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Abstract—The continued development of the Internet has
caused the concepts of network infrastructure and simple
network troubleshooting to become important teaching
objectives of certain college curricula. However, the abstract
nature of network concepts and the high cost of equipment for
network-related practice have become educational challenges
for teachers in the relevant fields. Therefore, simulation
learning and simulation learning software have become major
instructional tools to assist teachers. Unfortunately, most
simulation learning software is individually manipulated, which
may cause feelings of isolation among students during the course
of learning. Therefore, in this study, a quasi-experimental
approach was utilized to investigate how teaching strategies for
simulation learning and for integrating simulation learning with
collaborative problem solving (CPS) impacted learning
outcomes. Assessments by one-way analysis of covariance
revealed that the post-test scores were significantly better in the
experimental group than in the control group, suggesting that
the integrated educational activities were beneficial to students'
learning. The results of this study can serve as a reference for
teachers in relevant fields with respect to designing educational
activities that can help students learn more effectively and
improve students’ teamwork abilities.

Index Terms—Simulation-based learning, CPS, collaborative
problem solving, information and computer education, packet
tracer.

. INTRODUCTION

Due to the rapid development of network technology,
individuals’ Internet use requirements are increasing daily.
Colleges and universities generally offer courses that teach
basic network-related concepts. These courses enhance
students’ abilities to use network technology by enabling
students to understand the mode of operation of the Internet
and allowing students to perform simple troubleshooting.
However, Internet-based concepts, such as the principles
underlying  various = communication  protocols and
packet-forwarding processes, have always been a relatively
abstract knowledge system. Thus, teaching in this field has
long been a challenge for instructors. In addition, the
management of network devices is a skill that must be
mastered through hands-on training. In particular, providing
learners with opportunities to construct procedural
knowledge and train in practical skills through hands-on
activities are extremely important educational tools in science,
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technology, engineering and mathematics (STEM) fields.
However, in actual educational environments, due to various
considerations, including time, space and funding, it can be
difficult for colleges and universities to provide students with
adequate training in hands-on environments. Thus, the use of
information technology to establish simulated operational
environments plays an extremely important role in
strengthening students’ learning of procedural knowledge [1].

A main characteristic of computer-based simulation
learning is the use of information technology to create models
that simulate real-world environments. Many phenomena that
are difficult to observe in real-world environments can be
concretized by computer-based simulation learning.
Moreover, the simulation system’s judgments can be used to
present material in a manner appropriate to a learner’s
knowledge level, thereby helping students better understand
these phenomena. Thus, simulation learning can safely and
inexpensively provide students with environments similar to
real-life situations. As a result, students can learn about
relevant issues through an educational process involving
exploration and constant attempts at experimentation and can
thereby acquire a deeper understanding of the simulated
phenomenon through hands-on manipulation [2]. Therefore,
for educators, relevant software for simulation learning has
become an important tool for providing teaching assistance.
Many scholars have previously proposed different
instructional-design approaches for enhancing students'
learning outcomes in the information technology and network
fields, and research has proven that simulation-based learning
can effectively improve learning outcomes [3], [4].

However, in a simulated learning environment, most
support tools mainly allow for manipulation and learning only
by an individual learner. One such tool is "Think Tool," which
was designed by White (1993) and White and Frederiksen
(1998) to assist students in learning the abstract concepts of
physical mechanics or to provide teachers with an easy Java
simulation (EJS) design environment for the design and
production of computer-based scientific simulations and
animations [5], [6]. However, the use of simulated learning
environments that are manipulated by only an individual
learner may generate relevant concerns regarding isolated
learning. Vygotsky (1978) believed that learning and
development are not independent but are instead mutually
influential processes. From the perspective of cognitive
elaboration theory, learners can incorporate knowledge
through cognitive restructuring and mastery processes (such
as summarizing and restating, among other processes) that
allow newly learned information to be retained in the memory
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and connected with prior experiences [7]. A student who
explains newly learned information to others must organize
and interpret the information in question; thus, explanations
to others may not only promote the refinement of the
explainer’s own perceptions but may also improve the
outcomes of cooperative learning activities [8]. Therefore,
cooperative learning is a common teaching strategy in STEM
fields. Roth and Roychoudury (1993) stated that cooperative
learning can improve students' academic performance,
enhance comprehension and problem-solving abilities, and
re-construct or alter the conceptual frameworks of students’
knowledge through processes of communication and
discussion [9].

Therefore, in this study, a quasi-experimental approach
was utilized to examine groups of college students who were
obtaining a basic introduction to networks to investigate
whether the use of network-simulation software could
enhance students' learning outcomes. Moreover, the question
of whether an instructional design that integrated network
educational-simulation ~ software  with  collaborative
problem-solving (CPS) strategies could further improve
students' learning outcomes was also explored.

Il. LITERATURE REVIEW

A. Simulation-Based Learning

As technology has advanced, the integration of
computer-based instruction methods into education has
become an increasingly widespread trend. In particular,
learning through simulation and manipulation plays an
extremely important role in education in STEM fields.
Bransford, Brown and Cocking (2000) noted that good
learning outcomes can be achieved if students construct their
own understanding of scientific knowledge within existing
knowledge frameworks. To accomplish this objective,
students must proactively participate in and learn from the
educational process [10]; interactive computer simulation
software can help to meet this requirement [11]. During the
course of teaching in scientific education, dynamic and
interactive computer simulations can improve students’
learning outcomes with respect to scientific phenomena that
are difficult to observe in a real-world context [12]. By
enabling repeated manipulations or observations, the use of
simulation software can help learners acquire a deeper
understanding of scientific phenomena and appropriately
promote implementation, reflective competence and
high-level cognition for the relevant procedural knowledge.
Studies have also determined that virtual manipulations in
software-based simulation environments can contribute to a
greater understanding of domain knowledge [12], [13].

From the perspective of teaching, the main purpose of
utilizing computer-based simulation and manipulation is to
meet the needs of learners by providing opportunities to
practice the solving of real-world problems [14]. Students
often cannot attempt to address these problems in real-world
environments due to limitations imposed by various factors,
such as time, cost and risk; fortunately, these situations can be
successfully modeled through computer simulation [15].
Many studies have utilized simulation-based software to
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assist with diverse aspects of scientific instruction, including
physics experiments [16]-[18], molecular dynamics [19], and
knowledge of circuits [20]; these studies have found that the
use of simulation software has positive effects on all levels to
enhance learning.

The network simulation-based learning tool(Packet Tracer)
used in this study, which was developed by Cisco Systems,
was specifically designed to illustrate and teach network
concepts and skills of network equipment operations. A
graphical user interface with real-time feedback allows
students to design and simulate real-world network traffic,
thereby enabling students to learn an abstract knowledge
system that is typically difficult to observe. According to
Frezzo et al. (2009), the use of Packet Tracer as an
instructional tool can provide students with a relatively
structured and logical learning environment [21]. Many
studies have also mentioned that the integration of Packet
Tracer into teaching can enhance students' interest in learning
and improve learning outcomes [3], [21], [22].

B. Collaborative Problem Solving (CPS)

In STEM fields, a great deal of knowledge must be learned
through manipulation and the process of attempting to solve
problems by troubleshooting. Therefore, the learning of
procedural knowledge is extremely important. Procedural
knowledge refers to knowledge obtained during the process of
performing operations and the ability to utilize information to
solve problems. Frequently, certain types of activity are
presumably necessary to indirectly derive procedural
knowledge by effectively practicing how to approach
problems and what methods to utilize. Procedural knowledge
mainly includes the methods, techniques, strategies,
procedures and steps of solving problems. Problem-solving
strategies are often applied in courses in relevant fields for the
teaching and learning of procedural knowledge, and
researchers have explored students' learning processes and
learning outcomes [23]-[26]. Problem solving is a widely
adopted teaching strategy [23], and many studies have
explored problem-solving based teaching strategies involving
the use of technologies. Numerous studies have also stated
that cooperative learning can effectively improve learning
performance for students of all ages. Therefore, Nelson (1999)
proposed CPS, which integrates the two approaches of
cooperative learning and problem-based learning. CPS
encourages students to learn by doing and stresses the
authenticity of the collaborative learning environment; in CPS,
students become participants in active learning processes,

with an emphasis on independent thinking and
problem-solving capabilities [27]. In the CPS pedagogy,
objectives include not only the development of

problem-solving skills but also guiding the development of
learners’ cooperation and communication abilities. In a
heterogeneous group, the abilities and perspectives of an
individual are limited; thus, to find the appropriate solution
for a problem, there must be cooperation among group
members and even those with differing views [28], [29].
Therefore, for the experimental group of this study, in
addition to using Packet Tracer to assist students in learning
basic networking concepts, CPS strategy was also integrated
into the instructional approach to investigate whether this
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integration could enhance students' learning outcomes.

I1l. RESEARCH METHOD

This study used a quasi-experimental approach to
investigate the learning outcomes of universities’ students
who were enrolled in a semester course that provided a basic
competence to networks.

A. Experimental Design

In this study, given the characteristics of the experimental
setting, one class of students was randomly designated as the
experimental group, and another class was designated as the
control group for comparison analysis. For both groups of
students, the Packet Tracer simulator and assessment
questionnaire were used as an instructional setting to facilitate
learning. In the experimental group, the baseline learning
activities were integrated with activities designed using CPS
strategies; these CPS activities allowed students to
communicate and learn through group discussions. A pre-test
on the network competency was administered prior to the
learning activities, and a post-test on the network competency
was administered after the completion of these activities. The
research framework of this study can be depicted as follows

(Fig. 1):

Independent variable
Dependent variable

' Post-testscores for basic

network concepts

Covari

. Pre-test scores for basic

network concepts

Participation in
educational activities:

1. Experimental group

2. Control group

Fig. 1. Research framework.

The independent variable in this study was participation in
learning activities, the dependent variable was the post-test
scores of the experimental and control group students on the
"Basic Network Concept Inventory (BNCI)," and the
covariate was the pre-test scores of experimental and control
group students. The experimental design is presented in Table
I. G1 refers to experimental group students, whereas G2 refers
to control group students; O1 and O3 refer to the pre-test
scores of the experimental and control group students,
respectively, on the BNCI. The independent variable was
involvement in learning activities, where X(CPS) represents
the experimental treatment of CPS; 02 and O4 refer to the
study’s dependent variable, the post-test scores of the
experimental and control group students, respectively, on the
BNCI after the implementation of learning activities.

TABLE I: PRE- AND POST-TEST QUASI-EXPERIMENTAL DESIGN

utilized cooperative learning to complete the learning
activities in accordance with CPS pedagogy. The nine steps of
the CPS pedagogy and their implementation in this study are
presented in Table Il. The resulting pre- and post-test scores
of individuals on the BNCI were obtained in the same manner
for students in both experimental groups.

TABLE II: MAPPING OF NINE STEPS OF CPS AND IMPLEMENTATIONS

Step A description of the implementation in this experiment

1. CPS: Instructor and learners build their readiness to engage in
collaborative group work

In this study: Before the activity started, the teacher explained the
problem and the desired target to the students and provided
guidance to students regarding defining the problem and
problem-solving directions, thereby establishing the learners’
capabilities.

2. CPS: Either the instructor or the learners form small,
heterogeneous work groups, and then the groups engage in
norming processes.

In this study: The teacher divided the students into heterogeneous
groups for the educational activities based on pre-test scores, with
3-5 students in each group and a total of 11 groups. The average
pre-test score for each group ranged from 57-63 points.

CPS: The group engages in a preliminary process to define the
problem they will work on.

In this study: Each group of students was required to cooperate to

3. complete network-troubleshooting tasks. Each group was
provided with an outlined questionnaire to provide conceptual
guidance for problem solving and encourage discussion among
the students.

CPS: Each group defines what roles are necessary to accomplish
the design plan and then assigns them.

In this study: Each group elected a team leader to lead the
learning associated with the discussion of a single issue, devote
attention to the operation-related conditions of each student in the
group, and provide timely guidance to assist others.

CPS: The group engages in the primary, iterative CPS process.

In this study: Group members engaged in manipulations to test
network-troubleshooting solutions and participated in group

5. discussions. Members addressed the issues of each stage to
advance to the subsequent evaluation process. As the problems or
activities neared completion, the students’ conceptual
understanding became increasingly complete.

CPS: Groups begin to finalize their solutions or projects.

In this study: After interactions through CPS teaching

6. approaches, each group began to converge on the optimal
solution for the problem. Final tests of network connectivity were
then performed with Packet Tracer.

CPS: The instructor and learners engage in activities to help
them reflect and synthesize their experiences

In this study: Led by the team leader, the members of each group
shared their experiences during the educational process, with
reflection after solving the problem and confirmation that group
members had completed their tasks.

Group Pre-test Experimental Post-test
treatment
Experimental group (G1) 01 X(CPS) 0,
Control group (G2) O3 O4

The learning activities involved the teacher’s design of
network scenarios for troubleshooting in the Packet Tracer
simulator. The students were then required to determine the
problem and address obstacles to allow the network to
connect and work properly in the simulation environment.
Control group students were required to complete the learning
activities individually, whereas experimental group students
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CPS: The instructor and the learners assess their products and
processes when appropriate.

In this study: Teams were recognized after they had completed
their tasks. In addition, each student was required to complete the
post-test questions after finishing the network troubleshooting
(the post-test was identical to the pre-test).

CPS: The instructor and learners develop an activity to bring
closure to the learning event.

0. In this study: The teacher provided a summary of the entire
activity, enabling students to feel a sense of accomplishment
regarding their participation in the learning process.
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B. Participants

The study participants were 72 undergraduate students who
were enrolled in the course "An Introduction to Networks"
offered by a university in northern Taiwan. The duration of
this course was 16 weeks, and the curriculum objectives were
to build basic network competence and skill for
troubleshooting. The 34 participants in the control group
included 19 men (56%) and 15 women (44%), whereas the 38
participants in the experimental group included 21 men (55%)
and 17 women (45%).

C. Research Tools

The following research tools were utilized in this study:
Packet Tracer simulation exercise: This simulation
exercise was designed by teachers with over 10 years of
network-related teaching experience to provide
instruction in network concepts. The major theme of the
exercise was network troubleshooting. To complete the
educational activities, students were required to identify
and solve a problem in the simulator environment.
Outline questionnaire to guide the simulation exercise: By
providing an outline with conceptual guidance for
troubleshooting in the Packet Tracer simulation exercise,
this questionnaire assisted students in the completion of

the educational activities of the learning process. However,
this questionnaire was only an aid to the educational
activities and was not scored.

Basic Network Concept Inventory: This inventory, which
was designed by the course instructor, contains a total of
10 multiple-choice and essay questions covering basic
network concepts, including 5 questions on fundamental
concepts and 5 questions on troubleshooting concepts.

IV. RESEARCH RESULTS

In this study, pre-test and post-test measurements using the
BNCI were performed for the experimental and control group
students. Paired-samples t-tests were used to investigate the
relationship between teaching with the Packet Tracer
simulator and learning outcomes. The resulting analysis of the
pre- and post-test scores of the control and experimental
group students is presented in Table I11. The results indicated
that knowledge of basic network improved in both groups of
students after conducting the educational activities described
above.

TABLE IlI: AN ANALYSIS OF PRE- AND POST-TEST SCORES FOR CONTROL AND EXPERIMENTAL GROUP STUDENTS WHO PARTICIPATED IN THE EDUCATIONAL
ACTIVITIES OF THIS STUDY

Number of

Group Test students Mean score Standard deviation t p
Control group Pre-test 3 57:29 23.984 -2.719 p=.010 (<0.05)
Post-test 34 62.91 22.348
. Pre-test 38 57.63 20.898
Experimental group -4.448 p=.000 (<0.001)
Post-test 38 69.21 18.914

Furthermore, the researchers used analysis of covariance to
examine the pre- and post-test differences between the
experimental and control group of some subjects. First, the
homogeneity of the regression coefficients within the groups
was examined. These tests resulted in an F-value of 2.054 and
a p-value of 0.156, which did not reach significance (>0.05).
Therefore, the relationship between the covariate (pre-test
scores) and the dependent variable (post-test scores) did not
change due to differing treatment standards associated with
the independent variable. Thus, the homogeneity assumption
for the regression coefficients of variables within groups was
satisfied, and the subsequent analysis of covariance was
applicable. The results of independent-samples analysis of
covariance after excluding the impact of pre-test scores (the
covariate) on post-test scores (the dependent variable)
indicated that the impact of the independent variable on the
dependent variable had an F-value of 4.327 and a p-value of
0.041; this impact reached the threshold for significance
(<0.05), indicating that participants’ post-test scores varied
due to the different teaching methods used in the different
experimental groups. Assuming that the homogeneity
assumption for regression coefficients within groups holds,
the covariance analysis process indicated that the adjusted
mean post-test scores were 69.02 for the experimental group
and 62.75 for the control group after excluding the impact of
covariance on the dependent variable and adjusting the actual
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post-test scores of each group based on the corresponding
pre-test scores. Thus, it was evident that the post-test scores of
the experimental group students were significantly better than
the post-test scores of the control group students.

V. DIsScuUsSION AND CONCLUSION

Due to the abstract nature of basic network concepts,
providing hands-on operations to learners to enable the
construction of procedural knowledge and train actual
implementation ability is an important aspect of learning
relevant skills. A characteristic of computer simulation
learning is that it allows for the concrete examination of
phenomena that are difficult to observe in real environments.
Moreover, guidance and assistance from the simulation
system can help students understand these phenomena.
Therefore, this study used a quasi-experimental approach to
investigate whether educational activities using network
simulation software were beneficial to the learning outcomes
of college students enrolled in a course of basic network
concepts. Furthermore, researchers divided the students into
an experimental group and a control group to explore whether
integrating network simulation-based learning tool with CPS
teaching strategies could better enhance students' learning
outcomes relative to the use of network simulation-based
learning tool alone.
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The results indicated that there were significant differences
in the pre- and post-test scores of the control group students
who completed the educational activities using the network
simulation-based learning tool, indicating that the educational
process involving this network simulation-based learning tool
improved learning outcomes for these students. This finding
is consistent with the results of prior studies [3], [4].The
experimental group students who completed the educational
activities in which the network simulation-based learning tool
was integrated with CPS teaching strategies also exhibited
significantly different pre- and post-test scores, indicating that
the design of these educational activities also improved
students' learning outcomes.

In addition, researchers used analysis of covariance to test
for pre- and post-test differences between the control and
experimental groups. The results of this analysis
demonstrated that the experimental group’s post-test scores
were significantly better than the control group’s post-test
scores. These findings illustrate that the educational activities
that integrated CPS teaching strategies with network
simulation were more beneficial to students than educational
activities that only utilized network simulation as an
instructional tool.

Therefore, the results of this study will provide teachers in
relevant fields with a reference for teaching. The simple
application of network simulation as an instructional tool can
enhance students’ learning outcomes. However, the simulated
learning environment is manipulated by individual learners;
thus, the use of this environment may cause students to feel a
sense of isolation, and the learning process can be interrupted
because students may not be able to obtain help when they
encounter problems. To address this issue, the designed
educational activities that integrate simulation learning and
cooperative learning can achieve the objectives of teaching
abstract concepts and improving students’ operational
capabilities. Moreover, this design allows students to share
and discuss relevant topics with other students during
educational activities; this aspect of the integrated approach
promotes the internalization of knowledge and the
development of better teamwork skills, enhancing students’
adaptability and competitiveness in society
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