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Abstract
Keyword: The study aim to describe STEM-Robotic implementation as an intra-curricular in
STEM regular curriculum. STEM-Robotics is usually implemented as an extracurricular
Robotic program in many schools. In the 2019/2020 school year, Edu Global Senior High
Intra-curricular School Bandung implemented STEM-Robotics as an intra-curricular for the ten-grade

science program. STEM-Robotic implementation as an intra-curricular based on the
challenges of 21st-century learning that lead to innovative creative learning and skills
development. The method in this study is descriptive qualitative research method
through the observations, questionnaires, and interview with teacher teams. The results
of this study show that, 1) The implementation of STEM-Robotic as an intra-curricular
has a curriculum that focuses about robots NXT and Arduino to provide the basics of
engineering and technological skills in robotics and coding, while the concepts of
science and mathematics have not been directly linked in STEM-Robotic, 2) The
implementation of STEM-Robotic dominated by hands-on and mind-on activities in
the learning process and its assessment. 3) Generally, students responded positively to
the implementation of STEM-Robotics as an intra-curricular that makes learning more
interesting, useful, fun, challenging, and develop engineering and technology skills.
This result indicates that STEM-Robotic is an alternative subject or learning strategy
in regular curriculum to accommodate science learning with educational robotics.
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Introduction

Industrial revolution 4.0 exerted influence on various fields, including the learning
process in classroom. In the era of the rapid development of science and technology, the
learning process must be more creative and innovative by paying attention to the needs of the
era. Learning in the classroom is expected to equip students with a variety of 21st-century
skills that were oriented to the development of problem-solving, cognitive, creative, critical,
collaborative, and communicative skills. These skills are skills demands that must be
mastered by students living in the 21st-century (Greenstein, 2012).

The provision of 21st-century skills aims to prepare students to face the increasingly
fierce and tangible globalization competition. Turiman, et al (2012) states that the 21st-
century demands and offers the challenges of life without borders, globalization, and
internationalization. Referring to these demands, learning expected to accommodate hands-on
and mind-on through various learning activities that are not just transferring knowledge from
the teacher to students. More than that, learning is expected to involve technology and
digitalization as part of adjusting to the era and collaboration between individuals, groups,
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and machines (McCoog, 2008). In line with that, Jiea, et al (2018) stated that digitalization in
education can lead learning to collaboration between individuals and groups.

The development of various skills, technology engagement, and digitalization in
learning has been carried out by many stakeholders in education, including teachers. The
teachers were package learning through the selection of media, models, approaches, and
learning methods. STEM is one approach that accommodates the development of various
skills and involved technology in classroom learning. In STEM implementation, learning is
packaged by integrated science, technology, engineering, and mathematics. Lantz (2009)
states that STEM 1is a subject related to the development of students’ skills to succeed in
global work. Moreover, (Permanasari, 2016) states that STEM is an alternative learning
approach that can build a generation to face the challenges of the 21st-century through
training students to apply their knowledge to solve environmental problems using technology.

The implementation of STEM in the classroom learning was also integrated with other
fields, such as the field of art or STEAM (science, technology, engineering, art, and
mathematics). In other implementations, STEM also is integrated with robotics as part of the
development of engineering and technological designs. Withehead (2010) states that robotics
is a technology that can be used by teachers to develop STEM curricula that more specific to
technology and engineering. In line with this, integration of robotic in STEM subject can
create an environment learning that encourages hands-on activity, creativity and problem
solving (Jiea, et al, 2018), creates more meaningful learning and equips technology
application experience to students (Carik and Guven, 2019), and improving basic STEM skills
such as mathematical skills, scientific methods, and skills in engineering design (Eguchi,
2013; Karaahmetoglu and Korkmaz, 2019).

Integration of robotic in STEM can also increase students' interest in STEM, both in
STEM learning and in future career selection related to STEM (Ebelt, 2012; Khanlari, 2013;
Mosley, Ardito, and Scollins, 2016; Chen and Chang, 2018). However, although these
robotics are popular in the field of education, the facts in the field show that robotics is still
used as an extracurricular program (Gura, 2011; Eguchi, 2013). In the 2019/2020 school year,
Edu Global Senior High School made STEM-Robotics as an intra-curricular for ten-grade
students of Sciences program. The implementation of robotics in STEM learning aims to
develop students' various skills and answer the challenges of the rapid development of science
and technology. Based on the description, this article will be discussed and described
regarding the results of study on the implementation of STEM Robotics as an intra-curricular
in Edu Global Senior High School Bandung.This study focused on the discussion of the
development of STEM-Robotic curriculum, the implementation of STEM-Robotic learning as
an intra-curricular/regular curriculum, and the students’ responses of participating in STEM-
Robotic learning.

Method

The research method of this study is a descriptive qualitative method. Qualitative
research methods lead to a variety of interpretation techniques and assessment of participant
perspectives with multiple strategies, namely interactive strategies such as direct observation,
questionnaires, and reviewing documents (Merriam, 2009). In this research, researchers
conducted observations on STEM-Robotic learning in ten-grade students of Edu Global
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Senior High Bandung during 10 meetings of learning. The researchers observed the
implementation of curriculum Lego NXT in STEM-Robotic learning for the first up to fourth
meetings of learning. In the fifth up to end meetings of learning, the researchers observed the
implementation of curriculum Arduino device to support STEM-Robotic learning. Besides,
the researchers also reviewed the documents of the STEM-Robotic curriculum. This
document developed by the STEM-Robotic teacher team. The researcher also gave the
questionnaires to students in STEM-Robotic learning.

The data obtained from each stage of the research process were analyzed, processed,
and described as research findings and results. The direct observation in classroom learning
using the instrument of observation and obtained the descriptive data of implementation
STEM with robotic as a tool to support the learning process. The reviewed document
curriculum STEM-Robotic obtain the descriptive data of curriculum Lego NXT and Arduino
device in STEM learning. The student responses about STEM-Robotics collected by
questionnaire with a Likert scale. The result of the questionnaires displayed in percentage of
students’ responses about implementation of STEM-Robotics.

Results and Discussion

The results and discussion in this article based on an analysis of research findings of
the implementation of STEM-Robotic as an intra-curricular in Edu Global Senior High
School Bandung. Results and discussion focused on 3 main studies, namely 1). Development
of STEM-Robotic curriculum, 2). Implementation of STEM-Robotic as an intra-curricular,
and 3). The students’ responses to STEM-Robotic learning. The results and discussion of the
three main studies are as follows:

Development of STEM-Robotic Curriculum as intra-curricular

The development of STEM-Robotic curriculum conducted by STEM-Robotic teacher
team, the development taking into the minimum achievement of skills that must be mastered
by students, the minimum achievement of skills must strengthen STEM concepts, namely
science, technology, engineering, and mathematics. Besides, the development of the STEM-
Robotic curriculum must also pay attention to supporting learning facilities in schools, such
as the availability of tools and robotics equipment.

Development of STEM-Robotic curriculum does not refer to the national curriculum,
because the national curriculum has not STEM-Robotic as a subject in the regular curriculum.
The development of STEM-Robotic curriculum based on various skills that will support when
learning STEM concepts. Jiea, et al, (2018) stated development of Robotic curriculum in
STEM dose not to replace the existence of science and mathematics curriculum, but it is an
alternative way and media that can be used by teachers to prepare students to be literate of
STEM and get to know the world of work in the STEM field.The description of STEM-
Robotic curriculum about main subject and sub-topics is as follows:
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Table 1. The Main and Sub-Subjects of STEM-Robotic
No Main Subject Main Sub
1 NXT robot lego The basic form of NXT, NXT program, Sensors on NXT robots
(sound, ultrasonic, touch, and light), and Steering Wheel
2 Arduino Arduino basic theory (understanding, types, basic syntax),
Microcontroller, Led and Button, and Sevensegment

Table 1 shows the main and sub-topics in the STEM-Robotic curriculum for one
semester. The main STEM-Robotic curriculum for the first semester focused on material
about Lego NXT and Arduino. Lego NXT is an educational robotics device that can be
programmed as desired. Programming can be run in lego NXT include NXT-G and Next Byte
Codes. The selection of lego NXT and Arduino based on many results of research, it showed
that lego NXT and Arduino are educational robotic devices can develop many skills, such as
science process skills, problem-solving skills, and cooperative skills (Eguchi, 2013). Besides,
lego NXT and Arduino can also provide more opportunities for effective learning when
learning physics, biology, mathematics, geography, science, electronics, and mechanical
engineerin (Eguchi, 2013).

Irigoyen, et al (2013) stated Lego NXT and Arduino have various elements that
connected with various devices and linked with variables studied in science, such as pressure,
light, sound, and temperature. More specifically, Carik and Guven (2019) state that Arduino
and coding can help students to visualize abstract scientific concepts and make learning
science more enjoyable. According to that, lego NXT and Arduino will help students to
develop and strengthening knowledge and skills in the STEM field. The selection of lego NXT
and Arduino also based on the ease of getting this platform and having an affordable price for
the School. Irigoyen, et al (2013) states that Lego NXT and Arduino are educational robotic
platforms that have low prices. Moreover, Lego NXT and Arduino are also basic of robotics
platforms that can be developed by educated participants on other educational robotic
platforms.

Developing of STEM-Robotic curriculum can also review from the expected
achievements by students after studied the STEM-Robotic. The basic competence that must
be mastered by students after studied STEM-Robotic during the odd semester on lego NXT
material were: 1) assemble the basic form NXT robotic, 2) programming the NXT to move
the wheels, 3) moving the robot using sound sensors, ultrasonic, touch and light, and 4)
assemble the Lego NXT in the form of a steering wheel and run it along the line until the
finish. The basic competence of students' skill for Arduino material are: 1) understanding the
basic theory of Arduino (microcontroller, type, and syntax), 2) understanding the concepts of
LEDs and resistors (making circuits and counting resistors), 3) practicing how to turn on
LEDs, 4) understanding the LED concept and button (understanding polarity and making a
circuit), 5) practicing how to light an LED through a button, 6) understanding the concept of
seven-segment (understanding polarity, and circuit), and 7) practicing how to turn on seven-
segment until it forms zero to nine number (0-9).

Based on the elaboration of basic competence in lego NXT and Arduino, it can
summarize that the STEM-Robotic curriculum for the first semester has more focus on hands-
on and mind-on activities during the learning process. Besides, the STEM-Robotic curriculum
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in the first semester also dominated by concepts that lead to strengthening engineering and
technology skills, while the concepts of science and mathematics still get a smaller portion.
Implementation of STEM-Robotic Learning as Intra-curricular

The implementation of STEM-Robotics learning as an intra-curricular is a description
of the implementation of STEM-Robotics learning during 10 learning meetings. Description
of STEM-Robotic implementation explains the learning process and assessment in STEM-
Robotic learning. Explanation of the implementation of STEM-Robotics based on the result
of the analysis of observations in class. STEM-Robotic or educational robotic learning is one
of the tools in an extracurricular activities program. Although educational robotics is very
popular in the education field, robotics does not yet include in the regular curriculum schedule
(Gura, 2011; Eguchi, 2013). In the 2019/2020 school year, Edu Global Senior High School
Bandung made the integration of STEM-Robotic as an intra-curricular for the ten-grade
science program.

Implementation of STEM-Robotic subjects gots 2 hours of learning (2 x 45 minutes)
in one week. In the odd semester of the 2019/2020 school year, STEM-Robotic learning
consists of twelve for learning meetings, one meeting for midterm assessment, one meeting
for final semester assessment, and four meetings for the daily skills exam. Every STEM-
Robotic lesson, students make grouped with members of each group consisting of 4-5 people.
Each group was given one lego NXT and Arduino. Every group also required to bring a
laptop to make a simple program of coding that supports lego NXT and Arduino. The
program of coding used to run the lego NXT and Arduino robots that studied at the lesson.

The teacher team of STEM-Robotics has the role of main and accompanying teacher.
The main teacher delivered the main subject material to all students. The accompanying
teacher assisted each group during the learning activities, especially in completing project
STEM-Robotic learning. The implementation of STEM-Robotic learning does not just a
transfer of information from the teacher to students. More than that, the hands-on activities of
students are very dominating during the learning process. The result same with the opinions
and research findings (McKay, 2015; Hinton, 2017; Jiea, et al. 2018; Blackley and Howell,
2019) states that integration of STEM learning with robotics can increase the hands-on
activities of students.

The hands-on activity in STEM-Robotic learning can show from the activities of
students in designing a basic form of lego NXT robotics, steering wheels, and designing
Arduino devices with all components. STEM-Robotic learning accompanied by minds-on
activities in the making programs and coding to run lego NXT and Arduino robots. According
to these activities, students in his group must take a strategy to complete each learning
material and project during STEM-Robotic learning. The setting of STEM-Robotic learning
leads to the development of various skills, including collaborative skill, problem-solving,
critical, and creative skills. This statement same with several studies which state that
integrated STEM with robotics can improve students' collaborative skills (Eguchi, 2013;
Mosley, 2016; Hinton, 2017; Jiea, et al, 2018; Cakir and Guven, 2019; Anwar, et al, 2019;
Chen and Chang, 2019), improve problem-solving skills (McKay, 2015; Menekse, 2017; Jiea,
et al, 2018; Chen and Chang, 2019) and improve critical and creative thinking skills
(Menekse, et al, 2017; Chen and Chang, 2019).

Besides the learning process, the assessment of STEM-Robotics also focuses on many
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skills. The assessment consists of daily skills tests, midterm tests, and final semester tests. All
assessments lead to skills tests that involve hands-on and mind-on activities in designing and
programming a STEM-Robotic project. The results of the assessment presented in a special
report card STEM-Robotic which contains the scores obtained for each project, the average
score of project, predicate, and description of the skills that have been achieved by students.
Based on the analysis of STEM-Robotic students’ report cards during one semester, the final
score of the student in STEM-Robotic subjects as follows:

Table 2. Students’ Final Score in STEM-Robotic Subjects

Value Range Predicate % Total students
100-91 A (Very good) 33.33%
90-89 B (Good) 55.55%
80-71 C (enough) 11.11%

Table 2 shows that most students have been able to complete each STEM-Robotics
project well, starting from the assembly process, design to making the program/coding to run
the lego NXT and Arduino robots. Even so, there are still students who have difficulties in the
main subject of STEM-Robotic, such as assembly Arduino devices and making
programs/coding to run the lego NXT or Arduino robots.

Students’ Responses to STEM-Robotic Learning

In this study, data of students' responses collected through questionnaires at the
end of STEM-Robotic learning in the odd semester of the 2019/2020 school year. The
questionnaire consists of two main contents, namely the existence of STEM-Robotics as
a subject in regular curriculum and the relationship of STEM-Robotic learning with
fields in STEM. The questionnaire prepared using a Likert scale with a choice of
responses, namely strongly agree (SA), agree (A), doubtful/neutral (N), disagree (D),
and strongly disagree (SD). The results of this questionnaire were processed and
presented as a percentage. Table 3 showed students' responses to the existence of
STEM-Robotic subjects as a regular curriculum.

Table 3. Students' responses to STEM-Robotic Learning
Response Type (%)
SD D N A SA
STEM-Robotic Useful 0.00 0.00 556 61.11 33.33
STEM-Robotic Attractive 0.00 0.00 0.00 44.44 5556
STEM-Robotic Challenging 0.00 0.00 0.00 16.67 83.33
STEM-Robotic Fun 0.00 0.00 0.00 61.11 38.89

Response Item

Generally, students gave positive responses about the existence of STEM-Robotics as
an intra-curricular. The students’ responses showed that STEM-Robotics is a useful,
interesting, challenging, and fun. The result was the same with several research findings that
state educational robotics can increase students' interest in STEM learning, make learning
more interesting and enjoyable (Ebelt, 2012; Mosley, et al, 2016; Chen and Chang, 2018;
Carik and Guven, 2019). The questionnaire also collected students’ responses about the
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relationship of STEM-Robotics with science, technology, machinery, and mathematics. The
results of the questionnaire are as follows:

Table 4. Students' Responses about Relationship STEM-Robotic with Fields of STEM
Response Type (%)

SD D N A SA
STEM-Robotic make science easy to 000 000 5556 3889 556
understand
STEM-Robotics improve engineering skills 000 0.00 0.00 66.67 33.33
STEM-Robotic makes mathematics easy to 000 000 7222 2778  0.00
understand
STEM-Robotic makes literate of technology 0.00 0.00 0.00 8333 16.67

Response Item

Table 4 showed that students gave positive responses about relationship STEM-
Robotic with engineering skills and technology literacy. Engineering and technology are the
main fields that dominate STEM-Robotic learning, especially in the process of designing,
assembling, and making a coding. Other responses, students gave a neutral response to the
relation of the STEM-Robotics with science and mathematics. The lesson of STEM-Robotics
has not received more tangible benefits to be applied in the fields of science and mathematics.
The majority of neutral responses based on the packaging of STEM Robotic content that has
not been directly linked with science and mathematics. Besides that, the portion of content
science and mathematics in STEM-Robotic learning has not been given as much as the
portion of engineering and technology content.

Conclusion

STEM as a part of the learning approach has been conducted by many teachers in the
learning process. In its development, STEM has also been integrated with many other fields.
In this research, STEM was integrated with robotics as an effort to develop 21st-century
skills, especially technology and engineering skills. In its implementation, STEM-Robotic is
usually an extracurricular activity that is not included in the regular curriculum. In the
2019/2020 school year, Edu Global Senior High School Bandung made STEM-Robotic as a
subject (intra-curricular) in regular curriculum. The results of study about STEM-Robotic
Implementation as an intra-curricular show that: 1) STEM-Robotic as an intra-curricular has a
curriculum that focuses on material about lego NXT and Arduino robots. The curriculum
aimed to provide students with the basics of engineering and technology skills in the field of
robotics and coding. The STEM-Robotic curriculum has not been directly linked with science
and mathematics concepts. 2) The implementation of STEM-Robotic as an intra-curricular
dominated by hands-on and minds-on activities in the learning process and its assessment. 3)
Generally, students gave a positive response to the implementation of STEM-Robotic as an
intra-curricular. STEM-Robotic makes learning more interesting, useful, fun, and challenging.
Besides, the students also responded that STEM-Robotic provides opportunities to improve
engineering and technology skills.
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