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Abstract

Green skills are sometimes referred to as sustainable development skills because they are
associated with technical skills, knowledge, values, and attitudes required in the workforce to
produce and promote sustainable, social, economic, and environmental results in business,
industries, and the community. Technical and Vocational Education and Training (TVET) plays
an important role in promoting the development of a sustainable workforce by educating and
training students through a more valuable sustainability-related curriculum, as well as
contributing to the development of the Facility Management (FM) industry. The purpose of this
study was to investigate the green skills competency of third- and final-year TVET undergraduate
students and educators from a public university in Malaysia. Based on Pavlova's green skills
competency and ecological modernization theory by Howes et al., this study constructs a
conceptual framework. This study includes 40 Faculty of Technical and Vocational educators and
81 third- and final-year students from Engineering Technology, Agriculture, and Family and
Consumer Science programmes. The data were collected using an online Google form. In this
study, descriptive statistics such as frequency (f) and percentage (%) were used. Thematic
analysis was also employed to categorise open-ended items. This study emphasises qualitative
analysis findings to relate green skills competency of the respondents. The findings of this study
reveal that the respondents’ claims that they understood the green concept. They thought
green skills as sustainability, green technology, recycling activities, and renewable energy.
Most of the participants agreed that they possessed green knowledge and skills. They also
stated the benefits of green technology which included creating sustainable environment,
providing renewable energy, promoting recycling activities, saving operational costs,
improving wellbeing, enhancing energy saving, providing more green jobs opportunities
and encouraging the use of green materials. However, the most challenging barrier is
inadequate facilities to support green skills related activities. Next, educators also
highlighted the lack of proper green curriculum and the lecturers lack of motivation as
the other barriers faced while teaching green skills. Finally, the respondents made
suggestions to their institution on how to enhance green skills competency among TVET
educators and students. They stated that educators should conduct seminar and training
related to green skills to their students. Followed by need to restructure green curriculum,
ensuring adequate resources are available, cultivating green attitude and ensuring policy
is implemented at the institutional and national levels.

Keywords: Green skills, Green Technology, TVET, Facility Management, Sustainable
Development
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1. Introduction

Facility management (FM) is a multidisciplinary profession that integrates people, place,
process, and technology to ensure the operation, comfort, safety, and efficiency of the
physical environment (IFMA, 2022) [1]. Facilities Management has progressed from
sustaining and adapting to the increasingly important job of contributing to work
organisation productivity. This shift from the physical to the human aspect of the FM
profession has occurred gradually over time, but as the cost of people, including
recruiting, retention, and performance, rises, so does our influence on the firm (Michel,
n.d.) [2]. The infrastructure of higher education institutions is defined as physical assets
and facilities that directly contribute to the efficiency of the educational system's teaching
and learning. Physical and non-physical facilities, as well as the surrounding
environment, provide the institutions with the necessary structure and atmosphere for
teaching and learning activities. Non-physical facilities include indoor air quality,
acoustics, natural lighting, artificial lighting, temperature, ventilation, and cleanliness
(Abdullahi & Yusoff, 2018) [3].

FM refers to the integration of processes within an organisation in order to maintain
and develop agreed-upon services that support and improve the effectiveness of the
organization's primary activities (IWFM, 2022) [4]. In summary, FM focuses on facility
and consumer coordination requirements in order to meet standards. To ensure high-
quality and effective FM, various disciplines such as engineering, architecture, business
management, and behavioural science are required to achieve the best facilities
management. As a result, being a facility manager is difficult because it requires a
manager's abilities, competence, and extensive experience in managing and maintaining
a facility (Isa et al., 2016) [5].

There are substantial advantages to green FM; moreover, this article focuses how
green FM can monitor energy consumption while extending the life cycle of the building.
Building maintenance can help to extend the life of the fabric, service, and structure of a
building. A very well FM system has been installed in a building can save up to 15% of
the structure's energy usage. In addition, the facility's expected life span will be increased.
As a result, "green maintenance" has become an essential component of meeting
sustainability initiatives (Keeping & Shiers, 1996) [6]. Simple cleaning and security
services are unable to meet the market's demand for FM. The trend among stakeholders
will be to provide more value-added solutions (Cant, 2004) [7].

Because of the growing governmental push towards sustainability, facility managers
are expected to be in high demand. In 2020, 20,000 'green collar' PMETs, also known as
professionals, managers, executives, and technicians, are expected will need training in
green facility development, design, construction, operation, and maintenance
(Sustainability, 2014) [8].

Malaysian production plants are innovating and becoming more inventive as
automation systems are installed all across the manufacturing process. The FM system,
power management, and other departments such as logistics, warehouse, quality, and
maintenance will be linked to the production and manufacturing systems. Data can be
transferred from one system to another, making manufacturing operations run more
smoothly and efficiently. Furthermore, the production plant is globally connected via the
Internet. As a result, control and monitoring may take place beyond the production plant,
making smart factories more adaptable (Wang et al., 2016) [9]. The production line must
be adaptable enough to the product it will produce (Weyer et al., 2015) [10]. The product
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will be created using standard manufacturing procedures. Changes or updates to a product
can be made quickly, and the entire manufacturing line does not need to be reconfigured.

TVET is a tool that enables to develop a long-term workforce. To address
globalisation concerns such as climate change and other negative consequences, a
workforce with sustainability ideals is required. Technical and vocational education is
critical in educating students to be environmentally conscious through a more
sustainability-related curriculum. As a result, green skills must be taught in TVET
programmes. Malaysia's educational and training institutions must devise a strategy to
inculcate a deep understanding of the importance of environmental preservation for
everyone's well-being in the millennial population (Kamis et al., 2017) [11]. Greening an
organization ensures the participation and collaboration of several key stakeholders and
cannot be accomplished by a few dedicated individuals alone. Facility managers are
among the relevant internal stakeholders who should be kept up to date on the TVET
institution's greening initiatives on a regular basis because they can help or hinder the
process to some extent. They must be applicable and relevant to the greening system
(Mertineit & Huyen, 2016) [12].

The green paradigm is critical in work and life in the twenty-first century (Ramlee et
al., 2019) [13]. The United Nations has established several international agendas and
programmes, such as the Sustainable Development Goals and the Millennium
Development Goals, to conserve and sustain the world. To achieve its goals, the 2030
Agenda for Sustainable Development, as well as the 17 Sustainable Development Goals
(SDGs) adopted by the United Nations (UN) through member countries in 2015, place a
strong emphasis on education and training (United Nations, 2015) [14]. The Sustainable
Development Goals went into effect on January 1, 2016. They demand that measures be
taken to promote prosperity and progress. At the same time, the environment is being
safeguarded. Various social demands, such as education, health, social protection, and job
opportunities, are being met while combating climate change and conserving the
environment and reducing poverty through economic growth. The UNESCO Technical
and Vocational Education and Training (TVET) strategy aims to assist member countries
in transitioning to more sustainable communities and economies (UNESCO, 2016) [15].

As a substantial provider of skilled labour, TVET is responsible for incorporating
green skills into teaching and learning practises in order to achieve a more sustainable
future (Pavlova, 2014). Thus, according Pavlova (2014) [16], the need to address global
issues such as climate change and carbon emissions, environmental degradation and
pollution, health, and poverty requires developed countries to embrace innovation-driven
growth initiatives, which TVET should promote. Economic gains from green
restructuring should be accompanied by human capital development that has a significant
impact on skills. Table 1 illustrates the targets for developing general green skills by
delving seventeen SDGs into the ten SDGs (UNEVOC Network, 2019) [17].

TABLE 1 TEN SDGS IN BUILDING GREEN SKILLS
SDG Goals

6 Clean Water and Sanitation

7 Affordable and Clean Energy

8 Decent work and economic growth

9 Industry, Innovation, and Infrastructure

11 Sustainable Cities and Communities
12 Responsible Consumption and Production
13 Climate Action
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14 Life Below Water
15 Life on Land
16 Peace, Justice and Strong Institutions

Source: UNEVOC Network (2019)

UNESCO formally announced its TVET Strategy 2016-2021 on World Youth Skills
Day, July 15, 2016, in Bonn. The plan takes into account the Education 2030 Framework
for Action (FAA) for achieving SDG4, which focuses to mobilise all countries and
partners around SDG4, its targets and provides solutions for implementing, coordinating,
financing, and monitoring SDG4 (UNEVOC Network, 2019) [17]. The strategy supports
UNESCO Member States' efforts to improve the relevance of their TVET systems in order
to provide all youth and adults with the skills required for the job, stable employment,
enterprise development, and continuous learning, as well as significantly contribute to the
successful implementation of the 2030 Agenda for Sustainable Development.
Suggestions for how countries can develop contextually relevant plans that take into
account diverse national realities, capacities, and levels of development while remaining
true to national goals and priorities (UNESCO, 2016) [15]. UNESCO could help to
accelerate the transition to green economies and sustainable humanities by promoting
green skills as one of the priority areas depicted in Figure 1.

3 Pillars of Priority Areas

Fostering youth employment and Promoting equity and Facilitating the transition to green
entrepreneurship gender equality economies and sustainable societies

UNESCO will UNESCO will
conduct policy promote green
advice and skills for a smooth
capacity-building transition to
programmes greening
economies

UNESCO will

promote targeted UNESCO will support
policy measures for measures enhancing
disadvantaged women's and girls’
groups access to relevant

TVET programmes
and providing equal
opportunities in the
world of work

Figure 1. Three Pillars of Priority Areas for UNESCO Strategy for Technical and Vocational Education
and Training (TVET) 2016-2021. Source: UNESCO (2016)

Centres of Vocational Excellence (CoVEs) are excellent hubs for training in specific
sectors, from foundation training for novices to ongoing up-skilling and re-skilling for
experienced workers. The centres, which operate locally and have regional solid
innovation ecosystems, provide flexible and timely training to meet current industry
requirements, acting as motivators for local company investment while ensuring a stable
supply of competent employees. Furthermore, CoVEs provide business information and
act as innovation hubs to support their trainees' entrepreneurial initiatives, particularly in
Small and Medium Enterprises (SMEs). Excellence in vocational education and training
(VET) confirms high-quality skills and competencies in committing to well-paying jobs
and long-term opportunities that meet the requirements of a diverse, innovative, and
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sustainable economy (European Commission, 2021) [18]. Learners can obtain vocational
and vital capabilities through high-quality education by engaging in research, teaching,
innovation, and collaboration with other educational, training, and industry sectors. Client
satisfaction, the establishment of creative workplace collaborations, and the enhancement
of continuous professional development of teaching and training personnel, innovative
teaching techniques, mobility, and globalization initiatives all contribute to these efforts.

Green economy invention and urban greening of Three-Level Centres of Professional
Excellence (3LoE) led by Hanse-Parlament in Germany, collaborated with Austria, Italy,
Latvia, Lithuania, Poland, Spain, and associated with 60 European Union nations,
emphasises the broad provision of green skills focusing on energy, climate, and
environmental protection. The 3LoE strengthens CoVEs' green economies by
implementing a wide range of green economies through digitalization, entrepreneurship,
VET, and higher education initiatives. The primary goals are to continuously improve
skills, ensure demand for early adopters and entrepreneurs, and boost SMEs'
competitiveness in the green economy. By implementing dual vocational training
between learning sites in businesses and centres, qualified and innovative SMEs achieve
energy savings, renewable energy use, and environmental and climate protection in their
industrial practises. As a result, long-term sustainable collaboration between CoVEs and
SMEs increases the quantity and value of young entrepreneurs' practical activities while
also improving the skills of SME experts and managers in applying green economy
practises and promoting green economy entrepreneurship through secured business
startups and transfers (3LoE, 2021) [19].

Since 2009, KeTTHA in Malaysia has strategized Green Technology Master Plan
2017-2030 by addressing numerous efforts that have demonstrated green technology can
help decouple green economic growth from natural capital depletion. Figure 2 depicts the
GDP contribution generated by adopting and implementing green technology-based
practises, systems, and goods. The Green Technology Master Plan (GTMP) (2017-2030)
concentrated on four key areas. The first step is for governments to develop green
procurement policies and to examine all aspects of their operations for opportunities to
implement green technology-based processes, systems, and items. The second step is to
implement targeted programmes that encourage informed purchasing decisions based on
increased environmental awareness via the use of green technologies. The third aspect
emphasises R & D & C, which will shift Malaysia away from adopting and adapting non-
domestic technology and towards establishing its global technical innovation. The fourth
approach emphasised human capital development in order to achieve innovation and
excellence in green economic expansion (KeTTHA, 2017) [20].
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Figure 2. Contribution of Green Technology (by sector) to GDP in 2013. Source: KeTTHA (2017)

From 2011 to 2015, the Tenth Malaysia Plan (10th MP) would prioritise 12 National
Key Economic Areas (NKEAs) with high income potential. The government introduced
the AFFIRM framework of Awareness, Faculty, Finance, Infrastructure, Research, and
Marketing during the 10th MP. It emphasised the government's holistic ecosystem
development strategy for environmental sustainability. This framework concept
emphasises the importance of all Malaysians recognising environmental protection and
conservation as a shared responsibility on how the Twelfth Malaysia Plan 2021-2025
(12th MP) prioritised critical areas for environmental sustainability (The Edge Market,
2021) [21]. The 12MP is organised around three key goals: (a) resetting the economy, (b)
strengthening security, and (c) wellbeing and inclusion, with four policy enablers
addressed: nurturing future talent, increasing technology adoption and innovation,
improving connectivity and transportation infrastructure, and reinforcing government
while accepting the new benchmark.

Green skills are the basis of the green transition and the key to unlocking the human
capital required to successfully move it forward. More opportunities for those with green
expertise, on the other hand, are required. Employees who do not possess green skills
must be retrained. As a result, green skills should be included in 21st-century skill sets
for current and future generations (Kamis et al., 2016) [22]. Greener jobs necessitate the
acquisition of greener skills. LinkedIn's new green skill taxonomy can quantify the extent
to which different countries, sectors, and jobs use current and recent evolution of green
skills, known as green skill intensity, in meeting demand and developing supply in each
sector and country. In 2019, the tide shifted in favour of green workers, with green hiring
rates outperforming overall hiring rates in the majority of economies around the world,
implying that green workers were hired at a higher rate than non-green workers globally.
Simultaneously, the proportion of green talents in the global workforce has increased from
9.6 percent in 2015 to 13.3 percent in 2021, with a 6% annual growth rate and a 38 percent
cumulative growth rate (LinkedIn, 2022) [23].

TVET stands for Technical and Vocational Education and Training and is
administered by the Malaysian Ministry of Education. TVET is an educational and
training platform that prepares candidates for the real world of work and exposes them to
competent employability skills through practical, psychomotor, and industrial exposure.
By integrating knowledge technological advancement and meeting global employability
mobility, TVET contributes to the country's economic growth (Ismail et al., 2021) [24].



A SURVEY OF FACILITY MANAGEMENT GREEN SKILLS COMPETENCY AMONG
TVET EDUCATORS AND STUDENTS IN A PUBLIC UNIVERSITY IN MALAYSIA

Green skills are the abilities required to participate in the green economy by creating new
and innovative occupations with specific skill profiles, qualifications, and training
frameworks, modifying current jobs to include green experience, and participating in
multiple positions that can incorporate green skills and green technology in R&D.

The 11th Malaysia Plan (11MP) is commendable and a step in the right direction by
proposing that TVET become a dual-track system equivalent to an academic pathway
through the Malaysian Qualification Framework, while also increasing the efficiency and
effectiveness of TVET in meeting industry demand now and in the future (Da Wan et al.,
2018) [25]. Green skills can be integrated into occupational competencies such as
engineering, technology, science, maintenance, repair, operation (MRO) management,
monitoring, and other relevant fields, according to Vona et al. (2015) [26]. Table 2 shows
data on green occupations classified by greenness level, which helps determine the
importance of green skills within each profession. Vona et al. (2015) [26] also emphasised
the importance of a comprehensive set of green skills to supplement green jobs and
educational programmes. As shown in Table 2, TVET is critical in this regard.

TABLE 2 GREEN OCCUPATIONS BY LEVEL OF GREENNESS
Occupations Category  Level of greenness Level of greenness Level

of greenness

equals to 1 greater than 0.5 and lesser than 0.3
equals 0.3
Green enriched Environmental Engineers in Aerospace Construction workers,
occupations Engineers and Technology, Maintenance & Repair
Technicians, Hazardous Atmospheric Scientists, Workers, Inspectors,
Material Removers Automotive Marketing Functional
Technicians, Roofers Managers
Innovative green  Wind Energy Engineers  Supply Chain  Occupations related to
occupations and Technicians, Fuel Managers, Biochemical Traditional
Cell Technicians, Engineers, Technicians Engineering,
Coordinators in inPrecision Agriculture Transportation
Recycling Centre Organizers, Safety and

Compliance Managers

Source: Green Skills (Vona et al., 2015)

Green technology includes environmentally friendly solutions that set new usability
and sustainability standards, as well as improved physical and financial efficiency when
compared to traditional businesses, and incorporates green functions for long-term
business survival (United Nations, 2019) [28]. Green technology adaptation includes
industrial emissions reduction, recycling activities, wastewater management and
treatment, self-sufficient buildings, converting waste particles to energy, wave energy
generation, hybrid vehicles, solar energy application, vertical gardens and farms, and
natural gas boilers. Green technology innovation gives us the best chance of mitigating
the effects of climate change and pollution. Natural resources are limited; in many cases,
the majority of the resources have been depleted or consumed. These resources are
divided into two categories: renewable energy and non-renewable energy. Non-renewable
sources of energy include nuclear, natural gas, fuel, coal, and hydrogen. Hydro, wind,
geothermal, and biomass are examples of renewable energy sources that have enormous
potential to be used as limitless resources to improve our quality of life (Koh & Ammar,
2019) [28].

Kamis et al. (2017) conducted a study that emphasised the importance of
incorporating green skills and green technology into TVET programmes to contribute to
sustainable development. Green skills and technology provide competent labour that can
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act as a sustainable development agent by protecting and conserving environmental,
economic, and social activities for skilled workforce development. Pavlova (2018) [29]
emphasised the importance of implementing green skills and technology in the TVET
system and skill development in response to government policy, reducing climate change,
and providing new employment opportunities for novice workers. As a result, TVET
programmes interact with green skills integration and green technology by exploring the
skill set required for sustainable development by establishing, sustaining, adapting, and
implementing new environmental industries, services, and practises in the context of
developing a holistic approach.

According to Mustapha (2015) [30], the issues of green economic integration can be
overcome by evolving TVET in Asia by developing the green mindset, green financial,
green training, green education, green lifestyle, green sustainability, and green
employability by ensuring that countries' policies, best practises, and limitations are
corrected and resolved for continuous business, industry, and social development. Ramli
et al. (2018) [31] agreed with Mustapha's research on the importance of incorporating
green skills for sustainable development by emphasising green technology. During the
fourth industrial revolution, competent individuals, green economic education and skills,
and social and environmental factors were ideal. TVET is critical in promoting the
development of a sustainable workforce by educating and training students through a
more fantastic sustainability-related curriculum. In order to achieve the fourth industrial
revolution, these efforts must also combat poverty and promote equitable economic
growth.

Thirupathy and Mustapha (2020) [32] argue that understanding our actions towards
the environment necessitates a high level of awareness. Students must be educated on the
negative effects of irresponsible behaviour on the environment. Environmental
sustainability beliefs and skills should be taught together so that educational institutions
can produce employees who are more than just knowledgeable. Yeung (2015) [33]
discussed how positive mindset can improve students' positive thinking and transversal
competence as part of their lifelong learning skills. As a result, this study identifies the
mindset and awareness of TVET students and educators in a public higher education
institution regarding green skills.

Furthermore, green attitudes are being identified in this study. Green attitudes,
according to Samarasinghe (2015) [34], are individuals' intentions to apply norms related
to green skills in the form of encouragement, attention, response, resources, and relevant
aspects. This study determines the green skills competency of TVET students and
educators, in addition to their green attitudes. According to Jordan et al. (2012) [35], if
implemented effectively, competency-based education can improve quality and
consistency, reduce costs, shorten the time required to graduate, and provide accurate
assessments of student learning and educators' teaching. Green competencies, according
to Cabral and Dhar (2020) [36], are a comprehensive construct that includes green
knowledge, skills, abilities, attitudes, behaviours, and awareness.

Majumdar (2010) [37] identified five dimensions for greening the TVET framework
through green elements at the institutional level. Greening TVET is regarded as one of
the holistic frameworks for a smooth transition of the TVET sector to a sustainable and
low-carbon environment. A proposed framework based on five green elements is intended
to embed concepts of sustainable development in TVET institutions (Setiawan, 2017)
[38]. Green campus, green curriculum, green research, green community, and green
culture are the five elements. These five elements align with this study in determining
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green elements in the TVET curriculum based on the perspectives of TVET students and
educators.

The purpose of this study is to identify green skills competency among Agriculture,
Engineering Technology, and Family and Consumer Sciences students and educators in a
public higher education institution as a case study. Green skills constructs derived from
this case study include mindset and awareness, attitude, competency, green elements in
the TVET curriculum, green integration during teaching practice, and competency in
green technology. As an initial study, this case study is carried out in a public higher
educational institution. The findings of this study are expected to provide guidance for
future in-depth and extensive research.

Purpose and Objectives of the Study

This study aims to identify the green skills competency among TVET educators and
students in a public higher educational institution. Specifically, the objectives of this study
are as follows:

RO1: To identify the respondents’ ideas about green skills and green technology.

RO2: To identify barriers faced while engaging in teaching and learning green skills.
RO3: To provide suggestions to enhance green skills competency among respondents.

Research Questions
Several issues were identified through this case study related to green skills competency
among Agriculture, Engineering Technology and Family and Consumer Sciences
programmes in Faculty of Technical and Vocational students and educators in a public
higher educational institution's Faculty of Technical and Vocational. The issues examined
are as the following:
RQ1: What are the respondents’ ideas about green skills and green technology?
RQ2: What are the barriers faced while engaging in teaching and learning green skills?
RQ3: What are the suggestions to enhance green skills competency among respondents?
Conceptual Framework

The purpose of this study is to identify green skills competency among TVET
educators and students from a selected higher educational institution's Faculty of
Technical and Vocational Agriculture, Engineering Technology, and Family and
Consumer Sciences programmes. The conceptual framework of the study is developed
using relevant theories and models. The green skills competency (Pavlova, 2017) [39]
and ecological modernization theory (Howes et al., 2010) are used as theoretical
frameworks in this study. According to Pavlova (2017) [39], integrating TVET education
with the nature of green skills/competencies contends the development of the green
economy. Many regions and countries see significant holistic integration of the
environment and development recognition as a future-oriented approach. As a result,
green skills should be considered essential competencies for inclusion in TVET
education. It is critical to place a special emphasis on developing values and attitudes in
order to achieve greening. As a result, competence-based training should be broadened
on occasion. Individuals and societies could improve students' general understanding of
environmental concerns and develop their readiness for green restructuring if vocational
and professional education programmes were realigned to meet the current and future
demands of a greener economy.

According to Abd Hamid et al. (2019) [40], when most people hear the word "green,"
they immediately think of the environment and exhibit generic green skills and actions.
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Unlike generic skills, generic green skills have received little attention. Higher education
students regard education as the most exemplary medium for sharing knowledge,
experience, awareness, and practise of general green skills. Generic green skills are
additional skills that focus on protecting, conserving, and sustaining a beautiful
environment, in addition to the generic skills that have already been established. Through
teaching and learning practises, general green skills will be instilled in future manpower
employability, particularly in the green labour marketplace. Educators and students in
higher education must be aware of generic green skills and be able to apply them
effectively. More research is required to identify more specifics and explicit general green
skills implementation concepts among educators and university students.

Howes et al. (2010) [41] emphasised ecological modernization theory (EM), which
states that economic development can be separated from environmental impact through a
variety of technological and institutional innovations. As a result, EM is a significant
theory chosen for the study due to its significant impact on environmental policy,
planning, and management systems in many industrialised nations over the previous two
decades. EM transforms science and technology by serving as both a cause and a solution
to environmental problems. These innovations can be realised by replacing polluting
materials with more sustainable alternatives, improving resource use effectiveness
through waste and recycling minimization, and shifting the proportion of production away
from resource-intensive and towards those that cause less environmental damage. The
goal is to incorporate community feedback mechanisms into institutions' power in order
to better connect decision-makers with communities. EM has three major advantages. The
first is to promote a more holistic approach to environmental concerns by conceptually
linking ecological goals with other policy domains. Second, EM helps to achieve the
widely acknowledged policy goal of sustainable development. Third, it may create change
initiatives that positively engage with the power of existing institutions.

As a result, the main construct in this study was green skills competency for TVET
students and educators. Green skills mindset and awareness, green attitude, competency
in saving/alternative energy, water conservation, 3R waste management skills, green
curriculum, green landscaping skills and energy-saving technologies, green elements in
TVET curriculum, green integration during teaching practise, and competency in green
technology are all part of this competency. Demographic factors such as age, gender,
respondents' category, and programmes were selected.

2. Methods

In this study, third- and fourth-year undergraduate students and teachers from the
Engineering Technology, Agriculture, and Family and Consumer Science programmes in
the Faculty of Technical and Vocational of a public university were assessed for their
proficiency in green skills.

The research design used in this study is a case research method in single side and
multiple cases. A case study is an empirical investigation that examines a current
phenomenon within its actual setting, particularly when the distinctions between
phenomenon and setting depend on several sources of information. This definition was
provided by Yin (1994) [42]. As Yin pointed out, if someone wants to purposefully
analyse contextual conditions, they should employ a case study technique. A case study,
according to Gomm, Hammersley, and Foster (2000) [43], is research that examines a
small number of cases in great detail.
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Cherry (2020) [44] asserts that a case study focuses on the factual or opinion
information of respondents and is a generally regarded method for gathering information
and describing the existence of a phenomenon. The architecture of the case study makes
it possible to collect a lot of data quickly. Through this design, data about demographics,
experiences, views, and hypothetical situation can be gathered. A questionnaire is used in
this study as an instrument to gather pertinent information regarding green skills
competency. In addition, open-ended questions were embedded at the end of the
questionnaire.

The open-ended questions typically focus on "how or why" a phenomenon occurred
in a real-life setting. According to Jones et al. (2013) [47], the instrument used to collect
the data should take into account the qualitative aspect.

The respondents in this study consisted of two groups. A group of 81 third- and
fourth-year undergraduate students were chosen from the Engineering Technology,
Agriculture, and Family and Consumer Science programmes and 40 educators were
selected.

There are ten open-ended questions in this part designed to elicit information about
the respondents' suggestions regarding green skills competency. Respondents must
express their suggestions by answering the open-ended questions from No. 94 to No. 103.
Table 3 lists the ten open-ended questions developed in this part. Open-ended items were
categorized by using the thematic analysis technique. The results are tabulated in table
form using frequency, percentage, mean, and standard deviation. Braun and Clarke (2006)
[54] used theme analysis to evaluate open-ended data. Section C contained open-ended
items meant to study students' and educators'ideas about green skills and green
technology

TABLE 1 DISTRIBUTION OF THE QUESTIONNAIRE ITEMS IN SECTION C

No. Item

94. Provide a brief definition of green skills according to your knowledge.

95. Have you ever attended any course/seminar/training about green skills?

96. How would you rate your green knowledge?

97. How would you rate your green skills competency?

98. List 3 benefits of green technology.

99. List 3 benefits of green skills competency among TVET students.

100. List 3 barriers you have faced while teaching green skills in your institution.

101. Provide 3 suggestions to your institution to enhance green skills competency

among TVET educators.
102. Provide 3 suggestions to your institution to enhance green skill competency among TVET
students.
103. State any commands related to this survey (if any).

3. Results and Analysis

Ten open-ended questions have been constructed in this study. Discussion in this
chapter was based on several themes derived from the students’ and educators’ answers
to the open-ended items in the questions based on thematic analysis.

Following the thematic analysis, nine themes for the first open-ended item had been
identified. Braun and Clarke (2006) [54] mentioned that thematic analysis was used to
categorized the results of the open-ended items. The following tables display the
responses of 81 students and 40 educators to open-ended questions on the definition of
green skills. As indicated in Table 4, the qualitative data from the first open item may be
divided into six themes namely sustainability, knowledge of green technology, recycling
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activities, knowledge of green jobs, non-renewable and non-renewable resources and
green curriculum.

TABLE 4 OPEN-ENDED ITEM ABOUT MEANING/DEFINITION OF GREEN SKILLS (STUDENTS)

Item Theme Frequency (f)

Provide a brief definition of Sustainability of economy, environment 26

green skills according to your and human activities

knowledge Knowledge of Green Technology 24
Recycling activities 16
Knowledge of Green Jobs 7
Renewable and non-renewable resources 2
Green Curriculum 1

Brief definition of green skills according to educators’ knowledge is presented
through Table 5. Six themes were extracted from the definition provided, namely
promoting environmental sustainability as the highest frequency, enhancing quality of
life, encouraging recycling, related to green technology, opportunities to engage in green
jobs and associated with renewable energy, green products, research and development as
the least obtained.

TABLE 5 OPEN-ENDED ITEM ABOUT MEANING/DEFINITION OF GREEN SKILLS

EDUCATORS)
Item Theme Frequency (f)
Provide a brief definition of Promote environmental sustainability 15
green skills according to your Enhances quality of life 10
knowledge Promotes recycling 7
Related to green technology 7
Opportunities of engaging in Green Jobs 3
Related to renewable energy, green 2

products and, research and development

The next item required students to response regarding their engagement in
course/seminar/training about green skills. Figure 4 shows that only 21 percent of the
educators attended course/seminar/training about green skills. Large group of students,
79 percent of the them are yet to attend course/seminar/training.

Pernahkah anda menghadiri kursus / seminar / latihan berkenaan kemahiran hijau?
81 responses

® Ya
@ Tidak

Figure 4. Percentage of students engaged in courses/seminar/training about green skills.

Figure 5 shows that 37.5 percent of the educators attended course/seminar/training
about green skills. However, another 62.5 percent of the educators are yet to attend
course/seminar/training.
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Have you ever attended any course / seminar / training about green skills?
40 responses

@ Yes
® No

Figure 5. Percentage of educators engaged in courses/seminar/training about green skills.

Figure 6 shows that 7.4 percent of students rated very good, 69.1 percent of students
had rated good, 21 percent rated poor and 2.5 percent very poor on their green skills
knowledge. Majority of the students acquired good knowledge in average regarding
green skills knowledge.

Apakah tahap pengetahuan hijau anda?
81 responses
@ Amat Baik
@ Baik
@ Lemah
@ Amat Lemah
g |

Figure 6. Percentage of students rating their green knowledge.

Whereby, Figure 7 shows that 15 percent of educators rated very good, 52.5 percent
had rated good, 25 percent rated poor and 7.5 percent very poor on their green skills
knowledge. Majority of the students acquired good knowledge in average regarding green
skills knowledge.

How would you rate your green knowledge?
40 responses

@ Very Good
@ Good
@ Poor

ﬂ @ Very Poor

Figure 7. Percentage of educators rating their green knowledge.
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Figure 8 presents students rate about their green skills competency. From the chart,
6.2 percent of students possess very good green skills competency. Majority of the
students rated they possess good green skills competency which recorded 72.8 percent.
Only 19.8 percent of students are poor and 1.2 percent very poor in green skills
competency.

Apakah tahap kompetensi kemahiran hijau anda?
81 responses

@ Amat Baik
@ Baik

Lemah
@ Amat Lemah

L —————
72.8% .

Figure 8. Percentage of students rating their green skills competency.

Figure 9 indicates educators rating on their green skills competency with 2.5 percent
possess very good competency. There are 47.5 percent of educator good in green skills
competency, 40 percent poor and 10 percent very poor.

How would you rate your green skills competency?
40 responses

@ Very Good

@ Good
Poor

@ Very Poor

Figure 9. Percentage of educators rating their green skills competency

Table 6 shows the benefits of green technology are divided into six themes namely
promoting sustainable environment, encouraging recycling activities, enables energy
saving, promoting quality of life, green technology adoption and promoting green
economy. As each student had to provide three benefits, frequency of the promoting
sustainable environment seems to be the highest.

TABLE 6. OPEN-ENDED ITEM ABOUT BENEFITS OF GREEN TECHNOLOGY (STUDENTS)

Item Theme Frequency (f)
List 3 benefits of green Promoting sustainable environment 73
technology Encouraging recycling activities 38
Enables energy saving 37
Promoting quality of life 32
Green technology adoption 32
Promoting green economy 5
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Table 7 highlights about the benefits of green technology responded by the educators.
There are eight themes derived, namely managing and maintaining sustainable
environment, relate with renewable energy, promoting recycling activities, saving
operational costs, improving wellbeing, enhancing energy saving, providing more green
jobs opportunities and encouraging use of green materials. Each educator had to provide
three benefits, hence, the frequency of managing and maintaining environment had been
prioritized.

TABLE 7 OPEN-ENDED ITEM ABOUT BENEFITS OF GREEN TECHNOLOGY (EDUCATORS)
Item Theme Frequency (f)
List 3 benefits of green Manage and maintain sustainable 21
technology environment
Related to renewable energy
Promotes recycling activities
Saves operational cost
Promotes well being
Promotes energy savings
Green job opportunities
Encourages use of green material

[\SIAO, IR, EEN BEN [e cJiNe)

Based on Table 8, seven themes were derived related to benefits of green skills
competency among students. The themes are green related research and development,
promoting wellbeing, sustainable green technology, green elements integration in
students’ educational activities, new product development through recycling activities,
renewable energy adoption to save energy and future green job skills set. Students had
highlighted the green related research and development are the most essential benefit of
green skills competency.

TABLE 8 OPEN-ENDED ITEM ABOUT BENEFITS OF GREEN SKILLS COMPETENCY AMONG
STUDENTS (STUDENTS)

Item Theme Frequency (f)
List 3 benefits of green skills Green related research and development 59
competency among students Promoting wellbeing 41
Sustainable green technology 36
Green elements integration in students’ 25
educational activities
New product development through 24
recycling activities
Renewable energy adoption to save 22
energy
Future green job skills set 12

As for Table 9, educators responded for open-ended item about listing three benefits
of green skills competency among TVET students and six themes were derived from the
responses. The themes are enhancing green knowledge as the most popular benefit among
educators. Followed by preparing students for green jobs opportunities, fostering
awareness and practices in green skills, promoting recycling activities, adopting value
added technology and encouraging cost saving operations toward sustainable
environment as the least important benefit.
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TABLE 9 OPEN-ENDED ITEM ABOUT BENEFITS OF GREEN SKILLS COMPETENCY AMONG
STUDENTS (EDUCATORS)

Item Theme Frequency (f)
List 3 benefits of green skills Enhance green knowledge 17
competency among TVET Preparing students for green jobs 13
students Foster awareness and practice in green 9
skills
Promotes recycling 5
Adopt value added technology 3
Encourages cost saving operations 2

towards sustainable environment

Table 10 presents barriers faced by students while learning green skills in the faculty.
Five themes were classified namely, lack of educators to deliver green skills related
curriculum, inadequate infrastructure to support green skills related activities, training
needs to uplift green skills competency, financial issues in carrying out green skills related
activities and lack of motivation engaging in green skills related activities. Majority
students indicated that lack of educators to deliver green skills related curriculum as the
most critical barrier faced while learning green skills in the faculty.

TABLE 10 OPEN-ENDED ITEM ABOUT BARRIERS FACED WHILE LEARNING GREEN SKILLS
IN THE FACULTY (STUDENTYS)

Item Theme Frequency (f)
List 3 barriers faced while Lack of educators to deliver green skills 51
learning green skills in the related curriculum
faculty Inadequate infrastructure to support green 48
skills related activities
Training needs to uplift green skills 48
competency
Financial issues in carrying out green 12
skills related activities
Lack of motivation engaging in green 9

skills related activities

Educators listed three barriers faced while teaching green skills in their institution,
shown in Table 11. Four themes were derived with the most challenging barrier is
inadequate facilities to support green skills related activities. Next, educators also
highlighted lack of knowledge about green skills as the second challenging factor.
Educators further listed need to emphasize on practical knowledge and lack of motivation
as the other barriers faced while teaching green skills.

TABLE 11 OPEN-ENDED ITEM ABOUT BARRIERS FACED WHILE LEARNING GREEN
SKILLS IN THE FACULTY (EDUCATORS)

Item Theme Frequency (f)
List 3 barriers faced while Inadequate facilities to support green 22
teaching green skills in your skills related activities
institution Lack of knowledge in green skills 21
Need to emphasize on practical 6
knowledge
Lack of motivation 4
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According to Table 12, several suggestions were provided by students for the
institution to enhance green skills competency. Six themes were categorized include
should provide more green skills related training, promote green related activities and
curriculum, engage students in green related real-life job-related practical learning,
provide adequate infrastructure for green skills learning, involve relevant stakeholders in
uplifting green skills competency and promote green technology utilization. Among the
themes, students had highlighted the need for green skills related training to enhance
green skills competency.

TABLE 12 OPEN-ENDED ITEM ABOUT SUGGESTIONS TO INSTITUTION TO ENHANCE
GREEN SKILLS COMPETENCY (STUDENTS)

Item Theme Frequency (f)
Provide 3 suggestions to your Should provide more green skills related 59
institution to enhance green training
skills competency Should promote green related activities 43
and curriculum
Should engage students in green related 33
real-life job-related practical learning
Should provide adequate infrastructure 30
for green skills learning
Should involve relevant stakeholders in 21
uplifting green skills competency
Should promote green technology 8
utilization

Table 13 highlights suggestions made by educators to the institution to enhance green
skills competency among TVET educators and students. Five themes were classified. The
educators had emphasized on the need to conduct seminar and training related to green
skills as the top suggestion. Followed by need to restructure green curriculum, ensuring
adequate resources are available, cultivating green attitude and ensuring policy is
implemented in institutional and national level.

TABLE 13 OPEN-ENDED ITEM ABOUT SUGGESTIONS TO INSTITUTION TO ENHANCE
GREEN SKILLS COMPETENCY (EDUCATORS)
Item Theme Frequency (f)
Provide 3 suggestions to your Emphasizing on seminar and training 24
institution to enhance green

skills competency among Need to restructure green curriculum 15
TVET educators and students  Ensure adequate resources are available 7
Cultivate green attitude 6
Ensure policy is implemented in 6

institutional and national level

Table 14 shows the final open-ended item which had made the students to provide
any other related comments about this survey. Two themes only were classified, namely
need to have a specific platform for students to lift up their green skills and green
technology competency with the highest frequency. Followed by the need to create a new
curriculum to expose and train students with green skills and green technology related
TVET practical knowledge, related to this survey.
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TABLE 14 OPEN-ENDED ITEM ABOUT ANY COMMENTS ABOUT THIS SURVEY (STUDENTS)

Item Theme Frequency (f)
State any comments related to Need to have a specific platform for 5
this survey (if any) students to lift up their green skills and
green technology competency
Need to create a new curriculum to 4

expose and train students with green
skills and green technology related
TVET practical knowledge

Table 15 shows additional comments provided by the educators pertaining to this
survey. Two themes were categorized with the most frequently highlighted comment is
about the need for emphasizing on green knowledge and practices, followed by comment
about greening TVET and awareness creating pertaining to green skills competency.

TABLE 15 OPEN-ENDED ITEM ABOUT ANY COMMENTS ABOUT THIS SURVEY

(EDUCATORS)
Item Theme Frequency (f)
State any comments related to Emphasizing on green knowledge and 8
this survey (if any) practices
Comment about greening TVET and 5

awareness creation

Open-ended questions were analyzed through thematic analysis and the findings has
been reported through the tables for students and educators accordingly. Based on the
thematic analysis, students had highlighted that promoting sustainable economy with
environmentally friendly intervention as the most important aspect of green skills
competency. Besides that, they also indicated the importance of engaging in recycling
activities, enabling energy saving and improvisation of wellbeing. Educators had
emphasized on enhancing green knowledge, manage and maintain sustainable
environment and preparing students for green jobs demand as the most important aspects
of green skills competency.

4. Conclusion

The findings of the study show several significant patterns and main trends. When
asked about the respondents’ understanding of the green concept, the findings revealed
six main categories — sustainability, knowledge of green technology, recycling activities,
knowledge of green jobs, non-renewable and non-renewable resources and green
curriculum.

Most of the participants agreed that they possessed green knowledge and skills. They
also stated the benefits of green technology which included creating sustainable
environment, providing renewable energy, promoting recycling activities, saving
operational costs, improving wellbeing, enhancing energy saving, providing more green
jobs opportunities and encouraging the use of green materials.

However, the most challenging barrier is inadequate facilities to support green skills
related activities. Next, educators also highlighted the lack of proper green curriculum
and the lecturers lack of motivation as the other barriers faced while teaching green skills.

Finally, the respondents made suggestions to their institution on how to enhance
green skills competency among TVET educators and students. Five themes emerged. The
educators had emphasized on the need to conduct seminar and training related to green
skills as the top suggestion. Followed by need to restructure green curriculum, ensuring
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adequate resources are available, cultivating green attitude and ensuring policy is
implemented at the institutional and national levels.
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Abstract

Vocational Training Center (BLK) is an institution that provides students with
provisions in the form of: skills according to the needs of the world of work. The
formulation of the problem in this study is how the success of the simple stage
electrical installation training program V in 2021 at the Banda Aceh Job Training
Center. The purpose of this research is to find out the success of the phase IV simple
building electricity installation program in 2021 in Banda Aceh Vocational Training
Center. The research method used is approach quantitative. Quantitative data was
obtained from the questionnaire instrument which was then analyzed using
descriptive statistics. The research was carried out in line with the Installation
program training schedule simple building electricity in phase IV, July 2021. The
training program lasts for 34 day in BLK location. The results of this study found
that the BLK had organized Phase IV of the simple building electrical installation
training program, which began in July 2021, has been completed successfully and
effectively create qualified, professional, competent and well-behaved participants
well after training.

Keywords: vocational, Training centre, electricity

1. Introduction

Education as an effort to improve the quality of human resources (HR) to be a source
of professional, quality and innovative. Education has become key It is important for the
government's efforts to produce professional human resources. Education Informal aims
to equip people with knowledge. In education this happens coaching education, training
and development of the potential of students to fulfill personal survival and well-being in
society.

The initial stage of the research began with making observations at the Vocational
Training Center (BLK) Banda Aceh and conducted interviews with Building Electrical
Installation Instructors Simple. After completing the interview, there were several
problems in implementation of the Simple Building Electrical Installation training
program, several problems faced today, forms of training that are open to the public and
have no educational boundaries, has become the main problem faced by the participants
of the Vocational Training Center who took part in training even though they have been
interviewed for a commitment to join the training. However, in progress training there are
some participants who break the rules and are not committed to learning. Another problem
also arises, namely the training program at the BLK does not limit the requirements
education so that there is an irregularity in the level of reasoning and absorption of the
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knowledge of the participants educate. Basically, students who take part in the BLK
program come from different backgrounds different educational, social and cultural.
Thus, a training approach or method is needed in accordance.

2. Literature Review

a. Program Evaluation
Program evaluation is a design activity that is carried out intentionally aims to
see a level of success of the program.

b. Training
Training is a process of structured learning experiences to improve knowledge,
attitudes and skills.

c. Electrical Installation
Based on PUIL 2011, installation is an activity of installing or assembling it
goods or networks. While the electrical installation is a system that is used to
distribute electricity to meet human needs in life.

d.  Work Training Center
The job training center is a regional technical unit that carries out some internal
service tasks improve technical and operational capabilities as well as provide
direct services to industrial society and the general public in the field of training.

3. Methodology

The research method used is a quantitative approach. This approach is used to collect
in-depth data and produce more comprehensive facts. So the focus of this research is to
get complete and in-depth data, which is capable provide solutions to problems that will
be examined with a research method approach quantitative. Quantitative data was
obtained from the questionnaire instrument which was then analyzed using descriptive
statistics.

This research was conducted at the Banda Aceh Training Center (BLK) and its
implementation. Data collection techniques are the most strategic steps in research,
because the main purpose of research is to get data. The technique used for collecting data
in this study is distributing questionnaires. Questionnaire is a way from the process of
collecting data obtained through answers to respondents' statements. Charging
questionnaires or questionnaires carried out by participants in the building electrical
installation training program simple at the Banda Aceh Vocational Training Center (BLK)
stage IV June 2021.

The data analysis technique used in this research is descriptive analysis percentage.
Descriptive analysis is considered capable of describing or giving an overview of sample
or population as it is. Data analysis activities in this study include the stage of grouping
the data to present the data according to the variable being measured, as well as
performing calculations to answer the problem formulation. Data collected will be
analyzed descriptive quantitative. Steps used to analyze the collected quantitative data:

a. Make a distribution table for questionnaire answers

b. Determine the score of the respondent's answer with the provisions of a

predetermined score. The score assessment for each of the questionnaire answer
choices that the respondent answered was as follows:
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TABLE 1 ALTERNATIVE ANSWER SCORE

No Category Value
1 Strongly Agree 4
2 Agree 3
3 Disagree 2
4 Strongly Disagree 1

c. Add up the scores obtained from each respondent
d. The results obtained are consulted with the category table.

As for seeing the percentage score of the assessment can be seen in Table.

TABLE 2 PERCENTAGE OF VALUE

No Score Interpretation
1 0% < x < 25% Strongly Disagree
2 26% < x < 50% Disagree
3 51%<x < 75% Agree
4 75% < x < 100% Strongly Agree

4. Result and Discussion

a. Reaction Aspect
The reaction aspect is the first evaluation level in Kirkpatrick's evaluation model. On In
this aspect, an evaluation is carried out to measure participants' knowledge of the material,
interests, motivation and attention level of the participants. There are several indicators
in the reaction aspect, namely; programs, materials, instructor competencies, facilities
and effectiveness.

TABLE 3 ASPECT OF REACTION

No Indicator Score Category

1 Appropriate Training Program 88.75% Very Good
according to the needs of the
participants

2 Relevant training materials 78.88% Very Good
participant needs

3 Competence of training 86.88% Very Good
instructors/facilitators

4 Smooth support facilities 86.25% Very Good
training

5 Effective use of time 80.83% Very Good

Based on the graph above, the results of the evaluation of the BLK are based on indicators,
namely: (a) Program, namely training programs in accordance with the needs of
participants get a score of 88.75, (b) Training material, namely training material relevant
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to the needs of participants, gets an average score 78,88, (c) On the competency indicators
for instructors or training facilitators have an average score 86.66, (d) Facilities, namely
facilities supporting the smooth running of training have an average score 86.25 and (e)
on effectiveness, namely the effectiveness of the use of time has an average score of 80.83
From the results of the reaction it can be concluded that during the process at the Reaction
level stage the response from the training participants was very good and went well.

b. Learning Aspect

In general, the training organized by BLK Banda Aceh aims to: equip training participants
with skills, especially about electrical installation of buildings simple. In this training
program, participants are expected to be able to have the skills and Knowledge of simple
building electrical installations. In the process of skills training (level learning)
participants do not only get theory only, but also carry out processing practice activities.
In this second aspect, there are two indicators namely competence and participation in
learning. In the learning process, the instructor stimulate the creativity and activeness of
the trainees through classroom learning and practice. Matter this makes the trainees feel
more energized and enthusiastic to learn about simple electrical installation.

TABLE 4 ASPECT OF LEARNING

No Indicator Score Category
1 Participant competency 83.57% Very Good
2 Participation (attendance and 80.83% Very Good

participant activity during
training)

Based on the picture above it is known that for each learning indicator, there are indicators
seen in the Learning stage of the building electrical installation training program simple
there are two indicators first indicators of participant competency and participant
participation and the results of the answers of the training participants obtained the
average results for each indicator, namely: (a) on participant competency indicators,
namely (knowledge, attitudes and skills of participants before and after getting an average
result of 83.57 from the answers of the participants in the electricity installation training
simple buildings and (b) on indicators of participant participation, namely attendance and
activity participants during the training obtained an average score of 80.83. Based on the
explanation above, it can be concluded that the response of the training participants at the
Learning stage of a very simple building electrical installation training program well, in
the learning process a lot of new knowledge was gained by the participants about
electrical installation material delivered by the instructor.

c. Behavior Aspect
From the results of the behavior, there was a change in the behavior of the participants
during the training. There is a change in self-motivation at work, responsibility at work,
independence and teamwork. This change in behavior occurs from the learning process
at the time training. It is expected that during the training program, participants are able
to form habits or positive attitudes to the world of work. In addition, participants become
more skilled than previously.
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TABLE 5 ASPECT OF BEHAVIOR

No Indicator Score Category
1 Personality transformation 83.33% Very Good
trained
2 Social competence (team 0% Very Poor
work)
3 Interpersonal communication 86.66% Very Good

Based on the data the results of evaluating aspects of behavior are obtained based on each
indicators, namely: (a) Changes in personality that were trained to get an average result
of 83.33, (b) Social competence (teamwork) gets an average result of 0 and (c)
Interpersonal communication get an average yield of 86.66. On social competence got a
score of 0 because this training focuses on individuals, where this training is not carried
out in teamwork, then in the category of teamwork get a score of 0. From the explanation
above it can be concluded that the response of the training participants at the level
Behavior is in the good category, participants show behavior that tends to be positive, as
long as training participants attended each training properly and responsibly.

d. Result Aspect
The simple building electrical installation training was very beneficial for all participants
training. Participants who initially did not have skills regarding electrical installation
simple building, be skilled. Even with a background of regional origin different,
educational backgrounds are not the same, even organizations that work or not,
participants continue to follow the training process and feel the benefits obtained during
the training training program.

TABLE 6 ASPECT OF RESULT

No Indicator Score Category

1 Quantity Increase and 81.25% Very Good
Quality

Based on the picture above it is known that the aspect of results (results) is based on
indicators evaluation, namely increasing the quantity and quality of work which is the
result of the training program with an average result of 81.25. This shows that the results
of the training can be felt directly by the trainees. Based on the explanation above, it can
be concluded that at the Result level, the response from the participants were very good,
from these results it can be seen that after the training the participants got lots of additional
knowledge that is very useful for dealing with the world of work.
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Abstract

One of the challenges that educators faced in online learning during the Covid-19
was the implementation of practicums. Educators have difficulty supervising and
controlling student activity during the practicums process. Not to mention that many
students are distracted and doing other activities that can interfere with the
practicum, such as browsing social media and watching streaming videos. In order
to solve this, teachers and educators can utilize application such as a remote desktop
to monitor and control student activity. In this study, we compared the performance
of remote desktop applications TeamViewer and UltraVNC based on throughput,
packet loss, delay, and jitter parameters. Measurements were carried out using a
wireshark with a school computer laboratory wifi network. The measurement results
show that UltraVNC produces higher throughput and packet loss than TeamViewer.
However, TeamViewer has higher delay and jitter than UltraVNC.

Keywords: TeamViewer, UltraVNC, throughput, packet loss, delay, jitter.

1. Introduction

The Covid-19 pandemic has had many impacts on the way of human life, one of
which is the teaching and learning process in the school environment. Learning that was
previously carried out traditionally in classrooms has been transformed into online
learning via the internet. To support the online learning process, sufficient facilities are
needed, such as computers and a proper network connection.

One of the challenges faced in online learning is the implementation of practicum. In
carrying out online practicums, teachers find it difficult to monitor student work. In
addition, students also often distracted by other activities that are not related to learning,
for example accessing social media, watching video streaming, and others [1]. Therefore,
an application is needed that can be used to monitor and control students in carrying out
practicums, for example, such as TeamViewer and UltraVNC. TeamViewer and
UltraVNC is a remote desktop application that can help teachers to monitor and assist
students during practicums.

TeamViewer and UltraVNC both work as remote desktops, but each has its own
advantages and disadvantages. Therefore, researchers are interested in examining the
performance of TeamViewer and UltraVNC in school laboratory networks based on
throughput, packet loss, delay, and jitter parameters. The results of this study are expected
to be useful for researchers and specially educators in choosing suitable remote desktop
applications for monitoring and controlling student activity.
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2. Literature Review
Internet

The internet network is a connection between one computer and other computers
around the world. So, the internet can also be interpreted as a global network built from
computers that are interconnected and work together to share information and data using
the TCP IP protocol. That way it can be said that the Internet is a combination of various
types of existing networks, so that one computer with another can communicate with
each other. Network models include LAN, MAN, WAN, and Intranet [2]. Generally, to
access the Internet, users use a wireless LAN (WLAN) which is connected to an internet
service provider (ISP) [3].
Quality of Service

Quality of Service is a mechanism or management technique by doing measurement
of parameters such as throughput, delay, and packet loss of data traffic on a network. The
purpose of using the QoS mechanism is to find out one or more of the four basic QoS
parameters previously mentioned in order to increase the productivity of end users
(clients) by ensuring the users to receive good network performance. QoS focuses on the
ability of a network to provide better service than a particular network flow through
various data transmission technologies [4].

As mentioned earlier, several QoS parameters are throughput, jitter, delay, and packet
loss. Throughput is the actual bandwidth that is measured in a certain period of time when
transmitting data. It’s different than bandwidth even though it has the same units of bits
per second (bps) [5]. Jitter can be caused by various aspects, such as data queue length,
data processing time, and also the time to reassembly received package at the end of the
transmission [6]. Delay is the time required for data for a packet to be sent from one
computer to the destination computer. Delay in a packet transmission process in a
computer network is caused by long queues or taking other routes to avoid congestion on
routing [8]. Packet loss is the percentage of packets lost when transmitting data, for
example due to the network transmission media, errors in network hardware, and
radiation from the surrounding area.

Remote Desktop

Remote desktop is a technology that allows the users to be able to access and control
another computer over connected network. The users of remote desktops have the ability
to see the remote computer displays over a network, also control the remote computer
using keyboard and mouse from the user computer itself [7].

TeamViewer

TeamViewer is a software that is generally used for remote desktop purposes, both
for personal and commercial use. This study utilizes the portable version of TeamViewer.
By connecting two computers with TeamViewer, it will show the display of the remote
computer. TeamViewer allows one to transfer files, chat, and make video calls between
computers connected through the network [8].

UltraVNC

UltraVNC is a free and open-source remote desktop software that is simple and easy
to operate. UltraVNC can remote other computers and it has access to control the remote
computer using mouse and keyboard through the user computer. The users feel like they
are directly in front of the remote computer. UltraVNC is an open-source application, this
application uses the Microsoft Windows operating system so that it can run the VNC
protocol when controlling other computers remotely [9].
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Wireshark

Wireshark is software for analyzing computer network activity. Wireshark has useful
functions for professional users, network administrators, researchers, and network
software developers. Wireshark works in real time in capturing packets of
data/information running through the network. All types of information packets in various
protocol formats will be easily captured and analyzed [10].

3. Method

This study uses an experimental method by comparing the performance of
TeamViewer and UltraVNC on 6 computers. 1 computer is used as a remote desktop client
as well as a host to measure the QoS, 1 other computer used as a remote desktop server
and to stream YouTube videos, and 4 other computers as remote desktop servers only.

QoS measurements were carried out using Wireshark with the parameters measured
namely throughput, jitter, packet loss, and delay. Data collection was carried out seven
times, respectively at the first minute, fifth minute, tenth minute, fifteenth minute,
twentieth minute, twenty-fifth minute, and thirtieth minute.

N

®

Figure 1. Network topology used in this experiment

® ® ®

4. Results and Discussions

From the data collection that was carried out seven times on TeamViewer, an average
throughput value of 936 Kpbs was obtained, packet loss was 0.274%, delay was 5.87 ms,
and jitter was 5.87 ms. While UltraVNC has an average throughput of 3279 Kbps, 0.007%
packet loss, 1.72 ms delay, and 1.72 ms jitter. The complete data can be seen in table 1.

Table 1. Throughput, packet loss, delay, and jitter in TeamViewer and UltraVNC

TeamViewer Ultra VNC
Packet Packet

Throughput | loss Delay | Jitter Throughput | loss Delay | Jitter
Time (Kbps) (%) (ms) (ms) (Kbps) (%) (ms) (ms)
1 minutes | 588 0,070 | 4,51 4,51 5858 0,007 1,72 1,72
5 minutes | 385 0,129 11,03 | 11,03 3 0,003 | 2,43 2,43
10 minutes | 1168 0,563 | 4,51 4,51 4608 0,000 1,72 1,72
15 minutes | 1038 0,583 5,22 5,22 3432 0,006 | 2,36 2.36
20 minutes | 1306 0,564 | 4,51 4,51 3185 0,002 | 2,25 2,25
25 minutes | 1401 0,000 | 3,95 3,95 2099 0,000 | 3,06 3,06
30 minutes | 670 0,005 | 7,42 7,42 3768 0,071 2,16 2,15
Average 936 0,274 | 5,87 5,87 3279 0,013 | 2,24 1,90
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Comparison of throughput values between TeamViewer and UltraVNC looks quite
significant. TeamViewer throughput values range from 385 Kbps to 1401 Kbps.
Meanwhile, UltraVNC throughput values range from 3 Kbps to 5858 Kbps.
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Figure 2. Throughput Chart of TeamViewer and UltraVNC

The smallest packet loss value on TeamViewer is 0.000% and the largest is 0.583%.
Whereas on UltraVNC, the smallest packet loss is 0.000% and the largest is 0.071%.
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Figure 3. Packet loss chart of TeamViewer and UltraVNC

TeamViewer's delay ranges from 3.95 ms to 11.03 ms. Meanwhile, the delay on
UltraVNC ranges from 1.72 ms to 3.06 ms.
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Figure 4. Delay of TeamViewer and UltraVNC

Meanwhile for jitter, in TeamViewer the value ranges from 3.95 ms to 11.03 ms. And
the jitter on UltraVNC ranges from 1.72 ms to 3.06 ms.
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Figure 5. Jitter of TeamViewer and UltraVNC

Based on the tests that have been carried out, it can be concluded that UltraVNC
produces higher throughput and packet loss than TeamViewer. However, TeamViewer has
higher delay and jitter than UltraVNC. It can be concluded that UltraVNC produces a
higher display quality by utilizing more network throughput. Besides, each of them also
has different feature. Both applications can be used according to users’ needs.
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Abstract

Technological developments encourage humans to be able to adapt to their developments so
humans must open their horizons in thinking creatively and innovatively to maximize the
performance of a job or security that can be developed to continue to produce the latest works.
Technology can be used as a system or tool that can facilitate all daily human activities where it
can be used manually or can be used automatically using technology. In this research,
technology is used to alleviate human worries about using electricity at home, where researchers
create a design system for controlling and monitoring electrical installations based on the
Internet of Things that can control and monitor the use of electric power through the Blynk
application using experimental research types to see success or failure. not used as a monitoring
system and control system. The results obtained in this study are that the work system using
electric power can be controlled manually and automatically via the internet using the Blynk
application to turn on and turn off electricity with a response duration of 0.5 — 1 second. This
tool is also used as a monitoring tool in the use of electric power at each load using the Bylnk
application with manual measurement comparisons with a value of 0.95 — 2.00% which is used
according to load usage.

Keywords: [oT, Control, Monitoring, NodeMCU ESP8266, Blynk.

1. Introduction

In the current era of globalization 4.0, information technology is developing rapidly
and increasingly advanced, so it becomes an encouragement for humans to continue to
innovate, think creatively, and not only create discoveries, but also optimize the
performance of systems and technologies that have been created before in meeting
maximum human work system [1]. Thus, this technology is also known as the Internet
of Things (IoT). The Internet of Things is a future where all devices are connected to
the internet to form a system that has its own intelligence and is very useful in
technological developments, such as the application of smart homes. This can be
achieved by using data analysis, and information representation with cloud storage as a
data repository.

The Internet of Things has three characteristics, namely objects or materials
assigned to measuring devices/devices, lines that are interconnected through network
terminals, and intelligent services. Electronic devices used in a home installation can be
controlled or controlled for their use through computer and Android applications.
Computer applications are currently also used on gadget devices such as smartphones.
The use of smartphone devices in the country has reached 61.7% of the total population
[2]. Smartphones have completely developed or evolved in human life, work, and time
with the tremendous growth of resources and services. Smartphones that are portable,
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personal, and easily connected to other devices can be used as an application of the
Internet of Things. This proves that people are used to using mobile devices.

The use of Internet of Things can be utilized for various kinds of needs in everyday
life to facilitate human work so that various design ideas arise that can be used in
various ways. One of the Internet of Things tool designs that researchers have made is a
system for controlling and monitoring electricity usage in households. Consumer
negligence in using electricity at home is generally found when leaving the house, such
as forgetting to turn off electrical devices such as electronic devices that consume
electricity and can cause a house fire. Therefore, users often feel uncomfortable when
traveling long distances or so on.

To overcome the concerns of home electricity users, researchers want to project an
exchange switch into a series of electrical installations in the form of lighting
installations and the use of electronic equipment that can be controlled manually and
can also be controlled via internet media using the Cloud Network which has been
programmed previously on NodeMCU ESP8266 using the Arduino IDE software using
a Personal Computer (PC) or Smartphone. The advantages of the tools used by
researchers to design control systems and monitor electrical installations are; first, the
designed electrical installation design is designed to obtain more secure electricity use
through application monitoring without the need for further supervision from any party.
The safety example in question is such damage to the load which causes excess current
or leakage so that the user can take follow-up by cutting off the electric current in the
load through the Blynk application. Second, home users don't have to go back and forth
to the house to check electricity usage on home appliances that have forgotten to turn
off or turn on. Third, each of these electrical appliances has been installed in the form of
a smart control media, users are calmer because all electrical equipment at home can be
controlled anywhere using a smartphone/gadget.

The objectives of this research are: The application of a control system can
minimize concerns about the use of electricity at home from negligence. As well as a
user monitoring system that can control unwanted electricity usage remotely.

2. Theoretical Studies
2.1. Control System Design

The design of the control system used in this study is in the form of a feedback
control system (closed control system), the working system of the research tool is a
control device that can be controlled through network media using an application or
web server using Google Assistant as a tool.

Relay is a device that is controlled by current. The relay has a low-voltage coil
applied to a core component. There is an iron shield that will be attracted toward the
core when current flows through the coil. This iron guard is attached to a spring lever.
When the shield is pulled toward the core, the common line contact will change its
position from a Normally Close (NC) contact to a Normally Open (NO) contact.

The use of relays in electronic circuits is as an executor as well as a
liaison/interface between loads and electronic control systems that have different power
supply systems. Physically the contactor or switch with a separate electric magnetic
between the load and the control system is separate. The main part of the electro-
mechanical relay is the switch electromagnet coil or the Swing Armature Spring
contactor [3]. Relays are also called electronic switches, that is, switches can be
controlled with other electronic devices such as Arduino.
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2.2. Electrical Installation Monitoring

Electrical Monitoring is the monitoring of electric power which is mostly done by
combining several electrical measuring devices in the form of sensors before connecting
to the load used. The advantage of this monitoring is that electric power consumption
can be monitored in real-time from anywhere through the application [4]. The hardware
used for monitoring electricity use is Pzem 004 —T.

Figure 1. PZEM 004-T Sensor Shape

PZEM 004-T is an electric power sensor that is multifunctional in monitoring and
can calculate the accuracy of power usages such as voltage, current, active power, and
power consumption. This module has its own Time To Live (TTL) pin which is a pin
that supports serial data communication with other hardware using a computer's USB or
RS-232 port [5].

| AC POWER
— SUPPLY
cELL:'
A MEASUREMENT

|
(= SYSTEM

|
Ll;b SIGNAL \—.

NOWLYIOSI |
¥31dN0J0Ld0 |

- 2

Figure 2. Form of sensor functional blog diagram

Based on the sensor functional blog diagram in the Pzem 004-T working system
image, the application can be seen in the Open System Interconnection (OSI) section of
the application layer on the Pzem 004-T sensor using the Modbus protocol system -
Remote Terminal Unit (RTU) in communication or serial.

2.3. Internet of Things

Internet of Things technology can be applied to create a new concept and
development related to smart homes to provide convenience. This aims to help improve
security and provide convenience for someone who uses the device by utilizing the
network. The hardware used in the Internet of Things is NodeMCU ESP8266 as shown
in Figure 3.
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Figure 3. NodemMCU ESP8266 Shape Image

NodeMCU is an electronic board based on the ESP8266 chip with the ability to
perform microcontroller functions and also an internet connection. NodeMCU has
several Input / Output pins so that it can be developed into a monitoring/monitoring
application as well as a control tool for IoT projections. NodeMCU ESP8266 can be
programmed with the Arduino programming language using the Arduino IDE
application. The physical form of the NodeMCU ESP8266 has a Universal Serial Bus
(USB) port so that users can easily program it [6].

NodeMCU ESP8266 is a development module derivative of the Internet of Things
device module ESP8266 family type ESP-12. The function of this module is almost
similar to the Arduino module device, but what distinguishes it is that it is specifically
used for "Connected to Internet" internet connections.

2.4. Electrical Installation System

The basic need for electricity has a very important role in everyday life, almost all
buildings such as housing, offices, and so on require electrical energy. Electrical
installation is a method or process of channeling electrical energy from an electric
power source to a load that is adjusted to the provisions stipulated in existing electricity
regulations and standards [7]. There are two parts to the electrical installation: first, the
electric lighting installation is an installation that is used to provide electrical power to
lamps. Both electric power installations are installations that are used for distribution in
the form of electric current through a socket so that it can be used to turn on electrical
devices such as washing machines, televisions, and others [8].

The most important electrical circuits needed in a circuit are the components used
in various ways in electrical installations. Electrical installation components themselves
can be grouped into several sections, including Switches, Sockets, and Lights.

3. Research Methodology
In designing this tool, researchers used experimental research types. Conducting
experiments on the design of control and monitoring systems is a process of testing the
previous theories to prove their truth. The experimental objective to be achieved from
this research is to design an electrical installation for power and lighting Internet of
Things control, with this tool home users no longer need to worry about negligence in
using lights or electronic equipment which can be turned off using a smartphone
remotely using internet media, NodeMCU ESP8266 serves as the central
microcontroller that controls all the performance of this automatic controller.
The research model used in the design of this control and monitoring system is
the ADDIE model (Analysis, Design, Development, Implementation, and Evaluation)
[9]. This model is widely used and applied in conducting research related to the
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assessment of a tool or the development of a tool.

At this research stage, researchers want to use a tool that everyone can use so

that with this tool the use of the electric current in the house can be controlled and home
security can also be monitored remotely using a smartphone.
The stages used in this study started from the planning stage of the model to the final
results of the study. In this research design stage, the researcher made a focus point
related to the type of research model. The explanation of the stages used in the research
flow includes Literature Study, Planning Stage, Tool Design Stage, Tool Programming
Stage, Tool Testing, Tool Implementation, and Test Results.
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Figure 4. Form of Research Flow

4. Research Results and Discussion

In installing the electrical installation of this control and monitoring system device,
does not require its electrical installation, the installation that is applied to this tool is
only changing the basic electrical installation in the Figure below.
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Figure 6. Basic electrical installation circuit

The process of the working system of the control and monitoring tool is turned on
for the first time, then the tool will continue to search for the internet network that has
been programmed in the circuit so that it will continue at the next stage the user can
choose which control system he wants. Users can control using the Blynk application
the use of electricity on one or more loads and users can turn off the electricity flowing
at these loads using a swap switch manually without having to turn off the control
application on the Blynk screen. Follow-up of the use of this control system will display
power, voltage, and current energy on the monitoring display of the Blynk application.
So that the user can find out how much power and energy usage is spent on the load the
user can limit himself in the use of power on the load. The monitoring display will
always display each load used so that if an error occurs in the load such as a broken
lamp, the next step that must be taken is to turn the light on and off first so that the user
can make sure the lamp is broken or is being turned off.

4.1.Results of Electrical Circuit Installation Control System Design

The results of this electrical installation control system design work with the
programming logic that was made previously using the C programming language
through the Arduino IDE application, the programming logic embedded in this tool has
2 conditions (working system state), in the first condition the researcher makes a control
input system design relay to each load switch that is used to disconnect or connect
electrical power. In the second condition, the control system can be carried out directly
without the need for a control application to disconnect and connect the electric power
to the load, but the monitoring system will automatically display the use of the electric
power being used by the load.

The results of the control system testing using the Blynk application carried out on
the network aim to see the response time to the working system turning on and off on
lamp 1 having an average value of 1.2 seconds. The results of the work system response
test carried out on lamp 1 can be seen in Table 1.
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Table 1. Test the response of the work system to lamp 1

No Testing With Blynk On Lights 1
Blynk Application ON / OFF Testing Response Time
1 Testing 1 1 second
2 Testing 2 2 second
3 Testing 3 0.5 second
4 Testing 4 2 second
5 Testing 5 0.5 second
6 Testing 6 0.5 second
7 Testing 7 0.5 second
8 Testing 8 1 second
9 Testing 9 2 second
10 Testing 10 2 second
Rate - Rate 1.2 s second

The results of testing the control system using the Blynk application which is
carried out on the network on the working system of turning on and off lights 2 aim to
see the response time has an average value of 1.2 seconds. The results of the work
system response test carried out on lamp 2 can be seen in Table 2.

Table 2 Test the response of the working system on lamp 2

Testing with Blynk on lamp 2
Mo Testing ON / OFF the Blynk application Response time
1 Testing 1 2 second
2 Testing 2 2 second
3 Testing 3 1.5 second
4 Testing 4 2 second
5 Testing 5 1 second
6 Testing 6 0.5 second
7 Testing 7 0.5 second
8 Testing 8 1.5 second
9 Testing 9 0.5 second
10 Testing 10 1 second
Rate - rate 1.25 second

The results of subsequent testing of the working system of turning on and off lamp
3 aim to see the response time have an average value of 1.25 seconds. The results of the
work system response test carried out on lamp 3 can be seen in Table 3.
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Table 3. Testing the response of the work system to lamp 3

No Testing with Blynk on lamp 3
Testing ON / OFF the Blynk application Response time
1 Testing 1 0.5 second
2 Testing 2 1.5 seconds
3 Testing 3 0.5 second
4 Testing 4 2 second
5 Testing 5 0.5 second
6 Testing 6 0.5 s second
7 Testing 7 0.5 second
8 Testing 8 1 second
9 Testing 9 0.5 second
10 Testing 10 1.5 seconds
Rate - rate 0.9 second

After the tests were carried out on each load 10 times repeatedly, it can be
concluded that the response speed of the work system on this control device greatly
affects the network connection, the better the network speed used, the better the work
system will be in responding to commands given.

4.2. R esults of Electrical Installation Monitoring

The steps in designing an Internet of Things-based electrical installation control and
monitoring system are as follows:
a. Prepare the tools and materials to be used
b. Connect all the modules and components as shown in Figure 7 of the network

module.

1) NodeMCU ESP8266

NodeMCU ESP8266 is a module used in designing an Internet of Things-based

electrical installation control and monitoring system that functions as a central
controller tasked with giving orders and the brain of the system in controlling all
commands given by the user.

oD — T‘T"Eﬁ:-m

5V

o a
—[ a0

Vin

NODEM PZEM
D6 RX DO V1
D7 ™ D1 V2
D3 V3
D4 v4

Figure 7. NodeMCU installation circuit with relays and sensors
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2) Sensor Pzem 004-T
The Pzem 004-T sensor has 4 output pins that function as detection pins for the
use of current, voltage, active power, and AC power energy which can be used to
measure 0 — 100A current, 80 — 260V voltage, in the use of these output pins usually 2
pins are used The first is to connect the AC neutral phase and the next 2 pins are used to
connect the Current Transformer (CT).
3) Relay Module
In the relay module, there are 3 input pins namely VCC is used as a current input
pin of 5V, GND is used as grounding and IN1 is used as a data input connected to
NodeMCU. The output of the relay has 3 pins called Normally Open (NO), COM and
Normally Closed (NC). The working system of this relay is that when it is turned on for
the first time, the relay is activated when the input is LOW and the output is NO and if
the relay input is HIGH and the relay output is NC. In the installation that the researcher
made, the relay output pin is connected to the third phase cable, namely the NO and NC
pins connected to the phase cable which is connected to the exchange switch.

The experimental results of the design of the electrical installation monitoring
system use the Blynk android OS application and can be seen via the website as a
monitoring medium. In monitoring the power that is being used or not it will
automatically appear in the Blynk application with a duration that varies from time to
time because it depends on the network connection. The stability of the internet network
greatly affects the maximum results of the data monitoring system. Vice versa, if the
internet connection is unstable, the duration of time received for commands given
through the application for the control system will take a long time to run or it may even
fail to send data to the user, on the monitoring screen display will also affect the
appearance of power usage data on the burden. Whereas in the use of a manual control
system that is carried out on an exchange switch, there are no obstacles or any duration
of time that occurs because the function of this exchange switch is only to disconnect or
connect the flow of electric power manually.

In this monitoring system, we can see the power usage of the load used such as the
use of lights or other electronic devices so comparisons in load power usage can be seen
in table 4.2 which displays a comparison of power in manual measurements and
automatic measurements using the Blynk application. The formula used to calculate
power manually is the basic formula for calculating power.

P=VxI
Formula description:
P =Power (W)
IN = Voltage (V)
I =Current (A)

The Blynk application also displays the energy used in the load with kWh units
automatically in the application. Energy serves as a medium for calculating the amount
of power used at a certain time. Energy has a unit value of joules (J) which has its value,
namely:

1Wh =3.600]

Or 1
1] =0.000277 Wh
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As for calculating the amount of electricity used in the load, you can use the basic
formula, namely:

E=Pxt 2

Formula description:
E = Energy (Wh)
P =Power (W)

t  =Time (h)

An example is known in the use of power in a house of 57.2 watts for 1 hour, the
question is how much kWh of energy is used in the house?

Solution :

Is known :
P=57.2 Watt
t=1jam
Asked: W?

Answer:

W =Pxt

W =572 Wattx | jam

W =57.2 Wh=0.057 2 kWh

The comparison of the results of current measurements that have been carried out in
this study is a comparison of manual measurements and measurements using the Blynk
application for monitoring. In manual measurements using an AC current multimeter
the comparison of data monitored in the use of electric power manually and using the
Blynk application can be seen in Table 4.5 with data calculations using the relative error
formula in percentage (%) [10].

Error = | | x 100%

Formula description:

Error = Measurement data error

A\ = Actual manual measurement data

M = Blynk application measurement data

The results of manual calculations to determine power consumption and load
energy use the formulas (1), and (2). The calculation of power and energy can be seen in
table 4. While the formula in equation 3 is used to determine the percentage of error
data comparison to manual measurements and measurements using the Blynk
application.
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Table 4. Comparison of manual electric current measurements and automatic
measurements using the Blynk application

Burden Manual Measurement I\gf;?lieg;ﬁsc;?ot:e
Lamp 1 Lamp 2 Lamp 3 ErrorD
220 - 220 - 240 220 - IN A Kwh IN A Kwh | °® (%)
240 V/ V /25 W 240 V/
40 W 40 W
0 0 0 0 0 0 0 0 0 0
0 0 1 57.2 0.26 0.0572 55.10 | 0.25 | 0.0551 1.04
0 1 0 26.4 0.12 0.0264 2430 | 0.11 0.0243 1.09
0 1 1 90.2 0.41 0.0902 9240 | 043 | 0.0924 0.95
1 0 0 41.8 0.19 0.0418 40.60 | 0.19 | 0.0406 1.00
1 0 1 72.6 0.33 0.0726 74.20 | 0.35 | 0.0742 0.94
1 1 0 55 0.25 0.055 62.90 | 0.29 | 0.0629 0.86
1 1 1 118.8 | 0.54 0.1188 113'9 0.53 | 0.11409 1.02

In the calculations in Table 4 the researcher explains that the calculations are
carried out by turning on and off 3 lights alternately so that in the test there are eight
conditions. The statement that the condition of the light is on is symbolized by 1 and the
statement that the condition of the light is off is symbolized by 0. Comparison of the
results from measurements using the Blynk application is obtained not too far from
manual measurements using the multimeter measuring instrument so it can be
concluded that the percentage of error in measurement is low or it does not reach more
than 3% so that the use of this tool is feasible [11].

4.3. Discussion of Electrical Installation Monitoring Control System Tools Internet
of Things

In general, research on the design of this control and monitoring system functions
as a media tool that functions to reduce people's worries about using electricity at home
when traveling or when they are outside the home so that with this tool, the person can
control the use of electrical devices from a distance. remotely using a smartphone
through the Blynk application as a control medium in turning on and turning off
electricity on loads such as house lights, fans, televisions, and so on. Users can find out
how the control system is running according to the instructions given by viewing the
monitoring page on the Blynk application which displays voltage, current, power, and
energy flowing at the load.

Manual electricity usage can be identified through the Blynk application on the
monitoring page which automatically detects electric current and can be turned off via
the Blynk application if electricity usage is not desired. The control and monitoring
system can be carried out without any distance limits in its use so that users can carry
out monitoring anywhere, both within the country and users who are abroad, the main
requirement is to be connected to the internet network. The internet speed used on this
tool is also very influential on the work system of this control device, if the
implementation of this tool uses slow internet or a bad connection, the work system of
this tool will work slower in carrying out the commands given or a failure may occur in
executing the command. system error". The current measurement accuracy that appears
in the monitoring application can be compared to direct measurements using a current
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meter with the same results.

As for the use of control system tools and monitoring of electrical installations,
there are still deficiencies so the use of this tool requires several revisions to maximize
the use of these tools, namely:

1. When using electricity manually, the application only detects the current that
appears on the monitoring screen without knowing which point the electricity is
being used, so we have to see and turn on one control button at a time in the
application so that later it will display the cut-off current.

2. Using this tool requires a strong and stable network to maximize the monitoring
process and control system in the network.

Comparison of research results from previous studies with the results of research on
the design of electrical installation control and monitoring systems is that the accuracy
of calculations in monitoring electricity usage at load has a data error value of 0.94 —
2.00%. For the use of the control system itself, it has an average value in carrying out
the commands given, which has a speed of 0.9 seconds. Meanwhile, the test results of
Riny Sulistyowati and Dedi Dwi Febriantoro in the comparison of current calculations
have an average value of 4.88% and an average comparison of electric power
monitoring of 2.76%. The work system of this study is repeated calculations, if the
control and monitoring system is not being used, the data calculation system starts from
0 again.[12] The results of the tests carried out by Kurniawan were testing the feasibility
of the control system tool which obtained an average comparison value of 97.14%, but
this study only tested the feasibility system without monitoring so the drawback of this
research was the limited use of the control system because if the user gives the order to
turn on or turn off the load on the control system outside the home, the user will not
know whether the control system is running or not.[13]

5. Conclusion

The work system of this control device can be done manually and using the Blynk
application that has been programmed on NodeMCU to turn on or turn off the use of
electric current on the load. Using electricity manually can be done by pressing the
ON/OFF button on the exchange switch installed. Meanwhile, the use of the Blynk
application functions as a medium that can be used to turn on or turn off the use of
electric current remotely. The results obtained in this study are that the work system of
this control device can work with the work system of the physical exchange switch and
the control media system through the Blynk application. So that the existence of this
control media can help consumers control electricity usage remotely and can save
electricity usage costs.

The monitoring system in this control and monitoring system design tool will
display a power monitor automatically on the Blynk application when the control
system is activated in the application or activated manually using a switch. The
resistance in measuring the power usage of electricity obtained from the comparison of
monitoring which is done manually using amperage pliers and automatic measurement
using the Blynk application is 0.95 — 2.00% which is carried out 8 times in testing so
that the use of this control and monitoring system design can be declared feasible to use.
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Abstract

PLC-based Electric Motor Control is one of the materials in the Electrical Machine
Control Practicum course which requires a medium to make it easier for students
during practicum. This trainer and practicum module were developed as a tool for
teaching lecturers in explaining PL.C-based electric motor control material. The PLC
trainer in this study used the Zelio PLC module type SR2 B201FU. This study used
the research & development method both in the design of the trainers and in the
preparation of the PLC practicum modules. The research instrument carried out by
the researcher was a media expert and material expert validation sheet to test the
feasibility of the trainer to be applied in the Electrical Machine Control Practicum.
The questionnaire was used to find out the respondents' responses regarding the
importance of using trainers and PLC-based electric motor control practicum
modules in the Electrical Machine Control Practicum course. The validation results
of media experts and material experts prove that the trainer and PLC-based electric
motor control practicum module are very feasible in terms of media and material.
Based on the percentage of scores obtained from media experts, namely 91% and
material experts obtaining a score of 98%, it is included in the very feasible category
to be applied in the Electrical Machine Control Practicum course. The results of
student respondents' responses related to the importance of using trainers and PLC
modules obtained results of 87% included in the very important category to be
applied in practicum.

Keywords: Design, PLC, Trainer, Electric Motor Control, Practicum Module.

1. Introduction

Education is a learning of skills, knowledge and habits of a group of people passed
down from one generation to the next through a system of teaching, training or research.
With the rapid development of technology at this time, various kinds of technologies have
sprung up, starting from newly discovered technologies, to previous technological
developments. Especially in the field of control of 1-phase and 3-phase electric motor
controllers. At present the process in the control system is not only in the form of manual
circuits, but many industries already use the PLC (Programmable Logic Controller)
system and this control system is also implemented in the Electrical Machine Control
Practicum course. PLC-based Electric Motor Control is one of the materials in the
Electrical Machine Control Practicum course which requires a medium to make it easier
for students during practicum. This trainer and practicum module were developed as a
tool for teaching lecturers in explaining PLC-based electric motor control material [1].
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Based on the results of initial observations, there were 54.5% of students in the 2019
Electrical Engineering Education Faculty of Tarbiyah and Teacher Training UIN Ar-
Raniry Banda Aceh who had attended the Electrical Machine Control Practicum course
said that material regarding PLCs was difficult to understand if they did not use a media
trainer, while 45.5% said they did not understand at all starting from the delivery of the
theory or during the monitoring. Given these problems, this research was made with the
aim of designing trainers and compiling PLC-based electric motor control practicum
modules and to test the feasibility of trainers as auxiliary media in the Electrical Machine
Control Practicum course.

The research method used is the research & development method both in the design
of trainers and the preparation of PLC practicum modules. Research and development is
a process or research steps that are used to produce certain products as well as test the
effectiveness of these products [2].

In designing this trainer using PLC Zelio SR2 B201FU. The wiring path from the
PLC is connected directly to the banana port as the output from the PLC port itself. There
are 14 ports connected to the PLC port with bananas [3]. The ports in question are L, N,
I1 to 16 and Q1 to Q3, each of which has 2 switches. The results of the design can be seen
in Figure 2 and Figure 3.

2. Method
This research uses the research and development (R&D) method. The instruments
used to collect data in this study are validation sheets and questionnaires. To analyze the
data resulting from validation, researchers use (1).[4]

Total Value Total

Percentage = Total Maximum Score X100 M

The stages used in this study are as follows:
1. Potential Problems
Based on the results of observations made in the Electrical Machine Control
Practicum course, students do not understand clearly about PLCs so that the
learning process becomes less effective.
2. Collection of Information
Trainers designed by researchers aim to help the learning process to be more
effective. The tools and materials used are:
a. PLC Zelio is the main component that will be used as the trainer
b. Banana Plug Connector as port output.
c. Test Pen is a tool to determine an electric voltage in a conductor, and as a tool
to strengthen PLC port bolts.
d. Combination pliers as a tool that can hold, grip and twist and cut wires and other
objects.
e. Plus screwdriver equipped with a rubber coated handle or insulator to keep it
safe while working.
f. NYAF cable 0.75 mm as a conductor of voltage and electric current.
g. Solder and tin to attach the NYAF cable to the banana connector inductor plate.
h. Plywood measuring 23 x 30 cm as a trainer cover.
1. 14 mm drill and drill bit.
3. Trainer Design
Before designing it into a real form, first design a sketch of the trainer using
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Microsoft Visio 2016 software. The researcher designed this trainer by placing the
Zelio PLC on plywood measuring 23 x 30 cm (the front cover of the trainer) which
has been given space to show the PLC screen and buttons as well as banana
connectors that are attached to each PLC port with a size of 14mm as output from
each port, namely L/N, I1 to 16 and Q1 to Q2 (switch 1 and switch 2) on the PLC.
The design of the trainer and its description can be seen in Figure 1 [5].

PROGRAMMABLE LOGIC CONTROLLER
PTE-EMC-001

] s i

Sopolclelelele

30 em

23cm

Figure. 1. PLC trainer design.

4. Validation of Trainers

Validation of trainers and practicum modules is carried out by validation of
material experts and media experts to see the feasibility of trainers and practicum
modules [6].
5. Trial of Trainers

Trials of trainers and practicum modules were carried out by 13 students as
respondents in response to the use of trainers and practicum modules.

3. Literature Study
Literature study contains a description of the results of previous research on issues to
be studied as an accurate source to guide research writing.

a.

Hesti Istiglaliyah, with the title "Analysis of the Effects of Using a Star Delta
System with Manual and PLC Circuits on 3 Phase Electric Motors" in 2017. This
research used the Research and Development (R&D) method. The results of his
research prove that there are several differences in the use of circuits between PLC
systems and manual systems, namely the PLC system is more practical, simple,
reliable, easy to program, but quite expensive and more difficult to maintain.

Hariyanto, Didik Aribowo and Mohammad Fatkhurrokhman, with the title
"Development of 3 Phase Motor Control Kit Trainer Learning Media in Electric
Motor Installation Subjects at SMKN 4 Serang City" in 2020. This research used
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the Research and Development (R&D) method. The results of his research prove
that the effectiveness of the trainer kit learning media for controlling 3-phase
motors and electric motor installation jobsheets results in a pre-test value of 56.73
and a post-test value of 87.82, so there is an increase in learning outcomes after
using learning media with n-gain obtained 0.73 which fall into the category of
"high effectiveness".

4. Result and Discussion
a. Research Results
1). Results of Trainer Design

In designing this trainer using PLC Zelio SR2 B201FU. The wiring path from
the PLC is connected directly to the banana port as the output from the PLC port
itself. There are 14 ports connected to the PLC port with bananas [7]. The ports in
question are L, N, I1 to 16 and Q1 to Q3, each of which has 2 switches. The results
of the design can be seen in Figure 2 and Figure 3.

The operation of the PLC trainer requires a guide in the form of a module that
contains code and programming methods so that the PL.C can carry out commands
according to the desired program. Some of the material contained in the PLC
practicum module contains material on electric motor control, namely PLC-based
Direct On Line starting, PLC-based automatic alternating live load circuits, PLC-
based interlocking circuits and PLC-based forward reverse circuits.[4] The
practicum module is also equipped with how to install the PLC onto an electric
motor, how to operate the PLC to be programmed, and the PLC program code
with a ladder diagram language type [8].

Figure 2. Front view of PLC trainer design results.
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Figure. 3. PLC Wiring Line to Banana port from behind.

2). Results of Validation

The validation results were obtained based on the validation instruments of
material experts and media experts which were given to two validators. Based on
the results of media validation, the total score is 32 with a maximum value of 35
and the eligibility percentage results are 91% with the category "Very Eligible"
for use in the Electrical Machine Control Practicum course.

Based on the results of the material validation, it was obtained that the total
score was 44 with a maximum total value of 45 and obtained a feasibility
percentage of 98% with the "Very Eligible" category.

3). Results of Trial of Trainers and Practical Modules for PLC-Based Electric

Motor Control

Trials were conducted to see responses from respondents on the importance of
using trainers and practicum modules. The respondents in the PLC trainer trial and
practicum module were students in semester VII who had taken the practicum
course on controlling electrical machines in the Electrical Engineering Education
Study Program, Faculty of Tarbiyah and Teacher Training, UIN Ar-Raniry Banda
Aceh, totaling 13 students. Based on the results of respondents' responses per
indicator regarding the importance of using trainers and PLC-based electric motor
control practicum modules, a total score of 624 was obtained from 13 respondents
with a maximum value of 715 and the percentage value obtained was 87% with
the "Very True" category. To be used as one of the materials that can be applied in
the Electrical Machine Control Practicum course.

Based on the results of individual respondents' responses regarding the
importance of using trainers and PLC-based electric motor control practicum
modules in the Electrical Machine Control Practical course, the total score was
624 out of 13 respondents and the maximum total score was 715 with a percentage
value of 87% with category "Very True".

Discussion
Based on the results of the media validation test, it obtained a percentage value of

91%, while the results of the material validation obtained a percentage value of 98%.
So in terms of media and material, the feasibility of the Trainer and the PLC-Based
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Electric Motor Control Practicum Module received the "Very Eligible" category to
be applied to the Electrical Machine Control Practicum Course. The graph can be
seen from Figure 4.

Expert Validation
100% 98%

95%
91%

» -
85%

B Media Validation ~ m Material Validation

Figure. 4. Graph of Media Expert and Material Expert Validation Results.

From the results of the respondents' responses which had been processed by the
researchers, they obtained different percentage results for each indicator. If you look
more closely, the time efficiency indicator is at a lower percentage level of 85%
compared to the material presentation indicator of 87%, learning outcomes of 88%,
and benefits of 88%. The graph can be seen from Figure 5.

Respondent Results By Indicator
90%
88% 88%
88% 87%

86% 85%
84% I
82%

B Material Presentation B Time Efficiency m Learning Outcomes M Benefit

Figure. 5. Graph of Respondent Results by Indicator.

Media validation results give a value with a total score obtained is 32 with a
maximum total score of 35 and obtains a feasibility percentage of 91% based on the
calculation formula. the category of trainer eligibility percentage level indicates that
the PLC trainer gets the “Very Eligible” category for use in the Electrical Machine
Control Practicum Course. For details of validation can be seen in table 1.

TABLE 1 MEDIA VALIDATION TEST RESULTS

Indicator Statement item Value Criteria
General Statement 1 4
View Statement 2 4
Statement 3 5
Practical Statement 4 5
Statement 5 5
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Quality Statement 6 4
Statement 7 5
Total Score 32
Percentage 91%

The results of the material validation the validator gives a value with a total score
obtained is 44 with a maximum total value of 45 obtaining a feasibility percentage
of 98% based on the calculation formula. then the results of the material validation
test showed that the trainer and the PLC-based electric motor control practicum
module received the "Very Eligible" category to be applied to the Electrical Machine
Control Practicum course. For details of validation can be seen in table 2.

TABLE 2 MATERIAL VALIDATION TEST RESULTS

Indicator Statement item Value Criteria

W

Material Statement 1
Statement 2
Statement 3
Time Statement 4
Purpose Statement 5
Statement 6
Statement 7
Benefit Statement 8
Statement 9
Total Score
Percentage 98%

||| |

~
=

The results of respondents' responses based on indicators related to the importance
of using trainers and PLC-based electric motor control practicum modules obtained
a total score of 624 out of 13 respondents with a maximum value of 715 and the
percentage value obtained was 87% and was in the "Very important" category to be
used as one of the material and applied when the practicum course is carried out. For
details of the responses can be seen in table 3.

TABLE 3 RESPONDENT RESULTS BY INDICATOR

Indicator Item Value Criteria Total Percentage Percer.ltage
Number 1 2 3 4 5 by Item by Indicator
Material . 1 0O 0 0 7 6 58 89% 7%
Presentation 2 0O 0 1 8 4 55 85%
Time. 3 0 0 1 8 4 55 85% 85%
Efficiency 4 0 0 0 9 4 56 86%
Purpose 5 o 0 1 5 7 58 89%
6 0 0 1 8 4 55 85%
7 0 0 1 3 9 6 92% 88%
8 0O 0 2 6 5 55 85%
Benefit 9 0O 0 0O 8 5 57 88%
10 0 0 2 5 6 56 86% 88%
11 0o 0 0 6 7 59 91%
Total Score and Total Percentage 624 87%

The results of individual respondents' responses also obtained the same results as
the calculation results and the total score obtained was 624 out of 13 respondents and
the maximum total score was 715 with a percentage value of 87% and was in the
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"Very Important" category. For individual details can be seen in table 4

TABLE 4 RESPONDENT RESULTS BY INDIVIDUAL

Name Total Value Criteria Percentage
Respondent 1 48 87%
Respondent 2 43 78%
Respondent 3 44 80%
Respondent 4 50 91%
Respondent 5 44 80%
Respondent 6 52 95%
Respondent 7 52 95%
Respondent 8 52 95%
Respondent 9 46 84%
Respondent 10 49 89%
Respondent 11 46 84%
Respondent 12 46 84%
Respondent 13 52 95%

Total Score and Total

o,
Percentage 624 87%

5. Conclusion

This study aims to produce modules and trainers that can assist the learning process.
The validation results of media experts obtained a percentage of 91% and material experts
obtained a percentage of 98%. Based on the results of the validation by media experts and
material experts, it was shown that the PLC trainer and practicum module were "Very
Eligible" applied to the Electrical Machine Control Practicum course.

The results of the respondents' responses from 13 students obtained a percentage of
all indicators of 87%, so the respondents' responses stated that the PLC trainer and
practicum module were "Very important" to be used in the Electrical Machine Control
Practicum course.
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Abstract

Electrical energy is something that is very important today and is very much needed
for every house or place of residence. Every house stay must have safety in electrical
installations installed such as MCB, grounding, fuses, and other electrical fittings
that are included in K3 electricity, so that the house can be said to be safe to live in.
However, there are still many residents who do not know about the existence of PUIL
for the electrical installations used and installed in their homes, as well as minimal
knowledge of the importance of PUIL completeness. This study aims to determine
the completeness of residents' electrical installations based on PUIL (General
Electrical Installation Requirements) in Jagong Jeget village -Aceh Tengah by using
HazOp so that residents' homes avoid hazards caused by electric currents. HazOp is
an abbreviation for method Hazards and Operability. this research uses a qualitative
method with interview, observation, and documentation techniques. The result, there
are several residents' houses that are still there using a fuse as a safety installation,
and there are still many residents' houses that do not install grounding, as well there
are some residents who use electronic devices not following for under the power
installed in their homes. So, got concluded that house residents in Jagong Jeget
Village-Aceh Tengah yet fulfill standard PUIL equipment.

Keywords: hazards, operability, K3, electrical installation

1. Introduction

Genre electricity holds a role important inside life society. Electricity is used almost
in all aspects of life people human. Electricity has Lots of benefits and functions that can
help the man carry out activities every day. However, in terms of system installation
electricity, and power burden in use equipment electricity is still not yet lots known by
the public. Though, should the installation of electricity must follow PUIL (General
Electrical Installation Requirements) and must be supervised by K3 (Occupational Safety
and Health). Is done as an effort to minimize possible danger happening in no time
unexpected.

The danger is often found in the use of electricity every day, like houses without a
tool extinguisher firing early, tool electronic with burden exceeding KWh that has been
installed, fan wind dusty, problematic AC, and installation on the floor. Problems with
electricity can resulted in several frequent accidents found, like connection short current
literal, stung current electricity, and frequent MCB (Miniature Circuit Breaker) back and
forth because of excess load.

Hazards and impacts that can be identified using HazOp. HazOp is an abbreviation
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for method Hazards and Operability. HazOp is a method of identifying systematic and
structured hazards to evaluate the level of risk in something system frequently unsafe
conditions found at home, such as no There is tool extinguisher fire early, tool electronics
that have burden more from KWh that has installed, fan dusty wind, problematic AC, and
installation on the floor. HazOp is also one method used in countermeasures disaster in
safety and health work. Safety and health work is also an application technique
management safety and health arranged work in Constitution Number 01 of 1970
concerning Safety Work and Act Number 13 of 2003 concerning Employment. So that,
with existing HazOp, crash work can be identified in a manner more early.

Study This was conducted in Village Jagong Jeget Aceh Tengah, with the objective
for analyze the completeness condition of general installation electricity (PUIL) at home
residents, as well determine factors HazOp on installation electricity as well as level risks
that occur. This was done because in the village this once happen believed fire happen
because the current connection was scorching short several many house residents, so
resulted in a loss with enough nominal big for affected residents fire in a manner direct.

2. Method
The flow of research conducted to know the appropriateness of system installation

electricity at home inhabitants or settlements showed in Figure 1. Research This adopted
type of study qualitative through data collection and later analysis interpreted by
following per under approach descriptive. The study uses a method qualitative based on
an approach descriptive aim to describe or explain something phenomenon or social
happenings in society. Use method descriptive form data collection and analysis in the
field based on moderate facts happened on the spot study the. Study This was carried out
in the Aceh area, precisely in Village Jagong Jeget, Aceh Tengah. subject from study This
is 77 households housing units citizens, one office village, and one mosque.
The process stages study HazOp has done is as follows:
1. Observation is an activity carried out by researchers to observe electrical
installations in residents' homes.
2. The formulation of the problem is the main problem that will become the title and
purpose of this research.
3. Data collection techniques are methods used by researchers to obtain the data
needed for research to analyze the data to produce results.
4. Library Research is a data search process that can be used to support research
through books, journals, and important documents.
5. Field Research is a research process to obtain data by observing natural
phenomena that occur around the scope of research.
6. Data analysis is the process of filtering the data that has been obtained to conclude.
7. The results of the research are data obtained after going through the process of
searching and filtering data.
8. The conclusion is the final result of the research that has been carried out by
utilizing the data that has been obtained and filtered.
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Figures. 1. Research flow HazOp

Data collection was carried out in three-way, namely:

i. Interview

In doing the interview, a researcher still must have limited interesting

conclusions from side conversations that took place. The interview instrument grid

was conducted in Table 1.

TABLE 1 INSTRUMENT INTERVIEW

Formula Problem

Indicator

Question Items

How HazOp
(Hazard and
operability) can
role in
Engineering
Electrical
Installation, as

well What relation
to the room scope
of K3 (Safety and
Occupational
Health)?

Know installation electricity
House inhabitant or know
PUIL provisions will power
used at home the as well as
What it's Hazop in Electrical
Installation Engineering and

know What it K3
(Occupational ~ Safety and
Health)

1.

2.

3.

4,

5.

Is a citizen do you know about the PUIL
provisions installed in the house?

Is there any implementation of HazOp
(safeguards) in installation of electrical
installations in house?

A whether HazOp should be in installation
electrical installation homes?

By using the method HazOp whether a
work accident or fire can be handled

On installation electrical installation at
home relating to K3 (safety and
occupational health)
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ii.  Observation
Observation is a systematic observation and recording of the symptoms being
examined. Observations made in study This in the form of: - Equipment home
installation citizen, consists of switches, sockets, and fittings; - Security type of

MCB and fuse; - Circumstances physique earthing/grounding; and -
Circumstances environment House influencing citizens security installation or
no.

iii. Documentation

Besides that, qualitative method used For analysis the data was performed through

four stages, namely, data collection (data collection), data reduction (data reduction),

data presentation (data display), and conclusions.

a.

Data Collection (data collection)

The data obtained is the result of observations, interviews, and documentation
recorded in field notes. This research has a total data of 70 households in the sense
that the data does not reach 100, therefore the sampling is carried out 10% - 15%.
Data reduction (data reduction)

Data reduction is the process of selecting, and simplifying data from records written
in the field. Data reduction is the same as summarizing data so that it becomes a more
concise summary.

Data Presentation (data display)

The presentation of data is a summary of information that has been arranged so that
conclusions can be drawn. The presentation of data that is often used in qualitative
form is narrative.

Conclusion

The conclusion is the final stage in data analysis carried out by researchers so that
research is easier to understand.

Results and Discussion
Results obtained from the study in the form of completeness data installation

electricity, security installation reviewed electricity from facet condition physical, and
selection for safety installation power on house citizen. Processed data is the result data

from K3 analysis of electricity in settlements residents use the method HazOp inspection
installation electricity, which includes equipment PUIL 2000 at home existing residence
completeness installation, type the safety in use, use of grounding or grounding that is
installed or not, and the environment or condition place house is built. The result showed

in Table 2.
TABLE 2 EQUIPMENT PUIL
Equipment Installation Protection
NO Resident grounding Environment
name Switch Electric fittings MCB Fuse
socket
1  Supriyanto \ \ \ X \ X V
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2 Agus \ \ \ \ X X \
3 Mirja \ \ V \ X X \
4  Amen v v V V X X V
5  Herman V V v V X X v
6  Harris V V V V X X V
7 Sutris V V v V X X v
8  Sudir v v v X v X v
9  Harry v v v X v v v
10 Muhiron v v v X v v v
11 Hamdan V V v V X X v
12 Ani V 2l v V X X v
13 Anisa v v v V X X v
14  Village \ \ \ \ X X V
Office

15 Mosque \ \ \ \ X X \

Amount 15 15 15 11 4 2 15

Based on Table 2, the observation data is obtained which produces the following

information:

1.

The houses in Jagong Jeget Village have an average power load of 900 watt, but there
is one house that has a power load of 1320 watt and there are two houses that have a
power load of 450 watt.

For village offices and mosques in Jagong Jeget Village, each has a power load of 900
watt and 1320 watt.

All houses, village offices, and mosques have used the Miniature Circuit Breaker
(MCB) protection system. The MCB used varies depending on how much power the
building has. MCB C2 for 450 watts of power, MCB C4 for 900 watts of power, and
MCB C6 for 1320 watts of power.

Not all buildings apply fuse boxes as an additional tool to prevent accidents, only a
few residents' houses do.

All residents' houses have electrical equipment that exceeds the power load of the
house, but these tools are never used simultaneously to prevent the MCB from
bouncing or sudden power outages.
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Additionally, based on results from observations and interviews, the average power
installed in the house inhabitant is 900 Watt with the average household own equipment
electricity with burden power exceeding installed power, so use No Can in a manner
together in one time. So as with PUIL equipment. Percentage PUIL completeness shown
in Figure 2 is the description from results in Table 1 with the use equation:

Number of parts

percentage = x 100% (D)

Total number

PUIL equipment

100
90
80
70
60
50
40
30
20
10 l

0

El i i Envi
switch ectric fittings =~ MCB fuse Groundi Environ
socket ng ment
M PUIL Equipment | 100 100 100 73 26 13 100

Figures. 2. Percentage of PUIL equipment

By amount sample 15 houses, then for installation house inhabitants produce 100%
complete with the use of each house that has switches, sockets, and light fittings. 11
houses are using MCB with percentage 73%. Residents' homes that use protection (fuse)
totaling 4 houses with a percentage of 26%. On the grounding section only there is 2
houses inhabitant by whole samples that use it, ie around 13%. Environment House stays
enter in class safe because no exists barriers like trees big can annoying genre electricity
to the house from system transmission as well as building house built on level ground.
So, got concluded that house residents in the village Jagong Jeget — Aceh Tengah yet
someone fulfills standard PUIL completeness due to still lots house citizens who don't
have grounding caused by a lack of tools in installation.

4. Conclusion
The study used the HazOp method in Jagong Jeget Village-Aveh Tengah to assess the

completeness of PUIL in residents' homes, and can determine the protection system that
is widely used by residents. The result obtained is that none of the residents' houses in
Jagong Jeget village meet the PUIL completeness standards because there are still many
residents' houses that do not use grounding. This is caused by a lack of tools in the
installation of grounding and the average power used is 900 watt.
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Abstract

Security is the most important thing in everyday life, there are lots of thefts or break-
ins of a security system because it is not properly protected. Plus there is no
additional notification system on conventional locks that are commonly used which
can provide information on anyone trying to access the door. Automatic Unlock
System With RFID Based Notification (Radio Frequency Identification). Aim to
planprototype automatic unlocking system with RFID based notifications. Work
system fromprototype it is controlled using the NodeMCU ESP8266 as the brain
ofprototype which is equipped with RC522 RFID sensors, servo motors, andTouch
Sensor to open the door from the inside. This study uses a type of qualitative research
and uses methodsResearch and Development (R&D). Based on the test results, the
system can read the E-KTP card to open the door and the system can also send
notifications to the telegram application. RFID testing is known sensors can read
cards starting from distance of 0.0 cm to 1.8 cm. In testing the RFID response time,
it is known that the time required ranges from 2.59 to 2.86second. Next test the
response timetouch sensor, the response time required until the door is opened an
average of 1.99second.

Keywords: RFID, NodeMCUESPS8266, Automatic Lock, Prototype, E-KTP, Sensor

1. Introduction

Science and technology are currently developing very rapidly, including in the field
ofelectrical engineering. As we already know, almost all of the manufacturing equipment
is already using automatic technology. For example, to open a door that we usually do
manually by entering a key, this can be handled with electronic equipment that can open
doors automatically by controlling using a card sensor or commonly called RFID (Radio
Frequency ldentification) so that the use of space becomes efficient and increases
security in the room. RFID (Radio Frequency Identification) is a technology that uses
radio waves that can be used to identify a particular object in accordance with what has
been programmed in it.

Currently security is also the most important thing in everyday life, there are lots
of thefts or break-ins of a security system because it is not properly protected. Plus there
is no additional notification system on conventional locks that are commonly used which
can provide information on anyone trying to access the door. With the rapid development
of today's technology, it is necessary to develop a security system that can eliminate the
weaknesses in conventional locks, a lock system is needed that can provide direct
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notification to the owner if someone tries to access it.
2. Research methods
A. Approach and Type of Research
This study uses a type of qualitative research and uses methodsResearch and
Development (R&D). Research means to search again, in other words to carry out
investigations in order to obtain facts or data to obtain additional information. Research
methodsResearch and Development (R&D) is a research method used to produce certain
products and test the product.
1. Potential and Problems
Potential is anything that when utilized will have added value. While the problem
is a deviation between what is expected and what happened.
2. Collection of Data or Information
The process of collecting information is carried out factually and can be used as
material for planning certain products as expected.
3. Product Design
Product design is a series of efforts to study and plan functional, ergonomic, and
aesthetic wearables so that they become more valuable and useful for users.
4. Planning Level
The design stage aims to produce a design that meets the requirements determined
after the planning stage.
5. Product Testing
Product trials aim to determine whether the product made is suitable for use or
not. Product testing is carried out in three stages, namely:
a. Testing the distance between the card and the sensor
b. RFID response time testing (Radio Frequency Identification)
c. Response time testingtouch sensor.
B. Research Stage
At the research stage, researchers start from the model planning session to the final
product to be made. The stages used include:
1. Planning Stage
This stage is the initial stage in designing a shaped productprototype automatic
unlock system with RFID based notification (Radio Frequency ldentification) which
covers the preparation of tools and materials to be used.
2. PlanningPrototype
After all the equipment is adequate, a circuit and programming is needed which
will be made in the form of a physical circuit and will also be programmed in the
computer to be entered into Arduino so that the device can be controlled using Arduino.
3. Product Testing
Prototype will be tested starting from testing the distance of the card with RFID
(Radio  Frequency Identification), RFID response time testing (Radio Frequency
Identification), response time testingtouch sensor will then be seen the results ofprototype
which has been tested whether everything can run as expected or not.

C. Research Flowchart

Flowcharts are used to describe the algorithms that researchers use in this study.
Pictureflowchart can be seen in Figure 1.
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Figure 1. Flowchart Research Flow.

D. Research Tools and Materials
Tools and materials to be used during the design and assembly processprototypee
automatic door opening system with RFID based notification (Radio Frequency
Identification) as follows:
a. Tools and materials used:
a. Gunting
b. Solder
c. Glue Shot
d. Laptop
It is.Wire stripper (Cable cutter)
f. Tang
g. Software Arduino IDE
h. Radio Frequency Identification (RFID) MFRC-522
i. Motor servo MG90S
J. NodeMCU ESP8266
k. E-KTP
I. Touch Sensor TTP223
m. Kabel USB
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n. Cablejumper
0. Solder wire
p. Isolation

b. Automatic Door Open Prototype Diagram
Workflowprototype open automatic doors are generally designed based on a
block diagram, can be seen in figure 2.
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E-KIP Schegn loput
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I

RFID schagai
1Pk vk
membaca E-KIP

Servo stk
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Node MCL
sehagal otk

& sistem

Figure 2. Workflowprototype open the automatic door.

Functions of Each Block

a. E-KTP: Serves as input to be sent to the RFID reader. b. RFID reader: serves

to read the ID number contained in the E-KTP chip. Data stored on the chip will

be sent via radio waves aftertaq receive radio waves from the reader then the

data will be sent to the microcontroller.

¢. NodeMCU ESP8266: functions as a microcontroller and also as a link to the
internet network.

d. Servo: works to open the door when the entered input matches the data in the
program.

e. Telegram application: functions as a media for receiving notifications.

3. Discussion and Research Results
A. How the Tool Works
The flowchart describes the process flow fromstart to finish. In this case, the work
process is regulated by the program that works in the controller. Momentstart, the
program will work and RFID will begin to identify the E-KTP card that is attached.
Data from the card will be read by RFID and sent to NodeMCU ESP82686, if the data
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from the card matches the program then the servo will rotate 180° until the door opens
and NodeMCU ESP8266 will send a notification to the telegram application in the form
of the name of the owner of the E-KTP. If access is denied so that the servo does not
rotate and the door does not open, the NodeMCU ESP8266 also sends a notification to
the telegram that the card used is not registered.

To open the door from inside the room, you only need to touch a buttontouch sensor
without the need to use a card, and when the servo works the door will open
automatically.
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+  Imisialisasi Program

Mlazuk * : " F.eluar

w
L 4

Towrch Sensor

dak o RFID
— membaca ’
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L+ NodeMCU '

L
L 4

Telegram Selesai |
Figure 3.Flowchart How the Tool Works.

1. Testing the distance between the card and RFID (Radio Frequency dentification) RFID
testing is carried out by bringing the E-KTP card closer to the sensor, if the RFID
sensor reads or identifies the ID number on the E-KTP card according to the program,
the servo will rotate 180° degrees so that the door opens.

TABLE 1.Testing the distance of the E-KTP card that can be read by the RFID sensor.

Testing to Card spacing with sensor Door condition
1 0,0cm Open
2 0,5cm Open
3 1,0cm Open
4 1,5cm Open
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5 1,8cm Open

6 1,9cm Closed

7 2,0cm Closed

From the test results in table 1 above, it can be explained that RFID can read the chip
inside an E-KTP card if the card is brought closer from a distance of 0.0 cm to a distance
of 1.8 cm to the RFID sensor.

2. RFID Response Time Testing (Radio Frequency Identification) In this test it will be
discussed how long the RFID response time is after the card is pasted until the door is
opened using 10 samples.

TABLE 2. RESPONSE TIME TESTING

Test When RFID Response Time(s)
3 Sample 5 Sample 8 Sample 10 Sample

1 2,81s 2,555 2,56s 2,81s

2 3,00s 2,655 2,625 2,76 s

3 2,34s 2,96 s 2,78 2,68s

4 2,925 2,835 2,23s 2,23s

5 2,32s 2,185 2,92s 3,33s

6 2,77s 2,03s 2,18s 2,90s

7 2,27s 2,75s 3,23s 2,74 s

8 2,65s 2,69 s 2,69 s 2,42's

9 2,38s 2,43 s 2,33s 2,88s

10 251s 2,86s 291s 3,855
Rate-Rata 2,59s 2,63s 2,63s 2,86s

From the test results in table 2 above, we can see that the response time based on
the above test is not much different between 1sample E-KTP cards up to 10 E-KTP cards.

3. Response Time TestingTouch Sensor

Response time testingtouch the sensor is carried out to see the response time of
opening the door when the sensor is brought closer to the hand. The purpose of the test
is to find out how fast the system can open the door from the inside.
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TABLE 3. RESPONSE TIME TESTINGTOUCH SENSOR

Testing the Response TimeTouch Sensor Door condition
1 1.52 Seconds Open
2 2.18 Seconds Open
3 2.09 Seconds Open
4 1.89 Seconds Open
5 2.28 Seconds Open
6 1.93 Seconds Open
7 2.12 Seconds Open
8 2.03 Seconds Open
9 1.88 Seconds Open
10 2.01 Seconds Open

Rate-Rata 1.99 Seconds Open

From the test results in table 3, it can be seen that the average time needed bytouch
sensor to open the door from the inside is 1.99 seconds.
B. Discussion

Research with the title Design of an Automatic Unlocking System with Based
NotificationsRadio Frequency Identification (RFID) aims to design aprototype RFID
based automatic unlocking system. To achieve these objectives, the researchers used the
methodResearch and Development (R&D) with research steps which broadly cover
potentials and problems, data or information collection, product design/planning stage,
design stage, usage trials.

The planning stage is the first step taken to build an automatic door opener system in
the formprototype, which includes the preparation of tools and materials to be used. The
next stage is designprototype where after all the equipment has been adequate, then a
series is madesoftware arduino IDE in the form of a physical circuit to be programmed
into a computer. Furthermore, product testing is carried out which is the last step taken to
build a system whereprototype that have been built will be tested starting from E-KTP,
RFID sensors, NodeMCU ESP8266, Telegram Bot, servo motors, Touch Sensors, Doors,
then the results will be seenprototype that has been tested whether it is running as
expected.

The test is carried out in three stages, consisting of RFID testing which is carried out
by bringing the E-KTP card closer to the sensor at a certain distance, if the RFID sensor
reads or identifies the ID number on the E-KTP card according to the program,
NodeMCU ESP8266 will give an order to open the door and send notifications to the
telegram application when someone accesses it. The tool built is said to be successful,
from the test results it is known that the sensor can read cards from a distance of 0.0 cm
to 1.8 cm.
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The second stage is to test the RFID response time, namely to find out how long
the RFID response time is after the card is attached until the door is opened, from the test
results it is known that the response time needed by RFID to be able to open the door on
average ranges from 2.59 to 2.86second. Next test the response timetouch the sensor is
done to see the response time of opening the door from inside the room when the sensor
is brought close to the hand, from the test results it is known that the response time
required until the door is opened is an average of 1.99second.

4. Conclusion

Based on the results of research that has been done regarding the design of an
automatic unlocking system with RFID-based notifications (Radio Frequency
Identification) Successful designprototype automatic unlock system with RFID based
notification (Radio Frequency ldentification). Work system fromprototype it is
controlled using the NodeMCU ESP8266 as the brain ofprototype which is equipped with
RC522 RFID sensor, servo motor, andTouch The sensor for opening the door from within
this system can read the E-KTP card to open the door and the system can also send
notifications to the telegram application.
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ABSTRACT

An internship is a specialized activity in which students participate directly in the
delivery of training in the working world. Students are actively involved in the learning
process when using participatory approaches. According to observations made by
researchers at SMK Negeri 4 in Banda Aceh, the majority of students are still limited
in their ability to learn due to material issues, especially when it comes to maintenance-
related subjects like motorcycle electricity, which benefit from both classroom and
real-world practice (DU/DI). The goal of this study is to determine whether it is
feasible to use participatory methods to teach students at SMK Negeri 4 Banda Aceh
class XI about motorcycle electrical maintenance in stages of planning, implementing,
and evaluating learning. The three stages of the participatory method are planning,
doing, and assessing learning. According to the study's findings, the participative
approach is effective and has an impact on student learning at SMK Negeri 4
Banda Aceh.

Keywords: Application of Participatory Methods. Motorcycle Electrical.
Industrial Work Practices

1. Background

Education is a program in which interaction between teachers and students serves
as the educational process' primary source. In association (education), teaching, training,
and guidance, learning activities and educational resources interact. This Industrial Work
Practice (PRAKERIN) implementation program is carried out in the work field for
Vocational High Schools, particularly Motorcycle Electrical Maintenance, with the goal
that with this Prakerin, students can apply the knowledge gained in the classroom to be
applied in the field in accordance with their field. In general, vocational high schools
(SMK) want to produce graduates that fit their students’ knowledge and talents,
especially when it comes to their ability to learn co-skills that fit the current market
demand. The ability to think critically, creatively, and be able to tackle any problem that
arises are all expected outcomes of this exercise. In particular, SMK places a strong
emphasis on preparing students for the workplace and the needs of the business and
industrial worlds (DU/ DI). In the school learning process, theories are first given to the
students.

Law No.20 of 2003 explains that SMK is a secondary education that has the
following objectives: (1) preparing students to become productive resources, have the
ability to work independently, can fill the needs of labor needs that exist in the field of
work in order to become workers at the middle level in line with the abilities in the skills
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program of interest; (2) preparing students' abilities to choose careers, tenacity, and
persistence in competing, adapting to the work field, and increasing professional attitudes
in their chosen fields; (3) equipping students with science, technology, and art, to have the
ability to develop their potential in the future both individually and with a higher level of
education; (4) equipping students with abilities that are in line with the skills program
they choose.

Prakerin is a skill activity that involves students directly in conducting training in the
world of work. Prakerin has the aim that students can have various skills in accordance
with the wishes of the world of work and industry, this activity can add experience for
students in the workplace. Prakerin is a compulsory learning activity carried out by
students in the workplace, as a tangible manifestation of an education in SMK. The
preparation of this Prakerin activity is carried out by the school and the industry so that
students can fulfill all their needs, as well as students' contribution to the world of work
in developing learning in SMK.

The purpose of this Prakerin activity is to establish a cooperative relationship
between the school and the business world. This Prakerin activity's goal is to develop
skills in line with the selected area of expertise so that students may comprehend what is
required by business. Teachers play a crucial role in ensuring that students thoroughly
comprehend the subject they are taught. The material must be modified to the appropriate
approach in order to foster effective learning activity and generate five SMK graduates
of the highest caliber. Realizing educational objectives in schools in order to provide
efficient learning methods and tactics is the aim of educators.

Participatory learning is a learning model that involves active and fully compulsory
students through three important stages: planning, implementation, and evaluation. With
this learning method, students can carry out learning together to get and build a structured
mindset for the formation of the intended learning objectives. Participatory learning is
expected to improve students' abilities by involving them mentally in learning activities.
In this activity, students are given freedom and flexibility to develop their potential more
optimally.

Rom the observations that researchers have made at SMK Negeri 4 Banda Aceh, it
is found that many students are still constrained in the learning material, especially in the
subject of motorcycle electrical maintenance, both when practicing in the school
workshop and when practicing in the business world / industrial world (DU / DI). Another
problem is also seen in the teaching and learning process of teachers who prioritize the
use of the same method without varying, this has made students bored, bored, and less
interested in receiving material delivery. Furthermore, researchers also found problems at
school when learning in the workshop there are still students who do not understand and
master the procedures for using motorcycle electrical equipment and maintenance in
accordance with the existing SOP (Standard Operating Procedure). Therefore,
researchers want to apply participatory methods to learning materials in order to solve
the problems that arise so that they are more effective in conducting Prakerin later.

The objectives to be achieved in this study, namely to determine the test results and
feasibility of applying participatory methods with stages (planning, implementation, and
evaluation of learning) on motorcycle electrical maintenance material at SMK Negeri 4
Banda Aceh class XI.
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2. Discussion of Research Results

This study was carried out at the formal educational facility SMK Negeri 4 Banda
Aceh, which also has vocational characteristics. The education division of Banda Aceh
City is responsible for SMK Negeri 4. This institution offers the TKRO (automotive light
vehicle engineering), TBSM (motorcycle engineering and business), and NKPI (fishing
boat nautics) specialization programs.

Based on the results of research at SMK Negeri 4 Banda Aceh, the results of the
average pretest and posttest scores, the results of the acquisition of data seen in tables 1
and 2, to determine the completeness of student scores refer to the KKM (Minimum
Completeness Criteria) value of 75. Based on table 1, the lowest value of student learning
outcomes for the pretest is 40 and the highest value is 110. The number of students who
reached the KKM limit and were declared complete was 13 people. As for the posttest
results based on table 2 above that the lowest student score is 90 and the highest is 130.

TABLE 1. FREQUENCY DISTRIBUTION OF PRETEST DATA

No Nilai Frekuensi Th Tt Ta Frekuensi
Relatif
1 40 - 44 3 39,5 42 445 15 %
2 45— 49 0 445 47 50,5 0%
3 50 — 54 4 59,5 52 54,5 20 %
4 55 -59 0 55,5 57 59,5 0%
5 60 —64 4 59,5 62 64,5 20 %
6 65 — 69 0 64,5 67 69,5 0%
7 70 - 74 5 69,5 72 74,5 25 %
8 75-179 0 74,5 77 79,5 0%
9 80 -84 2 79,5 82 84,5 10 %
10 85 -89 2 84,5 87 89,5 10 %
TABLE 2. FREQUENCY DISTRIBUTION OF POSTTEST DATA
. . Frekuensi
No Nilai Frekuensi Th Tt Ta Relatif
1 70 -74 1 69,5 72 745 5%
2 75-79 0 74,5 77 79,5 0%
3 80 -84 8 79,5 82 84,5 40 %
4 85 -89 0 84,5 87 89,5 0%
5 90— 94 7 89,5 92 95,5 35 %
6 95 -99 0 94,5 97 99,5 0%
7 100 — 104 2 99,5 102 104,5 10 %
8 105 - 109 0 104,5 107 109,5 0%
9 110- 114 1 109,5 112 114,5 5%
10 115-119 1 114,5 117 119,5 5%

The normality test is used to determine whether the sample under study is normally
distributed or not, by fulfilling the condition that the data is normally distributed if it
meets the criteria for a significant value (a)> 0.05. For the data normality test in this study,
see table 3 below.
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Figure 1 Comparison Chart of Pretest and Posttest

TABLE 3. NORMALITY TEST RESULTS
One-Sample Kolmogorov-Smirnov Test

Unstandardized Residual
N 20
Normal Parameters®? Mean .0000000
Su. 6.68189231
Deviation
IMost Extreme Differences Absolute .088
Positive .088
Negative -.077
Test Statistic .088
Asymp. Sig. (2-tailed) .200°4

Based on table 3 above shows that the significant value of pretest data is: 0,200. The
significant data in this pretest data shows greater than 0.05. So it can be concluded that
the data distribution on the pretest is normally distributed. Whereas in the posttest, the
significant value is 0.200 and greater than 0.05, so it can be concluded that the distribution
of posttest data results is normally distributed. The results of homogeneity testing in this
study can be seen below:

TABLE 4. DATA HOMOGENEITY RESULTS
Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
.299 2 14 746

Based on the results of the homogeneity test in Table 4, the sig value is 0.746> 0.05,
it can be concluded that the two variants are homogeneous. After carrying out the
normality test and homogeneity test, it can be concluded that both samples are normally
distributed and homogeneous. Next, the stage to ascertain whether or not there is an effect
of the application of learning methods that have been applied, this hypothesis test is to
compare the pretest and posttest scores of students. The test in this hypothesis is Ha: there
is an effect of the application of participatory methods on motorcycle electrical material
for PRAKERIN. To make a decision whether Ha is accepted or rejected, it uses a
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significant level, namely if significant <0.05 then Ha is accepted and Ho is rejected. The
results of hypothesis testing in this study can be seen in table 5 below.

TABLE 5. MEAN VALUE

Paired Samples Statistics

Std. Std.
Mean N Deviation | Error Mean

Pair 1 PRETEST | 6250 | 20 | 15517 3.470
POSTTEST | 8850 | 20 | 11.821 2.643

Based ontable 5, it can be seen that the average value of the prestest score is 79.5
while the average at the time of the posttest is 102.5. In table 6, it can be seen that the
posttest average is greater than the pretest average value.

Table 6 T-Test
Paired Samples Test

IPaired Differences
Mean Std. | Std. 95% Confidence Sig
Devi |Error Interval of the >
ation |Mean Difference T DT | (2- tailed)
Lower |Upper
IPair1 PRETEST -
POSTTEST [-26.000 |8.826| 1.974 | -30.131 | -21.869 | -13.175 | 19 .000

Based on table 6 for hypothesis testing with paired sample tests, Sig. (2-tailed) is
0.00. So from the results it can be concluded from the output that Ha is accepted because
0.00 <0.05, meaning that the results of the pretest value are different from the posttest,
thus it can be concluded that the participatory method has an influence in learning
activities.

3. Conclusion

Based on the research that has been done. The application of participatory methods
is generally classified as good, because it has a positive influence on learning at SMK
Negeri 4 Banda Aceh class XI. The implementation is in accordance with the steps,
namely: planning, implementation, and assessment. In planning, it is more precise to
compile and prepare all the needs at the beginning of learning, in the implementation of
all the needs from planning are applied correctly, and in the assessment of the results are
in accordance with planning and implementation. This evidence is also seen in the results
of the pretest score of 62.5, the results of the posttest score of 88.5, the teacher
questionnaire score of 83.62, and the observer questionnaire of 86.18. The assessment of
the test results that have been carried out well is evidenced by the results of the normality
test showing normal distribution with a value of 0.200> 0.05 on the pretest and posttest,
86.87 while the results of the homogeneity test show a significant value of 0.0382> 0.05,
so the value is homogeneous and the results of the hypothesis test show a significant value
of 0.00 <0.05, meaning that there is an effect of the treatment given between the pretest
and posttest.
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Abstract

The food delivery process in Indonesia generally still uses a manual system and
queues often occur in stalls at lunch time, especially when an employee is absent or
sick. This makes customers have to wait a long time to be able to get food. From the
problems above, the researchers took the initiative to create a prototype robot that
can deliver food automatically, thereby easing the work of waiters in delivering food.
The type of research used is qualitative research using the prototype method. The
results show that the robot will move to the destination table by selecting the
available menu on the Keypad Shield LCD display. After one of the menus is selected
then press the right button on the LCD menu until the Red Table On display appears
if red is selected. Then the robot will move towards the destination table according
to the input given. If the order is ready to be delivered, the robot will automatically
return to its original place. Based on the results of the research above, it was
concluded that the prototype could run well and make it easier for business people
or restaurants to deliver orders to the consumer's table.

Keywords: LCD Keypad Shield, Prototype, Restaurant, food delivery, Robot..

1. Introduction

The development of technology in the present era has been rapidly advancing,
making all lines of human work easier, thus transitioning human life from manual systems
to automated systems. The implementation of the 5.0 industrial revolution within the
country is still uneven across all regions. Some companies have already implemented
robotics technology, but it is still minimal in the culinary industry. The role of a
waiter/waitress in a cafe or restaurant is crucial because they directly interact with
customers, making it a primary function in advancing a business establishment [1], [2].

Robotics is one of the rapidly developing branches of technology. This development
encompasses the fields of mechanics, electronics, and computer science, often referred to
as mechatronics. Robotics technology has been widely applied in factory machines,
which are useful for producing products in large quantities. Robots have many
advantages, including being practical, fast, precise, and capable of working full-time. One
commonly used robot is the avoider robot. The avoider robot is a wheeled robot that
functions to detect obstacles or barriers in front of it and tries to avoid them [3], [4]. This
robot is also equipped with a TCS230 color sensor, which is used to detect colors on each
dining table.
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In Indonesia, the common practice for delivering food to customers is through
waiters/waitresses. Waiters play an important role in establishments such as restaurants,
cafes, and others. If a waiter is absent or sick, the company will experience a shortage of
staff, which can lead to customer discomfort due to longer waiting times for their orders.
To anticipate such situations, the author intends to create a robot that can work in
delivering food to customers, making the process more convenient and faster. The use of
robots as waiters can also help businesses save expenses since robots do not require food,
drinks, and other necessities. A robot only needs sufficient current and voltage to function
normally.

This sensor-based food delivery robot operates by pressing the right button on the
LCD Keypad Shield display, which will show the "Red Table On" message if the red color
is selected. Then, the robot will move towards the designated table. Once the robot
reaches the intended table, it will pause briefly to process the order. After a few seconds
of delay, the robot will move back to its original position. The LCD display has several
menu items that can be selected based on the desired table direction. There are four menu
items: Red, Green, Blue, and Clear.

This robot utilizes three ultrasonic sensors positioned in the middle, right side, and
left side of the robot. These sensors function to detect obstacles or barriers in front of it.
Additionally, the robot is equipped with one TCS230 color sensor, which is used to detect
the color beneath the dining table. This sensor is employed as a table identifier. Once the
sensor detects the color on the table, the robot will stop and move according to the
predetermined instructions. The TCS230 sensor can detect the primary colors of Red,
Green, and Blue (RGB).

2. Method

The research employed a qualitative approach using the prototype method. The
prototype method is an interactive system process where requirements are continuously
modified in a working system and improved through user collaboration and analysis.

Based on the above excerpt, users will provide feedback to the researcher regarding
the shortcomings and errors of the developed device, allowing the researcher to reanalyze
and rectify the mistakes. The nature of the prototype method itself is characterized by
constant changes to the device.

identification of - Scope of » Formulation of
problems i problems - Problems
v
Prototype test 1« Prototype < Prototype
create Design

v

Result

Figure 1. Research Framework

3. Flowchart and Design
A flowchart is a graphical representation of the steps and sequence of procedures in
a program. The design of a robot should have a clear workflow, ensuring that it is well-
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organized and easily understandable for readers [7]. For a clearer understanding, please

refer to Figure 2.

/ Pembeli Memesan /
hakanan
+
/ Pelayan Menyiapkan

Peletakan Pesanan
pada Robot
Pemilihan Meja
Tujuan

]
i + 1

/ Red Table // Green Table // Blue Table /

Apakal Raobot Tidak

Berjalam

Robot Mengantar
Makanan Ke Meja Tujuan

¥

Tidak

Apakah
Pesanan Sesuan

Fobot Kembali Ke Tempat
Semula

Figure 2. Flowchart

The explanation of each component in the flowchart in Figure 3.3 is as follows:

1. Two terminal symbols, representing the "Start" and "End" points of the
information delivery system flowchart.

2. Seven input/output symbols, indicating the input/output processes: orders placed
on the robot and commands given for it to move towards a table.

3. Two process symbols, representing the robot starting to move for order delivery
and returning to its original position.

4. Two decision symbols, indicating a step for making a decision between "yes" or
"no," such as whether the order is correct. If it is correct, the robot will stop, and
if it is not, the robot will continue moving.

Robot design is a stage where all the necessary tools and materials are ready for use,
followed by the creation of circuit design and the actual construction of the robot. The
workflow of this food delivery robot system is crucial as it provides a clear understanding
of how the robot should operate, serving as a reference for building the robot. The block
diagram of this food delivery robot can be seen in Figure 3.a.
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Figure 3. a) Robot Block Diagram, b) Overall Robot Design Concept

The creation of this food delivery robot requires an initial design of the product to
ensure a smooth construction process. The circuit design is particularly crucial when
developing a complex device because it allows us to troubleshoot errors effectively. It is
essential to have a concrete robot circuit design that facilitates our understanding of the
necessary components for the project. The robot design concept can be seen in Figure 3.b.

4. Results and Discussions

The testing of the TCS 230 color sensor yielded several results, including the
following:
a. Testing Different Colors
In this testing, the researcher aimed to determine whether the color sensor could detect
colors other than Red, Green, and Blue (RGB) and observe the robot's condition. The
results can be seen in Table 1 below.

Table 1. TCS 230 Color Sensor Testing Results Based on Different Colors

Warna Keadaan Robot
Red Stop
Yellow Move
Green Stop
Sensor Warna TCS Orange Move
230 Blue Stop
White Move
Black Move

b. Test at Ultrasonic Sensor
The testing process for the ultrasonic sensor differs from the color sensor testing
because the ultrasonic sensor is used to measure distance, while the color sensor is
focused on color recognition. The testing process involves several stages, as follows. The
ultrasonic sensor can detect objects up to a maximum distance of 4 meters and the closest
distance it can detect is 2 cm. The results of the ultrasonic sensor distance testing can be
seen in Table 2.
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Table 2. Ultrasonic Sensor Testing Results Based on Object Distance

Distance (cm) Robot Condition
5 Stop
10 Stop
Sensor é(S) ﬁove
. ove
Ultrasonik 75 Move
30 Move
35 Move
40 Move

5. Results and Discussions
The conclusion of the design and development of a sensor-based robot for automated

food delivery is as follows:

1. A prototype of a sensor-based robot for automatic food delivery has been
successfully designed. In the design of this robot, the Arduino Mega 2560 is used as
its microcontroller to control the sensors, which serve as the robot's sensory/detection
devices. The working system of this robot is as follows: To start the robot, the power
button located on the right side of the robot needs to be activated. Once activated, all
the robot's circuits will power on, and the table menu will be displayed on the LCD
Keypad Shield. The user can then select the desired table from the menu for food
delivery and press the right button until the display shows "Red Table On" if a red
table is chosen. The robot will move towards the designated table and will return
automatically once the food has been taken.

2. The development of a sensor-based prototype robot for automatic food delivery has
been realized because the researcher observed that in Indonesia, the process of food
delivery in restaurants is generally still done manually. This situation often leads to
long queues at eateries during lunchtime, especially when there are absent or sick
employees. As a result, customers have to wait for a considerable amount of time to
receive their food. In response to these issues, the researcher took the initiative to
create a robot that can autonomously deliver food, thus alleviating the workload of
the servers in serving customers.

3. The use of robots as servers is also more cost-effective compared to hiring additional
employees, as it helps minimize expenses. Robots do not require wages, so the
company only needs to provide regular maintenance to prevent them from getting
damaged quickly. With the presence of this food delivery robot, it is expected to
assist and facilitate business owners in the food delivery process, while also being
beneficial for the community in their day-to-day tasks.
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Abstract

The Internet Service Provider has the duty as an internet service provider to make comfort
and satisfaction of its customers by providing fast and reliable internet access services.
There are two important factors in internet speed, namely upload speed and download
speed. Bandwidth capacity is the most influential thing to increase the effectiveness of
internet speed. This research aims to analyze throughput and delay of internet network
using QoS (Quality of Service) parameters. Wireshark is used in measuring the
performance of this network. The research was conducted at the computer laboratory of
SMKN 1 Takengon. The results of data analysis suggested that the network performance
at SMKN 1 Takengon using throughput and delay parameters is in the feasible and very
good category where throughput has the average index is 3.8 in the good category. While
for delay, it is getting an average index of 4 which is in the very good category.

Keywords: quality of service, delay, throughput

1. Introduction

The development of computer network technology is currently needed to meet the quality
and quantity of fast and reliable internet access [1]. There are many requests for internet access
for universities, office areas, schools and for various activities that require very fast quality
internet access to support their work.

In the process of communicating to be able to send or receive information, good service
performance is needed to support a communication process so that the information to be
conveyed can be received properly [2]. ISPs or Internet Service Providers who serve as
information service providers are trying every way to fulfill the comfort and satisfaction of their
customers so that they can always access the internet. The Internet or Interconnection
networking is a whole unit of computers that can be connected to communicate based on the
global standardization of TCP/IP (Transmission Control Protocol/Internet Protocol Suite)
functions in terms of serving billions of users around the world for packet switching (packet
switching communication protocol) [3]. There are two most important factors for internet
speed, namely upload speed and download speed. Bandwidth capacity is something that is most
influential in increasing the effectiveness of an internet speed. The term used to describe the
amount of data or information sent in a unit of time symbolized by bits per second (bps),
Kilobits per second (Kbps) and Megabytes per second (Mbps) through an internet connection
is called bandwidth [4].

The method used to measure network quality and also one of the attempts to explain the
criteria and characteristics of a service is called Quality of Service (QoS). This method is used
to test or measure a group of work attributes that have previously been detailed and collected
by a service. QoS refers to the ability of a network to provide better service to certain network
traffic through different technologies, besides that the Quality of Service method also has the
ability to describe the attributes that have been provided for network services quantitatively and
qualitatively [3].

In this study, to determine the quality of internet network services, there are two parameters
that will be used, namely throughput and delay according to Telecommunications and Internet
Protocol Harmonization Over Network (TIPHON) standards. Quality of Service (QoS) is
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designed to make it easier for clients (end users) to be more useful by ensuring that users (users)
get reliable performance through network-based applications. The purpose of QoS analysis is
to be able to monitor the quality of services provided by ISPs (Internet Service Providers) and
network operators. The tool used by administrators to monitor the network is Wireshark.

Wireshark is software that analyzes free and open source packages. This application is very
useful for administrators because it is used in solving problems that exist in the network,
monitoring the network, analyzing network performance and monitoring data travel in the
network that is set by wireshark [5]. The Wireshark tool can also capture data and information
packets that are currently running in a wireless local area network (WLAN) network.

SMK Negeri 1 Takengon has 4 buildings, 3 floors and 2 computer labs, each consisting of
30 computers with a total number of students of 1,232. To fulfill every learning activity that
takes place, this school has built a network service. Of the 33 study groups at the school, there
are several departments that use the lab regularly for practicums including multimedia and
computer network engineering. Then the accounting, banking and office administration
departments also alternately use the computer lab for data processing and searching for
information obtained via the internet.

Slow internet network access makes students feel dissatisfied, apart from that there are also
several problems and disturbances that occur on wire and wireless networks and these are
difficult to avoid, as a result of these disturbances the performance of a network decreases. To
determine the effectiveness of a network can be measured through parameters based on the
performance of the network. In order to maintain network access so that it remains stable in
using the internet network, it is necessary to analyze and test network performance or Quality
of Service at SMK N 1 Takengon so that problems that often occur such as delays in data
transmission can be minimized so that the management of internet service quality can function
properly.

From these problems, the researcher is interested in analyzing and measuring performance
on internet network services at SMK N 1 Takengon to see the smooth use of the internet
network. The performance measurement in question is Quality of Service (QoS) which consists
of Throughput and delay in the SMK N 1 Takengon environment so that the quality of internet
network service can be known according to the percentage of the Quality of Service
standardization.

2. Method
In order to get maximum results, it is necessary to carry out the steps of activities in
carrying out this final project. The steps consist of:

[ Studi Literatur ]

[ Persiapan Alat atan Peranglat ]

Pengujian Parameter
Kinerja Jaringan
1. Troughput

2. Delay

[ Analisa Data dari Hasil Pengujian ]

[ Kesimpulan ]

Figure 1. Research Method
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2.1. Literature Review
Literature review is looking for theoretical references related to the cases or problems
found. The reference contains about:
1. Computer networks
2. Quality of Service (QoS) parameter
3. Wireshark
In looking for these references, we go through books, journals, research report articles,
sites and tutorials on the internet. The output of the literature study discussed in this study is to
collect references that are relevant to the formulation of the problems discussed.

2.2. Devices Preparation

The following hardware and software are used to measure and analyze internet network
services. The devices used are as follows. Laptop HP 64-bit operating system, x64-based
processor Intel® Core™ i5-8250U CPU @ 1.60GHz 1.80, 4.00 GB RAM and 1 TB hard drive.
Windows 10 Operating System and Wireshark 3.6.5
2.3. Network Parameter Testing

Quality of Service (QoS) is a technique for measuring how good a network is and attempts
to define a characteristic and device of a service. QoS is used to measure a certain set of
performance attributes associated with a service [6]. The QoS parameters that will be measured
include:
a. Throughput

Throughput is the effective data transfer rate in bits per second. Throughput is the total
number of packets that are observed to successfully reach their destination in a certain interval
divided by the duration of that interval [7].

Table 1. Throughput standard

Category Troughput | Index
Very good 100 % 4
Good 75 % 3
Average 50% 2
Bad <25% 1

b. Delay
Delay is the time it takes data in the range from the starting point to the center point. The
factors that affect delay include: distance, physical media and also quite a long processing time

[8].

Table 2. Delay standard

Category Delay Index
Very good <150 ms 4
Good 150 s/d 300 ms 3
Average 300 s/d 400 ms 2
Bad >450 ms 1

The application used in testing internet network analysis using QoS parameters which
include Throughput, Packet Loss and Delay is Wireshark [2].

3. Results and Discussions

Based on the results of data collection that was carried out during the research, the
parameter measurements based on Quality of Service were obtained as follows:
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a. Throughput
From the results of data retrieval throughput based on the large number of packets or data
that reaches the recipient within a predetermined period of time. The measurement results are

presented in Table 3 below.

Table 3. Troughput Measurement Results

. Throughput
Day Application Value Index Category

Monday Zoom 1,155 Mbps 3 Good
(1) Google Meet 2,125 Mbps 4 Very Good
Youtube 3,08 Mbps 4 Very Good
Tuesday Zoom 8,42 Mbps 4 Very Good
@) Google Meet 3,488 Mbps 4 Very Good
Youtube 5,32 Mbps 4 Very Good
Zoom 6,85 Mbps 4 Very Good
Wedr;esday Google Meet 2,071 Mbps 4 Very Good

(3) Youtube 1,450 Mbps 3 Good
Thursday Zoom 7,36 Mbps 4 Very Good
() Google Meet 3,599 Mbps 4 Very Good
Youtube 3,81 Mbps 4 Very Good

Friday Zoom 1,328 Mbps 3 Good
(5) Google Meet 2,125 Mbps 4 Very Good
Youtube 6,15 Mbps 4 Very Good

From Table 3 the results of the throughput test at the Computer Lab SMKN 1 Takengon
which has been researched for 5 days shows that the resulting throughput value with index 4
is a very good category and index 3 is a good category, this shows that the performance or
quality of the network in the laboratory belong to the very good category.

For testing on Zoom and Youtube on Mondays, Wednesdays and Fridays who get good
categories with index 3, get these results because fair queues are not given, users who send
large packets will get higher bandwidth. Apart from this, other factors can also be caused by
network quality and during peak hours, the internet will be slow, possibly because the ISP's
bandwidth allocation is congested. So that data packets sent or received experience pending
[14].

b. Delay
The following delay measurement results are presented in Table 4 below:

Table 4. Delay Measurement Results

. Dela

Day Application Value Index : Category
Monday Zoom 7ms 4 Very Good
(1) Google Meet 2 ms 4 Very Good
Youtube 23 ms 4 Very Good
Tuesday Zoom 33 ms 4 Very Good
@) Google Meet 2 ms 4 Very Good
Youtube 14 ms 4 Very Good
Zoom 8 ms 4 Very Good
Wedr13esday Google Meet 2ms 4 Very Good

3) Youtube 887 ms 1 Bad
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Thursda Zoom 8 ms 4 Very Good
(@) y Google Meet 2 ms 4 Very Good
Youtube 19 ms 4 Very Good

Frida Zoom 4 ms 4 Very Good
(5) y Google Meet 2 ms 4 Very Good
Youtube 9ms 4 Very Good

The average value of the delay index obtained based on the test results during the study
was 4 with a very good category. The average delay value generated from Monday to Thursday
is to produce a satisfactory value with a very good index of 4 categories.

Based on network performance test data that has been carried out using the QoS method
with throughput and delay parameters that have been tested in the internet network in the
SMKN 1 Takengon computer laboratory using the wireshark application, the results showed
that it is in accordance with the percentage of Quality of service (QoS) according to
standardization TIPHON (Telecommunications and Internet Protocol Harmonization Over
Network) and belongs to the category of decent and very good network performance.

4. Summary

Based on the results of network performance testing using the QoS method with throughput
and delay parameters at SMKN 1 Takengon, it can be concluded that the parameters used in
this test consist of throughput and delay. Get the result that, the throughput value gets an average
index of 3.8 in the "good" category. And delay gets an average index of 4, entering the "very
good" category. Based on research on testing internet network performance in the Computer
Laboratory at SMKN 1 Takengon, there is a suggestion that further researchers are expected to
be able to add tests on Jitter Parameters and use testing tools or applications other than
wireshark.
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