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ABSTRACT

This study aims to produce an interactive multimedia engine management system to improve prior
knowledge and problem solving abilities as well as to test the effectiveness of the interactive
multimedia being developed. Prior knowledge (reading electrical wiring ) which is the basis for
any learning process in the automotive field. Problem solving ability is the final result in the
engineering field which is indispensable in the industrial era4.0. The development of interactive
multimedia in this study uses the ADDIE model. The ADDIE model was chosen because of the
superiority of this model in every process, there is an evaluation process that is always linked in
every development process. The trial subjects in this study were 38 students in the automotive
sector at Malang State University. The data collected is quantitative data. Quantitative data were
analyzed using the independent sample t test . The results showed that interactive multimedia can
improve prior knowledge and problem solving abilities .

INTRODUCTION

The main problem in teaching engineering is visualization. Visualization is very
useful to help students understand how abstract electrical components and fields
work (Banerjee et al., 2015). Visualization is obtained through media or multimedia
intermediaries, by using multimedia, students get personal experience which is the
basis for forming visualization (Mohler, 1998; Osman & Lee, 2013; Nicholson,
1995). Multimedia is a technology that combines various forms of
media. Multimedia is part of the media (Amir, Hasanah, & Musthofa, 2018;;
Ramesh, 2005; Kalyuga, 2009). Seeing this condition, multimedia is the best media
when compared to other media. One form of multimedia is interactive
multimedia is a combination of educational communication, visual science, and
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computer science (Mobhler et al., 2001). The use of interactive words means that the
multimedia used must be able to interact with its users, for example if the user
changes the variables in interactive multimedia, there will be a change in response
to it (Deliyannis, 2012). Interactive multimedia is used to describe areas of
scientific research that support expression or communication through various
media (Chachil et al., 2015). Interactive multimedia in learning can be more
effective if it is supported by scientific learning designs. In fact Interactive
multimedia has long been used since technology and informatics emerged (lvers &
Barron, 2002; Collins et al., 1997). Learning using multimedia is computer-based
learning. According to d Lu & Cheng (2012); Al-hariri & Al-hattami (2017); Deniz
& Cakir (2006); Manalu & Sitompul (2017) state that computer-based learning
increases the effectiveness of the learning process. Interactive multimedia is a form
of utilizing computer technology. The use of technology in the form of multimedia
in any type is an effort to ease the cognitive load (Meysun Hamdi & Thair Hamtini,
2016; Tabbers & Koeijer, 2010). Multimedia is an embodiment of technology that
can be used regardless of the learning model (lvers & Barron, 2002; Kirsh,
1997). Learning using multimedia is a teaching effort in overcoming students'
incomprehension (Sitompul & Fadilla, 2018). Research (Campanella et al., 2009)
state that the use of interactive multimedia in learning will make it easier for
students to understand the material content . Multimedia is a forum for raising
awareness of the abilities of students (Raaff et al., 2014). Maor's research
(2000); (Claudet, 2002) states that multimedia development encourages teachers to
understand the needs of students and the conditioning of the environment or
situation. Two things that need to be considered when designing multimedia are the
design and ability of the media to convey information (Kumpulainen & Salovaara,
2001). Moreno & Mayer (2007) state there are five principles of media/ multimedia
design: (1) integrated activities; (2) reflection; (3) feedback; (4) control; and (5)
pre-training.

The condition of the media in education is still far from ideal, because: 1) the media
in education is 100% in the form of an engine stand, so it cannot be used in
theoretical classes. Mastery of theory is very influential in the engineering field; 2)
the existing media cannot describe the concept well, so it is not able to help students
to visualize phenomena; 3) the existing media are 90% over 10 years old, so they
are not updated; 4) media in schools and campuses is not equipped
with electrical wiring ; and 5) the existing media in schools and campuses are not
equipped with tutorials in the form of books or videos, manual books and jobsheets,
so that the media is not rich with information and is not interactive.

Interactive multimedia or interactive media has several benefits, including: (1) it
has an influence on the effectiveness of learning (Al-Safadi, 2016); (2) minimizing
errors in manufacturing (Manalu & Sitompul, 2017); (3) increasing the competence
of students (Samsudduha, Masugiono, & Supraptono, 2013a; Samsudduha,
Masugiono, & Supraptono, 2013b); (4) maintaining the motivation of students
(Chachil et al., 2015); (5) encouraging active students (Fui-Theng LEOW & Mai
NEO, 2014); (6) bridging basic concepts into real knowledge (TK & Neo,
2010); (7) The application of multimedia provides satisfaction when attending
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lessons (Chu et al., 2019; (8) encourages teachers to always be creative in changing
teaching methods to improve student achievement (Manalu & Sitompul, 2017,
Tsung, 2010); learning effectiveness (Hsiao, Tiao, & Chen, 2016; Zhou & Yadav,
2017; Wing, So, Chen, Wan, & Chen, 2019; (Jr et al., 2011); (10) increase the
independence of students, maintain discipline towards goals even without much
teacher intervention (Mayer, 2001; Manurung & Panggabean, 2018; Bodemer &
Ploetzner, 2005; and (Oh et al., 2016)); (11) Interactive media makes it easier to
teach basic concepts (Khan & Masood, 2015); (12) helping students have basic
knowledge or basic concepts (Sukiyasa, 2013); (13) improving prior knowledge
and problem solving (Mukhadis, 2020).

Interactive multimedia, which is an effort to improve visualization skills in the field
of engineering, is an urgent need, as an effort to improve the quality of
graduates. This research is a multimedia engine management system (EMS)
development and research activity which aims to produce interactive multimedia
products that can be used in learning activities in the S1 automotive education study
program, Malang State University. The use of interactive multimedia EMS is an
effort to improve prior knowledge (reading electrical wiring) and the problem
solving ability of students in automotive education undergraduate study
programs. The development of EMS in this study uses the ADDIE model, the
existing model is chosen because this model has several advantages:
l)interdependent, each  component of the ADDIE model is
interrelated; 2) synergistic, each part of ADDIE influences each
other; 3) dynamic , each process / step can change according to the input from the
previous process; 4) cybernetic , each process / step in the ADDIE model is to
organize, guide, automate, replicate, and prevent failure of the entire
process; 5) systematic, the ADDIE model development, all designs have been
completely planned for each process / step (Branch, 2009).

Product development is implemented in two groups, namely the prototype test
group of 38 taken from the automotive training class and the final product test group
of 40 people taken from the automotive education study program. The effectiveness
of development products is measured by providing a test divided into pretest and
posttest on two competencies, namely problem solving. The test results were
analyzed using the T test. The results of the T test analysis were used as a basis for
determining unique trial subjects. The experimental subjects were then interviewed
to find out their critical-thinking abilities , and presentation skills .

In essence, this research aims to produce EMS products that can improve prior
knowledge (reading electrical wiring) and problem solving ( critical-thinking,
creativity, and presentation skills ).

METHODS

This study uses the ADDIE development model. The ADDIE model
was chosen because this model has several advantages, including:
1) interdependent , in the ADDIE model each component is interrelated so that any
changes in other components will affect other components, as illustrated in Figure

611



INTERACTIVE MULTIMEDIA DEVELOPMENT ENGINE MANAGEMENT SYSTEM (EMS) USING THE ADDIE MODEL PJAEE, 17 (4) (2020

2; 2) synergistic, each part of ADDIE is a big thing and influences each
other; 3) dynamic , each process / step can change according to the input from the
previous process; 4) cybernetic , each process / step in the ADDIE model is to
organize, guide, automate, replicate, and prevent failure of the entire
process; 5)systematic, the ADDIE model development, all designs have been
completely planned for each process / step (Branch, 2009).

The ADDIE development model is the result of refinement of the IPO development
model (input, process, output ). The input stage in the IPO model is a step to
identify variables through data and information. The process stage is the stage of
finding ways to produce a product or procedure. At this stage it does not only
contain the development process but also the implementation
process. The output stage is a description of all development processes from start

to finish.
INPUt weliie- Process wssii- Output
Conditions Methods Results
Information Actions Outcomes
Data Procedures Products
Environment Development Ideas

Figure 1 IPO Model Development

Researchers chose the ADDIE model because the relationship between the
components of the ADDIE model development is one of the advantages of this
model not only as a development cycle, but each component is another
component. This development model always pays attention to the suitability of any
other component changes as depicted in Figure 2. Researchers hope that the product
has advantages in terms of renewability.
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Figure 2 ADDIE Development Model (Branch, 2009)

Evaluation in ADDIE is intended to strengthen a product or procedure. The
evaluation procedure is carried out in each ADDIE step to make sure all steps have
a level of validity. Any revisions to planned instructions must be substantiated by
empirical evidence obtained during the formative evaluation, thereby increasing the
validity of the entire process. Evaluation is done using quantitative and
qualitative. ADDIE is a validation process because it verifies all products and
procedures related to development.

Research Procedure

ANALYSIS

In this study the analysis was carried out in several aspects: 1) analysis of the media
on campus by looking at the quantity and quality aspects; 2) student satisfaction
analysis; 3) goal attainment, the achievement aspect can be seen from 2 points of
view, namely the point of view of the teacher and the point of view of students.

DESIGN

Media design is designed to be interactive multimedia so that participants can
interact with multimedia. Multimedia design is based on the results of an analysis
of the needs and conditions that exist in the population. In the design process, the
researcher asked for input from automotive experts and field experts so that the
multimedia form was in accordance with the teaching needs of the theory class.

DEVELOPMENT

This phase depends on the first two phases, namely the analysis and design
phases. The development of interactive multimedia in this study uses materials that
are widely used in vehicles that are dominant in Indonesia. The dimensions of the
multimedia engine management system are made with attention to ease of
operation, the ability to convey information and the ease of moving from class to
class.

IMPLEMENTATION

This phase is about turning our plans into action. The implementation in this study
is divided into two, namely: 1) implementation in a limited sample, in this study
automotive training was selected. The results of this study determine the next
design. If the results are not significant in this research, the prototype must be
improved, so that the ideal prototype is obtained; 2) implementation on the actual
sample. The results of previous research will then be implemented in the
automotive department of Malang State University. At the beginning the researcher
chose the sample to be used, followed by the researcher providing an explanation
of how to use interactive multimedia, then giving the subject the opportunity to try
to use interactive multimedia when they practiced the researcher making
observations.posttest . The posttest results were analyzed by using the independent
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sample t test. Furthermore, the researcher conducted interviews with unique
experimental subjects, which were the results of observations.

The implementation was carried out in the automotive department class with 38
participants. The implementation procedure is shown in Figure 3.
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Figure 3. Interactive Multimedia Implementation Procedure

The quantitative data were analyzed using the independent sample t test , then the
results of the analysis were interpreted as the final results of the study.

EVALUATION

The last process in the ADDIE model is the Evaluation phase. Researchers talk
about evaluation, researchers talk about two types of evaluation, namely formative
evaluation and summative evaluation. First, formative evaluation is an ongoing
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process during the ADDIE model implementation process. There are two basic
processes for formative evaluation, namely small group evaluation and field trials

Interactive multimedia effectiveness test used one group pretest posttest
design . The research design is shown in Figure 3.

01 X 02

Figure 4. Research design

Information

O1 = Pre-test, carried out before treatment, the purpose of which is to find out
knowledge before using interactive multimedia.

X = Treat, start by providing an explanation of the material and how to
use interactive multimedia.

02 = Post-test , carried out after students use interactive multimedia, the goal is to
obtain interactive multimedia effectiveness.

FINDINGS AND DISCUSSION
Findings
Needs analysis

The observation results obtained: (1) the number of media on campus is still far
from ideal, in practicum activities the number of groups still consists of 4-5
people. The effectiveness of learning depends on the number of media used during
practical activities. (2) student satisfaction analysis, from the results of free
interviews with students it was revealed that the existing media were not in
accordance with the needs; 3) goal attainment, the achievement aspect can be seen
from 2 points of view, namely the point of view of the teacher and the point of view
of students. The point of view of the teacher tends to be relatively achievable
because courses are taught by more than one teacher. The point of view of students,
seeing the second point of the learning process is unsatisfactory.

Design

The media on campus and at Pusdik are still in the form of an engine stand which
is less able to describe the concept. The absence of completeness in the form of
electrical wiring makes it difficult for students in the learning process. Media
design is still in the form of an engine stand so that it is less rich in information,
with existing designs learning objectives have been achieved.
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The Influence of Multimedia on Prior Knowledge

PJAEE, 17 (4) (2020

Learning using interactive multimedia in this study is to improve prior knowledge and problem solving abilities . Statistically, in this
study there is an increase in prior knowledge as illustrated in Table 1.

Table 1 Independent Samples Test

Levene's Test for Equality of VVariances

t-test for Equality of Means

F Sig. |t df Sig. (2- Mean Std. Error | 95% Confidence Interval of
tailed) Difference | Difference | the Difference
Lower | Upper
Prior Equal variances | 2,411 | .125 | - 74 .000 -15,631 2,526 - -10,596
Knowledge | assumed 6,186 20,666
Results Equal variances - 71,323 | .000 -15,631 2,526 - -10,593
not assumed 6,186 20,669

Table 1 shows the results of the F test of 2,411 with a significance of 0.125, which means that the significance is greater than 0.05,
so it is said that the independent t test of the group is significant. The results of the t test for equality of mean on the equal variances
assumed line , the sig (2 tailed ) column obtained a significance value of 0.00, meaning that the significance value is less than 0.05 so it
can be concluded that there is a difference between the pretest results and the posttest prior ability. knowledge
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Effect of Interactive Multimedia on Problem Solving Ability

Learning by using multimedia interactive influence on problem solving ability as
the results in Table 2

Table 2 Independent Samples Test
Levene's Test for Equality of | t-test for Equality of Means
Variances
F|Si|t |df|Sig. | Mean | Std. Err | 95%
g. (2- | Differ | or Confidence
taile | ence | Differe | Interval of the
d) nce Difference
Lower Upp
er
Results Equal |. |4 |- |7 |.00 |- 2,670 -15.92 -
of Problem |varia |48 (3|4 |0 10.60 5.2
Solving |nces |93 |. 9
assu |6 9
med 7
Equal - 17 |].00 |- 2.67 -15.92 -
varia 31310 10.60 5.2
nces .2 7
not 919
assu 7
med

Table 2 illustrates the F test value of 0.496 with a significance of 0.483 meaning
that the significance is greater than 0.05, so that the F test results are significant,
which means the group test is significant. The significance of the t-test for Equality
of Means is 0.00, so the significance is smaller than 0.00, which means that there
is a significant difference in the results of the pretest and posttest test problem
solving.

DISCUSSION
Analysis

Media is an important component in learning to increase knowledge and problem
solving, from the research results that on campus media coverage is very
lacking. According to (Manurung, 2014) the failure in teaching knowledge on
campus and in educational educational institutions is due to the absence of media
during the learning process. The failure in teaching knowledge in general is due to
several causes, among others: (1) lack of understanding of concepts; (2) the absence
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of relevant phenomena during learning; (3) lack of relevant media in the learning
process; (4) lack of proper process in learning (Murtadlo, 2019).

Design

Based on the findings in the field, the authors discussed with the teaching team on
campus and discussed with automotive and media experts so that the researchers
decided to design multimedia as shown in Figure 5.

ENGINE MANAGEMENT SYSTEM

r nl
| I— 51— .l
i ¥ o=
oo
e

........

Figure 5. Engine Management System Layout

Layout engine management system, namely: 1) ems wiring diagram, this section
describes the engine management system electrical layout that can be used to
determine damage; 2) monitor the voltage and resistance of the actuator sensors,
useful for showing the voltage and resistance of the sensors and actuators, any
changes in the condition of the engine management system can be interpreted by
paying attention to changes in voltage; 3) trouble switch, used to cause
problems; 4) layoutthe location of the components and the connection of the sensor,
module and actuator, which is used to describe the location of the component and
the relationship between the sensor and the module and the relationship between
the actuator and the module; 5) component name, provides an overview of the
component name; 6) the location of the components in the vehicle, describing the
location of the components in the vehicle; 7) ignition simulation, describes the
working ignition; 8) simulation of spraying, useful for describing to participants the
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form of spraying; 9) combination meter , used to show engine speed; 10) fuse ,
informing the effect of fuse when it is problematic; 11) relay , informs the function
and effect when the relay is removed; 12) Laptop / scan tool, displays the condition
of the engine management systemby displaying engine condition data; 13)
LCD projector , to make it easier for participants / teachers to display the data
displayed by the laptop.

Development

Based on the design that has been discussed with various parties, the authors
developed multimedia as shown in Figure 6.

NGINE MANAGEMENT SYSTEM -

Figure 6 Multimedia Development Results

Multimedia interactive layout: (1) oxygen sensor with wiring and points for
measuring voltage; (2) ECM and wiring along with points measuring stress; (3)
knock sensors, electrical wiring and points for measuring voltage and sensor
resistance; (4) relay-engine management system; (5) engine management system
fuses; (6) throttle body and components; (7) absolute pressure manifold along with
electrical wiring and measuring point; (8) data link connector; (9) crankshaft
position sensor, electrical wiring; (10) camshaft position sensor, electrical wiring,
point for measuring voltage, engine resistance; (11) switch actuator sensor
simulation; (12) monitor to see machine condition; (13) multitester for measuring
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the voltage and resistance of sensors and injectors; (14) oil control valve (OCV) of
variable valve timing (VVT); (15) EVAP canister purge; (16) ignition coil along
with electrical wiring and measuring points; (17) injectors, spraying volume
measuring devices, electrical wiring and measuring points; (18) fuel pressure
gauge; (19) radiator fan; (20) fuel pump; (21) electrical wiring.

Evaluation
The Influence of Multimedia on Prior Knowledge

The results of this study indicate that there is an effect of interactive multimedia
on prior knowledge in line with the research of Song, Kalet, & Plass (2015); Teoh
& Neo; (2007); (Yang, 2018) stated that multimedia has a direct impact on prior
knowledge . The main reason multimedia affects prior knowledge is because
multimedia is a combination of several media so that it is rich in
information. Another study that supports this research is the research of Kalyuga
(2009) which states that there are differences in prior knowledge when using
multimedia. Other studies that agree with this research are the research of
Kalyuga, (2013); Rias, (2008) states the ability of prior knowledgeincreased after
implementing multimedia. Every student has different abilities even though they
use multimedia (Chiu, 2016). Research (Amadieu et al., 2009) states that providing
comprehensive information has an impact on the ability of prior
knowledge . Multimedia in this study has comprehensive information. Learning
activities are the process of transferring knowledge , there needs to be a minimum
capital that students must have, namely prior knowledge . Multimedia is used in
building prior knowledge in course places (Bennett & Brennan, 1993). According
to (Bodemer & Ploetzner, 2005) using interactive visualization can reduce ability
deficienciesprior knowledge . Visualization is the main key in providing deep
understanding to students in the engineering field, the use of multimedia in this
study is an effort to help students visualize the material.

Effect of Interactive Multimedia on Problem Solving Ability

The results of this study indicate that there is an effect of interactive multimedia on
problem solving ability In line with research (Melander, Bowden, 2019; Sazali,
Alias, Razally, & Yamin, 2010 ;Manurung & Mihardi, 2018; Neo et al, 2009; Zaid
et al., 2013;Tudor, 2013)) states that multimedia is based on computers have an
influence on knowledge and problem solving abilities . In line with the research
(Mannheimer & Amy, 2011) states that the problem solving ability of students
increases when using video media when learning, in this study video is also used to
help participants improve their problem solving skills. The use of multimedia
helps students to visualize events / phenomena. As stated (Korakakis et al., 2012)
that using multimedia helps students to visualize phenomena. This research is
a problem-based learning. The results show that interactive multimedia which is
designed  with problem based has an effect on increasing problem
solving abilities . In line with the research of Hoffman & Ritchie (1997), it is stated
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that the use of multimedia in problem-based learning can help students solve
problems. Development of problem solving abilitiesis done by designing problem-
based learning.

Problem-based learning or better known as problem based learning (PBL) will be
effective in achieving its goals by utilizing multimedia (Mcalpine & Clements,
2017). Akinsola's research (2014) states that using multimedia provides
comprehensive instructions so that it can guarantee the achievement of educational
goals, this study uses multimedia which is a combination of several systems used
in one interactive multimedia that can provide comprehensive
information. Problem solving activities require comprehensive information so that
it is a problem solving processcan be done precisely and quickly. Quality education
is measured from the learning outcomes of students, one of the components of
learning outcomes is problem solving, self-efficacy (Zheng et al., 2006). The
results of this study are in line with the research of Ryan et al., (2016) which
illustrates that there is a strong relationship between interactive multimedia and the
ability to understand problem solving instructions . Melander Bowden (2019)
argues that digital learning has an effect on problem solving , in this study it is
digital learning that affects problem solving abilities . According to (Banerjee et
al., 2015) that By using multimedia, it is obtained the achievement of higher
cognitive abilities and an increase in statistical problem solving abilities.

The interactive multimedia design engine management system is tailored to the
needs of teaching in the theory class. Samsudduha, Masugiono, & Supraptono
(2013) and Neo et al (2009) the use of teaching media when theory helps teachers
convey learning goals and objectives, makes it easier to understand how to work
and troubleshoot starter motors. According to (Widjanarko, 2014) Based on the
results of his research that there was an increase in student learning outcomes after
using the wiring indicated by the LED, so that students could easily
identify troubleshooting.Research (Zheng et al., 2009) states that using multimedia
facilitates problem solving abilities . Multimedia helps students to be actively
involved in the problem solving process because it is related to real material and
real life situations.

CONCLUSION

Interactive multimedia which is a means of helping students visualize
phenomics. This study shows that using interactive multimedia has an effect on
increasing prior knowledge , which is the basic scheme in learning. This study also
shows that interactive multimedia can help students improve their problem
solving skills .
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