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Abstract—Multimedia learning helps students understand concepts. Almost
all subjects nowadays require multimedia to accomplish their learning objec-
tives, one of them being the Computer Networks course. However, the major
population of institutions follows a traditional approach to teaching when it
comes to the Computer Networks subject. Abstract concepts and principles are
described by the lecturer orally and followed by illustrating some examples us-
ing the whiteboard. This situation has decreased students’ interest and problem-
solving skills. Therefore, innovation of the learning model is imperative for a
new development. This study discusses the impacts of multimedia teaching and
learning of Computer Networks in the Direct Problem-Based Learning (m-
DPBL) approach. A quasi-experimental group with pre-test and post-test design
was used. Third-year students (N=276) who took Computer Networks subject
from two different departments in Dian Nuswantoro University, Indonesia and
five lecturers participated in this study. Two selected instructional approaches;
one used direct instruction lecturer approach while the other used the m-DPBL
approach. Standardised questionnaires of attitude, interest, and creative think-
ing, teamwork, and knowledge abilities were administered before and after
three weeks. Learning outcomes were significantly positively (Sig. p =.000) in
terms of students’ attitude, interest (Sig. p =0.001), and knowledge (Sig. p =
.000). There were differences in the mean scores between direct instruction and
the m-DPBL approach. Students’ attitude mean score increased 2.15 points
(7,8%), students’ interest mean score increased 1.34 points (4,4%), and stu-
dents’ knowledge mean score increased 11.22 points (25,9%).

Keywords—Traditional teaching, multimedia learning, direct problem-based
learning

1 Introduction

Much of the changes we see are driven by demands for graduates who are able to
function in the workplace. Recent studies have pointed out the gaps between the skills
that graduates have when they finish school and those required for the workplace,
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especially soft skills. Such studies have shown that skills required in the workplace
included creativity, critical-thinking, problem-solving, and communication skills [1],
many of which are lacking in today’s graduates. According to [2], a major population
of institutions follows a direct instruction or traditional approach to teaching. In tradi-
tional teaching, students are listeners in the classroom and they are too busy writing
down the information presented by the lecturers. The lecturers use verbal communica-
tion, whiteboard, and slide presentation in the teaching process. In the classroom, they
carry out an explanation for the subject according to the textbook and then write it on
the whiteboard. After lecturing, the lecturers will give some assignments to the stu-
dents. The students’ activities in the classroom include listening to the explanation of
the teacher, take notes, memorising the subjects and do some assignments. This tradi-
tional approach has made the students become stressed and bored, while also decreas-
ing their problem-solving skills [3]. Therefore, reformation and design of the teaching
approach are imperative in the new development approach; it has become feasible to
integrate multimedia into the teaching and learning process.

Universities today are in education transition. Many universities including those in
Indonesia are finding new means to make traditional learning more efficient and ef-
fective with multimedia. Multimedia is the materials used by teachers and learners to
help them teach effectively. Teaching is influenced by the multimedia, facilitating the
students to learn something using various media such as print, television, the Internet,
pictures and audio. Multimedia is changing the way we communicate with each other.
The way we send and receive messages is more effectively done and better compre-
hended. The inclusion of media elements reinforces the message and delivery, which
leads to a better learning rate. The power of multimedia lies in the fact that it is multi-
sensory; stimulating the many senses of the audience. It is also interactive; enabling
the end-users of the application to control the content and flow of information [4].
This has introduced important changes in our educational system and impacted the
way we communicate information to the learners [5].

2 State of the art

Computer Networks is one of the core subjects for computer science students.
Teaching the Computer Networks course to students has always been a challenge for
educators since the subject requires more practical understanding than theoretical
lectures. “Why is it so difficult to learn Computer Networks?” is perhaps as the ques-
tion that educators should ask themselves and their students. One of the obvious an-
swers is Computer Networks concepts and protocols are very abstract for many stu-
dents. For one, they cannot see typical networking equipment and visualise packets
and protocols for themselves during lectures [6]. An example is talking about how
routers communicate and collaborate to select suitable routing paths along the net-
work. The multimedia learning alleviates the problem to some extent, but it may not
be able to equip students with the ability to conceptualise other more abstract con-
cepts on their own. Therefore, in the current teaching, an innovation is required to
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understand the subject because grasping these abstract concepts depends on imagina-
tion and visualisation of students in their mind while teaching and learning.

Therefore, this study discusses the impacts of the multimedia teaching and learning
for Computer Networks subject in the Direct Problem-Based Learning (m-DPBL)
approach in Dian Nuswantoro University, Indonesia.

3 Methodology

The research was performed in Dian Nuswantoro University, Indonesia. Two de-
partments (i.e. Informatics Engineering and Information System Department) were
selected.

3.1 Design and sample

A quasi-experimental group with the pre-test and post-test design was used. Third-
year students (N=276) who took the Computer Networks subject from two
departments in Dian Nuswantoro University in Indonesia were involved. In two se-
lected educational programmes, one used direct instructional approach that consisted
of 140 students; while the other used the m-DPBL approach that consisted of 136
students. Five Computer Networks lecturers in the sample class participated in this
study.

3.2 Procedures and instrument

The protocol was reviewed and ethical permission for the study was received from
the university through each department. The m-DPBL and direct instruction ap-
proaches were conducted over one semester comprising of 14 weeks. Students in both
groups completed a demographic form, and creative thinking, teamwork, and
knowledge questionnaires at the same time prior to the direct instruction and m-DPBL
lecture instruction. For the m-DPBL group, there were 136 students assigned to 25 m-
DPBL groups; each m-DPBL group consisted of five - six students. The m-DPBL
group session was two hours per week for three weeks.

3.3 Pilot study

A pilot study was conducted on 30 undergraduate students and five lecturers to de-
termine the reliability of the tools. The Cronbach’s Alpha coefficient for the question-
naires in the pilot study was 0.797. In general, the respondents of the pilot study gave
positive feedback towards the general structure and presentation of the questionnaire.
To improve the face validity of the scales, the survey questionnaire was further re-
fined based on some comments collected from the participants. In order to assess the
face and content validity and ensure its adaptability to the local cultural context, the
instrument was reviewed and approved by the expert from the Faculty of Computer
Sciences, Dian Nuswantoro University, Indonesia.
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3.4  Data analysis

Standardised questionnaires of attitude, interest, and creative thinking, teamwork,
and knowledge abilities were administered before and after three weeks (after instruc-
tion). IBM SPSS statistics 21 was used to analyse the data. Frequency and descriptive
and t-test analyses were employed to compare the baseline measurements of the de-
mographic and dependent variables between the two groups, using five criteria for
evaluation according to the Likert scale.

4 m-DPBL for teaching and learning development

The teaching process of Computer Networks in Dian Nuswantoro University, In-
donesia was tested using the multimedia teaching and learning in the Direct Problem-
Based Learning (m-DPBL) learning situation. Teaching approach was adapted from
the Direct Problem-Based Learning (DPBL) approach whereas Armani’s model [7]
was used as a multimedia teaching and learning model. The multimedia teaching and
learning of Computer Networks were integrated into the online learning system (i.e.
KULINO = Kuliah Online Universitas Dian Nuswantoro). The various contents con-
cerning routing were described using text, sound, image, and animation in the Indone-
sian language. Students were provided with content in the form of text and animation
that enabled them to explore multimedia teaching and learning more enthusiastically.
Some features to aid teaching and learning available in the multimedia teaching and
learning of Computer Networks were as follows:

Fig.1 depicts a few contents for the Multimedia teaching and learning of Computer
Networks which included instructional goals, concept description, routing algorithm,
routing strategy, and problem visualisation.

Fig. 1. Main menu of the multimedia teaching and learning for Computer Networks Subject

Fig.2 depicts the contents of routing such as concept description and routing algo-
rithm. The concept description explained the routing, objectives, benefits, and types
of routing. Meanwhile, the routing algorithm explained one of the routing algorithms,
namely forward search algorithm.
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Fig.3 depicts a few contents of routing such as routing strategy and problem visual-
isation. The strategy routing explained one of the routing strategies, namely flooding
strategy. Meanwhile, the problem visualisation explained one of the problems in the
routing process; for example, when one of the routers has an overload process.

Fig. 3. Contents of routing strategy and problem visualisation

5 Effectiveness

The evaluation survey of learning activities using multimedia teaching and learning
of Computer Networks in the DPBL approach (m-DPBL) was to determine the extent
of m-DPBL impacts (i.e. students' knowledge, attitude, interest, and creative thinking,
and teamwork skills). The survey result of the participants was summarised, namely
the survey results from direct instruction (control group) and m-DPBL (experiment
group). The demographics of the participants are as shown in Table 1.

Table 1 presents the comparison of the students’ demographic in the direct instruc-
tion group versus m-DPBL group. The age was divided into two categories. Nearly all
participants were aged below 20 years old. Meanwhile, the gender of the direct in-
struction group showed males to be 101 (72.1%) and females 39 (27.9%), while males
were 92 (67.6%) and females were 44 (32.4%) for the m-DPBL group. Nearly all
participants were male.
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Table 1. Demographic of students in the Control (N=140) and m-DPBL (N=136) groups.

Demographic Control Group N(%) m-DPBL N(%)
Male 101(72.1) 92(67.6)
Gender
Female 39(27.9) 44(32.4)
A 18 <Age<20 119(85) 210(88.2)
e
& 21 <Age<26 21(15) 67(11.8)

Table 2 presents the comparison of the mean scores of the students in the direct in-
struction group versus m-DPBL group. There were mean score differences between
the direct instruction and m-DPBL approaches (Figure 2). The mean score of the
direct instruction group was x(SD) =25.39 (2.78) in terms of attitude, x(SD) =28.82
(3,26) of interest, and x(SD) =32.06 (7,69) of knowledge. Meanwhile, the m-DPBL
group showed x(SD) =27.54 (3.17) for attitude, x(SD) =30.16 (3,57) for interest,
and x(SD) =43.28 (2,82) for knowledge.

Learning outcomes were significantly positively (Sig. p =.000) in terms of stu-
dents’ attitude, interest (Sig. p =0.001), and knowledge (Sig. p = .000). There were
mean score differences between the direct instruction and m-DPBL approaches. The
mean score of students’ attitude increased 2.15 points (7,8%), interest 1.34 points
(4,4%), and knowledge 11.22 points (25,9%).

Table 2. The comparison of mean scores between groups based on attitude, interest, and
knowledge variables

Frequencies t-test for Equality of Means
Variables Control Group M-DPBL Group — s
X (SD) X (SD) t df y x Difference
Attitude 25.39(2.78) 27.54(3.17) -5.999 274 .000* 2.15
Interest 28.82(3.26) 30.16(3.57) -3.325 274 .001* 1.34
Knowledge 32.06(7.69) 43.28(2.28) -16.19 274 .000* 11.22
* Significant at p < .05
50
40
30 .
20
10
0
Attitude Interest Knowledge
=@®=Control ==@=Experiment

Fig. 4. Comparison of mean scores between groups based on attitude, interest, and knowledge
variables
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Table 4 presents the comparison of mean scores of the creative thinking and team-
work skills in the direct instruction group versus m-DPBL group. There were mean
score differences between direct instruction and m-DPBL approaches (Fig.4). The
mean score of the direct instruction group was ¥ =18.01 in terms of creative thinking
and x =21.61 for teamwork. Meanwhile, for the m-DPBL group, the scores were
x =19.67 for creative thinking skills and x =24.42 for teamwork skills. Students’
creative thinking score increased 1.66 points (8.4%), while their teamwork skills
score increased 2.81 points (11.5%).

Learning outcomes were significantly positive (Sig. p = .000). Thus, there was an
indication that the m-DPBL approach benefited the students’ creative thinking and
teamwork skills.

Table 3. Comparison of mean scores of students’ creative thinking and teamwork skills

Frequencies t-test for Equality of Means
Variables Con}t_:z;g g)roup M-D;l?gb(jroup ‘ af » % Difference

Creative Thinking 18.01(2.27) 19.67(2.05) -6.35 274 .000* 1.66
Teamwork 21.61(3.55) 24.42(2.32) -7.77 274 .000* 2.81
* Significant at p < .05

50

40

30

20 %

10

0
Creative Thinking Teamwork

==@==Control ==@=Experiment

Fig. 5. Comparison of mean scores between groups based on the problem-solving skills varia-
bles

Table 4 presents the students’ perception and effectiveness scorers, and feedback
towards multimedia teaching and learning of Computer Networks in the DPBL ap-
proach (m-DPBL). Students’ perception was at x =36.88 scores with 4.09 mean aver-
age score, while effectiveness was at X = 40.02 scores and 4.00 mean average score.
Students’ feedback showed x =23.70 for the mean score and 4.04 for the mean aver-
age score of useful feedback, x =23.09 for the mean score and 4.01 mean average
score of content feedback, and x =20.39 mean score and 4.08 mean average score of
navigation feedback.
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Table 4. Feedback towards multimedia teaching and learning Computer Networks

Feedback
Descriptive Analysis
Perception | Effectiveness Usefulness Content Navigation
N 136 136 136 136 136
x 36.88 40.02 23.70 23.09 20.39
Std. Deviation 2.83 3.29 2.45 2.61 1.81
X Average 4.09 4.00 4.04 4.01 4.08

Table 5 shows that the majority of the students had a positive response to the
Learning Impact of the m-DPBL, with an average mean value = 4.09, and the stand-
ard deviation of around .56. Students’ feedback on the learning impact of the m-
DPBL approach indicated that the item of the listed questions showed a higher mean
value X = 4.12 with low standard deviation value=.505.

Table 5. Learning impacts using m-DPBL approach

Results (N=136)
Questions List = Std. Devia-

tion
I am motivated to learn Computer Networks in the m-DPBL learning situation. 4.07 611
m-DPBL is effective method than conventional teaching of Computer Networks 4.10 .643
m-DPBL has positive impact on my leaning of Computer Networks 4.12 517
My communication skills were increased by m-DPBL 4.07 505
My teamwork skills were increased by m-DPBL 4.10 .543
Summary 4.09 564

6 Conclusion

Multimedia in the Direct Problem-Based Learning (m-DPBL) approach for Com-
puter Networks teaching and learning was designed especially to improve students’
attitude, interest, and knowledge, and problem-solving skills (i.e. students’ creative
thinking and teamwork skills).

Learning outcomes were significantly positive in terms of students’ attitude, inter-
est, and knowledge. There were mean score differences between the direct instruction
and m-DPBL approaches. Students’ attitude mean score increased 2.15 points (7,8%),
students’ interest mean score increased 1.44 points (4,4%), and students’ knowledge
mean score increased 11.22 points (25,9%).

Nearly all participants had a positive response to the m-DPBL strategy. The
students’ attitude, interest, knowledge, and creative thinking and teamwork skills
were increased. Therefore, the m-DPBL approach was suggested as an instructional
approach for the teaching process.
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