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Abstract

5G network technology delivers high speeds, low latency, and large capacity,
enabling more interactive digital experiences. Despite significant advances in 5G
deployment globally, there remains a substantial research gap in understanding how
this technology specifically enhances intelligent web applications across different
sectors. Integrating 5G with intelligent web applications opens up new
opportunities in the e-commerce, education, and healthcare sectors by improving
connectivity and operational efficiency. This research addresses the limited
comprehensive insights into 5G-intelligent web application integration, offering a
novel perspective by examining the synergistic effects of these two emerging
technologies rather than focusing solely on 10T or communication applications as
in previous studies. This study employed a qualitative approach with a case study
method on five intelligent web applications that have implemented 5G. Data were
obtained through interviews, questionnaires with 100 users, and direct observation.
The results showed that 85% of respondents felt a significant improvement in access
speed and responsiveness of 5G-based applications compared to 4G, while 75%
considered 5G's low latency to provide a more satisfying experience, particularly
in telemedicine and digital transactions. The main challenges identified were the
compatibility of legacy devices and high infrastructure costs. However, long-term
opportunities include the development of AR/VR-based applications, improving
the quality of remote healthcare services, and accelerating digital transformation in
strategic industries. From a theoretical perspective, this research contributes to the
understanding of technology convergence in digital connectivity, while practically
it provides actionable insights for developers and policymakers seeking to leverage
5G capabilities in web-based applications. These findings confirm that the
integration of 5G with intelligent web applications has the potential to usher in a
new era of responsive, efficient, and user-experience-oriented digital connectivity.

Keywords : 5G, Smart Web Applications, Connectivity, Access Speed,
Responsiveness, Digital Technology

1. Introduction
5G technology promises significant improvements in data speeds, low latency,
and more reliable connectivity. This network is changing the digital connectivity
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paradigm, enabling it to support the needs of more complex and interactive web
applications (Zhao et al., 2021; Smith & Williams, 2020). The global digital
landscape faces unprecedented challenges including the growing digital divide
between regions with advanced infrastructure and those still relying on legacy
networks, uneven 5G adoption rates across developing nations, and increasing
demands for real-time digital services that current 4G networks cannot adequately
support. In recent years, 5G integration with intelligent web applications has been
introduced as a solution to improve web application performance in terms of
interactivity and access speed. Intelligent web applications, which utilize
technologies such as artificial intelligence and machine learning, require high-
bandwidth and low-latency networks to deliver an optimal user experience (Chang
etal., 2021). In the Indonesian context, the digital transformation accelerated by the
COVID-19 pandemic has revealed significant gaps in network infrastructure
capability, particularly in supporting bandwidth-intensive applications for remote
work, education, and healthcare services. 5G integration into these web applications
Is expected to bring innovation to various sectors, such as e-commerce, education,
and healthcare.

The implementation of 5G networks in intelligent web applications could usher
in a new era of digital connectivity and interactivity. Currently, although 5G has
begun to be implemented in several countries, the implementation of this
technology in the context of web applications is still limited (Williams &
Thompson, 2020). The urgency of this research is underscored by the rapid pace of
digital transformation globally, where businesses and institutions are increasingly
dependent on web-based solutions that require high-performance network
capabilities. Furthermore, the Indonesian government's commitment to achieving
digital sovereignty through the National Digital Transformation Strategy 2025
necessitates understanding how emerging technologies like 5G can be optimally
integrated with intelligent web applications to drive economic growth and social
development. This research aims to fill the knowledge gap regarding how 5G can
optimize the performance of intelligent web applications and its impact on user
experience and operational efficiency..

5G technology offers significant advantages over previous generations,
including download speeds of up to 10 Gbps, latency down to 1 millisecond, and
greater connection capacity (Anderson et al., 2020; Lee & Kim, 2021). Recent
studies indicate that global 5G adoption reached 1.2 billion connections by 2023,
with projections suggesting 5.9 billion connections by 2027, demonstrating the
rapid proliferation of this technology. Available data suggests that applications
leveraging 5G's advantages can accelerate response times and improve the quality
of service for users (Smith et al., 2021). For example, Al-based applications that
rely on real-time data require low latency to process information efficiently,
something 5G networks can address (Patel & Shukla, 2020). Theoretical
frameworks from network performance optimization and human-computer
interaction suggest that the convergence of high-speed networks with intelligent
algorithms creates synergistic effects that exponentially improve user experience
beyond the sum of individual technological improvements.

Previous research has shown that implementing 5G networks in digital
applications can improve the quality of user experience (Kumar & Sharma, 2020).
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Research by Chen et al. (2022) demonstrated significant performance
improvements in loT-based smart city applications using 5G, while Rodriguez and
Martinez (2023) found that 5G implementation in mobile gaming applications
reduced latency by 80% compared to 4G networks. However, most studies are
limited to testing loT-based applications and communication between devices,
while the integration of 5G with intelligent web applications, especially those based
on artificial intelligence, is still very limited (Tan et al., 2021). Research by Zhao
et al. (2021) discusses the implementation of 5G in e-commerce applications, but
does not address its impact on the performance of web-based applications that
utilize intelligent technology. Additionally, Johnson et al. (2023) explored 5G
applications in autonomous vehicles, and Wang and Liu (2022) investigated 5G's
role in industrial automation, but neither study examined the specific challenges
and opportunities in web application integration.

Previous research has shown a lack of comprehensive insights into how 5G
networks can support complex web applications that require high bandwidth and
real-time interactivity (Williams & Thompson, 2020). Specifically, there is
insufficient understanding of: (1) the optimal integration strategies for combining
5G capabilities with Al-powered web applications, (2) sector-specific performance
variations when implementing 5G in different industries, (3) user experience
metrics that accurately capture the benefits of 5G integration, and (4) the economic
and technical barriers to widespread adoption in developing markets. This study
aims to address this gap by exploring the integration of 5G technology into
intelligent web applications and its impact on application performance across
various sectors.

This research offers a new perspective by connecting two emerging
technologies, namely 5G and intelligent web applications. Unlike previous studies
that focused primarily on IoT connectivity or telecommunications infrastructure,
this research uniquely examines the synergistic relationship between 5G network
capabilities and Al-powered web applications, providing the first comprehensive
analysis of their combined impact on user experience across multiple sectors. By
combining the advantages of 5G networks and artificial intelligence in web
applications, this research provides new insights into the potential for improving
connectivity and user experience in various industries, including e-commerce and
healthcare (Patel & Verma, 2020). This research also contributes to the existing
literature by providing an understanding of the challenges and opportunities arising
from 5G integration in web-based applications. The novelty extends to developing
a conceptual framework for evaluating technology convergence effects and
establishing performance benchmarks for 5G-enabled intelligent web applications.

The primary objective of this research is to explore how 5G integration with
intelligent web applications can improve application performance, particularly in
terms of access speed, responsiveness, and interactivity. Furthermore, this research
aims to analyze the impact of this integration on user experience and the sectors
that utilize this technology, such as e-commerce and education. Additionally, this
study seeks to: (1) identify optimal implementation strategies for 5G-intelligent
web application integration, (2) develop performance evaluation metrics specific to
this technology convergence, (3) assess the economic viability and return on
investment for businesses adopting these technologies, and (4) provide policy
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recommendations for supporting widespread 5G adoption in web application
development.

The practical implications of this research extend to multiple stakeholders:
for web application developers, it provides evidence-based guidelines for
leveraging 5G capabilities in Al-powered applications; for businesses, it offers
insights into competitive advantages and operational efficiencies achievable
through technology integration; for policymakers, it informs infrastructure
development priorities and regulatory frameworks supporting digital
transformation. Theoretically, this research contributes to the growing body of
knowledge on technology convergence, particularly in understanding how network
infrastructure improvements amplify the capabilities of intelligent software
systems, potentially influencing future research directions in human-computer
interaction and digital service design.

2. Method
Types of research
This research uses a qualitative approach with a case study method. This
approach allows researchers to deeply analyze web applications that have integrated
5G networks to explore their impact on performance and user experience.

Population and Sampling

The population in this study is web applications that have integrated 5G
networks to improve performance and user experience. Using purposive sampling
technique, the research sample consists of five different intelligent web applications
in the e-commerce, education, and healthcare sectors, selected based on criteria
including: (1) active 5G implementation for at least 6 months, (2) Al-powered
features requiring real-time processing, (3) user base exceeding 10,000 active users,
and (4) availability of performance metrics for comparison. Active users of these
applications were also included in this study, with a total of 100 respondents
providing feedback on their experiences through stratified random sampling to
ensure representation across different user demographics and usage patterns

Research Instrument

The primary instruments used in this study were semi-structured interviews
with app developers and users, as well as a questionnaire to collect data from users
regarding their perceptions of app performance. The questionnaire employed a 5-
point Likert scale measuring user satisfaction, performance perception, and usage
frequency, with reliability testing yielding Cronbach's alpha of 0.87, indicating high
internal consistency. Additionally, direct observation of app usage under 5G
network conditions was conducted to identify any issues or barriers users
encountered. Interview protocols were validated through expert review and pilot
testing with three participants to ensure clarity and relevance.

Data Collection Technique
Data is collected using the following techniques:
1. Interviews with app developers to learn about the 5G integration process
and the challenges faced.
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2. A questionnaire was distributed to 100 users to collect data on their
perceptions of the speed and responsiveness of the application.

3. Direct observation to assess web application performance under 5G
network conditions.

Research Procedure
This research was conducted in several stages:
1. Preparation: Preparation of research instruments and selection of relevant
web applications.
2. Data Collection: Conducting interviews with developers and distributing
questionnaires to users, as well as conducting observations.
3. Data Analysis: Analyze the data obtained using thematic analysis for
interviews and descriptive statistics for questionnaires.
4. Reporting: Prepare a research report summarizing findings and
recommendations.

Data Analysis Technique

The collected data will be analyzed using thematic analysis for interviews,
aiming to identify key themes related to the challenges and benefits of 5G
integration with intelligent web applications. Thematic analysis followed Braun and
Clarke's (2006) six-phase approach, with member checking conducted to validate
interview findings through follow-up consultations with 20% of participants.
Quantitative data from the questionnaire will be analyzed using descriptive
statistics to illustrate user perceptions of application performance. Triangulation
was employed by comparing quantitative questionnaire results with qualitative
interview themes and observational data to enhance validity and credibility.

Ethical Considerations

All participants provided informed consent before data collection, with clear
explanations of research purposes, voluntary participation, and data confidentiality
measures. Personal data was anonymized and stored securely in compliance with
data protection regulations, with participants retaining the right to withdraw from
the study at any time.

3. Results & Discussion
The Impact of 5G Integration on the Speed and Responsiveness of Intelligent
Web Applications

Research shows that the integration of 5G technology significantly

improves the access speed and responsiveness of intelligent web applications. Data
obtained from 100 users showed that 85% of respondents felt that applications using
5G networks provided faster response times compared to applications that relied
solely on 4G networks (Smith et al., 2020; Brown & Green, 2021). Users reported
significant latency reductions, with faster page load times and a smoother
experience when interacting with web-based applications.

The main advantage of 5G networks is their significantly higher data transfer
speeds compared to previous generations. According to Anderson et al. (2020), 5G
offers download speeds of up to 10 Gbps, enabling web applications to access and
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process data faster. These findings align with recent studies by Thompson et al.
(2023) who reported similar performance improvements in 5G-enabled enterprise
applications, and contrast with earlier research by Davis and Wilson (2021) which
found minimal performance gains in non-Al applications, suggesting that the
intelligent features of web applications are crucial for maximizing 5G benefits. This
experience is crucial in intelligent web applications, which often rely on real-time
interactions and rapid data processing, such as in e-commerce and healthcare
applications (Patel & Verma, 2020). With lower latency, users can conduct
transactions or load content at higher speeds, increasing efficiency and user
satisfaction (Kumar et al., 2020).

Furthermore, the speed and responsiveness of 5G-based applications can reduce
the wait time that is often a constraint in traditional web-based applications. A study
by Zhao et al. (2021) showed that users interacting with 5G-based applications
reported significantly better experiences in terms of response time and interactivity,
ultimately increasing conversion rates in e-commerce and data-driven applications.
The long-term implications of these performance improvements extend beyond user
satisfaction to include potential industry transformation, where businesses may
fundamentally redesign their service delivery models to leverage real-time
capabilities, potentially creating new market opportunities and competitive
advantages. However, this research also reveals limitations in our sample size and
geographic scope, as all applications studied were deployed in urban areas with
optimal 5G coverage, which may not reflect performance in rural or developing
regions.

Table 1: Comparison of Application Response Time with 5G and 4G Networks

Network Type Average Response Time
(seconds)

5G 0.5

4G 15

Source: Research Data (2022)
The Impact of 5G Low Latency on User Experience in Smart Web
Applications

Based on collected data, the majority of users (75%) reported that the low
latency offered by 5G provided a more responsive and satisfying experience. Users
of e-commerce and health apps reported that interactive features requiring quick
responses, such as product search and video health consultations, ran smoother and
faster on 5G networks compared to 4G networks (Chang et al., 2021; Zhao et al.,
2020).

Low latency is one of the key factors that differentiates 5G networks from
previous networks. Lower latency enables faster interactions in intelligent web
applications, especially those involving users communicating directly with the
system or application (Kumar & Shukla, 2021). This finding is supported by Garcia
et al. (2023) who demonstrated that sub-millisecond latency in 5G networks enables
near-instantaneous Al processing for real-time applications, while Miller and
Jackson (2022) found that latency improvements beyond certain thresholds show
diminishing returns in user satisfaction, suggesting optimal performance zones for
different application types. For example, in video-based or telemedicine
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applications, low latency reduces the delay between sending a signal and receiving
a response, which is crucial for applications that rely on real-time communication
(Lee & Kim, 2021).

5G technology facilitates increased interactivity in intelligent web
applications by enabling faster two-way communication. According to research by
Anderson et al. (2020), 5G technology opens up possibilities for applications that
require direct user feedback, such as in VR (virtual reality) or AR (augmented
reality)-based training, which require real-time responses. The sustainability
implications of widespread 5G adoption in web applications raise important
considerations for future research, including energy consumption patterns and
environmental impact of increased data processing capabilities. Policy readiness
becomes crucial as governments must balance promoting innovation while ensuring
equitable access to advanced digital infrastructure. It also enables developers to
design more dynamic and reactive applications, increasing user satisfaction and
loyalty.

Challenges and Opportunities in 5G Integration with Smart Web
Applications

While integrating 5G with intelligent web applications brings many
benefits, the study also identified several key challenges. Interviews with
application developers revealed that 60% identified compatibility with legacy
devices that do not yet support 5G as a key obstacle to 5G implementation (Patel
& Shukla, 2021). Furthermore, managing the network infrastructure required to
support 5G is also a barrier, with hardware and software upgrades costing
significant amounts.

Although 5G offers improved speeds and latency, device compatibility
issues are one of the biggest barriers to the adoption of this technology. Many
legacy devices, such as smartphones and laptops, still do not support 5G. Recent
industry analysis by Kumar et al. (2023) indicates that device compatibility
challenges affect approximately 40% of potential users globally, with higher
percentages in developing markets, while Samsung and Apple's latest reports show
accelerated 5G device adoption rates, suggesting this barrier may diminish
significantly within 2-3 years. This impacts the widespread adoption of 5G
technology, especially in more price-sensitive markets (Williams & Thompson,
2020). Therefore, smart web application developers need to consider the
compatibility of their applications with older devices or provide solutions that can
adapt to varying network conditions.

Furthermore, another challenge is the higher implementation costs of
developing infrastructure that can fully support 5G networks. Although the cost of
5G infrastructure is starting to decline, the initial costs of upgrading systems and
devices remain quite high (Zhao et al., 2021). Cross-country comparative studies
would provide valuable insights into how different regulatory environments and
economic conditions affect 5G adoption patterns, while quantitative performance
testing across diverse geographic and demographic contexts could reveal
optimization strategies for different market segments. However, as technology
advances and costs decrease, many opportunities are emerging, particularly in
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AR/VR-based applications, e-commerce, and educational applications that can
leverage 5G's advantages in providing interactive and responsive experiences.

Table 2: Challenges and Opportunities in 5G Integration with Smart Web
Applications

Challenge Opportunity
Legacy device Developing more interactive and responsive
compatibility applications

High  implementation Improved user experience and operational efficiency
costs

Infrastructure Improvement of technology infrastructure for AR/VR
limitations based applications

Source: Research Data (2022)
Impact of 5G Usage on Web Application Performance in the E-Commerce and
Healthcare Sectors

This research also shows that the e-commerce and healthcare sectors benefit
significantly from the use of 5G in smart web applications. E-commerce users
report that 5G-enabled apps enable faster product searches and smoother
transactions (Anderson et al.,, 2021). In the healthcare sector, 5G-enabled
telemedicine apps provide better video quality and a smoother experience during
remote consultations.

In the e-commerce sector, faster transaction speeds and reduced product
search time can increase customer satisfaction and conversion rates. A study by
Kumar et al. (2020) states that 5G enables significant improvements in the online
shopping experience, particularly in terms of response time and real-time inventory
management. Comparative analysis with studies by Chen and Rodriguez (2023) on
European e-commerce platforms shows similar patterns of user satisfaction
improvement, while research by Nakamura et al. (2022) in Asian markets reveals
cultural variations in the perceived value of speed improvements, suggesting the
need for region-specific optimization strategies. Furthermore, in the healthcare
sector, the use of 5G in telemedicine applications enables real-time communication
with better video quality, enhancing remote diagnosis and medical consultations
(Patel & Verma, 2020). This is particularly important during the COVID-19
pandemic, where many patients and doctors are relying on remote consultations.
The limitations of this study include the relatively short observation period of six
months, which may not capture long-term adoption patterns, and the focus on urban
deployments, which limits generalizability to rural healthcare applications where
5G infrastructure may be less robust.

This research shows that integrating 5G networks with intelligent web
applications brings significant improvements in access speed, responsiveness, and
user experience. Web applications using 5G technology can reduce latency,
increase interactivity, and facilitate a better user experience. Especially in the e-
commerce and healthcare sectors, this technology improves transaction speed and
the quality of remote services, which are crucial in an increasingly digital world.
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However, challenges related to device compatibility and implementation costs
remain major obstacles to 5G adoption. Nonetheless, the potential long-term
benefits of this technology, such as increased operational efficiency and the
development of AR/VR-based applications, make it a worthwhile investment for
the future. Therefore, application developers need to continue innovating and
addressing these challenges to maximize the potential offered by 5G.

4. Conclusion

This study aims to explore how 5G network integration with intelligent web
applications can improve application performance, particularly in terms of access
speed, responsiveness, and user experience. Based on the study's findings, 5G
integration significantly impacts the performance of intelligent web applications,
by increasing page load speeds, reducing latency, and enhancing interactivity
between users and applications. Users reported improved experiences, particularly
in the e-commerce and healthcare sectors, where 5G-based applications are able to
provide faster transactions and higher-quality remote medical consultations.

This research makes several key contributions to the existing bodyof
knowledge: (1) it provides the first comprehensive framework for evaluating 5G-
intelligent web application convergence, (2) establishes performance benchmarks
specific to Al-powered web applications in 5G environments, and (3) offers sector-
specific insights into the optimization strategies for e-commerce and healthcare
applications. The novelty of this research lies in its focus on technology
convergence rather than individual technology assessment, providing a holistic
understanding of how network infrastructure improvements amplify intelligent
application capabilities

However, despite 5G's numerous benefits, challenges related To legacy
device compatibility and implementation costs remain significant obstacles. These
limitations require application developers to consider more careful integration with
existing devices and innovative solutions to reduce implementation costs. Important
limitations of this study include the limited sample size of 100 users and five
applications, geographic restriction to urban areas with optimal 5G coverage, and
the relatively short observation period of six months, which may not capture long-
term adoption patterns or seasonal usage variations. Nonetheless, the potential
offered by 5G in creating a more responsive and efficient user experience presents
significant opportunities for sectors that rely heavily on high connectivity and real-
time interactivity, such as e-commerce, education, and healthcare.

Future research directions should include: (1) cross-country comparative
studies examining 5G adoption patterns in different regulatory and economic
environments, (2) longitudinal studies tracking performance improvements and
user satisfaction over extended periods, (3) quantitative performance testing across
diverse geographic and demographic contexts, (4) investigation of energy
consumption and sustainability implications of widespread 5G-web application
integration, and (5) development of standardized metrics for evaluating technology
convergence effects in digital applications.
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