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Designing Ignition System Based Ergonomic
Teaching Aid In Vocational Education: Minimizing
Fatigue Factors During Practice
Muhammad Nurtanto, Fadli Rozaq
Abstract: Automotive sector in vocational schools, training centers (Diklat), or universities in facilitating the transfer of knowledge at the basic level as
well as advanced skills. The teaching aid is a simulation tool and the real component parts of a particular system are separated or arranged as needed
without eliminating the characteristics of the system. The main reason for teaching aid in the automotive field is to simplify complex systems for the need
for systematic and constructive learning. In addition, students are able to identify the intent of the system that is made easily and with specific skills. All
fields of education and vocational training develop these teaching aid, one of which is the electrical system, namely ignition. In the development of
design there are no manufacturing standards that are tailored to the types of needs. The process of implementing knowledge transfer and skills transfer
in workshops or workshops is done by standing and this is tiring for a number of students. Some elements namely the characteristics of students based
on height, width, and movement during practicum are often ignored. Thus, the development of the redesign teaching aid or re-design needs to be
considered with an ergonomic approach.
Index Terms: Teaching aid, Ergonomic, Vocational Education, Fatigue Factors, Igniton System
——————————  ——————————

1. INTRODUCTION
Automotive learning activities carried out in the dominant
workshop with a standing attitude [1]. The implementation of
practicum learning in the automotive field has a variety of
types of media used, including: car trainers, media displays,
and others with different levels of complexity. Practicum
learning conducted in car trainers is a complex and diverse
competence. The consideration in the car trainer consists of
several integrated systems including: starting system, cooling
system, electrical system, fuel system, combustion system,
and others [2]. For the basic level learning process certainly
less effective. So the solution taken by educators and
researchers is to separate the system into a teaching aid by
maintaining the main functions and characteristics of the
system that is transformed in the form of media does not
change or change in function and components. Separate
teaching aid according to a particular system are much easier
for students to understand than simulators or flash media [3].
The teaching aid has emotional closeness to the components,
work functions, even to the diagnosis of the problem.
Education both in vocational schools, vocational training
centers and colleges throughout the learning process believes
that the transfer of knowladge using dominant media is more
practical and easy to receive information. Many systems on
the car or engine are used as a media display as the initial
learning needs. In the electrical system that is ignition needed
teaching aid with an abstract understanding. Ignition work
system when the living conditions (ON), can not be observed
with the senses open / naked, but the work in the form of a
spark can be observed by using a media. This is difficult for
students to understand to determine the factors causing a
productive flame in ignition. Through teaching aid, students

can observe and test the components. In addition, the media
display facilitates HOTs knowledge competence (Analysis,
Evaluation, and creation), even doing problem settings (PBL)
[4] in accordance with existing problems in the industry to be
packaged and solved in the learning process. The advantages
of learning media have been conveyed in detail, but problems
arise in the designs that have been used in vocational
education and vocational training. So far, the ergonomics
factor has been ignored and is more focused on learning
needs. As a result, the learning process takes place causing
fatigue in the practicum. In addition, students with different
characteristics of height, width, and varying movements are
ignored. Fatigue that does not get a solution makes learning
less optimal, motivation decreases and even removes interest
in automotive learning, especially practicum. Thus, it is
necessary to develop a design (redesign) of the ignition
system display media [5], [6] by considering ergonomic
elements to provide learners the flexibility in practicum
activities and the media display is expected to be able to
improve learning outcomes at the initial level and facilitate
further processes use a more complex car trainer. Ergonomics
elements consider human aspects in the performance
environment which are reviewed anatomically, physiologically,
psychologically, engineering, management and design. The
main purpose of ergonomics to be considered is optimization,
efficiency, health, safety, and comfort of students doing
learning activities [7], [8]. The movement of work in the ignition
system practicum is very important to be considered to get the
movement that is fast, careful and precise. Frank and Lilian
Gilbert created the symbol or code of the basic movement of
work with the term "THERBLIG" for manual work and relevant
to ignition competence. These symbols are displayed in the
following table:
Table 1. Symbols of the THERBLIG Movement

————————————————
 Muhammad Nurtanto, Department of Mechanical Engineering
Education, Faculty of Teacher Training and Education, Universitas
Sultan
Ageng
Tirtayasa,
Indonesia.
E-mail:
mnurtanto23@untirta.ac.id
 Fadli Rozaq. Department of Railway Mechanical Technology,
Indonesian Railway Polytechnic. E-mail: fadli@pengajar.ppi.ac.id

THERBLIG movement
Search
Select
Grasp
Reach
Move
Hold on

Code
SH
ST
G
RE
M
H
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Released Load
Disassemble
Position
Preposition
Use
Unavoidable delay
Avoidable Delay
Plan
Rest to Overcome Fatigue
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RL
DA
P
PP
U
UD
AD
Pn
R

The principles of ergonomics of the movement adapted to the
ignition system practicum include: (a) both hands should start
and end the same movement; (b) both hands are not idle at
the time of activity; (c) hand movements are more flexible if
symmetrical and grounded; (d) hand and body movements are
saved or activities carried out when needed; (e) practicum
utilizes momentum to help its work; (f) allow for broken
movements that result in slowing down of movements; (g)
designed according to students' nature; and (h) the range of
eye movements is not widespread. The next consideration is
anthropology, namely the study of measurements of body
dimensions. The measurement tool used is an anthropometer
in the form of a pipe along 2000 mm (scale accuracy of 1 mm).
This is due to height, pipe length, and even width
measurement [9] each student is different from one another.
The method of measurement technique is shown in the
following figure:

Notes, D1: dimensions of body height, D2: Dimensions of eye
height, D3: Dimensions of shoulder height, D4: dimensions of
elbow height, D24: Dimensions of Length of Hand Spans
Forward, D32: Dimensions of Range of Side Hand Spans, and
D33: Dimensions of Length of Elbow Spans.
Figure 2. Anthropometric measurements of the media needs of
the ignition system teaching aid
How to measure the body when practicum in a standing
position need to consider the following things:
Table 2. How to measure body dimensions

Figure 1. Perceptions about comfort influenced by anthropological data
collection in design planning based on meticulous work, light work and
hard work.

The type of performance on the ignition system according to
Figure 2 tends to be light work, the main reason being the low
level of risk and harmless work in appropriate procedures. In
the ignition system practicum, the data needed to obtain
media design convenience is shown in the following figure:

Dim

Dimensi Tubuh

D1

Body
Height
Dimensions (DTT)

D2

Eye
Height
Dimensions (DTM)

D3

Shoulder
Height
Dimensions (DTB)

D4

Elbow
Height
Dimensions (DTS)

D24

Dimensions of the
Length of the Range
of Hands Forward
(DPRTD)

D32

Dimensions Range of
Hand to Side (DRTS)

D33

Dimension
Elbow
(DPRS)

Length
Range

Cara Pengukuran
Measure
the
vertical
distance from the floor to the
tip of the head
Measure the distance of the
verticles from the floor to the
outer corner of the right eye
Measure
the
vertical
distance from the floor to the
top of the right shoulder
(acromion) or the end of the
right shoulder bone
Measure the distance from
the floor to the lowest point
at the right angle
Measure
the
horizontal
distance of the shoulder
point to the fingertips of the
right hand
Measure
the
horizontal
distance from the tip of the
left finger to the tip of the
right finger
Measure
the
horizontal
distance of the tip of the left
elbow to the tip of the right
elbow
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The next consideration is the standard or normal time for
someone to finish the practical work. This can be done by
randomly sampling students to observe the time spent
completing the ignition system work. Some samples are
averaged to obtain intermediate time to avoid working too fast
or too slow.

ISSN 2277-8616

The results of anthropological calculations are carried out to
adjust the dimensions of teaching aid with work movements.
Based on the results of recapitulation of anthropological data
by considering Javanese ethnicity, male gender, in 2018 at the
age of 19-21 years as follows: [10]
Table 4. Recap of Anthropological Data for Ages 19-21 Years (5/50 years)

2 RESULT METHOD
This research uses the Reasearch and Development (RnD)
approach model which is carried out into three stages, namely
Introduction, Data Collection, and New Design. Preliminary
research conducted by identifying problems that arise in
aspects of existing media display and problems from students'
attitudes that are less comfortable during the practicum. This
relates to practical problems and problems as informative
data. The next step is data collection by considering several
factors, namely work movement, anthropology and time
considerations. Researchers took random measurements on a
number of students and averaged based on body dimensions
and the researchers took measurements of the time needed in
accordance with the types of work scenarios as a standard for
determining the time for practicum. The next stage of
development is developing data analysis into the product in
the form of an ignition system display media design. The study
was conducted at the Banten Province Higher Education.

Dimension Data
DTT
DTM
DTB
DTS
DPRTD
DRTS
DPRS

5th
150.26
138.74
116.3
84.83
63.06
140.92
73.96

50th
165.7
154.31
136.67
103.83
77.67
165.26
85.95

SD
9.39
9.47
12.39
11.55
8.88
14.8
7.29

Inference
Fulfill
Fulfill
Fulfill
Fulfill
Fulfill
Fulfill
Fulfill

Source: Antropometri Indonesia [10]

3 RESULT AND DISCUSSION
The sample used in this research and development was a
contributor of various tertiary institutions according to the
distribution of figure 3. The teaching aid which had been in
place and used the ignition system practicum activity was
concluded to be too tall and very wide. During the
implementation of the ignition system practicum, there are six
movements, namely searching, selecting, holding, reaching,
releasing the raft, and using. The results of the practicum
evaluation that had been carried out on the display media
were initially ineffective and wasted practice time. Reaching
activities with a standing position and balanced with the
activity of releasing the raft "continuity of the cable" deemed
ineffective because of differences in cable length and the
location of the hub hole (connector). This results in a longer
time required which impacts on the back, arms and neck
feeling less comfortable (due to standing ergonomically). In
addition, the limitation of teaching aid on the number of
students is not proportional, as a result, the time is relatively
much ineffective. The recapitulation results of Normal Time
ignition system practices are shown in the following table:

Figure 3. Distribution of Data Sources for Indonesian Universities

Anthropological data as a reference in the development was
taken from the distribution of 12 tertiary universities in
Indonesia. Based on the time requirements and the results of
anthropological calculations, a new design (redesign) was
made. The design that has been designed besides considering
anthropology is also portable (can be moved). Following are
the results of the design of the development of an ergonomic
ignition media display system.

Table 3. Ignition System Work Standards Standard Time
Work Competence
Identifying
the
components of the
Ignition System
Measure and diagnose
component damage by
factory standardization
Connecting
one
component
with
another component in
accordance with SOP
Test and analyze the
circuit

Element of
Movement
Looking for
Choose

N

X

Standard Time

60

0,15

3,25 minutes

60

0,23

6,16 minutes

60

0,09

2,12 minutes

60

0,17

2,03 minutes

Holding on
Holding on
Reach
Remove
Raft
Total

the

13, 56 minutes
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of the Singaporean and Indonesian populations’, Scopus,
Nov. 2010.
[10] ‘Antropometri
Indonesia’.
[Online].
Available:
https://antropometriindonesia.org/index.php/detail/artikel/4
/10/data_antropometri. [Accessed: 02-Oct-2019].

Figure 4. Design and Development of Ignition System Teaching Aid

4 CONCLUTION
Based on the results of the measurement of time and
anthropology needed in designing the ignition system display
media above, it can be concluded: (1) the standard time
required in the ignition system practice is 13.56 minutes; (2)
the results of anthropological calculations as needed as
follows: (a) DTT : 150.26 +9.39; (b) 138.74 +9.47; (c) DTB:
116.3 +12.39; (d) DTS: 84.83 +11.55; (e) DPRTD: 63.06
+8.88; (f) DRTS: 140.92 +14.8; dan (g) DPRS: 73.96 +7.29
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