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ABSTRACT ---- The goal of this research was to identify the issues that students have in the Embedded System (ES)
course, as well as possible remedies. This study was carried out during the 2019/2020 academic year at Ujung Pandang
State Polytechnic. A random sample of 23 students was chosen. A questionnaire was used to collect information. The
findings revealed thataiedia used, mastery of the content, method used, literature or teaching materials used, and how
to deliver are some of the factors of student learning difficulties in ES courses. The usage of media is a major element
creating student learning difficulties in ES courses, according to some of the considerations. As a result, one suggested
alternative is to use the Internet of Things. The use of IoT in ES course learning can reduce student learning difficulties.
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1. INTRODUCTION

Embedded systems (ES) are topics that are difficult to understand if only applied theoretically without a practical
approach. Because this topic is related to hardware and software design integrated in one (Tukadi & Hakimah, 2017)
Some studies in the field of embedded system learning include the use of lecture assignments in the form of projects
conducted by researchers (Darmaliputra & Hermawan, 2014). Project assignments are temperature measurements with
DS18B20 digital sensors and analog sensors, namely LM35 and thermistor 20 In addition, the development of prototype
practicum modules for ES using Arduino Uno has also been developed (Budijanto et al., 2015), while ES curriculum
development is very fast both hardware and software, hardware in the form of microprocessor chips to single chip
microcontrollers or single-chip microcomputers and programming languages ranging from assembly languages to high-
level languages (Ibrahim, 2015).

In the world of education, Embedded System (Embedded System) is one of the topics or materials that are considered
quite difficult by students to understand. Therefore, needed supporting equipment in the form of software and hardware
that can help facilitate the understanding of students in undergoing the process of learning embedded systems in the
classroom or laboratory to conduct experiments. According to research by Junior et.al, which has been done about learning
embedded systems that use open source software Fritzing and Arduino to improve students' ability to make hard ware and
software and integrate them into a single unit. After the learning process is done this way for 2 years, it gives positive
feedback rather than learning in the conventional way (Junior et al., 2013).

Along with the development of technology, currently there are various kinds of learning media available, one of the
media that has many advantages over other media, namely computers because every information in the form of text, sound,
animation and images can be displayed together. Several studies have shown, if the use of interactive media can increase
the mastery of concepts, learning achievement (Prastika et al., 2015), and critical thinking skills (Wiyono, 2017). The lack
of use of media in learning, most Integrated Learning subjects still use print media as a source in the lecture process and at
least 4-5 times use power points as a messenger (Wati, 2010). The lack of media use by lecturers is also a determining
factor in the quality of lectures. The media is able to provide varied stimulation to our brain, so that our left and right brains
can function optimally.
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In addition, in this digital era, the development of science and technology is felt very rapidly, especially in the field of
internet development. Because of that the world of education is inseparable from the development of the internet or often
called the virtual world. Therefore, learning requires the availability of learning media that can be connected to the internet.
Through media that uses the internet, every student or student can use the internet that is tailored to educational needs. In
addition, the use of the internet which can be considered a learning medium makes it very easy for students to access
information such as science, sending writings or assignments via email, and so on.

Besides students and lecturers ilaeelsier in the learning process. The use of internet media is considered very important
for the implementation of learning. With the development of the Internet of Things (IoT), the internet can also be used to
achieve other goals that support the success of learning. Therefore, by utilizing the internet in carrying out both theoretical
and practical learning activities, learning objectives can be achieved. One example is the use of the internet for learning
activities in the Embedded Systems Course (Dias Prihatmoko, 2016).

Internet of Things is a medium for connecting between microcontrollers and the internet. Students can carry out project
monitoring and see the results of development which usually use LEDs, LCDs or other actuators, displayed on websites
that can be accessed from various places and at any time using a computer browser or gadget. It is hoped that with this
media less innovative learning, student boredom, and learning media that do not keep up with the times can be overcome
(Saputra & Iaemm‘ 2018) Regarding the use of 10T as a medium in learning, the results of Saputra & Hertanto's research
indicate that the results of the material expert assessment based on aspects of material substance, learning design and media
utilization have an average total score of 60.50 from a maximum score of 80 and are categorized as "Eligible”. While the
assessment by media experts based on aspects of appearance, aspects of media use, learning design, and substance of the
material got an average total score §/5 50 from a maximum score of 92 and was categorized as "Very Eligible". User /
student assessment responses to the Internet of Things (1oT) based learning media for microprocessor engineering in terms
of substance, learning design, appearance, and media utilization, 23% of students stated "Very Eligible" and 77% of
students stated "Eligible" "As media learning.

Based on the previous description of the material Embedded System (ES) and the relevance of using media in learning,
particularly internet media. This study aims to provide a different approach to the development of IoT -based learning
media, specifically in Embedded System (ES) courses at Ujung Pandang State Polytechnic. As a result, issues concerning
the Embedded System (ES) course's challenges can be addressed. Specifically, this research aims to intends (1) to learn
about several elements that contribute to learning challenges in the Embedded System (ES) course; (2) Recognize the most
main factors of learning difficulties in Embedded Systems courses; and (3) viable alternative for dealing with learning
issues in the Embedded System course.

1.1. Learning Difficult

Learning is a process of behavior change that is a result of the interaction between individuals and their environment
to meet the needs of their lives (Widiyastuti et al., 2018). Meanwhile, learning is a process of gaining knowledge and
experience, both in the form of behavioral changes and the ability to interact relatively or permanently as a result of these
interaction. Learning difficulties are the emergence of symptoms in students marked by several things, amonggilhers;
learning achievement is decreased or less than the value that has been set (Hikmawan, 2017). Therefore, learning
difficulties can also be interpreted as a change in conditions in the learning process due to certain obstacles in achieving
learning outcomes.

Blassic and Jones as quoted by say that the notion of learning difficulties shows the distance between academic
achievement as expected and student achie vement. More about learning difficulties, Blassic and Jones also said that the
signs of studcntho have learning difficulties are having normal intelligence, however showing one or even some
deficiencies that are important in following the learning process, both in the form of perception, memory, attention or even
in motor function (Hikmawan, 2017).

The factors that can cause student learning difﬁcullu‘e many or various types. However, if the ca is associated
with factors that play an important role in learning, then the causes of learning difficulties can be grouped into two, namel y
factors originating from within stucats (internal factors) and also factors originating from outside students (external
factors). An internal factor celusilastudem learning difficulties can be classified into two parts, namely physiological
factors and psychological factors. External factors that can affect student learning are factors that originate from outside
the student, while external factors can be grouped into two groups as well, namely social factors and non-social factors
(Ichsan, 2016).

1.2. Embedded System (ES)

Embedded Systems (ES) are special computer systems that are designed to perform certain tasks and are usually
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embedded systems in one system (Lee, E. A., & Seshia, 2017) and (Marwedel, 2006). gmbedded System (ES) is a
combination of hardware and software that is embedded (embedded) in a particular device that aims to perform special
functions / tasks (Heath, 2011). This system is part of the whole system consisting of mechanics and other hardware. The
Embedded System (ES) field covers the mastery of hardware. Thus, the Embedded Sysan (ES) is a digital system
(electronic circuit) which is partof a larger system, which is usually not an electronic system. The word embedded indicates
ap:ﬁthat cannot stand alone. In contrast to digital systems designed for general purposes (Jatmiko et al., 2011).

Embedded systems are usually implemented using a microcontroller, embedded systems can provide real time
responses and are widely used in digital equipment, sucas watches. Embedded systems are not only known in the IT
world but also in the automotive and even medical world. Consumer electronics include Personal Digital Assistant (PDA),
mp3 players, cellphones, video game consoles, digital cameras, DVD players, GPS receivers, and printers. Many household
appliances such as microwaves, washing machines and dishwashers, which include embedded systems to prgidc
flexibility, efficiency and features. The advanced HV AC system uses a thermostat network to control temperature more
accurately and efficiently which can change with time and season.

Home automation uses cables and network cables that can be used to control lights, climate, security, audio / visual,
surveillance, etc., all of which use embedded devices to monitor and control (Lee, E. A., & Seshia, 2017). In addition to
the embedded systems described generally based on small computers, a new class of mini wireless devices called motes is
quickly gaining popularity as an increasing field of wireless sensor networks. The wireless sensor network, ISN, uses
miniaturization made possible by sophisticated IC designs for installation of complete wireless subsystems for sophisticated
sensors, allowing people and companies to measure and know various things in the world (Toulson & Wilmshurst, 2017).

Some of the results of research on Embedded Systems (ES) include: (1) An application and website system on the
internet is obtained by HTML and synchronized with the main server on the uin() Severino microcontroller which is
better known as a webserver in embedded systems (Zarpeldo et al., 2017): (2) One solution to overcome the limitations of
software-based efficiency with Embedded Systems is to implement cryptographic calculations of greedy resources on
specific hardware using Application Specific Integrated Circuits (ASICs). Therefore the 'default algorithm' approach can
be followed for proven performance even though imexpensive (Barua et al., 2014): (3) Significantly, direct laboratory
experiments conducted here are considered cheaper for each student to run. It also covers two thirds of semester laboratory
work, and inevitably gives confidence to each student by slau’la the complex design of each Embedded System project
(Ajao et al., 2016); (4) Project-Based Learning Methods (PBL) in teaching this course have helped bridge the gap between
theoretical electrical engineering education and the real world. Feedback from students illustrates the effectiveness of this
method in improving students' understanding and ability in applying embedded systems design concepts to solve real-
world engineering problems (S;llﬂ:hel et al., 2016); (5) We teach experiments embedded systems with new thinking, and
design experiments accordingly. Students are required to be familiar with embedded system design methods, know about
real-time operating systems, master workbench fo bedded system development, be familiar with debugging methods,
and understand software and hardware co-design. With this method, studeracan master the development of embedded
systems quickly, and the effects of teaching are good (Tsasis et al., 2019); (6) Through the application and effect of practice
in practical teaching for several semesters, this reform shows that the inverse class mode based on MLR has a significant
effect in the experimental relationship of Embedded System design, which helps stimulate and mobilize student interest
and enthusiasm at the same time to improve teaching quality (Ding et al., 2017); and (7) From the results of the above
research it can be stated that embedded systems are widely applied in various kinds of monitoring and control tools,
materials including microprocessor architecture, parts of microcontroller systems, input and output signals, signal
processing, sensors and actuators, microcontroller programming, microcontroller applications for monitoring and control.

Embedded Systems (ES) are subjects that are quite difficult to understand if implemented only theoretically without a
practical approach. Because this course discusses integrated hardware and software design into one. Some research in the
field of embedded system learning includes the application of college assignments in the form of projects, practical
modules, learning microcontroller architecture, Inventor applications, and circuit design that uses the main components of
Arduino.

2. METHOD

This is a descriptive survey in which the facts in the field are revealed. The research was carried out throughout the
2019/2020 academic year at Ujung Pandang State Polytechnic. A total of 23 students were randomly chosen for the
samples. Respondents were given a questionnaire to fill out in order to collect data. Furthermore, the data was descriptively
quantitatively analyzed and qualitatively concluded. When data is described quantitatively, it is based on the tendency of
existing phenomena, and when it is expressed qualitatively, it is based on a cate gorical narrative. As a result, we'll require
a frequency distribution table as well as a percentage of each question item's response in the survey.
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3. RESULT AND DISCUSSION
. Difficulty studying Embedded System (ES) Subjects due to lack of mastery of material from lecturers

Based on the results of the questionnaire processing, it was obtained that in general, respondents responded positively
to the mastery of the material by the lecturer. In other words, lecturers generally have mastery of material that can help
students overcome obstacles in ES courses. the lecturer's mastery of the content is not a factor that causes students learning
difficulties in the perspective of the ES. Nevertheless, some students perceived a lack of understanding of the topic is the
reason of learning difficulties in ES courses. The results of the questionnaire can be seen in the following fig 1.

W Yes

®No

Figurel. Difficulty studying Embedded System (ES) Subjects due to lack of mastery of material from lecturers

3.2. Difficulty studying Embedded System (ES) courses due to inappropriate methods

In general, students also give positive responses to the methods used by lecturers in ES subjects. This means that in
general lecturers use the right method in studying ES courses. Therefore, it can be said that the use of methods 1s not a
cause of student learning difficulties in ES courses. Nevertheless, there are still some students giving responses that the
cause of learning difficulties for ES courses is the use of inappropriate methods. The following table is a processed
questionnaire about the use of teaching methods by lecturers.

mYes

mNo

Figure 2. Difficulty studying Embedded System (ES) Subjects because the method used by the lecturer is not right

3.3. Difficulty studying Embedded System (ES) courses due to unattractive teaching methods

Positive responses were also shown by respondents about the causes of students' learning difficulties in ES courses
based on the way the material was delivered. Most students gave positive responses to the way lecturers delivered in ES
courses. Therefore, it can be stated that the method of delivering the material by lecturers is not the cause of students'
learning difficulties in ES courses. However, there are still some students who respond that the way lecturers deliver
material in ES courses is still not quite right.
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mYes

m No

Figure 3. Difficulty studying Embedded System (ES) Subjects because of the way of delivery that is less
interesting from the lecturer

3.4. Difficulty studying Embedded System (ES) courses due to inappropriate teaching materials

The use of ES course literature also received positive responses from respondents. In general respondents responded
that the cause of their difficulties in ES courses was not due to the literature or teaching material used. Therefore, literature
or teaching materials can be considered not the cause of students' difficulties in studying ES courses. Even so, there are
still some students who respond that literature is also the cause of their learning difficulties in ES courses. The processed
data can be seen in the following Fig 4.

W Yes

m No

Figure 4. Difficulty studying ES Subjects because of the literature or teaching material

3.5. Difficulty learning Embedded System (ES) caes related to inappropriate learning media

Different responsef® points 1 to 4 above are shown in the use of media in learning. In genfJl, respondents gave
negative responses to the use of media in learning ES subjects. This shows that the use of media is one of the causes of
student learning difficulties in ES courses. The following table shows the processed data from the research questionnaire
following fig 5.

m Yes

m No

Figure 5. Difficulty studying ES Subjects because the media used is not right
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3.6. The Internet of Things (IoT) can be used as an embedded learning system (ES)

The usage of the Internet of Things is one alternate method that can help students overcome their problems in mastering
ES courses (IoT). In general, respondents agreed that the Internet of Things is an excellent method for learning ES courses.
As a result, IoT can be utilized to help students overcome learning obstacles in ES courses. More, student responses can
be seen in the following Fig 6.

H Yes

W No

Figure 6. Internet of Things (IoT) can be used as an embedded learning system (ES)

Based on the results in points | to 5 above, it can be concluded that the main cause of student difficulties is the use of
media which is not appropriate. Information on points 1 to 5 above, can be summarized in the following Table 1. Sequence
of factors causing learning difficulties of students in ES courses based on the results of questionnaire processed.

Table 1. Sequence of factors causing learning difficulties of students in ES courses based on the results of

questionnaire processed
No Reasons Percentage
] media used 82.6%
2 mastery of the material 78.3%
3 the method used 68.2%
4 literature or teaching material used 69.6%
35 delivery method 60.9%

Based on the factors of student learning challenges in ES courses shown in table 7, one potential approach is to leverage
the Internet of Things (IoT). As a result, it is expected that in learning ES courses, IoT will be a useful tool for reducing
student learning difficulties. The above findings are consistent with Prihatmoko's research, which found that IoT may be
used to increase student learning activities in ES (Prihatmoko, 2016). This is also in line with the findings of Saputra and
Hertanto's study, which claims that using IoT in ES learning is one of the advances (Saputra & Hertanto, 2018).

4. CONCLUSION

Based on the mns of research that has been carried out on the analysis of student learning difficulties in ES learning,
it is concluded that the use of learning media in ES learning is the main factor that students find it difﬁcn to master ES
learning. This is because there is currently no available learning media that is relevant to ES learning. The presence of
media in the learning process really helps students better understand what they are learning. Therefore, the selection and
use of media must be really appropriate so thaﬁhc desired goals can be achieved easily.

The selection of a type of learning media is one of the most important parts in the learning process in the classroom.
The selection of the wrong type of media can cause various effects in the learning process. One of the most frequently
encountered consequences is that the learning process that occurs in the classroom is not optimal. This will be the main
cause of the final learning objectives are not conveyed properly and cannot be achieved by students.

ES learning was initially taught using AVR or MCS51-based microcontroller material, which explored basic materials
such as registers, timers, interrupts, and so on. This basic material is also taught using assembly language where many
students do not master it. Currently, ES learning is defined as the interconnection of uniquely identified Embedded
Computing Devices in the existing Internet infrastructure. However, currently at the State Polytechnic of Ujung Pandang
there is no specific teaching Internet of Things (1oT). For this reason, ES learning lecturers are expected to prepare ES
learning media that are integrated with the Internet of Things (ES) to be relevant to the needs of today's industrial world.
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