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Abstract. As knowledge of router configuration is becoming imperative for networking 
skills, this study examines mobile applications as flexible learning tools. The comparative 
evaluation of four mobile applications using specific evaluation parameters highlighted vital 
functionalities for effective learning. Similarly, a statistical study focused on evaluating 
factors such as F-value, completeness, and accuracy through data to determine the most 
efficient and useful application for router equipment configurations, obtaining that the 
application M. G.K.M (0.80) has obtained a high performance for each metric, followed by 
NTP ISO 27001 (0.76), which by a small margin is close in its result Remote Laboratory 
(0.67), finally, we have Master Minds (0.56) where a result is obtained below the expected 
but useful for other functional criteria. On the other hand, the results indicate that there is 
room for improvement in aspects such as synchronized resources, community forums, and 
iOS availability. The article provides an innovative perspective on app features that affect 
learning outcomes and guides suggestions for advancing mobile-based curricula. The app 
analysis helps determine fundamental usability standards for designing engaging, learner-
centered apps. 

Keywords: Mobile applications, M.G.K.M, NTP ISO 27001, Master Minds, Remote 
Laboratory 
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1. Introduction 
The use of mobile devices is no longer limited only to making calls, but they already have many more 
features, Huaccachi & Mejía (2021), during the last few years, mobile apps have increased considerably. 
More and more people use this type of tool to complement their training or to obtain new knowledge 
independently. However, not all mobile apps are equally effective for learning. Therefore, a detailed 
analysis of them is essential. From that perspective, the number of mobile app downloads worldwide 
exceeded 200,000 in 2019, a steady increase since 2016. In 2020, more than 218,000 apps were 
downloaded. This number is expected to increase to 258,000 in 2022 and 278,000 in 2024 (Buck, 2023). 
Users are expected to spend 3.8 billion hours on mobile apps in 2022, an increase of 35% compared to 
2019. However, given that only 2.6% of users are still using an Android app 30 days after downloading 
it, the mobile app retention rate is low (Fernández, 2023). According to Yi Min Shum, 78.7% of mobile 
connections are made via phones or smartphones, and Android phones and apps will generate $932 
billion in revenue by 2023 (Shum, 2023). 

First and foremost, it's critical to stress how straightforward and simple the application's design 
must be. It must be easy for users to access the information they need quickly and get it in a 
straightforward manner. Furthermore, it is essential that the data shown in the application is very well-
structured, with the material grouped in a way that makes sense, according to Lucero & Álzate (2020). 
The accelerated adoption of mobile devices, as well as the growing need for mobile applications and 
services, are posing significant challenges for mobile and wireless network infrastructure (Zhang et al., 
2019). Aiming to improve user experience, 5G systems under development seek to cope with the 
exponential increase in mobile traffic, facilitate real-time analytics, and enable efficient management 
of network resources (Zhang et al., 2019). (Sharaf, 2022), Proper development of an application helps 
telecommunication companies and other companies, in general, to accurately target their customers, 
tailoring their offerings to customers' needs and preferences, which increases service satisfaction. 

The quality of the content is also crucial for learning mobile applications. The information provided 
must be accurate, up-to-date, and relevant. In addition, the content must be presented in an attractive 
and interactive way to adapt to the level and needs of the users (Máñez & Cervera, 2021). In addition, 
mobile learning is a different form of learning that allows people to be more productive while interacting 
or creating information using mobile devices, smartphones, or tablets. As a result, mobile learning offers 
several advantages, such as flexibility, accessibility, personalization, collaboration, and motivation 
(UNESCO, 2022). However, it also presents some challenges, such as security, privacy, quality, and 
assessment, as well as the digital divide. A UNESCO report indicates that during the COVID-19 
pandemic, mobile learning has become particularly important, affecting more than 1.6 billion students 
in 190 countries. To maintain the continuity of distance education, governments, educational 
institutions, and teachers have used mobile learning (Álvarez & Jiménez, 2022).  The report highlights 
good mobile learning practices in various regions of the world and makes suggestions for improving 
their implementation (Garay, 2020). As a result, according to the report by the consulting firm App 
Annie, education mobile apps worldwide increased by 90 % in 2020 compared to 2019 (Innotedec, 
2022). India, Brazil, Indonesia, the United States, and Turkey were the countries that used these apps 
the most. In addition, the study indicates that Google Classroom, YouTube Kids, Duolingo, Photomath, 
and Simply Piano were the most downloaded educational apps (Estrada & Zapata, 2022; Máñez & 
Cervera, 2022). 

The proliferation of mobile applications and the rapid adoption of mobile devices in recent years 
have made it difficult for users to find useful applications. Therefore, recommending apps is critical. 
Conventional methods base their recommendations on users' interests and app functionality through 
user ratings (Kong et al. 2021; Dahiya et al., 2023). The three main groups of filtering are based on the 
preferences, behavior, context, and opinions of other users: collaborative filtering, content-based 
filtering, and hybrid filtering (Alonso & Mirón, 2017). Machine learning, natural language processing, 
social network analysis, and context modeling, among others, can enhance these approaches, although 
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each has its own challenges and limitations. Apps that use app recommendations include Google Play 
Store, App Store, JustWatch, and X (formerly Twitter) (Alonso & Mirón, 2017). The number of apps 
available in the App Store and Google Play Store has increased rapidly in recent years, according to a 
study by Statista (Rootstack, 2022). By 2023, they will reach more than 4 million and 2 million, 
respectively. This leads to increased competition among app developers, making it more difficult for 
users to find the apps they are interested in. Therefore, app recommendation has become crucial for the 
success of app distribution platforms and user satisfaction (Rootstack, 2022). 

It is also essential for mobile applications to provide constant feedback to users. In other words, it 
allows them to evaluate their progress and provide them with tips and suggestions to improve their 
performance. In this way, users can identify their own strengths and weaknesses for more effective 
learning, Ventura (2021). It is important that mobile applications provide the possibility to interact with 
other users and experts in the field. This will allow users to share their experience and understanding, 
ask questions, and get answers from those with more experience, Umaña & Baquero (2022). The 
analysis of mobile learning applications should consider content, content quality, comments, and 
interaction with other users and experts. Only in this way can it be determined that the mobile 
application is effective and if it can really help users gain new knowledge automatically and effectively. 
The purpose of this paper is to analyse mobile applications for learning router equipment configuration 
for students.  

It was proposed for the analysis of previously made applications to identify their main 
functionalities that ensure proper operation and achieve a positive effect on learning new skills related 
to the configuration of router equipment, then analyse the integration of functionalities in mobile 
applications used in the study on the configuration of router equipment. 

2. Literature Review 
The following are the relevant theories addressed in the research, in relation to the development of 
mobile applications for teaching routing equipment configuration, competency awareness, and the use 
of IT in the field of academic training. These theories provide a solid framework for understanding the 
importance of technology integration in education and its impact on the learning process. 
2.1. Router equipment configurations 
In principle with respect to router configurations, having knowledge of configurable network protocols 
on router equipment can be beneficial when engaging in cybersecurity because it is a field that is 
constantly growing, as indicated in a report by the (ISC)2 Cybersecurity Workforce Study 2022, which 
surveyed 12,000 cybersecurity professionals, indicates that there is a shortage of approximately 3.4 
million professionals in this field. This represents a 26.6% increase in the talent gap compared to the 
previous year, and this trend is expected to continue.  While knowledge of network protocols is an 
important part of cybersecurity, it is essential to complement it with other knowledge and skills in other 
areas. 

The configuration of network equipment is crucial for a network to function properly. Compatibility, 
capacity, ease of use, security, reliability, and scalability are crucial factors in network equipment 
configuration. As technology and network demands change over time, network equipment 
configuration requires technical expertise and constant updating (Cisco, 2022). The type, model, and 
manufacturer of the device determine the router configuration. Therefore, it is crucial to consult the 
appropriate information sources and follow best practices for configuring network equipment. Correctly 
configuring the router is crucial to optimize the connection and protect it from intruders or threats. 
(Cisco, 2022). 
2.2. Mobile learning 
The proliferation of educational mobile applications varies in quality and reliability, making it difficult 
to find effective applications. A lack of user-centered design and intuitive navigation can frustrate 
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students and hinder learning, Herrera (2020).  
In addition, Babalola & Omolafe (2022) indicate that mobile technology, with devices such as iPads 

and smartphones, offers students multimedia experiences and flexible resources, enabling learning 
without time or location constraints in formal and informal educational settings. These devices are 
affordable and widely accessible. The integration of E-Learning and M-Learning creates more 
structured and dynamic learning environments, facilitating collaboration and access to information and 
knowledge. This enables anytime, anywhere learning, improves response times, promotes collaborative 
learning, and enhances the interaction between learners, teachers, and peers (Cantillo, 2019).  

It is worth noting the existence of Q-Learning (Jang et al., 2019) it could be stated that the Q-
learning approach is one of the most prominent methods in the field of reinforcement learning and 
represents one of the most widely used strategies outside of policy. Since the introduction of Q-learning, 
numerous researchers have addressed its applications in reinforcement learning problems, and in the 
field of artificial intelligence, this learning has an involvement in chatbots and mobile applications. 
2.3. Methodologies used 
Behrang & Orso (2019), the use of mobile applications is becoming more and more common, and a lot 
of effort is invested in their testing to ensure their correct functioning. To reduce this effort and thus the 
overall cost of mobile application testing, techniques should be explored to migrate test cases between 
applications in the same category that would be useful for support. In relation to agile methodologies, 
there are several agile methodologies that have been used in recent times. Some of the most popular 
agile methodological approaches or processes implemented by researchers in various fields are XP 
methodology, Mobile-D, and Scrum (Muñoz, 2020). 

Fig. 1: Research Stage 
Mobile applications for learning router configuration are an innovative and effective tool that can 

help students or users interested in this topic develop technical and digital competencies. A rigorous 
and systematic methodology is required to develop and evaluate such a mobile application, which 
consists of five steps: situational assessment, theoretical review, data collection and analysis, 
technological comparison, and communication of results. In addition, each step has its own objectives, 
activities, and products, which must be in line with the problem to be solved, user needs, quality 
standards, and research ethics (Mondal et al., 2023). The result should be a comparison of mobile 
applications that provide a meaningful, interactive, personalized, and motivating learning experience, 
and show their impact on user performance and satisfaction (Mondal et al., 2023). 
2.4. Mobile application 
Therefore, Herazo (2022) comments that mobile applications are divided into several categories. 
Gaming is the most popular, with companies dedicating resources due to its high profitability. Business 
and productivity apps are essential for tasks on the go, while educational apps, such as Duolingo, offer 
flexibility in learning. Mobile commerce apps provide convenient shopping experiences, and 

situational assessment

theoretical review

data collection and analysis

technology comparison

Communicating results
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entertainment apps, such as Facebook and Instagram, offer online options. Utility apps are used for 
specific tasks, and travel apps transform devices into guides for exploring visited places.  

Kaur et al. (2022), smartphones and mobile devices have become ubiquitous in all aspects of human 
life. This has generated a strong need to develop software that is compatible with these devices. 
Developers must respond to this growing demand by delivering high-quality applications in a timely 
manner and within budget. In this context, development estimation and application testing play a crucial 
role, in driving the use of specific methodologies for their development. 
2.5. Node JS 
In this section, Shcherbakov et al. (2023) indicate that, in recent years, there has been a significant 
increase in interest in JavaScript execution in out-of-browser environments. A prominent example of 
this is Node.js, a widely adopted runtime server that facilitates the development of complete web 
applications. In addition, Node.js has a package management system called NPM, which stands out as 
the world's largest software repository, hosting millions of packages. Node.js is a tool that allows you 
to write applications for multiple platforms with a single code. Node.js, which is based on the JavaScript 
language, runs in a virtual machine and works with a variety of operating systems. Node.js is a fast and 
efficient environment that facilitates performance monitoring and concurrency (Shcherbakov et al., 
2023). 
2.6. Flutter 
In Corbo (2022) scientific review he mentions Flutter differentiates itself by not employing native 
Android and iOS widgets, instead, it develops its own widgets using its own code, which implies that 
all the code linked to these widgets is integrated directly into the application, potentially resulting in an 
increase in its size. In short, Flutter simplifies the inclusion of custom widgets and provides an extensive 
range of widgets compatible with all major mobile operating systems.  

Flutter is a tool that allows you to use a single code to create applications for different platforms. 
Flutter is based on Dart, a language easy to understand and use, and provides a wide range of visual 
elements and animations to create attractive interfaces. Flutter is an excellent choice for developers 
looking for efficiency and speed in their projects (Corbo, 2022). 
2.7. Java 
In addition, Corbo (2022) mentions that Java is versatile, and used to develop software, Android 
applications, and more. It runs on multiple platforms without the need for compilation. With object-
oriented support, it is used in web applications, Android, and data analysis. Java and its tools evolve to 
meet the needs of developers globally. 

Java is a language that allows the creation of applications for multiple platforms with a single code. 
Java, which is based on the object-oriented paradigm, runs in a virtual machine and supports a variety 
of operating systems. Java is a language widely used in a wide range of applications, from web 
applications to commercial applications. Java has many advantages, including its robustness, security, 
performance, and ease of use (Corbo, 2022). 

3. Material and Methods 
In this research, several scientific articles available in various databases, such as Redalyc, Scielo, 
Scopus, and other storage sources, were examined.  

This made it possible to identify key points related to the procedures and phases of the application 
system. Keywords in Spanish, English, and Portuguese were selected to search for information in the 
repositories. This method builds on previous systematic evaluations and expands and refreshes the body 
of knowledge regarding current mobile health applications, with the purpose of providing information 
to guide future research and advances (Milne-Ives et al. 2020). The results of this search are detailed in 
Table 1, which shows the collection of data relevant to the research. 

 



Hilario et al., Journal of System and Management Sciences, Vol. 14 (2024) No. 11, pp. 93-114 

98 
 

 
Table 1: Results of collected studies of mobile applications related to the acquisition of router 

configuration knowledge of router configuration. 

 
Martimon et al. (2022). Reports that subjectively perceived quality and specificity were related to 

lower ratings of a mobile app. Further research is needed to analyse the consistency of the information 
provided by these apps with the guidelines, as well as to understand the long-term consequences of 
these apps on users. In addition, Aycho & Bustamante (2021) designed an application that uses 
microlearning together with mobile devices and PCs for learning regulations in higher education. Aycho 
and Bustamante (2021) because of its pre-experimental design, is a quantitative method and a type of 
applied research. The population and sample were 30 systems engineering students who used surveys 
as data collection methods and questionnaires as instruments.  

On the other hand, Montero (2021) in his study of a mobile application designed for learning 
network equipment using microlearning and gamification. Montero (2021) for its pre-experimental 
design, is a quantitative method and a type of applied research. The population and sample were 30 
students. In education, different techniques offer great potential for learning, especially in practical 
areas, by providing students with contextualized knowledge that improves their skills for future work 
challenges. In this context, we develop an augmented reality mobile application to enhance local area 
network (LAN) teaching, covering planning, design, coding, and testing phases to achieve a functional 
and effective product, Macias (2021). Mobile learning is an educational approach that utilizes mobile 
tools, techniques, devices, and information communication technologies to facilitate educational tasks. 
It enables students to have continuous access to learning resources and engage with teachers and peers. 
The integration of mobile learning technology in university education offers several advantages, 

Results of studies collected from mobile applications related to router configuration knowledge acquisition. 

Ref. Year Title Description Country 

(Limprapto
no et al. 

2021) 
2021 

Development of a remote 
electronic 

telecommunications 
laboratory architecture 

based on mobile devices. 

The purpose of this study is to address educational 
needs in the context of the Industrial Revolution 4.0 
and the demands of online learning, accentuated by 

the COVID-19 pandemic. In addition, with the 
advancement of cellular communication technology 

and the increased capabilities of mobile devices, they 
can play a pivotal role in the development of remote 

laboratories. 

Indonesia 

(Macia, 
2021) 2021 

The implementation of 
agile methodologies in 

mobile applications will 
allow the creation of an 

interactive application for 
LAN (local area network) 

structuring using high-
level programming 

languages. 

This approach will help systems students by providing 
them with relevant programming information that can 

be useful in their future projects and increase their 
knowledge about augmented reality and its 

implementation in interactive mobile applications. 

Colombia 

(Aycho y 
Bustamant

e, 2021) 
2021 

They designed an 
application that uses 

microlearning together 
with mobile devices and 

pc for the learning of 
regulations in higher 

education. 

The population and sample were 30 systems 
engineering students, where surveys were used as data 
collection methods and questionnaires as instruments. 

Perú 

(Montero, 
2021) 2021 

Study of a mobile 
application for learning 

network equipment using 
microlearning and 

gamification. 

It determines a considerable increase in the advantage 
of using and incorporating mobile devices as a support 
during the acquisition stage of teaching network and 

telecommunications concept 

Perú 
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including simplifying assessments, expediting the exchange of educational content, modernizing the 
learning process, creating a distributed mobile educational resource, promoting collaborative activities 
among students regardless of their locations, and serving as a portable library for educational materials. 
Additionally, the use of mobile devices is more practical in terms of space and mobility compared to 
traditional computers, making them a convenient and efficient choice for students to interact with each 
other and with instructors (Sattarov & Alamri, 2019).  

 According to Weichbroth (2020), usability evaluations are mixed with the aspects that make up the 
user experience, including not only the quality characteristics of the application but also the opinions, 
emotions, and preferences of users. All these findings highlight the importance of continuing research 
in the field of mobile app usability, with the aim of achieving agreement in both theory and practice 
among all involved. The academic literature on the integration of mobile technology in higher education 
demonstrates an increasing focus on how mobile devices are used in educational contexts, whether in 
face-to-face or online environments, rather than exploring the potential of mobile applications in 
teaching or research (Hinze et al., 2023). As long as they are designed and evaluated with users' needs, 
expectations, and preferences in mind, I believe that mobile applications have great potential to improve 
the quality and accessibility of higher education. Mobile apps can offer a personalized, adaptive, and 
motivating learning experience that suits the pace, style, and context of each student. In addition, they 
can facilitate quick and easy access to educational resources and content, as well as collaboration, 
communication, and feedback between students and teachers (Hinze et al., 2023). However, for mobile 
applications to be effective and satisfactory for users, it is necessary to carry out a rigorous evaluation 
of their usability, i.e., the ease of use, efficiency, usefulness, and satisfaction they provide (Hinze et al., 
2023). 

4. Results and Discussion 
In this results section, it is essential to provide a detailed and accurate explanation of the findings 
obtained during the research, supporting them with rigorous analysis and data. In addition, an objective 
perspective should be maintained to avoid reaching excessive conclusions or inferences that lack 
support in the evidence presented. In table 02 below, we will examine the results of studies collected 
from mobile applications related to knowledge acquisition in router configuration. 
 

Table 2: Results of collected studies of mobile applications related to router configuration 
knowledge acquisition. 

Mobile applications related to router configuration learning 

 
 

Integrated 
Functions/Applications 

M.G.K.M NTP ISO 27001 MASTER MINDS 
 

REMOTE 
LABORATORY 

App Developers Macias García, 
Karen Mayerly 

-Aycho Contreras, 
John Ivan 
-Bustamante Meza, 
Eloy Yoel 

Montero Olivares, 
Jhon Kevin 

- F. Yudi 
Limpraptono 
- Eko Nurcahyo 
- Ahmad Faisol 

Year of creation  
2021 

 
2021 

 
2021 

 
2021 

Versions  
V1.0.0 

 
V1.0.0 

 
V1.0.0 

 
V1.0.0 

Web link 
https://repository.
unad.edu.co/handl

e/10596/41878 

https://repositorio.u
cv.edu.pe/handle/20
.500.12692/81827 

https://repositorio.u
cv.edu.pe/handle/20
.500.12692/78330 

http://eprints.itn.ac.i
d/5438/1/Paper%20
1%20The%20Devel

opment.pdf 
User-friendly interface x 

 
✓ 
 

✓ 
 

✓ 
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Mobile applications related to router configuration learning 

Methodology for development 
 

✓ 
 

✓ 
 

✓ 
 

✓ 

User session management x ✓ 
 

✓ 
 

✓ 

Integrated testing and 
evaluation 

✓ 
 

✓ 
 

✓ 
 

✓ 

Include complementary 
resources x ✓ 

 
✓ 
 

✓ 

Interaction and participation 
with other users 

✓ 
 

x x ✓ 

Synchronization and offline 
access 

✓ 
 

✓ 
 

✓ 
 

✓ 

Development of concepts 
related to configurations 

✓ 
 

✓ 
 

✓ 
 

✓ 

Includes availability on iOS 
devices x x x x 

Includes availability on 
Android devices 

✓ 
 

✓ 
 

✓ 
 

✓ 

Year of launch during the last 
3 years 

✓ 
 

✓ 
 

✓ 
 

✓ 

 
In addition, (Demir & Akpinar, 2018) state that mobile learning has a significantly positive effect 

on academic achievement compared to traditional learning and can also increase the level of incentive 
in students. In the article, references are made to several applications designed to address the teaching 
of configuration on router equipment. One example of this is the "Master Minds" application, created 
specifically for Android devices. Whereas since 2012, the Android operating system has maintained its 
leading position as the most widely adopted platform in mobile devices, such as smartphones and tablets. 
This enduring trend has also influenced the evolution of mobile technology, providing a solid 
foundation for the development of innovations and industry breakthroughs (Alzatlaee, Yerima & Sezer, 
2020). Its main objective is to enrich and significantly improve students' understanding of the academic 
field of network equipment configuration. It is important to note that this application meets most of the 
guidelines considered in this study. On the other hand, contemplating the findings, we can confirm the 
significant improvement in learning through the use of mobile applications. We can mention, we have 
that in application 01 for (Macias, 2021), In the study conducted, it was possible to strengthen the 
understanding of the essential functions of a network, as well as the proper way to design and structure 
it, in addition to understanding the fundamental concepts that must be followed for a correct 
configuration. 

In addition, we note that in the 02 application in their study (Aycho & Bustamante, 2021), they 
show the results of the analysis where an improvement of 61.28% is verified, which is a profitable result 
compared to the levels previously found. The application allows quick and efficient access to 
information, motivating the population to want to acquire new knowledge. Finally, in application 03 in 
the study (Montero, 2021), achieved with the implementation of the mobile application It was observed 
that the use of this instruction in the knowledge of network equipment had a beneficial effect, evidenced 
by a significant increase in the level of knowledge, motivation and satisfaction, as well as a reduction 
in learning time. As a result, there was an 80.47% increase in knowledge related to network equipment 
learning. Riasat et al. (2023) in their article, noted that after the usage period, favorable attitudes towards 
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the app lead to an increase in the frequency of in-app purchases as well as brand loyalty. In addition, 
the findings also indicate that smartphone screen size influences consumer attitudes and behaviors. 

Nuanmeesri, (2023) developed a mobile application that demonstrated outstanding performance in 
terms of learning outcomes, user understanding, and user satisfaction, meaning that it could be 
effectively employed as a support tool. Loy et al. (2022) in their research, mobile applications are ranked 
by evaluating their fundamental features and functionality. Requirements are considered satisfied when 
they obtain a full score. Descriptive statistics were used to describe the characteristics of the applications 
in terms of their basic purpose. According to the results of the evaluation of the essential aspects of 
mobile applications, items related to the need for Internet connection, size less than 50 MB, absence of 
financial requirements, inclusion of educational content, and provision of advice through the 
applications were taken into account. Thanks to progress in cellular communication technology and the 
increasing capabilities of mobile devices, they play an essential role in the creation of remote 
laboratories. The remote lab applications are accessible via mobile devices, such as Android-based 
smartphones and tablets. The goal of this particular development was to meet the needs of remote 
experimentation in electronic telecommunications courses within the Electrical Engineering curriculum 
(Limpraptono et al. 2021). 

In an evaluation focused on patient-facing oncology applications, which have the ability to record 
patient-reported outcomes. In addition, aspects such as their purpose, functionality, quality, and their 
ability to integrate with electronic medical records were considered important for the research. It is 
relevant to consider whether the application is available for free with in-app purchases or subscriptions. 
These apps analyze the data entered and provide medical guidance based on the answers, as described 
in the article by (Vercell et al. 2022). The contribution of the development of mobile applications to the 
teaching or learning of any subject in general is reinforced as it can be part of a complement in the 
training of students (Rodriguez, 2022). On the other hand, for the testing stage, the characters of this 
group of data were taken into account, where each group represented the data analysis of each service 
model that is integrated within the Router configuration learning addressed in the research.  Therefore, 
the prediction method was used to provide an estimate for each class, which will be in the range of 0 to 
1. In addition, the argmax method was used to return the class with the highest estimate.  In this way, 
only the numbers 0 (bad) and 1 (good) are received. For this study we will consider three mobile 
applications that are more efficient and adaptable for router configuration. 

Table 3: Service Software Report (M.G.K.M) 

Pr
ed

ic
te

d 
La

be
l 

Accuracy Score 
 
 

Bad 

 
 

86 

 
 

4 

 
 

Well 

 
 

1 

 
 

9 

Bad Well 

Real Etiquette 

 
Table 3, shows the results of the Confusion Matrix for the M.G.K.M. learning model, which 

correctly guesses 86 times for the Bad value and 9 times for the good value, respectively.  However, 
you get one false positive and four false negatives; That is, he once preached that he was bad when he 
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was good and nine times, he preached that he was good when he was bad. 
 

Table 4: Confusion Matrix for M.G.K.M. Router Configuration Model 

Precision Exhaustiveness F-Value 

Bad 0.9885 0.955 0.9714 

Well 0.6923 0.9 0.7826 

Accuracy   0.80148 

 
Therefore, we can calculate the accuracy and completeness of each class and thus the F1-scores for 

each label: The F1-score is the harmonic average of accuracy and completeness, where the F1-score 
reaches its best value at 1 (representing perfect accuracy and completeness) and its worst value at 0. It 
is defined using the F1-score equation: 

F-Value = 2 X (Accuracy x Completeness) / (Accuracy x Completeness) 
In this way, you have the following formulas in order to find the precision, completeness, F-value, 

and accuracy as it is: 

Accuracy=TP/(TP+FP) 

Comprehensiveness=TP/(TP+FN) 

F-Value = 2 X (Accuracy x Completeness) / (Accuracy x Completeness) 

In this way, in Figure 2 the positive value equivalent to 0 is determined, 

Accuracy = 86 / (86+1) = 0.988 

Completeness= 86 / (86+4) = 0.955 

F-value = 2 x (0.988x0.955) / (0.988+0.955) = 0.9714 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 2: Evaluation of performance at the training stage and validation of positive accuracy metrics for 

the router configuration model (M.G.K.M.) 

99%

96%

97%

93% 94% 95% 96% 97% 98% 99% 100%

Precisión

Exhaustividad

Valor-F



Hilario et al., Journal of System and Management Sciences, Vol. 14 (2024) No. 11, pp. 93-114 

103 
 

In this way, in Figure 3 the negative value equivalent to 0 is determined, 

Accuracy = 9 / (9+4) = 0.692 

Completeness= 9 / (9+1) = 0.90 

F-value = 2 x (0.6923x0.9) / (0.6923+0.9) = 0.782 

 

 

 

 

 

 

 

 

 

Fig. 3: Evaluation of performance at the training stage and validation of negative accuracy metrics for 
the router configuration model (M.G.K.M) 

Subsequently, the result of the accuracy of the router configuration model (M.G.K.M) is obtained, 
from which the negative values have been obtained as positive in the F value which will help to get the 
result of the accuracy.  

(0.9714x10) + (0.782x90) / 10+90 = 0.8014 

Table 5: Service Software Reporting Matrix (NTP ISO 27001) 
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Table 5 shows the results of the Confusion Matrix for the service platform, correctly 88 and 7 times 

for Bad and Good respectively. However, it also gets 3 false positives and 2 false negatives; that is, 3 
times he predicted that he was Bad when he was actually good, and 2 times he predicted that he was 
Good when he was Bad. 
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Table 6: Confusion Matrix for ISO 27001 NTP Router Configuration Learning 

Precision Exhaustiveness F-Value 

Bad 0.967 0.977 0.971 

Well 0.77 0.70 0.733 

Accuracy   0.7568 

In this way, Figure 4 determines the negative value equivalent to 0, 

Accuracy = 88 / (88+3) = 0.967 

Completeness = 88 / (88+2) = 0.977 

F-value = 2 x (0.967x0.977) / (0.967+0.977) = 0.971 

 

 

 

 

 

 

 

 

 
 

Fig. 4: Evaluation of performance at the training stage and validation of positive accuracy metrics 
for the router configuration learning model 

Thus, in Figure 5, the positive value equivalent to 0 is determined, 

Accuracy = 7 / (7+2) = 0.77 

Completeness = 7 / (7+3) = 0.70 

F-value = 2 x (0.77x0.70) / (0.77+0.70) = 0.733 
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Fig. 5: Performance evaluation at the training stage and validation of negative accuracy metrics for 
the router configuration learning model (NTP ISO 27001) 

 
On the other hand, we have the final result of the accuracy of the router configuration learning 

model (NTP ISO 27001), from which the negative values have been obtained as positive in the F value 
which will help to get the result of the accuracy. 
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Table 7 shows the results of the Confusion Matrix for the development of Master Minds router 

configuration, it gets it right 83 and 6 times for bad and good respectively. However, it also gets 4 false 
positives and 7 false negatives; That is, 4 times he predicted that he was bad when he was actually good, 
and 7 times he predicted that he was good when he was bad. 
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Table 8: Confusion Matrix for Learning Router Configuration (Master Minds) 

Precision Exhaustiveness F-Value 

Bad 0.954 0.922 0.9376 

Well 0.461 0.60 0.521 

Accuracy   0.5632 

 

In this way, Figure 6 determines the negative value equivalent to 0, 

Accuracy = 83 / (83+4) = 0.954 

Completeness= 83 / (83+7) = 0.922 

F-value = 2 x (0.954x0.922) / (0.954+0.922) = 0.9376 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Evaluation of performance in the training stage and validation of positive accuracy metrics for 
router configuration learning (Master Minds) 

In this way, in Figure 7 the positive value equivalent to 0 is determined, 

Accuracy= 6 / (6+7) = 0.461 

Completeness = 6 / (6+4) = 0.60 

F-value = 2 x (0.461x0.60) / (0.461+0.60) = 0.521 
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Fig. 7: Evaluation of performance in the training stage and validation of negative accuracy metrics for 
learning router configuration (Master Minds) 

 
Finally, we have the final result of the accuracy of the router configuration learning model (Master 

Minds), from which the negative values have been obtained as positive in the F value which will help 
to get the result of the accuracy. 
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Table 9: Service Software Report (Remote Laboratory) 
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Table 9 shows the results of the Confusion Matrix for the Remote Laboratory learning model, where 

85 and 7 times for Bad and Good respectively. However, it also gets 3 false positives and 5 false 
negatives; that is, 3 times he predicted that he was Bad when he was actually good, and 5 times he 
predicted that he was Good when he was Bad. 
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Table 10: Confusion Matrix for the Remote Laboratory Router Configuration Model 

Precision Exhaustiveness F-Value 

Bad 0.9659 0.94 0.952 

Well 0.70 0.583 0.6361 

Accuracy   0.8695 

On the other hand, Figure 8 shows the negative value equivalent to 0, 

Accuracy = 85/ (85+3) = 0.9659 

Completeness = 85 / (85+5) = 0.94 

F-value = 2 x (0.9659x0.94) / (0.9659+0.94) = 0.952 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Statistical Percentage Performance for Validation of Positive Accuracy Metrics for Router 
Configuration in Remote Laboratory 

Thus, in Figure 9, the positive value equivalent to 0 is determined, 

Accuracy = 7 / (7+3) = 0.70 

Completeness = 7 / (7+5) = 0.583 

F-value = 2 x (0.7x0.583) / (0.7+0.583) = 0.6361 
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Fig. 9: Statistical Percentage Performance for Validation of Negative Accuracy Metrics for Router 
Configuration in Remote Laboratory 

 
On the other hand, we have the final result of the accuracy of the Remote Laboratory router 

configuration model, from which the negative values have been obtained as positive in the F value that 
will help to get the result of the accuracy. 

(0.952x10) + (0.6361x90) / 10+90 = 0.66769 

Table 11: Confusion Matrix for Service Model 
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LABORATORY 

Bad 
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Well 0.70 0.58 0.64 

 
By detailing the confusion matrix, the calculation of the accuracy, precision, completeness, and F-

value metrics of each service model used for this study will be explained. The results can be seen in 
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table 11, each model has demonstrated high performance, but M.G.K.M has obtained better results for 
each metric, followed by NTP ISO 27001, an adequate margin was also considered, such as REMOTE 
LABORATORY, which by a small margin is close in its result, finally we have MASTER MINDS 
where a result is obtained below the two previous models. That is why we have the precision results for 
each model evaluated within the data analysis research focused on learning the configuration of the 
router equipment. 

In summary, the appropriate tools for configuring the Router, which was taken into account for the 
statistical results, were considered by three very notable models for the research study, where it is worth 
highlighting the difference of each style that was used. Therefore, the applicability of either model can 
be fully considered. 
 
5. Conclusion 
After carrying out a comprehensive evaluation of the characteristics of various learning applications, 
the following significant conclusions can be drawn.  

The comparative analysis deduces core functionalities in mobile applications that enable positive 
router configuration learning experiences, including interactive user interfaces, assessable resources, 
and community participation. The importance of personalized, learner-driven content for skill 
acquisition is emphasized while suggesting enhancements to motivate continued usage. Through multi-
dimensional evaluation, the study prescribes a reference model prioritizing design factors of emerging 
mobile technologies for flexible networking education. Guidelines for mobile application development 
are directed at the dual objectives of convenience and effective progress tracking during independent 
learning modules. 

The development of educational applications for configuring routers involves a number of technical, 
pedagogical, and security aspects that must be considered to ensure the success of the project. By 
providing a practical, flexible, and customized way to learn the skills needed to configure routers, these 
applications can help improve user learning. In addition, the type of router, its location, its Internet 
connection, its operating system, and its development environment should be considered. In addition, 
the application should be designed using artificial intelligence techniques, following the principles of 
ubiquitous learning and adapting the content and context to each learner. Finally, appropriate security 
measures must be taken to protect the router and the application from any potential threats.  

This study’s quantitative assessment provides salient empirical insights on leveraging agile 
management to improve construction industry competitiveness within China’s dynamic business 
environment. The research particularly demonstrates how agile practices like iterative planning and 
visualization can effectively equip construction enterprises to tackle uncertainty, foster participative 
cultures, and engineer resilient structures. While generalizability is constrained geographically, the 
work elucidates practitioner perceptions, change management challenges, and analytical nuances 
involved in embedding agile capabilities – issues overlapping many emerging market contexts. Future 
research can build on these findings to systematically track performance gains from tailored agile 
strategies across Chinese construction life cycles and supply networks through mixed-method 
investigations. In summary, the comparative analysis of learning application functionalities reveals that 
these tools have a significant potential to improve knowledge related to router configuration. The 
diversity of functionality and content available allows learning to be tailored to the individual needs of 
users, promoting the use of these applications. As new applications are added to this end, it is important 
to consider the selection of those that best fit the user's instructional objectives and tendencies, thus 
ensuring an enriching and effective learning experience. 
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