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Abstract—Computer-Aided Learning (CAL) tools could 

offer a better learning environment for computer science 

students. This paper presents a CAL tool that helps students 

understand the essential knowledge about networking design. 

The aim of the CAL tool is to simplify the process of network 

designing by using a user-friendly computer based program. 

 
Index Terms—Computer-Aided Learning, network, networks 

design.  

I. INTRODUCTION 

  A large number of computer applications are being 

developed to make the learning experience more efficient, 

flexible, yet at the same time enjoyable. They provide an 

excellent opportunity to apply and test the management skills 

the students learned in classrooms, but never had a chance to 

implement in reality.  

Computer-Aided Learning (CAL) tools have been 

developed to support students' learning in different 

educational areas [1]-[6]. CAL can be defined as the use of 

computers to provide educational instruction. The main 

advantages of CAL are the time, the place, and the pace at 

which student can learn [7]-[12]. 

Many CAL programs exist in the market that teaches 

students the networking design. They vary in cost and quality 

of the presented information. Network design refers to the 

process of planning a computer network infrastructure 

implementation [13]-[17]. 

Designing, maintaining, and supporting an efficient 

Information Technology (IT) infrastructure can be a daunting 

task for any company, especially for a corporation such as 

Airlines with hubs, facilities, offices, and personnel scattered 

across the globe. That’s why Airlines and all corporations are 

working hard to optimize its IT design processes across the 

enterprise. 

Network designing is very important before setting up any 

kind of efficient network from a functionality and cost point of 

view, the designing phase will give us the possibility to set a 

network with optimum design requirement by using the least 

required devices to ensure minimum cost and optimal 

performance. 

Currently in the market there are mainly many vendors, 

which provide the ability to design a network by providing 

specialized software. The most common used software being 

designed by Cisco is called Packet Tracer. Also Boson created 

"NetSim", which is considered one of the simplest software 

from functionality and flexibilities point of views.  

Cisco Packet Tracer is a network simulator software that 
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allows users to simulate the configuration of Cisco devices 

using a simulated command line interface. This software 

teaches how networks can be configured. It gives a real time 

experience like other simulating devices. Packet Tracer is ideal 

for the CCENT and the CCNA Routing & Switching 

certificates. One of the disadvantages of Cisco Packet Tracer 

is that it doesn’t support non-Cisco devices. Boson NetSim 

also has some disadvantages, such as absence of topology 

information and customization, and an inability to modify 

active topology. 

In the next section we will describe the Network Designer 

tool. Section 3 describes the system data design and 

implementation. Section 4 describes the system features and 

user interface. Section 5 evaluates the tool and reports results 

of the user acceptability tests. Finally, the conclusion. 

II. THE NETWORK DESIGNER 

The Network Designer is a tool that satisfies any network 

designs needs, complexity and range (LAN, WAN, etc.), it can 

be used as a reference to any network in case a design change 

is needed in the future or for maintenance issues.  

The Network Designer can be used for educational 

purposes: 

• Instructors: The instructors could use the Network 

Designer as a visual tool to help students in the 

network design process or by providing a clear vision 

about network topologies; also the students will have 

clearer view of network components. 

• Students: The Network Designer will allow them to 

interact with real network components. Also the 

Network Designer will provide them with the essential 

knowledge about networks. On the other hand, 

students will be familiar with network objects and what 

they look like. 

The main goals of the Network Designer are to allow users 

to build/design a network by many functions as listed below: 

• The ability to select and drag and drop the device from 

listed devices into drawing panel. 

• The ability to connect the devices with each other by 

selecting tow devices and choose the cable type. 

• The ability to move any devices in the panel at any place 

with all connection at that device. 

• The ability to store any action by the user to the database. 

• The ability to design many layers (sub networks) in one 

network, which mean we can design a network inside 

network in-side network, etc. 

• The ability to keep controlling layers if the network 

consists of many layers, by providing a guide which 

will help users to navigate their layers in the network. 

• The ability to use any network or layer as a layer into 

another network. 

A huge network can be designed by using a software like 

Cisco Packet Tracer r or Boson NetSim, by design each part 
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or sub network separately (i.e. many files needed). Moreover, 

in the worst case we can use Adobe Photoshop to draw the 

network, but this process takes a lot of time and effort (if we 

ignore the efficiency part). But by using the Network Designer 

we can design any network with the ability to control at all sub 

networks belonging to the network. Moreover, it has the 

ability to use any network or part of a network as a sub 

network into another network. 

The Network Designer has a database which stores any user 

action such as, the coordinates of any device, the type of the 

device, and the connections at any device, so any network will 

be stored in the database with all its devices and connections, 

this mean we can retrieve any network at any time. So if any 

network is stored in the database we can design a network 

inside a network (layers) by storing each layer as a network 

(each layer is a network and each network is a layer). Second, 

by storing each layer as a network, any network can use any 

layer or network as a layer in it. Finally, the Network Designer 

interface has a layer navigator which will help users to 

navigate through layers. 

III. SYSTEM DATA DESIGN AND IMPLEMENTATION 

If you are using Word, use either the Microsoft Equation 

Editor or the MathType add-on (http://www.mathtype.com) 

for equations in your paper (Insert | Object | Create New | 

Microsoft Equation or MathType Equation). “Float over text” 

should not be selected.  

IV. UNITS 

All paragraphs must be justified alignment. With justified 

alignment, both sides of the paragraph are straight. 

• The Network Designer database tables schemas 

consists of: 

• Networks Table (NetID, NetworkName, 

NetworkBGImage, NetworkDesc) 

• Layers Table (LayerID, NetID, LayerName, LanID) 

• Switches Table (SwitchID, NetID, SwtName, 

SwtType, SwtPorts, SwtporConn, SwtX, SwtY, 

SwtConEth, SwtConSer, SwtConWi) 

• Routers Table (RouterID, NetID, Rou.Name, 

Rou.Type, Rou.Ports, RouporConn, Rou.X, 

Rou.Y, RouConEth, RouConSer, RouConWi)  

• Clients Table (ClientID, NetID, CliName, CliType, 

CliPorts, CliporConn, CliIP, CliSebne, CliGate, 

CliX, CliY, CliConEth, CliConSer, CliPortWi) 

• Servers Table (ServerID, NetID, Ser.Name, 

Ser.Type, SerPorts, SerporConn, SerIP, SerSebne, 

SerGate, SerX, SerY, SerConEth, SerConSer, 

SerPortWi) 

• Connections Table (ConnectionID, NetID, 

ConnType, ConnColor, ConnX1, ConnX2, 

ConnY1, ConnY2, ConnFromID, ConnToID, 

ConnFromIDPort, ConTOIDPort) 

• Miscellaneous Table (MiscID, NetID, MiscName, 

MiscType, MiscPorts, MiscporConn, MiscIPIN, 

MiscIPout, MiscX, MiscY, MiscConEth, 

MiscConnSe, MiscConnWi, MiscOth)  

 

 

Fig. 1 shows the Network Designer database class diagram. 

 

 
 

Fig. 1 The Network Designer database class diagram 

 

V. FEATURES AND USER INTERFACE  

Features and User Interface Detailed submission guidelines 

can be found on the journal web pages. All authors are 

responsible for understanding these guidelines before 

submitting their manuscript.  

The Network Designer features: 

• A friendly yet powerful Graphical User Interface 

(GUI) equipped with menus and toolbars containing 

most common network objects, these objects 

providing the user with the basic elements to build a 

network. The main network objects are: Connection 

Types, Switches, Routers, Servers, and Clients, also 

Miscellaneous Objects such as (Printer, Firewall, 

Wireless Access Points, etc.). 

• The network objects panel includes objects 

categorized by functionality. 

• The Drawing Panel is a wide space area in which the 

user can insert objects from the network objects 

panel. This Drawing Panel will hold the final design 

of the network.  

• Backup and restore database. 

• Load and Unload network background image. 

• Editing network object labels. 

• Delete any device from drawing panel. 

• Print network diagram. 

• Multi layering feature: One and the most important 

problem is the size of the network (i.e. if the 

designers/users want to design a huge network, they 

can't fit the network diagram into one area due to 

computers screens, so they have to design every part 

of a network into separate file which mean less 

flexibility and more complexity moreover inflexible 

controlling on these files). The Network Designer 

will store network diagrams into the database as 

records rather than files. The Network Designer can 

divide the network into multi layers (sub networks), 

and the ability to control all these layers, for 

example, in any given company, we found 

departments such as marketing and accounting, each 

of these departments uses part of the whole 

network, the user can build any department's 

network in the Network Designer separately and 

then combine it with other parts of the network. 

Combing these parts will form the final network. So 

the Network Designer will satisfy any network 
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designs needs, complexity, and range.  

• Every layer will store into layers' table, also into 

networks table, to ease the open procedure for this 

sub network later, this means each layer is a network 

and each network is a layer, so by storing every layer 

as a network that mean we can use that layer into 

another network (i.e. all we need is to design it once 

then we can use it as many time as needed into any 

network design).  

The interface of the Network Designer as shown in Fig. 2 

consists of the following parts: the menu bar, tool bar, devices 

and connections, drawing panel, network layers, and status 

bar. The menu bar and tool bar provide two different ways of 

accessing options provided in the system. The user can select 

and drag and drop the device from listed devices. The drawing 

panel is the area were the user can build/design a network. The 

network layers panel will help user to navigate layers in the 

network (if the network consists of many layers). 

 

 
 

Fig. 2 The graphical user interface of the Network Designer 

CAL tool 

 

VI. EVALUATION  

The Network Designer will allow students to interact with 

real network components. As it will provide them with the 

essential knowledge about networks. On the other hand, 

students will be familiar with network objects and what they 

look like. The Network Designer will allow users to drag and 

drop network devices to the drawing panel, and the ability to 

move the devices and to connect these devices with each 

other's with different types of network connection. On the 

other hand, the Network Designer tool will allow the user to 

store and retrieve a network design at any time to modify or to 

use it as sub network in another network. A User Acceptance 

Test (UAT) [18]-[20] was conducted to evaluate the Network 

Designer by asking the targeted students to fill a questionnaire 

after using the Network Designer. Results showed that 95% 

of the tested students thought that the tools were easy to use 

and a very effective way to learn the network design. About 

5% of the students thought that the Network Designer did not 

add much to their knowledge. 

 

VII. CONCLUSION 

The Network Designer aims to provide a tool that satisfies 

any network design needs, plus this will become a reference to 

any network in case a design change is needed in the future. 

The Network Designer is very useful in supporting students to 

understand computer networks courses. The presented tool 

has proven its feasibility and usefulness.  

The Network Designer can assist companies that provide 

penetration testing services: 

• to give approximate knowledge about the architecture 

of targeted network in blind testing strategy. 

• to increase the outcome in targeted testing strategy. 

 

REFERENCES 

[1] Chen, G.-D., Lee, J.-H., Wang, C.-Y., Chao, P.-Y., Li, L.-Y., & Lee, 

T.-Y., “An Empathic Avatar in a Computer-Aided Learning Program to 

Encourage and Persuade Learners”, Educational Technology & Society, 

Vol.15, No.2, 2012, 62–72. 

[2] Devitt P., “Computer-aided learning: An overvalued educational 

resource?”, Med Educ, Vol.33, 1999, 136–139. 

[3] Elizondo-Omana R., “Traditional teaching supported by computer 

assisted learning for macroscopic anatomy”, Anat Rec, Vol.278B, 2004, 

18–22. 

[4] Ruliah , Zulfiati Syahrial , Hartati Muchtar, “The Computer Assisted 

Instruction Model Based on a Combination of Tutorial Model and Drill 

and Practice Model in the Instructional Design of Database Systems in 

Information Technology Colleges”, Universal Journal of Educational 

Research, Vol.7, No.9A, 2019, 117-124. 

[5] Chaudhari, P., Computer Assisted Instruction (CAI): Development of 

instructional Strategy for Biology Teaching, UGC-JRF, Vol.2, No.1, 

(2013), 106-116. 

[6] Bax, S, “CALL – past, present and future”, System, Vol.31, No.1, 2003, 

13–28.  

[7] Chambers J. A. and Sprecher J. W., “Computer-assisted instruction: 

current trends and critical issues”, Communication of the ACM, Vol.23, 

No.6, 1990, 332-342. 

[8] D’Amico J. J., “Three lessons I learned from a year of computer-based 

instruction”, J. Comput.-based Instruct., Vol.17, No.3, 1990, 103-109. 

[9] de Jong T. et al., “Computer-assisted learning in higher education in the 

Netherlands: a review of findings”, Computers Educ., Vol.19, No.4, 

1992, 381-386. 

[10] Hammond et al., “Blocks to the effective use of information technology 

in higher education”, Computers in Education, Vol.18, No.1-3, 1992, 

155-162. 

[11] Hoffman, J. L., & Waters, K., “Some effects of student personality on 

success with computer-assisted instruction”, Educational Technology, 

Vol.22, No.3, 1982, 20-21. 

[12] Schittek M, Mattheos N, Lyon HC, Attstrom R., “Computer assisted 

learning. A review”, Eur J Dent Educ., Vol.5, No.3, 2001, 93-100. 

[13] Adnanes, M., & Ronning, W. M., “Computer-networks in education Ð 

a better way to learn?”, J. Computer. Assisted Learning, Vol.14, No.2, 

1998, 148 – 157. 

[14] Cisco Systems, Inc. CCIE Fundamentals: Network Design and Case 

Studies, Second Edition, Cisco Press, 1999. 

[15] Teypaz N, Schrenk S, Cung VD, “A decomposition scheme for 

large-scale service network design with asset management”, 

Transportation Res. Part E: Logist. Transportation Rev., Vol.46, No.1, 

2010, 156–170. 

[16] Cheng C, Qi M, Zhang Y, Rousseau L-M, “A two-stage robust 

approach for the reliable logistics network design problem”, 

Transportation Res. Part B: Methodological, Vol.111(C), 2018, 

185–202. 

[17] Magnanti, TL, Wong RT, “Network design and transportation 

planning: models and algorithms”, Transportation Sci., Vol.18, No.1, 

1984, 1–55. 

[18] Cimperman, Rob, UAT Defined: A Guide to Practical User Acceptance 

Testing, Pearson Education, 2006. 

[19] Goethem, Brian Hambling, Pauline van, User acceptance testing: a 

step-by-step guide, BCS Learning & Development Limited, 2013. 



 

Network Design Computer-Aided Learning Tool 

                                                                                              50                                                                    www.ijeas.org 

[20] Pusuluri, Nageshwar Rao, Software Testing Concepts and Tools, 

Dreamtech Press, 2006. 

 

 

 

Motasem Abu-Dawas is an assistant professor at the Department of 

Computer Science, Irbid National University, Jordan. He obtained his Ph.D. 

from the Saint-Petersburg Electrotechnical University «LETI». V.I. Ulyanov 

(Lenin), Russia, in 2009. His research interests include computer aided design 

systems, and the development of intelligent tutoring systems. Dr. Abu-Dawas 

has published many original contributions in the field of automated design, 

the organization of computer aided design, personalized tutoring systems, and 

in e-learning. 

 

 Waheeb Abu-Dawwas is an associate professor at the Department of 

Computer Sciences and Information, Taibah University, KSA. He obtained 

his PhD from the Ukrainian National Academy of Science, Ukraine, in 1999. 

His research interests include dialogue process modeling, and the 

development of personalized computer educational systems. Dr. 

Abu-Dawwas has published many original contributions in the field of 

dialogue-oriented tutoring systems, personalized tutoring systems, and in 

cognitive systems. 

 


