the forest. Equally have rights over 

forests, because forests are our natural resources. Equally the forest needs to meet the needs of life. Differences: 

people are less responsible for the use of forest products, the security forces keep the forest so that people can 

use it. I will support the security apparatus, if they do not exist, then our forests will run out quickly, because 

they are forest protectors from a society that is less responsible. (M.Andi Yulianto, VII-A, 06 February 2015). 

 

Based on the outcomes of student opinions above, it can be said that there is a strong indication that the 

learning model has been able to provide opportunities for students to think critically-analytically to the pro-

environment groups and groups that are considered opposed to the people nature lovers. Over 80% of students 

take positions in support of environmental saving activities. 

 

Double Entry 

It is a fourth learning model that aims to follow-up student decision making through news analysis: 

"Msiswaah is really an environmental fact and which is just an opinion from news writers?". Through this 

activity students are prepared to determine realistic action plans (action plan) that is in accordance with its 

position as a student, to the important facts revealed in the news article presented. The main purpose of this 

activity is to encourage students to be able to take decisions to take action that is realistic-practical ie the actions 

that can really be done by students to their environment. 

 

The results show that most students (60%) have prepared a realistic action plan-practically dilakssiswaan 

in accordance with the condition of students. The rest is still a commitment (promise) about the need to save the 

environment as shown in the following table: 

 
Table 9. Example of Student Action against Environmental Damage Facts 

FACT STUDENT ACT % 

 

Pembabatan Hutan sangat 

marak terjadi di Propinsi 

Jawa Tengah 

• Merencsiswaan membuat taman di halaman sekolah 

dengan menanam tanaman di dalam pot yang diletakkan 

di halaman kelas. 

 

 

60 

• Mengurangi konsumsi mebel kayu 5 

• Menghemat penggunaan air 20 

• Tidak mau menebang pohon sembarangan 10 

• Membuat kompos dari sampah dedaunan 5 
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Synetics 

It is the fifth learning model that aims to complement the fourth learning model in which students are 

encouraged to be able to express their own emotional situations through the creation of figurative languages 

such as poetry, prose, learning logs, images, silhouettes, sketches etc. with objects of forest phenomena . The 

fundamental purpose contained through this activity is to inspire students' expressions about their concern for 

environmental issues. The results showed that most students (85%) were able to express themselves through 

figurative languages and poetry as presented below: 

 

If I become a forest then I will cry and be angry because the trees that do not disturb human being are 

even cut down causing floods and landslides. And I hope the government will be responsible for what happens 

in the forests of Indonesia. (Dian Puspita Sari, VII-A, 20 February 2015) 

 

Do not You Cut Trees .......... that 

The greening of the universe is a forest. Without the forest and the tree as if the world is 

bland ..... Without the forest all beings will perish. If anyone denies that means ...... he is the 

one who has no humanity ..... he is the one who is ...... he is the one who does not know the 

benefits of the greening of the universe (Siti Zulaikoh, VII- A, 20 February 2015). 

 

My Forest Cry 

My forest is scattered. As a result of forest raiders. The trees are all uprooted. Due to 

slashed haphazardly. Although there are forest police. They ignore it. Keep cutting down 

forests indiscriminately. I want to throw them out. But I have no power. I can only watch 

them. Deforestation is rampant. Oh ...... the forest police. Please kick them out. I want to 

live happily. Seeing the green forests of all time (Khoirul Aziz Rizkiawanto, VII-A, 20 

February 2015). 

 

 

 

Discussion 
Classroom Action Research results indicate important indications about: (1) low understanding of 

students on ecosystem concepts that have an impact on students' lack of awareness of environmental problems 

and (2) not yet seriously institutionalized formal school environmental models. The cause of the low level of 

awareness of students to environmental problems is due to the learning system that has not provided a 

reasonable and appropriate portion of the importance of environmental education to the students. 

 

The Basic and Intermediate Education Curriculum that has been used as a guideline has not explicitly 

positioned environmental education on a reasonable and appropriate portion for students. Integrated 

environmental education messages on Biology and Social Science subjects. According to Kentish (1995), this 

learning model contains several weaknesses such as: (a) learning does not focus on the complexity of 

environmental problems and (2) the learning process tends to be textbook-oriented. As a result, students do not 

have the opportunity to think critically-reflectively. As a consequence this learning process encourages students 

to memorize the basic concepts of the issues discussed and not have the opportunity to master the complexity of 

the issues discussed. The long link between a problem and its consequences will not generally be expressed 

significantly by the students if the learning in the classroom is reproductive learning. (Gomez-Granell, 1993). 

Based on the observation of teacher learning in the classroom, the ongoing learning model is a learning that 

focuses on the presentation of facts (teaching science as facts). As a result teachers dominate the learning 

process. The factors behind the teaching science as facts are: (1) solid curriculum load, (2) lack of facilities and 

(3) limited time. If such learning process is still maintained, it will be difficult to expect the mission of 

environmental education is manifested in the learning. 

 

Related to the learning process of Science/Social Science, Mares (1985) and Gomez-Granell (1993) 

asserted that: "Environmental education is not only a matter of knowledge acquisition, but also about attitudinal 

and behavior change". This means that science/Social Science learning should be empowered into an 

environmentally sound science/Social Science lesson. This opinion was confirmed by Grenall-Groug (1993) 

which defines the environmental education objectives as follows: 

 

To foster clear awareness of and concern about economic, social, political, ecological interdependence in 

urban and rural areas. To provide everyone with knowledge, attitudes, commitment and skill needed to protect 
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and improve the environment. To create new patterns of behavior of individuals, groups and societies as whole 

towards the environment. 

 

The above objective contains the main elements that are the targets of the achievement of environmental 

education namely knowledge, feelings, attitudes, skills and actions. The success of the environmental education 

process depends on the ability of the learning process in the field of study to accommodate environmental 

education missions. 

 

Of the many subjects taught, IPA-Biology is seen as one of the most important subjects for developing 

environmental education missions (Fensham in Langmore, 1995). The priority focuses on the learning process 

of science that has been used to train the scientific method in the learning process. The IPA process (such as: 

observation, hypothesis, analysis, conclusion and so on) is believed to be an integral part of environmental 

education. One of the professional teachers' duties is to create an active, creative-attractively creative science-

learning model that is oriented towards the process of developing environmental awareness that focuses on the 

complexity of environmental issues. 

 

In relation to the above, Olso (1985) and Andreas Priyono (1996, pp.23) assert that a news-based learning 

model can be developed as an effective model of environmental education. The advantages possessed by the 

News-Based Learning Model are, among others, able to encourage the development of student awareness in 

terms of: (1) integration of ideas from various news sources, (2) language skills, (3) math skills and (4) 

environmental awareness. Indirectly, through the News-Based Learning Model, students are trained to enhance 

the creativity of reflective thinking, to interact actively with various problems and to increase the sensitivity to 

take action on actual environmental problems. Thus it can be concluded that the news-based learning model is 

much different from the conventional learning model that tends to emphasize the rote aspect of the textbook. 

 

Although having many advantages that have a positive effect on the learning process of students, does not 

mean the model of news-based learning has no obstacles in the implementation. Constraints that can be 

encountered include: (1) time required, (2) conformity with GBPP/curriculum materials, (3) suitability of news-

based materials for students with slow thinking skills and (4) student package/handbook. For that needed teacher 

creativity in overcoming obstacles that exist. The results of the study showed that the students 'understanding of 

environmental issues were based on the analysis of (a) the frequency of students' answers to the environmental 

awareness questionnaire before and after the learning activity cycles, (b) student portfolio analysis and (c) ) a 

practical student action plan. The quality of students' knowledge of the relation of action to the reactions of 

environmental problems is determined based on the frequency of student responses to the relation of action-

reaction. At the beginning of learning, it is known that the level of students' knowledge of the relation of action-

reaction is relatively low and short-term. But at the end of the learning process has increased understanding 

deeper and longer term. In line with the increasing knowledge of students, it also increases student awareness of 

the environment. This statement is in accordance with the opinion of a number of environmental education 

experts such as:  

a. Buckle (1986), states that increased environmental awareness is caused by the increase in 

environmental information received. 

b. Hungerford (in Robottom & Hart, 1993) states that the main indicators of environmental awareness 

are aspects of knowledge about causality and problem-solving expressions. 

c. Andreas Priyono (1996, p.4) states that: "awareness of environmental issues means being 

environmentally knowledgeable and understanding the informed actions required for finding the 

solutions to the issues." 

 

Based on the expert's opinion, it can be concluded that the News-Based Learning Model is able to 

motivate the improvement of students' knowledge about the complexity of environmental problems. With the 

increase of students 'knowledge means the students also increase awareness of environmental issues which 

furthermore have a very positive impact on improving students' understanding of the ecosystem concepts that 

become the main subject of learning in the study of class actions that take place. 

 

The above conclusions are reinforced by the results of student portfolio analysis during a news-based 

learning process that identifies improvements in the quality of students' knowledge and skills in responding to 

environmental issues developed on the topic of the issues discussed in reference to the concept of ecosystem. 

The students 'skills in responding to environmental problems are determined based on the quality of the students' 

action plan on environmental problem mitigation. Student's planned and performed action is practical and 

feasible in accordance with the nature and ability of students. Student action is no longer ambitious as it was at 
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the beginning of the activity. A practical, feasible and simple action plan is the focus of environmental education 

that underscores the "Think globally but acts locally" philosophy. 

 

What the world needs now is an action-solution rather than an understanding of the environmental 

problem. Effective environmental education requires concrete, practical and simple actions to save the 

environment. The concept or theories that are grandiose but hard to follow up is irrelevant. Positive support for 

the implementation of a news-based learning model is not expected to be an absolute gesture, but an attitude that 

reflects the importance of model development for the achievement of environmental awareness objectives. 

Therefore, it is necessary to cooperate from all parties concerned in order to sustain the use of news-based 

learning model for environmental education. The school should take a more pro-active attitude and role for 

improving the quality of environmental education. 

 

The implementation of the learning model is "flexible", meaning that if difficulties are applied as intra-

curricular activities, it can be applied as structured extra-curricular activities. Implementation of this learning 

model can also be developed as a "hidden curriculum" activity that is deliberately applied by the school without 

being accommodated by the formal curriculum as a strategy of environmental conscious school movements. 

School activities in the form of: (1) Reforestation, (2) clean Friday and (3) Scouting when combined with news-

based learning activities will be a complete learning activities to create "Education for Environment" is actually.  

 

CONCLUSION 
Based on the data of the research, questionnaires, data analysis and discussion, it can be concluded that: 

a. News-Based Learning Model can: 

• Increase students' understanding of the concept of ecosystem. 

• Awaken awareness of students as early as possible on environmental issues as reflected in student 

behaviour: maintaining cleanliness and tidiness of the classroom, saving paper. 

• Provide opportunities for students to learn and be directly involved in environmental rescue efforts 

as reflected in student behaviour: create parks in the school environment. 

• Increase information, motivation and skills of students to save the environment as reflected in 

student behaviour: increased interest in reading books in the library. 

• Improving the quality of conscious, caring and motivated human resources acts to save the 

environment as reflected in student behaviour: invite friends to reduce plastic waste, bring non-

plastic food and drink containers from home. 

 

b. The level of students 'awareness of the environment determines the level of students' understanding of 

the ecosystem concept as reflected in the student's behaviour: making poetry and prose about the 

environment and then sticking it on the classroom wall as an ornament. 
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ABSTRACT 

The aim of this study was to explore whether modeling instruction could impact on student understanding of 

magnetic force and its application. The sample consisted of 24 students who were vocational student with 

computer and network engineering competence in Al Munawwariyyah Vocational School, Indonesia. The 

students were asked to build model of simple electric motor phenomena, validate it, and produce a 

meaningful model of magnetic force. Then, students utilize model to solve new problem. Data analysis was 

based on the pretest-posttest and students’ motivation. The result showed that students understanding of 

magnetic force improved with a d - effect size 4,06 (very large) and n-gain of 0,83 (high). Students reasoning 

of magnetic force application on cooled processor system improved by giving comment about procedure and 

impact of fan on computer processor. Students difficulty on two kinds of magnetic representation have 

overcame by learning. Students’ mathematic skill on vector operation was improved by learning. Qualitatively, 

students’ motivation toward science learning (SMTSL) effect to their achievement. 

 
Keywords: modeling instruction, magnetic force, application of magnetic force, SMTSL 
 

 

INTRODUCTION 
Understanding concept is one of the essential goal for physics education. Conceptual understanding also 

become the most widely studied areas in physics education starting 1970s (Docktor  &  Mestre,  2014).  Some  

conceptual  test  is  often  very  difficult  and  make  students confused although this question is too simple  

(Miller et al., 2013). This occur because students entering science classroom have various preconceptions of 

physics in everyday life and what they have is wrong compare with scientist thinking. Therefore, research of 

conceptual understanding become famous and very important in physics education area to explore student’s 

difficulties and how to remediated it. Especially, physics is one of main subject for engineering student in 

first year both in vocational school and higher education. Physics have a role to support successful both skill and 

theory in engineering program of competence. 

 

One of the essential concept in physics for engineering students is electromagnetic. Sağlam & Millar 

(2006) explained that electromagnetism was an important component of upper secondary school physics. 

Electromagnetic concept is consisted for five topics. They are magnetic field, magnetic induction, magnetic 

force, Gauss Law, and faraday & Lenz law. All of them are main concept that always use to develop any 

instrument and component in engineering. So that, electromagnetic is very useful concept for improve student 

ability in any field of physics application in engineering. The important of electromagnetism was not followed 

by good acquisition. This assumed was proved by any research of student’s difficulties about electromagnetic. 

Students failed to distinguish between macroscopic and microscopic level in terms of the actions of fields 

(Guisasola et al., 2013). Student confused magnetic field effects (Sağlam & Millar, 2006; Scaife & Heckler, 

2010). 

 

Not different others, engineering student in vocational school with computer and networking competence 

need to mastery electromagnetic, especially magnetic force and its application. This competence was very 

clear and support SKKNI 2016-285 (Ministry of Manpower Indonesia, 2016). One of standard skill was 

student must check fan processor in CPU, where this skill had to support understanding about magnetic force, 

heat transfer and technical application. It was means that students had to understand about the cooled 

processor system, included: procedure of fan in 

mailto:zainulmustofa1993@yahoo.com
mailto:zainulmustofa1993@yahoo.com


 

 
 
 
 
 
 
 

 

213 

 

processor, fan position, and fan impact to processor temperature. Santoso (2015) explained that fan must be 

paired in precise location, because fan had important role to maintain processor temperature. It also was mean 

that student must understand how fan can rotate explaining by magnetic force concept and how fan can impact 

on airflow for transferring hot air out. 

 

The important of magnetic force was not followed with a good understanding about this concept. 

Any journal reported that students had very little understanding on magnetic force. Students confused about the 

sources of magnetic fields and the direction of magnetic force (Hekkenberg et al., 2015). Student used error 

sign in magnetic field and the directions of magnetic force, and confused with vector operations to determine 

the direction of magnetic force (Scaife & Heckler, 2010). Moreover, studies Pateda et al. (2015) in Indonesia 

showed that conceptual understanding student preservice physics teachers were low about Lorentz force, 

magnetic field and determined magnetic pole. 

Based on many problems that student made in magnetic force concept were impacted by any mistakes. Student 

confused to use vector analytic, errored to determine magnetic field direction, and mistook applying the vector 

operation to determine magnetic force direction. In addition to student also felt difficult to apply this concept 

to explain procedure of any instrument of machine. It was means that students skill must improve in any aspect. 

First, in magnetic field and magnetic force that a part of science. Second, improving student’s analytic skill in 

vector operation that a part of mathematic. Third, developing student’s troubleshooting skill in computer 

assembly. The three  aspects  are  called  as  science,  mathematics, engineering, and  technology.  So  that,  

this research is a part of STEM research education.  

 

Many learning model, strategy, and method used to facilitate students for creating understanding about 

it. One way is modeling instruction. Modeling instruction was a learning model that integrated proses for 

building model from phenomena under studies and utilized model to solve new problem (Jackson et al., 2008). 

This learning model was developed for answering two important queries, they were what material is important 

to teach and how that important material teach effectively (Hestenes, 1987). Through model, phenomena could 

be easy to represent (Etkina et al., 2006). This was appropriate with theory of cognitive development from Jean 

Piaget that in learning, student able to process a situation through assimilation and accommodation (Arends, 

2012; Slavin, 2006). When student met new phenomena, they will try to recognize with their previous 

schemata. If their schemata have not appropriated, they will build new schemata. 

 

Therefore, this paper mainly focused on 3 research questions. (1) How far the impact of modeling 

instruction can enhance student understanding about magnetic force and its application. (2)  What difficulty of 

students can be solved by this learning and how far the learning can overcome it. (3) How the student 

motivation toward science learning to support their successful on 

physics class. 

 

METHOD, ANALYSIS, DESIGN, AND IMPLEMENTATION 
This research is practical action research (PAR). This research aimed to improve student’s learning and 

professional performance by teacher (Creswell, 2012). Based of Mills (2011) on Creswell (2012) PAR have 

four spiral stages like in Picture 1. In this research, we only used one cycle, included: develop an action plan, 

identify an area focus (magnetic force and its application), collect  data,  and  analyze  and  interpret  data.  

Research  conducted  on  Al  Munawwariyyah Vocational School, Malang. Subject consist of 24 students 

grade X with competence of computer and network engineering. Research conducted from April to May 2018 

in even semester on academic year 2017/2018. 
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Picture 1. Diagram of PAR stages 

 

The research procedure consisted of three stages. They were diagnostic (pretest), implementation plan, 

and posttest. In pretest student’s understanding about magnetic force and its application in computer technology 

were addressed. Then, in implementation plan, teacher applied modeling instruction strategy to facilitate 

student’s process learning. In class, teacher also gave students a mini test with Quizizz application 

(www.quizizz.com). This test was formative assessment to observe development of their understanding. In last 

meeting, teacher gave them a posttest for knowing the impact of planning which arranged. 

 

The instrument both pretest and posttest are same. The instrument was adopted form standard test with 

multiple choice type from Scaife & Heckler (2010) studies for exploring student understanding of the direction 

of the magnetic force. Some questions were developed alone to complete instrument. This instrument also 

had been tested to 48 students with the result as follow. The item difficulty values ranging from 0,3 to 0,9 and 

practically all items (8 questions) are acceptable. The satisfactory point biserial coefficient ranging from 0,4 to 

0,8 and practically all items are valid. Generally, the instrument had Kuder-Richardson reliability index (KR-

20) of 0,85. The reliability index value is the rule of thumb indicating a test is suitable for use in assessing 

individuals (Ding & Beichner, 2009). 

 

The  first  research  question,  answered  through  the  analysis  of  quantitative  data.  This 

quantitative data analysis consisted of three steps. There is paired samples test, normalized gain (N-gain), and 

d-effect size. The use of N-gain and d-effect size commonly used to find the effectiveness of a learning (Sutopo 

& Waldrip, 2014). Observation result of student process in two stages of modeling instruction were described 

to sharpen the impact of modeling instruction for overcoming student difficulty concept. The second research 

question, answered through the analysis of crosstabulation from pretest and posttest. To support the analysis, 

the result of quiz in class also administrated. The third research question, answered by questioner included six 

domains of motivation. Generally this questioner is adopt from studies by Andressa, et al. (2015). Student’s 

motivation was analyzed by presenting in table by percentage analysis. The qualitative and quantitative 

analysis use to understand more deeply quantitative findings in previous research questions. 

 

RESULT AND DISCUSSION 
 

Enhancement of student understanding on magnetic force and its application 

Descriptive statistic of pretest and posttest scores is summarized in Table 1. It seemed that the average 

score of posttest was far higher than the pretest score. Based on skewness distribution of pretest and posttest 

that on interval [-1,1], indicated that distribution of score both pretest and posttest are normalized 

distribution. So that, the paired sample t-test could be used to test the difference of score significantly 

(Leech, Barrett, & Morgan, 2005). 

Table 1. Descriptive Statistic of Pretest and Posttest Score 
 

 Pretest Posttest 

Number of Data (N) 24 24 

Average 33.33 90.10 

Std. Deviation 15.49 12.21 

Skewness -0.45 -0.34 

Minimum Score 12.50 75.00 

Maximum Score 50.00 100.00 

Note: Score interval was 0 – 100 

http://www.quizizz.com/
http://www.quizizz.com/
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Using SPSS, obtained t (df=23) = -25.18 with sig. (2-tailed) = 0.000. This result showed that the 

difference between pretest and posttest scores was statistically significant. Because average score of 

posttest (90.10) was higher than average score of pretest (33.33), it could be concluded that the learning 

was applied in this study effectively enhance student understanding of magnetic force concept. 

 

The Cohen’s d-effect calculation was 4.06. This Result was categorized in the very large 

(Leech et al., 2005). The average value of the N-gain is 0.83, which included in the high category (Hake, 

1998; Sutopo & Waldrip, 2014). It can be concluded that the modeling instruction applied in this study 

provided high positive impact on enhancing student understanding of magnetic force concept. 

Student understanding concept of magnetic force effected to student skill of reasoning procedure of 

electric motor in computer and impact of it rotating. Electric motor usually used in cooled system on 

computer processor. Both pretest and posttest, students give a question why fan can used to cool processor 

while processor working and how the process to reduce processor temperature. Pretest result showed that 

only 11 students (45,8%) could explain why fan can rotate. They answered that fan can rotate because of 

interaction between electric field and magnetic field. Most students (54,2%) answer with wrong statement 

like: existence of electric power and electric current. This pretest result indicated that most student have not 

understanding why fan can cool processor and how the procedure fan can rotate. 

After learning in class, posttest was done. Result showed that most students or 21 students 

(87,5%) could give reasoning why fan can rotate clearly. They explained that interaction between electric 

and magnetic field product magnetic force that made coil move and rotate in that area. 4 from 21 students 

gave excellence reasoning with addition to impact of fan rotating on head transfer. They said that while 

fan rotated counter jam rotation, it arrowed hot air that produced by processor out. So that, fan can keep a 

standard temperature of processor system. This finding indicated that by modeling instruction applied in 

class brought students more understand about utilization of electric motor in computer and enhanced their 

understanding about the fan function to reduce temperature on processor. 

The enhancement of student understanding supported some previous researches. Modeling 

instruction gave improvement on student understanding about work and energy better than conventional 

learning (Mustofa, 2017). Through modeling instruction student skill of connecting between two concepts, 

applying concept, and solving problem improve significantly (Brewe, Kramer, & O’Brien, 2009). Jackson 

et al. (2008) said that modeling instruction is very effective for improving students concept understanding. 

The  high  of  N-gain  that  happen  because  of  student  activity  in  class  by  building  their 

understanding. While student build model of physics phenomena, analysis, and evaluate, student process 

assimilation and accommodation (Arends, 2012; Slavin, 2006). In modeling instruction, they strive to build 

a meaningful model to describe physics phenomena (Mustofa, 2017). This learning cycle facilitated students 

to develop their understanding, so that they have a good understanding about physics concept and its 

application. 

 
Student difficulties that Can be Dvercomed 

On this research, question consist of two representations of magnetic field. They are magnetic pole 

and magnetic field line representations. In magnetic pole representation, students assess by question 

number 2 and 8. Question number 2 showed in picture 2 and crosstabulation showed in Table 2. 

 
Table 2. Crosstabulation Number 2   

Posttest Total 

B D* 

Pretest   B 2 12 14 

C 2 1 3 

D* 1 1 2 

E 1 4 5 

Total 6 18 24 

*answer key 

 

 
 
 
 
 
 
 
 
 
 
 
Picture 2. Question Number 2 
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Based on Table 2 appeared that before learning with modeling instruction, student acquisition 

was very low. Only 2 students (8,3%) could answer correctly. After learning student acquisition improved 

highly. 18 students (75%) answered correctly in posttest. 

 

Student acquisition on magnetic field line representation assess by question number 1, 3, 4, 5, 6, 

and 7. One of difficult question was number 5. Question number 5 showed in picture 3 and 

crosstabulation showed in Table 3. Based on Table 3 appeared that occur significant improvement from 

only 1 student to 17 students can answer correctly. It means that although this question was difficult,  

after  learning  with  modeling  instruction,  students  concept  acquisition  developed significantly. 

 
Table 3. Crosstabulation Number 5   

  Posttest  Total 

C D* E  

Pretest D* 0 1 0 1 

 E 3 12 3 18 

 F 1 4 0 5 

Total  4 17 3 24 

*answer key  

 
Picture 3. Question Number 5 

 

Student acquisition on magnetic field line representation was better than on magnetic pole 

representation. Some student felt difficult to determine direction of magnetic field. This finding also 

happen on research by Pateda et al. (2015). Pateda concluded that students mistake on determine 

magnetic force direction, magnetic field direction and using right hand to determine magnetic force. 

The difficult to determine magnetic force also found in study by (Guisasola et al., 

2013; Sağlam & Millar, 2006). 

 
Learning  Activity  Using  Modeling  Instruction  to  Overcome  Student  Difficulty  on Magnetic 

Force and Its Application 

Based on record of learning, the process was consisted of two steps. They were model 

development and Model deployment. Model development beginning with pre-lab discussion. Teacher 

gave some display about electric motor which be utilized on any technology. Teacher interested 

students to mention some application of motor, some students answered projector, fan, electric bicycle. 

Teacher gave students a question why electric motor could work and determined the goal of learning on 

the day. Then, students are divided in four groups to plan and make a simple project about electric 

motor. 

 

Making simple electric motor was a part of lab investigation step. Students planned and made an 

electric motor based on material which was prepared. Teacher gave each group copper coil, 

neodymium magnet, a battery, and sandpaper. Neodymium magnet was chosen because it were the best 

magnetic material with strong magnetic field (Wood & Sebranek, 2013). Student in group discussed to 

make it, some group success directly, but some group had to repeat again. Some of student simple project 

of electric motor showed in picture 4. 
 

 
 

Picture 4. Simple Electric Motor Made by students 
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After success making simple project, students in each group had to present the result of their 

discussion to explain why coil can rotate. They gave a week to finish discussion to give explaining 

why coil could rotate and what model was suitable representative of electric motor phenomena based 

on scientific reasoning. The student simple project is similar with the study of Onorato & De Ambrosis 

(2013) that made a activity sequence to teach magnetic force material. In this session, students sharpen a 

meaningful model to explain the phenomena of rotating coil. Model is very important aspect in physics. 

Hestenes (1996) emphasis that problem in physics can’t be understood perfectly without model. Teacher 

facilitate students to sharpen their model. Through discussion, test, and validating, students produce a 

meaningful model. Model that appropriate to explain rotating coil phenomena was electric current, 

magnetic field, and magnetic force/ Lorentz force are perpendicular one another. To explain his 

phenomena excellently, students had to understand about vector operation. After repeat vector operation 

material, students could use their hand to explain the rotating coil phenomena easier. This happen because 

magnetic force has formula   Because of , formula become  as magnetic 

force equation (Scaife & Heckler, 2010). Their mathematic skill about analytical vector improve 

automatically by this learning. It was means that modeling instruction also overcome student difficulty and 

improve mathematic skill about vector operation. 

 

After finishing model development, students did two questions as application of their model. Two 

questions are displayed on Quizizz template. Students had to do it on their book note. Based on this quiz, 

student skill on magnetic force showed good indication. 18 from 24 students could answer correctly 

(75%). The first quiz question and one of student answered showed in picture 3. Based on Picture 5 

appeared that students could apply their understanding to solve problem mathematically and pictorially. 
 

 
Picture 5. First Quiz Question and Student answered 

 
Second question  assess  students  concept  on  new  area.  Students  gave  question  about 

application of magnetic force concept on radioactive decay. Second quiz question showed in Picture 6.  

17 from 24 students chose correct answer. Based on student answered on second quiz question appear 

that their skill to determine direction of magnetic force improve excellently. 
 

 
 

Picture 6. Second Quiz Question 

 
After finishing quiz, student invited to answer question on first meeting. Students concluded what 

they learn about magnetic force and its application. 

 
Student Motivation Toward Science Learning (SMTSL) in Class 

Student’s motivation toward learning in class assessed after posttest examination. The result 

showed in Table 4. Subscale of FLV showed that most students think that physics important. It was 

very necessary because motivation determined how serious student learned in class. Subscale ALS 

showed that students motivation to improve their skill were very good. By this motivation, it was not 

impossible to get high score. Students efficacy (SE) showed that most students had a good motivation  to  

study  physics  content,  but  students  believed  to  get  high  score  in  test  is  not significant. Students 

performance goal (PG) showed that students motivation is very good in physics class, but they dislike to 
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look better than other students. We thought that this attitude was characteristic of the traditional Islamic 

boarding school that hold low heart attitude. Student achievement goal (AG) also showed good indicated. 

Most student were very satisfied if they understood what they studied and if they could solve difficult 

problem not how mark they got. Learning Environment Stimulation (LES) showed that students were 

motivated by teacher because teacher facilitate with variety method of learning, not pressure them, and 

provided students to be active in discussion. By this result, it could be concluded that qualitatively the 

students’ high motivation toward science learning in class effect on student achievement. This result 

espoused some previous researches. Students motivation effect students achievement (Oredein & 

Awodun, 2012).  Because science  learning  motivation  is  one  of  factor  of  success  in  learning  

science (Albalate et al., 2018). 

 
Table 4. Student Motivation Response 

Subscale 

(#items) 
Item Very 

agree 
Agree

 

I think that learning physics is 

Less 

Agree 
Disagree

 

 

Physics 

Learning 

Value (FLV) 
 
 
 

Active 

Learning 

Strategies 

(ALS) 
 
 
 

Self-Efficacy 

important because I can use it in my 

everyday life. 

It’s important for me to have the 

opportunity to satisfy my curiosity 

when learning physics. 

When I learn about new concepts in 

physics, I connect them with my 

previous experiences. 

If I don’t understand a concept in 

physics, I seek out relevant sources 

on information to help me. 

I am sure that I can understand the 

physics course content, both easy 

38% 50% 8% 0% 
 

 
29% 50% 17% 0% 
 

 
4% 54% 33% 4% 

 
 
29% 63% 4% 0% 
 

 
4% 54% 33% 4% 

(SE) 
 
 
 
 

 
Performance 

Goal (PG) 

  and difficult   

I am sure that i can do well in a 

physics test 
4% 38% 50% 4%

 

If a physics assignment is too 

difficult, I only do the easy parts 
29% 42% 25% 0%

 

I participate in physics lesson to get 

a good grade. 
25% 38% 29% 4%

 

I participate in physics lesson to 

look better than other students. 
0% 33% 46% 17%

 

In a physics lesson I feel more 
 

 
Achievement 

satisfied when I get a good grade on 

a test. 

I feel more satisfied when I’m sure 

21% 42% 29% 4% 

Goal (AG) about the subject of a physics class. 
75% 13% 4% 4%

 

In a physics lesson I feel more 
 
 
 
 
 
 

Learning 

Environment 

Stimulation 

(LES) 

satisfied when I can solve a difficult 

problem. 

I want to participate in physics 

lessons because the teacher uses a 

variety of teaching methods 
 

I want to participate in physics 

lesson because the teacher doesn’t 

pressure me 
 

I want to take physics lesson 

because students participate in 

75% 13% 4% 4% 
 

 
29% 46% 21% 0% 
 
 
 
8% 58% 25% 4% 

 
 
 
8% 46% 38% 4% 

  discussions   
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CONCLUSION 
The learning indeed improved students understanding of magnetic force and its application. 

Students’ understanding was improved with a very large effect size and high N-gain. Students’ competence 

in  explaining application of  magnetic  force  showed  a  very  good  impact.  Some students could give 

good reasoning why fan rotate and what impact occurred while fan rotate for keeping  processor  

temperature.  Their  competence  in  magnetic  force  and  its  application significantly improved from an 

under competent level to mastery level. 

 

The learning also could identify some students difficulty and repair it. Students difficulty which 

could be repaired are: (a) magnetic pole representation; (b) magnetic field line representation; (c) between 

two representation, students’ difficulty on magnetic pole is more than field line representation. Through 

learning student mathematic skill on vector operation also improved. 

 

Students were motivated by class environment. Most students have high motivation to get high 

score, deeply understanding on physics, and solve difficult problems.  Qualitatively, the students’ high 

motivation impact to their understanding of magnetic force and its application. 
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