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Abstract

The purpose of this study is to develop a Smart Network Reference Dictionary using the
Waterfall Framework Model to improve student learning outcomes. Information technology
plays an essential role in enhancing student competence and expertise, especially in the
Industrial Era 4.0, which demands skills aligned with the needs of industry and the business
sector. Computer Networking is one of the subjects that requires strong mastery. Based on
observations and interviews with lecturers at STMIK Methodist, out of 28 students, only seven
passed with excellent categories, 11 with good categories, and ten did not pass, indicating the
need for more effective learning support tools. This study developed the Smart Network
Reference Dictionary using the SDLC approach with the Waterfall model and conducted
validation through Black Box Testing and Alpha Testing, with Likert-scale analysis used to
classify the results. The developed application achieved the Very Appropriate category, with
assessment scores of 85.3%, 82.8%, and 86.0%, all of which fall under the Very Eligible
classification. Furthermore, the learning outcomes of the experimental class improved
significantly, as shown by the higher average pretest—posttest score range compared with the
control class. Thus, the development of the Smart Network Reference Dictionary using the
Waterfall Framework Model not only produces a high-quality application but also effectively
enhances student learning outcomes in the Computer Networking course at STMIK Methodist.
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INTRODUCTION

The development of information
technology must be used as much as
possible. One of them is to support learning
activities. Information technology can be
used to improve student competence and
expertise (Sakibayeva & Sakibayev, 2025).
For example, it is building an information
technology-based means that effective and
efficient (Alshuaybat, 2025). Effective and
efficient means that the information
technology that is built can be used
anywhere, anytime, and can solve student
problems when studying (Ramen Antonov
Purba et al., 2024). Currently, it is called the
Industrial Age 4.0 (Chasokela & Mangena,
2025). An era that requires students to have
skills and competencies by the needs of the
industry and business world (Li, 2024). One
of the characteristics of this era, information
technology based on IoT networks, has
developed so rapidly (Ramen Antonov
Purba et al., 2022).

Technological developments have
resulted in several things being possible in
terms of learning (Jaradat et al., 2025). The
combination of the two can support learning
to improve competence (Ambiyar et al.,
2021). Where competence is really needed
at this time (Ramen Antonov Purba, 2021b).
With competence, someone will be accepted
and ready to compete in anything (Pessot et
al.,, 2025). Especially at this time the
competition is very tight. So, ability or
competence is really needed to be able to
compete (Tantawi et al., 2025). One of the
subjects that students must master to the
maximum is Computer Networking. This
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course contains topics that aim to enable
students to build networks, manage internet
connections, manage IP addresses, build
network material requirements and how they
work, and the philosophy of LAN, MAN,
WAN, and Network Topology. So important
is this subject that in the Polytechnic
curriculum, the weight is made of 8
Semester Credit Units (SKS).

When conducting direct observations and
interviews with lecturers who teach
computer networks at STMIK Methodist,
most students taking computer network
courses were poor. From 28 students, only
seven students succeeded in graduating with
good categories, 11 students with good
categories, the remaining ten students, did
not pass. The lecturer said that the cause was
the limited learning time. The time provided
is felt to be insufficient. When conducting
interviews with students, students have the
same reasons as lecturers, namely time. In
addition, students also revealed that they
lacked facilities that could be used as a
reference for learning outside of lecture
hours and outside the tertiary institution.

Products of technological sophistication
can be developed into solutions to the
problems that have been stated above, said
that interactive and communicative-based
technology collaborated with internet means
crisscross or cyberspace would change
people's perspectives and patterns in
interacting and behaving. Werner (Werner &
O’Dowd, 2025) agrees with this statement
and confirms by saying that the virtual
world, in this case, the use of the internet
and its related components, can make
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humans see the world in an infinite,
dynamic, and flexible way. This condition
makes humans have broad and limitless
insights. At the same time can interact
widely and without limits as well. Wong
(Wong & Yunus, 2021) and Gregory
(JOKO, 2025), agree with Werner about the
sophistication of network-based technology
and the utilization of cyberspace capacity.
Wagdi (Bin-Hady et al., 2025) and Lindner
(Lindner & Schwab, 2025) specified their
opinion by saying that such a context was
synonymous with mobile learning. Mobile
learning, namely mobile technology
combined with a wireless concept internet
network that allows everyone to access
information from anywhere and anytime.
Agha (Agha et al., 2025) stated that mobile
learning is a concept that can be
implemented so that humans can learn
indefinitely and without boundaries. Gian
(Giannakos et al., 2025) and Purba (R. A.
Purba et al., 2019) emphasized that mobile
learning is the best alternative as a substitute
for learning models, which are essentially
traditional and monotonous and boring.

Mauri (Mauri Medrano et al., 2023) said
the context of mobile learning uses mobile
media with an Android system. It was used
as an option because most students use such
media on  their  telecommunication
technology devices. Based on the
information (Ramen Antonov Purba, 2022),
there are 202.6 million Indonesians who are
active internet users. There was an increase
of 155% from January 2020. This
percentage is equivalent to 27 million
Indonesians. Based on HootSuite data in
(Widyanti et al., 2020), Indonesians with an
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age range of 16 to 64 years are active
Android mobile users 195.3 million with a
percentage  of  96.4%. Of  these,
approximately 58 million are active Android
mobile users, namely students, in this case,
school children to university students.
Sanjay (Rathod & Agal, 2023) revealed that
mobile media with an Android system is
excellent and powerful. Possesses the
characteristics of portability and networking.
Adesina (Azeez et al., 2025) has a similar
view, that mobile media with an Android
system has many services that will be very
useful, especially in educational activities.

Criollo  (Criollo-C et al., 2024) and
Yuan (Yuan et al., 2025) argues, when
viewed from the perspective of the
effectiveness aspect related to the use of
mobile media with the Android system for
educational activities, it is sure that they can
present new things, situations, and
atmosphere in learning activities. It is
believed that students will actively learn
because there is a unique attraction in
mobile media with this Android system.
Elvira (Elvira et al., 2025) and Purba
(Ramen Antonov Purba & Sembiring, 2016)
concludes that learning to use mobile media
with an Android system can increase the
ability and knowledge of students in
digesting and interpreting the teaching
material given and delivered. Hadiarto
(Hadiarto et al., 2025), Xun (Xun et al.,
2025), Haruna (Haruna et al., 2025), and de
sales (de Sales & Oliveira, 2025) also have
the same view regarding the use of mobile
media with the Android system for
educational activities. The maximum use of
such media will also maximize student
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learning outcomes.

Purba (Ramen Antonov Purba &
Sondang, 2022) in their research concluded
that the use of mobile media with Android
makes the desired process related to
synonyms and antonyms faster. To test the
application uses the Blackbox method as
well as the Binary Search method. Moroki
(Moroki, 2025) in their research that the use
of an Android-based mobile device will help
students achieve  higher levels of
achievement. Where the results when the
initial test and the final test are carried out
are different, this research uses experimental
methods. Nuryana (Nuryana et al., 2024) in
her research Dictionary Application Design
Using an Android-Based Binary Search
Method. It has been discovered that when
the application is used, the results of the
research topic will vanish. The study
employs the SDLC methodology and the
Blackbox test.

Sudarma (Sudarma et al., 2025) in his
research was found that learning in
Algorithm and Programming courses was
more interactive and interesting with the use
of Android-based mobile media. Using a
development research philosophy with
software development methods. Daniyal
(Alghazzawi et al., 2021) in their research
“Developing an Android-based Mobile
Application  Dictionary of  Computer
Terminology for New Students in the Field
of Computer Science”. It was concluded that
an application built made it easier for
students to understand the lessons presented,
especially related to computer terms. Dewi
(Dewi et al., 2025) in their research
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“Development of Android-based mobile
learning applications for subjects related to
software engineering at SMK Sultan
Trenggono in Semarang City”. It was found
that the Android-based mobile application
was straightforward to use in the learning
activities carried out. Based on the
distributed  questionnaires, the results
obtained were categorized as feasible for the
applications that have been built.

Based on the explanation of the above
problems and the results of the analysis of
research that has been done before, research
and development will be carried out related
to the Design of an Effective and Efficient
Network Reference Dictionary Design with
the Waterfall, Black Box, and Alpha
Methods. What distinguishes research
carried out from previous research is the
method and model of development and
analysis of the effectiveness and efficiency
of the application being built. In addition,
the difference is that the application is built
in the form of a dictionary whose content is
related to computer network learning. The
hope is that by carrying out the development
in this research, technology media for
learning will be produced in a dictionary
that can be opened and accessed anytime
and anywhere. In addition, it is hoped that
learning technology media will be obtained
in the form of a dictionary which is
essentially effective and efficient.

METHODS

The SDLC with the Waterfall method
was used to solve the problems in this
analysis. Namely, the context used to build
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and develop application software (Ramen
Antonov  Purba, 2021a). For the
implementation of validation of software
applications that are built using testing with
the BlackBox method. Roger S. Pressman in
(Guo et al., 2025) explained that if an
application has been completed, a series of
trials must be carried out to see the
weaknesses of the application to avoid errors
and dire consequences in the future. Next, to
get the accumulated test results from users
of the software application being built, the
alpha method is used. To obtain a
classification of results, analysis techniques
with a Likert scale are used. SDLC with the
waterfall method, the stages are as shown in
Figure 1 below :

ANALYSIS
— |
- DESIGN

v NPLEMENTATION T
A

ot TESTING
. T

oot )AINTENANCE

Figure 1. Waterfall Method SDLC Stages

The formula for obtaining the mean value
IS used:

XX
x T —
n (1)

With Information :

x = Average value

¥ x = The value of the whole component
n = Number of components
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Then for categorization using a Likert
scale, as in table 1:

Table 1. Likert categorization

No. % Category

1 0-21 Very Not Strong
2 22-41  Not strong

3 42-61  Strong enough

4 62-81 Strong

5 82-100  Very Strong

Categorization will adjust to the actual
conditions of the application being built.
The form of adjustment referred to, is as in
table 2:

Table 2. Condition adjustment

No. % Condition

1 0-21 Very Unworthy of All
2 22-41  Not feasible

3 42-61  Decent enough

4 62-81  Well worth it

5 82-100 Very Worth Once

RESULTS AND DISCUSSION

A. Application
Analogy

Specifications and

Design using UML. Actors as
participants in research activities are guest,
student and admin. Use cases have a
composition of instructions or behaviour
that is the activity of the actor. By the
product description of actors and use cases
and use case scenarios, the application use
case designs that will be developed include
in figure 2:
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Use Case Description

Attendant How to use the
program

Launch The Commencement of the

Application designed application

Locate a Word or Conduct a  word

Object search or a search
inside the application
for the desired.

Developer See the application

Information figure display

About Application menu that

Application defines the parts that
exist in the application
being built

Logout Button to exit the
application

User A user of the
application being built

Home The main display
menu or the main
menu of the
application

A

User

/Q
OI

Start The Application

O

Find Word or Thing

About Aplication

Developer Information

Log Out

Figure 2. Use Case Design

The definition in Figure 2 can be
described in table 3 below :
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Table 3. The use case definition's overview

B. Implementatiton

Implementation is built using an
Integrated Development Environment (IDE).
Java programming language based on
Android Studio. In Android Studies, several
classes are classified as part of the
implementation step. The classes are: 1)
MainActivity. To arrange elements that are
on the main page of the application. Then
set the activity_main.xml layout; 2)
BManager. Being the controller of the
application database, from initiating data to
displaying  specific  instructions;  3)
CariActivity. Serves to perform settings
related to word searches; 4) Activity results.
To adjust the results that are the target of the
search; 5) MateriActivity. Serves to make
arrangements for the material to be
displayed on the application; 6) Instructions
for Activity. Serves to make arrangements
for elements related to the instructions for
using the application; 7) About Activity.
Serves to make arrangements for elements
that display information about researchers;
8) Delete Text. Serves to arrange elements
in the material and results menu, as well as
explore.

Next will be the appearance of the
application as shown in Figure 3:
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Figure 3. Implementation of Applications
Built

As for the explanation of Figure 3,
namely the implementation of the dictionary
application built, for the initials, 01 is the
initial display when the application is first to
run; initial 02 is a display when pressing a
button to enter the following menu. For the
initials, 03 is a display if you need help and
information about the dictionary application.
The initials 04 display if the user wants to
search for components related to computer
network devices. By exploring the
application display code shown, the user
will be guided entirely about the computer
network information he needs. So that
students will be helped when students do not
fully understand the explanation in the
classroom when lectures are carried out.

Next will display the application
with another menu, where the function is
also the same as the application menu that
has been displayed previously. This means
that the menu displayed is intended to help
students take computer network lectures,
both in practice and theory. All displays in
the application that are built will answer the
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needs of students. As for how it looks like in
Figure 4:

0

Figure 4. Continued Application
Implementation Built

As for the explanation of Figure 4,
namely the initials 05 is a display when
searching for network components is carried
out. When a keyword is typed, the
application  will automatically  search
according to the typed keyword. If found,
what the user was looking for is displayed.
For the initials, 06 is a search display by
displaying images according to the typed
keywords. The initials 07 is a keyword
whose view defines what is typed in the
search column. Then for the initials, 08 is a
display if you want to exit the dictionary
application. Several more features are not
shown in this paper, which has the same
function: to help students understand the
context of computer networks.

C. Testing with Blackbox

Testing with a BlackBox context aims
to see the appropriateness of the application
based on its usability. Application
components are tested sequentially, such as
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the steps that are carried out when designing
an application. To test with a BlackBox
pattern, Android Virtual Device (AVD)
media were used. For the purpose of
concluding the BlackBox test, see Table 4 :

Table 4. Blackbox Test Conclusion

By the display described in table 4,
all the menus in the application are suitable
or by expectations and function properly.

D. Testing with Alpha

The testing process with the Alpha
model is based on three elements according
to the capacity and capabilities of the
application being built, including the
functionality of the entire menu, the level of
efficiency, and the level of usability. This
Alpha test was carried out on 32 students of
the STMIK Methodist who took computer
network lectures. The conclusions of the
alpha test are shown in table 5:

Table 5. Alpha Test Conclusion

meets the predetermined quality indicators
based on the categories presented in Table 5,
including aspects of functionality, usability,
reliability, efficiency, and compatibility. The
results of this evaluation reflect the level of
conformity between system performance

Activity Response Conclusion
Run the - Press button to Suitable
Application run application
- Connection to

database
Accessing - Execute the file  Suitable
Learning menu to display
Componen components
Access the About - Execute menu Suitable
Menu to show About

file
Exit Menu - Executeto exit  Suitable

the application
Perform searches - Execution of the Suitable
words, definitions, menu to search
and images Words,

Definitions, and

Images

Component Total Maximum %
Value Value

Functionality 546 640 0,853

of All (85,3)

Components

Efficiency 265 320 0,828

Level (82,8)

Benefit Level 1102 1280 0,860
(86,0)

After obtaining the conclusions from
the Alpha testing phase, an overall
evaluation can be carried out to measure the
extent to which the developed application
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and the initial design specifications, while
also identifying areas requiring minor
improvements. Based on the cumulative
assessment in these categories, it can be
concluded that the overall achievement level
of the application quality is summarized in
Table 6, which presents the percentage
results and indicates that the application has
achieved a satisfactory level of quality and
is feasible for further implementation or
testing stages.

Table 6. Application Conditions Compliance
Level
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By what is shown in table 6, a
conclusion can be drawn if all the menus
available in the application built have met
the criteria to be categorized as Very
Feasible. The conclusion of the assessment
of the suitability of the application
conditions can be shown as in Figure 5
below:

0

Functionality Efficiency Usability

Figure 5. Conformity Assessment
Conclusion Graph

E. Learning Outcomes

The learning outcomes of the
experimental class demonstrated a more
substantial improvement compared to the
control class. This is evident from the
difference between the average pretest and
posttest scores, where the experimental class
achieved an increase of 15.93, while the
control class showed a smaller improvement
of only 10.5. The larger score gain in the
experimental group indicates that The
Dictionary Application contributed
positively to enhancing students’ learning
performance. This finding 1is further
supported by the results of the statistical
analysis. The independent samples t-test
produced a t calculated value of 5.140,
which is higher than the t table value of
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Condition-Match
Level

Component %

Functionality = 85,3  Very Worth Once
of All

Components

Efficiency 82,8  Very Worth Once
Level

Benefit Level 86,0 Very Worth Once

3.003. Since t_calculated exceeds t table,
the decision is to reject Ho and accept H..
This confirms that there is a significant
difference in learning outcomes between
students in the experimental class and those
in the control class.

Additional evidence comes from the
analysis of learning improvement using the
N-gain score. The experimental class
obtained an average N-gain of 0.63,
categorized as a medium level of
improvement, while the control class
recorded an average N-gain of only 0.28,
which falls into the low improvement
category. This difference clearly shows that
students in the experimental class
experienced a stronger enhancement in
understanding than those in the control
class. Overall, the N-gain results reinforce
that the experimental class achieved a higher
degree of learning improvement compared
to the control class. Therefore, it can be
concluded that The Dictionary Application
serves as a key factor influencing the
increased learning outcomes observed in the
experimental group.
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b3
| Class

O moza

Figure 6. N-Gain Contr

ANM g N0
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Figure 7. N-Gain Experiment Class
CONCLUSION

The dictionary application runs
smoothly, produces precise outputs, and
aligns  well with user expectations,
particularly regarding ease of use, clarity of
menus, and intuitive interface navigation.
With evaluation results of 85.3%, 82.8%,
and 86.0%, all of which place the
application in the Very Appropriate or Very
Eligible category. These results confirm that
the developed application meets high
standards of reliability, usability, and
suitability as a digital learning tool.
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The learning outcomes indicates that
experimental class experienced a noticeably
higher improvement compared to control
class. The average pretest—posttest gain for
experimental  group  reached  15.93,
exceeding the 10.5 point gain observed in
control group. This substantial difference
highlights the positive influence. Statistical
testing reinforces this conclusion, where the
independent samples t-test produced a
t_calculated value of 5.140, greater than the
t table value of 3.003, resulting in the
rejection of Ho and acceptance of H.. This
confirms that the difference in learning
outcomes between the two groups is
statistically significant.

Further evidence arises from the N-
gain analysis, the experimental class
achieved an average N-gain of 0.63,
categorized as medium improvement, while
the control class obtained an average N-gain
of 0.28, categorized as low improvement.
These results indicate that students who
utilized the dictionary application achieved
stronger conceptual gains compared to those
who followed traditional learning methods.
Overall, the  findings  conclusively
demonstrate that the dictionary application
not only fulfills system quality criteria but
also contributes significantly to improving
student  learning  performance.  The
developed smart network  reference
dictionary is effective, feasible, and valuable
as a digital learning resource capable of
enhancing learning outcomes in computer
networking courses.
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