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Abstract

The purposes of this research were as follows: 1) to develop the online supplementary lessons to enhance practical skills with
problem-based learning on Microcontroller Arduino for undergraduate students, 2) to evaluate the quality of the online sup-
plementary lessons, 3) to compare the academic achievement of the learners before and after learning, and 4) to evaluate the
satisfaction of the learners towards the online supplementary lessons. The sample group were 30 first-year undergraduate stu-
dents of Computer Education of Nakhon Pathom Rajabhat University who enrolled in the 2/2019 semester selected by purposive
sampling. The research apparatuses were as follows: 1) the online supplementary lessons on Microcontroller Arduino, 2) the
online supplementary lessons’ quality assessment forms, 3) pretests and posttests, and 4) the satisfaction assessment forms of
the learners. The statistics used in data analysis were mean, standard deviation, and t-test statistics. The research found that
1) the online supplementary lessons to enhance practical skills with problem-based learning on Microcontroller Arduino for
undergraduate students of Computer Education of Nakhon Pathom Rajabhat University had the quality of content and media
production at a very good level (X =4.53,S.D. = 0.57), 2) the academic achievement of the learners after learning was statisti-
cally significantly higher than before learning at 0.05, and 3) the overall satisfaction of the learners was at the highest level X
=4.52,S.D.=0.59).
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1. Introduction ded system that was found in electric appliances by us-
ing the chip that follow the instruction or using the Mi-
croprocessor as well as Bluetooth, Low Power Wide
Area Network (LPWAN) etc. These is the low en-
ergy consuming but provides a wide range of connec-
tion and 3) Technology assists everything to process
information such as Cloud Computing which allows
processing power storage unit and various online pro-
grams from service providers and the most known is
Big Data Analytics, a process of analyzing large data

Nowadays, Internet of Things (IoT) has been one of
the life essentials as we connect to the internet more,
we are more confident to control in major parts of life
such as Smart Home or Smart Farming [1]. The devel-
opment of IoT had been spreading into several aspects
especially in industrial field which promotes value for
the transportation business. Electronics could be con-
nected both wire and wireless via Bluetooth that en-

hanced data processing that has developed the capabil- to find the link patterns of those data while the results

ities of the .de\./ice to be smaller but more effective as of the analysis can lead to effective business planning
well as designing IoT up to date products and support 3]

the convenience for users to use more easily [2]. [oT
technology that will be applied will be divided into 3
sections; 1) Technology makes everything aware of in-
formation as interacting or approaching such as sensor
that detects and reacts the input that are light, move-

Microcontroller is the most famous used in electric
appliances by embedded itself inside the appliances
such as automatic washing machine, electric oven, mi-
crowave oven, air conditioning, these specify the tem-

ments, humidity, pressure, etc. 2) the technology al-
lows everything to communicate for example embed-

*Corresponding author; email: sumaleesik @ gmail.com

perature factor. While Arduino is to use various IC mi-
crocontroller in aspects of using C language together
that was written to enable the operation of different
microcontrollers as well as can use the same code. The
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project has released a variety of experimental boards
in order to conduct with IDE itself Arduino as the most
famous platform to operate both hardware and soft-
ware due to the low cost of creating circuits in which
the microcontroller operation must consist of 2 com-
ponents; Hardware - machine and Software - program-
ming platform of Arduino. The design is to offer a
user-friendly without having any programming intel-
lectual but only chosen Arduino and its feature. [4]

Arduino was developed in Ivrea, northwestern Italy
in 2005 by Massimo Banzi and David Cuartielles.
They intended to create cheap microcontroller devices
that students can access then it was bought to be the
owner. The small factory in this city was used as the
first production of the Arduino board, the project name
Arduino of Ivrea Arduino used to develop electronic
devices prototype that designed to be easy to use, both
hardware and software. The target consumers are in-
ventors, designers who are interested in inventing in-
novations or creative work. In addition to the price of
the device being compared to other microcontrollers
on the market, Arduino can also be developed by a
free program as an Open Source condition. [5]

Students majoring in Computer Education, Nakhon
Pathom Rajabhat University enrolled in the second
semester of the academic year 2019 had been as-
signed to study Innovation and Information Tech-
nology Course for Educational Communication and
Learning subject regarding to the basic foundation
of circuit system and other concern devices applying
with the theory and emphasis on the practical way.
This is to combine the practical and theory together
further the boundaries of classroom.

The National Education Act of A.D. 1999, Chap-
ter 4, Educational Management Guidelines, Article 24
describes the organization of the learning process. The
educational institutions and related agencies should
arrange the content and activities in accordance with
the aptitude and interest of the learners, taking into
account differences between people. Thinking pro-
cess, management, coping, and applying knowledge
to prevent and solve problems, encouraging instruc-
tors to organize the educational environment media
and facilities for the learners to learn. Thus, teaching
and learning are necessary to change the teaching and
learning process that is based on teachers as the cen-
ter for transferring knowledge by lecturing to organiz-
ing the learning process in accordance with the princi-
ples of the National Education Act, especially section
24 group 2 regarding practicing thinking and manage-
ment process, encountering circumstances, and adapt-
ing knowledge to solve problem and section 24 group
3 regarding organizing activities for learners to learn
from real experiences, love reading, and continuous
curiosity to learn. [6]

The problem based is the cooperative learning in
21st century that emphasis center learner model. The
learner will be group into 5-8 students per 1 teacher or

another facilitator. This model begins with a signifi-
cant problem as to simulate the future real world situ-
ation without a prior preparation; scenario or problem.
In order to find reason and stimulus students to prac-
tice thinking and reasoning to explain by attempting to
solve basic problems by using the same basic knowl-
edge. Everyone has to set a base resolution along
with considering and establishing the objectives of the
study to find necessary knowledge. Along with con-
sidering and establishing the objectives of the study to
find necessary knowledge to help to prove the hypoth-
esis. After that, the group of students will disperse
to study with various methods according to the objec-
tives that have helped each other and then bring the
newly added information. According to the objectives
that have been set aside and then bring new additional
information are reversed back to help summarize the
assumptions to solve problems. [7]

Online lessons (e-learning) is the application of
technology in teaching and learning by using multi-
media technology to create content and produce teach-
ing materials according to the needs of the students
through online lessons which will make the learners to
be able to access to the content and understand more
easily and form learning process all the time.[8] Using
online lessons increases motivation for learners and it
is an exotic experience, a virtual addition and inspire
learners to learn, do exercises and activities. It con-
veys content in the form of images, animations, text
graphics and sound. There is also a direct interaction
between the computer and the learner in order to create
motivation in learning, making students more excite-
ment and fun. [9]

According to the importance and the problems men-
tioned above, the researcher therefore had an idea to
enhance learning achievement by using online skills
media on the initial Microcontroller Arduino cope
with problem based management. Students major-
ing in Computer Education, Nakhon Pathom Rajabhat
University who enrolled in the second semester of the
academic year 2019 were assigned to study Computer
Educations Subject as they were required to create me-
dia for learning skills in connecting the sensor circuit
to the Arduino uno r3 board and can write programs to
control various devices and solve the problems that the
teacher set up. The students can study by themselves
or find more from the website, with instructors to offer
an advice. This process would help students to think
and analyze systematically as well as understand the
functional design enable learners to create knowledge
by themselves in the future.

2. Objective

1. To develop an online lessons skills development
on Microcontrollers Arduino basic with problem-
based learning on Innovation and Information Tech-
nology Course for undergraduate students.
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2. To evaluate the quality of the online lessons.

3. To compare the learning achievement of learn-
ers before and after learning with the online lessons
on the Microcontroller Arduino basic with problem-
based learning for undergraduate students.

4. To assess learners’ satisfaction towards the on-
line lessons on Microcontrollers Arduino basic with
problem-based learning for undergraduate students.

3. Hypothesis

1. The quality of the media enhances the online
lessons of the initial Microcontroller Arduino basic
that has been evaluated by 5 experts for undergradu-
ate students is in good level.

2. Achievement of learners before and after learn-
ing with the online lessons on the Microcontroller Ar-
duino basic with problem-based learning for under-
graduate students gains a higher value than before
learning with statistical significance at .05.

3. Students’ satisfaction towards the online lessons
on the initial Microcontroller Arduino basic with
problem-based learning for undergraduate students is
in a high level.

4. Scope of the Research

1. Research plan
This research is an experimental research. The
researcher used the research plan of one group pretest-
posttest design which has the details as follows:

Table 1. One group pretest-posttest design.

f::f:)es Pretest Experimenting Posttest
El T1 X T2

E1 = Samples Group

T1 = Pretest

X = Experimenting
T2 = Posttest

2. Population and sample

2.1 The population in this research was 360 stu-
dents of Computer Educations who enrolled in the
academic year 22/019.

2.2 The samples in the research were 30 of first
year students majoring in Computer Education. Stu-
dents enrolled in academic year 2/2019, and were se-
lected by simple random sampling.

3. Variables to be studied

3.1 The independent variable was the online
lessons on the initial Microcontroller Arduino basic
with problem-based learning for undergraduate.

3.2 The dependent variables included academic
achievement and the satisfaction of learners.

4. The content was the Innovation and Information
Technology Course for undergraduate students; in this

research, the researcher has designed the lessons in
practice on Microcontroller Arduino basic to conduct
3 units of experiment, which are;

4.1 Connection of Microcontroller Arduino to
LED Lamp.

4.2 Connecting the Microcontroller Arduino with
soil moisture sensor.

4.3 Connection of Microcontroller Arduino to
12C LCD Display.

5. Methodology

This research study was the development of the
online lessons on Microcontroller Arduino with
problem-based learning of students majoring in Inno-
vation and Information Technology Course for under-
graduate students. The researcher conducted the re-
search according to the ADDIE Model [10] as follows:

1. Analysis Stage: the researcher conducted the
analysis as follows: Studied courses and course
descriptions on Innovation and Information Technol-
ogy Course, classified activities and analyzed the con-
tent and objectives of the course. Selected content,
consisting of 3 units of study related to be developed
study the problem-based learning and learning model,
applied the design of online teaching and learning ac-
tivities and studied the technology to be used in media
development, including Webhost, Atom, Adobe Pho-
toshop CS6, Camtasia 9, and Google from websites,
documents as well as related research.

2. Design stage: the researcher carried out the de-
sign as follows:

2.1 Designed content learning units, quality as-
sessment forms of the online lessons, the tests before
and after learning, problem-based learning activities,
and satisfaction assessment forms of learners.

3. Development stage: the researcher developed the
followings:

3.1 Developed online skills and quizzes using
webhost, Atom, Adobe Photoshop CS6 and Camtasia
9, and brought webhost online learning materials.

3.2 Developed a media quality assessment form
to enhance the online skills of the Microcontroller Ar-
duino Introduction to content and media production
techniques. Presented to 5 experts for quality evalua-
tion.

3.3 Developed a test before class and after class.

3.3.1 The researcher created 50 items, with 5
experts evaluating the accuracy of the questions (I0C).
The results showed that the test passed the criteria of
44 items with the IOC = 0.83 and the test was applied
to find the difficulty and the power of discrimination.

3.3.2 The researcher brought 44 items to find
the difficulty and the power of classification with the
second year students in the Computer Education. It
was found that the test has passed 35 items long crite-
ria with the difficulty (P) = 0.65 and the classification
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power (D) = 0.48 and the test to find confidence in the
next order.

3.3.3 The researcher selected 30 items from 44
items to find the reliability of the whole set of tests. It
was found that the test had a reliability of 0.72, which
is in the appropriate criteria. This shows that this set
of tests can be used in research

3.4 Developed students’ satisfaction assessment
form using a rating scale with5 levels [11];

5.00 = the highest level
4.00 = high level
3.00 = medium level
2.00 = low level
1.00 = the lowest level
4. Implementation: the researcher conducted the ex-
periment and applied as follows:

4.1 Explained how to access to online skills en-
hancement media and the problem-based learning

4.2 Required students to do a pretest before study.

4.3 Assigned learning and work, issues, discuss
knowledge learned with classmates and teachers.

4.4 Required students to do the posttest after
study.

4.5 Required students to do a questionnaire to as-
sess the satisfaction of the learners about using online
learning skills about Microcontrollers Arduino basic
with problem-based learning for student studying In-
novation and Information Technology Course for un-
dergraduate students.

5. Evaluation: the researcher conducted the evalua-
tion as follows:

Analyzed the data obtained from the experiment
and to find the statistical values which are mean, stan-
dard deviation and t-test statistics, summary of the ex-
periment results and writing a research report.

6. Results

1. The results of the development of online lessons
on the initial Microcontrollers Arduino with problem-
based learning for undergraduate students Consists of
lessons as shown in Fig. 1 — Fig. 6.

Hoidsuvinuzeoularl : '
lulasmeulnsaiaas Arduin g h

Figure 1: Main menu.

Main Menu consists of 6 items as follows:
1) Instructions for using lessons
2) Pre-test

3) Post-test

4) Lab 1: Connection of Microcontroller Ar-
duino to LED Lamp

5) Lab 2: Connecting the Microcontroller Ar-
duino with soil moisture sensor

6) Lab 3: Connection of Microcontroller Ar-
duino to I2C LCD Display

Instructions describe doing pretests, posttests, and 3
chapters’ contents.

AMYUANGEY

Arduino iy wwan LED (dhumsimsions

Arduino

duino s 3 LCD wy

Figure 2: Instructions for using lessons.

Figure 3: lesson.

maigondalbilasAouvsamasArduino i viaan LED

Figure 4: Lab 1: Connection of Microcontroller Arduino to LED
Lamp.

Each lesson has the teaching video for the learners
to be able to learn and practice by themselves.

2. The results of the online lessons quality assess-
ment are shown in Table 2.

From Table 2, it was found that the quality of the
online lessons, evaluated by 5 experts was an average
of 4.53 and a standard deviation of 0.57.

3. The comparison of learning achievement of stu-
dents before and after learning with online lessons
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Figure 7: Teaching Video.
Figure 5: Lab 2: Connecting the Microcontroller Arduino with soil
moisture sensor.
ns@andn bilasaauinsataas Arduino fuaa LCD uuw 12¢ L
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Figure 6: Lab 3: Connection of Microcontroller Arduino to 12C
LCD Display. Figure 8: Pretest and Posttests.
Table 2. The results of the online lessons quality assessment. Table 4. The results of the assessment of student satisfaction.
. Results L. Results
Evaluation Average  S.D. Level Question item < SD. Level
Cont'ent 4.43 0.59 Good Contents
Medla Produc-  4.62 0.54 Very good 1. Content consistent with pur-  4.67 0.57 highest
tion poses
Total 4.53 0.57 Very good 2. Clear explanation 4.53 0.37 highest
3. Suitable sequence of content  4.30 0.49 high
4. Suitable language 4.06 0.69 high
on the initial Microcontroller Arduino with problem- 5. Clear questions and answers ~ 4.83 0.59 highest
based learning for undergraduate students is presented Average 4.48 0.54 high
below in Table 3. Techniques
6. Font, size, and color of letters  4.43 0.67 high
Table 3. The comparison of learning achievement of students. 7. Background 423 0.68 high
8. Sound and animation 4.55 0.96 highest
Test Total = . 9. Interaction with users 4.96 0.68 highest
score N Seore X SD-t S8 10. Beauty 4.54 047 highest
Before 30 30 15203.80 547 .000%* Average 4.54 0.69 highest
learning Problem-based Learning
After 30 30 26.67 1.93 11. Various activities 4.65 0.56 highest
learning 12. Interesting learning 496 0.78 h%ghest
** With statistical significance at the level of .05 I1n3én[t,earners take partinassess-  4.560.31 highest
14. Sharing experience with 4.13 0.68 high
From Table 3, it was found that learners’ learning friends and instructor
through online lessons had academic achievement of 15. Can study by yourself all 4.46 0.50 high
post study as ( = 26.67, S.D. = 1.93) which is higher the time
than pre study as ( = 15.20, S.D. = 3.80). Moreover, Average 4.55 0.56 hfgheSt
the statistical significance was at the level of .05 which Total 452 0.59 highest

is in accordance with the set hypothesis.
4. The results of the assessment of students’ satis-
faction towards the online lessons are shown in Table

4.

From Table 4, it was found that the students were

satisfied with the highest level ( X=4.52,S.D.=0.59)
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when considering each aspect, it was found that the
content was at a high level of satisfaction (X= 4.48,
S.D. = 0.54).Furthermore, the technical production
was at the highest level (X= 4.54, S.D. = 0.69) and
the problem-based learning and activities were also at
the highest level (X=4.55, S.D. = 0.56).

7. Conclusions

1. The quality of the media enhancing the online
skills of the initial Microcontrollers Arduino with
problem-based learning on Innovation and Informa-
tion Technology Course for undergraduate students
evaluated by 5 experts was at a very good level with
an average of .4.53 and a standard deviation of 0.57
which is in accordance with the assumption.

2. Achievement of learners before and after learn-
ing with online lessons about Microcontrollers Ar-
duino, basic with problem-based learning on Innova-
tion and Information Technology Course for under-
graduate students had higher academic achievement
after studying with statistical significance at the level
of.05 in accordance with the assumptions set.

3. Overall, students’ satisfaction with the online
lessons on the initial Microcontroller Arduino with
problem-based learning on Innovation and Informa-
tion Technology Course for undergraduate students,
was the highest level (X=4.52, S.D.=0.59) which is
in accordance with the hypothesis set.

8. Disscussion

1. Learning achievement of learners after learning
by online lessons had higher academic achievement
than before learning with statistical significance at the
level of .05 in accordance with the assumptions set.
That is because the research has passed the evalua-
tion process of media quality from 5 experts which
was suitable before being applied in the class. The
media quality included the online lessons consisting
of content, practice, that are colorful and able to at-
tract the attention of learners, and activities to practice
which are agreeable with the research of Kriangsak
Ploysang [12] who studied learning achievement in
language courses and communication using problem-
based learning, found that the learning achievement
in teaching language courses and communication that
use problem-based learning as the base after learning
is higher than before study with statistical significance
at the level of .0.

In addition, it is also in line with the research
of kinnaree Chian, Piya Supavarasuwat, Wisult Sun-
thonkanokpong and Sunti Tuntrakool [13] who con-
ducted the research on the internet based tutorial les-
son on cable TV, found that when the pretest and
posttest scores of the students were compared, the av-
erage score of posttest was statistically higher than that
of the pretest at .01 level.

2. Learners’ satisfaction with online skills enhance-
ment media titled Microcontrollers Arduino basic with
problem-based learning on Innovation and Informa-
tion Technology Course, was at the highest level with
an average of 4.52 and a standard deviation of 0.59 as
online lessons enabled students to learn anywhere and
anytime. It made learners to be more comfortable in
learning and understand contents by themselves. Each
content in each chapter was suitable and made students
enjoyable in learning. The findings are agreeable with
the research of Zacharis [14] as learners can elastically
work together resulting in the learners to have good
quality works, better records, and satisfaction towards
teachings.

9. Recommendation

1. General Recommendation

1.1 Learners have better academic achievement
due to the learning by using online skills enhancing
media about Microcontrollers Arduino with problem-
based learning on Innovation and Information Tech-
nology Course. The researcher thinks that this online
skill-enhancing media should be used for other learn-
ing management, including project-based learning.

1.2 Online lessons can help learners practice.
This can increase skill which is suitable for practical
subjects which can practice through online lessons at
any time but may add activities or exercises or more
diverse games to meet the different learning needs of
learners. In addition, exercises that are diverse should
be added. Importantly, it must be suitable with the
content, objectives and needs of learners.

2. Suggestions for further research

2.1 The online lessons from this research should
be adopted and incorporated into online lessons of a
subject in order to enhance and develop teaching ac-
tivities more effectively by using technology.

2.2 The online lessons from this research should
be developed in order to be able to be used on the on-
line platform of a portable device.

2.3 Should be a sound of motion picture that have
video clips in order to be more interesting.

References

[1] A. Kanhawet, The definition of Smart Home, Available from:
https://www.arm.co.th/knowledge.aspx microvsmart (accessed
10 September 2019.)

[2] N. Kongraksa, Factors affecting consumer intent to use the in-
ternet of things on wearable devices in Thailand, An indepen-
dent study submitted in partial fulfillment of the requirements
for the degree of master of science program management infor-
mation systems, Faculty of Commerce and Accountancy Tham-
masat University, 2017.

[3] P. Kunlimratchat, Internet of things: Current technology trends
for future, Eastern Asia University Journal Science and tech-
nology edition 10(1) (2016) 29 -36.

[4] Strategic man, technology 3: Internet of things, Available from:
http://www.strategic-man.com/articles/detail/ WO9eMWmGO
Uk (accessed 11 January 2020).



Interdisciplinary Research Review

25

[5]

[6]

[7]

[8]

[91

Introduction to Arduino, Available from: https://www.arduit
ronics.com/article/ (accessed 11 January 2020)

Office of the National Education Commission, The National
Education Act Amendments 1999 (2nd Edition) of 2002, Avail-
able from:http://www.roiet3.go.th/index.php/ (accessed 10 Jan-
uary 2020)

Ministry of Education, Student-centered teaching, Document
sets of reforming guidelines of the schools in Department of
General Education, Bangkok: Religion.

Office of the Education Council, Monitoring and Evaluation
Report on Education Reform In Education, Bangkok: Century,
2006.

K. Malithong, Education Technology and Innovation, Bang-
kok: Aroonprintin, 2002.

[10] M. Tiantong, Courseware Design and Development for CAI,

Bangkok: King Mongkut’s University of Technology North
Bangkok, 2011.

[11] B. Srisaart, Preliminary Research(8th edition), Bangkok:
Suwiriyasat, 2010.

[12] K. Ploysang, A study of language and communication learn-
ing achievement using problem-based learning, Available from:
https://www.mcu.ac.th/article/detail/14381 (accessed 11 Jan-
uary 2020)

[13] K. Chian, P. Supavarasuwat, W. Sunthonkanokpong, S. Tun-
trakool, Internet based tutorial lesson on able TV, Journal of
Industrial Education 17(1) (2018) 113-119.

[14] N. Zacharis, Evaluating the effects of virtual pair program-
ming on students’ achievement and satisfaction, International
Journal of Emerging Technologies In Learning 4(3) (2009) 34
—-39.



