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Abstract: The objectives of the study were: (1) to analyze the differences in
learning outcomes between students who studied using Arduino Uno media
trainers and students who studied using AVR media trainers at Surabaya KAL-1
Vocational School; (2) analyze the differences in learning outcomes between
students who have a high level of creative thinking and students who have a low
level of creative thinking at Surabaya KAL-1 Vocational School; (3) analyze the
interaction between the use of media trainers and creative thinking on the
learning outcomes of students of Surabaya KAL-1 Vocational School. The type
of this research is quasy experiment using factorial 2x2 design, and data is
analyzed using two-way Anava. The study found: (1) the average score of
psychomotor domain learning outcomes (85.11) for students learning by using
Arduino media trainers, significantly higher than the average score of
psychomotor domains (74.80) for students learning using AVR media trainer; (2)
the average score of psychomotor domains for students who have a high level of
creative thinking (91.47), significantly higher than psychomotor domain learning
outcomes for students who have a low level of creative thinking (78.09); (3)
there is a significant interaction between the application of the media trainer and
the level of creative thinking on the learning outcomes of the psychomotor
domain.Key words: LED TV learning media, student response, learning
outcomes, vocational students.
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1 Introduction

Microcontroller subject matter is very necessary in order to increase students'
readiness to work. Because almost all equipment in the industry has used information
in the production process. Meanwhile, to better study microcontroller material, a
microcontroller trainer media is needed [1]. The general facts show that the
microcontroller media trainers in the school have not been able to provide
understanding to students about microcontroller material and have not been able to
improve students' creative thinking skills. Because the AVR microcontroller trainer
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media used in schools is still relatively complicated, making it difficult for students to
understand. In relation to the government's efforts to improve the quality of education
in the Secondary Championship (Vocational School), the President of the Republic of
Indonesia issued Presidential Instruction No. 9 of 2016 [2]. The instruction of the
President of the Republic of Indonesia contains the Revitalization of Vocational High
Schools in order to improve the quality and competitiveness of Indonesian human
resources, including through contextual learning about material taught by teachers,
such as the use of instructional media in the form of trainers that can foster students'
creative power [2].

From the background above, this study aims to analyze: (1) learning outcomes for
students taught by using Arduino Uno-based microcontroller media trainers and
students taught by using AVR microcontroller media trainers on basic competencies
controlling input and output ports in KAL Vocational School -1 Surabaya; (2)
learning outcomes on basic competencies controlling input and output ports between
students who have a high level of creative thinking and students who have a low level
of creative thinking at Surabaya KAL-1 Vocational School; (3) the interaction
between the use of microcontroller media trainers and creative thinking on learning
outcomes in basic competencies controls the input and output ports at Surabaya KAL-
1 Vocational School. While for the formulation of the problem in this study are as
follows: (1) whether the learning outcomes for students taught using Arduino Uno-
based microcontroller media trainers are higher than learning outcomes for students
taught using AVR microcontroller trainer learning media on basic competencies
controlling input and output ports in Surabaya KAL-1 SMK ?; (2) are the learning
outcomes for students who have a high level of creative thinking, higher than the
learning outcomes for students who have a low level of creative thinking on basic
competencies controlling the input and output ports in Surabaya KAL-1 Vocational
School ?; is there an interaction between the media of learning and creative thinking
towards learning outcomes in the basic competencies in controlling input and output
ports at Surabaya KAL-1 Vocational School?

2 Literature review

2.1 Arduino Based Microcontroller Trainer Media

Media trainers are very much needed in the learning process especially during
practical lessons [3]. The media trainer referred to here is a teaching aid that can be
absorbed by the eyes and ears with the aim of helping the teacher so that the student
learning process is more effective and efficient [4]. The microcontroller media trainer
used in this study is based on Arduino Uno. Arduino Uno is defined as an open source
electronic platform, based on software and hardware that is flexible and easy to use
[5]. Thus it can be concluded that the Arduino Uno-based microcontroller based
media trainer is an Arduino Uno based microcrocontroller that can help improve the
ability of the level of creative thinking and psychomotor domain learning outcomes.
The Arduino Uno media trainer is shown in figure 1 below.



Figure 1. Arduino Uno Media Trainer (Source: Data researcher, 2018)
2.2 Student's Creative Thinking Ability

According to Suparji [6], the use of Arduino microcontroller trainers can improve
students' ability to think creatively with fluency, flexibility, and novelty. The level of
creative thinking is also interpreted as a mental activity that is used by someone to
develop new ideas or ideas fluently, flexibility, and novelty [7]. By using media
trainers students will try to do their experiments by working according to the plan, and
making the results of their work become something better, more meaningful, and
more beautiful [8]. Thus it can be stated that with the use of Arduino Uno
microcontroller media trainers can improve the ability of the level of creative thinking
for students and be able to give birth to something new, both in the form of ideas and
works that are relatively different from before, so as to improve psychomotor domains
of learning outcomes.

2.3 Learning Outcomes of the Psychomotor domain

In addition, it can improve the ability of the level of creative thinking, that the use
of Arduino Uno media trainers can also affect the learning outcomes of the
psychomotor domain. Learning outcomes can be explained by understanding the two
words that make it up, namely results and learning. Understanding the results refers to
an acquisition due to an activity or process that results in changes in input
functionally. While learning is an activity carried out by students to understand a
material [9].

According to Basuki [10] psychomotor domain learning outcomes (the
psychomotor domain) is an acquisition of results related to aspects of skills that
involve the functioning of the nervous system and muscles (neuromuscular system)
and psychological functions. Supporting the above theory, Muslims [11] state that
psychomotor domain learning outcomes can be assessed from two references, namely
reference procedures and reference results. Assessment of learning outcomes in the
psychomotor domain with a procedure is an assessment of students' abilities in terms
of: (1) preparing a detailed plan for a project; (2) determine the amount of material



needed; (3) choosing the appropriate tools; (4) follow the correct procedures for each
implementation; (5) using tools properly and skillfully; (6) use unnecessary scattering
materials; and (7) perfecting work in a timely manner. Psychomotor domain
competency assessment of students with reference to results is an assessment of the
quality of student work which includes: (1) whether the product is good and perfect;
(2) whether the distribution is in accordance with the original plan; (3) whether the
final result matches the specifications; and (4) whether the circuits are going well.

From the opinion of some experts above, it can be concluded that psychomotor
domain learning outcomes are the acquisition of student learning processes and the
occurrence of changes in student behavior due to learning in accordance with learning
objectives, while psychomotor domains learning outcomes are assessed by reference
procedures and reference results.

2.4 Basic Competence Controlling Port Inputs and Outputs

The basic competencies used in this study are controlling input and output ports.
Controlling or controlling is an activity carried out by a microcontroller media trainer
to control output components such as LED, Seven Segmant, LCD, DC Motor, and
Buzzer according to the program language that has been made [12]. Inside the
microcontroller consists of a CPU, ROM, RWM, parallel 1 / O, series I / O, counter-
timer, and clock circuits on one single chip. The microcontroller was first introduced
by Texas Instruments with the TMS 1000 series in 1974 which was the first 4 bit
microcontroller [13]. The microcontroller diagram block is shown in figure 2 below.

Port /O CEn'_tral . Memori
Timer Counter Processing Unit RWM 8 ROM
CPU/MPU

Figure 2. Microcontroller diagram (source: [14])

As shown in Figure 2, that the microcontroller diagram consists of several parts, namely:
(1) 1/ O port that serves to provide input from the input port and provide output commands
from the output port; (2) CPU that functions to process programs from inputs that will be
executed in output; and (3) Memory that functions to store program memory permanently or
temporarily [12]. In the classroom learning process about basic competencies controlling input
and output ports, it is very necessary to have teaching aids to simulate learning activities. In
addition students must master the material to control input and output ports, but students must
also be able to test the actual tools.

The props used in this study are Arduino Uno based microcontrollers. Arduino Uno is an
open-source electronic prototype system that is flexible and easy to use both from the
hardware and software side. In addition, the superiority of Arduino Uno is that there are a
large number of users, so there are a large number of program code and supporting modules.
This makes it easier for students to get to know the world of microcontrollers better [15].



The advantages of Arduino Uno compared to other microcontroller hardware platforms
include: (1) Arduino IDEs are multiplatform, which can be run on various operating systems,
such as Windows, Macintosh and Linux; (2) The Arduino IDE is based on a simple Processing
IDE so that it is easy to use; (3) Arduino programming uses a cable connected to a USB port
instead of a serial port. This feature is useful because many computers today do not have serial
ports; (4) Arduino is open source hardware and software, so readers can download Arduino
software and images without having to pay to the Arduino maker [16]. The shape of the
Arduino board looks like Figure 3 below.

Figure 3. Arduino Uno Board (Source: [12])

Based on Figure 3, the Arduino Uno Board has 6 Analog Inputs, 13 Digital Inputs, 5 Volt
DC Arduino Uno source voltage, and USB downlouder that has become one with the Arduino
Uno board. Arduino Uno based media trainer microcontroller is very suitable to be applied to
the basic competencies in controlling input and port output in class X Audio Video
Engineering in Competence of Audio Video Engineering Skills in Vocational Schools [16].

3 Method

This study included a type of quasy experimental study using a factorial design. Factorial
design uses two groups, namely: (1) the experimental group is students of class X TAV A who
study using the Arduino Uno media trainer; and (2) the control group is class X TAV B
students who learn using the AVR media trainer, with moderator variables on the level of
students' creative thinking [17]. The research design as shown in Table 1 is as follows.

Table 1. Research Design

. Creative Thinking
Learning Outcomes of Students .
Low (Y1) High (Y2)
. . Arduino Uno (X1) X1Y1 X1Y2
Media Trainer AVR (X2) X, Vs X, Vs

Information :

X1 Y1 = Learning outcomes of students who learn using the Arduino Uno media
trainer, with levels low creative thinking.

X2 Y1 = Learning outcomes of students who study using the AVR media trainer,
with a level of thinking low creative.



X1 Y2 = Learning outcomes of students who study using the Arduino Uno media
trainer, with levels high creative thinking

X2 Y2 = Learning outcomes of students who study using the AVR media trainer,
with a level of thinking creative high

Data collection techniques used in this study, are through: (1) observation; (2) tests of
cognitive learning outcomes; (3) observation of affective, psychomotor domains of learning
outcomes; (4) test students' level of creative thinking. The instruments used in this study were:
(1) media trainer validation sheets, (2) learning device validation sheets, (3) tests of students'
creative thinking ability levels, and (4) validation sheets for observation of affective and
psychomotor learning outcomes. The instrument test conducted at SMK PGRI 4 Surabaya was
to find out: (1) the validity of the item; (2) the level of difficulty of the item; (3) different
power indices; (4) distractor analysis; and (5) reliability of affective and psychomotor learning
outcomes observation sheets. The data analysis technique used is two-way Anava with the
help of SPSS, by applying the prerequisite test, namely the nomination test and homogeneity
test.

4 Result and Discussion

This study included a type of quasy experimental study using a factorial design. Factorial
design uses two groups, namely: (1) the experimental group is students of class X TAV A who
study using the Arduino Uno media trainer; and (2) the control group is class X TAV B
students who learn using the AVR media trainer, with moderator variables on the level of
students’ creative thinking [17]. The research design as shown in Table 1 is as follows.

. Creative Thinkin
Learning Outcomes of Students . d
Low (Y1) High (Y2)
. . Arduino Uno (X3) X1Y1 X1Y2
Media Trainer AVR (X2) X, Vs X, Vs

Table 1. Research Design

Information :

X1 Y1 = Learning outcomes of students who learn using the Arduino Uno media
trainer, with levels low creative thinking.

X2 Y1 = Learning outcomes of students who study using the AVR media trainer,
with a level of thinking low creative.

X1 Y2 = Learning outcomes of students who study using the Arduino Uno media
trainer, with levels high creative thinking

X2 Y2 = Learning outcomes of students who study using the AVR media trainer,
with a level of thinking creative high

Data collection techniques used in this study, are through: (1) observation; (2) tests of
cognitive learning outcomes; (3) observation of affective, psychomotor domains of learning
outcomes; (4) test students' level of creative thinking. The instruments used in this study were:
(1) media trainer validation sheets, (2) learning device validation sheets, (3) tests of students'
creative thinking ability levels, and (4) validation sheets for observation of affective and
psychomotor learning outcomes. The instrument test conducted at SMK PGRI 4 Surabaya was



to find out: (1) the validity of the item; (2) the level of difficulty of the item; (3) different
power indices; (4) distractor analysis; and (5) reliability of affective and psychomotor learning
outcomes observation sheets. The data analysis technique used is two-way Anava with the
help of SPSS, by applying the prerequisite test, namely the nomination test and homogeneity
test.

In this section a discussion is conducted to compare the results of the research with the
theories and the results of relevant studies. As stated above, psychomotor domain learning
outcomes for students learning using Arduino Uno media trainers are significantly higher than
psychomotor learning outcomes of students learning using AVR media trainers on basic
competencies controlling the input and output ports in KAL Vocational School. 1 Surabaya.
Students' psychomotor learning outcomes are changes in student behavior due to the learning
process that has been done [18], and according to Muslims [11] that the psychomotor domains
of learning outcomes consist of five ratings, namely rankings of imitation, manipulation,
precision, articulation and naturalization. The results of the research on the application of
Arduino Uno media trainers in this study are in line with the results of Budiarso's research
[19] who found that the use of Arduino Uno media trainers can help students learn software
and electronics programming in the Arduino Uno 1/O interface so as to obtain psychomotor
domains students according to learning objectives. Thus it can be concluded that the Arduino
Uno media trainer is an intermediary media device for conveying subject matter "controlling
input and output ports” to students so that the students' psychomotor learning outcomes match
the learning objectives made by the teacher. The results of this study are in accordance with
the study of theory which states that the use of media trainers can improve psychomotor
domain learning outcomes for students [1]. The results of this study are also in accordance
with the results of Shaikh's research [20] that by using the Arduino Uno tool, teachers are
easier to transfer knowledge to students, because students can directly apply the theory
obtained in practical learning activities.

Psychomotor domains for students who have a high level of creative thinking, are higher
than psychomotor domains for students who have a low level of creative thinking on basic
competencies controlling the input and output ports at KAL 1 Surabaya Vocational High
School. The results of this study indicate that to improve the psychomotor domain of learning
outcomes, the level of creative thinking skills for students needs to be improved. While
creative thinking is a thought process that has indicators of fluency, flexibility, and novelty
[7]. The results of this study are supported by what was stated by Suparji [6] that students
‘creative thinking skills can support students in understanding the lesson, because these
students will try to experiment independently and get experiences that cannot be forgotten so
that the students' psychomotor learning outcomes can increase. The results of this study
support the results of the study of Reilly [18] who found that learning outcomes for students
who had a high level of creative thinking were significantly higher than students who had a
low level of creative thinking. The level of creative thinking of students is very influential on
psychomotor domain learning outcomes [7]. The results of this study also support the results
of Suparji's research [6] that students who have a high level of creative thinking, obtain higher
psychomotor domain learning outcomes than students who have a low level of creative
thinking.

There is an interaction between the use of Arduino Uno media trainers, the use of AVR
media and the level of students' creative thinking towards psychomotor domain learning
outcomes in basic competencies controlling the input and output ports at KAL 1 Surabaya
Vocational High School. Interaction is the effect of experimental treatment on the dependent
variable that is scored at each level of the moderator variable [23]. Kerlinger [19] states that



interaction is the effect of an independent variable on a dependent variable, depending on the
level or level of other independent variables. If students have a high level of creative thinking,
and in learning using the Arduino Uno media trainer, it will provide opportunities for students
to think creatively so they will be able to improve their learning outcomes. Psychomotor realm
learning outcomes for students who have a high level of creative thinking who learn by using
Arduino Uno media trainers, obtain high psychomotor domain learning outcomes, and for
students who have a low level of creative thinking who learn using AVR trainers to obtain
psychomotor domains high. This gives a clue, that there is an interaction between the use of
media trainers, and creative thinking on the learning outcomes of the psychomotor domain.
Thus, the Arduino Uno Media trainer is very suitable to be used for learning for students who
have a high level of creative thinking [21], because media trainers have more input and output
so that to do experiments, students need to think more creatively, and for students who have a
low level of creative thinking, more suitable to learn by using the AVR media trainer, because
AVR media trainers have a simple design equipped with fewer input and output, so that when
students operate the AVR media trainer, it does not require a high level of creative thinking.
However learning media has an important influence on student learning outcomes, because it
is able to facilitate interaction between teachers and students, so that learning activities will be
more effective and efficient [22], especially the use of e-learning media, which have properties
that can be utilized whenever and wherever students are in. As one example of E-learning as a
learning medium in building techniques has advantages, because it can be accessed anytime
and anywhere, student assignments and teaching materials can be accessed easily efficiently,
and can support communication and discussion activities between students and instructors
[23].

5 Conclusion

Based on the results of the research and discussion as described above, it can be concluded
that: (1) the average score of psychomotor domains (85.11) for students who study using the
Arduino media trainer is significantly higher than the average score of learning outcomes
psychomotor domain (74.80) for students who learn by using AVR media trainers on basic
competencies to control input and output ports at Surabaya KAL-1 Vocational School; (2) the
average score of psychomotor domains for students who have a high level of creative thinking
(84.78), is significantly higher than psychomotor domains for students who have a low level
of creative thinking (82.67) in basic competencies control input and output ports; (3) there is a
significant interaction between the application of media trainers and the level of creative
thinking on psychomotor domain learning outcomes in basic competencies controlling the
input and output ports at Surabaya KAL-1 Vocational School.
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