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ABSTRACT

The lack of knowledge about the rules and principles of ergonomics in managing
educational facilities and infrastructure will reduce the concentration and comfort of
students in learning. This article aims to examine the understanding of ergonomic
principles in the management of school infrastructure and learning activities in the
classroom. The approach used in this research is descriptive qualitative, which is
library research. The data collection technique is done by tracing literature such as
books, journals, and other articles that support the writing process. The chosen method
is qualitative descriptive analysis, which is by understanding and compiling the
collected data and then organizing it systematically to draw conclusions. The results
of this study indicate that the knowledge of management managers regarding the
principles of ergonomics of facilities and infrastructure in learning is relevant to
efforts to increase student concentration and comfort in learning. By compiling this
article, it is hoped that educators will pay more attention to ergonomic principles in
managing educational facilities and infrastructure. So that students get comfort and
total concentration in learning.

This is an open access article under the CC-BY-SA license.
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INTRODUCTION

Until now there are still many schools and educational institutions that have not applied
ergonomic principles in the design of infrastructure and supporting devices (Sutajaya, 2016). Of
course, this affects the concentration and comfort of students in learning. One of the causes is the
lack of understanding of ergonomic principles by infrastructure managers and educators (Susanti &
Aulia, 2016). Factors that have an essential role in supporting student development here are the
quality of teachers, learning activity programs, and the surrounding environment. A surrounding
environment is a place for students to learn, educational facilities, and understanding. To obtain
optimal educational and learning activities, a complete learning space plays an essential role in
supporting educational and teaching activities (Mahira et al., 2018).

One of the learning facilities is a classroom, with tables and chairs that must be designed
according to the student's height. Ergonomic classroom desks and chairs can give students a sense of
security, comfort, and health. On the other hand, if ergonomic aspects are not considered, it will
cause a variety of adverse effects, both in the near and distant future, such as students who quickly
feel tired and pain during the learning process (Harahap et al., 2013). Research on the compatibility
between the ergonomics of study tables and chairs and student anthropometry is still being studied
little. It has yet to be considered necessary there are no specific rules or provisions linking these
aspects to healthy school standards. Student anthropometry is an issue to consider, especially for
Asians, when designing ergonomic school furniture to avoid future health problems such as spinal
diseases (Tarihoran et al., 2021).

The ergonomics approach in the learning process balances students' task needs (workload)
and capacities (abilities, abilities, limitations) so they can learn effectively, healthily, and safely to
get the best learning results. Ergonomic classrooms are the primary variable in making learning
activities so that they can lead to the desired goals (Herwanto et al., 2018). There are still examples
of classroom designs that need more attention to ergonomics. For example, there is a classroom that
looks very narrow and suggests that the LCD projector and projection screen must be installed
relatively high. Thus, students must stretch their heads to see the material being taught. Students
sitting in the rows to the left and right were also forced to turn their heads when they tried to view
the material on the projector (Aryadi & Susilowati, 2021).

So far, only a few researchers have discussed the ergonomic theory of facilities and
infrastructure in educational institutions. This is believed to be one of the causes of school
management's need for more attention to ergonomics when procuring facilities and infrastructure.
Therefore, there is a need for a lot of research regarding developing a conceptual framework for
ergonomic principles to be considered later in designing study rooms or classes for students. Based
on the problems above, the purpose of compiling this article is to serve as an additional reference for
the school so that it can be considered in designing comfortable and safe classrooms and their
learning environment.

METHOD

This article is about library research (library research), activities related to how library data
is collected, read, and recorded, and research data processing. (Zed, 2008). The data collection
technique is carried out by tracing and identifying relevant literature such as books and journal
articles for review, namely, those related to the ergonomics theory of educational facilities and
infrastructure to support the writing process. Writing this article attempts to discuss ergonomic
principles or rules that must be understood by educators and managers of school facilities and
infrastructure as an understanding that can later be applied in the learning process at school. This
literature review focuses on finding appropriate, effective, and efficient knowledge that can later be
utilized in schools and other learning environments. Besides that, the analytical method used is
descriptive qualitative analysis, namely by understanding and compiling the information collected
and then arranged systematically so that it is easy to conclude. As for processing data, this is by not
including calculations (statistics) but by expressing ideas or ideas from experts and events that exist
in everyday life (Moleong, 2009).
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RESULTS AND DISCUSSION

The phrase "ergonomics" was born from the Latin ergon (work) and nomos (natural law), or
it can be described as the study of human dimensions in the work environment. In ergonomics, it
discusses how humans and facilities work with humans (Widiastuti, 2007). Ergonomics can be
interpreted as a study of human aspects in the work environment regarding anatomy, physiology,
psychology, engineering, management, and design (Hidayati, 2018). Humans need tools designed to
simplify and speed up their work in work process. Developing a tool from an ergonomics point of
view is a method that must be applied, taking into account the capabilities and limitations of the
human body so that the designed product truly meets human needs (Hapsari, 2011).

Ergonomics is a structured knowledge that uses information about human nature, strengths,
weaknesses, and characteristics to design tools, processes, and environments that enable people to
work more comfortably, safely, and productively (ldkhan et al., 2021). The space provided for
learning activities must measure and analyze elements of room comfort and the environment as a
division of ergonomic dimensions, such as lighting, noise, room temperature, and classroom
equipment arrangement to provide comfort to students (Herwanto et al., 2018). Ergonomics is a
science, art, and technology aimed at harmonizing tools, methods, and work environments with
skills, talents, and all human limitations so that humans can work as well as possible without causing
adverse effects on their work (Idkhan et al., 2021).

Ergonomics is sometimes called human factors engineering, human-centered design, or
occupational engineering. Ergonomics is a field of science that studies the relationship of human
interaction with other system components by applying rules, nature, data, and design methods to
maximize human usability and total system performance. (Hidayati, 2018). The ergonomics
approach changes how people think about product design so that humans no longer have to adapt to
the technology they use. But, technology must first be designed by considering the shortcomings and
advantages of humans who use (Idkhan et al., 2021). Sometimes students and teachers must pay more
attention to the benches to sit on. Chairs are essential, especially for students and teachers who sit
for long periods. A complete chair requires at least legs, seat cushion, hips and backrest, and armrests
(Sutajaya, 2016).

Several school facilities still need to meet the rules of student ergonomics so that they can
hinder children in the teaching and learning process (Mahira et al., 2018). The design of supporting
facilities for learning activities, such as tables, chairs, and Liquid Crystal Display (LCD) projectors
not by ergonomic principles, is also often found, causing students to have awkward postures while
studying. This awkward posture causes various complaints, such as disorders of the skeletal muscles
in the shoulders, neck, back, and hands (Aryadi & Susilowati, 2021).

Like the problems that occurred at TKA-TPA AMM Yogyakarta, there were also problems
with the design of the chairs provided for educators. The size of the wooden chairs provided does
not match the height and size of the user's body, causing them to sit hunched over to be able to listen
privately to the recitation of all the students for quite a long time. This will also impact the health of
the teaching staff at TKA-TPA AMM Y ogyakarta. Some of them complained of back pain and neck
cramps in the waist and legs due to being bent for a long time.(Fauzi et al., 2022)

Errors in designing student study chairs also occurred in 3 SDN Margorejo 1/403 Surabaya
students. This can be seen from the curved back due to the inability to lean comfortably on the back
of the chair. If left continuously, this can cause bone abnormalities such as lordosis, kyphosis, and
scoliosis because the mismatch of the shape of the furniture can also affect the body of the students'
bone growth.(Devinasari et al., 2019)

The definition of ergonomics focuses on adapting the design to humans, as has been
proposed by Annis & McConville (1996) and Manuaba (1999). They say that ergonomics applies
information according to human characteristics, abilities, and limitations when designing jobs,
machines, workspaces, and the environment so humans can live efficiently, healthily, safely, and
comfortably (Tarwaka et al., 2004).

There are three general objectives of ergonomics studies. One is to improve physical and
mental health by preventing injuries, accidents, and occupational diseases, reducing physical and
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mental burdens, and increasing promotions and job satisfaction. Second, Improve social welfare
through improving the quality of social relations, good management and coordination, as well as
increasing social security during productive and post-productive periods, and third, to build a rational
balance between various aspects of each work system implemented, including economic, technical,
anthropology, and culture, to produce quality work and life (Hadi et al., 2020).

In addition, the principles of ergonomics are generally divided into 5 points, including the
following: (Wahyudin et al., 2020)

1. Use (Utility); that is, every product created can be useful in supporting their work and needs
to the fullest.

2. Security (Safety): All goods produced have uses and values that do not harm the wearer.

3. Convenience (Comfortability): goods produced have the right purpose and do not interfere

with their users' work.

Flexibility, which can be used for interests and needs in every situation and condition.
Strength (Durability), namely, the goods are durable or durable and not easily damaged when
used.

In its development, ergonomics is divided into four areas of study, viz : (Idkhan et al., 2021).

1. Study of display: a device (interface) that displays and conveys information to people, such
as letters, numbers, and symbols.

2. Study of human physical strength: is an observation and research on measurements of the
endurance and strength of the human body when working in the workplace, which includes
designing objects and equipment according to human physical abilities.

3. Study of the size of the workplace; an investigation that intends to obtain a workspace design
that fits and fits the size of the human body.

4. Study the work environment; observe and research the circumstances surrounding the
workspace and its facilities, such as lighting, noise, and temperature settings.

As for this study, the researcher intends to examine ergonomic theory only in investigations
of the workplace size and the work environment. Because this study aims to provide a conceptual
description of the ergonomic design of facilities and infrastructure in the classroom to create a
comfortable and safe learning environment.

oa &

Ergonomic Tables And Chairs

Fulfilling ergonomic aspects in the design of tables and chairs can offer many benefits,
including the user's sense of security. The meaning of self-comfort, according to Kroemer (Sugianto
Putri, 2014) is: (1) The environment feels comfortable, so there is no psychological burden (2) an
attractive appearance can have a good influence (3) There is a backrest or padding and space on the
lumbar ( 4) create a feeling of comfort and security; (5) share the value of health, satisfaction, and
happiness; (6) users can feel relaxed when working

In learning activities involving writing and reading activities, body posture is important in
ergonomics, such as sitting for hours. Therefore, ergonomically designed chairs and tables must be
able to maintain the physiological posture of the spine. This is expected to eliminate the need for
excessive muscle contractions (Biomi & Dharmayanti, 2021). When sitting, the skeletal muscles
(musculoskeletal) and spine (vertebral), especially the waist (sacrum, lumbar and thoracic), must be
used as a backrest and placed on the back of the chair to avoid pain (back pain), free from rapid
fatigue (fatigue) (Santoso et al., 2011).

For the chair to feel comfortable when used for studying, its size must match the
anthropometry of the person wearing it. Therefore, it can refer to these dimensions when designing
seats (chairs). However, if student anthropometric data is not available, the main seating
requirements may be used as follows: (Sutajaya, 2016).

1. Seat height from the floor 38 — 54 cm (height from the sole to the back of the knee or
popliteal).

2. We recommend that the seat cushion is slightly tilted back (14° — 24° from the horizontal
plane or the floor). So that the body does not sag forward when sitting, this tilt is very
necessary.
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3. The seat cushion's front edge is designed to be slightly rounded to avoid pressure on the
lower thigh. This front end can be raised 4° — 6° from the seat cushion.

4. The area of the seat cover will be better if it is adjusted to the size of the buttocks, namely:
40 — 45 cm across and 38 — 42 cm long.

5. The waist and back should be slightly tilted at 105°— 110° to the seat cushion. The design of
the waist and backrests will be better if they are adapted to the curvature of the vertebrae in
the human body. The backrest is useful for properly supporting the back and waist if the
height is 48 — 50 cm and the width is 32 — 36 cm.

A study table is a table that is used as a means of learning activities. If the study table seems a
bit high, then the shoulders will often be raised when writing or hitching a ride, and if it looks a bit
low, the body posture will be slouched when writing (Sutajaya, 2016).

Students' fatigue when using a desk is localized to the neck and back. Fatigue can affect
posture. Fatigue is a condition characterized by fatigue and decreased alertness, which affects work
productivity (Mutmainah & Sari, 2018) This is because the table where the laptop is placed is very
low, so the line of sight of the laptop screen tends to make students crouch. Fatigue is visible not
only in the neck and back but also in the limbs. The position of the hands that are not parallel to the
position of the laptop and the hanging of the student's elbows can cause fatigue or tiredness in
students (Yusuf et al., 2021).

Students need well-designed furniture. Because if it's not designed properly, they become
stuck in awkward postures when doing certain activities in class, such as writing, drawing, reading
at the table, and etc (Taifa & Desai, 2017).

Superior ergonomic table and chair design are to use anthropometric measurements to find the
right table and chair shape for the user. By fulfilling the ergonomics rules, users get many benefits,
such as a sense of comfort when used (Safri Setiawan et al., n.d.).

As for designing a study table, you should pay attention to the ergonomics of the study table,
which consists of table height, length, and width. In addition, the following conditions are also
included: (Hermanto et al., 2017)

1. Table height, in determining the height dimension of a table, namely using the size of the
elbow height sitting with the 50" percentile value, because if the table is relatively high, it can
raise the elbows when doing writing or typing activities.

2. Table Length, to determine the dimensions of the Length of the table, namely using the
dimensions of the width of the fingertips stretching from left to right, the size used is using the
95" percentile.

3. Table Width, to determine the dimensions of the width of the table, namely using the
dimensions of the long reach of the hand forward from the shoulder to the fingertips, the size
used is using the 95" percentile.

Thermal Comfort

Thermal comfort in KBBI is called thermal comfort. Where thermal is something related to
heat, and comfort is an extension of the origin of the word comfortable, which means relaxed or
comfortable so that when the two terms are juxtaposed, thermal comfort has a close relationship with
the response to temperature in a thermal environment which can later affect the conditions of these
subjects (Hadi et al., 2020). Temperature is one of the four main factors in the physical work
environment that affect worker performance and productivity. Thermal comfort must be met to
increase the productivity of students who study ( Baharudin & Palerangi, 2017).

Suppose the temperature in the classroom is too high or too low. In that case, it can cause
diseases such as heat cramps, heat exhaustion, heat stroke, and heat rush in hot temperatures;
Chilblain, trench foot, and frostbite in cold temperatures. Rooms that are too humid and wet can
cause various students' psychological reactions. In addition, it also causes physical discomfort for
students, such as fatigue, easy drowsiness due to low oxygen, and easy Sweating/evaporation
(Sarinda et al., 2017).
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Six factors influence thermal comfort, as described by ASHRAE (1989) (Susanti & Aulia,
2016):

1. Air temperature
The temperature around the person is also one of the main factors for thermal comfort.

2. radiant temperature
It is the heat that radiates from the object that gives off heat. The radiant temperature has a
more significant effect than the indoor air temperature when we release and receive heat
from or to the environment.

3. Wind velocity
In terms of thermal comfort, wind speed is also an essential factor. If the air in a closed
room cannot move, it can cause the occupants of the room to feel uncomfortable, such as
stiffness and sweating quickly.

4. Humidity

The ratio between the amount of water vapor in the air and the maximum amount of water

vapor the air can hold at that temperature. An environment that has a high enough humidity

level can prevent the evaporation of sweat from the skin. In a relatively hot climate, the
amount of effort that comes out is relatively small due to the high Humidity in the room.
5. Metabolic Rate

Does the body produce heat during each activity or work. If a person does a more physical

job, more heat is generated. For this reason, excessive heat needs to be reduced so the body

does not overheat.

Every human body temperature has a different size under normal conditions. The human
body keeps trying to stay in normal conditions with a perfect body system so that later it can adapt
even if changes occur outside the body; even so, the human body's ability to adapt has its limits,
namely that the human body can still adjust itself to outside temperatures. If the change in outside
body temperature in hot conditions is not more than 20% while in cold conditions it is not more than
35%, from the body's normal state (Hutabarat, 2021).

The efforts that can be made to obtain thermal comfort are (1) Minimizing heat gain (2)
Providing sufficient airflow (3) Removing heat from the room (4) Preventing heat radiation, either
directly or indirectly (Idkhan et al., 2021). Meanwhile, the standard set by SNI 03-6572-2001
contains a comfortable temperature level for the average Indonesian in three parts, namely: a.
Comfortable cool, between effective temperatures of 20.5°C - 22.8°C, b. Optimum comfort between
effective temperatures of 22.8°C - 25.8°C, c. Comfortable warm, between effective temperatures of
25.8°C - 27.1°C (Sarinda et al., 2017).

Sufficient Lighting

Lighting has a reasonably strong effect on human abilities. In particular, when viewing
objects clearly, quickly, and accurately. On the other hand, the lack of lighting can quickly tire
workers' eyes. This eye strain causes mental fatigue and can also lead to eye damage (Idkhan et al.,
2021). Many studies explain that lighting is one of the fundamental factors in the work area that can
affect eye fatigue (Herwanto et al., 2018). If the classroom has a low or too high lighting level, it will
affect the physical condition of students and other room users so that later it will also affect student
learning outcomes (Baharudin & Palerangi, 2017). Dim or glare lighting conditions can cause various
eye complaints, such as the general symptom, namely that the eyes feel heavier so that it is easy to
fall asleep. Whereas the result of the eyes working excessively to adjust to the lighting conditions is
that the neck and shoulders which often feel tense (Witjaksono & Kurniasari, 2018).

The thing that needs to be considered in designing school facilities and infrastructure is the
lighting in the classroom. According to RI Minister of Health Decree No.
1429/MENKES/SK/XI1/2006, the lighting standard required in classrooms at a school is 200 to.d.
300 lux. Writing and reading activities require a light intensity of 350 to.d. 700 lux (Grandjean,
1988). Meanwhile, SNI 03-6575-2001 recommends a lighting intensity of 250 lux in classrooms.
Inappropriate classroom lighting during the learning process, either less or more than these
provisions, can be a cause of eye fatigue in students (Sutarnitri et al., 2020)
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In addition, several things must be considered in designing a lighting system in the
classroom, including: (Idkhan et al., 2021):

1. Itis better to avoid placing direct light sources in the viewing area.

2. When using paint on a table or tool, you should avoid colors that have the opportunity to
reflect light.

3. Use diffused lighting to provide a good working environment.

4. 1t would be better to use many lights with low power than a few lights with much power.

5. It is better to avoid placing the light source in the 300 area of the NLS (Normal Line of
Sight).

6. Itis better to avoid the less stable light's origin.

Noise Free

Based on the Decree of the State Minister for the Environment No. KEP-
48/MENLH/11/1996, the definition of noise is unwanted sound from work or activities at a certain
level and time because it can cause disturbance to human health and environmental comfort. (Decree
of the State Minister for the Environment, 1996). Noise is a sound or sound that is unwanted by the
human ear. Noise is actually a mixture of several simple waves with different frequencies (Idkhan et
al., 2021). One place that needs to be noise free is a school. The process of education and learning
requires a calm and comfortable school environment. The environment also influences the
concentration of students when absorbing material. An uncomfortable student learning environment
can disrupt student concentration and make material not fully absorbed. (Indrawati et al., 2017)

Therefore, it is best to avoid placing classrooms close to noise sources, for example,
highways and corridors where many people pass by. It must also be ensured that voices or sounds
from outside cannot enter the classroom so that later will disturb the lesson (Nurhuzna & Alahudin,
2017). One way to deal with schools and classrooms located in noisy roadside environments is to
plant trees. With this, it is hoped that it can help reduce noise while reducing pollution (Nurhajati,
2016). Several strategies can be applied to deal with room noise, including (1) trying to attenuate the
origin of the noise, (2) separating the origin of the noise or you can also use a sound barrier, (3)
coordinating the room, which is considered noisier, moving the rooms those that do not need quiet
as a protector of rooms that need quiet (4) place the source of noise in large building parts, such as
basements (5) reduce noise due to stampede with flexible materials (6) noisy rooms can be overcome
by using dampening materials (7) Reducing noise by concentrating the path of sound propagation
through the building structure (Aditya et al., 2017).

CONCLUSION

Based on the results of a study of the ergonomic principles of learning facilities and
infrastructure in schools, the design of school facilities and infrastructure by ergonomic principles
influences the concentration and comfort of students in learning. Globally, the discussion in this
research study is divided into 4: ergonomic tables and chairs, thermal comfort, lighting, and noise.
Students need well-designed facilities and infrastructure that take into account ergonomic principles.
For the chair to feel comfortable when used for studying, its size must match the anthropometry of
the person wearing it. In addition, it also pays attention to factors that affect thermal comfort, such
as air temperature, radiant temperature (heat), wind speed, humidity, and others. As for designing
lighting systems in classrooms, several things must be considered, such as avoiding placing direct
light sources, using paint/colors that reflect light, using lots of lamps with low power, avoiding
unstable light sources, etc. Finally, the classroom must be away from sources of noise, such as roads
or corridors where many people pass. Noise from outside should not disturb the activities in the class.
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